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Introduction
WPC61 Congress Director Dr Wafa Al-Daily

The 61st ISOCARP World Planning 
Congress in Riyadh was a special edition, 
marking the Society's 60th anniversary. 
It offered an occasion to recognize six 
decades of bringing planners across 
borders to share knowledge and advance 
planning practice, while looking ahead 
to the challenges cities and regions 
must now address. Held from 1 to 4 
December 2025 under the theme "Cities 
& Regions in Action: Planning Pathways 
to Resilience and Quality of Life," it 
brought together 1,081 delegates from 
52 countries. The Congress received 694 
abstracts, of which 548 were accepted, 
and included 347 delivered contributions 
and 73 in-person sessions. Its scale 
reflected both ISOCARP's enduring reach 
and its commitment to forward-looking, 
practical exchange.

As ISOCARP’s Board Director of 
Congresses and Events, I had the privilege 
of leading and guiding WPC61 from early 
coordination through delivery. Its success 
rested on the partnership between 
ISOCARP and Riyadh Region Municipality 
(RRM). The Municipality brought local 
leadership, knowledge, resources, and 
generous hospitality. ISOCARP contributed 
its international network, planning expertise, 
program structure, and commitment to 
peer learning and knowledge exchange. 
The Local Organizing Committee, ISOCARP 
Secretariat, General and Track Rapporteurs, 
Congress Team, partners, and technical 
teams brought these contributions 
together. Their sustained coordination and 
professionalism delivered a successful and 
substantive Congress.

Riyadh's continuing transformation under 
Saudi Vision 2030 gave the Congress 
theme direct relevance. The leadership of 
His Highness Prince Faisal bin Abdul Aziz 
bin Ayyaf, Mayor of Riyadh Region, and 
his support for the partnership helped

place the city's ambitions in dialogue 
with international planning practice. 
Participants encountered a city 
addressing growth at exceptional scale 
and speed while reconsidering mobility, 
public space, neighborhood life, urban 
identity, and quality of life. The New Cities 
Do-Track focused on learning from Riyadh, 
while the Humanization Track examined 
neighborhood transformation. The Young 
Planning Professionals (YPP) Workshop 
explored walkability and liveability, and 
the Masterclass considered artificial 
intelligence in planning decisions. These 
programs connected international debate 
with a city undergoing visible change.

The Congress theme was especially timely. 
Its five tracks examined sustainable 
urban growth, the digital age and artificial 
intelligence, adaptation to extreme 
climate conditions, culture and identity, 
and co-created urban governance. This 
breadth allowed the program to connect 
theory, policy, and practice without losing 
sight of implementation. It also reinforced 
that resilience and quality of life depend 
on capable institutions, inclusive decision-
making, local knowledge, and meaningful 
public participation.
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WPC61 also broadened participation in the 
planning conversation. The virtual pre-
Congress allowed authors to present their 
work remotely, while the Young Planners 
Scholarships and Student Twinning 
Program gave emerging professionals 
and students opportunities to share ideas 
and build international connections. With 
the Municipality’s generous support, these 
initiatives strengthened learning across 
generations and countries.

The proceedings capture the ideas shared 
in Riyadh. The enduring value of WPC61 
lies in the partnerships it built, and the 
lessons participants can carry into 
practice. I am grateful to the leadership of 
Riyadh Region Municipality and to every 
member of the municipal and ISOCARP 
teams whose dedication made the 
Congress an exceptional success. Their 
work affirmed a principle that guided us 
throughout: shaping the future of cities 
and regions requires shared responsibility, 
sustained cooperation, and a willingness 
to act.
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Congress Reflections
General Rapporteur Dr Ulrich Graute

The World Planning Congress as 
an Inspiration for an Entire Year 
and Beyond

Events like ISOCARP’s 61st ISOCARP 
World Planning Congress (WPC61) 
generate an incredible amount of work 
for ISOCARP Congress Committee (ICC), 
Local Organizing Committee, Secretariat, 
General Rapporteurs, and Content Team. 
In 2025, all energy seemed to be focused 
on that one week in December when the 
Congress would roll out. Besides a few 
other events, the Congress was the major 
highlight of the year. That can happen, 
but when done well, the Congress is not a 
standalone event but a milestone closely 
embedded within a continuous process 
of cooperation across the Society. 
Furthermore, if the Annual Congress is 
more closely linked to other workstreams, 
the flow of information between members 
and leadership becomes far more active. 
As a side effect, preparing for each Congress 
becomes much easier.

The days in Riyadh in December 2025 were 
amazing. As it’s written in the ISOCARP 
Newsletter of February 2026 “The theme 
brought together more than 1000 leaders, 
experts, and practitioners from around the 
world to address the most pressing urban 
challenges of our time. From the innovation 
of the Young Planning Professionals 
workshops to the technical depth of our 
Masterclass, we saw a clear commitment 
to finding solutions that scale across 
different regional contexts.” And it is only 
right to express “sincere gratitude to the 
Riyadh Region Municipality (ةقطنم ةنامأ 
 for its exceptional hospitality (ضايرلا
and for hosting the Congress in a city 
that is emerging as a significant hub for 
forward-looking urban vision. We also 
thank Highness Dr. Faisal bin Ayyaf, Mayor 
of Riyadh for the exceptional generosity we 
have all experienced from the moment we 

arrived in Riyadh”. For about a week, the 
venue built by Riyadh for the Congress 
became the meeting point for the world 
community of city and regional planners.

The days of the Pre- and the In-Person 
Congress, Technical Tours, Masterclass, 
Young Planning Professional’s Workshop 
and Twinning Program for Students 
were over with a blink. Working on the 
Proceedings now in spring 2026 refreshed 
memories of the Congress but it also 
reminded me that the full impact of a 
Congress is best felt if it doesn’t stand like 
a solitaire but is closely interlinked to a broad 
program of work of the member-led society 
across the year. What do I mean by this?

Many events in Riyadh were very inspiring. 
Attendees were excited and exchanged 
day and night about presentations. 
After the Congress one could follow on 
LinkedIn for an entire month the Congress 
reverberating but then it faded out. What 
could have been done differently?  

For annual congresses, it is crucial to 
focus not only on event preparation 
but also on post-event follow-up. For a 
Congress like Riyadh, momentum can 
only be sustained if follow-up initiatives 
are launched during the event itself. The 
Riyadh Declaration also demonstrated 
the potential for Congress outcomes to 
provide a basis for continued engagement. 
Future Congresses could build on this 
by creating additional opportunities for 
participants to discuss key outcomes and 
contribute to follow-up activities. It would 
be more helpful and probably more in the 
interest of attendees if the Congress would 
be used to discuss and agree among 
members on the Society’s Program of 
work. For instance, groups for the thematic 
work in the next twelve months could be 
set up. These groups could continue the 
discussions of Congress Track themes
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and pick-up new emerging subjects. 
This way attendees would be inspired 
to continue engagement and ISOCARP 
membership after the Congress. That is 
similar to the work of ISOCARP’s scientific 
committee but would engage a lot more 
members. It is likely that more online 
webinars, in person meetings, ISOCARP 
statements and publications would be 
produced. In addition, these temporary 
sub-groups may propose themes and 
tracks for future Congresses. Through 
their own work they would inform the 
preparation of tracks, special sessions and 
roundtables of Congress and in doing so 
they could significantly relieve Congress 
organizers who then would have more time 
to talk to members. This is likely to further 
increase the quality of events and draw 
even more attendees to the Congresses. 
Congresses would become a showcase 
and promoter of ISOCARP’s ongoing 
work. Participants would give feedback 
on what ISOCARP does in the rest of the 
year, contribute to the development of 
the program of work for the next year and 
possibly join the Society. 

I would suggest shifting the focus more 
to the ISOCARP activities between the 
Annual Congresses and to empower 
members to engage. I am sure, the overall 
activities of the Society would flourish if the 
Society better uses the momentum and 
energy as it was present in Riyadh. This is 
likely to translate in even more engagement 
in programs and more support for future 
Congresses of the Society. 

International cooperation today and in 
upcoming years is likely to be challenged 
again and again. Problems cannot be solved 
anymore one at a time. Instead, interrelated 
challenges need to be addressed at the 
same time and in an integrated manner. 
That won’t be easy but ISOCARP has 
certainly the advantage of building on

voluntary cooperation of hundreds of 
experts from around the world who are 
used to cope with complex settings and 
dynamic processes. And ISOCARP needs 
its annual World Planning Congresses to 
get fresh inspiration for the next year of 
cooperation.
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Congress Reflections
General Rapporteur Dr Nadine Bitar Chahine

It has been a profound honor to serve as 
Co-General Rapporteur of this Congress 
— and, to my knowledge, among the first 
women from the Arab Mashreq and the 
Levant to hold this position across the 60-
year history of ISOCARP Congresses. I do 
not record this as a personal distinction so 
much as a marker of how far our field, and 
our region, have traveled.

My path to this stage began many years 
ago, as a young girl growing up in Beirut 
in the early 1990s, walking through a city 
emerging from difficult times. I asked 
myself a question that would go on to 
shape my life: how do we build a city — 
not only its physical form, but its sense 
of place, its natural systems, its dignity, 
its memory, its humanity? That question 
gained new urgency 23 years ago, when I 
was welcomed by colleagues across the 
Gulf and witnessed the urban and economic 
transformation of the region first-hand. 
It has guided my work across more than 
9 cities and 40 urban communities in 
MENASA — in roles spanning government, 
global institutions, private development, 
and civic organizations, on resilience, 
sustainability, place-led and climate-
resilient development, and urban policy.

Why This Region, Why Now?

The Middle East and North Africa sits at 
the crossroads of urgent challenge and 
unprecedented opportunity, which is 
precisely what makes it one of the most 
consequential regions for the future of 
urban planning. Some 274 million people 
in the Arab region now live in cities — a 
figure projected to surpass 360 million by 
2050. The region is urbanizing at one of 
the fastest rates in the world, with an urban 
population already in the range of 65 to 70 
percent, and it carries the highest youth 
demographic on the planet, with more than 
half of its people under thirty. That generation

is demanding jobs, housing, infrastructure, 
and inclusive public services at a scale and 
speed few regions have ever attempted.

It is also among the most climate-vulnerable 
regions in the world. Temperatures are 
rising at roughly twice the global average, 
water scarcity affects more than 60 percent 
of the region, and eighteen of the world’s 
twenty most water-stressed countries 
lie within MENA — even as flash flooding 
and sandstorms grow more frequent. 
The League of Arab States estimates the 
region will require more than 50 million new 
housing units by 2040 to meet demand. And 
yet this same region has become a global 
laboratory for urban ambition — from Riyadh 
to Abu Dhabi, Dubai, Doha, Muscat, Manama, 
and beyond. To convene this Congress in 
Riyadh, one of the fastest-transforming cities 
on earth, has therefore been both deeply 
symbolic and globally meaningful.

The Themes That Guided Our 
Conversation

As we approach the conclusion of the 
2030 Agenda and look ahead to Habitat 
III and the New Urban Agenda, this year’s 
theme — “Cities & Regions in Action: 
Planning Pathways to Resilience and Quality 
of Life” — captured the determination 
of cities and regions to move from vision 
to implementation. The week affirmed a 
shared conviction that resilience is no 
longer a technical option but a societal 
necessity, shaped by climate pressure, digital 
transformation, demographic change, and 
economic transition. It called on all of us — 
policymakers, planners, designers, investors, 
academics, and local communities — to 
co-create cities that are more inclusive, more 
adaptive, and fundamentally centered on 
human well-being.

Five tracks structured our enquiry: 
sustainable urban growth amid multiple 
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crises, balancing equitable growth and  
urban-regional development under shifting 
global conditions; the urban economy 
in the digital age, from the twenty-four-
hour city to artificial intelligence; the 
adaptation of dynamic cities to extreme 
climatic conditions through climate-
proof infrastructure, retrofitting, and 
nature-based solutions; culture, identity, 
and inclusive transformation rooted in 
heritage and community; and the governing 
and managing of the co-created, agile city 
through participatory practices and adaptive 
policies that turn intention into delivery.

The Congress in Numbers

WPC61 has been among the largest 
gatherings in ISOCARP’s history, bringing 
together thirty global speakers and 820 
registered participants from 85 countries 
across six high-level roundtables, 
eighteen special sessions, and global 
partner sessions co-curated with leading 
international organizations. It also celebrated 
excellence through the ISOCARP Awards, 
recognizing outstanding plans, research, 
design interventions, and governance 
innovations. More than a calendar of 
sessions, the Congress functioned as a 
platform for action — a place where ideas 
became partnerships and local insight 
reshaped international agendas.

My Reflections

The Congress culminated in the Riyadh 
Declaration, shaped by more than 1,200 
participants from over fifty countries 
between 1 and 4 December 2025. 
Delegates agreed that cities stand at 
the frontline of overlapping climate, 
demographic, and economic crises, yet 
remain hubs of innovation uniquely placed 
to enhance well-being. They called for 
planning that works within wider regional 
systems and embraces integrated, 

inclusive, multi-scalar approaches — 
affirming that how decisions are made 
matters as much as the plan itself.

Participants proposed institutionalizing 
foresight as a core planning instrument, 
shifting cities from reacting to crises to 
anticipating them through data, scenarios, 
and trend analysis. They aligned around a 
transition to regenerative urbanism that 
moves beyond minimizing harm to actively



10 | Proceedings of the 61st ISOCARP World Planning Congress

Congress Reflections
General Rapporteur Dr Nadine Bitar Chahine

your story matters, you matter, and 
your place in shaping the future of cities 
matters. My gratitude goes to our hosts 
at the Riyadh Region Municipality, to the 
ISOCARP leadership and board, to our 
partners, and to every participant who made 
this Congress what it became — carrying its 
insights forward now belongs to all of us.

restoring ecological, social, and spatial 
systems via nature-based solutions, green 
and blue networks, compact development, 
and sustainable mobility. Meeting immediately 
after COP30, delegates reaffirmed the role 
of cities in global climate commitments, 
calling for multilevel governance, climate 
finance, and the embedding of local 
and Indigenous perspectives so that no 
community is left behind. Delegates placed 
people at the center of transformation, 
championing placemaking and 
humanization — neighborhood identity, 
public-space quality, walkability, shading, 
and the weaving of heritage and lived 
experience into spatial decisions — 
and agreed on collaboration as the 
default mode of practice, anchored in 
local realities, with culture and inclusion 
sustaining belonging. They also turned 
to artificial intelligence, recognizing 
its promise for analysis and decision 
support alongside genuine questions of 
governance, ethics, public trust, and the 
resource demands of digital infrastructure. 
They committed ISOCARP to expanding 
research, capacity building, and advocacy 
for its ethical, people-centered, climate-
conscious use — and closed with an 
invitation to members, partners, and 
institutions to translate shared knowledge 
into concrete action for resilient, inclusive, 
and regenerative cities worldwide.

Closing...

As someone whose journey began in a city 
of four thousand years of history, I leave 
this Congress convinced that our region 
is not only one of challenges, but one of 
innovation, resilience, and possibility. The 
role of a General Rapporteur is to listen, 
synthesize, and reflect back the collective 
intelligence of these days, so that what was 
shared here can shape policy elsewhere 
— for people and for places. The clearest 
message of the week is also the simplest: 
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About the Tracks
Track 1: Sustainable Urban Growth in a World of Multiple Crises

Introduction 

The global community currently operates 
within a V.U.C.A. (Volatility, Uncertainty, 
Complexity, and Ambiguity) landscape. 
Track 1 convened to challenge the 
prevailing notion that urban risk is 
primarily a factor of macroeconomic 
shifts or digital vulnerabilities. Instead, 
through the synthesis of 183 abstracts, 
25 virtual presentations, and 52 in-person 
sessions, this track asserted that the built 
environment itself is a fundamental risk 
vector. 

Our review spanned a vast geographical and 
developmental spectrum, including the GCC, 
Sub-Saharan Africa, Europe, and the Asia-
Pacific. The core finding of this track is that 
while cities face differentiated localized 
threats, the underlying patterns of spatial 
inequality and climate vulnerability are 
profoundly interconnected.  

By reviewing 63 final technical papers, we 
have identified a necessary paradigm shift: 
moving away from reactive, "fix-it-later" 
infrastructure toward proactive, plan-led 
urbanism that prioritizes human well-being 
as a metric of resilience. 

Session Summaries 

The track was organized into fourteen 
sessions, ten held in person and four 
conducted virtually, each contributing a 
distinct lens to the Sustainable Urban Growth 
in a World of Multiple Crises discourse. 

Virtual sessions: 
Session 1. Integrated Growth and 
Intelligent Urban Systems. How can digital 
tools and smart planning frameworks 
support sustainable urban growth without 
reinforcing existing inequalities? This session 
explored the opportunities and risks of data-
driven urbanism, asking how intelligent

systems can be designed to serve all 
urban residents equitably. 

Session 2. Ecological Networks Across 
Scales. Urban expansion and ecological 
integrity need not be in opposition, but 
achieving balance demands planning that 
operates simultaneously across multiple 
scales. This session examined the non-
linear relationship between urban form 
and ecological health, and how equitable 
investment in nature can drive broader 
socio-economic recovery alongside 
biodiversity gains. 

Session 3. Resilient Urban Futures. 
What does resilience look like across 
different urban and rural contexts? This 
session challenged one-size-fits-all 
planning solutions, exploring how transit 
systems, rural communities, housing, and 
neighborhoods can each build adaptive 
capacity through locally sensitive, 
community-centered approaches. The 
session ultimately reframed resilience not 
as a technical outcome but as a socially and 
spatially situated process. 

Session 4. Spatial Inequalities and Urban 
Livability. The uneven distribution of urban 
resources lies at the heart of many of 
today's urban crises. This session examined 
how spatial inequalities shape residents' 
wellbeing and long-term urban sustainability, 
and what planning tools are available to 
address them. Across all presentations, 
equity emerged not as a secondary 
consideration but as a precondition for 
building cities that are genuinely livable and 
resilient for all. 

In-person sessions: 
Session 1.1. Integrated Growth and 
Intelligent Urban Systems. Cities are 
generating more data than ever, but is that 
data working for everyone? This session 
turned to satellite imagery, innovation 
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corridors, population behavior tracking, 
and digital ecological zoning to ask what 
spatial intelligence looks like in practice, 
and whether it can be harnessed to make 
growth more evidence-based, equitable, and 
proactive rather than reactive. 

Session 1.2. Mobility, Accessibility, 
and Transit-Oriented Transformation. 
This session examined the politics 
and practicalities of transit-oriented 
development across Melbourne, London, 
Toronto, and Muscat, alongside research on 
last-mile inequity, underground rail resilience, 
and multi-station hub development — 
asking what it takes to turn transport 
investment into genuinely inclusive urban 
transformation. 

Session 1.3. Dynamics of Compact Urban 
Growth. How compact is compact enough, 
and for whom? This session challenged the 
orthodoxies of densification, from carbon-
based urbanism in the Netherlands to 
suburban settlement models in Shanghai 
and shrinking cities in Japan, asking 
planners to think beyond floor-area ratios 
and look at the full systemic consequences 
of how and where cities concentrate growth. 

Session 1.4. Transitions at the Territorial 
Edge (Urban-rural Synergies). The urban-
rural fringe is where growth pressures 
are most acutely felt and where planning 
decisions carry the greatest long-term 
consequences. This session explored green 
technological innovation, transboundary 
synergies, new town models, and rural 
revitalization strategies, asking how 
planning can bridge the divide between 
urban prosperity and rural resilience. 

Session 1.5. Resilient Urban Futures. Cities 
facing heat, conflict, carbon lock-in, and 
ecological fragmentation cannot rely on 
the same planning tools that created those 
vulnerabilities. This session examined how

Track 1 Rapporteurs

Abdulwahab Alalyani
Saudi Arabia

Natali Ghawi
Jordan

Priyanka Purohit
India

Yasmein Okour
Jordan
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About the Tracks
Track 1: Sustainable Urban Growth in a World of Multiple Crises

urban morphology, wind corridors, and 
low-carbon neighborhood regeneration 
can be reimagined as active instruments 
of climate resilience, with cases ranging 
from Riyadh's thermal environment to 
Khartoum's conflict-tested street fabric and 
Saudi Arabia's emerging planning reforms.  

Session 1.6. Emerging Urban Paradigms 
in the VUCA Age. This session ranged 
from knowledge production in the Arab 
world to participatory densification in 
Amsterdam, post-conflict urbanism in Iraq, 
regenerative planning in the Philippines, 
and drone-based diagnostics in MENA 
cities, united by a shared argument that 
planning must become more adaptive, 
inclusive, and politically grounded. 

Session 1.7. Spatial Dynamics of Public 
and Green Spaces. This session explored 
how cities can plan, protect, and optimize 
green networks in contexts of shrinkage, 
densification, and aging, asking how 
limited spatial resources can be made 
to work harder for more people. From 
rooftop greening in urban villages to 
noise attenuation through green space 
configuration, the session made a case 
for treating every available surface as an 
opportunity for ecological and social benefit. 

Session 1.8. Spatial Inequalities and 
Urban Livability. Drawing on cases from 
South Africa, Nigeria, the Gulf, China, 
and Algeria, presentations examined 
how informal housing, unequal access 
to services, mobility disadvantage, and 
aging all manifest spatially, concentrating 
hardship in the places least equipped to 
absorb it. The session called for planning 
that treats spatial equity not as an 
aspiration but as a non-negotiable condition 
of sustainable urban development. 

Session 1.9. Ecological Networks Across 
Scales. Presentations explored how 
ecological networks can be identified, 
prioritized, and restored across highly 
fragmented and urbanized landscapes, and 
how green infrastructure can be woven 
into the fabric of rapidly growing city-
regions. A consistent message emerged: 
protecting ecological connectivity requires 
governance that transcends administrative 
boundaries and planning that thinks in 
systems, not sites. 

Session 1.10. From the Ground Up: 
Community-Centered Approaches to Urban 
Transformation. This session examined 
how meaningful community participation, 
in governance, green infrastructure, 
post-disaster reconstruction, and urban 
agriculture, produces more durable, 
equitable, and locally relevant outcomes than 
planning imposed from above. 
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Conclusions 

Across all sessions, discussions consistently 
highlighted the need to rethink how urban 
growth is planned and governed in a context 
of volatility, uncertainty, complexity, and 
ambiguity (VUCA). While case studies 
varied across regions, several cross-cutting 
themes emerged: 

• Urban growth in VUCA conditions
demands adaptive planning: Planning
systems must move beyond rigid,
predictive models toward flexible, 
scenario-based approaches capable of 
responding to uncertainty, complexity, 
and rapid change. 

• Resilience must be systemic:
Sustainable urban growth requires
integrated approaches that link land 
use, mobility, governance, ecology, and
social infrastructure across scales. 

• Equity must be operationalized,
not idealized: Addressing spatial 
inequalities depends on data-driven,
participatory, and redistributive planning
mechanisms that target underserved 
communities. 

• Digital tools must support, not obscure,
decision-making: Their value lies in 
enhancing contextual understanding,
transparency, and accountability, 
rather than reinforcing divides through
opaque “black-box” applications. 

• Regional thinking is essential: Cities 
must be planned in relation to their
hinterlands, ecological systems, and 
territorial interdependencies, particularly
across peri-urban and transition zones. 

• Quality of life must remain central:
Beyond economic growth, infrastructure
provision, and carbon metrics, planning 
must prioritize health, well-being, 
accessibility, and everyday lived 
experience as core outcomes of urban 
development.

As the technical reviewers for Track 1, we 
propose four strategic recommendations: 

1. Institutionalize adaptive planning
frameworks: Replace rigid master 
planning systems with short-cycle,
scenario-based planning instruments 
(e.g., 5-year adaptive frameworks) 
supported by continuous data monitoring
and iterative policy adjustment. 

2. Establish governance mechanisms
for integrated and regional planning:
Introduce cross-sectoral and cross-
jurisdictional coordination tools, 
particularly for peri-urban and transition
zones, to align land use, infrastructure, 
and ecological management. 

3. Deploy spatial decision-support
systems for equity targeting: 
Operationalize equity by embedding
geospatial analytics and participatory
data into planning processes to identify
“risk hotspots” and prioritize resource 
allocation accordingly. 

4. Embed quality-of-life metrics into
development control systems: 
Move beyond conventional indicators
by requiring planning approvals to 
demonstrate measurable contributions
to health, thermal comfort, accessibility,
and social well-being.



About the Tracks
Track 2: Urban Economy and the Digital Age: 24-hour City and AI

Introduction 

Track 2 highlighted the transformative 
role of Artificial Intelligence (AI) and 
data-driven approaches in reshaping 
Urban and Regional Planning. Collectively, 
the discussions demonstrated that 
AI is no longer limited to academic 
exploration, but is increasingly becoming 
a practical tool for planners, designers, 
and policymakers—enhancing decision-
making, improving analytical capabilities, 
and enabling more adaptive and forward-
looking urban systems. 

Key Themes

A central theme throughout the track 
was the ability of AI and digital tools 
to significantly improve the speed, 
accuracy, and scope of urban analysis. 
Applications ranged from flood risk 
modelling and urban design optimization 
to large-scale predictive modelling and 
scenario planning. Compared to traditional 
approaches, AI-based methods—such 
as machine learning, ARIMA models, 
and reinforcement learning—offer 
more integrated and dynamic insights, 
enabling planners to better anticipate 
urban challenges and evaluate alternative 
development pathways.

Beyond technical improvements, the 
sessions emphasized the importance 
of data-driven understanding of urban 
life. Tools such as social media analytics, 
smart card data, and visual data analysis 
were shown to uncover hidden patterns in 
mobility, behavior, and spatial use. These 
approaches allow planners to capture 
differences across user groups, identify 
underserved populations, and better 
respond to real urban needs. At the same 
time, the discussions acknowledged that 
such methods must remain context-
sensitive, as purely data-driven models

may overlook informal dynamics and lived 
urban realities. 

Another key insight was the evolving 
concept of urban livability. The sessions 
demonstrated how AI and digital 
technologies can enhance livability 
when combined with strong design 
strategies—improving transit-oriented 
areas, optimizing land use such as 
commercial office spaces, activating 
daytime economies, and revitalizing 
cultural assets through innovative tools 
like the metaverse. Livability was therefore 
reframed not only as the provision of 
infrastructure and safety, but as the ability 
of cities to function as vibrant, inclusive, 
and responsive ecosystems. 

Importantly, Track 2 also highlighted 
the emergence of the 24-hour city and 
global urban systems. As cities become 
increasingly connected through digital 
economies and real-time data networks, 
they are evolving into “always-on” 
environments where economic, social, and 
cultural activities operate continuously. 
AI plays a critical role in enabling this 
transformation—supporting traffic 
management, governance systems, 
economic diversification, and cross-
domain urban interactions. This shift 
positions cities as key nodes in the global 
economy, where competitiveness is 
closely linked to technological capability, 
livability, and continuous activity. 

However, the sessions also raised important 
limitations and challenges. Issues related 
to data quality, privacy, accountability, and 
governance remain significant barriers 
to widespread AI adoption. Additionally, 
there is a need for clearer methodological 
justification and measurable outcomes 
to ensure that advanced tools provide 
real value for policy and practice. The 
discussions consistently emphasized that
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AI should act as a supportive tool, not a 
replacement for human judgment, and 
that ethical, inclusive, and participatory 
approaches are essential. 

Overall, Track 2 concluded that AI and 
data-driven approaches hold strong 
potential to transform Urban and Regional 
Planning across multiple dimensions—
from technical modelling and policy 
design to human experience and global 
competitiveness. The future of cities lies 
in the synergy between data, design, and 
digital transformation, where technological 
innovation is carefully integrated with 
human-centered planning to create cities 
that are not only efficient, but also inclusive, 
resilient, and capable of thriving as dynamic 
24-hour urban ecosystems.

Track 2 Rapporteurs
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Introduction 

Track 3 brought together a highly diverse 
and interdisciplinary body of research 
examining how cities are adapting to 
increasingly extreme climatic conditions. 
The track received 215 submissions, 
of which 135 papers were long-listed, 
reflecting both the exceptional quality and 
global relevance of the topic. Contributions 
spanned multiple geographies, including 
Asia, the Middle East, Europe, and Africa, 
and addressed a wide spectrum of 
climate challenges, from extreme heat 
and flooding to cold-region adaptation 
and typhoon risk, seismic risk for urban 
development, community-led relocation, 
revealing cooling effects of urban 
forms, coastal management and climate 
change adaptation, plant and animal 
species’ roles in creating restorative 
environments, flood prevention, stress 
reduction and more.

Across both submitted papers and 
presented research (virtual and in-
person), a clear pattern emerged: climate 
adaptation is evolving into a multi-scalar, 
systems-based challenge, requiring 
integration across urban form, urban 
design, development, management, 
ecological systems, governance, and 
technological innovation. While the 
analytical sophistication of submissions 
was high, a recurring gap remains in 
translating research into implementable 
planning and policy frameworks.

Key Research Themes 

Urban Heat Resilience and Climate-
Responsive Urban Form
A dominant theme across submissions 
was urban heat mitigation, reflecting its 
growing urgency globally. Many papers 
examined how urban morphology, density 
and spatial configuration influence thermal

performance and energy demand 
Advanced methods such as nonlinear 
modelling, spatial optimisation and 
environmental simulation were widely used 
to analyse these relationships.

These studies reinforce that urban 
form is a critical determinant of climate 
resilience, particularly in shaping heat 
exposure. However, a consistent limitation 
across papers is the lack of translation 
from analytical outputs into practical 
planning tools, highlighting a need for 
clearer design and policy guidance.

Blue-Green Infrastructure and Nature-
Based Solutions
A second major theme focused on blue-
green infrastructure (BGI) and nature-
based solutions. Research demonstrated 
how ecological networks, green corridors 
and vegetation strategies can reduce heat 
stress, improve ventilation and manage 
flooding across diverse climates.

Many contributions adopted data-driven 
and spatial optimisation approaches, 
emphasising that BGI must be context-
specific, spatially integrated and evidence-
based. At the same time, several papers 
highlighted the challenge of embedding 
these solutions within planning systems 
and governance frameworks, suggesting 
that technical effectiveness alone is 
insufficient for long-term impact. 

Adaptation Across Diverse Climatic 
Contexts
The track showcased a wide range of 
climatic conditions, including typhoon-
prone regions, flood-affected cities and 
severely cold environments. This diversity 
underscored the importance of context-
sensitive adaptation strategies, as climate 
risks vary significantly across regions.
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Studies in cold climates and biodiversity, 
for example, explored the interaction 
between urban form, human activity, and 
ecological systems, while research in 
coastal and high-risk regions emphasised 
regional-scale planning and risk mitigation. 
Collectively, these contributions 
demonstrate that climate adaptation 
cannot rely on universal solutions, but 
must be tailored to local environmental 
and spatial conditions.

Data-Driven Approaches and 
Technological Innovation
A strong trend across submissions was the 
increasing use of advanced analytical and 
digital tools, including:

• Spatial optimisation and network
modelling

• Environmental and thermal simulations

• Digital twins and parametric design

• Risk modelling and scenario analysis

These approaches are enhancing the 
ability to understand complex climate 
dynamics and test adaptation strategies 
However, a key challenge remains the 
limited integration of these tools into 
planning practice, pointing to a gap 
between technical innovation and 
institutional application.

Governance, Community Resilience, and 
Implementation
Compared to technical studies, fewer 
papers addressed the governance and 
social dimensions of climate adaptation. 
Those that did emphasised the importance 
of community engagement and local 
knowledge, cross-sector collaboration and 
institutional capacity the need to break 
governance silos and enable co-creation.

Track 3 Rapporteurs
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These contributions highlight that 
climate resilience is not only a spatial or 
technical challenge, but also a governance 
challenge, requiring new forms of 
collaboration and more inclusive planning 
processes.

Cultural Heritage and Context-Sensitive 
Adaptation
A smaller but important group of papers 
explored the role of heritage and cultural 
identity in climate adaptation. These 
studies demonstrated that resilience 
strategies are more effective when 
grounded in local context, cultural 
landscapes and community experience.

This aligns with broader regional agendas, 
including Riyadh’s Vision 2030, and 
reinforces the need to integrate cultural 
and environmental considerations into 
climate-responsive planning.

Key Gaps and Future Directions
Across the full body of submissions, 
several key challenges and opportunities 
emerged:

• A persistent gap between analytical
research and practical implementation

• Limited focus on governance
mechanisms and policy integration

• A need for more transferable and
comparative insights across contexts

• Opportunities to better integrate social
equity and vulnerability into climate 
adaptation research

Addressing these gaps will be critical to 
advancing the field from analysis to action.

Conclusions

Track 3 highlights a rapidly evolving 
field, characterised by strong analytical 
innovation, interdisciplinary approaches 
and global relevance. The diversity of 
submissions reflects a growing recognition 
that climate adaptation requires integrated, 
multi-scalar and context-specific strategies.

At the same time, the track underscores 
the importance of bridging the gap 
between research and practice, ensuring 
that emerging knowledge is translated 
into implementable, scalable and inclusive 
urban solutions.

Overall, the contributions provide a 
valuable foundation for advancing the 
discourse on climate-resilient cities, 
while also pointing to the critical need for 
stronger alignment between research, the 
planning and development professions, 
and governance in addressing the 
challenges ahead.
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Introduction

It is our honor to present our remarks 
on our track, which focuses on 
Culture, Identity, and Inclusive Urban 
Transformation. We have worked within a 
very dynamic team of four, supporting and
complementing each other throughout the 
preparation and execution of our Track.

We selected 194 presentations out of 294 
submissions. Like other tracks, our track 
also features a diverse range of countries 
and case studies. Twenty-five of these 
were presented during the virtual pre-
congress in early November 2025 across 
three sessions. Of the 171 selected, the 
remaining 99 were presented in Riyadh at 
the main congress in 11 sessions. These 
sessions cover keywords such as urban
well-being, urban regeneration, 
transformative visions, public space, 
everyday practices, and more.

Key Themes 

Discussions of some of the sessions 
moderated in Track 4 reaffirm that 
culture and identity are central to urban 
transformation —they are its driving 
forces. Our presenters emphasized 
the importance of integrating culture, 
inclusive placemaking, and urbanization 
as key drivers of equitable transformation 
and strategic planning for global cities 
like Riyadh to promote cultural vibrancy 
and accessibility for everyone. These 
presentations remind us that, as we 
navigate the complexities of rapid urban 
change amid an era of multiple crises, 
inclusive cities honor diverse cultural 
stories, protect the everyday rhythms 
of local communities, and create spaces 
where everyone feels seen, represented, 
and connected. The insights shared 
in these sessions highlight a collective 
commitment: to design and transform our

cities with empathy, creativity, and deep 
respect for cultural heritage and place.
Additionally, the presentations show that 
we need to develop urban environments 
that celebrate cultural diversity, foster 
inclusive neighborhoods, and ensure that 
the future of our cities remains vibrant, 
equitable, and strongly rooted in the 
identities of their people.

A wide range of research across 
the sessions in Track 4 collectively 
demonstrated how heritage, culture, 
and spatial practice function as 
active mechanisms of inclusive urban 
transformation rather than static layers 
of preservation. The discussions showed 
how cultural landscapes, public space, 
infrastructure, and everyday environments 
mediate identity, access, and opportunity 
through intergenerational strategies, 
community participation, data-driven 
planning, and tactical interventions. Across 
highly diverse contexts from Cincinnati, 
Ufa, Cape Town, Myanmar, Bhubaneswar, 
and multiple regions in China—Track 4 
revealed different governance models, 
cultural conditions, and target groups, yet 
consistently highlighted shared challenges 
of displacement, uneven access, cultural 
erasure, and spatial inequality. The 
collective findings reinforce the idea that 
inclusive urban transformation depends on 
the careful alignment of cultural continuity, 
spatial justice, institutional capacity, and 
everyday lived practices, particularly in 
rapidly transforming urban and territorial 
contexts.

Supporting these, in various other sessions, 
another clear theme appears: cities are 
shaped by the complex interaction of 
formal and informal practices, cultural 
identities, social relationships, and 
everyday lived experiences. Urban well-
being and inclusive public spaces rely on 
recognizing these diverse social realities
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connecting the digital and physical worlds, 
respecting local cultural fabric, addressing 
inequalities, and enabling adaptable, 
culturally sensitive design. By valuing social 
informality, strengthening links between 
research and practice, and involving 
social experts, such as sociologists, in 
development teams, cities can create 
public spaces and neighborhoods that 
are truly lovable, socially cohesive, and 
supportive of diverse communities.

Cities today produce both tightly controlled 
and organically evolving public spaces, 
and inclusive urban realms emerge where 
these conditions overlap, allowing people 
to participate freely. The social begins 
wherever everyday interactions happen 
and ends where exclusion, whether 
physical, cultural, or governance-based, 
limits belonging, with boundaries that 
can shift through culturally sensitive, 
adaptable design. New ideas have 
emerged, such as embedding a sociologist 
in every development team to ensure these 
dynamics are understood and valued, 
resulting in neighborhoods that serve as 
socially inclusive ecosystems rather than 
just built environments.

Rich contributions to the study of informal 
and temporal tactics of everyday life in 
cities show that everyday urbanism is 
shaped by ongoing negotiations among 
the formal and informal, the digital and 
the physical, and the temporary and the 
permanent. Planning systems must 
embrace these informal and temporal 
lived realities to create cities that are 
inclusive, culturally vibrant, and genuinely 
livable. Designing for slow speed (temporal 
autonomy) and interruptions as friction 
creates opportunities to linger and 
foster social interactions. Disorder has 
a functional role, requiring planners to 
strategically step back when regulating 
space.

Track 4 Rapporteurs
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Urban well-being emerged across 
the sessions as a multidimensional 
condition, shaped by the interaction 
between infrastructure, mobility, cultural 
identity, environmental perception, social 
cohesion, gendered experience, and 
urban governance. As demonstrated 
throughout the sessions, urban well-being 
is inseparable from cultural meaning-
making, ritual practices, and emotional 
landscapes that animate everyday life. 
Overall, the presentations show that cities 
cannot improve well-being through 
physical design alone: subjective, cultural, 
and socio-spatial factors are equally 
decisive in shaping how people feel, move, 
and belong. Technological approaches 
work best when they a) support lived 
experiences rather than override them, 
b) operate at the neighborhood scale in
service of the community (open access), 
and c) enhance cost-effectiveness 
and safety rather than create digital 
inequalities. Caution must be exercised, as
digital access itself is uneven—especially 
for women in informal settlements—
thereby affecting who benefits from smart-
city tools. Cities must ensure access to
interconnected systems of green spaces,
which are places of ecological sensitivity,
strong cultural resonance to place, 
and health awareness in an ecological 
sense. Therefore, we must resist reductive
approaches and linear correlations such
as “more trees = more well-being.” While 
built form matters, social form is even 
more important: trust, cohesion, and 
interaction underpin resilient communities.
Planning for walkability and well-being 
must address gendered, social, and 
digital inequalities to avoid deepening 
marginalization. Well-being depends 
not only on design and culture but also
on governance ethics, especially where 
private interests intersect with public 
spaces. Urban well-being results from 
complex relationships among mobility,

culture, environment, social cohesion, 
governance, and lived experience. Cities 
that honor local identities, address 
inequalities, and connect research to 
practice can create more physically and 
mentally supportive environments for 
everyone.

Conclusions

In summary, a clear theme emerges: 
cities are shaped by the dynamic 
interplay between nuanced formal and 
informal practices, cultural identities, 
social relationships, and everyday 
lived experiences. Urban well-being 
and inclusive public spaces depend 
on recognizing these pluriversal social 
realities—bridging the digital and physical 
worlds, recognizing the localized cultural 
fabric, addressing inequalities, and 
enabling flexible, culturally responsive 
design. By embracing the richness of 
social informality, strengthening research–
practice links, and involving social experts 
such as sociologists in development 
teams, cities can create public realms and 
neighborhoods that are genuinely lovable, 
socially cohesive, and supportive of 
diverse communities. 

We would like to sincerely thank the 
general rapporteurs, the congress team, 
and the local organizing committee for 
their continuous support throughout these 
sessions. The depth and diversity of work 
presented here clearly demonstrate 
the shared responsibility we carry as 
planners, researchers, and practitioners. 
We hope all these insights will directly 
shape the practical strategies and policy 
frameworks moving forward.
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Introduction 

Urban governance and management are 
becoming increasingly instrumental in 
the current quest of regions and cities 
to achieve prosperity, sustainability, and 
social equity. The velocity of change 
and the intensity of challenges are 
constantly shaping how we structure our 
institutional relationships and manage 
our urban environment. Track 5 examined 
how governing and managing the co-
created agile city is evolving in response 
to rapid urban change, crises, and the 
growing role of participation, data, and 
Artificial Intelligence. From the focus on 
the co-created agile city, the main theme 
of the track has been elaborated and 
divided into four sub-themes, including: 
the provision of public spaces and 
community services; participatory and 
collaborative governance; adaptive and 
agile governance in the era of challenges; 
and governance and management for real 
impact. The contributions received under 
Track 5 were presented according to these 
sub-themes in six sessions: two sessions 
in the pre-congress (virtual) version 
and four sessions during the in-person 
Congress.

Session Summaries

Pre-congress session 1: Provision and 
Utilization of Urban and Public Spaces: 
Managing Inclusiveness for Quality of Life
This session highlights how managing 
inclusiveness in the provision and use 
of urban and public spaces contributes 
to enhancing quality of life. The cases 
explore novel approaches to the use and 
reconfiguration of this type of land use to 
better meet users’ needs and improve their 
quality of life. One contribution examines 
the use of public spaces in residential 
communities as a last-mile logistics 
method for unmanned delivery, which is

booming as a result of the rapid growth 
of e-commerce. Another; challenge of 
providing green space in old and heritage 
areas, where redevelopment policies 
usually limit such provision, suggesting 
a smart use of pocket parks for effective 
integration into the urban fabric. Another 
contribution applies the Movement and 
Place Matrix to underscore the need to 
move beyond traditional classification of 
streets based on vehicular movement and 
integrate both vehicular flow and land use 
variations. 

Pre-congress session 2: Participatory 
and Collaborative Governance: Enhancing 
Communication and Integrating 
Technology
This session focuses on how enhancing 
communication and adopting technology 
can advance participatory and 
collaborative governance. Addressing 
this theme, from how culturally sensitive 
communication in TOD projects leads 
to positive outcomes, to the role of the 
intensity and stability of environmental 
regulations in reducing CO2 emissions in 
rural areas, to enhance the localization of 
Sustainable Development Goals ‘SDGs’. 
And from the national and provincial 
assets that receive good environmental 
and cultural management, but lack 
sound administrative and institutional 
governance, to the impact of different 
operational models adopted by diverse 
stakeholders in dealing with large and 
small vacant lands. One contribution 
highlights the importance of pilot initiatives 
in leading transformation efforts towards 
a smart and resilient community through 
the integration of advanced technology, 
efficient use of resources, and inclusive 
governance.
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In-person track 5.1: The Provision of 
Public Spaces and Community Services: 
Managing Inclusiveness for Quality of Life
This session focuses on inclusiveness in 
public spaces and community services. 
The contributions shed light on several 
innovative cases, such as the use of 
knowledge-based partners as horizontal 
collaborators to bridge the scale conflict 
in vertical polycentric governance in the 
supply of childcare facilities; the built 
environment factors that influence the 
provision and enhance the experience 
of community senior canteens; how 
to prioritize the renovation of old living 
infrastructure through balancing renovation 
potential with renovation feasibility; and the 
landscape parks that have been realized 
through a new governance model that 
facilitates the resolution of power conflicts 
and promotes collaboration among 
stakeholders.

In-person track 5.2: Adaptive and Agile 
Governance in the Era of Challenges: 
Navigating Crises, Resilience and Safety
This session explores the role of 
adaptive and agile governance in light of 
challenges and obstacles, examining the 
relationship between urban governance, 
safety, environmental risk, and spatial 
transformation across diverse regional 
contexts. Achieving a safe urban 
environment amid urban regeneration efforts 
suggests that decreasing crime occurrence 
can be achieved through renewal strategies 
that regulate development intensity and 
optimize land use functions. Environmental 
risks of deforestation and land degradation 
in a semi-arid country can be attributed 
to many interconnected administrative, 
legislative, economic, and social aspects. 
Environmental risks can be considered a 
significant threat factor that greatly affects 
tourists’ experiences, as non-traditional 
stakeholders, in a country that values its 
tourism economy. Urban expansion can be
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interpreted mostly as an undesirable 
sprawl; however, adaptive frameworks that 
address the scattered and fragmented 
urban-rural expansion according to the local 
context may attribute this phenomenon to 
emerging hybrid urban forms.

In-person track 5.3: Participatory and 
Collaborative Governance: Co-Creation 
through Community and Stakeholder
This session addresses the role of 
community and stakeholder engagement 
in shaping the participatory approach in 
different institutional contexts and diverse 
geographical areas; from the “Community 
designer” system practiced in the renewal 
of the urban stock, characterized by 
institutional and ideological differences, to 
the influence of grassroots organizations 
that show an evolving and promising 
role in influencing urban development 
in a centralized governance system. 
Nevertheless, one contribution criticizes 
the positive impact that the participatory 
approach has long claimed to achieve, 
pointing to the exclusion of planners and 
designers from their projects at various 
times throughout the project cycle.

In-person, track 5.4: Governance and 
Management for Real Impact: Embracing 
Innovation and Managing Emotions
This session tackles a unique aspect of 
urban governance: how can we make 
a real impact that goes beyond simply 
applying tools and following best practices 
to achieve residents’ satisfaction and 
embrace innovation in the long term? 
Contributions here range from the impact 
of spatial variations imposed by urban 
governance measures on residents’ 
satisfaction, to the shift from intuition 
to evidence-based governance in 
understanding what people think about 
places and the characteristics of public 
cognition and emotional reactions within 
the digital environment. 

From another perspective, a large 
language model has been used in a case 
to construct a multi-agent framework that 
stimulates interactions and integrates 
discussions among different stakeholders 
that resulted in optimized land-use 
allocation.

Conclusions 

Urban innovation is not just about introducing 
new technology, but about how cities 
combine it with governance, local realities, 
and people’s needs. While smart tools 
can improve efficiency, they cannot work 
effectively on their own. Cities need systems 
that are flexible and responsive to their 
specific social and cultural environments 
rather than relying only on top-down plans 
or copying ideas from elsewhere. Another 
key point is the importance of using data 
to guide decisions. When planning is based 
on evidence, it becomes more transparent 
and reliable. At the same time, involving 
different groups, residents, planners, 
and policymakers helps ensure that 
development is fair and widely accepted. 
Main takeaways from this track can be 
summarized as follows:

• Public participation has become more
considerate of how it is practiced. It is 
no longer limited to engaging the local
community, but now includes considering 
cultural differences, respecting customs
and traditions, and building trust.

• The participatory approach needs to
be rooted in the local context of the 
institutional and political ecosystems.
It can be a bottom-up approach as
is common and it can also be hybrid. 
Governance models need to evolve 
to consider and integrate various 
approaches for participatory planning.
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• The success of collaborative
governance is not limited to how
different stakeholders are involved
in an effective process but extends
to how to build trust in a way that
enhances these stakeholders’ 
understanding of the government’s role
and its ability to carry out its mandate 
and fulfil its promises.

• Cross-jurisdictional collaboration is
indispensable for managing shared 
assets in a coherent, integrated, and 
sustainable way.

• Grassroots groups play a pivotal role
in advocating for and enhancing the 
practice of participatory planning, 
particularly in areas where this practice 
is still emerging.

• Sustainable city management
depends on shared responsibility
among stakeholders, i.e. the residents, 
the planners, operators and institutions.

• Cities must address unequal
distribution across communities and 
demographic groups.

• Development should strengthen and
not erase historical memory, cultural 
layers and unique identity of a place.

• Promoting spatial control, such as
urban renewal or protected area 
designation, shouldn’t be used as a 
“legitimization tool” to exclude and 
deprive communities of their discursive
power under the guise of protecting 
historical culture.

• Community-driven solutions and
localized service delivery models 
directly contribute to Sustainable 
Development Goals (SDGs) related to 
health, well-being, and sustainable cities.

• Urban and environmental risks are
governance-dependent: institutional 
design and policy implementation directly
influence safety, ecological integrity, and
public health outcomes.

• Environmental and safety data can
inform better planning decisions when
explicitly connected to governance 
mechanisms and planning tools.

• Action-oriented conclusions enhance
impact, particularly when research 
findings are linked to concrete 
governance or planning interventions.

• Technology alone is not enough;
it needs strong governance and
coordination.

• Innovation must be adopted to local
context, not copied from other cities.

• Data-driven planning improve
efficiency, while community 
participation increases acceptance and
long–term success.
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At the core of this Roundtable was 
the sharing of personal experience in 
planning for urban growth. Moderator was 
Sarah Hill of the Public Investment Fund of 
Saudi Arabia. As the CEO of the expanded 
Western Parkland City Authority, Sarah 
led the delivery of Australia’s largest and 
most ambitious city-building project of the 
last century. Whilst in London, Sarah was 
a member of the London Olympics Joint 
Planning Authorities Team.

Urban growth, driven by population 
increases and migration to cities, 
presents a global challenge for rapid and 
large-scale city planning, particularly 
in Asia and Africa, where nearly 90% 
of urban population growth is expected 
by 2050. This growth necessitates 
the development of inclusive, safe, 
and resilient cities, requiring strategic 
planning, infrastructure development, 
and solutions for housing, traffic, 
and environmental sustainability to 
accommodate billions of new urban 
residents.

Tarek El-Seikh shared from his 33 
years of experience in Policies and 
Strategies of Urban Development, Urban 
and city planning, policy formulation, 
training, advisory services and project 
implementation in various Arab States as 
UN HABITAT Representative in Arab States 
working on Jordan, Iraq, Tunisia, Syria, 
Libya, UAE, Kuwait, Bahrain and Saudi 
Arabia). Prior to joining the UN, he worked 
as Associate Professor at the Housing and 
Building Research Center in Cairo Egypt.

Also based on practical experience was 
the contribution by Guy Castelain Perry. 
Guy has been leading the vision and 
development strategy of many of the most 
complex regional, urban and district and 
real estate projects underway in the Middle 
East, South Asia, Africa and Europe. Perry

has played crucial roles in urban expansion 
and regeneration projects across multiple 
countries, including China, Hong Kong, 
Hungary, India, the Philippines, and Poland. 
He has also been involved in conservation 
strategies for the Amazon rainforest. At 
McKinsey & Company, Guy Perry applies 
his extensive expertise to some of the 
Middle East's largest and most complex 
multidisciplinary projects, focusing on 
creating sustainable and human-centred 
urban environments.
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Placemaking as Infrastructure for Resilience and 
Liveability in Dynamic Cities

Moderated by Carlo Castelli (UNDP 
Saudi Arabia), this roundtable examined 
placemaking as strategic urban 
infrastructure that strengthens resilience, 
improves quality of life, and supports 
sustainable transformation. The discussion 
positioned public spaces not as residual 
elements of development but as essential 
investments in the social, environmental, 
cultural, and economic resilience of cities.

Participants explored how resilient cities 
depend not only on physical infrastructure 
but also on inclusive, well-managed public 
spaces that support social interaction, 
community identity, environmental 
adaptation, and civic participation. Ethan 
Kent (PlacemakingX) emphasised a people-
first approach, arguing that successful 
placemaking begins with understanding 
how people use places. Streets, parks, 
squares, and waterfronts should support 
community life, cultural exchange, local 
economies, and adaptability, with tactical 
urbanism and incremental interventions 
providing tools for transformation.

Luisa Bravo highlighted public space as a 
democratic asset supporting inclusion, 
cultural expression, and social interaction. 
She emphasised that placemaking extends 
beyond design to include governance, 
stewardship, programming, and long-
term management through collaboration 
between municipalities, communities, 
professionals, and local organisations. 
Noral Al Yousef reflected on Saudi Arabia’s 
Quality of Life Programme under Vision 
2030, highlighting how investments in 
parks, walkability, cultural amenities, and 
recreation contribute to wellbeing, public 
health, economic diversification, tourism, 
and community development. Adel 
Alzahrani reinforced the need to integrate 
placemaking into municipal planning and 
manage public spaces as urban assets 
through cross-sector collaboration.

Josephine Yilan Liu highlighted the role 
of community-led initiatives in resilient 
urban development, emphasising that 
local knowledge, civic participation, and 
collaborative governance enable public 
spaces to respond to changing needs. 
Participants agreed that communities 
should be recognised as co-creators 
of public spaces rather than passive 
recipients of planning decisions. This 
approach strengthens social cohesion, 
local ownership, and relevance.

Climate adaptation was a recurring theme, 
with green infrastructure, urban trees, 
shaded streets, blue-green networks, and 
multifunctional public spaces identified 
as solutions that reduce urban heat, 
support biodiversity, encourage active 
mobility, strengthen local economies, and 
improve health and wellbeing. Participants 
emphasised that these interventions 
connect environmental performance with 
everyday urban experiences and should 
be integrated across planning, transport, 
landscape architecture, environmental 
management, and governance.

Rapporteur Reflections

The roundtable reaffirmed that placemaking 
is not an aesthetic exercise but a strategic 
planning approach integrating resilience, 
liveability, environmental sustainability, 
and social inclusion. High-quality public 
spaces represent essential urban 
infrastructure because they strengthen 
communities and help cities respond to 
environmental and social change.

Successful placemaking depends on 
partnerships between governments, 
professionals, communities, and civil society. 
By placing people at the centre of urban 
development, cities can create public 
spaces that improve quality of life while 
strengthening resilience and adaptability.
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Future Foresight and Scenario Planning Trends in the
North America, Europe and the Middle East

Foresight planning is a process of 
systematically analysing alternative 
futures and options to identify trends, 
opportunities, and challenges, which 
helps planners make evidence based, 
informed, long-term decisions and build 
urban resilience. It moves beyond simple 
prediction to prepare for a range of possible 
scenarios, rather than anticipating a single 
outcome. The goal is to proactively shape 
the urban future by expanding insights of 
what's possible and preparing for potential 
disruptions.

This roundtable discusses futurist 
approaches in the North America, Europe 
and Middle East to identify recent trends 
in urban and regional development. 
Moderated by Sunil Dubey of the Cities 
Institute of the University of New South 
Wales, it stimulated a lively and intensive 
exchange between the American 
perspective presented by Petra Hortado 
of the American Planning Association, 
the European perspective presented 
by Kai Böhme of the Spatial Foresight in 
Luxembourg and a global perspective 
presented Bronwyn Williams of the United 
Nations Development Programme.

The Trend Report for Planners of the 
American Planning Association (APA) aims 
at using the urban future when preparing 
for uncertainty and navigate change. 
Spatial Foresight is a Luxembourg based 
think tank in the area of European territorial 
policies and research. Its fields of activity 
bring together territorial development 
and policy processes with foresight-
oriented approaches. Using foresight 
these approaches will facilitate a better 
understanding of how to best capitalise 
on territorial development potentials. In a 
similar way the Future Trends and Signals 
System captures signals of change noticed 
across UNDP, and identifies the trends 
emerging – helping us make stronger, more 

future-aware decisions. These trends 
can be used for Foresight Planning 
as a strategic approach that helps 
organizations and governments anticipate 
and prepare for predicted and unpredicted 
future events by considering multiple 
plausible futures rather than just one 
forecast.
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Future Foresight and Scenario Planning Trends in the
North America, Europe and the Middle East

Professionals at the Heart of Cities and 
Regions in Transition

The roundtable examined how built 
environment professions are evolving 
in response to climate change, rapid 
urbanisation, technological innovation, 
demographic shifts, and changing 
governance models. The discussion 
recognised that planners, architects, 
engineers, urban designers, and 
landscape architects increasingly act 
not only as technical experts but also 
as facilitators of complex, multi-actor 
processes. Sustainable and resilient urban 
futures require stronger collaboration 
across professional boundaries and more 
integrated approaches to education, 
practice, and governance.

Opening the discussion, Eleanor 
Mohammed highlighted that contemporary 
urban challenges require professionals 
capable of working beyond disciplinary 
silos. While each profession contributes 
unique expertise, fragmented approaches 
are no longer sufficient. Education and 
practice must therefore foster systems 
thinking, collaborative leadership, and 
an understanding of interconnected 
environmental, social, economic, 
and cultural dimensions of urban 
transformation.

Participants discussed the transition 
in planning education and the need 
for broader competencies, including 
facilitation, stakeholder engagement, 
negotiation, digital technologies, climate 
adaptation, and strategic governance. 
Interdisciplinarity emerged as a central 
theme, with participants emphasising that 
challenges such as climate resilience, 
housing affordability, infrastructure 
provision, biodiversity conservation, 
and social inclusion require coordinated 
action across professions. Planning was 
recognised as uniquely positioned to 
integrate diverse expertise into coherent 
spatial strategies.

The discussion explored the shift from 
multidisciplinary to interdisciplinary and 
transdisciplinary practice, highlighting 
the importance of shared knowledge, 
co-produced decisions, and community 
participation in shaping urban futures. 
This requires greater openness, mutual 
respect, and continuous learning across 
professions. Professional organisations 
and universities were recognised as 
having an important role in fostering this 
collaborative culture, with capacity building 
understood as a lifelong process supported 
by international networks such as ISOCARP 
and knowledge exchange across countries.

Participants further emphasised that 
global frameworks, including the 
Sustainable Development Goals, the Paris 
Agreement, and the New Urban Agenda, 
require integrated planning approaches 
connecting land use, mobility, 
environmental management, housing, 
economic development, and social policy. 
Planners increasingly act as convenors 
who facilitate dialogue, mediate competing 
interests, and support evidence-informed 
decision-making, positioning planning as 
both a technical and governance discipline.

Rapporteur Reflections

The discussion demonstrated broad 
consensus that the future of built 
environment practice lies in collaboration 
rather than specialisation alone. While 
technical excellence remains essential, 
cities require professionals who can 
communicate across disciplines, integrate 
diverse knowledge, and build partnerships 
beyond institutional boundaries. The 
roundtable reaffirmed that resilient urban 
futures depend on collective professional 
leadership, interdisciplinary education, 
shared responsibility, and translating 
global sustainability agendas into locally 
responsive planning practice.



34 | Proceedings of the 61st ISOCARP World Planning Congress

The Resilient City: People and Places in Action

Moderated by Dr. Nadine Bitar Chahine 
(ISOCARP), this roundtable examined 
what true resilience means in cities 
experiencing rapid environmental, social, 
and economic transformation. Moving 
beyond traditional approaches focused 
on infrastructure and disaster recovery, 
the discussion explored resilience as an 
integrated social, spatial, institutional, and 
ecological capacity through perspectives 
from academia, environmental governance, 
and urban development.

The moderator framed resilience as a 
dynamic process through which cities 
adapt to uncertainty while safeguarding
community wellbeing. Participants 
reflected on how climate change, 
economic volatility, demographic 
transitions, technological disruption, and 
demands for social equity require new 
approaches to urban resilience.

Professor Lawrence J. Vale emphasised 
that resilient cities are not those that 
simply return to their previous state 
after disruption, but those that learn, 
evolve, and transform through adaptive 
governance and institutional learning. 
Professor Zachary B. Lamb highlighted the 
importance of community agency, arguing 
that local knowledge, community networks, 
and grassroots initiatives are essential 
planning resources. Communities should 
be recognised as active partners in shaping 
and implementing adaptive strategies.

The discussion also addressed 
environmental governance and climate 
adaptation. Jamila El Mir, representing the 
Dubai Environment and Climate Change 
Authority, stressed that climate resilience 
must be integrated across land use 
planning, infrastructure, mobility, and 
public health strategies, with particular 
attention to heat resilience, resource 
efficiency, and nature-based solutions. 

Carla Korpijaakko-Arduengo highlighted the 
importance of coordinated institutions, 
collaborative leadership, and continuous 
learning in translating resilience principles 
into practice.

Participants agreed that resilience 
should not be measured only through 
infrastructure performance but also 
through social cohesion, institutional 
trust, environmental quality, public 
health, cultural continuity, and equitable 
access to opportunities. The discussion 
emphasised that resilience depends on 
relationships between people, institutions, 
and places, and should be integrated into 
mainstream planning through strategies 
addressing climate adaptation, housing, 
mobility, economic development, heritage, 
biodiversity, and public space.

Rapporteur Reflections

The roundtable demonstrated that 
resilience thinking has evolved from 
focusing primarily on resistance to 
shocks towards understanding cities’ 
capacity to adapt, learn, collaborate, and 
transform. The discussion highlighted 
that resilient cities emerge through 
integrated planning, inclusive institutions, 
and empowered communities rather than 
infrastructure investments alone.

The roundtable concluded that resilience 
should be a guiding principle across all 
aspects of city-making. For planning 
professionals, this requires stronger 
collaboration across disciplines, 
embracing uncertainty, and placing people 
and communities at the centre of urban 
transformation.
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The Resilient City: People and Places in Action
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Special Sessions
Planning and Plans: Reclaiming Purpose in a Time of Crisis and Opportunity 

At this moment of dramatic change-marked 
by the climate crisis, demographic shifts, 
technological disruption, and widening 
inequality-we are being called to rethink 
how we touch the earth: the patterns of 
human settlement and resettlement, the 
infrastructure that connects us, and the 
very meaning of community, street, place, 
and home. In this context, planning is no 
longer optional. Planning must evolve 
beyond the regulation of land use, density, 
and building form. It must reclaim its public 
purpose: enabling communities to think, 
act, and shape their futures collectively. 
And it must do so with urgency, creativity, 
and care. A plan is not a prediction or 
projection-it is an invention of our own 
future. This transformation is nowhere 
more visible-or more critical-than at the 
local level.  

It is now widely recognized that the 
localization of global frameworks hinges 
on empowered, participatory, and strategic 
local planning. Cities at the frontline of 
converging crises-are being asked not 
only to deliver services but to act as 
partners in development, incubators 
of solutions, and builders of resilience 
from the ground up. Around the world-
and particularly in Saudi Arabia-planning 
systems are undergoing significant reform. 
New mandates, institutional restructuring, 
multi-level planning frameworks, and urban 
codes are being introduced. Yet even in 
this moment of opportunity, a deeper 
question persists: What does 'planning' 
actually mean in 2025? And by extension, 
what is the role and function of 'plans'? Are 
we truly shifting toward community-based, 
vision-driven, dynamic policy frameworks-
capable of adapting to complexity and 
enabling systemic change? Or are we still 
reproducing the legacy of static, physical 
masterplans-updated in format, but 
unchanged in logic? 

In practice, both paradigms seem to 
coexist. Plans mean different things to 
different actors. Cities articulate bold 
visions, yet often lack mechanisms for 
sustained implementation. Participatory 
rhetoric increases, yet rigid blueprint-style 
plans continue to dominate official outputs. 
This session took up that contradiction. 
It interrogated the evolving role of plans 
as instruments of spatial transformation, 
governance, and collective imagination. It 
questioned whether the planning systems 
emerging today are genuinely breaking 
new ground or – merely modernizing an 
outdated model. Community-based local 
planning was positioned as the crucible 
where global ambition must be translated 
into grounded, place-based action.  

This session explored the evolving role 
of planning in a rapidly changing world. 
As planning is being redefined globally: 
what should a "plan" do in 2025? Through 
dialogue and critical reflection, we 
reclaimed planning's purpose as a tool for 
collective agency, spatial transformation, 
and locally grounded resilience. 
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Going Deeper: Underground Space as a Strategic Pathway 
to Urban Climate Resilience 

As the climate crisis accelerates, cities 
are grappling with the urgent need to 
adapt. Rising temperatures, extreme 
weather events, and mounting pressure 
on surface infrastructure demand bold, 
innovative solutions-solutions that are 
spatially efficient, climate-resilient, and 
future-focused. Yet, a critical asset remains 
underutilized in most urban resilience 
strategies: underground space. This session, 
led by ITACUS (ITA-AITES Committee on 
Underground Space), repositioned the 
underground not as an afterthought in urban 
design, but as a strategic lever for climate 
action and improved quality of life.  

Grounded in our global work and 
engagement with planners, policymakers, 
and engineers across continents, we 
argued that underground space holds 
transformative potential for shaping 
resilient, livable cities. Whether through 
integrated underground master planning, 
dual-use infrastructure, or multi-
functional spaces that offer thermal 
comfort, stormwater buffering, and transit 
connectivity, going underground presents 
immense opportunities. But harnessing 
these opportunities requires a shift in 
mindset-from reactive excavation to 
proactive policy.  

Our presentation outlined a vision and policy 
roadmap for embedding underground space 
into urban climate strategies. It highlighted 
best practices and early adopters from 
different geographies, showcasing how 
underground solutions are being used to:  

• Mitigate urban heat through thermally
regulated underground public spaces. 

• Reduce flood risk via underground
stormwater detention and storage 
systems. 

• Enhance mobility through interconnected
subterranean transit networks. 

• Reclaim surface land for green space,
increasing urban biodiversity and 
wellbeing. 

We also explored how underground 
strategies intersect with equity, 
affordability, and social inclusion-ensuring 
underground development does not 
deepen existing divides but serves as a 
tool for shared urban futures. Importantly, 
we reflected on the policy vacuum that 
often surrounds underground development 
and propose actionable strategies that 
national and local governments can adopt. 
This included frameworks for underground 
spatial planning, community engagement 
models, and institutional collaboration 
mechanisms that place underground 
space on equal footing with surface and 
aerial planning.  

With Riyadh itself, exploring subterranean 
developments and sustainability goals this 
session is timely. We invited city leaders, 
planners, and policy influencers to join 
us in a forward-looking dialogue that 
challenges conventional notions of "urban 
space" and expands the vocabulary of 
resilience planning. Our goal was not just 
to go deeper – but to go smarter, more 
sustainably, and more inclusively beneath 
the surface of today's cities. 

This session explored underground space 
as a visionary, policy-driven pathway 
to urban climate resilience. It presented 
a strategic roadmap for integrating 
subterranean solutions into urban planning 
and climate action-unlocking benefits for 
mobility, flood control, thermal comfort, 
and surface greening, all while promoting 
inclusive and sustainable development. 



38 | Proceedings of the 61st ISOCARP World Planning Congress

AI-Driven Urban Transformation in the Digital Age
AI in Urban Paradigms

As cities evolve into dynamic, 24-hour 
ecosystems, urbanists, planners, architects, 
and designers must harness data and 
emerging AI tools to plan for more livable, 
walkable, and responsive neighborhoods. 
Local urban data has become a powerful 
resource to understand how people move, 
interact, and access places/services.

The workshop highlighted the growing 
role of AI and digital tools in supporting 
evidence-based urban design. Participants 
explored how publicly available datasets 
can reveal patterns in mobility, accessibility, 
and public infrastructure. Through hands-
on exercises, they mapped public transport 
infrastructure in Riyadh and discussed 
how data visualization can inform more 
inclusive urban strategies. Discussions 
emphasized the importance of integrating 
technological tools with human-centered 
design approaches, ensuring that data 
analysis supports better decision-making 
for planners, architects, and policymakers. 
The session also opened conversations 
on ethical data use, accessibility of digital 
tools, and the need for interdisciplinar 
collaboration in shaping future cities.

The workshop enabled participants to 
develop foundational skills in collecting, 
analyzing, and visualizing urban data 
using AI-powered tools. Participants 
gained practical understanding of how 
digital platforms can assist in identifying 
mobility patterns, gaps in public transport 
access, and opportunities for improving 
neighborhood livability.

It is recommended that urban practitioners 
and students increasingly integrate data-
driven methodologies into their design 
and planning processes. Institutions and 
organizations should also encourage 
interdisciplinary collaboration between 
urban designers, data scientists, and 
policymakers to create more responsive and

inclusive urban strategies. Additionally, 
improving access to open urban datasets 
and promoting digital literacy among urban 
professionals can further strengthen 
evidence-based decision-making in cities 
undergoing rapid transformation.

Participants actively engaged in 
theworkshop through guided exercises, 
collaborative discussions, and data 
visualization tasks. Working individually 
and in small groups, they explored real 
datasets and experimented with AI tools 
to map urban transport infrastructure. The 
interactive format encouraged knowledge 
exchange between students and 
professionals, fostering dialogue around 
digital methods in urban analysis.
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AI-Driven Urban Transformation in the Digital Age
AI in Urban Paradigms

Bridging Climate Action Plans, Spatial Planning, and 
Sustainability Frameworks in Urban Systems 

Cities are in full activity to take 
responsibility to both the climate crisis and 
its solutions. Even with stretched budgets, 
city leaders know they are at the forefront 
of responding to extreme climate 
events and erratic weather patterns, 
affecting urban services and the life of 
city dwellers. Urban systems account 
for over 70% of global greenhouse gas 
(GHG) emissions, host the majority of 
the world's population, and generate the 
bulk of national GDPs. As climate impacts 
intensify, it is increasingly urgent that 
urban climate action plans are integrated 
with spatial planning policies to create 
coherent, place-based strategies that 
advance both mitigation and adaptation 
goals. Currently, many urban climate action 
plans focus on sectoral emissions without 
adequate spatial grounding, while spatial 
planning often overlooks dynamic climate 
risks and decarbonisation pathways. This 
disconnect undermines the effectiveness 
of sustainability assessments, adaptation 
plans, and the formulation of cities' 
contributions to Nationally Determined 
Contributions (NDCs). There is a critical 
need for planning systems and climate 
governance to converge-ensuring that 
land use, infrastructure development, and 
socio-economic priorities are aligned with 
carbon budgets and resilience targets.  

The IPCC Special Report on Cities 
highlighted priorities for action and ways 
to achieve measurable impacts, currently 
lacking in both climate plans and planning 
policy. ISOCARP's Initiative for Climate 
Resilience Planning Group proposed a 
lively debate with 4 different speakers from 
different backgrounds to explore how 
to move towards a systemic approach 
where urban spatial and climate plans 
are developed jointly, leveraging data 
integration, scenario modelling, and co-
benefits analysis. Doing so enables local 
governments to set science-based 

targets and deliver transformative change 
on the ground, while also strengthening 
the credibility of national commitments 
under the Paris Agreement. The debate 
considered internal barriers within local 
government, the need for multi-level 
cooperation to feed spatial and urban 
processes into national commitments, 
inclusive planning processes, and 
investment in spatially explicit strategies to 
reduce emissions and enhance resilience.  

The panel included: an overview of 
the IPCC report on Cities draft by 
representative of the ISOCARP expert 
group who will have been involved in 
the review and formal feedback, and a 
discussion between promoters of climate 
aware policies from the Arab world (for 
example from the Arab Urban Development 
Institute), academics, and practitioners 
from different regions. Integrating spatial 
planning with climate action is not just a 
technical necessity – it is a political and 
economic imperative.  

This session explored practical pathways, 
institutional innovations, and policy 
frameworks that can support cities in 
becoming engines of climate-resilient 
and low-carbon development. 

Urban systems drive over 70% of GHG 
emissions and face escalating climate 
risks. This session explored how 
integrating spatial planning with climate 
action can unlock transformative, place-
based solutions. With insights from the 
IPCC Cities Report and global experts, 
the panel debated governance, planning 
barriers, and tools to align urban policy 
with national commitments and climate 
resilience goals. 
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Placemaking and Infrastructure for Inclusive Cities:
Migration, Housing, and Urban Infrastructure in Canada 

This interdisciplinary special session, 
structured as a roundtable, brought 
together researchers from Bridging Divides: 
The Migration Integration in the Mid-21st 
Century – a major interdisciplinary research 
program funded by the Government of 
Canada, through the Canada First Research 
Excellence Fund (CFREF).  

The program developed a new 
understanding of migrant integration 
through comparative and globally 
engaged scholarship. One of its central 
research themes, Place and Infrastructure, 
explored how physical, social, and digital 
infrastructures shaped the integration 
trajectories of migrants in Canadian cities. 
This session focused on the pivotal role 
of housing, transit, and public spaces and 
services in shaping immigrant settlement, 
placemaking, and integration experiences 
across Canadian cities of various sizes. It 
highlighted not only the role of migration 
policy in shaping migrants' multifaceted 
trajectories, but also migrants' agency in 
transforming cities through transnational 
connections, cultural practices, physical 
and digital placemaking, and everyday 
negotiations of space. We examined 
physical, social, and digital infrastructures, 
exploring how they can both hinder and 
enable migrant well-being, integration, 
and belonging. We also considered how 
community-centered, culturally responsive 
approaches might transform these systems 
to better support diverse urban populations.  

Special attention was given to:  

• Migrant-led place-making and cultural
infrastructure (Dr. Melissa Kelly).  

• Barriers to housing access and
homeownership for international 
migrants (Dr. Amin Moghadam).  

• Third places as social infrastructure-
welcoming spaces that foster migrant 
integration, well-being, and belonging 
(Dr. Zhixi Cecilia Zhuang)  

• Immigrant integration in small and rural
communities (Dr. Sandeep Agrawal)  

• The role of digital technologies in
reshaping urban experiences, including
a VR-based neighborhood preference 
study (Dr. Bilal Farooq). 

Overall, this session explored the powerful 
intersection between literature, visual arts, 
and the built environment, asking:  

How can cultural narratives and artistic 
expression shape architecture and design 
that is more inclusive, identity-driven, and 
rooted in place? 
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Placemaking and Infrastructure for Inclusive Cities:
Migration, Housing, and Urban Infrastructure in Canada 

Reading the City: AI-Driven Sentiment Analysis for 
Urban Decision-Making

Contemporary urban planning operates 
within a data-rich environment. While 
municipalities and planning agencies have 
access to unprecedented volumes of 
quantitative spatial and socioeconomic 
data, a significant methodological gap 
persists: the systematic understanding of 
how residents perceive and experience their 
urban environment. Traditional methods for 
capturing this ‘lived experience’—such as 
surveys, focus groups, and town halls—are 
often resource-intensive, limited in scale, and 
subject to reporting lags.

The following section outlines the key 
highlights and discussions:

• The session framed the persistent gap
between quantitative urban metrics and 
residents’ lived experience, and how AI 
can help bridge it.

• A central methodological point landed
well: sentiment analysis alone is binary 
and directionless, whereas a calibrated 
satisfaction score provides magnitude 
and clear intervention thresholds.

• The interactive segment ran as an
open question-and-answer format, 
generating robust discussion rather 
than siloed group work.

• Academics found the approach
innovative, with debate focusing on 
practical implementation pathways, 
validation rigour, and the value of 
culturally and linguistically nuanced 
analysis for Arabic-language contexts.

Participants left with a working 
understanding of how AI-derived 
perception analysis can complement — not 
replace — conventional planning metrics. 
The session demonstrated a reproducible 
methodology combining natural language 
processing, computer vision, and 
retrievalaugmented generation to analyse

resident sentiment at scale and map it 
spatially against established indicators.

Key recommendations from the 
discussion:

• Treat sentiment-derived data as a
hypothesis generator that directs 
further investigation, validated against 
ground-truth sources.

• Weight perception data alongside, not
above, quantitative metrics.

• Build in explicit checks for
representation and platform bias.

• Prioritise culturally and linguistically
nuanced models, particularly for Arabic 
dialects.

The approach offers particular value for 
equity-focused and participatory planning, 
where capturing lived experience at scale 
is otherwise resource-intensive.

The session drew 20-25 participants from 
research, practice, and policy backgrounds. 
Rather than breakout groups, the interactive 
segment ran as an open question-and-
answer format, which generated sustained 
and robust discussion. Engagement was 
strongest around practical implementation 
and the cultural nuances of applying the 
methodology in Arabic-language urban 
contexts.

The open question-and-answer format 
proved more effective than structured 
group work for this audience, generating 
robust, organic discussion. Academic 
participants were particularly engaged 
by the innovation of the approach, while 
consistently probing how it could be 
implemented in their own contexts. The 
strong interest in cultural and linguistic 
nuance suggests future sessions should 
foreground these dimensions earlier.
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Planning Reform in Action: Global Expertise, National Transformation

Planning reform is emerging as one of the 
most powerful tools for shaping sustainable, 
inclusive, and future-ready cities. Around the 
world, governments are rethinking how their 
cities grow, adapt and thrive in the face of 
rapid urbanization and climate disruption.

In Saudi Arabia, this transformation is 
underway at a national scale. Through a 
strategic partnership between the Ministry 
of Municipalities and Housing (MoMaH), 
United Nations Development Programme 
(UNDP), the United Nations Human 
Settlements Programme (UN-Habitat), the 
‘Spatial Planning Reform and Visual  Appeal 
Program’ is advancing six flagship initiatives. 
Together, these efforts provide  a structured 
roadmap for spatial governance, modern 
planning systems, and more resilient and 
efficient cities.

By embedding global best practices, 
modern operating models, and innovative 
digital tools, while investing in capacity 
building and technical assistance, the 
program strengthens both the Ministry 
and local planning authorities. This work 
ultimately enhances the quality of public 
sector service delivery in this critical 
field. Central to the program is national 
ownership, with Saudi experts leading the 
change to ensure reforms endure and 
expand over time. 

The following section outlines the key 
highlights and discussions:

• Panellists outlined Saudi Arabia's
planning challenges under Vision 
2030 including rapid urbanization, 
overlapping mandates, and uneven 
municipal capacity.

• Speakers showed how the MoMaH–
UNDP–UN-Habitat partnership applies a 
"nationally led, internationally enabled" 
approach.

• Early wins since mid-2024 included
institutional alignment, foundational 
frameworks, and pilots.

• Four case studies anchored the dialogue: 
National Urban Policy, Target Operating 
Model, Municipal Classification and 
Reconfiguration, and the Urban Lab.

The session concluded with several key 
outcomes:

• The session showed that national-
scale reform moves fastest when 
political ambition is paired with clear 
institutional roles and partnerships 
grounded in national ownership. 

• Key recommendations: sustain political
support, embed national ownership, 
adapt rather than duplicate global 
practice, strengthen inter-institutional 
coordination, invest in municipal capacity
and spatial data systems, and use urban
labs to prototype and scale solutions.

The session resulted in the following key 
lessons learned:

• National ownership — Saudi experts
leading delivery — is what makes 
reforms endure. 

• International expertise is most effective
when co-designed and adapted, not 
imposed. 

• Coordination across institutions
prevents fragmentation, and urban labs 
translate policy into operational practice.
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Participation and Co-creation in the Process of Shaping 
the Inclusive 15-Minute City 

The concept of a 15-minute city is 
associated not only with a specific urban 
form or functional composition, but also 
with social inclusiveness. This results in 
conclusion that shaping these structures 
requires participatory approaches as well 
as employment of innovative planning and 
implementation instruments, including 
ones that are not yet embedded in the 
planning legislation or established planning 
practice. At the same time shaping the 
inclusive and embedded in local identity 
spaces requires going beyond traditional 
planning workshop – we have to deal not 
only with urban design regulations but 
also with specifics of local public spaces, 
their cultural character and type of urban 
program that is associated with these.  

Such an approach is currently tried-and-
tested within the Driving Urban Transitions 
(DUT) ENACT 15m City project (Envisioning 
Neighbourhoods and Co-Creating 
Thriving Communities in the 15-Minute 
City), which is currently developed by the 
consortium including universities from 
Norway (Trondheim), Poland (Gdańsk), 
United Kingdom (Oxford) and Spain 
(Valencia). During the proposed roundtable 
we discussed preliminary conclusions 
coming out of the project work, conducted 
within 4 Urban Living Labs developed 
simultaneously at each partner city, with 
a special focus on the scope of public 
participation and co-creation processes 
as well as usage of the innovative 
planning instruments. At the same time 
it included a discussion on the usage of 
the new technologies allowing better 
understanding of the planning concepts 
(including Augmented Reality and Virtual 
Reality), physical and virtual models and 
tools like mapping and projections allowing 
mixing traditional and new approaches. 
This special session also included a set 
of presentations dealing with all above-
mentioned issues, allowing the audience

mentioned issues, allowing the audience 
better understanding the complexity and 
specifics of shaping the structures of the 
15-minute city.

The concept of a 15-minute city requires 
dealing both with a specific urban form, 
functional composition and social 
inclusiveness, thus our session delved into 
the scope of public participation and co-
creation processes as well as usage of 
the innovative planning instruments and 
technologies.
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The Planning Challenge
Redefining Success in Planning Practice

The session took place in Riyadh, Saudi 
Arabia, as part of an international dialogue 
on the evolving role of the planning 
profession. With cities facing increasing 
pressure to demonstrate results—not 
just vision—the session introduced The 
Planning Challenge as a framework 
for redefining how planning success is 
measured, tracked, and communicated 
across different planning cultures and 
governance contexts.

The following section outlines the key 
highlights and discussions:

• A compelling shift from plan-making to
measuring implementation and progress

• Strong interest in learning from peer
communities using the platform to 
compare approaches, metrics, and 
outcomes 

• Recognition of the Planning Dashboard
Platform as both a measurement and 
collaboration tool 

• Dialogue on adapting shared indicators
across different planning systems and 
cultures 

• Polling results revealed high interest
in benchmarking, peer exchange, and 
collective learning

The session resulted in strong interest in 
continuing the conversation beyond the 
event. Participants expressed a desire to 
explore how the Planning Challenge could be 
adapted to regional and institutional contexts. 
A key recommendation is to initiate follow-up 
meetings to further develop an international 
Planning Challenge Program committee. 
Building a diverse committee—including 
practitioners, public agencies, and academic 
partners—was identified as essential for 
scaling the initiative, refining the dashboard 
metrics, and supporting broader adoption of 
the Planning Dashboard Platform.

Engagement was high throughout the 
session, driven by live polling, open 
conversation, and the real-time dashboard 
demonstration. Participants actively 
shared perspectives, reacted to polling 
questions, and connected the concepts to 
their own planning challenges.

Interactive formats are highly effective 
for introducing new planning frameworks. 
Live demonstrations combined with polling 
help demystify data tools and encourage 
participation. International audiences value 
practical implementation strategies and 
clear pathways for involvement, reinforcing 
the importance of community-building 
alongside technical innovation.
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The Planning Challenge
Redefining Success in Planning Practice

Shaping Urban Transformation:
Public Spaces as Cultural Narratives

Saudi Arabia’s cultural transformation 
under Vision 2030 extends beyond 
infrastructure to reimagining cities 
as spaces of creativity and cultural 
expression. Public spaces are becoming 
arenas where heritage, culture and 
modernity meet.

The session highlighted the need to treat 
culture as a key driver in urban development 
rather than a complementary element. 
It recommended embedding cultural 
narratives into planning processes, public 
space design, and policy frameworks. 
There was a strong emphasis on 
interdisciplinary collaboration between 
planners, designers, and cultural 
experts. The discussion also pointed to 
the importance of investing in education 
and training to prepare culturally aware 
professionals. Additionally, participants 
stressed the need to align cultural 
projects with sustainability goals, 
ensuring long-term social, environmental, 
and economic impact.

The discussion sparked interest in how 
cultural identity can shape everyday 
urban life, with many attendees raising 
questions about practical implementation 
and future opportunities in Saudi cities.

The session reinforced that successful 
urban transformation depends on 
integrating culture into both vision and 
practice. It showed that cultural identity, 
when thoughtfully applied, can enhance 
quality of life and strengthen community 
connection. It also highlighted the 
importance of moving beyond theory 
toward actionable strategies that make 
culture visible and lived in everyday spaces.
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LOC Special Sessions
Saudi Transformation through National, Regional and Local Planning

Saudi Arabia has embraced a new vast 
program of spatial planning reforms, led by 
the Ministry of Municipalities and Housing, 
aiming to promote nationally coordinated but 
regionally centered balanced and ambitious 
development that aligns with Vision 2030 
and promotes sustainable, inclusive growth 
following the principles of the SDGs. 

This session complements and is delivered 
in sequence with ISO650 Planning Reform 
in Action: Global Expertise, National 
Transformation, led by UNDP, UN-Habitat 
and MoMAH.

The experienced presenters in this session 
showed cases as to how the national spatial 
policies are utilized and cascaded to the 
lower spatial hierarchies at the regional, 
local and neighborhood levels. The case 
studies presented the actual process of 
preparing regional and local plans through 
full coordination with national and local 
stakeholders. The national and sectoral 
policies and strategies are fully integrated 
in the various planning components. The 
discussion highlighted the importance of 
the institutional coordination and how they 
can collectively solve planning issues.

The session concluded with several key 
outcomes:

• Engagement of stakeholders is not
a luxury; it’s a must throughout the 
planning process. 

• The institutional coordination and
arriving at common understanding of 
problems and solutions facilitates the 
implementation and follow-up of the 
plan at all levels.

The session generated strong participant 
engagement, reflected in the following 
points:

• Participant engagement was strong
across presentations and panel 
discussions, with high interest in 
implementation challenges and 
institutional coordination.

• The Q&A enabled meaningful
exchanges among participants and lead
to more understanding of the planning 
governance in Saudi Arabia. 

The session resulted in the following key 
lessons learned:

• Overemphasizing the data collection
could endanger the whole process of 
plans’ preparation as data is frequently 
changing. 

• Drafting practical spatial integrated
policies with clear roles and 
responsories (Policy Charter) for each
policy is key for planning success. 

• Availing proper planning skills is a must
for all departments engaged in the 
planning process at local and national 
levels.
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NGOs and Foundations in Saudi Urban Planning 
A Discussion about Their Role and Successes

Saudi Vision 2030 is the overarching 
strategy that is leading to fast 
diversification of the economy, a dynamic 
and responsible administration and the 
empowerment of citizens. Planning is at 
the crossroads of multiple pillars of the 
Vision and is central to the initiatives aimed 
at putting people at the center of urban 
futures and urban development. NGOs and 
Foundations have therefore a fundamental 
role to play in establishing the links between 
city authorities, planning authorities and 
residents and business communities.

The session examined models of 
integration between the non-profit sector 
and urban planning in supporting cities 
across Saudi Arabia. It further explored 
approaches to strengthening community 
participation mechanisms and advancing 
the governance of social impact within 
development projects, contributing to 
sustainable and human-centered urban 
environments.

The session concluded with a consensus 
on several key outcomes:

• The transition from traditional planning
approaches to participatory planning 
that actively engages residents has 
become essential for the success and 
sustainability of urban development 
projects.

• The absence of a unified framework
governing the involvement of the non-
profit sector in urban planning has 
resulted in overlapping roles among 
numerous entities lacking specialization 
in urban development initiatives.

• The role of non-profit organizations
extends beyond physical development 
to fostering productive individuals and 
building cohesive, resilient communities.

• Engaging youth and volunteers in
evaluating the urban environment 
contributes significantly to creating 
more vibrant, inclusive, and livable 
neighborhoods.

Participant engagement was strong 
throughout the presentations and panel 
discussions, demonstrating significant 
interest in implementation challenges and in 
balancing innovation with cultural and social 
traditions. The Q&A sessions facilitated 
meaningful exchanges, during which 
attendees expressed appreciation for the 
substantial efforts undertaken by Saudi non-
profit entities in advancing urban planning 
initiatives that serve cities and communities. 
Participants also contributed valuable 
professional insights and raised relevant 
questions regarding  implementation 
mechanisms and operational challenges, 
reflecting both the importance of the topic 
and the diversity of expertise represented 
among attendees.

One of the key lessons learned was the 
importance of involving speakers from 
outside Saudi Arabia to contribute 
international perspectives and share 
expertise in the integration of the nonprofit 
sector within urban planning practices.
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Riyadh 15 Minutes City? From Concept to Reality
Principles, Methods and Tools

How can the city of Riyadh modernize while 
strengthening cultural identity, enhancing 
livability, and ensuring resilience in the face 
of climate and mobility pressures? Riyadh 
has developed using car-centric American 
models of development with large 2km 
x 2km urban and residential blocks with 
services and commercial activities at the 
edges. This model has been progressively 
reviewed and reconsidered to make 
municipal services locally accessible and 
strengthen neighborhood identity, but also 
address walkability, climate adaptation, and 
cultural continuity within this established 
structure. Riyadh Municipality is now 
leveraging innovative planning, geospatial 
intelligence, and human-centered design 
to embed inclusivity, governance, and 
sustainability within the city’s existing and 
evolving fabric.

The following section outlines the key 
highlights and discussions:

• The 15-minute city concept was framed
as a strategy for ensuring residents’ 
access to services within short distances.

• The panel presented diverse
applications—from the 15-Minute 
Index measuring accessibility, to 
localized municipal service hubs, and
neighborhood retrofitting examples. 

• The session underscored that data-
informed, incremental retrofitting 
makes the 15-minute city feasible, even
in complex urban environments.

The session demonstrated that the 
15-minute city concept can be effectively
translated into a measurable and actionable 
framework at the city level. The application of 
the 15-Minute Index highlighted its potential
to assess accessibility, identify service 
gaps, and support more informed urban 
decision-making across Riyadh. Participants
recognized the value of such tools in 

addressing spatial equity and improving 
quality of life within existing urban structures. 
Recommendations focused on 
institutionalizing the Index as a decision-
support tool, scaling its application across 
all districts, and strengthening its integration 
with mobility strategies and  neighborhood-
level interventions. Continued alignment 
between data, planning, and implementation 
was emphasized as essential to ensure long-
term impact and replicability.

Participants showed strong engagement 
throughout the session, with many 
expressing appreciations for the work 
presented and its practical relevance. 
The discussion included both supportive 
feedback and critical questions on 
scalability, implementation, and integration. 
This created a dynamic exchange, where 
attendees contributed insights and 
experiences, enriching the dialogue and 
reinforcing the session’s value.

The session resulted in the following key 
lessons learned:

• The 15-minute concept can guide
citywide planning through data-driven
tools.

• It is also adaptable in specific projects,
where the context and goals shape how
the concept is implemented.

• Different neighbourhoods or projects
may emphasize different elements, 
whether it’s mobility, local services, or
public space, depending on the local 
needs.
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The Importance of International Exchanges through 
Cities Diplomacy 

In an era of increasingly complex 
international diplomacy and multilayered 
global agreements, city-to-city 
collaboration offers an essential and 
agile route for sharing knowledge and 
collaborating on shared challenges. 
Unlike national governments, cities can 
focus on specific themes, challenges and 
opportunities and engage directly on issues 
like climate resilience, digital innovation, 
and inclusive urban development. Initiatives 
such as the Arab European Cities Dialogue, 
convened in its inaugural edition in Riyadh in 
May 2025 demonstrate how urban centers 
can collectively promote collaboration, 
advance sustainability goals, exchange 
best practices, and amplify local voices on 
the global stage. These partnerships foster 
mutual learning, build trust across borders, 
and empower cities to act as influential 
players in shaping international norms 
from the ground up.

The following section outlines the key 
highlights and discussions:

• City diplomacy exchange through
presenting global interaction of major 
cities in the world. 

• Building city-to-city alliances improves
not only the technical issues but 
opportunities to exchange culture values.

• Strengthened City-to-City Cooperation.

The session concluded with several key 
outcomes:

• Build on diplomatic relations and ties to
utilize the city cooperations. 

• City diplomacy is improved through
exchanging actual challenges and 
actual solutions 

• Recognition of Cities as Global Actors
not only national cities 

• Shift from symbolic agreements (MoUs)
to implementation-driven partnerships.

• Emphasis on measurable outcomes
(projects, investments, knowledge 
transfer).

The session generated strong participant 
engagement, reflected in the following 
points:

• Having Prof Clark and Dr Anas AlMugairi
in this session has raised important 
issues on city diplomacy beyond normal
issues to more practical understanding 
of city issues and concerns.

• The engagement of the participants
focused on improving both knowledge 
exchanges and institutional ties.

The session resulted in the following key 
lessons learned:

• Cities with dedicated teams and
expertise achieve more impactful 
international engagement.

• Not all partnerships add value—focus
on those aligned with local priorities. 

• Many agreements fail due to lack
of follow-through, funding, or 
coordination. 

• Global best practices must be adapted
to local realities—there is no one-
sizefits-all solution.

• Long-term relationships between cities
yield better outcomes than short-term 
engagements.

• Strong backing from city leadership
(mayor, council) is essential for 
sustaining diplomacy efforts.
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Rediscovering Saudi Urban and Architectural Identities
Urban Codes and Better Sense of Place

Rapid growth, increased living standard 
expectations and influx of international 
construction materials over the past 60 
years or so has resulted in extensive 
commonplace development. This has 
eroded the sense of place of once very 
distinct regions and traditions across the 
whole Arab Peninsula, and not only in Saudi 
Arabia. 

As part of broad efforts in rediscovering 
the uniqueness of the country and its local 
culture, the Saudi government has launched 
studies of regional development patterns, 
materials and functionality and translated 
them into guidelines which play a vital 
role in shaping the built environment by 
balancing tradition with innovation, ensuring 
that new developments respect cultural 
heritage while meeting modern standards 
of sustainability and functionality.

The session explored Saudi Arabia’s 
evolving urban and architectural identity 
through presentations and panel 
discussions. It highlighted the impact of 
rapid urbanization on local identity and 
current efforts to restore a distinct sense 
of place through frameworks such as the 
Saudi Architecture Guidelines and urban 
design codes. Emphasis was placed on 
implementation via the National Urban 
Design Center and Design Studios. The 
evolution of Riyadh’s identity from Najdi 
vernacular architecture to Contemporary 
Salmani architecture was presented as a 
structured approach. Practical applications, 
including the permitting of over 400 
projects in alignment with the local Riyadh 
Identity, demonstrated viability, alongside 
integrating sustainability and passive 
design principles.

The session concluded with consensus 
on embedding architectural identity within 
regulatory, planning, and permitting systems 
to ensure consistent application. Design

guidelines should evolve into enforceable 
tools supported by structured review 
mechanisms, including compliance 
checklists and audits. Strengthening 
coordination between regulatory entities and 
municipalities, was identified as essential for 
effective resilient implementation.
Participants emphasized investing in 
capacity building particularly through 
Design Studios to bridge the gap between 
policy and practice. Increasing awareness 
across public and private sectors was 
also recommended to ensure proper 
understanding and implementation. 
Additionally, integrating sustainability 
frameworks, such as energy-efficient and 
passive design strategies, was highlighted 
as key to achieving resilient, future-ready 
urban environments.

Participant engagement was strong across 
presentations and panel discussions, with 
high interest in implementation challenges 
and balancing innovation with tradition. The 
Q&A enabled meaningful exchanges, where 
attendees appreciated the grate effort 
taking by Saudi relent entities on forming 
the national architectural gridline, and they 
shared professional insights and raised 
relevant questions on implementation 
mechanisms and operational challenges, 
reflecting the topic’s relevance and the 
diversity of expertise present.

A key lesson learned was the importance 
of conducting a pre-session trial or 
alignment workshop. This would have 
improved coordination between speakers, 
streamlined discussions, and ensured 
better integration of content. Given the 
multi-entity participation and technical 
depth, early alignment could have 
enhanced coherence, reduced overlap, 
and improved efficiency. Future sessions 
should incorporate structured rehearsals 
to optimize delivery and impact.

Partner Sessions
Quality of Life in Cities: A Unifying Lens for Sustainable Urban Future

AlUla: From Vision to Walkability
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Infrastructure Delivery to Secure Riyadh’s Inclusive and 
Sustainable Growth 

Cities worldwide are undergoing rapid 
transformation, with pressures from 
population growth, climate change, and 
the demand for resilient, sustainable 
infrastructure. Riyadh, as one of the fastest-
growing metropolitan areas, represents a 
testbed for innovative governance models, 
sustainability frameworks, and integrated 
planning approaches. Under Saudi Vision 
2030, The Riyadh Amanah and the Riyadh 
Infrastructure Projects Center (RIPC) 
have pioneered several initiatives aimed 
at supporting growth, enhancing quality 
of life, while minimizing environmental 
impacts, enhancing service delivery, 
and strengthening public trust through 
transparent, scalable governance.

The following section outlines the key 
highlights and discussions:

• Secure viable and inclusive growth for
enhancing resilience, efficiency, and 
social well-being. 

• Sustainable infrastructure governance
and institutionalizing integrated 
planning, cross-sector coordination.

• The necessity of alignment of
infrastructure needs in early stages.

• Identification of clear roles and
responsibilities of engaged 
stakeholders. 

• Introduction of Innovation and
technology including AI is not a luxury
anymore. 

The session concluded with several key 
outcomes:

• Innovative technologies, and regulatory
reforms can drive resilient urban growth 
in big cities such as Riyadh. 

• Clear governance framework must be
endorsed by high management. 

The session generated strong participant 
engagement, reflected in the following 
points:

• The participants’ engagement
throughout the session was very good as 
the participants were grateful to hear the
achievements of the complex process of
mega projects delivery in Riyadh.

• Every department in the RIPC presented
complementary sessions which was 
a driver for more engagement of 
participants in the session. 

• The management of the session was
smart that allows for focused dialogue 
among the participants. 

The session resulted in the following key 
lessons learned:

• The proper coordination and
harmonizing the various departments
within of Riyadh. 

• Infrastructure Projects Center lead
to improve efficiency in delivery of 
projects on time. 

• The clear roles and responsibilities for
various stakeholders is a must 

• The political support is significantly
needed to deliver mega projects on time.
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1. Context
Like many cities in Saudi-Arabia and the Middle East, Riyadh has experienced a rapid urbanization process, 
which led to the production of urban footprint that is spacious but overall generic. The unprecedented 
demographic and urban growth were met with supply-oriented urban development schemes, embedded 
in top-down and technocratic processes. Siloed planning approaches and regulations led to the production 
of urban environments that lacked integration between their physical and functional elements. The result 
is an urban fabric that often lacks human scale, with unused and empty spaces that have no clear function, 
leading to mono-functional neighbourhoods without a sense of belonging. It also led to fast horizontal 
growth, resulting in low-density developments and the prevalence of multiple undefined and white lands, 
which are vacant municipal (undefined) and private (white) properties located within the urban fabric. 

Figure: Distribution of Undefined Lands  
Across Riyadh (Riyadh Regional Municipality) 

Humanisation Track
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Over the decades, fragmented planning processes and outdated regulatory frameworks have contributed 
to the development of such areas, where roads, plots, and buildings were not designed in an integrated or 
coordinated manner. These conditions, compounded by rapid urban expansion and reliance on old hand-
drafted master plans, have resulted in a considerable number of undefined and hidden lands — urban voids 
and leftover parcels that have no clear classification, boundaries, or designated use. These areas represent 
“hidden spaces” within the city — lands that are difficult to identify, manage, or utilize within the current 
planning system. 

Figures: Examples of undefined lands within the city fabric (Riyadh Regional Municipality) 

This phenomenon contributes to the fragmentation of the urban fabric, weakened spatial 
continuity between neighbourhoods, and reduced the efficiency of land use. Despite their 
dispersed and often invisible nature, these undefined lands represent a significant urban and 
regulatory gap that calls for a comprehensive understanding and a new urban pathway to reintegrate 
them into the city’s development framework. 

Within the broader goals of Saudi Vision 2030, which emphasizes liveability, quality of life, and 
human-cantered urbanism, this study aims to investigate, classify, and analyse these hidden lands, 
laying the foundation for a structured planning framework that supports both public and private 
investments. The study will enhances the role of public lands as active municipal assets and reconnects 
them to the urban fabric, while supporting the private sector to develop their vacant lands by creating a 
regulatory framework and tools in alignment with the municipal vision. 

During the last decade, driven by Vision 2030, Riyadh and its planning institutions have commenced 
major investments in urban transformation programs. These provide an opportunity to develop 
innovative, consistent planning methodologies that enable the strategic redevelopment of white and 
undefined lands,  ensuring their integration into neighbourhoods and strengthening community 
engagement.   

To accelerate the development of the white lands and to increase the supply of developed land for 
urban programs, the Ministry of Municipalities and Housing will impose a tax on private white lands – 
supported by the Municipality - starting 1 January 2026. This creates a momentum for the Riyadh 
authorities to play a guiding role in ensuring the consistent, high-quality and sustainable 
development of white lands, through clear planning guidance, urban standards, and sustainability 
requirements. 

2. The humanisation track, a fast advisory model

Humanisation Track
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As a host of the ISOCARP 2025 World Planning Congress, themed ”Cities & Regions in Action: Planning 
Pathways to Resilience and Quality of Life”, Riyadh shows its commitment to learning networks and 
leadership training focused on human-centred urban planning and development.  

Through this Humanisation Track, ISOCARP aims to foster continued collaboration between international 
experts and the Riyadh Regional Municipality (RRM) beyond the Congress, supporting local experts in the 
design, implementation and management of the white and undefined lands as part of a sustainable and 
inclusive future.  

The objective of the Humanisation Track had been identified together with the Riyadh Regional 
Municipality and the ISOCARP Congress team, so to cater an opportunity of high-level exchange on global 
practices for both the members of ISOCARP and the host of the conference. It focuses on action in reality, 
informed by global state-of-the-art urban planning practices.  

• to bring international experts and the Riyadh Planning authorities together, to take stock
together of the current urban planning practices and realities of Riyadh

• to assess the current challenges and opportunities related to white lands situations in or nearby
existing neighbourhoods

• to analyse and share best practices in the world and to identify short-term opportunities for
human-scale, place-based and community driven urban innovations.

• to support the Deputyships of RRM to draft an action plan for a city-wide place-based program
for public & private white lands development, that links with existing city and neighbourhood
level transformation programs, for piloting, for scaling and for learning.

The track was designed in such a way to enable agility in understanding, exchange of ideas and co-
production of possible actions, so to inform the RRM on next steps to take within its current program for 
redevelopment of white and undefined lands: 

• a draft action plan with

o Principles of sustainable urban development for white and undesigned lands

o Needed planning instruments for strategic orientation, implementation, management

o Recommendations for optimised organisational set-up within RRM and between RRM
and key stakeholders

o Next steps for RRM at very short term (2025), short term (2026) and mid-term

• an inspiration chapter building on national and international expertise

o documentation of best practices from other cities and national governments

o lessons learned from these best practices

3. The Humanisation Track as a format for agile vision making
The Track has three parts, spread over two days: a walkshop (Monday 1 December morning) to visit, 
experience and understand together the urban condition, opportunities and challenges of three undefined 
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land sites; a workshop (Monday 1 December afternoon) to assess, discuss and define urban development 
options and strategies; a public presentation and panel session (Wednesday 3 December), to present and 
conclude an action plan and recommendation for the Riyadh Regional Municipality (also called Amanah). 
The outcomes of the panel session were also presented during the closing session in the plenary on 
Thursday 4 December. 

Figure: Site-visit, with explanation by Eng. Ibrahim Alsayy (Author) 

Participants had been partly pre-identified, partly selected based on applications through an open call 
amongst congress participants.  

• The project team in the RRM, recently appointed to plan, manage and activate the undefined
and white lands in Riyadh, functioned as local participants and knowledge providers. As local
experts they shared excellent preparatory analytical work and gave an overview of the relevant
ongoing projects in Riyadh. Names: Eng. Ibrahim Alsayyd, GM Real Estate Development, Eng.
Hadeel Al-Oqaili, PM Urban Planning Deputyship, Eng. Shahad Al-Jehani, PM Urban Planning
Deputyship, Eng. Anas Elwakeel, Urban Planning Deputyship, Eng. Nasser Al-Moammar, GM
Public Service Lands Development, Eng. Mazen Al-Daoud, Deputy GM Humanisation & Urban
Environment

• The international experts, pre-identified based on their specific knowledge and expertise.
Names: Ban Edilbi, Urban Specialist, World Bank; Reyna Alorro, Urban Specialist, World Bank;
Anis Abou-Zaki, Environmental Sustainability, Public Investment Fund; Lisa Woo, Public
Investment Fund; Kyle Farell, Senior Urban Economist UN-Habitat Saudi-Arabia; Ethan Kent,
PlacemakingX, US; Vitoria Gaza, legal urban expert, UN-Habitat Saudi-Arabia; Luisa Bravo,
Journal of Public Space, Italy; Arthur Neron Bancel, Oliver Whyman, Dubai.

• The international ISOCARP experts, selected through a call, were asked to prepare their
participation and provided a good practice in urban regeneration from other cities. Names:
Eleanor Mohammed, Dialogue, Canada; Gesine Junker, WW+P, Germany; Sofia Bastidas Mora,
Ecuador; Liu Jiewen, Singpore; Yigun Wang, China; Gabriela Fontanals, Al Ahsa Development
Authority; Maram Monir, AEZ, Egypt; Carlos Calzadilla, ICP Fellow, Ecuador.
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4. Findings and recommendations

During the workshop, the international experts presented relevant best practices on urban regeneration, 
both on a city-wide scale and a project scale, implemented in Barcelona, Bologna, Dubai, London, New 
York, Seoul, Singapore and Vancouver. 

Participants highlighted five common key success factors for future development of the white and 
undefined lands. These findings need to be translated by the RRM project team in planning tools, processes 
and expertise areas available within RRM. 

1. Planning tools & instruments –

In the current planning system for Saudi-Arabia, there is no local plan format defined. Adapting
the national planning framework is not easy and short term, but it is relevant to develop already
a local plan framework for the development of the undefined and white lands, so to have a
model ready.

- Create detailed local plans and area action plans that guide development at the
neighbourhood scale.

- Plans must be localised, context-specific, and address infrastructure needs.

- Develop a program and allocate funds.

Why It Works:

- The local plan provides clear guidance to owners and developers.

- It ensures coordinated investment.

- It clarifies responsibility: who invests, the developer or municipality?

What capabilities are needed in the project team?

- Integrated Analytics & AI Unit (Vacant Lands Analysis, Public Land Development Scenarios)

- Fast track for Planning & Permitting

- Implementation fund

- Economic officers & facilitation

2. Strategic prioritization framework (short-term approach)

As there are so many undefined and white lands, it is key that RRM defines priorities, so to focus
on where most guidance and leverage is suited. Three lenses for prioritisation:

- Quick Wins – Placemaking approach, favourable conditions, move quickly, support decision-
making.

- Catalyst Projects – Strategic investment with strategic goals

- Public Service Coverage – accelerate development of essential public services.
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Why It Works: 

1. Quick wins build confidence and quick change

2. Catalyst projects can be transformative and innovative

What capabilities are needed in the project team?

3. Accelerate public services delivery and respond to community needs

4. Pilot 3-4 catalyst projects. Document lessons. Refine. Scale.

3. Financing innovation & land value capture

The upgrading and densification of undefined and white lands, whom many are located on
strategic places along the new metro stops, there is an enormous opportunity to capture the value
of the land, to develop blended financing schemes composed of public and private capital. These
financing mechanisms should be formalised into models that can be applied across various
contexts.

- Land value capture (reinvest in community infrastructure)

- Development rights transfers

- Infrastructure levies

- Public land as equity to leverage private investment

Why It Works:

- Makes projects financially viable

- Keeps revenue local

- Attracts private investment

4. Community engagement as a foundation

Since the undefined and white lands are located within complex but rich contexts, it is key to insert
community engagement along the process of programmatic definition, planning, design and
implementation. Community engagement will enhance learning, dialogue, ownership and co-
creation. The program allows communities to become stewards, not passive recipients.

Why It Works:

- Communities improve outcomes

- Implementation succeeds through commitment.

5. Sustainability as core strategy - integrate sustainability from the start

Due to the high number of undefined and white lands, they have the scale and size to have a
city-wide impact on sustainability objectives. Each project needs to respond to sustainability
objectives:

- Climate-responsive design – learn from vernacular architecture, passive design strategies
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- Water management – critical constraint; design for efficiency and microclimate
improvement

- Wellbeing – create places with purpose and meaning

- Circular economy – local materials, waste reduction, innovative systems

Why It Works:

- Creates resilient

- Reduces long-term operational costs

- Attracts investment

Figures: workshop with break-out sessions and wrap up (Author) 

As a conclusion, the participants also produced an action plan for the next 2 years, starting from 1 January 
2026 when the new law on white land taxation comes into play. 

• Complete the critical diagnostic that has been started
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As a conclusion, the participants also produced an action plan for the next 2 years, starting from 1 January
2026 when the new law on white land taxation comes into play.

• Complete the critical diagnostic that has been started
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• Develop a clear vision about the value of the undefined lands for the city: to optimalize Transport
Oriented Planning along the new metro lines, to develop micro-climates with green and water
features, to provide community services in adjacent neighbourhoods, …

• Develop a strategy and priority list, in order to be able to plan in phases

• Select pilots that function as a sandbox to test development scenarios and make final
masterplans, with the highest performance in terms of sustainability, supported by existing and
new planning instrument, with a financially sound implementation model, with community
engagement in programmatic and implementation phases

• Based on this sandbox experiences, a strategic urban program for the transformation of
undefined and white lands can be mainstreamed, that supports the city-wide planning strategies,
that is aligned with the priorities of other deputyships within the Riyadh Regional Municipality,
that fosters multi-disciplinarity and interacts with global networks of other cities that have
developed similar programs (Barcelona, Milano, Seoul, Vancouver, …)

Figure: proposed action plan 2026-2027 (Author) 

The 5 key success factors and the conclusions were presented during the public presentation, followed by 
a panel discussion with international experts. The outcomes of the Humanisation Track were also 
presented during the closing session of the World Planning Congress. 

Figures: panel discussion (Author) 
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ISOCARP New Cities Do-Track
New Cities Manifesto: Learning from Riyadh

Following a successful first edition in 
New Clark City, Philippines, the ISOCARP 
New Cities Do-Track travelled to the 2025 
World Planning Congress in Riyadh. The 
2024 initiative focused on developing a 
Manifesto for New Regenerative Cities, 
using Placemaking as a methodology 
and including site visits, lectures, and 
interactive workshops. 

New cities are a widespread, global 
phenomenon, gaining new traction in both 
Global South and Global North – also related 
to the widening housing crisis worldwide. 
They are centrally planned projects, typically 
driven by a strong vision. The New Cities 
Manifesto wants to address the gap between 
the vision they promote and its realisation, 
by strengthening the connection between 
place, self, community, and nature. The New 
Cities Do-Track collaboratively established 
a critical framework and planning principles 
to make new towns and master plans more 
regenerative and grounded in the emotional 
value: the meaning that people, with their 
stories, give to a space.

Inspired by Riaydh's distinctive heritage 
and driven by the challenges that the city 
is facing today, the New Cities Do-Track 
explored the Saudi capital in search of 'living' 
old/new places that confirm and enrich the 
key principles of the Manifesto. The group of 
participants walked the city and documented 
successful examples of urban planning, 
landscape design, and appropriation that 
demonstrate how future-proof cities can be 
built today. The site of the excursion was 
a residential neighbourhood developed 
following the Doxiadis 1972 master plan.

Discussions were organized around three 
core themes, inspired by site visits and 
collaborative workshops:

• Planet: Alignment with territory and 
regeneration of the natural environment.

• People & Places: How cities grow out 
of their relationship with the landscape
andbecome identity carriers.

• Prosperity: Creating flexible urban 
environments, able to accommodate
future changesand uncertainty.

The starting point of the discussion was 
the city of Riyadh. From there, we moved to 
more general lessons that could be applied 
elsewhere.

The defining outcome of the Riyadh sessions 
was the realization that a global manifesto 
should not be a set of rigid prescriptions 
or principles, but rather a Manifesto of 
Questions. This is envisioned as an open, 
expanding model that identifies the most 
urgent questions for the coming decade of 
urban planning. Key recommendations and 
outcomes of the Do-Track are:

• Shift in Practice: The group 
recommended that planning agencies
and governmentsmove away from static
master plans (i.e. finished products 
and rigid visions) towardadaptable 
frameworks that prioritize emotional 
value through placemaking.
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availabilityof the participants to bring the 
initiative forward in their home country.

The engagement in Riyadh demonstrated 
a high demand and sensitivity towards 
interactive, peer-to-peer learning. This 
applied, experience- and dialogue-based 
methodology was an effective way to 
engage people and produce tangible 
results, both in the congress and beyond. 
Moreover, by contextualising the Do-
Track into the specific city where the 
congress was held, helped strengthen 
the participants’ connection to the place 
and ground the congress to its hosting 
city. In this regard, the Do-Track holds 
great potential in becoming a staple of the 
ISOCARP congresses.

• Manifesto of Questions: The Do-
Track set a goal to finalize the 10 Big
Questions for thenext 10 years of City
Planning to be disseminated among 
NGOs, international planningagencies,
and urban practitioners.

The Do-Track in Riyadh was held in an 
open format, with participants joining 
site visits and dialogues based on their 
interest in the daily topic of discussion. 
This translated into a changing and diverse 
group of people contributing with their own 
experiences to the group effort. By the end 
of the Congress, a solid group of engaged 
practitioners subscribed to the initiative 
and continues today to contribute to the 
ISOCARP New Cities group.

Following the success of the two Do-
Tracks in New Clark City and Riyadh, the 
engagement has transitioned into a digital 
phase to maintain momentum. A follow-
up Workshop was held on 4th March 
2026 involving a large group of ISOCARP 
members from Asia to Europe and Africa.

The workshop consisted in the following 
activities:

1. Introduction by the curators to the
Manifesto for New Cities and the need 
to shifttowards a Regenerative planning
approach

2. Group activities:
a. Using a placemaking methodology,
explore and cluster values for new 
cityplanning
b. Starting from these values,
formulate questions for the Manifesto
c. Translate the questions into
actionable planning principles

3. How can you contribute? Mapping on a 
timeline opportunities, network, and
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RAFIF. H, ABDELMALIK, Sr. Sustainable Urban Planning and Social Resilience Developer, Sudan 

Abstract 

In an increasingly volatile, uncertain, complex, and ambiguous (VUCA) world, it extremely hard for 

cities to achieve sustainability standards. The Sustainable Development Goals (SDGs) emphasize 

equitable access to services, housing, transportation, and green spaces. However, in war conflict-

affected areas, the resilience of urban form becomes a critical elements in sustaining city 

functions and ensuring community well-being. The ability of cities to adapt, absorb shocks, and 

promote coexistence has become primary to sustained urban expansion at an era of escalating 

conflicts and exacerbated crises with cities. Wars challenge the ability of cities to maintain their 

core functions and differentiate between collapse into informal settlements and continued urban 

viability.  

This paper investigates how spatial form and urban planning influence a city’s ability to respond 

to conflict, with a focus on the Halfaya neighborhood in Khartoum’s Triangular Capital. It draws a 

stark contrast between the traditional fabric of the old quarter and the formal layout of its 

contemporary, planned extensions. During recent conflicts, the traditionally urban area 

functioned as a socially cohesive and protective refuge for displaced populations from 

surrounding areas. In contrast, the formally planned urban extensions struggled to absorb 

migration and disruption, largely due to security deterioration, food scarcity, and mobility 

constraints associated with their spatial configuration and planning structure.  

Based on field surveys, stakeholder interviews, and spatial analysis, the study identifies key 

attributes that contributed to urban resilience: human-scale density, social connectivity, organic 

street patterns, urban form, and spatial permeability. The findings highlight the value of 

integrating traditional planning principles into post-conflict reconstruction strategies. This 

approach aligns with global efforts to promote inclusive, adaptive, equitable spatial development, 

stakeholders’ involvement, strengthen the urban-rural continuum in volatile and disaster-resilient 

urban development. The paper concludes that cities must be designed to withstand both crises 

and peacetime challenges, drawing on local and stockholder’s knowledge and lived experiences to 

inform more robust planning paradigms.   

Keywords 

Traditional planning, Reconstruction, stakeholders, Disaster-resilience 
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1. Introduction

This study examines the impact of the special from on a city’s capacity to maintain operations in times of 
crisis. The city is more than a blocks of infrastructure; it’s a CAS organized and dynamited (Holland, 1995). 
Cities were made for security reasons in the past; rings walls formed as physical barriers. Overtimes, cities 
have developed to be a commercial and industrial hubs, however during crisis, their original function as 
‘sanctuaries’ resurfaces.  
 "The city is not just a place to live, but a means of collective survival," Jane Jacobs wrote (1961, p. 30). In 
Khartoum, where fighting transformed urban space into a battlefield, the distinction between resilience 
and collapse often hinges on the grain of the urban structure (Walker & Salt, 2006). Displacement and 
collapse are major challenges for urban systems, particularly in violent areas. Current resilience 
frameworks often overlook the role of urban morphology, or the physical layout of streets and buildings, 
at the neighborhood scale (Alhassan, 2025). 

1.1. Case Study (Al-Halfaya, Khartoum North) 

Halfaya is located in the eastern bank of the Blue Nile in Khartoum NORTH Bahri, It’s a historic 
neighborhood as shown in Figure 1. It’s divided to two urban textiles as shown n Figure 2 and 3. 

- Narrow roads with multiple end points (3–6 m wide), mixed-use, high density, and an organic street
network formed the traditional urban fabric.

- Grid iron street network, low density, wider streets, and functional zoning characterize Formal planned
area.

The war in Sudan continuous in Khartoum as focal focus of urban battle (April 2023- June 2025). There
were about 10. Million internally and internationally displaced persons (IOM, 2024; AfDB, 2024). As

shown in Table 1, traditional urban area took in 60% more IDPs than formal urban area due to social
factors and spatial elements (UN-Habitat, 2023).

Table 1: Urban Fabric as a Humanitarian Protection Anchor  

Source: Synthesized by the author based on UN-Habitat (2023) and field data. 

Metric Traditional Urban Area Modern Urban Area Impact 

Housing Ratio 4–5 Families/Plot 
1–2 Families/ Unit Social capital 

leverages space. 

IDP Inflow High(Early Phase) Low (Early Phase) 
Traditional areas as 

"First Havens".  

Early Return Rate 30% < 15% > 
Resilience 
Encourages early 

return.  

Social Dependency Primary Secondary 
Essential for long-

term survival.  
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2. Methodology

The study follows a mixed methods to compare design with quantitative special analysis and qualitative 
fieldwork. The data collection started at April 2023 and end at January 2024.    
The samplings were selected using stratified purposive:  
- 25 randomly selected residences from 3 sub-quarters in the traditional urban fabric.
- 20 houses were randomly selected from two modern blocks.
- 12 leaders in the community (Ajawid).

2.1 Three Resilience Factors as the Analytical Framework
Specific indicators were used to study each factor as shown in Table 2 and 3.
Table2: Resilience Factors

Source: Developed by the author (2024)
Factors Traditional Formal Measurement 

Morphology Zigzag street with multiple 
ends, narrow widths, and low 
global integration 

Grid layout, great global 
integration, width of 10–
20 m 

Field measurement plus 
space syntax 

Physical Resilience Solar micro-grids, Hosh 
farming, and decentralized 
well access 

Dependency on a central 
water and power grid; 
percentage of homes 
having access to food and 
water following a collapse 

Percentage of homes 
with access to food and 
water during the collapse 

Social Capacity Active Nafir system, school as 
refuge, and social governance 
and absorptive ability 

Blocks that are isolated 
and lack communal areas 

Evidence from interviews 
plus observations 

2.2 Limitation  
For security situation, accessibility was limited to several areas. Self-reporting bias may affect interview 
data. As well, there was no baseline data available for comparison. 

Figure 1: Halfaya Location and Boundaries 

Source: Adapted from UN-Habitat (2023) Khartoum Urban Map, p. 12 

-The traditional urban areas of Halfaya used decentralized community wells (Boreholes) and small fields
to survive when centralized food and water services failed, exhibiting a self-organized survival
mechanism. Street networks, building densities, land usage, and access to food and water supplies were
all mapped by field studies. Twelve community leaders (referred to as "Ajawid"), eight members of local
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resistance committees, and 45 household heads (25 from traditional fabric and 20 from projected 
extensions) participated in semi-structured interviews. Permeability and navigability were assessed by 
spatial analysis using Space Syntax metrics (connectivity, integration, and choice) (Hillier, B., & Hanson, J. 
(1984)). 
-Planned urban area (official): Characterized by a regular grid network, lower density, and complete 
reliance on central infrastructure. This study relies on a comparative analytical methodology, where the 
evaluation criteria were divided into three main factors to measure "urban resilience" in the Halfaya area. 
These elements were connected to the lived experience of the conflict using both quantitative (spatial 
surveys) and qualitative (field interviews) research methods.  

Three axis were used to measure resilience: 

 Physical and resource resilience: the ability to continue using energy, food, and water in the 
event that central systems malfunction.  

 Social security and absorptive capacity: preventing crime, safeguarding vulnerable populations, 
and housing internally displaced people. 

 The involvement of local institutions in self-organization, such as schools, mosques, and the Nafir 
system, is known as adaptive government. 

 
 

 

Figure 2: Traditional Urban Pattern (Halfaya) 
Source: Satellite imagery processed and analyzed by the author to illustrate divergent urban textiles 

 

Figure 3: Formal Urban Pattern (Halfaya)  
Source: Satellite imagery processed and analyzed by the author to illustrate divergent urban textiles 
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Table 3: The Defensive Advantage of Organic Urban Fabrics 

Source: Calculated by the author using Space Syntax metrics and field measurements 

Spatial 
Parameter 

Traditional 
Fabric 

Modern Planned 
Extension  

Resilience Indicator 

Street 
Connectivity 

Low Global 
High Global (Gridded) 

Difficulty of 

outsiders. 

Average  Street 
Width  

3m – 6m 10m – 20m 
Constraint 

on mobility. 

Integration 
Value 

Segregated 

(Internalized) 

Integrated 

(Exposed) 

Protection 

incursions. 

Social 

Surveillance 

Continuous (Eyes on 

Street)  
Intermittent (Zoned) High community-led security. 

Axis 1: Physical and Resource Resilience as illustrated in Table 4, this aspect focuses on the urban fabric's 
capacity to meet essential needs in the event that central systems fail.  
-Wells and water sources: A total water outage resulted from the intended fabric's dependency on the
central network and public electricity. In contrast, the traditional fabric's "household and community
wells" scattered throughout the courtyards helped to give locals and newly arrived displaced people a
sustainable alternative source of water.
-Markets and service areas: The phenomenon of "mobile markets" and tiny mixed-use stores
incorporated into the alleys, which permitted the continuation of buying and selling despite the shelling,
were what defined the traditional fabric. However, because of their physical vulnerability, the huge
marketplaces in the planned regions were easy targets for stealing and disruption.

 Table 4: Infrastructure Decoupling during Centralized Collapse 

Source: Compiled by the author from household interviews and field observations 

Utility Sector Traditional Access % Planned Sector Access 

%  

Key Resilience Factor 

Water Supply 85% (Local Boreholes) 15% (Water Tankers) Decentralized Ground 

Water. 

Energy - power 40% (Shared Solar/Gen) <5% (Grid Dependency) Micro-grid Adaptability 

Food Distribution High (Local Farms) Low (Store Closures) Communal 
Solidarity/Nafir. 

Health care Localized First Aid Centralized (Shutdown)   Proximity to "Protection 
Anchors".  

 The second axis: Social Security & Absorptive Capacity  
This component assesses how effectively the urban form can handle security emergencies and safeguard 
the populace.  
- Crimes and violations: In contrast to the perpendicular and wide streets in the planned areas, which
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allowed for quick incursions and looting, the study demonstrated that the organic and winding streets in 
the old fabric formed a "natural defense" because it was difficult for foreign military vehicles to maneuver 
through them.  
- Patients and access to healthcare: As a result of "urban densification," several large homes in the 
traditional fabric have been transformed into community health hubs that are conveniently located on 
foot, far from central hospitals that are either in conflict areas or are no longer operating. 
The third axis: Local Governance and Community Initiatives (Adaptive Governance & Local Initiatives) 
Decentralized Infrastructure (Pelling, 2012), This axis addresses the community's ability to self-organize 
and use existing institutions (schools, mosques) as resilience tools.  
- Schools and shelter services: It has been noted that schools in the traditional framework were used as 
"safe shelter centers" run by society committees, where the strong social fabric shielded these 
institutions from damage.  
- Relief efforts (Al-Nafir): Using unmonitored passageways to locate entry points for aid and distributing it 
through "Al-Nafir" (a grassroots initiative in Sudan), the traditional fabric was more successful. The short 
lanes' high visual and social connectedness made it possible to share information about safe havens and 
distribute food rations fairly, a factor was not possible in the planned fabric because of the physical 
separation between neighbors (Isolation of Blocks). 

3. Analysis of the Resilience Factors  

3.1. The first factor: Morphological Resilience and Spatial Security  

The "Transformative Resilience" articulated by Bene et al. (2012), in which communities change their 
functions to survive, is exemplified by the conversion of schools and mosques into (community kitchens) 
as shown in Figure 4. This element focuses on how the distribution of urban blocks and the street 
network impact the safety of people and property. Comparison of crimes and violations: The study 
revealed that the Grid System's wide, perpendicular roadways made it easier for military vehicles to move 
around and for quick invasions and looting, which raised the rates of crime and violations within 
dwellings. 
 

 
Figure 4: Nafiar Community providing different services  

Source: Fieldwork and qualitative data collection by the author 

A "natural defense" was created by the traditional fabric's small, curving lanes, which made it impossible 
for armored vehicles and strangers to navigate. This resulted in semi-closed, safe regions that were 
constantly monitored by the community (Eyes on the street). According to recent Passive Defense study 
(Brodey, 2024), "multiple network patterns and street shapes with T-junctions" improve wartime 
resistance. This may be seen in the historic quarter of Halfaya, where the organic fabric served as a 
natural defense against military incursions while the contemporary grids made it easier. Supplies entry 

89



Rafif. H, Abdelmalik. 

Traditional Urban Patterns as Anchors of 

Protection in Conflict-Affected Cities  

points: The main roadways in the planned districts were fully exposed, impeding the movement of local 
efforts, while unmonitored tunnels were used in the traditional fabric to protect the entry of supplies 
away from snipers or checkpoints. 

3.2. The second factor: Efficiency of Decentralized Biological Systems (Functional & 

Resource  Resilience)  

This component assesses the urban fabric's capacity to sustain life's necessities in the event that the 
state's central networks fail. Wells and water supply: Entirely designed regions were completely devoid of 
water during power outages since they depended on a central water network that was connected to 
electricity. In terms of the traditional fabric, it was distinguished by the proliferation of "household and 
community wells" that were either manually operated or powered by small generators, making them 
essential gathering places that supplied water to thousands of locals and displaced people. 
Traders and service areas: A commercial stagnation resulted from the closure of major central 
marketplaces in the planned fabric. In the meantime, "alley markets" and small stores built into homes 
(mixed-use) appeared in the traditional fabric, sustaining the flow of necessities throughout the 
community and averting a local famine. 

 3.3. The third factor: Social governance and repurposing spaces (Social-Socio Institutional 
Resilience)  

This factor addresses the community's ability to transform fixed institutions into flexible response 
centers. Schools and health facilities (patients): The inhabitants of the traditional fabric turned schools 
and some mosques into "community medical points" and shelters because the central hospitals were no 
longer operational. The traditional fabric's great visual and social connectedness between homes made it 
easier to move patients covertly via internal hallways and guaranteed their treatment through "the call to 
arms." Neighborhood committees and community projects: The study demonstrated that social ties in 
the traditional fabric (social capital) are stronger than in planned areas, where local leaders and 
"resistance committees" were able to organize night patrols and distribute limited resources equitably, 
something that residents of modern blocks are unable to do because of the physical isolation imposed by 
the planned design. 

- Adaptive Strategy: Transition to Domestic Food Production

Residents of Al- Halfaya turned to "Survivalist Urban Agriculture" after the conflict caused traditional 
marketplaces and commercial supply channels to completely collapse. This localized response was mostly 
seen in the traditional organic fabric, where the availability of natural resources and spatial arrangement 
allowed for a quick transition to self-sufficiency. 
The Role of Traditional Spatial Assets:  The study identifies critical factors that enabled food resilience in 

traditional quarters compared to modern extensions. 

Table 5: Domestic Production as a Survival Strategy 

Source: Prepared by the author based on spatial asset evaluation 

Resilience 

Factor 

Traditional Organic Fabric Modern Planned Extension 
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Soil Viability  High: Natural fertile alluvial silt (Blue Nile 

Basin).  

Low: Disturbed soil/Construction 

debris.  

Water Source  Autonomous: Solar-powered community 

boreholes.  

Dependent: Paralyzed central water 

grid.  

Spatial Asset  
The "Hosh": Large, open internal 

courtyards.  

Setbacks: Narrow, paved, or 

restricted spaces.  

Agricultural  

Output  

Fast-cycle crops, vegetables, and small 

livestock.  

Near-zero domestic production.  

    

- Decentralization of Resources and Vital Services (Infrastructure & Resource 
Decentralization) 

 Decentralized Water & Soil Fertility: Because of their close proximity to the Blue Nile basin, traditional 

homes in Al- Halfaya is constructed on fertile alluvial soil, in contrast to the planned additions. Bypassing 

the crippled national water network, the existence of decentralized community boreholes offered a 

reliable source of water for irrigation. The "Hosh" (Open Courtyards) as a Space for Productivity: The 

"open space" required for micro-farming was supplied by the architectural typology of traditional 

dwellings, which is distinguished by expansive, open interior courtyards (Hosh). By using these areas to 

cultivate vegetables and fast-cycle crops, residents turned the home into a productive environment 

instead of only a consuming hub. 

"The results show that conventional industries have significantly shifted toward 'Survivalist Urban 

Agriculture'. A degree of food autonomy not found in contemporary planned additions was made 

possible by the morphological presence of the "Hosh" (open courtyard), fertile alluvial soil, and dispersed 

boreholes, as demonstrated in Table 5 and Figure 5. 

While the modern sectors suffered from "Network Fragility" (a single point of failure in the power/water 

grid), the traditional quarter functioned as a "Polycentric System." External research on Urban 

Metabolism (Kennedy et al., 2007) suggests that cities with localized resource loops are 40% more likely 

to survive long term isolation.  

The capacity of the urban fabric to offer substitute services in the event that central systems fail is 

measured by this axis. Water supply and wells: A 100% water outage resulted from the planned sectors' 

total reliance on the public network, which is powered by electricity. "Household and community wells" 

have been highlighted as the lifeblood of the traditional fabric; these wells supplied inhabitants and 

displaced persons with sustainable water, and the former "housh" locations were transformed into free 

water distribution points. Service areas and markets: When the major centers were closed, "functional 

separation" (zoning) in the planned fabric caused commercial immobility. In the traditional fabric, 

however, "mixed-use" made it possible to turn the façade of houses in alleyways into little stores and 

alley markets that supplied everyday necessities while under attack, preserving local food security. 
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- Security Resilience and Social Safety Nets (Security & Social Safety Nets)
It focuses on how crime rates, urban form, and the capacity to safeguard vulnerable populations are
related. Crimes and infractions: A field comparison revealed that the proposed fabric was more
vulnerable to "quick looting" operations and the entry of armored vehicles due to its broad and
perpendicular roadways. The tiny, organic streets served as "natural barriers" that restricted the
movement of military vehicles, while "social surveillance"—neighbors watching the alleys—provided
ongoing security for abandoned homes. In contrast, the traditional fabric reported fewer rates of
violations.

- Patient care and health access
A change from the traditional fabric to a "networked health system" has been noted as a result of the
challenges in accessing hospitals. Patients were transported via secure internal corridors to the
residences of physicians and volunteers within the neighborhoods, which was not feasible in the planned
fabric because the streets were vulnerable to snipers. The third axis Local Institutions and Adaptive
Governance (Local Governance & Community Adaptation) It gauges the community's capacity to manage
the situation by repurposing urban areas. Schools as Shelters: Under the "Nafir" system, neighborhood
groups inside the traditional structure have effectively converted schools into integrated shelters. A self-
sufficient relief system has been established by connecting these schools to communal kitchens (Takiya)
that are funded by surrounding local farms.

- Dynamics of Population Movement: Absorption of Displaced Persons and Returnees

The period between April 15, 2023, and June 2023 for the absorption of displaced people  
During the first week of the violence in Khartoum, the first wave of displacement to Halfaya started. 
Urban performance: The majority of displaced persons were absorbed by the conventional (old) fabric. A 
single house might serve as a shelter for multiple families because to the "density of the courtyards" and 
the spacious residential areas (Extended Family Support). 

- Phase of resilience and early return (September 2023 - January 2024)

The "Return Initiatives" spearheaded by the Ajawid and neighborhood groups started after certain 
internal fronts in Bahri stabilized. Urban performance: The traditional fabric's function became a "Anchor 
of Protection." Due to the "local food security" provided by nearby farms and the water security provided 
by home wells, families have returned to their former communities. 

Figure 5: Internal open spaces changed to be small farms  

Source: Prepared by the author based on spatial asset evaluation 
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- The role of local institutions in managing return (community initiatives)  

Volunteers in Halfaya oversaw local records that tracked the movement of displaced people and 
returnees. The jobs were split up as follows: As seen in Figure 6, welcoming the returns involves securing 
partially damaged homes and serving communal meals. Community insurance: Using "Ajawid" to prevent 
property or resource disputes among indigenous people. 
 

 
Figure 6: Hosting community welcoming the returnees  
Source: Fieldwork documentation by the author (2024) 

 

4. Results and Discussion  

Collaboration with the local neighborhood groups is a high requested to form an urban alternative 
elements.  
 
4.1. Spatial security and morphological resilience  

Narrow streets, T-junctions and compacted fabric played a main role to impeding the armed vehicles 
movement. There were as natural defense. This is correspond to the study aim that networks, high 
curvature and limited connected network as passive defense and resilience especially during war-conflict 
times (Brodey, 2024).local citizens worked on decreased infractions and looting by observing ongoing 
social surveillance.  
However, wide streets and grid pattern with allowed for quick military incursions. The neighborhoods 
with high level of global connectivity were more vulnerable to outside dangers (Hillier & Hanson, 1984).  

4.2. Decentralized resources: food, energy, and water  
The location of the traditional urban area near to the river bank, dependences’ on solar power or manual 
when central water and electrical networks failed. In other hand, formal urban area’s ground water 
remained 15%. Due to that, the Hosh (open courtyard) in traditional urban area became a home farming 
space to produce food. The soil type helps to raised cattle and fast cycle vegetables. Opposite the, 
Planned urban area with compact setbacks limited any agricultural production. 

4.3. The "Nafir" system and social governance  
Social capital was great in the traditional urban area due to extended families, social cohesion, and Nafir. 
Communal kitchens and shelters were settled in schools and mosques. The efforts of local committees in 
coordinating night patrols, keeping track of IDPs and returns, and distributing were helped fairly. In the 
planned urban area, collaborative actions was impeded due to physical isolation of blocks and absence of 
common public areas.   
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4.4. Population migration: early return and absorption 
Between April to July 20223, most of IDPs were housed in traditional urban area with four to five families 

per plot. From September 2023 to January 2024, the return rate increased to 30% in traditional urban 

area due to availability of food and water and perceived safety.   

 

5. Conclusion   

Resilience is an essential requirement rather than technical choices in the VUCA workplace. Planning 
profession should consider the traditional urban as a living laboratory for resilience.  
 

5.1. Recommendations for engineers and urban planners  

"Hybrid Planning" is the key word that combining the "spatial organicity" of the traditional urban with the 
practical of the planned urban. Increasing the walkability by replacing huge, isolated main roadways, and 
forming network of paths will permit walkers and displaced people to circulate safely during emergencies.  
 

5.2. Recommendations for decision-makers and government entities  

- Follow the bottom down hierarchy structure by collaboration with Ajawid is ennesial. "Ajawid" system 
and "neighborhood committees" are main axis for collaboration in the management of urban resources, 
rather than merely as emergency measures. 
- Establishing a land tenure system in the traditional urban area to lessen citizens and encourage them for 
renovation investment.  
- To strengths the independency of individuals' lives from collapsing as soon as central stations fail, laws 
requiring new residential complexes to have independent water and energy sources. 
 

5.3. The "Nucleus" Vision for New Planning  

Adaptive planning will strong social and spatial "nodes" like the old Halfaya, where housing, employment, 
services, and worship are interwoven within a compact geographic region that is simple to defend and 
manage independently, should form the foundation of new cities. Future planning must switch from 
"rigid" to "adaptive" approaches, giving social connectivity and decentralized services top priority. 
The new urban extensions should be constructed around robust socio-spatial nodes, similar to the 
ancient Halfaya, where housing, employment, services, and places of worship coexist in small, self-
sufficient, and defended clusters. 
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Abstract 

Cities with arid desert climates, such as Riyadh, are witnessing an intensification of the urban heat island (UHI) 
phenomenon due to rapid urban expansion and the adoption of planning models that are not climate adaptive. 
This paper aims to analyze the relationship between urban form and thermal resilience with a specific application 
to the city of Riyadh. The methodology relies on morphological analysis using Geographic Information Systems 
(GIS) through a comparative study between two different urban fabrics in Riyadh: one traditional and the other 
modern. Four main factors Will be examined: Building height, Built-up Ratio, Street and building orientation, 
Urban compacte. Spatial data is collected and analyzed to derive indicators such as shadow ratio, Sky View Factor 
(SVF), and solar exposure ratio. Thermal satellite images (LST) are used as supporting data to compare the impact 
of both patterns on surface temperatures. The results indicate that the two-dimensional Built Coverage Ratio 
(BCR) shows that horizontal expansion tends to increase impervious surfaces, and the increase in impervious 
surfaces leads to greater heat retention. Meanwhile, the physical air barrier in densely built environments can 
exacerbate the UHI-effect by hindering natural ventilation. Additionally, the rise in nighttime temperatures is 
positively correlated with the rate of expansion and building density. Through the analysis of urban characteristics 
and the discussion of heat mitigation measures, this paper emphasizes the role of proactive urban planning in 
balancing urban expansion and cooling needs, and the importance of an integrated cooling strategy in urban 
design. Heat mitigation measures, especially greening, reflective surfaces, and district cooling systems, can 
partially offset the UHI-effect. A sustainable design framework is proposed, inspired by traditional fabric, to 
enhance heat resilience in Riyadh’s future urban development. 

Keywords 

Urban Morphology, Urban Heat Island, Expansion, Hot Climate. 

1.Introduction
The intensified Urban Heat Island (UHI) effect increases the likelihood of large-scale climate change, 
particularly in densely populated areas with complex infrastructure. This phenomenon magnifies the 
changing climatic conditions in urban areas (Q. Fu et al., 2024). This anomaly is characterized by a higher 
temperature in urban areas than nearby rural districts. To understand the phenomenon that occurs in 
cities, it is important to note differences in the energy balance across regions, particularly in solar energy 
absorption within each development type and in solar energy retention during urbanization (Wang et al., 
2024). In this sense, cities differ from rural areas, with larger vegetated areas and fewer impermeable 
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surfaces, resulting in better energy retention  (Q. Fu et al., 2024).As urbanization rages around the world, 
new cities are springing up everywhere, existing ones have developed and some are being redeveloped to 
accommodate the increasing numbers. Yet one of the significant challenges of this urban sprawl has been 
the emergence of UHIs, which has created a greater obligation for urban designers to make living and 
working ecosystems that offer microclimates within local climates that are thermally comfortable for the 
average city dweller. Without climate-sensitive urban forms, surface temperature increases contribute to 
a more complex relationship between urban form and land heat levels. In this light, the UHI is increasingly 
being both a direct response to climate insensitive expansion and the most helpful metric by which to check 
urban transformations worldwide, highlighting the importance of specific policies to manage the effects 
imposed by climate change. But UHI isn’t just a product of greater urbanization everywhere. Several factors 
directly at play and in a system of consolidation have resulted in an expansion of heat in various cities 
located within diverse climatic zones or different socio-economic conditions, which has become the 
consistent signature of increasing city temperatures in the last few years. Hence, the UHI phenomenon has 
become a useful tool for monitoring city-specific urban changes currently worldwide to help implement 
targeted strategies and tactics that require careful development of targeted tactics that are specific to the 
scenario (Técher et al., 2023) .  

From a local perspective, it is also seen in Riyadh the capital of Saudi Arabia and the biggest city with more 
than 8 million inhabitants of its entire country, which illustrates the case well: economic development and 
industrial growth have to be expected for a large oil-exporting nation. Oil has thus far represented the 
dominant form of the Saudi economy since the oil boom of the 1920s and the identification of large oil 
reserves in the Kingdom (Salman et al., 2021). This has predictably brought an influx of expatriates and 
hence population growth and increased industrialization. Furthermore, an accompanying increase in 
urbanization has been observed to facilitate this phenomenon. The process of development also requires 
the increase of chemicals, the release of more pollution, an increase of structures over the unrefined 
ground, destruction of low-density vegetation(Arifuzzaman et al., n.d.; Salman et al., 2021) . Affecting also 
one of them is a rise in the heat and temperature in cities. Urban heat island (UHI) is an urban area, city or 
island that shows a higher temperature than the typical temperature of the place, environment or even the 
city to the surrounding rural areas(Q. Fu et al., 2024).This article explores both urban form and urban 
sprawl: their contributions to the intensity of the Urban Heat Island (UHI) phenomenon, focusing on a 
traditional neighborhood, and a new developing one in Riyadh, Saudi Arabia. This study addresses the 
problem that contemporary patterns of urban expansion often generate spatial configurations which 
contribute to the intensification of the Urban Heat Island (UHI) effect. Such patterns, characterized by 
extensive impervious surfaces and reduced vegetation cover, exacerbate thermal stress in cities like Riyadh, 
thereby posing challenges for environmental sustainability and urban livability. 

1.1 Research questions 

• What are the effects of spatial form determinants on temperature on the surface?
• How are the morphological parameters connected to explain thermal variations??
• Can cooling solutions rooted in the city's traditional urban fabric be used to support the

sustainable growth of modern cities?
1.2 Research objectives 
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To investigate the impact of contemporary patterns of urban expansion on the intensification of the Urban 
Heat Island (UHI) phenomenon in Riyadh, with a focus on comparing traditional and newly developed 
neighborhoods.Through specific objectives :  

• To examine how spatial form factors influence surface temperature levels in different urban
contexts.

• To analyze the role of morphological indicators in interpreting thermal variations between
traditional and modern neighborhoods.

• To explore the potential of adopting cooling strategies inspired by traditional urban fabric to
enhance environmental sustainability in contemporary urban development

2.Methodology
Study based on comparative morphological analysis between two contrasting urban fabrics in Riyadh
(Traditional VS Modern)  to assess thermal variation .

2.1Study Area:

Riyadh, sprawling urban area of 1550 km². with desert climate with average temperatures ranging from
49°F to 110°F (Alshehri et al., 2023). Its urban fabric evolved from climate-responsive organic
neighborhoods and planned districts to contemporary car-dependent suburbs dominated by heat-
absorbing asphalt, concrete, and steel (Figure 1).

Figure1: Illustrates Riyadh Location in Gulf Country and the Riyadh Region Border. Source: Google Search 

2.2 Criteria for selecting depend on contrasting urban fabrics: 

Those shaped before the oil boom, representing traditional forms, and those developed more than fifty 
years after the capital’s relocation, reflecting modern planning trends. 

• Traditional fabric (Addaho District): A Najdi neighborhood characterized by clustered houses,
shaded alleys, and central courtyards.

• Modern fabric (Al-Yasmin District) : A planned neighborhood defined by wide streets, detached
villas, and sparse vegetation.

The two cases were identified based on the examination of four main factors that serve as indicators for 
morphological comparison: Building Height, Built-up Ratio, street and building orientation, and urban 
compactness (Figure 2). 
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Figure 2: Methodology Diagram 
Thermal analysis uses Landsat 8/9 LST imagery, while NDVI is used to assess vegetation cover. GIS-based 
spatial overlays support the interpretation of land surface temperature variations. 
By comparing these two contrasting urban models, the study provides deeper insight into the role of urban 
design in shaping thermal resilience. This understanding enables the formulation of scalable, evidence-
based recommendations that can inform broader applications in sustainable urban planning. 

3.Theoretical framework
3.1Urban Heat Islands (UHI): Layers and Scales

Urban Heat Islands (UHI) is the phenomenon where urban areas experience significantly higher
temperatures compared to their surrounding rural areas (Benaomar & Outzourhit, 2024). This temperature
difference arises from the interaction between various urban surface characteristics and atmospheric
processes(Oke, 1982), creating different types of urban heat islands( Table 1 , Figure 3), each characterized
by its own spatial extent and thermal behaviour(Benaomar & Outzourhit, 2024).

Figure 3 Atmospheric layers of the UHI-effect in urban areas compared to rural areas.(Benaomar & 
Outzourhit, 2024) . 

Table 1 Scales of UHI study   Source: (Benaomar & Outzourhit, 2024) 

Scale Horizontal (m) Vertical (m) 

Microscale 10⁻² to 10² 10⁻² to 10¹ 

Local scale 10² to 10⁴ 10¹ to 10³ 

Mesoscale 10³ to 5 × 10⁵ 10¹ to 10³ 

Mesoscale 2 × 10⁵ to 5 × 10⁵ 10¹ to 10⁵ 

Microscale: examines the impact of surfaces and materials on very small-scale heat variations. 
Local scale: focuses on neighborhoods and districts within the city. 
Mesoscale: covers the influence of an entire city or multiple cities on the surrounding climate Land Surface . 
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3.2 Land Surface Temperature (LST): 

Land Surface Temperature (LST) measured by satellites, reflects the thermal energy emanated from 
buildings, roads, soil, and vegetation. Remote sensing is a good approach for both tracking land use 
transformations and growing urban areas, as well as seeing changes to LST over time. Studies show that 
population growth, urbanization, and climate change all affect LST dynamics, making spatial and temporal 
evaluation vital for understanding energy transfer processes as well for assessing climate-related impacts 
(Alshehri et al., 2023; Lin et al., 2024; Schmugge et al., 1998; Sobrino et al., 2004).  LST is a relative value 
which has increased steadily in Riyadh in the recent 30 years, attributed to rapid city growth and the change 
in land use patterns, with estimates of values in Riyadh expected to reach close to 47 °C by 2030, particularly 
in places with predominantly bare soil and recently urbanized surfaces(Alshehri et al., 2023). 
3.3 Urban Design morphological Factors 
Urban design features are essential in shaping the local microclimate and surface urban heat island (SUHI) 
intensity. Some GIS- and remote sensing-based urban morphological parameters include surface albedo, 
sky view factor (SVF), vegetation cover ratio (VCR), floor area ratio (FAR), building density (BD), ground 
emissivity, total surface area ratio (SAR), average building height, and height-to-base dimension ratio 
(HBDG) (Shi et al., 2019). These factors influence solar access, shading, radiative exchange, and heat 
storage. Urban Heat Islands (UHIs) are heavily influenced by neighborhood building configurations, such as 
building geometry, height-to-width ratios, and the thermal properties of surface materials. Poor urban 
fabric design, including low-albedo pavements, limited vegetation, and improper street layouts, can hinder 
ventilation, increase radiation trapping, and raise local air and surface temperatures in hot-arid cities 
(Mohamed et al., 2021) .Elements like lower albedo, higher building density, limited vegetation, and 
reduced SVF trap shortwave radiation and reduce long-wave heat loss within urban canyons, thus raising 
surface temperatures. Geometry plays a particularly important role; in early work by Oke (P. Fu & Rich, 
2002; Oke & R., 1981; Oke, 1981; Stewart & Oke, 2012),canyon geometry and sky view factor directly affect 
nocturnal cooling rates by controlling radiative loss to the sky. Later studies (Lindberg & Grimmond, 2011; 
Shi et al., 2019a; Steyn, 2010; Yuan et al., 2022) have emphasized the importance of SVF, building design, 
and surface conditions in urban thermal behavior. Shi et al.’s statistical analysis of 625 LCZ samples shows 
that building density, vegetation cover, ground emissivity, and FAR are key predictors of SUHI, highlighting 
the critical role of climate-responsive urban design options in reducing heat buildup in densely populated 
housing areas. The building height-to-width ratio of urban canyons and their longitudinal orientation 
influence the Urban Heat Island (UHI), as shown in the study of Riyadh (Bakarman & Chang, 2015). Results 
indicate that compact urban form is an effective strategy to lessen UHI effects (Figure 4). 

Figure .4: Ratio between building height and width of streetin (a) the shallow and (b) the deep canyons. 
Source :(Bakarman & Chang, 2015) 
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Four primary factors were analyzed to compute microclimatic indicators: 

1. Building Height & Canyon Geometry (H/W and SVF): Determines shading and solar exposure.
SVF quantifies the openness of the urban canyon to the sky.

2. Built-Up Ratio (BUR): The proportion of building footprints relative to the total district area.
3. Street Orientation: Evaluated using rose diagrams to assess alignment with prevailing winds and

solar paths.
4. Urban Compactness Index (CI): Calculated as CI = 4πA / P² (where A is area and P is perimeter) to

measure spatial enclosure and density.

3.4 Derived Spatial Indicators 
Spatial data is analyzed to compute several microclimatic and morphological indicators that explain thermal 
performance (Table3) : 

• Shadow Ratio: Measures the proportion of shaded areas at different times of day, influenced by
building height, spacing, and orientation.

• Sky View Factor (SVF) : Quantifies the openness of the urban canyon to the sky.
Lower SVF = more shading + reduced heat gain
Higher SVF = greater exposure to solar radiation

• Solar Exposure Ratio :Calculates the amount of solar radiation reaching surfaces (streets, roofs,
open spaces) based on geometry, orientation, and building height.

Table 3. Spatial Indicator Calculations 

Factor Equation Symbol Definitions Source of Equation 
Shadow 
Ratio (SR) 

𝑨𝑨𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑨𝑨 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝐴𝐴Shadedlshaded area (m²) 
𝐴𝐴total= Total study area (m²) 

(Lindberg & 
Grimmond, 2011) 

Sky View 
Factor (SVF) 𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑐𝑐𝑐𝑐𝑐𝑐(𝟐𝟐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑯𝑯
𝑾𝑾

) H= building Weight (m)
𝑊𝑊 = street width (m) 
𝐻𝐻/𝑊𝑊= canyon aspect ratio 

(Oke & R., 1981)  

Sky View 
Factor (SVF) 𝑆𝑆𝑆𝑆𝑆𝑆 = 1 −

∑ sin(𝛾𝛾𝑖𝑖)𝑛𝑛
𝑖𝑖=1

𝑛𝑛
 - (Shi et al., 2019b)

Solar 
Exposure 
Ratio (SER) 

𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑨𝑨𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔
𝑨𝑨 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻

or when shading and sunlight 
complement each other: 

𝑆𝑆𝑆𝑆𝑆𝑆 ≈ 1 − 𝑆𝑆𝑆𝑆 
𝐴𝐴sunlit= sunlit area (m²) 

(P. Fu & Rich, 2002) 

 

4. Applied study:

4.1 Traditional urban fabric: Addaho District: 

The historic core of Riyadh comprises traditional districts such as and Ad-Deira, clustered around Qasr Al-
Hukum and Al-Masmak. The focus is on the Addaho District, covering approximately 44,000 m²(Error! 
Reference source not found.6), exemplifies Riyadh's historic organic urban fabric characterized by narrow 
shaded alleys, low-rise buildings of local materials, and a compact layout centred around mosques, 
markets, and communal spaces. As a traditional “ḥillah” unit (Figure 5), Addaho evolved naturally from its 
environmental context, with its dense, self-shading morphology reflecting a climate-adaptive response to 
the desert setting. 
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Figure 5. Old Riyadh historic heart Addaho district 

Source :((Royal Commision For Riyadh, 2012) 

Figure 6. Addaho district and building height and 
Street depth 

Source :(Report and Photography by Abdullah Al-
Fuhaid  ) Al-Riyadh Newspaper 

Source :(https://mapservice.alriyadh.gov.sa) 

The district shows a diverse spectrum of H/W ratios, where medium-width streets achieve the most 
favourable balance of shading and heat reduction. In contrast, wide streets are the least suitable for the 
local hot-arid climate due to excessive solar exposure and elevated surface temperatures ( Figure 6). 

Investigating Building Height, Built-up Ratio, street and building orientation, urban compactness: 

- Canyon Geometry and SVF: Addaho features narrow alleys (1.7–6 m wide) with building heights of 3–
14 m, yielding high H/W ratios (up to 5.3). This creates deep urban canyons with an exceptionally low
average SVF (0.26) (Error! Reference source not found.). Also, achieves a high shadow ratio (48%),
drastically minimizing daytime solar exposure (Solar Exposure Ratio = 0.52).

- Density and Compactness:  Addaho District covers 78,413 m², with about 40,000 m² of building
footprints, resulting in a Built-Up Ratio (BUR) of 0.51and a high Compactness Index of 0.727, Addaho
maintains a tight spatial enclosure.

- Street Orientation: The rose diagram shows a predominantly orthogonal grid aligned along
northeast–southwest and northwest–southeast axes. Long, continuous asphalt corridors aligned with
prevailing wind directions limit natural ventilation and maximise heat absorption, reducing the
district's capacity to dissipate heat effectively (Figure 7).

- Urban compactness: Using the formula CI = 4πA / P², Addaho records a Compactness Index of 0.727,
placing it at the upper end of the moderately compact category. This fine-grained structure, with
compact blocks and a relatively short perimeter-to-area ratio, enhances walkability, shading, and
microclimatic performance.

- Thermal Performance (LST): Spatial analysis of Addaho District shows a clear link between its
compact traditional fabric and lower UHI intensity. Despite a high compactness (CI = 0.727) and a
built-up ratio of 51%, the district’s narrow, organic streets provide continuous shading, reducing solar
exposure and keeping the historic core cooler. In contrast, higher LST values appear along the eastern
and southeastern edges, where wider streets and exposed paved areas absorb more heat.

- Interpretation with UHI Map: Thermal mapping confirms hotspots concentrated along major roads,
intersections, and high-asphalt-exposure areas, particularly in the central and southern parts of the
district. Cooler zones correspond to small green-space clusters and areas with lower pavement
density(Figure 8).
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Figure 7: Street orientation in Addaho District 
source :QGIS 

Figure 8: Spatial distribution of LST in Addaho 
District showing higher temperatures in dense 
built-up and asphalted areas(QGIS) 

 4.2 Modern urban fabric AL Yasmin District: 
Al Yasmin District in the North of Riyadh is a planned District defined by wide streets, detached villas, and 
sparse vegetation. total land area of 11356547.59m2  (The Spatial Portal of the Riyadh Region Municipality, 
2025) The building mass consists mainly of low-rise villas (two to three floors), with belts of tower buildings 
on some of the main edges, creating a gradual transition from lower density in the residential core to higher 
density on the commercial edges (Figure9,10). 

FIGURE 9: NORTH OF RIYADH: AL YASMIN DISTRICT 

SOURCE :(HTTPS://SUHAIL.AI/RIYADH/METRICS) 

Figure 10: Streets wide in Al Yasmeen 
neighborhood (60m, 36m, 20m, 15m, 14m) 

Source (https://mapservice.alriyadh.gov.sa/ 

Investigating Building Height, Built-up Ratio, street orientation, urban compactness: 
- Canyon Geometry and SVF: Al Yasmin is characterized by wide streets (14–60 m), low-rise villas

(9–12 m) Figure 11, and tower belts along some edges, producing generally low H/W ratios and
high SVF values. This increases daytime solar exposure and pavement heating, while localized
higher H/W ratios near taller edge buildings may restrict ventilation and intensify nocturnal heat
retention.

- Density and Compactness: The selected cluster covers 946,653.77 m² with a Built-Up Ratio (BUR)
of 0.419, indicating moderate urban density. However, much of the open space is occupied by
roads and parking areas rather than vegetation, increasing surface heat storage and UHI intensity.

- Street Orientation: The street network follows a predominantly orthogonal grid aligned
along northeast–southwest and northwest–southeast. This layout combined with extensive
asphalt surfaces reduces effective heat dissipation and contributes to heat accumulation Figure 11

- Thermal Performance (LST): LST analysis shows that the district’s modern, low-compact urban
form is strongly associated with higher UHI intensity. Wide exposed streets and impervious
surfaces increase solar gain, while limited vegetation reduces cooling potential.
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- Interpretation with UHI Map: Thermal mapping identifies hotspots along major roads,
intersections, and highly paved areas, particularly in the central and southern parts of the district.
Cooler areas are limited and correspond mainly to small green clusters and zones with lower
pavement density(Figure 12).

Figure 11 Street orientation in Al Yasmin 
District(QGIS) 

Figure 12 Land Surface Temperature Map – Al 
Yasmin District (2023) 

4.3Discussion 

The analysis shows clear differences between Al Yasmin and Al Dahou neighbourhoods in terms of 
temperature levels and the impact of urban fabric on thermal resilience (Table 4): 

Table4: Comparative Summary of Urban Morphology, Indicators, and Thermal Performance 

Parameter Addaho (Traditional) Al Yasmin (Modern) 

Urban Form Organic, compact, narrow alleys Planned grids, wide roads, detached 
villas 

Building Height 3–14 m 9–12 m villas; mid/high-rise edges 

Street Width 1.7–6 m 14–60 m 

H/W Ratio 2.2–5.3 0.17–0.71 

Sky View Factor (SVF) 0.26 (Low) 0.69 (High) 

Shadow Ratio 48% 23% 

Solar Exposure Ratio 0.52 0.77 

Built-Up Ratio (BUR) 51% 41.90% 

Compactness Index (CI) 0.727 0.556 

Street Orientation Organic; varied; promotes shading 
and airflow 

Orthogonal grid; long corridors 

UHI / LST Pattern Cooler interiors; heat at wide edges Hotspots at roads and intersections 

Thermal Resilience High passive cooling through 
geometry 

Low  high exposure and impervious 
surfaces 

Design Lesson Traditional geometry reduces heat 
despite density 

Low density alone does not mitigate 
heat 
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The results demonstrate that compact, self-shading urban forms as exemplified by Addaho offer 
substantially greater thermal resilience than the expansive, impervious suburban morphology of Al Yasmin. 
Crucially, the findings confirm that building density alone is not a reliable predictor of thermal performance; 
rather, it is the quality of spatial configuration, canyon geometry, street orientation, and surface 
composition that determines microclimatic outcomes. The indicators presented in the Table5 suggest that 
recent urban expansion characterized by higher building density may result in greater heat retention due 
to increased built-up surfaces. In contrast, the traditional urban fabric tends to exhibit relatively lower 
thermal variation, influenced by its spatial configuration and historical climate-responsive design strategies 
(Table 6). 

Table 5: Indicators interpretation : 

Compactness Level CI Range Meaning 
High Compact 0.75 – 1.00 Dense, walkable, traditional urban fabric 
Moderate Compact 0.50 – 0.74 Suburban planned development 
Low Compactness < 0.50 Sprawled, dispersed, car-dependent patterns 

Table 6 Derived Spatial Indicators 

Factor Al-Dahho Al-Yasmin 

Shadow Ratio (SR) SR  ≈ 0.48 (48% of the district is 
shaded during the day) 

SR ≈ 0.23 (23% shading on 
average) 

Sky view factor (SVF) SVF  (avg.) ≈ 0.26Range: 0.00–0.53 SVF (avg.) ≈ 0.69Range: 0.14–0.94 

Solar Exposure Ratio (SER) SER  ≈ 1 − 0.48 = 0.52 SER ≈ 1 − 0.23 = 0.77 

The indicators in the table suggest that recent urban expansion, characterized by higher building density, 
may lead to greater heat retention due to increased built-up surfaces. In contrast, the traditional urban 
fabric tends to exhibit relatively lower thermal variation, influenced by its spatial configuration and 
historical climate-responsive design strategies(Figure 13). 

Figure 13 :Different street types.(Marshall & Garrick, 2010) 

5. Conclusion
The study revealed how certain factors, particularly building height, built-up ratio, street orientation, and
urban compactness, contribute to shaping and spreading the Urban Heat Island (UHI) in Al Yasmin District.
Analysis suggests that the design of new urban environments is oriented toward meeting higher population
growth and improved living conditions through a human-centered approach, yet it can increase heat in
urban areas unless corridors for ventilation and green space are well integrated into urban plans.
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5.1 Key Findings of the Study: Sustainable Design Framework for High-Temperature Cities 

To address the deficiencies of modern urban expansion, we propose a design framework inspired by 
traditional morphological principles: 

1. Optimized Canyon Geometry: Reintroduce higher H/W ratios in pedestrian zones to lower SVF and
maximize daytime shading, without entirely blocking nighttime long-wave radiative cooling.

2. Strategic Street Orientation: Shift away from rigid, wind-blocking grids. Utilize staggered or angled
street layouts that promote natural ventilation while minimizing direct solar penetration.

3. Surface Material and Albedo: Replace extensive dark asphalt with high-albedo, reflective, or
permeable paving materials to reduce sensible heat storage.

4. Integrated Green Infrastructure: Mandate the incorporation of vegetation and district cooling
strategies in open spaces to offset the thermal mass of sprawling developments through
evapotranspiration.

The study highlights the importance of an integrated urban design framework and a proportionate 
consideration of all morphological elements in mitigating the UHI effect and increasing the quality of life 
present in modern urban areas like Al Yasmin District. Therefore, it provides a pragmatic blueprint for other 
cities to embrace similar urban landscapes with similar environmental impediments and solutions. 
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1. Introduction  
In the present day, cities across the world are at a junction of multiple overlapping crises, such as climate 

change, rising social and economic disparities and rapid urbanisation, which are exacerbating the already 

strained systems and frameworks (Seto, Güneralp and Hutyra, 2012, pp. 16083-16088; UN Habitat, 2020). 

Environmental degradation is moving faster than anticipated, as can be seen in more frequent extreme 

weather events, accelerated loss of species and biodiversity and resource scarcity. As the socio-economic 

disparities further increase, the challenges of inclusivity like affordable housing for all and making the cities 

more accessible and liveable for all are becoming more difficult to overcome. The United Nations has 

projected that by the year 2050, more than two-thirds the world’s population will be residing in urban 

areas (United Nations, 2018), making sustainable and equitable urban development an ever-prominent 

and important challenge.  

This challenge is continually developing as a VUCA world, i.e. one defined by volatility, uncertainty, 

complexity and ambiguity (Bennett and Lemoine, 2014; Meerow and Newell, 2019). Interconnected global 

systems also mean that the shocks across socio-economic, environmental and technological 

transformations impact the cities across different global scales rapidly and sometimes in ways difficult to 

predict. Traditional linear planning models will neither be sufficient to address these unpredictable 

challenges nor support the systems adapt to the uncertainties (Davoudi, 2012). To become more resilient, 

a shift towards adaptability and systems thinking is key to any planning practices. Demand tools and 

governance models can dynamically respond to the challenges while preserving the ecological and social 

wellbeing (Vale, 2014). 

  

Figure 1. VUCA World of interconnected global systems. Source: Author. 
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Digital urbanism provides us with the opportunity to both manage the urban systems as well as support 

sustainability goals. Technologies ranging from artificial intelligence (AI) and real-time data analytics to 

smart governance platforms and digital twins offer the potential to manage urban systems in real-time. 

Nevertheless, digital urbanism also presents challenges, such as data justice, equitable access and the 

environmental footprint of the technological infrastructure (Cowley, Di Feliciantonio and Kitchin, 2022). 

Hence, the priority of the sustainable urban planning is not merely to digitise but to “ecologise” digital 

infrastructure, thereby ensuring long-term resilience in the digital transformation of cities including 

paramount considerations of environmental ethics and inclusivity (Ramaswami et al., 2021). 

This paper aims to explore the dynamics through a comparative lens, focusing on Bengaluru, India and 

Berlin, Germany. These two cities represent contrasting urban futures with their own unique challenges 

and the paper explores how digitalisation and translocal knowledge exchange can leverage digital tools in 

diverse socio-economic realities to foster sustainability and resilient growth.  

2. Methodology 
This paper adopts a comparative qualitative research methodology to explore the potential of digital 

urbanism to advance ecological resilience in diverse socio-spatial contexts of Bengaluru, India and Berlin, 

Germany. It investigates the role of digital technologies, data-driven governance and participatory 

frameworks in reshaping sustainable planning strategies. The comparative lens highlights both the shared 

challenges and individual trajectories in combining technological innovation with socio-ecological 

objectives.  

Digital urbanism aims to integrate digital infrastructures, such as AI and digital twins, with urban planning 

and management processes. This research aims to understand the intersecting theoretical domains of 

digital urbanism and ecological resilience. Previous research in the field highlights the capacity of digital 

transformation in increasing efficiency, connectivity and responsiveness, nonetheless retaining the human-

centric and inclusive approach (Townsend, 2013; Kitchin, 2016). 

This paper also aims to understand the theory of ecological resilience embedded in ecology and 

sustainability (Pickett et al., 2013), which highlights that resilience is not the resistance to change but the 

capacity to adapt and the ability of urban systems to absorb shocks and regenerate through ecological 

zoning and regenerative planning.  

Connecting the concepts of digital urbanism and ecological resilience, this paper uses comparative 

urbanism to understand these dichotomies by treating the case cities as interconnected sites of innovation 

and translocal learning; Bengaluru, a rapidly growing south Indian city characterised by digital development 

and experimentation, informal growth and infrastructural strain and Berlin, a post-industrial German city 

reimagining ecological restoration through digital technologies. Collectively, they enable the exploration 

of the use of digital tools in varied socio-cultural contexts.  

This study employs mixed qualitative comparison, integrating: 

• Secondary data analysis of policy and planning documents such as Bengaluru Master Plan 2031 

and Berlin Smart City Strategy 2030 

• Academic literature and Open data platforms 

The data collected will facilitate the identification of patterns, convergences and divergences around the 

three key intervention areas: 
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• Digital Ecological Zoning 

• Urban-Rural Resource Integration  

• Inclusive Digital Participation 

A strategic roadmap of the potential vision for the future will be highlighted integrating the theoretical and 

practical approaches. 

3. Contextual Challenges in Bengaluru and Berlin 
3.1. Bengaluru 

Bengaluru, also known as the “Silicon Valley of India” due to the significant growth of the technology sector 

during the 1990s, saw a massive surge in technological innovation creating employment opportunities. 

This, in turn led to a considerable increase in population and the present day infrastructural and ecological 

challenges. Over the past two decades, the city’s population has seen a massive increase, surpassing 13 

million inhabitants within the metropolitan region (BBMP, 2023). This has inevitably resulted in spatial 

sprawl and the transformation of peri-urban and green spaces into dense residential and industrial zones. 

Meanwhile, the network of interconnected lakes and green corridors has been drastically reduced, leading 

to fragmented pieces of land for real-estate development, and leading to recurring flooding and loss of 

biodiversity (Sudhira, Ramachandra and Subrahmanya, 2007). In 2025, the city lake department identified 

472 acres of lake land encroachment between 1991 and 2025, of which the department has reclaimed 

17.38 acres (BBMP, 2025). 

In recent years, traffic congestion, air pollution and water scarcity have defined the daily life in Bengaluru. 

The city’s infrastructure has been placed under immense stress (TERI, 2020). Dependence on groundwater 

extraction is leading to the degradation of the water table. In the meantime, particulate emissions are 

rising due to increased vehicular traffic contributing to the air quality deterioration. These environmental 

challenges are exacerbated by informal urbanization and fragmented governance often leading to 

unregulated construction and a lack of reliable access to basic amenities.  

The city has embraced digital initiatives such as smart traffic management, digital mapping and e-

governance platforms (Datta, 2015). However, fragmented urban governance among multiple government 

institutions i.e. the municipal corporation, development authorities and parastatal agencies, is deterring 

the connection with broader ecological planning. Subsequently, Bengaluru signifies a critical testbed for 

integrating digital technologies with equitable and ecological urban planning. 

3.2. Berlin 

Berlin, following the reunification of Germany, underwent significant economic restructuring, shifting from 

an industrial economy to one led by the creative and knowledge sectors. The post-reunification growth 

provided the basis to rethink and experiment with sustainable and qualitative development. The city 

promoted multiple climate adaptation and nature restoration initiatives in recent years, such as the Urban 

Green Strategy 2030 (Handlungsprogramm Berliner Stadtgruen 2030), which is committed to restoring and 

building multifunctional green spaces that are accessible to all citizens. Projects such as Templehoferfeld 

transformation and Spree river corridor revitalization link ecological assets to climate mitigation, 

recreation, and social wellbeing (SenUVK, 2021). 
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On the other hand, Berlin is also facing stresses regarding housing affordability and social inclusion 

(Colomb, 2012). Gentrification and migration patterns are reshaping the city’s dynamics faster than it can 

cope. Over the past decade, the city has invested in participatory governance mechanisms, such as digital 

civic platforms and neighbourhood councils, to enable residents to shape the city they live in. Though still 

in the beta phase of the technological innovation, this approach seeks to balance technological innovation 

with accessibility and citizen participation. 

  

Figure 2. Location and population of Bengaluru and Berlin. Source: Author using official city boundaries and 
numbers. 
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4.1. Digital Ecological Zoning 

Digital Ecological Zoning is a new approach to spatial planning integrating AI, remote sensing, and 

Geographic Information Systems (GIS), enabling the monitoring and management of ecological assets 

across urban regions. Planners can more easily identify regions of ecological vulnerability, track land-use 

change, and monitor growth corridors with conservation priorities by integrating satellite imagery, 

environmental sensors, and predictive analysis in the planning processes (Kachhwaha, Ghosh and Jain, 

2022). 

In Bengaluru, remote sensing data and AI-assisted classification can support planners delineate ecologically 

sensitive areas and integrate them into the city’s development framework (Sudhira, Ramachandra and 

Subrahmanya, 2007). This approach, in which metropolitan-wide planning process is embedded in digital 

twins, can guide zoning and planning decisions that prioritize hydrological balance, carbon sequestration 

and eventually even biodiversity corridors. For example, mapping lake systems like the Bellandur-Varthur 

catchment area through digital twins, real-time monitoring of pollution levels or encroachment can be 

achieved.  

In Berlin, digital mapping through high-resolution GIS data can support planners analyse green 

infrastructure networks in a post-industrial context. The Urban Green Strategy 2030, for example, aims to 

connect urban parks, tree canopies, and water bodies to a consistent ecological grid (SenUVK, 2021).  

In both Bengaluru and Berlin, digital ecological zoning can demonstrate data-driven planning’s ability to aid 

climate-responsive planning. This can also aid the transparent and accountable environmental planning 

through open data portals and participatory systems. 

  

Figure 3. Heatmapping of Berlin – Climate Analysis and Urban Climate Zones. Source: (State of Berlin, 2014). 

 

4.2. Urban-Rural Synergy Platforms 

Sustainable urban growth requires not only the management of internal efficiencies, but also the 

strengthening of the urban-rural continuum. Digital urbanism can be a critical enabler in integrating 

sustainable urban development with rural resource systems through circular economy principles and digital 

coordination tools. Platforms that allow circular resource flows across metropolitan and peri-urban 

landscapes, enable planners to model urban metabolism, visualize dependencies, and align infrastructure 

with sustainability goals (Batty, 2018).  

112



Anavatti, V. Digital Urbanism for Ecological Resilience 

 

 

 

Bengaluru heavily relies on the surrounding rural districts for its food supply, construction materials and 

informal labour. However, the hinterland faces a reverse flow of air and water pollution as well as solid 

waste. A digital urban-rural synergy platform would aid in bridging the gap between the city and the 

surrounding areas by utilizing real-time data on groundwater table as well as logistics and waste flows, for 

example in the neighbouring districts of Ramanagara and Kolar (Ramachandra, Aithal and Sreekantha, 

2009). While these hinterland peri-urban areas are under increasing stress, these synergy platforms can 

support metabolism modelling and help planners and decision-makers in regulating regional infrastructure 

decisions and resource allocation necessary to maintain ecological balance (Prasad and Jamwal, 2022). 

Berlin, on the other hand, has contrasting urban-rural cooperation models that support certain aspects of 

the urban-rural continuum. For instance, in the areas of energy transition planning and food distribution 

networks, platforms like Energieavantgarde Anhalt and Foodsharing.de facilitate decentralised energy 

production and redistribution of surplus food, respectively (KPMG, 2021). Through visualization tools, 

interdependencies between urban consumption and rural production are modelled encouraging co-

responsibility among urban and rural stakeholders in redistributing surplus resources and reducing waste. 

These models highlight the potential of digital regional planning in reducing environmental footprint and 

enhancing social equity. 

4.3. Inclusive Digital Participation 

Digital urbanism can contribute to long-lasting, resilient urban areas, only if it is transparent and socially 

inclusive. The inclusion of every marginalised group is imperative to reduce and eventually eliminate social 

inequalities. Therefore, embedding democratic values in data-driven smart governance is essential in 

digital urbanism (Cowley, Di Feliciantonio and Kitchin, 2022). 

Civic society organizations in collaboration with tech-collectives have initiated community-driven digital 

platforms in Bengaluru that collect and visualize local data on various public amenities. Initiatives such as 

MapUnity and CivicDataLab demonstrate the use of digital tools in improving civic engagement, especially 

in underrepresented neighbourhoods (Patel and Kumar, 2022). However, integration of these platforms in 

official governance systems remain challenging. Open data charters or participatory budgeting frameworks 

could help formalize the ad-hoc experimentation processes. 

In Berlin, participatory digital governance has been established through CityLab Berlin and Digital Strategy 

2030, enabling residents to co-create urban policies using online consultation tools and hackathons 

(Mörtenböck and Mooshammer, 2020). The participatory platforms prioritize accessibility through 

multilingual interfaces, thereby supporting social inclusion. However, stringent regulations and 

bureaucracy often slow down processes.  

Although both Bengaluru and Berlin aim to promote inclusive participation, Bengaluru’s bottom-up civic 

innovation and Berlin’s top-down institutionalized frameworks represent opposite ends of the digital 

participation spectrum. The case of Bengaluru demonstrates the ability of informal, community-driven 

digital systems to address governance gaps, while the case of Berlin highlights the benefits of increased 

integration into official processes. This suggests that digital urbanism can thrive when grassroots creativity 

is blended with institutional commitment, i.e. hybrid governance (Goh, 2022). 
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5. Policy Framework and Strategic Roadmap 
Digital urbanism emerges as a catalyst of adaptive, inclusive, data-driven and community-centred planning 

across all three areas. These interventions offer the potential to reimagine cities as digitally empowered, 

ecological and resilient communities, and not as fragmented systems (Batty, 2018). Translating this 

potential into practice, however, needs a robust policy framework integrating ecological intelligence, social 

inclusion, and adaptive governance. Building on the first set of insights, the groundwork for a strategic 

roadmap can be established. Digital ecological intelligence could be embedded into the roadmap by 

operationalizing Environmental, Social and Governance (ESG) principles, as well as encouraging translocal 

knowledge exchange (Allen, Lampis and Swilling, 2018). 

For Bengaluru, this means the direct integration of ecological data into planning instruments, such as the 

Bengaluru Master Plan 2031. AI-based ecological modelling and predictive analysis can assess development 

impacts before approvals are granted, while tracking biodiversity, and land-use dynamics as well as 

increasing accountability (Goodchild, 2020). In Berlin, the Urban Data Platform and Environmental Atlas 

can enable citizen-access to environmental information and predictive modelling for climate adaptation 

and ecological resilience (SenUVK, 2021). Static master plans can develop into adaptable, evolving systems 

of reiterative learning and adaptability by combining the approaches of both these cities (Kitchin, 2016). 

5.1 Digital Twins and Urban Data Commons 

Digital twins and urban data commons allow planners and decision-makers to simulate environmental 

scenarios and assist planning using predictive analysis (Batty, 2021). AI-based footprint mapping, predictive 

flood management and environmental restoration could play a critical role in improving the quality of life 

in Bengaluru (Ramachandra and Majumdar, 2009). In Berlin, expanding digital twin pilots from analysing 

building performance, mobility and energy efficiency to include biodiversity indicators and carbon 

sequestration metrics, can boost resilience-based planning and decision-making. Urban data commons can 

reinforce these systems with open and ethically managed data infrastructures ensuring knowledge 

democratization and data sovereignty (Taylor, 2021). 

 

Figure 4. Spatiotemporal variation in Bengaluru in 2023 created using Open Data. Source: (Suthar, et al., 2023). 
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5.2 ESG Integration 

Digital urbanism aligned with ESG principles ensure inclusive and equitable transformation. Urban areas 

can better assess environmental results, such as carbon reduction, social inclusion and gender-sensitive 

mobility, and the quality of governance through transparency by aligning with ESG frameworks (KPMG, 

2021). Digital urban planning with ESG principles can complement equity, sustainability, and governance, 

by acknowledging technology and innovation-driven planning within planetary and social boundaries 

(Ramaswami et al., 2021). 

5.3 Translocal Knowledge Exchange 

Digital urbanism can be context-sensitive and inclusive by engaging in translocal knowledge exchange. In 

the chosen case studies of Bengaluru and Berlin, both cities can learn from each other’s respective bottom-

up civic innovations and top-down institutionalized frameworks. Through open-source platforms, intercity 

partnerships, and research networks, planners and decision-makers can develop shared methodologies for 

participatory planning and circular resource management (Evans, Karvonen and Raven, 2021). Berlin’s 

experience in community-driven planning could aid ecological lake restoration projects in Bengaluru, and 

Bengaluru’s bottom-up experimentation approach could guide Berlin towards an agile civic tech ecosystem 

through collaborative global learning processes. 

5.4 District Level Pilot Implementation 

District-level pilot implementation will give an immediate overview of the merits and the shortcomings of 

existing digital tools and policy frameworks. The Bellandur-Varthur catchment area in Bengaluru, where 

fragile hydrological systems and rapid urbanization coexist, could serve as a pilot. Digital sensors and AI-

based predictive analysis could be used to monitor flood and pollution risks. Meanwhile, in Berlin’s 

Tempelhoferfeld area, shared dashboards could be used to visualize ecological performance metrics 

accessible to residents and decision-makers alike. Participatory digital platforms for community reporting 

could be integrated into ecological indicators, leading to integrated zoning regulations. These pilots could 

work as “living labs” with iterative feedback loops between the community and decision-makers, 

symbolizing adaptive governance. 

  

Figure 5. Transferable and adaptable district level pilots in Bengaluru and Berlin. Source: Author using official 
city boundaries. 
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6. Discussion 
Digital Urbanism offers great potential to transform conventional urban planning to achieve ecological 

resilience. However, it does have certain limitations. The digital divide could persist within cities, excluding 

marginalized communities from decision-making processes. Digital literacy and access to data could also 

undermine inclusive governance (Graham and Marvin, 2001). A significant number of informal settlements 

in Bengaluru, where the urban vulnerabilities are among the highest, remain outside the current digital 

planning initiatives. Conversely, the risk of producing governance models that are disengaged from urban 

realities remains high, despite the use of numerous technocratic tools, potentially reinforcing institutional 

biases (Kitchin, 2016). Independent of the varied contexts, data privacy, algorithmic transparency, and 

digital surveillance pose a major ethical dilemma. A paramount amount of personal and environmental 

data is constantly collected making issues of data sovereignty more predominant. To overcome democratic 

oversight in urban governance, respecting civic rights and democratic accountability are becoming 

increasingly significant (Taylor, 2021). 

Another key concern is the ecological footprint of the infrastructure required for the digital tools 

themselves. Digital tools are often very energy intensive and also generate e-waste, which has increased 

significantly in recent years. In contexts where ecological systems are already strained, this could place 

additional stress unless these issues are actively considered from the outset in the ecological planning 

(Ramaswami et al., 2021). 

Replicability and adaptability may prove challenging, as a one-size-fits-all model is not feasible. Governance 

structures, institutional maturity, political economies, and socio-cultural norms will shape the performance 

and success of digital urbanism (Evans, Karvonen and Raven, 2021). Sufficient time and resources need to 

be invested to ensure adaptive frameworks that learn from multiple contexts and evolve with the local 

socio-cultural requirements. 

For both planners and decision-makers, the rise of digital urbanism demands new competencies, where 

constant upskilling with technological literacy and ecological sensitivity. It is asserted that ethical and 

inclusive judgement plays a pivotal role in all-inclusive, ecological resilience (Ramaswami et al., 2021). It is 

imperative that planners and decision-makers evolve from being regulators of physical space to curators 

of data ecosystems. This evolution is essential to ensure private innovation, public accountability, and 

community empowerment. Capacity building, inclusive data governance will be essential in ensuring 

equitable and sustainable futures.  

7. Conclusion  
In an era marked by climate crises, social inequality, and social vulnerability, digital urbanism designed with 

ecological intelligence and social inclusion has the potential be transformative (Ramaswami et al., 2021). 

This paper demonstrates the potential of digital tools, such as artificial intelligence, predictive analysis, 

digital twins, and participatory governance platforms, among other tools can help achieve regenerative 

planning, environmental stewardship, ecological residence, and inclusive governance (Batty, 2021). 

The findings from the comparative analysis of Bengaluru and Berlin demonstrate that digital systems must 

adapt to the local socio-cultural context to tackle the challenges posed by rapid urbanization and ecological 

degradation, amongst the range of other challenges. It emphasizes the importance of combining bottom-

up civic tech innovation with top-down formal governance to achieve ideal results. Furthermore, it 

advances the conceptual and policy framework for ecologising digital infrastructures, by reorienting digital 
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transformation towards ecological balance and social inclusion. The proposed district-level pilot model 

demonstrates the scalability and transferability across different urban contexts. The establishment of a 

network of living laboratories would also enable collective learning and innovation. Ultimately, the 

evolution of cities towards adaptive and resilient futures will require inclusive participation of every 

resident in the process of urban development.   
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Abstract 

This study on urban resilience is conducted through a spatial reconstruction perspective at the 
neighbourhood level, with a focus on the academic research on the development of innovative pre- 
and post-disaster strategies in design studios of architecture schools. The study seeks to identify 
hybrid spatial formations particularly in peripheral and central spaces. In this perspective, 
community plays a critical role in transforming spaces after a disaster, not just physical spaces, but 
also in re-establishing community and social relationships.  
the case of this study will intend to reveal the stages of an ongoing research-based initiative on 
Kahramanmaraş, which can be accepted as the most affected city in Turkey hit by the earthquakes 
on February 6, 2023. 
As one of the main academic elements, a community-led urban infill lab was developed as part of 
a vertical design studio, thereby establishing one of the research's pedagogical pillars. Based on 
Lefebvre’s spatial triad of conceived, perceived, and lived spaces, the research seeks to create 
methodologies for pre- and post-disaster conditions through architectural education by focusing 
on the neighbourhood scale, the presentation seeks to engage the audience in a discussion of the 
creation of new urban utopias that incorporate aspects of daily life, knowledge production, and 
collaboration. 

 

Keywords 

Urban resilience, Post-disaster reconstruction, Community-led processes, Hybrid spatial 
formations, Lefebvre’s spatial triad, Urban infill 

1. Introduction  
1.1. Exploring the situation of the post-earthquake context of Kahramanmaraş   

The rise in the number and scale of disasters around the world has put the idea of urban resilience in the 
limelight of scholarly debates. Apart from the immediate effects of disasters, these calamities also expose 
the deeply rooted vulnerabilities in the fabric of daily social life. Therefore, the contemporary 
understanding of resilience has moved beyond an engineering-oriented view, considering its social, 
cultural, and spatial aspects. This calls for an understanding of the multidimensional nature of resilience in 
the context of people's lived experience, especially those affected by the disaster. 

The spatial reconstruction has emerged as a critical component of post-disaster recovery as highlighted in 
reports by UNDP1 and UN-Habitat, which emphasize the importance of integrated, inclusive, and resilience-

 
1 •  UN-Habitat – World Cities Report 2022: Envisaging the Future of Cities 

120



 
Atay, G.F.; Tunç, H. 

Re-creating New Utopian Models for  
Post-Disease Scenarios 

 

 

oriented planning. Furthermore, changing everyday environments introduce new custodial responsibilities 
for local communities, professionals, and institutions.  

The recent earthquakes on 6 February 2023 in Turkey, with Kahramanmaraş as the epicenter, remind us of 
the importance of considering the regeneration of space holistically. The damage to space and structure is 
not only physical but has also significantly affected the neighbourhood's social spaces. Thus, to better 
understand this need, it is necessary to consider the relevance of spatial regeneration at the neighborhood 
scale through analyses of spatial reconstruction, community-based planning, and the rural-urban 
continuum, in light of academic initiatives and design-research processes in Kahramanmaraş.  

 

Figure 1. EditingPhotos from Kahramanmaraş after the earthquake. Source: Authors. 

In environments like the one in Kahramanmaraş after the disaster, rebuilding and recovery extend further 
beyond the rebuilding of destroyed structures to encompass the rebuilding of social structures, everyday 
activities, and spatial continuities. Architectural education finds a new importance in such environments in 
how the new lessons regarding the rebuilding of such environments suggest a new approach to the 
understanding of the design field, shifting away from a primarily object-oriented design understanding to 
a more process-oriented design understanding.  

2. Rethinking resilience in disaster-related geographies 
The resilience of systems or individuals is not only about resisting the situation but also about reorganizing 

and adapting to daily life after the shock. In the post-disaster situation in Kahramanmaraş, thousands were 

displaced, and their spatial routines were greatly disturbed. Recovery in this respect cannot be simply 

 
This report emphasizes integrated, inclusive urban planning and the need to bridge urban-rural relationships for 
sustainable spatial development. 

     World Cities Report 2022 – UN-Habitat 
•  UNDP – Human Development Report 2023: The Next Frontier — Human Development and the Anthropocene 
This UNDP flagship report highlights the importance of resilient, equitable spatial planning and the need to 
reconnect urban and rural dynamics to achieve sustainability and social well-being. 
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identified with the rebuilding of physical environments but rather as rebuilding social cohesion, collective 

practices, and spatial anchors that enable people to continue with their lives. 

2.1. Community-led housing as a framework for post-disaster resilience 

Housing is one of the most critical dimensions of post-disaster recovery, providing physical shelter and the 

spatial basis on which everyday life can be rebuilt along with social relations and a sense of belonging.In 

situations like those experienced in Kahramanmaraş, where there has been significant displacement that 

has impacted domestic as well as neighborly orders in like ways, it is apparent that any discussion of 

housing cannot be conceptualized in purely product-based terms but also in spanning socio-spatial 

dynamics instead. Community-based approaches to solving the problem of shelter emerge as particularly 

important precisely because of that, as they have a general tendency to promote more flexible and 

accommodating habitats. 

The relevance of community-led housing to architectural education can be related to the ability to 

transcend the field from individual authorship to other forms of collaborative and/or participatory practice. 

In this respect, the importance of community-led housing for architectural education derives from the 

potential of such approaches to attune architectural students to an understanding that sees housing 

configurations as a system in continuous evolution and development due to negotiation and shared 

agency. In the context of the studios and research-led approaches, there is potential for such 

methodologies to engender critical practice in the areas of participatory design facilitation, ethical practice, 

and the ability to relate community needs to spatial practices. 

 

Figure 2. Process diagram of methodological formulation. Source: Authors. 

 

2.2. Public spaces as catalysts for recovery 

Public spaces play a critical role in the aftermath of a disaster. In addition to their physical use, public spaces 

offer emotional, psychological, and social support to affected and displaced persons. They offer a space 

where affected persons can congregate and share information and provide mutual assistance, rebuilding a 

sense of community.  
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Use of open spaces, semi-open spaces, the streets, yards, and vacant areas, as seen in Kahramanmaraş, is 

found to be of great importance after the disaster. The various functions of the open spaces, such as 

coordination, distribution, social spaces, and spaces for sorrow, contribute greatly to the sustained state 

of the community, despite the existence of the disaster. Therefore, open spaces have been considered 

catalysts for spatial as well as social resilience. The effectiveness of public spaces is greatly enhanced 

through co-production, achieved by bringing together the community, professionals, and relevant 

authorities.   

2.3. Framing architectural education through post-disaster context 

Environments of post-disaster rebuilding, like in Kahramanmaraş, also show that the process of rebuilding 

is not only a technical process but also a complex socio-spatial process. In the aforementioned context, it 

challenges architectural education to overcome the conventional object-oriented nature of design in 

traditional architectural education and to adopt a more process-oriented approach to design that entails 

uncertainty, spatiality, and sociality as integral parts of the design process. Furthermore, through the use 

of the post-disaster rebuilding context, students can be encouraged to think more critically about the 

nature of abstract concepts like resilience as a social dynamic, as a process of change over time, shaped by 

issues like culture and the production of community needs.  

Therefore, the translation of this concept into the design studio is of particular interest as it becomes clear 

that the studio operates as the dominant area within which the concept of architectural thought is 

generated and internalized. As such, the inclusion of the concept of post-disaster scenarios can be seen as 

a chance to engage the student with the complexities of reality, moving beyond the abstract or ideal forms 

of scenario that are traditionally found within studio culture. Such an education format can be viewed as a 

critical counterpoint to the overall sense of purpose that is inherent within the context of architectural 

creation and the role that it may serve as a whole. Further, as a means of engaging the concept within the 

precepts of the studio context, it becomes clear that such a format can provide the future architect with a 

key sense of inter-disciplinary thought and problem-solving capability as the scenario is viewed within the 

context of dynamic change and creation.  

3. Lefebvre’s spatial triad as a lens for post-disaster contexts in architectural 
education  
The theory of the production of space, as introduced by Henri Lefebvre, is a critical theory that provides a 

basis for understanding post-disaster spatial reconstruction as a process that goes beyond physical 

reconstruction. Lefebvre’s spatial triad, -conceived, perceived, and lived space- corresponds with the 

approach used in this article in understanding urban resilience as socially embedded in everyday practices 

and collective experiences. In this article, all these dimensions show that post-disaster resilience emerges 

through the interaction of planning, social practice, and lived experience rather than through technical 

solutions alone.  

3.1. Conceived space (representations of space) 

The conceived space is the area in which space production and regulation occur through planning, zoning, 

and policymaking (Lefebvre 1991, p.39). In post-disaster situations, conceived space commonly dominates, 

driven by concerns for security and, due to reconstruction timelines, characterized by rationality, 

standardization, and control. Aftermath of the Kahramanmaraş earthquakes, extensive processes of 

reconstruction, showed the limitations of conceived space in its abstraction of space from social experience 

through the consideration of efficiency as opposed to cultural continuity.  
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The problem is not necessarily to reduce the importance and utility of conceived space, but to integrate it 

into a more holistic and inclusive model of space production and interaction with perceived and lived space 

(Merrifield, 2002, p. 90; 2000, p. 175). 

3.2. Perceived space (spatial practices) 

Perceived space refers to everyday spatial practices, such as routines and movement within and around 

spaces, and its use offers a way of relating to one's environment (Lefebvre, 1991, p. 38). Within 

Kahramanmaraş, post-earthquake events dramatically changed spatial practices, as many streets were 

obstructed, spaces for emergency meetings were created, and new routines were established to 

accommodate safety conditions. The changes observed in these processes underscore the flexibility of 

everyday life in crisis situations. Even though it was not formalized, in Kahramanmaraş, it is critical to 

recognize the patterns as communal spaces in order to ensure that the new forms of urbanization are 

compatible with the existing movement networks, social geography, and functional routines. 

3.3. Lived space (spaces of representation) 

Lived space represents the symbolic aspects of the spatial triad and includes memories, emotions, and 

meanings associated with space (Lefebvre, 1991, pp. 33-43). In the aftermath of the Kahramanmaraş 

earthquakes, the destruction of houses, streets, and neighborhood spaces not only altered physical spaces 

but also affected the collective memory and identity of the people. At the same time, lived space is also 

seen as a restorative element in recovery. For instance, returning to the familiar sites, preserving 

symbolization, and engaging in communal rituals are attempts to construct a sense of belonging and 

continuity.  

Accordingly, incorporating Lefebvre’s spatial triad into post-disaster planning promotes the integration of 

technical and cultural priorities and serves as the theoretical basis for the urban infill-lab approach used in 

this study. 

4. Rethinking on new pedagogical paradigms in higher education for resilient 
futures  
This increase in the occurrences and severity of disasters requires the creation of new models of education, 

especially in regions that are common victims of disasters. Higher educational establishments need to 

transform the knowledge production processes from reactive into proactive models, equipping the 

upcoming professional cadre to function in an atmosphere of uncertainty, vulnerability, and change. This 

is where the need for a restructuring of knowledge production processes originates, particularly in 

architecture and urban planning schools. Resilience should feature, not as an additional layer of knowledge, 

but as part of the basis of academic building, commencing at the doctoral level where critical thinking, 

methodological creativity, and interdisciplinarity produce new intellectual perspectives. This is where 

discussions around the idea of resilience need to feature, moving vertically down the spectrum into the 

graduate and undergraduate academic levels.  

The emerging systems need to be mediated by the balanced interplay of theory and practice courses. While 

providing students with the tools to grasp the concepts that underlie socio-spatial vulnerabilities, regimes 

of governance, and community formations, providing such courses in practice is arguably essential in 

translating the understanding into functional strategies and actions.  
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4.1. Research based processes in post graduate programs 

The increasing complexity of disaster-prone environments necessitates graduate-level programmes in 

research-based processes that can create both theoretical insight and actionable knowledge. Master's and 

Doctoral programs contribute to methodological innovation, interdisciplinarity, and an in-depth analytical 

approach to the socio-spatial dimensions of risk and resilience in education for architectural and urban 

planning. These programs have the potential to view research not only as a theoretical construct but as a 

framework useful for operation through a focus on working with uncertainty, analyzing vulnerability, and 

developing context-sensitive approaches to planning and design through a mutually integrated process. 

The urban production models developed during the early Republican period of Turkey create significant 

examples in this context. In this framework, early twentieth-century construction of Ankara continues to 

be investigated as a doctoral research project with the aim to revisit and extend exemplary practices 

related to urban development in Turkey. Integrating empirical research, fieldwork, and speculative inquiry 

enables graduate education to function as a testing ground for resilient futures, while simultaneously 

cultivating professionals capable of translating scholarly research into responsive spatial practices. 

4.2. The urban infill-lab: a research-based pedagogical model in design studio 

As an important academic component of this effort, the development of an urban infill lab within a vertical 

design studio created a significant interface among research, education, and outreach to the community. 

Infill reconstruction was addressed as a problem that requires integrating lived experiences, spatial justice, 

and the continuity of everyday life, rather than a purely technical problem. 

In this context, the infill lab sought to research how the earthquake has affected spatial practices at the 

neighborhood level, while engaging students in on-site research and community interviews. The Infill Lab 

has also developed a body of knowledge that is theoretically grounded in both PhD and master’s programs, 

generating outcomes that are simultaneously context-specific and transferable. This knowledge carries 

significant implications for community-oriented reconstruction practices as well as for the advancement of 

academic institutions. While obtaining information about the study area from municipal sources2. 

 

Figure 3. Models and photographs from the design studio. Source: Authors. 

4.3. Collaborative academic settings entegrated to the higher education 

The conference, which was held under the title “Re-Developing Kahramanmaraş: Post-Disaster Urban 

Reconstruction and Transformation Processes” between the dates 14-16 April 2025 with the support of 

the National Chamber of Architects of Kahramanmaraş and three prominent universities in Turkey, can be 

 
2 https://kahramanmaras.bel.tr/  
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considered an important milestone in the formulation of an integrated response to the disaster. The 

conference offered an opportunity to explore different views on the reconstruction process. 

The discussions were structured around interrelated thematic areas highlighted the importance of 

interdisciplinarity while acknowledging the cultural, technical, and social dimensions of the reconstruction 

process. As a result of the conference, it was decided that a Scientific Advisory Board for Urban 

Development Projects be established within the Kahramanmaraş Municipality. Its objective is to advance 

not only the studies associated with architectural and urban planning education in the region but also to 

develop and implement a set of pilot projects supported by an Urban Lab framework, stimulating research-

driven, practice-oriented approaches to post-disaster spatial development3. 

 

Figure 4. Future development diagram. Source: Authors 

5. Conclusion 
5.1. Toward a new paradigm of resilient urban futures in crisis related cities 

In fact, the case of Kahramanmaraş illustrates that post-disaster reconstruction is not just about rebuilding 

buildings; it is about rebuilding relations, rebuilding memories, and rebuilding spaces that allow for the 

continuation of life. There are, however, broader insights that can be drawn from the case: 

1. Resilience in urban areas should be seen as a social, cultural, and geographical process, rather than a 

technical one. 

2. The concept of the rural-urban continuum is a better way of understanding the process of recovery in 

areas where the distinction between the two is not clear. 

3. The community is an important actor in the process of reconstruction, and its knowledge should be 

considered. 

4. The importance of public and collective spaces is central to the concept of spatial resilience and 

psychosocial recovery. 

 
3 https://www.kmarasmimod.org.tr/Icerik.aspx?icerikId=72   
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5. The spatial triad of Lefebvre provides a good conceptual basis for linking planning mechanisms with lived 

experience. 

6. Academic institutions may have a significant part to play in facilitating research-based interventions in 

the long term and fostering a culture of participatory design. 

The rebuilding of Kahramanmaraş can offer an opportunity to think about new urban futures that are more 

inclusive, resilient, and sensitive to experience. By linking lived experience and co-production, it is possible 

not only to think about the reconstruction of a city, but also to rethink the conditions of a collective life. 
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Abstract 

Balanced regional growth is essential for strengthening a nation's resilience and plays a significant 
role in achieving the United Nations Sustainable Development Goals. New Towns, vital for 
megacities to decentralize functions and pursue sustainable development, also align with 
government strategic planning to meet these Goals. Since its first implementation in London, UK, 
the concept has evolved through distinct phases in cities such as Tokyo, Japan; Singapore; and 
Hong Kong, China. However, due to differences in urban scale and national cultural contexts, the 
concept of "New Town" in China has been redefined as "New City" in planning practices. In Beijing's 
2016 master plan, the term "New Town" was adopted to establish a novel hierarchical framework 
positioned between "New City" and rural areas. This plan proposed creating eight New Towns at 
varying distances from Beijing's central district, ranging from 20km to 60km, below five “new cities” 
hierarchy. This study focuses on Beijing's New Towns, investigating whether they constitute a new 
pattern for sustainable urban growth. The research employs a multidimensional empirical 
framework, based on the perspective of government market interaction, combining quantitative 
analyses using Baidu's population big data and enterprise census data with over 50 qualitative 
interviews with government officials and business representatives. Findings reveal significant 
imbalances in the development of Beijing's New Towns. The Beijing government strictly controls 
the production factors, so that resources can flow to the surrounding areas 60 kilometers away 
from the core of the metropolitan area. most new towns easily fall into the capital's aggregation 
shadow, leading to industrial and population outflows. While Beijing's New Town model 
demonstrates diverse approaches to urban-rural hierarchies, offering global insights into 
redefining metropolitan-rural relationships, it remains anchored to traditional planning paradigms. 
To ensure long-term sustainability, the study emphasizes the need to strengthen regional 
coordination mechanisms and community-centric planning strategies. 

Keywords 
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1. Introduction: New town and regional development 
Balanced regional growth is key to a country's resilience. UN SDG 11.a supports "strengthening national 

and regional development planning"(Berisha et al., 2022), highlighting scientific space management’s role 

in narrowing gaps. All regions, despite size or development differences, face optimizing production factor 

allocation via effective systems/planning to boost inter-regional coordination and balanced high-quality 

growth(Alonso, 1970; Firman, 2004; Merlin, 1980; Lan Wang et al., 2010). 

New towns address urban problems and improve regional relations. Derived from Ebenezer Howard’s late-

19th-century "garden city"(Rodwin, 1956), the 1940 Barlow Report laid early theory, and Britain’s 1946 

New Towns Act first legalized the concept (Wakeman, 2016) to absorb urban populations, solve housing 

shortages, and revitalize declining areas. New towns have dispersal, aggregation, and radiation functions, 

aiming for urban-rural integration (Shen et Wu, 2017; Xu, 2022). 

Practices in China once replaced "new town" with "new city" due to scale/type differences (Governa et 

Sampieri, 2020; Shen et Wu, 2017; Xu, 2022), with planned populations up to 800,000 (Shen et Wu, 2017)—

far exceeding the original 20,000-60,000-person definition (Merlin, 1980; Rodwin, 1956). Beijing’s 2016 

master plan reintroduced "new towns" (between "new cities" and rural areas) for its ~22 million residents, 

planning 8 new towns (20-60km from the center) to undertake "new cities" and radiate rural areas (Liu et 

al., 2020 b, 2020 a; Long et al., 2020; Tang et Meng, 2021). 

Based on new town concepts and Beijing’s practices, this study reviews the concept and focuses on 

whether Beijing’s "new towns" are sustainable. Using multi-source data and interviews from a government-

market perspective, it analyzes new towns’ development, examines if planning balances capital pull and 

local growth, achieves job-housing balance/industrial upgrading, and verifies if the hierarchy promotes 

balanced regional growth. 

2. Theoretical framework and methodology 
2.1. Evolution of new towns 

Since new towns first appeared in London, Britain, this concept have practiced in megacities like Tokyo in 

Japan, Singapore, and Hong Kong in China. These evolutions formed shifts in ideas such as functional 

separation, functional integration, jobs-housing balance, and urban-rural coordination & relief reception  

(Table 1)(Field, 1992; Gratton, 1979; He et al., 2020; Kiuchi et Inouchi, 1976; Lau, 2010; Seik, 2001; Yokohari 

et al., 2006). 

From Beijing new town policies, planning concept should combine China's local practices. They gradually 

take on dispersal and urban-rural coordination functions, focusing on population dispersal, economic 

growth, environmental protection, urban-rural integration, and regional coordinated growth. 

Table 1 Evolution characteristics of new towns 

characteristic Period Description Representative Cases 

Functional 
Separation 

1940s-1960s 

Emphasized strict zoning following Garden City principles and 
functionalism. Residential, industrial, and recreational zones 
were clearly demarcated, requiring residents to commute to 
industrial districts or city centers. Inter-zonal interactions 
were limited, with public spaces prioritizing utility. 

Early London New Towns:  
Stevenage, Harlow New Town 

Functional 
Integration 

1960s-1980s 

Shifted toward mixed-use development to reduce commuting 
distances and enhance community interaction. Integrated 
jobs-housing links through transit-oriented design, with 
centralized cultural/educational facilities in community hubs. 

Paris: Cergy-Pontoise;  
Hong Kong: Sha Tin New Town 
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characteristic Period Description Representative Cases 

Jobs-Housing 
Balance 

1980s-2000s 

Aimed to ensure proportional local employment opportunities 
through balanced work-residence ratios. Established local 
economic centers and promoted transit-oriented 
development to reduce car dependency. 

Singapore: Tampines;  
Tokyo: Tama New Town 

Urban-Rural 
Coordination 
& Relief 
Reception 

21st Century 
Onward 

Evolved to integrate population relocation, ecological 
protection, and sustainable development. Emphasizes 
industrial upgrading, regional synergy, and the Chinese-style 
modernization ethos of human-nature harmony and 
coordinated urban-rural development. 

Exemplifies China's urban-rural 
integration strategy reflecting 
modernization principles 

Source: Gratton, Kiuchi; He, et al. Compiled by the authors. 

2.2. New towns in Beijing under the market and government interaction 

Beijing’s new town core lies in effective regional deconcentration. Its top-down administrative system 

spans municipal, district, subdistrict/township to community/village levels. The 2016-2035 Beijing master 

plan positions eight new towns 20-60km from the city center (Figure 1), aiming to absorb central urban 

resources and reduce regional gaps. Effective deconcentration requires both government management 

and market participation (Qing et al., 2018; Wu, 2015). The study constructs a market-government 

interaction framework for deconcentration (Figure 1). 

In effective deconcentration (Figure 1), government-market interaction drives rational urban function 

dispersal: government leads via infrastructure and policies; the market responds with cost-oriented 

relocation, forming industrial clusters, with two-way interaction maintaining balance (Wu, 2015). In 

ineffective deconcentration (Figure 1), one-sided government push and weak policies cause single regional 

growth; forced relocation leads the market to move only low-end industries, lacking high-value sector 

relocation motivation, and companies have low relocation incentive (Liu et al., 2020 b; Qing et al., 2018; 

Tang et Meng, 2021). This breaks government-market interaction, weakening market response, hindering 

policy adjustment, and resulting in superficial function dispersal. 

 

Figure 1. Theoretical Framework: hierarchy and the Relationship between Government and Market. Source: 
Authors. 
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2.3. Methods and data sources 

The study time period focuses on development paths of each new town after the 2016 plan 

implementation. Since each town has different locations and histories, the study starts with three basic 

issues: development process, current characteristics, and government-market interaction. It analyzes 

development phenomena and causes overall (Table 2) (Fa Li et al., 2018; Peng, 1997). 

Table 2 Source and explanation of research data 

Category Types Data source Description 

Development 
process 

Historical 
information of 
development 
stage 

Historical data of 
towns, previous 
master plans of 
beijing 

Analyze the establishment, historical causes and positioning contents of 
previous master plans of towns. 

Strategic 
positioning 

Beijing city master 
plan (2016-2035) 

Analyze the contents and leading industries involved in the positioning of new 
towns in the master plan. 

Current 
characteristics 

Social 
development 

Baidu population 
big data 

It mainly analyzes the jobs-housing ratio (formula: working 
population/resident population) and the population inflow-outflow ratio 
(formula: inflow population/outflow population). Due to the statistical 
reasons of working population data, the calculated job-residence ratio will be 
lower than the real job-residence ratio. 

Economic 
development 

Industrial and 
commercial 
enterprise 
registration data 

It mainly analyzes the total registered capital of enterprises and the inflow-
outflow ratio of enterprises (formula: inflow enterprises/outflow 
enterprises). 

Space 
environment 
development 

China land market 
network, Gaode 
map POI. 

It mainly analyzes the quantity of land transfer and shannon diversity index. 
Shannon diversity index formula is:  
H' = - σ (pᵢ × ln(pᵢ)), pᵢ is the relative abundance of the i-th poi category. The 
calculation formula is pᵢ = nᵢ / n. nᵢ is the number of the i-th category, and n is 
the total number of all individuals in this type(Marcon et al., 2014).  

Government-
market 
interaction 

Qualitative 
interview 

A total of 23 
interviews with 
more than 50 
people. 

The author and the planners of beijing munich institute of urban planning and 
design visited eight new towns for six times on march 7, march 26, april 26, 
may 23, june 4 and june 12, 2024. 

Source: Compiled by the authors. 

3. Result 
3.1. Development process: Different integration into the regional development state 

Beijing's new towns have different growth bases. Some new towns went through changes from satellite 

cities to new towns. Overall, they gradually take on capital function dispersal. From regional pattern 

changes, each new town shows processes of single growth, market-led integration into regions, and 

government-led integration. They gradually join and allocate capital regional functions. From growth types, 

new towns could divided into four main types (Figure 2). Among them, Changxindian and Nankou became 

Beijing's satellite towns in 1958. They formed early industrial production and living group; Caiyu, Doudian, 

and Yangzhen formed early industry clusters in 1990s; Mafang and Weishanzhuang show investment-led 

growth modes; Yongledian shows natural growth mode. 

From strategic positioning in the Beijing City Master Plan (2016-2035) and each district's master plans, 

districts set different growth positions for new towns  (Table 3). They show four main types: 1) Directly join 

“new cities” as parts: Mainly Doudian and Caiyu. They join “new city” areas directly. For example, Doudian 

Industry Park joins as an enclave of “Yizhuang new city”. Caiyu's middle group joins as one of “Fangshan 

new city's” three parts. 2) Become reception areas for large city industry and function overflows: Mainly 

Changxindian and Nankou. They are near central urban boundaries with good locations. For example, 

Changxindian takes Zhongguancun West Zone industry transfers. Nankou takes university city overflows. 
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3) Sit as nodes on district planning development axes: Mainly Yangzhen and Mafang. They are parts of 

district planning axes. They are parts of district main functions (like Yangzhen auto industry park) and 

services (like Mafang logistics park). 4) Sit in district planning structure edges with poor growth levels: 

Mainly Weishanzhuang and Yongledian. Their positions are unclear. They are in edges of several “new city” 

parts. Their structure locations and function positions are not clear. 

 

Figure 2. Evolution and classification of new town types. Source: Authors. 

Table 3 Industrial base and planning industry of new towns in Beijing 

Name Industrial development Industrial strategic positioning Planning initiatives 

Changxindian  
town 

The science and technology 
foundation is good, and the west area 
of Fengtai Park in Zhongguancun 
Science Park is located here. Railway 
culture and historical culture gather, 
with profound cultural heritage and 
rich ecological resources. 

Zhongguancun Fengtai Park West Zone serves as a 
pivotal area in the Hexi region for fulfilling Beijing's 
technological innovation service functions for the 
capital. West Zone 1 emphasizes comprehensive 
regional support and ecological demonstration 
capabilities, while West Zone 2 integrates collective 
industrial development with Changxindian Town. 

Restore Changxindian Old 
Street and establish the 
West Zone of 
Zhongguancun Fengtai  
science Park 

Yangzhen town 

Urban modern agriculture has 
achieved a certain scale. Form a 
modern manufacturing industrial 
base dominated by the automobile 
industry. Beijing city university's 
settlement is conducive to promoting 
industrial agglomeration and 
transformation. 

It aims to cultivate an ecological industrial 
demonstration zone for new energy intelligent 
vehicles, integrating R&D design, smart manufacturing, 
and other sectors. The vision includes a vibrant new 
town in the capital characterized by university-town 
integration, distinct cultural identity, and coordinated 
urban-rural symbiosis. 

Relocate universities, 
optimize the distribution 
of manufacturing sectors 
among enterprises, and 
promote university-town 
integration 

Nankou town 

With a long history, Juyongguan Great 
Wall and other cultural heritages are 
located in the town. Beijing university 
of chemical technology and other 
universities are located in the east of 
the town. 

Focusing on ecological conservation, industrial 
upgrading, and old town revitalization, the area will 
develop into a new town along the Great Wall Cultural 
Belt, promoting coordinated growth across agriculture, 
industry, scientific research, and cultural tourism. 

Relocate national key 
laboratories and leverage 
tourism infrastructure 

Caiyu town 

Beijing Caiyu Economic Development 
Zone is a part of Yizhuang “New City”, 
and new energy vehicles and auto 
parts have become two absolute 
pillar industries. 

Caiyu Town, located in the supporting service sector of 
Yizhuang New City, is planned as a new town with 
leisure and tourism features. Key industries include 
new energy intelligent vehicles and sports-leisure 
sectors.  

Integrate into new town 
clusters and develop 
leisure tourism 
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Name Industrial development Industrial strategic positioning Planning initiatives 

Weishanzhuan
g town 

Agricultural industrialization has 
begun to take shape, and the planting 
scale of flowers, vegetables and fruits 
has reached the leading level in the 
whole region. It has a cultural 
industry foundation and a natural 
forest landscape. 

Enhancements will focus on aviation services, 
ecological protection, and rural revitalization. The 
town is designated as a new town with cultural and 
creative exhibition characteristics, prioritizing cultural 
displays and aviation services. 

Establish the main 
exhibition area for the 
International Moon 
Festival 

Doudian town 
Beijing's high-end manufacturing 
base is the core area of 
Zhongguancun South Innovation City. 

The Doudian Cluster primarily develops modern 
transportation, intelligent equipment, and 
pharmaceutical-health industries. The new town will 
drive and support development in surrounding rural 
areas. 

High-end manufacturing 
base 

Mafang town 
Relying on land port, develop port 
economy, modern logistics industry 
and e-commerce industry. 

Leveraging transportation structure adjustments, 
Mafang will be transformed into a demonstration-level 
Grade 1 hub for Beijing's integrated road-rail 
development, securing land for the Jingping Logistics 
Comprehensive Hub and promoting the transfer 
 from road to rail freight ("公转铁"). 

Industrial park and 
regional logistics hub 

Yongledian 
town 

Edible fungi, special vegetables and 
aquaculture are the primary 
industries, while general 
manufacturing is the secondary 
industry. 

Yongledian New Town will capitalize on its 
transportation, ecological, and spatial resources to 
strengthen tech services, business services, and green 
services. It will actively nurture regional strategic 
emerging industries and drive traditional industry 
transformation. 

Industrial functional 
transfer is not yet 
underway. 

Source: Beijing Urban Master Plan (2016-2035). Compiled by the authors. 

3.2. Current characteristics: Spatial representation of society, economy and environment 

From social representations, Yangzhen and Mafang have strong population absorption capacity (Figure 3). 

The jobs-housing ratio (working to resident population) reflects employment-living balance; data comes 

from Baidu population big data (4-hour daytime stay standard, unified across towns with minor deviation). 

New town employment features: 1) Yangzhen (many working college students) and Mafang (stable 

working-resident college student ratio) are labor-intensive employment centers; 2) Doudian, Nankou, 

Caiyu, Yongledian are absorbed by nearby "new cities" but balance flows; 3) Changxindian and 

Weishanzhuang (low jobs-housing ratios) are absorbed by nearby strong work centers (Changxindian by 

east urban areas, Weishanzhuang by west town). Over 6 years, new town working population flows are 

overall balanced, with varying contact hinterlands (Figure 3): 1) Six have inflows (Yongledian, Changxindian, 

Weishanzhuang, Doudian, Mafang; Yongledian has the clearest inflow, including distant Chaoyang District); 

three have outflows (Caiyu, Nankou, Yangzhen; Nankou has the clearest outflow to areas like Chaoyang 

District); 2) Hinterland types: Doudian, Mafang (cross-district influence), Changxindian, Nankou (medium 

range, some outward influence), Weishanzhuang, Caiyu, Yongledian, Yangzhen (district-limited influence). 

Economically, new towns focus on manufacturing and services with varying industry polarization; Mafang 

has the strongest company attraction (Figure 4). Industry capital spreads from town centers (discontinuous 

with the central city): multi-center (Changxindian, Weishanzhuang), single-center small-scale (Yongledian, 

no clusters), single-center diffusion (Yangzhen, Mafang). Towns have mixed tertiary industry patterns 

(Figure 4): 1) Leading factories + industry clusters (Yangzhen, Caiyu, Doudian; e.g., Yangzhen’s auto 

manufacturing, Doudian’s Changan Automobile); 2) Industry parks + leading factories forming clusters (e.g., 

Nankou’s high-tech, Changxindian’s Zhongguancun transfers); 3) Scattered, no industry scale, primary 

industry-dominated. Company inflows/outflows (Figure 4) show overall growth (ratios >1); Mafang has the 

strongest industry attraction, Changxindian the largest inflow, followed by Yongledian and Weishanzhuang. 

Spatially, new towns have "new city" coordinated/independent growth modes (Figure 5). Land transfer 

(2003-2023) reflects vitality: high-volume towns (Caiyu, Doudian, Mafang, Weishanzhuang, Changxindian) 

develop via "villagers moving upstairs"; Yangzhen, Nankou, Yongledian have small totals (Yangzhen, 
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Nankou focus on allocated land). Shannon diversity index shows layout differences (Figure 5): 1) Joining 

urban areas (Changxindian, Nankou); 2) High growth, large range (Changxindian, Doudian, Nankou); 3) 

High-value multi-core (Caiyu, Yangzhen); 4) High-value focused clusters (Mafang south). 

 
Figure 3. Main social indicators of new towns in Beijing. Source: The data from Baidu population big data, 
drawn by the authors. 

 
Figure 4. Main economic indicators of new towns in Beijing. Source: The data from China industrial and 
commercial registration data, drawn by the authors. 
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Figure 5. Current Spatial Environment Map of Beijing’s New Towns. Source: The data from China land market 
website, POI data of gaode map. drawn by the authors. 

3.3. Government-market interaction: Coordinated and Divergent 

Based on each new town's development process and current characteristics (Hanxi Wang, 2024), Using 

over 50 interviews, the study explains mechanisms, dividing factors into infrastructure, land transfer, 

industrial capital, labor, and innovation (Table 4). All new towns are in Beijing’s population/land reduction 

system (Qing et al., 2018), with limited town-level land and unclear core functions/policy support; towns 

need higher-level land indicators, investment, talents, and approvals. 

Policy support varies with growth states: unsupported towns are influenced by nearby "new cities" (e.g., 

Caiyu’s core enterprises moved to Yizhuang New City for preferences (Table 4)). Supported towns may 

hinder surrounding areas (e.g., Mafang’s land indicators from nearby towns, "blood sucking"), reflecting 

megacity shrinkage governance complexity (Zhang et Lerman, 2025). 

Table 4 The Development Status of New Towns Based on Interview 

Type Government initiatives Market response 

Infrastructure 

“In 2021, the original Changxindian town was divided into the 
present Beigong town and Changxindian street, and the two 
management methods of street and town formed new 
administrative barriers.”(Interview from Changxindian) 

“At the beginning, we mainly focused on the environment and 
quickly upgraded the infrastructure. Now the construction 
standards are very high.”(Interview from Mafang) 

“part of the town is included in the new town, and the 
infrastructure establishment standards of the new town are 
different, which has formed great difficulties.”(Interview 
from Doudian) 

“Now the infrastructure construction standards are 
inconsistent with the environment, so enterprises should first 
consider accessibility and whether they can communicate 
with the outside world quickly.” (Interview from 
Changxindian) 

“After the improvement of environmental construction 
standards, many enterprises quickly settled in and now have 
a good industrial base.” (Interview from Mafang)  

Land transfer 

“Although there are good industries, there are difficulties in 
planning and implementation, and who will build and invest 
in land leveling is a problem.”(Interview from Doudian)  

“Because of the lax management in the past, there were a lot 
of land without formalities... Because the enterprises that 
moved away under the pressure of land want to return to 
Beijing, Beijing has a good business environment.”(Interview 
from Doudian)  

135



Cai, Z.; Xu, JH.; Zhang, YY.; Ha, RG.; Yu, TF. A new hierarchy between urban and rural 

 

 

 

Type Government initiatives Market response 
“In the past, the largest wedding company in southern Beijing 
was dismantled, and the incomplete procedures became their 
worries.”(Interview from Weishanzhuang)  

“The land policy was too tight, and it used to develop better, 
but now people are lost.”(Interview from Weishanzhuang)  

Industrial 
capital 

“Now it is a part of the ‘new city’, and the policy should follow 
the ‘new city’.”(Interview from Caiyu)  

“At present, there is no industrial development at all, and it is 
close to neighboring provinces. We will not consider coming 
to Beijing to build a factory because the land cost is too 
high.”(Interview from Yongledian)  

“Zhongguancun west (中关村西区), which was to be built in 
2005, is still under discussion, and it has always been reserved 
land.”(Interview from Changxindian)  

“The former big tax collector "Beiqi" moved to Yizhuang, and 
many industries moved away, and the output value 
decreased. The new town was supposed to radiate, but the 
‘new city ’  built behind took away the industry.”(Interview 
from Caiyu)  

“Because of the subway, industry and so on will be quickly 
absorbed, and now it has always been a sleeping 
city.”(Interview from Changxindian)  

Labor force 

“Beijing requires reducing quantity and improving quality, 
and the labor force can only come in under strict 
control.”(Interview from Yongledian)  

“Mafang town is developed with the strength of the whole 
Pinggu district, which is an indicator of exploiting other towns 
in the district, not because of the establishment of new towns. 
I hope to have local government power such as talent 
introduction and decentralization of approval 
process.”(Interview from Mafang) 

“Accessibility is too low, and the resources and environment 
are not very good.”(Interview from Yongledian)  

“All of them only work here. The high schools in this area 
merely exist in name—they don't represent genuine high-
quality educational resources.”(Interview from Mafang)  

Innovation 
transformation 

“Now the development foundation is good, but it needs 
industrial upgrading.” (Interview from Yangzhen)  

“The relocation of the State Key Laboratory responded to the 
call of the central government and was an important measure 
after the establishment of the new town.” (Interview from 
Nankou)  

“The linkage between industry and schools has not yet been 
established.” (Interview from Yangzhen)  

“The follow-up development is still unclear, and it is hoped 
that key laboratories will have new industrial value.” 
(Interview from Nankou)  

Source: Excerpt from an interview. Compiled by the authors. 

4. Discussion: Is this a new sustainable urban growth pattern? 
New town in Beijing has built a Unidirectional management mode, which has achieved the successful 

development of new towns such as Mafang and Nankou(Liu et al., 2020 b; Qing et al., 2018; Tang et Meng, 

2021). This development enables resources to flow to the surrounding areas 60KM away from the core of 

the metropolitan area. This successful development is based on the framework of "reducing quantity and 

improving quality" in Beijing(Shengxiao Alex Li et Zhao, 2022). Government guides market from quantity 

pursuits to quality and efficiency through rigid land and population rules(Wu, 2015). New towns with more 

policy supports can form new industry clusters through land, capital, and labor transfers, thereby achieving 

initial job-housing balance. 

Beijing new towns’ growth features one-way government-to-market production factor flows (Figure 6). For 

land resources, Government leads allocation, controls supply (Wu, 2015), pushes land-quota linking 

(Shengxiao Alex Li et Zhao, 2022), binds land with population/industry; market gets commercial land and 

participates in land finance, with feedback to government. At capital levels, Government guides flows via 

state firm relocations; market lays out industries by policy (Xue et al., 2013). At labor levels, Government 

prepares human resources, coordinates personnel with industry; market matches supply-demand, creates 

jobs, drives employment. From other factors, Government activates market via high-value factors (Marcon 

et al., 2014), relocates institutions to boost innovation; market uses knowledge for innovation, forming 

vitality points (Liu et al., 2020 b; Qing et al., 2018; Tang et Meng, 2021). 

This Unidirectional management mode not only shows as flows from government to market. It also shows 

as one-way flows in "central city, new city, new town, rural" order. Each level's function positions and 

industry allocations come from upper levels(Liu et al., 2020 b; Qing et al., 2018; Tang et Meng, 2021). This 
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deconcentration mode is top-down administrative push type. Market spontaneous forces are lacking, 

resulting in the absence of two-way interactions. Thus, most new towns easily fall into the capital's 

aggregation shadow,and fall into industry and population loss traps. For regional sustainable growth, local 

controls over production factors may become new policy strategies, which lets them form self-support 

abilities from passive reception gradually(Wu, 2015). 

 

Figure 6. Unidirectional management mode of government-market. Source: Authors. 

5. Conclusion 
China's Beijing established a new hierarchy between “new cities” and rural areas. It provides key practical 

insights for global megacities exploring new urban-rural relations(Liu et al., 2020 b; Qing et al., 2018; Tang 

et Meng, 2021). In this new hierarchy, Beijing planned 8 new towns as key nodes and strengthens their 

industry bearing and function dispersal abilities. This new town building is not a simple expansion but is 

embedded in Beijing's overall " reducing quantity and improving quality" logic (Shengxiao Alex Li et Zhao, 

2022). It pushes orderly flows of production factors like land, capital, and labor to metropolitan edges 

through strict management. Beijing's practices show that megacity urban-rural relation rebuilding focuses 

on orderly transmission of city radiation energy to rural hinterlands through effective space management 

and system designs(Xue et al., 2013). This provides useful solutions for global megacities facing similar 

growth pressures(Marcon et al., 2014). 

From sustainable growth views, production factor flows under strict management assume central urban 

areas can keep ongoing growth (in economy or population). Due to policy tilt reliance, this new hierarchy 

does not break from existing planning paths. From several new towns with slow growth, local governments 

without policy tilts hard form suitable main industries for themselves. Homogeneous rule location settings 

also stop natural flows of industries and populations. Based on this, delegating core production factor 

powers at new town levels sparks diverse subject market vitality, while strengthening regional coordination 

mechanisms and community-based planning remains significant for many megacity regional plans (Wu, 

2015). 
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Abstract

During COVID-19, urban waterfront spaces became important blue-green areas, as they gave
people a sense of peace and comfort. However, few studies focus on emotional changes within
15-minute living circles, traditional linear models often fail to show the complex links between
environment and emotion. We built a spatial machine learning framework to explore the
relationship between environmental characteristics and public emotions in Shanghai ’ s “One
River One Creek ” waterfront living circles. It uses social media emotion data and detailed
environmental data to find spatial and temporal variations before and after the pandemic. The
pandemic changed how people felt about the waterfront. Emotional hotspots that were once in
central areas spread toward the edges of the city, and environmental factors also shifted. After
the pandemic, sensory elements became the main influence on emotion. Some key variables
showed clear threshold effects. Environmental effects were very different between central and
suburban areas, and across different types of shorelines.

Keywords

Environmental resilience, Waterfront living circles, Public wellbeing, Spatiotemporal
heterogeneity, Explainable machine learning

1. Introduction
Urban waterfront spaces are key parts of blue-green infrastructure. They offer beauty, recreation, history,
social interaction, and emotional comfort (Gascon et al., 2015; Wang & Lin, 2024; White et al., 2019). As
cities grow fast, waterfronts have become gateways that show the character of a city. Their quality
directly affects people ’s physical and mental health (Ding et al., 2023). During public health crises like
COVID-19, these spaces gained new importance by giving people places for emotional relief (Ugolini et al.,
2020). To use waterfronts well, we need to understand how the environment and human behavior
interact. The pandemic has changed how people live and how they think about space.
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Many studies have explored how the urban environment affects people’s emotions (Kaplan & Kaplan,
1989). But most of them look at entire cities or single green spaces. Few focus on emotional changes
along the waterfront within small areas such as 15-minute walking circles. The rise of social media now
allows researchers to track public emotions on a large scale and in real time (Golder & Macy, 2011; Ma et
al., 2020). These data reflect how people truly feel in different places and times (Mitchell et al., 2013).
Still, many studies use simple linear models that cannot show complex or uneven relationships in space
(Fan et al., 2021). Geographically weighted random forest models can better reveal these patterns
(Georganos et al., 2021). Yet few studies have looked at how crises like the pandemic have changed the
way people use waterfronts or how they feel about them (He et al., 2024).

This study builds an interpretable spatial machine learning framework. This framework combines
Geographically Weighted Random Forest (GW-RF) and Shapley Additive Explanations (SHAP), to examine
the ways in which environmental factors relate to public emotions in waterfront living circles. We focus
on three main aspects: the influence of environmental features, including built environment factors,
perception indicators, and microclimate elements such as temperature, on emotional patterns and their
relative importance, the way to measure and explain nonlinear links and threshold effects, and changes
of these links across areas and time. By examining these aspects, this study provides insights for health-
oriented waterfront planning and design in post-pandemic urban contexts, supporting more human-
centered and resilient urban development.

2. Literature Review
2.1. Waterfront Environment and Public Emotion Relationships

Interest in how waterfront environments shape emotional well-being has been sustained for decades,
though the depth of explanation varies across studies. Early research, largely grounded in restorative
environment theory, suggests that water-based landscapes can reduce mental fatigue and support
attentional recovery (Gascon et al., 2015; White et al., 2016). However, these studies rely on general
theories and do not test how different waterfront features shape emotions in real urban settings.

Later studies take a broader view of the built environment. Mouratidis (2021) links well-being to travel,
recreation, work, social life, residential comfort, emotional response, and health. Cooper, Crase and
Burton (2023) show that accessibility, water quality, and facility design all affect psychological benefits.
While these studies include more factors, they often treat them as independent variables and do not
examine how they interact. Some researchers begin to use new data and methods. Ma et al. (2020) ,
using geolocated Weibo data, identify gendered emotional patterns along Wuhan’s waterfront; however,
the analysis largely remains descriptive, offering limited insight into the mechanisms behind these
differences.

Recent work starts to model perception more directly. Cao et al. (2022) classify coastal landscapes into
natural, artificial, and sensory types and test their effects on tourist emotions. Yan et al. (2024) build a
pathway model that links landscape features, water-friendly preference, and emotional outcomes.
Compared with earlier work that centers on general environmental benefits, these approaches
introduce a more structured understanding of perception. Still, by reducing experience to a few
predefined categories, they may overlook the more subtle and layered ways in which emotions are
formed in complex waterfront settings.
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2.2. Social Media Data for Public Emotion Analysis

The use of social media data has reshaped how urban emotions are studied, offering larger samples,
lower costs, and finer temporal resolution than traditional surveys. Li, Goodchild and Xu (2013) and
Reece and Danforth (2016) map emotional patterns across cities and find clear spatial differences.
However, these studies depend on text data and may suffer from bias in user groups and expression
styles. Wu (2019) and Shi (2024) combine spatial and textual data, but they mainly describe patterns and
do not model causal relationships.

Recent studies focus on changes under external shocks. Lai (2023) show that COVID-19 shifts park use
toward nearby community spaces with good walkability. He (2024) find that people in dense and low-
green areas report stronger feelings of helplessness during the pandemic. These studies highlight the
importance of contextual factors, yet they are often tied to specific events and do not readily translate
into more generalizable analytical frameworks.

2.3. Breaking Traditional Heterogeneity and Nonlinearity Parallel Processing

Many studies treat spatial heterogeneity and nonlinear relationships separately. This limits model
performance. Zhou (2023) identify threshold effects in green space that vary by scale and season, which
shows clear nonlinearity. However, traditional regression models cannot capture these patterns well.
Machine learning models such as random forests can model nonlinear effects, but they often lack
interpretability. Global models also ignore spatial variation.

Urban systems show nonlinear and spatial effects at the same time. Georganos (2021) first proposed this
method and improved spatial modeling accuracy. Recent work improves interpretability. SHAP methods
explain how each variable contributes to model output. Chen (2024) combines geographically weighted
random forests (GW-RF) with SHAP to analyze factors influencing green view rates. Even so, applications
remain largely confined to visual environment indicators, with limited extension to emotional
outcomes—leaving a gap that this study seeks to address.

3. Methodology
The overall workflow consists of four main stages (Figure 1), moving from data construction to modeling
and interpretation.
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Figure 1. Workflow. Source: Authors.

3.1. Study Area

The analysis focuses on Shanghai ’ s “ One River, One Creek ” waterfront system, covering both the
Huangpu River and Suzhou Creek (Figure 2). To operationalize spatial units, walking accessibility is first
estimated using the MapBox API, with a 15-minute threshold applied over the street network to
delineate reachable areas. Based on this, a uniform grid of 150 m × 150 m is generated, resulting in a
total of 8,876 analytical units (Figure 3). This grid-based approach allows for consistent comparison across
different environmental and social dimensions.

Figure 2. Study area. Source: Authors. Figure 3. Research area delineation. Source: Authors.
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3.2. Datasets

To capture temporal variation, multi-source datasets are constructed for two periods: the pandemic year
(2021) and the post-pandemic year (2023). Built environment data—including POIs, road networks, and
land use—are compiled from Gaode Map API, the National Geographic Information Public Service
Platform, and OpenStreetMap. For the natural environment, NDVI is derived from Google Earth Engine
using monthly composite imagery with cloud masking applied, and mean values are calculated at the grid
level.

Microclimate conditions are represented by temperature data obtained from the Shanghai
Meteorological Bureau and local weather stations, providing a proxy for fine-scale environmental
variation. At the same time, social media data are collected from Weibo for September 2021 and
September 2023, yielding 40,497 and 84,225 posts, respectively. After filtering for spatial relevance,
removing empty entries, and extracting emotionally meaningful content, a cleaned dataset is produced
for subsequent analysis.

3.3. Variables

3.3.1. Dependent Variable
We used a dictionary-based sentiment analysis method. This method combines three sources: the Dalian
University of Technology Emotion Ontology Library, the HowNet Sentiment Dictionary, and the BosonNLP
Sentiment Dictionary. We constructed comprehensive sentiment dictionaries containing positive,
negative, and neutral categories totaling over 15,000 vocabulary items. Combined with machine learning
techniques, we performed emotion recognition and quantification on Weibo texts, calculating emotional
vocabulary scores for each post to generate total emotion scores, then computing emotion environment
averages for each grid unit through spatial association.

    Term Adjustment Adverb DegreeScores  WordNegative Scores)  Word(PositiveScoreEmotion (1)

Where the degree adverb adjustment term modulates emotional intensity based on degree adverbs such
as "very," "particularly," "slightly," etc., with adjustment coefficients ranging from 0.5-2.0.

3.3.2. Independent Variables
Guided by the “5D” framework (Ewing & Cervero, 2010), the built environment is described through a
combination of development density, service diversity, transportation provision, design characteristics,
and openness, rather than treating these dimensions separately. To capture how space is actually
experienced, three perception-based dictionaries are constructed, covering natural elements (e.g.,
vegetation, water, and weather), artificial features such as buildings and infrastructure, and sensory
expressions related to sight, sound, smell, and touch. In addition, temperature is selected as the key
microclimate indicator, given its central role in shaping outdoor comfort and its direct influence on
emotional responses, particularly in waterfront settings.

Collinearity tests show that all selected variables have variance inflation factors below 7 (Table 1),
indicating acceptable levels for model estimation. Descriptive statistics are presented in Table 2.
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Variable
T GSR BSC DFS FSI MSC FAR RND sense CFD nature CulFD PSFD PSD SSD manmade

2021 4.24 4.13 3.83 3.73 3.02 2.96 2.48 2.27 1.81 1.6 1.55 1.38 1.18 1.18 1.08 1.01

2023 4.97 4.01 3.85 3.87 2.94 3.08 2.47 2.3 1.81 1.88 1.66 1.57 1.73 1.28 1.1 2.03

Table 1. Results of the VIF analysis. Source: Authors.

TYPE CATEGORY VARIABLE INDICATORS INSTRUCTIONS MEAN VALUE VARIANCE

Dependent
Variable

2021(during the epidemic) 2021 Emotional Score 1.532 2.634

2023(after the epidemic) 2023 Emotional Score 1.300 2.006

Independent
Variable：

Built
Environment

Overall Transportation
Infrastructure

Bus Station Coverage,
BSC, %

2021 bus station 300m buffer zone area
/unit area

0.579 0.460

2023 0.586 0.458

Metro Station
Coverage, MSC,%

2021 subway station 800m buffer zone area
/unit area

0.417 0.483

2023 0.421 0.484

Parking Facilities
Density, PFD, per km²

2021
number of parking lots/unit area

5.249 19.310

2023 39.887 8010.563

Waterfront Design Features

Road Network Density,
RND, km/km²

2021 total length of road network within the unit
/unit area

13.028 13.207

2023 13.384 13.451
NDVI(Normalized

Difference Vegetation
Index )

2021
green area within the unit/unit area

0.376 0.148

2023 0.380 0.027

Distance From
Shoreline, DFS, m

2021 the vertical distance between the
centroid of the unit and the shoreline

492.379 306.928

2023 492.379 306.928

Density of
Waterfront Development

Floor Space Index,
FSI, %

2021 total area of building foundation
within the unit/unit area

0.089 0.114

2023 0.062 0.079

Floor Area Ratio, FAR
2021 total building area within the unit

/unit area
0.562 0.986

2023 2.288 4.036

Waterfront Functional Services

Public Service Facilities
Density, PSFD, per km²

2021 number of public service POI
within the unit/unit area

5.470 23.074

2023 32.381 129.486

Commercial Facilities
Density, CFD, per km²

2021 number of commercial facilities POI
within the unit/unit area

86.492 248.138

2023 237.339 678.586

Cultural Facilities
Density, CulFD, per km²

2021 number of cultural facilities POI
within the unit/unit area

28.144 100.355

2023 23.169 75.629

Quality of
Waterfront Openness

Park Square Density,
PSD, %

2021 area of park square within the unit
/unit area

0.049 0.192

2023 0.072 0.220

Scenic Spots Density,
SSD, per km²

2021 number of scenic spots POI
within the unit/unit area

2.122 22.026

2023 5.265 39.785

Independent
Variable：
Perception
Environment

Perceived
Atmospheric Environment

Nature Features,
nature

2021 perception level of natural elements
in Weibo text

0.090 0.166

2023 0.087 0.156

Manmade Features,
manmade

2021 perception level of manmade elements
in Weibo text

0.003 0.035

2023 0.129 0.182

Sense Features, sense
2021 perception level of sensory elements

in Weibo text
0.114 0.180

2023 0.107 0.163
Independent
Variable：
Microclimate
Environment

Climate Temperature, T,℃
2021

unit average temperature

18.910 12.870

2023 18.108 12.277

Table 2. Description of dependent and independent variables. Source: Authors.

3.4. Methods

3.4.1. Geographically Weighted Random Forest (GW-RF) Model
Random Forest is a global model based on all training data where each data point has equal weight for
coefficient estimation. However, RF ignores spatial heterogeneity, unable to reveal spatial variations in
spatial data associations. To address this limitation, we introduce GW-RF models incorporating GWR
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model core ideals into traditional RF models. The equation of the bi-square weighting kernel function is
as follows:
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Where ijd is the distance between grids. Each grid's neighborhood is selected(where ijw ≠ 0)and used as

input for establishing local RF.

The local variable importance for each grid is then estimated. Thus, GW-RF regression equation modified
from RF can be expressed as follows:

    ivui xfY
ii

 *
, (3)

where   *
, xf
ii vu is the prediction of GW-RF on gridi, and ii vu , denotes the coordinates of the center of grid.

3.4.2. SHAP Interpretability Analysis
SHAP models, based on game theory Shapley value concepts, quantify each feature's marginal
contributions to model predictions. The Shapley value formula for feature i is:

          
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Where N represents the set of all input features, S represents a subset of N, SX represents the input

vector with feature values in the set.

4.Results
4.1.Model Performance Comparison

We established two models for 2021 and 2023 emotion scores, adopting grid search methods and 3-fold
cross-validation for optimal hyperparameters to prevent overfitting. Using R², RMSE, and Mean Absolute
Error (MAE) evaluation indicators, we compared two GW-RF models with OLS, GWR, and RF models.
Results demonstrate that compared to other models, GW-RF models show lower RMSE and MAE values
with higher R² values, reflecting their superiority in considering spatial heterogeneity.

4.2.Nonlinear associations Interpretations

4.2.1.RI of variables
Global RI is measured through global SHAP values, calculated using ratios of each variable's mean |SHAP|
to all variables' mean |SHAP| sums after computing absolute SHAP value averages (Figure 4). Waterfront
area public emotion influencing factors demonstrate significant changes between pandemic and post-
pandemic periods. During pandemic, temperature was the primary emotion influencing factor, with
September's suitable temperature conditions positively impacting emotions, followed by sensory
elements and natural elements, subway station coverage, bus station coverage, and floor area ratios.
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However, post-pandemic, influencing factor importance rankings underwent fundamental adjustments.
Sensory elements became the most important influencing factors, surpassing temperature as primary,
followed by temperature, perceived natural and artificial elements, bus station coverage, and building
density. This change's core lies in artificial element influence substantial increases, directly reflecting
post-pandemic waterfront activity frequency significant increases, making artificial facility richness more
importantly impact emotional experiences.

(a)2021 Var i ab l e re la t i ve impor tance rank ing (b)2023 Var i ab l e rel a t i ve impor tance rank ing

Figure 4.The global and local RI of environmental factors from the SHAP model. Source: Authors.

4.2.2.Nonlinear Association Analysis
The SHAP results reveal pronounced nonlinear relationships and threshold effects between waterfront
environmental factors and public sentiment.

For microclimatic conditions, temperature exhibits an overall inverted U-shaped effect (Figure 5). During
the pandemic period, its influence turns negative when exceeding approximately 28–29°C. In the post-
pandemic stage, the high-temperature constraint weakens, while the negative effect of low temperature
becomes more prominent, with a threshold around 20°C, indicating a shift in thermal comfort
preferences.

(a ) 2021 temperature (b ) 2023 temperature

Figure 5. SHAP value for microclimate environmental variables. Source: Authors.

Perceptual environmental variables also show clear threshold patterns (Figure 6). Natural and sensory
elements generate positive effects at relatively low levels (around 0.1), whereas artificial features require
higher intensities (around 0.4) to produce comparable benefits. This suggests that emotional responses
are more sensitive to natural stimuli, while built features exhibit a higher activation threshold.
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(a)2021 sense

features

(b)2021 nature

features

(c)2023 nature

features

(d)2023 sense features

Figure 6. SHAP value for perceived Environmental Variable (During the Pandemic). Source: Authors.

The built environment demonstrates more complex dynamics (Figure 7). The effect of transport facilities
remains relatively stable across periods: well-served areas are associated with positive sentiment, while
poorly connected areas show negative effects, highlighting the role of accessibility. In contrast,
preference patterns change markedly. During the pandemic, proximity to water and environmental
quality were prioritized, with a “closer is better” tendency; a distance of approximately 125 meters and a
green space ratio around 0.4 represent key thresholds.

(a)2021 Metro station

coverage

(b)2021 Bus Station

Coverag e

(c)2023 Metro station

coverage

(d)2023 Bus Station

Coverag e

Figure 7. SHAP value for built Environmental Variable. Source: Authors.

4.2.3.Spatiotemporal Heterogeneity Analysis
Local relative importance reveals pronounced spatial variation across periods (Figure 8). Temperature
and perceptual atmosphere remain the dominant drivers, though their spatial influence shifts after the
pandemic. The role of temperature weakens in suburban areas, indicating reduced sensitivity to
microclimatic conditions outside the urban core.

(a) The fea tu re va r i ab l e wi th the grea te s t impac t in 2021 (b ) The fea tu re va r i ab l e wi th the grea te s t impac t in 2023

Figure 8. Feature variable local explanation map. Source: Authors.

5.Discussion
5.1.Planning and Policy Implications for Waterfront Emotional Geography

Research reveals fundamental waterfront emotional distributions have shifted from convenience toward
comfort, center toward periphery, single functions toward composite experiences. During pandemic,
central areas had high population densities, leading to lower public emotion scores, while suburban open
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waterfront spaces became emotional havens due to low-density characteristics. Post-pandemic, this "risk
geography" influence became weaker. People returned to looking for complete functions. At the same
time, they wanted much better spatial quality.

Development intensity has a positive U-shaped relationship. Both extremely low-intensity open spaces
and ultra-high-intensity landmark developments create positive emotions. But medium-intensity
development causes negative emotions. This suggests waterfront spaces should avoid "mediocre medium
development." They should pursue "either completely open or very outstanding" strategies.

Perceptual elements have a low threshold of 0.1. This means that even small amounts of natural
experience can make people feel better. It also shows that improving spatial quality can be done at a low
cost. However, there are diminishing returns. Planners should focus on creating natural spaces where
none exist, instead of only adding more in places that already have them.

The GW-RF model shows clear spatial differences. Environmental factors work differently in central and
suburban areas. This means local strategies are more effective than one-size-fits-all approaches.

5.2. Limitations and Future Work

This study has several limitations. The Weibo data may have user bias because most users are young and
well-educated. The emotion analysis is based mainly on text mining and does not include physical or
behavioral testing. The study also focuses only on Shanghai, so the results may not apply to other cultural
settings.

Future research should combine data from different social media platforms with traditional survey
methods. It should also use wearable sensors and EEG devices to track emotions in real time. In addition,
future work should build cross-city and cross-cultural research networks to compare emotional patterns
in different environments.

6. Conclusions
This study built a GW-RF-SHAP framework to explore how the environment affects public emotions in
Shanghai ’ s “ One River One Creek ” waterfront area. The pandemic greatly changed the emotional
patterns along the waterfront. The links between environmental factors and emotions are complex and
non-linear, and they vary across locations. Development intensity exhibits clear threshold effects, with
both low- and high-intensity environments associated with more positive emotions. Waterfront planning
should consider spatial differences and avoid uniform strategies. Waterfront development should
balance functional provision with higher spatial quality.
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Abstract  

Urban Agriculture (UA) has emerged as a pivotal strategy in addressing the complex challenges of 
urbanization, poverty, food security, environmental sustainability, and improving the quality of life 
of urban communities. Amman, Jordan, exemplifies a city grappling with these issues, where UA 
initiatives are gaining traction but facing significant barriers. Research on UA within the Jordanian 
context remains limited, lacking comprehensive studies encompassing its multifaceted aspects. 
This study explores the role of community-based farming in fostering sustainable urban growth, 
focusing on its capacity to support social, economic, and environmental sustainability, and thus, 
support the city’s reliance. The study aims to identify planning and governance barriers that 
impede UA projects from actively participating in the city’s sustainable development. The study 
also provides actionable recommendations to scale UA into Amman’s long-term spatial and 
development strategies.  
A mixed-methods approach was employed, combining qualitative semi-structured interviews with 
urban agriculture project managers, agricultural experts, and officials (n=11), and a quantitative 
survey of project workers (n=112). The interviews aimed at exploring the role UA can play in the 
city’s sustainability and the challenges they face and prevent them from actively participating in 
the national development plans. The survey aimed at understanding what motivates people to 
work on UA projects. Thematic analysis was conducted using ATLAS.ti 24 for qualitative data, while 
descriptive and crosstabulation analyses were performed with SPSS for quantitative data. Findings 
suggest that UA in Amman could play a substantial role in contributing to urban resilience in terms 
of supporting food security, social inclusion, income generation, and environmental restoration. 
But the potential is limited because of fragmented planning policies, land tenure issues, financial 
limitations, and limited institutional support. Results also reveal economic benefits as the main 
motivators of the establishment of UA activities, followed by environmental and social motivations. 
UA initiatives experience the most significant obstacles in planning and operation, where financial 
and social challenges are secondary to these challenges.       

 

Keywords  

Urban Agriculture (UA), Community-based urban farming, Sustainable urban development, 
Resilient cities, Urban governance.  

1. Introduction 
Currently, about 56% of the global population is urban, and this is set to grow to 60% and 70% by 2030 and 
2050, respectively. This fast-changing urbanization trend significantly affects urban planning, especially in 
relation to the food systems within urban settings. Most of the urbanization processes are accompanied 
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by the loss of agricultural land, pollution, and land cover, as well as the development of peri-urban regions, 
where various socio-economic issues are normally confined (Salem & Tsurusaki, 2024). In this regard, 
different approaches are proposed to improve food security, and they include creating genuine seed banks, 
setting agricultural land that is open to all residential families, and distributing free seeds to all farmers 
within urban settings (Tapia et al., 2021). 

Despite the long history of poverty, which has always been more rural than urban-based, the prevalence 
of urban poverty is now substantially greater than it was two decades ago. In many less-developed nations, 
urban agriculture (UA) has become an important response to urban poverty and urban vulnerability 
(Steenkamp et al., 2021). The recent challenges of climate change, environmental conditions, and social 
conditions are the reasons for greater interest in urban community livelihood improvement with UA. So, 
now the global attention is on UA, where city authorities are advocating UA for inclusion in sustainable 
urban development initiatives and land use approaches (UN-Habitat, 2017). 

1.1 The role of urban agriculture in cities’ sustainable development 

Urban Agriculture (UA) is attracting considerable attention throughout different areas of study, this is 
because of different kinds of complexities against which urban communities are struggling (Yan et al, 2022). 
There are several studies researching various approaches and leading to good research and development 
in this field (Audate et al., 2021; Kirby et al., 2021; Zasada et al., 2020). The profound understanding and 
imperative of understanding the various kinds of advantages contributed by urban agriculture, leading to 
improved urban studies, along with considerable attention and development within the field, are now 
being fueled by various kinds of innovative techniques (Rathor et al., 2024). 

The literature highlights the significant contribution of UA towards sustainable urban development. On the 
social side, UA can facilitate healthy well-being, self-confidence, diet, and jobs in urban centers (Diekmann 
et al., 2020). On the economic level, the contribution of UA may provide income, job opportunities, and 
the availability of fresh vegetables within the urban setting, as well as quantities of either less expensive 
fresh vegetables or fresh vegetables in general, thereby reducing overall expenses within the urban setting 
(Rafael & Troncoso, 2021; Tapia et al., 2021). On an environmental level, the contribution of UA may 
provide efficient management of both water and urban refuse, as well as improve the biodiversity of urban 
areas, reduce urban pollution, provide for urban energy efficiency, and provide greater access to fresh and 
healthful vegetables, along with other health and wellness advantages (Al-Asad et al., 2018). 

Notwithstanding this wide scope, UA is still loosely connected within the framework of urban and regional 
planning. The fact is, many planners and decision-makers have conventionally viewed agricultural activities 
as something occurring within the countryside, without considering their applicability within the 
framework of urban land use planning, governance, and infrastructure development (Raddad, 2022). There 
is, therefore, the need to recognize the versatility of this activity, considering, for example, its functions 
within the framework of planting, recycling, saving, and managing biodiversity, improving urban greening, 
and managing micro-climates, as well as promoting health and education, and formulating urban planning 
tools to advance this activity. 

Despite this, the initiatives undertaken by UA are hampered by numerous issues, including financial 
constraints, legislative and regulatory issues, acceptability, planning and land use conflicts, and security 
issues (Campbell et al., 2022; Goodfellow & Prahalad, 2022; Hardman et al., 2022). These issues are evident 
in both small and large projects undertaken on private land, ranging from home gardens, balconies, 
rooftops, and vacant lots, as well as those on public land, ranging from community gardens, farms, 
university gardens, and street planting (Kirby et al., 2021; Pickard, 2022). Academic literature normally 
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examines the topic of UA on three geographical scales, which range from city-wide, through the 
neighborhood or community level, and finally at the household and individual level (Pickard, 2022). The 
social benefits occur mainly at the individual and neighborhood level, while financial and environmental 
benefits may benefit the city at large through large-scale projects. There is yet limited research undertaken 
on city-scale initiatives on UA and communities. 

1.2  Urban Agriculture in Amman 

Urban Agriculture initiatives have increasingly been promoted as approaches for resolving various urban 
issues, including food insecurity, unemployment, and the degradation of the urban environment. Amman, 
the capital city of Jordan, is slowly being brought into line with this global trend, as various initiatives for 
urban agriculture are being witnessed in this city, reflecting increases in local interests and innovations in 
this sector. At the level of the Jordanian government, the agricultural sector is controlled by the Ministry 
of Agriculture, which is greatly involved in agricultural development and management and is overseeing 
various crucial institutions engaged in urban agricultural support activities. The National Center for 
Agricultural Research (NARC), for instance, is engaged in the development and utilization of agricultural 
research innovations and outputs to improve efficiency and agricultural productivity and provide support 
for agricultural projects and innovations. The Agricultural Credit Corporation (ACC) also greatly aids 
agricultural development by financially assisting and offering credit facilities to all those involved in 
agricultural activities, thereby assisting investments in urban agricultural activities (ACC, 2023). 

In the recent past, various city-related projects and initiatives have been set up in Amman within the 
business, educational, government, and communal settings. One of the projects is known as the “Bio-
Dome” Project. The Project is focused on the development of a bio-aquaponic system that produces 
vegetables and fish in concert. The Project was initially established as a backyard experiment and evolved 
over five years to create a bio-aquaponic system using a dome. According to BBC News in 2019, the Bio-
Dome is known to reduce water by as much as 80% compared to other agricultural systems and is capable 
of growth under various climate conditions, which may range from high temperatures to low temperatures. 
The Project uses soilless growth techniques, reducing fungal diseases and insect invasion, and is based on 
the aquatic and plant relation, whereby the plant grows on the components produced from waste 
components by the fish, which, on the other hand, benefit from the filtered and purified water by the 
aquatic life. The Project produces chemical-free organic fish and currently grows leafy herbs like onion, 
lettuce, thyme, sage, tomato, cucumber, and peppers, while they intend to grow fruit trees as well (BBC 
News, 2019). 

In Jordan, there is an evident lack of knowledge. There is very limited research on UA, and the planning of 
urban food systems is never linked to the sustainable development of the nation. Much of what is known 
is based on studies conducted on rural systems, while the urban systems in Jordan are understudied. This 
creates a lack of understanding of the practices, opportunities, and challenges within urban agriculture in 
Jordanian cities. The research bridges this gap by focusing on community engagement with initiatives of 
UA in the city of Amman, whether it is in the commercial, educational, government, or social sectors. The 
aim is to construct an in-depth understanding of the status of UA in the city and to provide evidence-based 
advice on how it should be incorporated into sustainable urban development. 

2. Methodology 
To obtain a clear understanding of the contribution of community-based agricultural practices to the city’s 
resilience, the study used a mixed methodology technique, as shown in the diagram (Figure 1). The 
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research used qualitative semi-structured feedback from managers and agricultural and government 
representatives (n=11) of urban agricultural projects to gain insights into their views and understanding of 
the contribution of UA to the sustainability of this city, as well as the reasons and factors they took into 
consideration to begin with, and the obstacles they encounter, which hinders them from actively 
participating in the national development agenda. The views of the respondents were guided by feedback 
questions revolving around the three pillars of sustainability in relation to sustainable urban agriculture, as 
identified in the literature review, which emphasized the critical elements of sustainability for urban 
agricultural practices. The semi-structured feedback for this research is guided by essential urban 
agricultural challenges identified in the review, which outlined financial, political, land, and marketing 
issues, as well as social obstacles for sustainable urban agricultural practices. The resultant qualitative 
research undertaken for this study used ATLAS.ti 24 data analysis software, which allowed for thematic 
research, where all views were systematically analyzed and then categorized into patterns, themes, topics, 
and ideas, as proposed by other research (Soratto et al., 2020). Phase one involved all critical views 
identified by the software, guided by literature review indicators. In phase two, the critical research views 
were dominated by creating groups based on the three pillars identified independently as sustainability, 
which include social, economic, and environmental. 

 
Figure 1: Research methodology workflow structure. Source: The authors. 

The quantitative survey involved the workers in UA projects in Amman (n=112), endeavoring to understand 
what drives people to work on UA projects. The data collected through surveys is analyzed through 
descriptive research, which uses frequency and crosstabulation techniques, permitting the observation of 
the collected data. Also, the responses provided in the survey are encoded numerically, through the 0- 1 
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coding system, to make it suitable for SPSS analysis. The encoded data is all exported to the SPSS program. 
The first mode of analysis used here involves the frequency analysis used in the SPSS program for this study, 
to establish the rate at which the identified indicators are echoed in the research. In the crosstabulation 
mode of analysis, the response is defined for all the questions as a variable set, to get a set of response 
variables ready for crosstabulation analysis. The outcome of the crosstabulation analysis is shown in tables 
illustrating the relations within the defined variables. 

3. Findings 
3.1 The role of UA initiatives in Amman’s sustainable development 

Data from the interviews show that the indicators perceived as being contributed by the UA initiatives in 
Amman are roughly equivalent, although economically oriented ones are very slightly predominant. The 
distribution is as follows: 35% for economically oriented indicators, 33% for the environmental ones, and 
32% for the social ones. The same order is reflected in the survey questionnaires filled out by members of 
the UA initiatives. 

Social sustainability 

The social indicators mentioned in the interview are women's empowerment, social justice, social 
interaction, social inclusion, social cohesion, self-confidence, food safety, empowerment of communities, 
returning to traditional agricultural livelihoods, and agricultural awareness. Of these, social inclusion and 
food safety are identified as the most often mentioned social indicators, while those less mentioned are 
social justice, social cohesion, and empowerment of communities. The survey tool provides more 
information about participants' perceptions of social contribution, as gleaned from their life experiences. 
There were 322 instances of consideration of social sustainability indicators overall. Social interaction is 
the most frequently mentioned social outcome, mentioned by 59% of the participants. Also, 28% 
mentioned an improvement in diet, 27% mentioned social cohesion and inclusion, 19% mentioned 
women’s support, 18% mentioned positive influences on physical health, and 12% mentioned positive 
influences on mental health. In addition, 11% mentioned UA as part of food sovereignty, 10% as useful to 
productively fill their free time, 8% stressed improvements in the accessibility of food, 5% linked to food 
justice, 5% about land belonging, and 4% as part of social resilience. Importantly, 8% mentioned the lack 
of any social outcome in their lives of the initiatives undertaken by UA (Figure 2). 

Economic sustainability 

Examples of economic indicators are year-round production, flexibility in technology, small farmer support, 
self-sufficiency, job creation, income generation, food produced, efficient use of vacant land, long-term 
economic feasibility, and cost reduction. The two highly visible economic indicators are income generation 
and food produced, while the less visible ones are year-round production, flexibility in technology, efficient 
use of vacant land, and long-term feasibility. The survey data provides conclusive proof of the perceived 
economics of UA, as the economic indicators were ticked 346 times. The most visible perceived outcome 
is income generation, with 78%, followed closely by job opportunities with 75%. In addition, 51% of the 
surveyed individuals identified the perception that UA increases food security in Amman, while 43% 
identified the perception that it increases the efficient use of vacant land. In relation to this, 18% identified 
the perception that it allows for other economic models, while 12%, 9%, and 9% identified year-round jobs, 
flexibility in technology, and contribution to local market growth, respectively. Also, 5% and 1% identified 
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perceptions on cost reduction and long-term economic feasibility, respectively, while 1% identified no 
economic benefit and 7% identified low benefit (Figure 3). 

 

Figure 2. Social sustainability contributions based on the survey respondents. Source: The authors. 

Figure 3. Economic sustainability contributions based on the survey respondents. Source: The authors. 

Environmental sustainability 

Concerning the theme of sustainable development, the issue most often raised by the interviewees relates 
to the management of water, waste, soil production, biodiversity, and reducing pollution. The statistics 
reflect the percentage value of those recognizing the most important feature of the contribution of UA as 
being environmental, which is 34%, and the frequency of choice for this group is 343. In other words, the 
most important indicator related to this issue, as reflected by experience, is reductions in pollution (68%), 
biodiversity (67%), and decreased water use (63%). Moreover, 26% mentioned the production of fresh and 
clean food, 17% mentioned improvements connected with recycling and the production of organic 
fertilizer, 15% mentioned improvements in urban aesthetics, 13% mentioned improvements connected 
with soil production, and 12% mentioned decreased use of energy. Moreover, 8% mentioned 
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improvements connected with resource sufficiency, 7% mentioned improvements connected with 
environmental resilience, 6% mentioned overall aesthetic improvements within the city, and 4% 
mentioned improvements connected with land belonging as an overall characteristic within environmental 
elements of the contribution of UA activities (Figure 4). Notably, no participant thought that there was no 
contribution within this category. 

 

Figure 4. Environmental sustainability contributions based on the survey respondents. Source: The authors.  

3.2 Challenges for UA initiatives in Amman 

The findings illustrate a complex collection of interconnected obstacles as one of the important factors 
constraining the operation, sustainability, and scalability of urban agricultural projects in Amman. Drawing 
on evidence and insights from our research respondents, as well as urban agricultural experts, several 
challenges such as scarcity of water, urban planning policies, technology and political hurdles, marketing 
issues, land access and ownership, lack of agricultural experience, financial challenges, poor understanding 
and agricultural skill, and lack of academics' involvement, and government and media support were 
identified as key impediments to using the potential of urban agricultural projects in the context of Amman. 

In this list of issues, the urban planning framework stands out as the most critical. In this case, the current 
land-use zoning in the Greater Amman Municipality is mainly geared towards residential and commercial 
activities, without any significant emphasis on agricultural activities. Consequently, certain projects 
proposed under the UA framework may be considered exceptional or marginal, without any place within 
the urban land use hierarchy. The projects are normally governed by general laws and standards, which 
affect them adversely, and at times, they are considered nuisances, especially those carried out in 
residential areas. 

The lack of understanding of agricultural issues among the city’s populace is another crucial hindrance. 
More than half the interviewees (55%) emphasized the ignorance of agricultural processes and value, as 
well as the potential of UA, among landowners and those interested in taking part in UA projects. The lack 
of this understanding hinders the growth and development of projects under the UA program and the 
overall development of a full-fledged urban agricultural system. 

Technical issues, mentioned by 45% of the respondents, are other limiting factors for the implementation 
of UA. Technical issues relate to adopting appropriate growth approaches, the lack of essential inputs like 
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organic fertilizer, and the high expenses of the required equipment and materials. Worse still is the lack of 
easily adoptable innovations, especially by newcomers, as identified by the respondents, which is creating 
limited adoption and spread of innovations like hydroponic and aquaponic systems. 

Financial constraints, particularly high capital investments required for infrastructure, irrigation, and 
equipment, were identified as significant hampering factors by the project owners. Most of the projects in 
the case studies are highly dependent on savings and other financial sources, and they lack proper access 
to financial mechanisms and credit facilities. The financial issues are coupled with other issues, including 
government restrictions on growing certain types of crops (cotton, wheat, etc.) and the lack of proper 
categorization between the conventional and alternative approaches used in UA projects, as some projects, 
like aquaponic projects, are often grouped under conventional projects. 

Another set of issues is related to marketing and distribution. The higher cost of production of high-quality 
crops, whether organic or conventional, may result in high retail prices, making them less compatible with 
the price sensitivity and purchasing behaviors of local consumers. Most likely, this is limiting the 
competitiveness of the products, creating potential inventory disposal issues, and causing some 
entrepreneurs to pull out of the business after investing heavily. 

Water scarcity, as mentioned numerous times by the participants, is one of the structural barriers and is 
very relevant to the case of Amman, as it is one of the most water-scarce cities in the world. The price of 
water and the need for proper irrigation systems are imposing significant operating burdens, especially on 
small projects, which cannot afford the cost of implementation of water-saving systems. 

The increasing land prices and land scarcity aggravate the limited availability of appropriate land for UA. 
Even if agricultural land is available within or around the city of Amman, it is often without the required 
infrastructure, and most of the landowners refuse to develop and/or, in this case, to lease their land for 
agricultural use. Government policies, focusing on commercial growth through large allocations of land, 
add to this limitation by reducing the chances of success of UA. 

Barriers related to academics and media, although less often mentioned, are also very significant. The 
scarcity of research on UA in Jordan restricts the body of evidence on best practices, and the costly process 
of agricultural research hampers the timely development and adaptation of best practices. Inadequate 
media attention and lack of engagement on social media limit public recognition and participation and thus 
hamper the generation of enough support for broader policy change by initiatives on UA. 

Findings are supported and amplified by the survey data. The main challenges, as identified by the 
participants, were high startup expenses (55%); lack of water (52%); and technical issues (46%); only 4% 
ranked lack of experience and knowledge as the key issue. Notably, the level and type of issues were shown 
to differ depending on the type of technique used for UA: each type, whether conventional, organic 
fertilizer, or aquaponic, encounters a set of challenges linked to water, financial, and governmental issues. 

Conclusively, the barriers described by UA in Amman are complex and cut across different aspects and are 
technique-bound. This reflects the requirement that relevant and personalized approaches be developed 
to tackle these challenges if the potential utility of UA as a vehicle for sustainable development in Amman 
is to be achieved. 

4. Discussion 
4.1 Primacy of Economic Sustainability in Urban Agriculture Initiatives 
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The data reveals a large predominance of economic sustainability results and a neglect of environmental 
and social aspects in projects of the same type UA. The generation of income, creation of jobs, and 
provision of food are identified as the most cited positive effects. The causes of the dominance of economic 
benefits and the lack of representation of environmental and social ones will be raised in this section. 

In light of the statistics by the Jordanian Department of Statistics, Amman is under considerable socio-
economic pressures, as the level of unemployment is recorded to be 47.3% and the rate of poverty is 11.4%, 
thereby underlining the need for engagement and assistance in income-generating activities and economic 
development (Department of Statistics, Jordan, 2010, 2024). At this point, the opportunity to attain gainful 
employment within the UA is likely easier than in other sectors, as the level of education and expertise 
required is remarkably low (Agarwal & Bardhan, 2021). 

The dominance of economic motivation is also supported by the socio-professional characteristics of the 
participants of the UA program. Some 40% are engaged in agricultural activities as their main source of 
livelihood and are, therefore, very much reliant on this program for their financial sustainability. At the 
same time, 64% of the participants are of the same view that earning from the UA only will not be enough 
to address their financial requirements and, therefore, they also need another earning opportunity. The 
financial instability of the participants, therefore, increases the perceived attractiveness of both the 
financial and non-financial sustainability imperatives. In line with other studies, earning and generating 
financial benefits as well as creating more job opportunities and improving food security are identified as 
the primary benefits of participation in this program by the respondent members (Sunardi et al., 2023; 
Abdoellah et al., 2023; Farzam et al., 2023). 

Even though agricultural practices are always linked to collaboration and social interactions, evidence 
emerging from this research indicates that social advantages are less often cited and less significant than 
perceived. The lack of participation by the communities within the Universal Agriculture program may 
result in social fragmentation, especially in urban areas, as varying backgrounds, values, and aims may 
restrict the creation of communal identities and, as such, may fail to establish well-functioning social 
settings but, on the other hand, give rise to atomized or conflict-ridden ones (Delhey et al., 2023). 

On the other hand, the emphasis on the environment, although somewhat comparable in frequency to the 
benefits of economics, is also somewhat narrowly defined. More than half of the respondents were 
concerned with no more than three different measures of the environment, namely less pollution, 
improved biodiversity, and decreased water usage, while ignoring other benefits. The reason for this is 
possibly due to limited recognition of the full range of advantages on the side of the environment, and to 
some extent, it is difficult to estimate indirect and gradual impacts, and hence be more unobserved by the 
respondent. In other words, it is obvious that many projects are no longer oriented towards environmental 
objectives, so they are attracting less interest in the environmental benefit for sustainability, as was the 
case in the example of Amman. 

4.2 Influence of Structural Barriers on Urban Agriculture Outcomes 

The findings have implications for structural and operational issues of this kind, which limit the 
actualization of UA ventures and consequently limit the real utility of UA initiatives. This section will provide 
an overview of the different issues found to be affecting UA initiatives. 

Barriers in Planning and Regulation 

Planning and regulatory shortcomings are identified as a significant challenge to the institutionalization of 
urban agriculture (UA) in Amman. While GAM established an Urban Agriculture Unit in 2006 and more 
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current strategic documents (e.g., the Amman Spatial Profile and Climate Action Plan) mention lands for 
urban agriculture and permaculture, UA has yet to be fully incorporated into relevant and legally binding 
zoning regulations and development control. Approximately half of the municipal land of Greater Amman 
is officially zoned; residential uses are approximately represented by 37% of planned land, green and open 
spaces are about 2%, and agricultural land is about 4–5%, which hardly provides space for agricultural use 
in the urban footprint (UN-Habitat, 2022; Hanieh, 2014). Most of the agriculture is located on the 
metropolitan fringe, where it faces increasing urban expansion. The absence of a specific zoning category 
for urban agriculture, along with licensing procedures that have not yet evolved into effective processes 
for newer systems like hydroponics and aquaponics, makes legalizing, scaling, and spatial integration of UA 
initiatives complex (Abdeljawad & Nagy, 2021). 

Technical and Functional Limitations 

Some of the operational issues are the lack of technical know-how, the lack of access to water, poor soil, 
and the lack of appropriate technology. The respondents mentioned the challenges of learning enough 
about agricultural practices, lack of essential components like organic fertilizer, high investment in 
equipment, and lack of appropriate innovations for beginners. Apart from increasing the chances of farm 
failure and loss, this increases the chances of financial loss because of incorrect usage of fertilizers and 
pesticides, and inefficient usage of water and electricity, thereby reducing the sustainability of the projects 
undertaken by UA. Failure and lack of success can also reduce the acceptability and utility of this tool in the 
capacity of livelihood, educational, and social building. 

Financial Obstacles in Founding and Scaling 

Financial obstacles are widespread, and they are most directly realized through high set-up capital 
expenses for land acquisition or rental, infrastructure, irrigation systems, and employment (Goodfellow & 
Prahalad, 2022; Hardman et al., 2022; Wadumestrige Dona et al., 2021). Many potential practitioners are 
denied viable land access and are simply no longer able to afford high urban land leasing prices, regardless 
of the presence of consciousness, desire, and capability to increase agricultural yields. These high barriers 
to entry limit the likelihood of other projects and, by extension, the entire contribution of the economics 
of UA on the city level. Micro-practitioners source capital through borrowing, resulting in longer periods 
before financial gain and exposure to financial instability. Additionally, most capital expended is on land, 
thereby limiting opportunities for investments to improve productivity and competitiveness, particularly 
those depending entirely on agricultural practices for sustenance. 

Social, Awareness, and Engagement Restrictions 

Finally, social factors, including a lack of agricultural experience, low awareness, and inadequate media 
outreach, act as deterrents to the attainment of overall social, economic, and environmentally positive 
outcomes for UA (Goodfellow & Prahalad, 2022; Wadumestrige Dona et al., 2021). Urban communities are 
less knowledgeable about overall farm choice, growth, watering, fertilization, composting, and controlling 
pests (Tomprou, 2023). They will limit the role of education and socialization within the platform, meaning 
decreased engagement and efficiency in initiatives and activities. On the other hand, social awareness and 
engagement will propel significant social capital, collective action, and positive reinforcement for 
maximum benefit from UA. Additionally, the lack of visibility of UA within traditional and social media 
platforms will reduce recognition and overall engagement and efficiency in initiatives by communities and 
administrations. 
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5. Conclusion 
The findings indicate that the urban agriculture (UA) projects in Amman play an important role in terms of 
sustainable development through the provision of livelihood, employment, and food production in the 
backdrop of high unemployment and economic insecurity. While UA offers social and environmental 
benefits, this set of considerations is comparatively under-acknowledged and under-exploited. The study 
shows ways UA is situated in an institutional and spatial milieu with insufficient support: zoning and 
planning regimes ignore agricultural land use, zoning systems value residential and commercial uses, as do 
licensing systems that do not include advanced practices like hydroponics and aquaponics. These 
challenges are added to by operational inefficiencies (technical challenges, water scarcity, soil constraints, 
poor extension support), financial constraints (high start-up costs, expensive land rent payments, limited 
funding), and social constraints (low agricultural consciousness, a limited urban experience, and a low 
media profile). To realize the full potential of UA, the study advocates the incorporation of UA in land-use 
and urban development strategies, reform of regulatory and licensing systems, and setting up financial and 
conditional financial support systems. It also urges investment in training, extension services, and 
demonstration efforts, as well as increased cooperation between municipalities, national agencies, civil 
society, the private sector, and academic organizations. Ultimately, the study notes the necessity for 
longitudinal and comparative studies to inform UA’s long-term impact and its equity aspects and locates 
UA as a promising and still precarious strategy poised to develop into a more cohesive tool for integrating 
more benefits into a balanced, resilient, and sustainable urban future for Amman. 
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Abstract 

Today, cities are growing rapidly and their populations are expanding. This causes many 
problems. The key to sustainable cities is how they obtain, share and manage their energy and 
material resources. Drawing upon open-source data and the established urban scaling law, the 
study puts forward and examines a conceptual framework for urban building scale and energy 
consumption. The findings indicate that urban building scale is predominantly horizontal, with 
an increasing vertical expansion, and that the scale of energy consumption is unevenly 
distributed, with its power law being more stable in relation to the size of the urban building 
than to the population. The study provides a novel perspective on understanding the 
mechanisms driving the development trends in urban building scale and urban energy 
consumption patterns, and offers theoretical references for urban planning policies. 

Keywords 

Urban system, Scaling law, Urban energy use 

1. Introduction  
Rapid urban expansion and population growth have created many urban problems(Steurer and Bayr, 

2020),and concern about these problems has fuelled the study of urban systems and urban science, with 
complexity science seen as an excellent tool for understanding urban systems(Sugar and Kennedy, 2021). 
The complexity of cities is reflected not only in the individual city itself as a complex system, but also in the 
macro-urban complex system composed of cities, where features not present in the individual are often 
expressed by simple laws(Li et al., 2017). Urban scaling and Zipf's law are representative (Luís M A 
Bettencourt et al., 2007). The Urban Scaling Law uses a power law to explain the relationship between 
urban scale and urban characteristics, and to summarise the laws governing the operation of urban systems. 
For instance, a number of studies have identified the proportional characteristics of area(Zhao et al., 2018) 
economic output and population in China's major cities and within cities(Lei et al., 2021). The Urban Scaling 
Law has also been used to assess the efficiency of urban land use (Jiao et al., 2020), urbanisation process 
(Liu et al., 2022), Urban carbon emissions, etc. (Rao et al., 2023). 

Zipf's law is an important theory for characterising the size distribution of cities, and its academic 
origins can be traced back to the rank-order size law proposed by Auerbach(Auerbach, 1913). The law 
posits that the product of the city's positional order and its population size is approximated as a constant. 
This theoretical foundation forms the basis for the study of city size distribution. Zipf's interdisciplinary 
analyses revealed that the relationship between positional order and size is not only present in urban 
systems, but that analogous patterns prevail in several disciplinary fields(Human, 1949). It is particularly 
noteworthy that this phenomenon exhibits a unique scalar property as the parameter α tends to 1, which 
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is known as Zipf's law. This significant discovery not only extends the boundaries of the original theory's 
application, but also promotes a paradigm shift in the study of urban size distribution, establishing it as a 
classic analytical tool in regional economics and urban geography(Sun et al., 2022). 

The urban scaling law and Zipf's law represent foundational principles within the domain of urban 
science. These laws facilitate the articulation of non-linear characteristics inherent in urban systems, 
including the non-linear dynamics of energy consumption and carbon dioxide emissions(Batty, 
2013)(Gudipudi et al., 2019). The relationship between urban building energy consumption and city size 
must be examined in light of the rapid expansion of modern cities. This research will contribute to effective 
integrated emission reduction strategies, which are pivotal to combating climate change. (Pachauri et al., 
2014). It is important to study the relationship between energy patterns in cities and urban development 
and city size, and to focus on the link between urban expansion and energy consumption, in order to 
understand and manage energy in cities (Kennedy et al., 2015). The focus of research in the field of urban 
building energy consumption is predominantly oriented towards simulation and empirical research 
methodologies. The scope of simulation research encompasses the modelling of energy consumption 
assessment at the level of individual buildings and urban blocks. The energy consumption of a building unit 
is hypothesised to be contingent on the configuration of the unit and the pattern of utilisation and 
occupancy by building personnel.(Loeffler et al., 2021)(Chen et al., 2021)(Azar and Menassa, 2012). 
Modelling of energy consumption in urban buildings focuses on the meso-scale, the impact of density, 
compactness and height of the building stock on the energy consumption of the urban building 
stock.(Resch et al., 2016)(Perera et al., 2023)(Wang et al., n.d., n.d.) . Empirical studies focus more on the 
macro scale, studying the pattern of urban size and urban energy consumption from the perspective of 
urban agglomerations (Hu and Fan, 2020). Exploring the macro-correlations and micro-correlations 
between energy and urban building stock in urban systems by studying resource flows in megacities. 
(Kennedy et al., 2015) 

However, current research on energy consumption and urban size has an uncommon focus on time 
series, with most articles focusing on the relationship between urban size and urban energy consumption 
in a given year (Hu and Fan, 2020), and do not go into depth on the relationship between changes in urban 
size and energy consumption over the years. The relationship between urban building energy consumption 
and urban development and planning is complex and under-researched. Research is needed to explore 
scaling characteristics between urban building size and energy consumption during urban development, 
and whether these can be applied to future assessments. Is urban building energy consumption non-
linearly proportional to urban size? What are its spatio-temporal dynamics? How can the performance of 
the evolution of energy consumption in urban buildings be understood and assessed in the context of 
sustainable development and urban size? Overall, the knowledge and understanding of the relationship 
between energy consumption in urban buildings and urban size at the urban system level is necessary and 
important, but remains unclear and needs to be explored in further depth. 

The study selected 70 Chinese cities to explore the differences and similarities between urban size 
and energy consumption using the urban scaling law to combine historical changes in population, economy, 
urban building footprints and urban building energy consumption. The objective of this study is to provide 
an in-depth understanding and assessment of the dynamic patterns and performance of urban building 
energy consumption in China through a systematic perspective. To this end, the power-law relationship 
between urban building energy consumption and urban building footprints is to be quantified. The research 
in this paper could inform urban science, planning and management, helping to achieve sustainable urban 
development. 

2. Methodology 
This study presents a novel insight into the use of open-source data to establish the relationship 

between urban size and energy consumption in urban buildings, and proposes a framework for interpreting 
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the laws of urban systems from data analysis(Figure 1). Study aims to reveal the relationship between 
urban size and urban building energy consumption based on the urban scaling law and Zipf's law by using 
end-use energy consumption data and urban building footprint data. The methodology starts with data 
acquisition and creation of an analytical framework, followed by data patching. Finally, the data is analysed 
to obtain a power law relationship between urban size and energy consumption in urban buildings. 

 

Figure 1: Methodology for Conceptual Framework of Power Law Relationship between Urban Building Size 
and Energy Consumption in Urban Buildings. Source: Drawn by the author 

Urban building data 

The acquisition of historical and current data, including urban land use data, urban building footprint 
(surface data), urban building volume data (volume data), was conducted at five-year intervals from 1990 
to 2020. The data set also includes building footprint data (m²) and building volume data (m³). The 
resolution of the data is 3arc. (Schiavina et al., 2022). 

Urban building energy consumption data 

Source China Urban Statistical Yearbook(“National Bureau of Statistics,” 2024).Calculation of Urban 
building energy consumption, does not take into account the urban transport energy, Urban building 
energy consumption proxy data with residential electricity, living gas data, living liquefied petroleum gas 
data (public building energy consumption operation cooling heating, etc. to use electricity, so do not take 
into account the public building gas energy consumption), will be these data through the conversion 
coefficients in Table 1, converted to standard coal, the proxy Urban building energy consumption data. 

Table 1: Conversion Coefficients. 

Energy Type Average Lower Heating 
Value 

Reference Conversion 
Coefficient for Standard Coal 

Electricity 860 kcal/kWh 1.229 TSC/10,000 kWh 

Gas 7700-9300 kcal/m³ 13.3 TSC/10,000 m³ 

Liquefied Petroleum Gas 
(LPG) 

12000 kcal/kg 1.7143 TSC/ton 

Population and economic data 

Obtain population data for 1990-2020 from the China Urban Statistical Yearbook.(“National Bureau 

of Statistics,” 2024). The target data were obtained, and the presence of outliers and error records in the 

data was identified. The data were then subjected to a process of elimination, with any missing parts of 

the data being filled in using linear interpolation and extrapolation. Through the above steps, the 

completeness and consistency of the data were ensured, providing a reliable database for the study. 

The building footprint (BU) with building volume data (BUVOL) and land use data(LULC) at a resolution 

of 100m was obtained using the resampling method in the GISpro platform. The average building height 
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(AGBH) within the 100m (𝑆𝑥) grid was calculated according to equation (1);  

𝐴𝐺𝐵𝐻𝑋 = 𝐵𝑈𝑉𝑂𝐿𝑥/𝑆𝑥 (1) 

BU, BUVOL and LULC worked together to find out about the buildings in the built-up area and to calculate 

the total BU and the total BH for each city. 

Zipf's law 

The regression model employed is of the form given by equation (2). In this model, 𝑅𝑖 denotes the 

rank order of city 𝑖, 𝑃𝑖  is the population size of city 𝑖, 𝛼 is often referred to as the Pareto index, 𝐾 is a 

constant, and ε is a disturbance term. It is assumed that a Pareto index 𝛼 of 1 implies compliance with 

Zipf's law; a larger 𝛼 implies a more dispersed urban size distribution(Human, 1949). 

𝑙𝑜𝑔 𝑅𝑖 = 𝑙𝑜𝑔 𝐾 − 𝛼 𝑙𝑜𝑔 𝑃𝑖 + 𝜀 (2) 

Urban scaling index 

The urban scaling law is a manifestation of the nonlinear aggregation effect of urban size and urban 

characteristics. The majority of urban characteristics 𝑌(𝑡)  follow an approximate power-law scaling 

law.(Bettencourt et al., 2010)(Luis M A Bettencourt et al., 2007)(Batty, 2008)(Chowell et al., 2003),as shown 

in equation (3), where 𝑌0 is the normalisation constant, 𝑁(𝑡) is the urban size at time 𝑡, and 𝛽 is the scaling 

index. Thus, for each fraction increase in urban size (DN=N), the relative increase in the number of per 

capita y(t): 𝑌(𝑡)= 𝑁 increases, and according to equation (4) when 𝛽 ≈ 1, ∆𝑦 ≈ 0, 𝑦 does not change, and 

𝑌 is linearly related to 𝑁 . 

𝑙𝑜𝑔 𝑌(𝑡) = 𝛽𝑙𝑜𝑔 𝑁(𝑡) + 𝑙𝑜𝑔 𝑌0 (3) 

∆𝑦/𝑦 ≈ (𝛽 − 1)∆𝑁/𝑁   (4) 

3. Result 

This section shows and analyses the changes in building size and urban building energy consumption 

in 70 Chinese cities over the past three decades, and the power-law relationship between building size and 

urban building energy consumption in these cities, based on building footprint data urban building energy 

consumption data and population data from 1990-2020. 

3.1. Evolution of urban building size indicates changes in urban size  

Between 1990 and 2020, China will be in a process of rapid urbanisation, with rapid population and 

economic growth and expansion of the size of cities. Figure 2 illustrates the growth of building coverage 

(BU) and urban building height (BH) in the selected typical cities from 1990 to 2020. Using 1990 as the base 

year for comparison, between 1990 and 2020, the growth rate of horizontal expansion and the vertical 

growth rate in urban centres are lower than those in peripheral areas, indicating that urban areas are 

expanding outwards. As is evident from the distribution of relative growth rates, the intensity of Shenzhen's 

expansion between 1990 and 2000 was notably high, which is consistent with the reform and opening-up 

phase of vigorous development in Shenzhen. The urbanisation process in China has been divided into five 

distinct stages (Jia, 2018) namely the steady increase stage (1979-1995), the rapid growth stage (1996-

2011), and the high-quality development stage (2012-present). These stages are consistent with the time 

span of this study. The process of horizontal expansion in cities such as Shenzhen and Jinhua coincided with 

a period of rapid development, during which major cities were characterised by horizontal expansion. In 

the post-2010 phase, cities such as Beijing and Jinhua have undergone a gradual vertical expansion of urban 

size and the evolution of a more compact urban form. 
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Figure 2: Relative growth rates of urban BU and BH, 1990-2020 (Beijing, Shenzhen, Jinhua, Edors). 

Source: Drawn by the author 

Figure 3 illustrates the relative growth rates of building coverage (BU) and building height (BH) in each 

city from 1990 to 2020. In general, the growth rate of BU is higher than that of BH, and urban expansion is 

dominated by horizontal growth. The relative growth rate of BU in Erdos is 2,100%, which is significantly 

higher than that of large cities such as Beijing (about 159%) and Shanghai (about 280%). This suggests that 

cities such as Erdos have increased their urban size primarily through horizontal expansion over the past 

three decades. In contrast, Jinhua's BH growth rate is higher than the BU growth rate, at approximately 

430 % and 500 %, respectively, with a more significant expansion in the vertical direction. 

 
Figure 3: Relative growth rates of total BU to total BH, 1990-2020. Source: Drawn by the author 
The observed overall trend demonstrates a preponderance of horizontal expansion in small and 

medium-sized cities, accompanied by a gradual increase in the growth rate of vertical expansion. The 

growth rates of BU in Kunming and BH in Zhongshan exhibit a similar trend, with rates of approximately 

470 % and 830 %, respectively, while BH demonstrates a slightly higher rate of approximately 845 %. This 

phenomenon can be interpreted as a response to the increasing scarcity of land resources, as 

urbanisation progresses, prompting small and medium-sized cities to expand horizontally while their 

urban size gradually increases vertically. 
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Figure 4: Total BU rank order and corresponding total BH in 1990, 2020. Source: Drawn by the author 

Figure 4 presents a visual representation of the relationship between the total amount of building 

coverage (BU) and building height (BH) for a selection of 70 cities in 1990 and 2020. The comparison reveals 

that the rank order of urban building sizes is not entirely consistent between BU and BH; specifically, cities 

with larger BUs do not necessarily also have higher BHs. For Beijing and Shanghai, in 1990, the rank order 

of BH compared to BU is more advanced in these two cities, ranking first and second respectively, indicating 

that the building form in these two cities is dominated by height. By 2020, the rank order of the total BH 

of these two cities remains the same, while the rank order of the total BU of Shanghai rises to 4th (1990 

BH rank was 9th), with a more significant increase in BU, indicating a greater expansion of urban size in the 

horizontal direction. 

In 1990, the cities at the bottom of the urban size rankings mainly included some small and medium-

sized cities, such as Xining, Yinchuan, Lanzhou, Guiyang, Nanning and Haikou. These cities have relatively 

low building coverage (BU) and building height (BH), with total BU ranging from 524,767 to 196,929,957(m

²) which is lower than the average value of 5363,625,250(m²), and total BH ranging from 845 to 37,166(m), 

which is lower than the average value of 66,961(m), with a relatively lagging process of urbanisation and a 

smaller building scale. In 2020, these cities generally show significant horizontal expansion, with a 

significant increase in building coverage (BU) and a relatively small increase in building height (BH). The 

urban form of these cities in 2020 is dominated by the horizontal dimension, with the vertical dimension 

lagging behind in terms of urban size, and the urban form remains relatively loose. 

3.2. Evolution of urban building energy consumption over the last three decades 

Figure 5 provides energy consumption patterns for the city in 1990 and 2020. Overall, urban building 

energy consumption has increased significantly over the past three decades. In 1990, the total energy 
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consumption of Beijing was 593,574.98 tonnes of standard coal(TSC). By 2020, this figure had increased 

significantly to 4,808,977.39 tonnes of standard coal(TSC), indicating a substantial growth in energy 

consumption over the period. Erdos in 1990 energy consumption rank order in the 70th, the total urban 

building energy consumption is 4340.44 TSC, by 2020, the total urban building energy consumption grows 

to 188946.31. 

The structure of urban building energy consumption pattern has also undergone significant change. 

Compared to 1990, the share of electricity consumption rises in 2020. Beijing's electricity consumption 

increased from 88,365.1  TSC to 25,187,770.36  TSC, with its share rising from 14.9 % to 52 %; Shanghai 

increased from 138,262.5  TSC to 29,666,672.039  TSC, with its share rising from 13.8 % to 53.5 %. 

Concurrently, there was a decline in the consumption of LPG. In the city of Beijing, the consumption of LPG 

fell from 40 % to 3.8%; in Shanghai, it fell from 8.6 % to 4.7 %, with an average decrease of 25 % across all 

sample cities. 

 
 

Figure 5: Urban building energy consumption distribution patterns, in 1990,2020. Source: Drawn by the 
author 

In comparison with older metropolises such as Beijing and Shanghai, the urban building energy 

consumption pattern of post-development cities has increased in rank order over the last three decades. 

Shenzhen, which was ranked 17th in 1990 in terms of total energy consumption, is projected to rise to 5th 

place in 2020. Shenzhen's urban building energy consumption pattern has followed the same trend of 

growth in urban building size over the last three decades of development. Since the reform and opening 

up after 1980, Shenzhen has developed into a first-tier city, absorbing a large number of foreigners and 

expanding urban building size, and urban building energy consumption has risen sharply, about 8 times. 

Urban building energy consumption is unevenly distributed, with a few cities consuming higher levels 

of energy. Large cities such as Beijing, Shanghai, Tianjin and Nanjing have significantly higher total energy 

consumption in 1990 and 2020. The total energy consumption of all these cities exceeded 200,000 TSC in 

1990 and 1,500,000 TSC by 2020, while many small and medium-sized cities have a relatively low total 

energy consumption and a small growth rate. 

3.3. Distribution patterns of urban building energy consumption 

Figure 6 illustrates the bit-order-size double logarithmic change in urban building energy consumption  

from 1990 to 2020. The overall trend of the urban size distribution exhibited a continuous rightward and 

upward shift during the period 1990-2020, indicating an increase in urban building energy consumption 

over time and a gradual increase in city size. It is worth noting that the urban size distribution curve for the 

urban place order is not a straight line as expected by theory, but rather a left-to-right - i.e., a gradual shift 
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from flat to sloping curve from smaller cities to mega-cities. Utilising Zipf's law with a slope of 1 as a 

reference point, it is evident that the extremities of the urban size distribution deviate from the 

predominant linear distribution, exhibiting a downward collapse. In summary, the urban building energy 

consumption for the sample of study cities is lower than the expected value of Zipf's law for both small and 

large sized cities. In essence, this suggests that the urban size distribution can be represented by a straight 

line with a slope of 1 on a double logarithmic plot of rank order-size, which is a fundamental tenet of Zipf's 

law. Early studies, mainly in the United States, basically found that the slope of the urban size distribution 

is 1(Lotka, 1925)(Goodrich, 1926). However, a growing number of studies for other countries and at 

different scales of urban characteristics show that the slope of the urban size distribution is not always 

1(Carroll, 1982)(Rosen and Resnick, 1980)(Nitsch, 2005). The bit-order-size double logarithmic analysis of 

urban building energy consumption has been shown to be consistent with the general behaviour of Zipf's 

law. 

 

Figure 6: Changes in Zipf law for energy consumption in urban buildings. Source: Drawn by the 
author 

 

Figure 7: Changes in Zipf law with BU,BH,POP,EU. Source: Drawn by the author 

Figure 7 illustrates the evolution of the Zipf's law parameter α for urban building size, urban 

population size and urban building energy consumption. The change in the slope of the fit shows that the 

size distribution of urban building energy consumption is relatively balanced from 1990, when a small 

number of cities accounted for the vast majority of energy consumption, to 2020, when the size distribution 

of urban building consumption is relatively balanced. Although still showing a few cities occupying high 

urban energy consumption, urban building energy consumption is more homogeneous in size than in 1990. 

The study also performs a bit-order-size double logarithmic analysis of urban building size and urban 

size. Figure 7 shows that both urban scaling data and urban building energy consumption have tended to 

171



Deng,Y.W.; Deng,L.R.; Wang, W.; Pan, X. Urban Building Scale and Energy Consumption: 
Scaling Laws and Temporal Dynamics in 70 

Chinese Cities 
 

 

 

follow Zipf's law over the last three decades. From 1990 onwards, urban building size and urban building 

energy consumption scale have gone from extreme fragmentation to gradual agglomeration. It is evident 

that until the year 2020, the α-value remains below 1, thus indicating a failure to comply with Zipf's law. 

This finding suggests that the urban scaling data and urban building energy consumption in these cities 

have not yet attained the optimal level of agglomeration. With regard to the urban scaling law distribution, 

it increases to 1 in 2005, and in the development from 2005 to 2020, the Pareto index α has become greater 

than 1, and the urban scaling law distribution gradually deviates from the optimal Zipf's law distribution. 

Overall, population, economic activity and urban size have shown a gradual trend towards 

agglomeration. Between 1990 and 2020, many countries have experienced a significant increase in urban 

size, in line with the overall trend of accelerating urbanisation. The comparison of urban building size, urban 

building energy and urban population size is indicative of a consistent trend, with a certain degree of 

intrinsic linkage. 

3.3. Scaling index of urban building size and urban building energy consumption 

Figure 8 illustrates the power law relationship between urban building size and urban building energy 

consumption scale in 2020. Relationship between urban building coverage (sum_BU), urban building height 

(sum_BH) and total urban building energy consumption (totle_EU). Urban building coverage area (sum_BU), 

urban building height (sum_BH) and total urban building energy consumption  show a sub-linear 

relationship, indicating that the increase in building coverage area has a certain impact on the increase in 

total energy consumption , but not completely synchronised, the sub-linear relationship indicates that the 

growth of actual total energy consumption  is lower than the growth of urban building coverage area 

(sum_BU), urban building height (sum_BH). 

 

Figure 8: Scaling patterns of urban building size and urban building energy consumption. Source: 
Drawn by the author 

Figure 9 provides the changes in the β-value of the scale index between 1990 and 2020. From 1990 to 

2020, the trend of the β-value of scaling_BH and scaling_BU is more consistent, both fluctuating between 

0.6 and 0.8, indicating that the scale indexes of the two indexes are relatively stable, which suggests that 

the relationship between the building heights and the building covered areas in the urban size of the 

buildings is more fixed and less influenced by other factors. The scaling law for POP is more volatile. It 

ranges from 0.4 to 1.2, indicating that the impact of population size on urban building energy consumption 

is complex and unstable. 
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Figure 9: Changes in scaling index. Source: Drawn by the author 

The relationship between BH, BU and EU is more stable, indicating the relative stability of building size 

and building energy use efficiency. It is not significantly affected by POP; that is to say, changes in building 

height and covered area have a more direct and stable effect on energy consumption. 

4. Conclusion  
The present study explores the relationship between urban size and energy use patterns. Firstly, it 

provides a detailed explanation of the direction and pattern of expansion of urban size in the last three 

decades. Among the 70 cities, urban building size is dominated by horizontal expansion, which is consistent 

with the stage of urbanisation of Chinese cities and reflects a gradual narrowing of the gap between urban 

building sizes and a tendency for urban building size to expand in a consistent manner. Secondly, total 

urban building energy consumption has increased significantly, indicating growing energy demand in the 

context of urbanisation. The structure of energy consumption shifted towards cleaner energy sources, with 

the share of electricity and natural gas consumption increasing and the share of LPG consumption 

decreasing. During the expansion of urban building size from 1990 to 2020, the scaling law between urban 

building size and urban building energy consumption is more stable, suggesting a more direct effect 

between them, while the effect of population size on urban building energy consumption is more complex 

and unstable.The study shows the framework of the laws of urban systems is feasible, the data sources are 

authoritative, and the data is reliable.  

The results of the analysis of urban size and energy consumption provide an important reference for 

urban planning to understand the law of urban development, and help to formulate a more scientific and 

reasonable energy management strategy in promoting the optimisation of urban energy consumption 

structure and improving energy efficiency. 

The framework established in this study has high feasibility and application potential, and can provide 

an important reference for urban planning and energy management. Future research can further validate 

the feasibility of the framework, expand the scope of the study to other countries and regions, compare 

the relationship between urban building energy consumption and urban building size in different countries, 

and explore the urban development model in the context of globalisation. Consider additional influencing 

factors, such as the level of economic development, policy support, and the level of technology in the city, 

in order to more fully understand the relationship between urban size and energy consumption. 

The study is subject to certain limitations; firstly, the cities selected do not include all cities worldwide 

and therefore may not fully reflect global urban trends. The process of data acquisition may result in the 

omission of data for individual years. The interpolation of missing data may introduce error to the results, 

and it is necessary to expand the research sample and ensure data completeness in future studies. 
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Abstract 

Nowadays, China's urban-rural relations are shifting from a closed to an open system. The 
development trend of urban-rural integration and regional coordination is becoming increasingly 
prominent, and a new type of urban-rural functional relations is arising from the mutual flow of 
urban-rural elements. Since 2013, our team has participated in a collaborative project between 
Shanghai City and Yunnan Province as part of Tongji University, providing technical guidance in 
planning, construction, and community services. Shanghai, an international metropolis on the east 
coast, has formed a unique cross-regional urban-rural relationship with Yunlong County, a small 
town nestled in the mountainous southwest of Yunnan Province. In 2019, we launched the “Dream 
Home” project in a poor village in Yunlong County. This is a rural community co-creation practice 
project with the participation of urban youth, rural children and villagers. We attempted to build a 
two-way empowerment platform for urban and rural talents by using the village community as a 
carrier and co-creation as a means. Over the past seven years, we have provided handholding 
planning services to villages, and emphasized the simultaneous construction of physical space and 
internal dynamics. Every year, we organize urban youth to lead village children to think about and 
design their “dream homes” from the perspective of masters, and guide villagers to complete the 
construction in a low-cost and low-tech way, focusing on real-life propositions such as village 
elementary school and village entrance spaces. We found: First, children are the key point of the 
community. When we empower village children, we can mobilize villagers, and we need to 
recognize that village children are also the future owners of the village. Second, traditional building 
techniques still hold great value. We have done a lot of work here. The core of this work is 
combining traditional techniques with new ones. A good example is the "Yong’an Heart" village 
meeting center; it adopted this combined approach and won the Civic Building category at the 
2022 Dezeen Awards .Third, urban young people need to go to rural areas. They help promote 
knowledge sharing between urban and rural areas; they also strengthen emotional connections 
between the two . When these young people return to cities, they bring a new perspective on 
sustainable urban development. We hope that the flow of human elements between urban and 
rural areas will drive the flow of material elements. This process will eventually help achieve 
regional cooperative development . 

 

Keywords 

Community building, urban-rural relations, children 
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1. Background  

The biggest imbalance in China's development is the gap between urban and rural areas. The most obvious 
shortcoming is the underdevelopment of rural regions. Agriculture and rural areas are still the weakest 
parts of China's modernization drive. Integrated urban-rural development is a necessary way to solve these 
imbalances and shortcomings. Strengthening weak links and underdeveloped areas is a process of releasing 
potential and vitality. We can deepen the regional coordinated development strategy. We can also 
promote the two-way flow of talent, land, capital and other factors between urban and rural areas. These 
actions will expand the space for building a new development model and promoting high-quality 
development. 

Our team of urban-rural planners has been a core unit of Tongji University since 2013. We have participated 
in collaborative projects between Shanghai Municipality and Yunnan Province. We used our expertise in 
urban and rural planning to help local governments. We formulated development policies, construction 
management measures, and resource conservation and utilization guidelines. The series of plans we made 
for Yunlong County have become basic documents and guidance manuals. These plans let the county 
clearly define development directions. They also help the county allocate funds effectively and implement 
projects accurately. 

In 2019, Tongji University chose Yong'an Village—a deeply impoverished village—as a demonstration site. 
It also launched the "Dream Home" project. The project coordinated resources from different stakeholders 
through practical village planning. It also gathered multidisciplinary teams from planning, transportation 
and environmental fields to provide technical guidance. This integrated method has effectively ensured 
the continuous implementation of a series of rural revitalization initiatives. We mobilized local 
governments, villagers, university student volunteer teachers and social welfare organizations. They 
participated in "joint planning and co-governance". This initiative gradually strengthened the internal 
driving force for development of impoverished regions and people. 

 

Figure 1. The Collaborative Journey Between Tongji University and Yunlong County (2013–2025) Source: 
Photos by the project team, compiled and arranged by the authors. 
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2. Issues and Origins 

Yong'an Village is in Yunlong County, Dali Bai Autonomous Prefecture, Yunnan Province. It is about 12 
kilometers north of the county seat. The village was once one of the 24 deeply impoverished villages in 
Yunlong County. It has the following characteristics now: 

• It covers a total area of 36 square kilometers. Mountainous terrain makes up more than 90% of 
this area. 

• Its average elevation is about 2,100 meters. The annual average temperature is around 16°C, and 
the annual precipitation is about 800 millimeters. 

• It has a permanent population of 2,200. Over 98% of them are from the Bai ethnic group. 

• It has one primary school (with six grades) and an affiliated kindergarten. 

2.1 From Creating Livable Environments to Cultural Revitalization 

Our team formulated the Yunlong County Territorial Spatial Master Plan. We proposed that Yunlong should 
further strengthen research on cultural heritage protection and ecological green development. We 
emphasized the concepts of "ecological conservation, cultural empowerment, and green health". We 
suggested the county explore ways to get internal driving forces for long-term development. This is to 
pursue comprehensive rural revitalization and find a sustainable development path for Yunlong. 

Yunlong County is in Dali Bai Autonomous Prefecture, Yunnan Province. It used to be a prosperous salt-
producing area and one of Yunnan's major salt-gathering places. The salt industry promoted the 
development and prosperity of local settlements. It gave birth to famous ancient communities in western 
Yunnan, such as the millennium-old Bai ethnic Nuodeng Village and ancient Baofeng Town. The "Salt Horse 
Trail" connects these salt cultural landscapes. It includes salt valleys, salt wells, salt industries, salt villages, 
salt customs and salt routes. These elements form a unique cultural ecosystem. 

Yong'an Village was a key stop on Yunlong's "Ancient Salt Horse Trail" in history. But its cultural resources 
and values are gradually losing vitality. We want to revitalize its cultural core. We aim to build a "culture-
led" transformation path for the village. 

 

Figure 2. Yong'an Village and the "Salt Horse Trail" in Yunlong County. Source: Photographed and drawn by 
the project team. 
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2.2 From Spatial Planning and Design to Guiding the Soul 

Physical infrastructure can improve the poor conditions of impoverished villages in the short term. But over 
time, there is a risk of "relapsing into old problems". A deeper analysis shows the root causes. They are 
mainly the insufficient subjective awareness of villagers and the lack of coordinated social development. 

Fundamentally, Yong'an's future belongs to its people. The Tongji team has always insisted on stimulating 
internal vitality. We worked with Yong'an villagers to plan and manage the village's future together. 

We want to gradually guide villagers to accept modern rural governance concepts and practices. We will 
establish effective participation mechanisms. These mechanisms can enhance their sense of identity and 
belonging to the village. This way can make villagers become the driving force behind the community's 
development. 

3. Approach 
3.1 Concept 

How to understand the "Dream Home" Project? 

In essence, it is a rural community co-creation activity. Urban youth, rural children and villagers all take 
part in it. Its core goal is to "protect rural landscapes, safeguard rural life, and uphold cultural 
confidence". It achieves this through precise, targeted and practical rural planning. 

During the planning process, we need to build cultural consensus. We shape real local lifestyles through 
spatial design. We also focus on key projects during implementation. At the same time, we actively let 
villagers and children join in the process. This continuously cultivates and enhances their cultural identity 
and confidence. This method helps the local community build beautiful and livable "dream homes". 

 

Figure 3. Concept Map. Source: Drawn by the authors. 

Yong'an Village follows its master plan and adopts a phased development method. It first meets the most 
basic living needs of residents. Through step-by-step efforts, it encourages villagers to take part in 
community building. This fosters their sense of cultural belonging and confidence in their own development 
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ability. This strategy helps the village change from simple "environmental improvement" to comprehensive 
"community governance". 

Project Implementation Path: 

• The Iterative Planning Process. 

• The Collaborative Planning Practice. 

• The Accompanied Planning Services. 

3.2 Step 1. Iterative Planning Process 

We gave up the "big and comprehensive" approach. We focus on precision, accuracy and practicality. This 
ensures that the plan fits rural realities. It also standardizes village planning management. Besides, it 
provides solid spatial guarantees and implementation guidance for rural revitalization. 

We made different plans for the village. These include the Yong'an Village Action Map, large-village 
renovation and upgrading plans, and multi-plan integrated practical village plans. The plans match the 
different development stages and needs of the village. At the same time, we completed the architectural 
and environmental landscape designs for key projects. 

We emphasize two things. One is the basic role of villagers in formulating plans. The other is the driving 
role of resource allocation at all levels in rural revitalization implementation. We provide long-term 
planning suggestions to the government. We also coordinate key tasks, such as transportation 
infrastructure, public service facilities, public space and environmental improvement, rural housing safety, 
and the toilet revolution. This method ensures that various projects are well connected and implemented 
in order. It avoids repeated construction. 

 

Figure 4. Three distinct planning proposals for different phases. Source: Drawn by the project team. 

3.3 Step 2. Collaborative Planning Practice 

Besides planning guidance and technical construction support, the planning team also emphasizes 
"simultaneous development of physical and cultural-spiritual spaces". We use co-creation to awaken and 
cultivate future rural development talents. 
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We hold an annual public welfare activity in Yong'an Village under the "Dream Home" Project. The themes 
usually come from "core village problems or annual key projects". They include topics like "school campus 
development, rural public spaces, rural public environment, my doorstep, villages along the Ancient Salt 
Horse Trail, and biodiversity". 

 

 

Figure 5. Photos from the 7-Year Event. Source: Photos by the project team, layout by the authors. 
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During these activities, young planners and volunteer teachers guide children and villagers. They help them 
understand public environments, natural landscapes and local culture. They also work together to design 
and build small-scale "dream home" facilities. We take children as the starting point to attract and mobilize 
villagers. We encourage villagers to take part in the whole planning and construction process. This way we 
can use collective wisdom. 

3.4 Step 3. Accompanied Planning Services 

We followed the planning framework and invited multidisciplinary experts to supervise key projects. We 
advanced all initiatives in an orderly way through careful planning. All projects used local technologies or 
worked with local construction teams. In practice, we adopted a two-pronged approach.  

On one hand, we strengthened the awareness of "environment" and "homeland". We followed the 
principle of "demonstrate first, then expand". This led to the establishment of the Yong'an Village Rural 
Living Environment Improvement Demonstration Site. We used the expertise of Tongji University's 
environmental and art design disciplines. We carried out technology-driven environmental improvement 
projects. These include the toilet revolution, waste management, sewage treatment, and public 
environment improvement. 

On the other hand, we also focused on building the village's "spiritual homeland". We took the construction 
of rural cultural spaces as a breakthrough. We worked with Tongji University's paired assistance programs. 
We carried out people-oriented projects, such as the villagers' deliberation center, public square, Yong'an 
Academy, Yongji New Bridge, and Tong'an Bridge. We organized public welfare activities. Villagers actively 
participated in the construction and later maintenance of these projects. This awakened their confidence 
in local culture. 

The Yong’an Heart won the 2022 Dezeen Awards Civic Building prize. The international jury spoke highly of 
it. They praised the innovative creation of public spaces in impoverished mountainous areas. They thought 
this showed China's unique way of poverty alleviation. "Yong’an Heart and Yong'an Academy" got the 2025 
Asian Architects Association Special Award for Sustainability. The jury pointed out that the project had very 
limited resources. But it still built an integrated system covering space, education, community and ecology. 
It not only showed the wisdom of localized and low-tech construction. It also provided a practical and 
replicable way for sustainable rural development in Asia's plateau areas. 

 

Figure 6. The New Yongji Bridge (before and after). Source: Taken by the project team. 
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Figure 7. The Yong'an Wings (before and after). Source: Taken by the project team. 

 

Figure 8. The Yong'an Academy (before and after). Source: Taken by the project team. 

 

Figure 9. The Yong'an Heart (before and after). Source: Taken by the project team. 
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4. Results 

The “Dream Home” Project has built a unique “1+1+N” model: 

• Planning-led guidance to define long-term development objectives 

• Conceptual transformation to mobilize wider participation 

• Demand-driven implementation to promote more pragmatic rural development 

We followed a single master plan and built several notable demonstration projects. We found a 
collaborative rural development path with villagers as the main participants. This path helps build a better 
future for their communities. 

“Planning-led” means drawing the blueprint first. It also means optimizing spatial layouts by adding or 

removing facilities in a planned way. Besides, it means carrying out integrated development strategies. 

We think “planning-empowered” means letting villagers take part in the whole process of building their 
homes. They learn new concepts and skills through hands-on participation in rural planning. This builds 
their ability to manage their own development in the future. So the village changes from relying on external 
support to developing on its own. 

 

Figure 10. Initiative Framework of the “Dream Home” Project. Source: Drawn by the authors. 

5. Broader Project Impact 

Through the "Dream Home Public Welfare Initiative", the project built initial trust and mutual 
understanding with villagers and communities. It used a highly adaptable model to make solutions suitable 
for local conditions. In 2023, local children from three villages joined a summer camp together. The camp's 
theme was the "Ancient Salt Horse Trail". In 2024, the summer camp had the theme of "Biodiversity 
Conservation". It was held at the Tianchi Nature Reserve. In 2025, more than ten youths from Shanghai 
went to Yunlong. They joined local children in a nature education summer camp. The project has now 
expanded from Yong'an Village to Nuodeng Village, Baofeng Village and Tianchi Village. Youths from other 
regions also take part in it. It has the potential to expand further. 

Besides rural development, this initiative is also a sustainable platform. It cultivates practical and high-level 
professionals. It also promotes the integration of industry, academia and research, and the transformation 
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of achievements. Over seven years, more than 200 university students and young planners have taken part 
in it. During this period, universities kept exploring practical teaching, university-enterprise cooperation, 
and the integration of industry, academia and research. This promoted the coordinated development of 
disciplines and talent training. This initiative has enriched the theories and methods of rural planning in the 
urban and rural planning field. It has provided new teaching scenarios for rural planning practice. It has 
also further inspired young planning professionals' sense of national pride and dedication to their country. 

 

 

Figure 11. 2023 Event Photos. Source: Taken by the project team. 

 

Figure 12. 2024 Event Photos. Source: Taken by the project team. 
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Abstract 

The limited nature of green space resources in urbanized areas cannot meet the happiness needs 
of residents in a balanced way, which is a global problem. However, the current research on the 
spatial mismatch between the fairness of green space and the subjective happiness of residents 
(SWB) is still insufficient. Taking Shanghai as an example, this study evaluates the accessibility of 
SWB and urban public green space (UPGS) by integrating social media data and improving the 
traditional GA2SFCA method. The study analyzes and compares the spatial distribution differences 
of various UPGS accessibility under different travel modes, and uses machine learning to reveal the 
potential impact of the mismatch between SWB and UPGS accessibility. The study also compared 
the spatial distribution differences of various UPGS accessibility under different travel modes, and 
used machine learning to reveal the nonlinear effects and interaction of different environmental 
factors on their spatial mismatch. The research results are as follows: (1) Shanghai's UPGS 
accessibility shows obvious spatial heterogeneity; residents' use of high-speed travel can 
significantly alleviate the inequality of UPGS, while community parks (the lowest Gini coefficient) 
can alleviate the inequality of other types of urban parks; (2) The accessibility of urban green space 
and residents' main There is a certain spatial correlation between the sense of happiness, especially 
in the inner ring area. The accessibility of urban green space and the subjective happiness of 
residents show an obvious "high-high" clustering mode; (3) The accessibility of road networks, 
house prices and enterprise clustering are the three most significant variables that affect the 
spatial mismatch of different dimensions, and show obvious The threshold effect of. These findings 
link the equity of urban green space with the subjective happiness of residents and provide a basis 
for targeted interventions to improve social welfare and promote sustainable urban development. 

 

Keywords 

Green space accessibility; Environmental justice; Social media data; Machine learning  

1. Introduction  
The World Urbanization Outlook for 2024 points out that by mid-2024, the global population will be close 

to 8.2 billion, and it is expected to increase by 2 billion in the next 60 years. The population of 63 countries 

and regions, including China, has reached its peak (United Nations, 2024). With the advancement of 

urbanization, human health is facing many challenges. On the one hand, urban residents have to cope with 
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increasingly serious environmental problems, such as air pollution, noise pollution and water pollution; on 

the other hand, the risk of declining quality of life among residents is also increasing (Bhattarai & Budd, 

2019). Urban park green space is an important public infrastructure to maintain urban ecology and social 

systems (Lee & Kim, 2015), as an important part of urban green space, urban parks provide residents with 

a valuable and convenient way to natural areas. Therefore, improving the equity of green spaces to meet 

the growing public demand is a necessary prerequisite for sustainable urban development (Lu et al., 2024). 

UPGS environmental justice research mainly focuses on the differences in the situation between different 

groups (Rigolon, 2016; Zhang et al., 2024; Liu et al., 2025). On the other hand, the research focuses on the 

continuous improvement of accessibility assessment methods. Early studies used the cumulative 

opportunity method to calculate accessibility, but this method was limited by geographical boundaries 

(Talen, 1997). Later, methods such as spatial syntax and geographic information system (GIS) technology 

were introduced to improve this defect (Hillier et al., 1993; Wang et al., 2022; Comber et al., 2008). After 

that, Talen and Anselin (Talen et al., 1998) used the gravity model as a key indicator for accessibility 

assessment. Subsequent researchers built on this to develop several Floating Catchment Area (FCA) models 

for improvement, such as the 2SFCA method with Gaussian decay, which incorporates a decay 

coefficient.Although accessibility assessment methods are becoming more refined, the uncertainty in 

travel time costs caused by traffic congestion is often overlooked. Later research (Chen et al., 2024) 

incorporated real-time navigation data to improve the precision of UPGS accessibility assessment. In future 

research, the limitations of accessibility assessment need to be further addressed. 

Research on the relationship between UPGS accessibility and SWB has shown that the more frequently 

residents visit green spaces, the stronger their sense of well-being (Bertram & Rehdanz, 2015). Subsequent 

studies have demonstrated that the inequitable distribution of green space can have adverse effects on 

the SWB of vulnerable groups (Rui, 2025; De Luca et al., 2024). Although UPGS have well-documented 

public health benefits, their distribution is uneven, and promoting green space equity is therefore an 

essential component of developing just cities (Sharifi et al., 2021). However, for cities and society as a 

whole, the potential relationship between UPGS accessibility levels and the spatial mismatch of SWB 

remains insufficiently understood. 

This study takes the Shanghai metropolitan area as a case, employing natural language processing (NLP) to 

analyze 360,979 geotagged Weibo check-in records as an objective measure of SWB. An improved 

GA2SFCA method is applied to assess spatial inequality in UPGS accessibility. The study makes three key 

contributions: (1) integrating supervised classification with UPGS quality ratings to generate a composite 

supply index, enhancing accessibility estimates with real-time travel data, and evaluating spatial disparities 

using the Gini coefficient; (2) operationalizing SWB measurement from social media content via NLP to 

examine correlations and spatial mismatches with UPGS accessibility; and (3) applying SHAP and XGBoost 

models to identify nonlinear effects, thresholds, and interaction patterns among determinants across built 

environment, infrastructure, and socioeconomic dimensions. The findings provide actionable insights for 

urban planners to design targeted interventions that improve social well-being and support the sustainable 

development of urban green infrastructure.A research paper is an academic contribution to a specific field, 

discipline, or topic. It should be between 3,000 and 5,000 words, including the manuscript and references. 

The text should be accompanied by tables and figures to enhance clarity. Photographs illustrating a case 

study context may also be included. When applicable, please add acknowledgements and information 

about research funding.  
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2. Methodology 
The theoretical framework of residents’ SWB and UPGS accessibility is illustrated in Figure 1. We quantified 

the SWB of residents within the study area and assessed UPGS accessibility using an improved GA2SFCA 

method. Prior to data analysis, we aggregated the data into hexagonal grids with a 300m (5-minute living 

circle) range, and used GeoDa to analyze the correlation and mismatch between SWB and UPGS 

accessibility. Furthermore, SHAP was used to interpret the results of the XGBoost model in order to reveal 

nonlinear factors influencing mismatch outcomes and to explore their potential mechanisms. The 

subsequent subsections provide a detailed description of the datasets employed and the methodological 

approaches adopted in this study.  

 

Figure 1. The reserch framework. Source: ISOCARP. 

2.1. Study Area 

Shanghai is a municipality directly under the central government of China and one of the most developed 

cities in the country. As of the end of 2024, Shanghai's permanent population was approximately 24.8026 

million (Shanghai Municipal Bureau of Statistics, 2024), the UPGS covers an area of 4,726.64 hm2, with a 

marked intensification of social inequality (Li & Wu, 2008). Meanwhile, Shanghai has recorded 31.974 

million internet users (Shanghai Municipal Bureau of Statistics, 2024), which reflects the widespread 

penetration of social media among the urban population. Considering the integrity and consistency of data 
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collection, it is an ideal choice for this study to delimit the central area of Shanghai (within the outer ring 

road) as a research area. However, since residents living near the border of the outer ring road may choose 

public toilets outside the outer ring road, this study added a 3-kilometer buffer zone outside the outer ring 

road to more accurately reflect the potential choices of residents when choosing public toilets. As of May 

2025, there are 257 public toilets in the study area. These public toilets are rated by the Shanghai 

Landscaping and Urban Landscape Bureau using a star rating system (i.e., 5, 4, 3, 2, 1 stars and basic 

level).According to China's "Standards for Classification of Urban Green Space" (CJJ/T85-2017)(Ministry of 

Housing and Urban-Rural Development of China, 2018) and Shanghai's "Shanghai Ecological Space Planning 

(2021-2035)" (Shanghai Bureau of Planning and Natural Resources, 2021), urban green space is divided into 

four categories according to area: comprehensive parks (≥50 hm², 20 parks), municipal parks (10-50 hm², 

51 parks), district-level parks (4-10 hm², 76 parks) and community parks (0.3-4 hm², 109 parks). 

 

Figure 2. Study area. Source: ISOCARP. 

2.2. Data source and processing 

We have collected the following types of data: (1) urban park data, (2) social media data, (3) real-time 

navigation data, and (4) explanatory feature data. 

The first type of data is urban park data. In December 2024, we used the Python script to capture the AOI 

data of urban parks in the research area from the Gaode Map API (https://gaode.com/) and refer to Google 

Maps (https://maps.google.com/) Get more information. Through cross-checking with the Shanghai Park 

List, the vector data of 257 urban parks were finally identified in the research area. 

The second type of data is social media data. We have captured 980,216 microblog check-in records in 

Shanghai from September 1, 2023 to August 31, 2024 (https://m.weibo.cn/). After preliminary screening, 

including de-duty, regularization and removal of hyperlinks and empty data, we further screened the data 

and retained 360,979 valid records containing geographical latitude and longitude information. Then, we 
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use Baidu Natural Language Processing (NLP) tools to process these effective microblog data and get a 

happiness index between 0 and 1. 

The third type of data is travel time navigation data. This study mainly discusses the accessibility 

assessment of residents' daily short-distance leisure travel to UPGS. In order to obtain the travel time of 

residents under the actual traffic conditions, we collected the travel time data of residents walking, taking 

public transportation or driving to UPGS from the Gaode Open Platform(https://gaode.com/). We excluded 

the impact of strong winds (Shanghai encountered strong winds on April 13, 2025, so the data on that day 

was excluded), rainy days, and weekends and morning and evening rush hours. The data collection period 

is selected as a sunny working day from April 9 to 16, 2025. 

The last type of data is explanatory characteristic data. In order to further explore the potential factors of 

urban planning and residents' subjective happiness (SWB) spatial mismatch, we selected a total of 15 

indicators from three dimensions. In the built-up environment dimension, we have incorporated urban 

road network data, building height data and normalized vegetation index (NDVI) data. In the socio-

economic dimension, we have incorporated house price data, night light data, GDP data and population 

data. We collected the house price data of 4,292 residential communities in the research area through 

Anjuke API (https://shanghai.anjuke.com/). The infrastructure dimension mainly includes point of interest 

(POI) data. We have collected a total of 343,391 POIs through the Gaode Map Open API. 

2.3. Analysis methods 

2.3.1. Measuring UPGS accessibility based on improved GA2SFCA 

Based on the traditional GA2SFCA model, we improved the spatial impedance and the attractiveness level 

of green space catchment areas, and used Python scripts to scrape the real-time status of different travel 

modes of residents along the Amap planned routes to accurately measure the UPGS accessibility of each 

residential location. 

Next, we use the prepared data to start calculating the accessibility of UPGS within the study area. The first 

step is to calculate the supply-demand ratio: for each j, all communities k search from j at time 𝑡0, forming 

the catchment area of j. 𝑀𝐽  represents the attractiveness of j within its catchment area, and the total 

population of each community within the catchment area, after weighting, is 𝑃𝑘. The weighted population 

in catchment area j is considered the potential users of urban park j. This study assumes that within the 

walking-mode search radius, residents can all reach the park and green space by walking, so the proportion 

of the population using walking mode is set to 1. Only beyond the walking search radius will public transport 

or driving modes be used. Based on the "2024 Shanghai Statistical Yearbook" (Shanghai Municipal Bureau 

of Statistics, 2024), the number of private cars and total households in Shanghai are obtained, yielding 

approximately 42 private cars per 100 households. Therefore, the travel population proportions for public 

transport and driving are set to 0.58 and 0.42, respectively. The total population of each demand point k is 

multiplied by the proportion of each travel mode to calculate the population using walking, public transport, 

and driving modes. Using a Gaussian function for weighting and aggregation, the final supply-demand ratio 

𝑅𝑗  of UPGS to community population is expressed as follows(1): 
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  𝑅(𝑗) =

{
  
 

  
 

𝑀𝑗

∑ 𝐺(𝑡𝑘𝑗,𝑡0)𝑘∈{𝑡𝑘𝑗,𝑤≤𝑡0}
𝑃𝑘

𝑀𝑗

∑ 𝐺(𝑡𝑘𝑗,𝑡0)𝑘∈{𝑡0
𝑤≤𝑡𝑘𝑗,𝑝≤𝑡0}

𝑃𝑘

𝑀𝑗

∑ 𝐺(𝑡𝑘𝑗,𝑡0)𝑘∈{𝑡0
𝑤≤𝑡𝑘𝑗,𝑐≤𝑡0}

𝑃𝑘

 (1) 

In this formula, 𝑡𝑘𝑗,𝑤，𝑡𝑘𝑗,𝑝 and 𝑡𝑘𝑗,𝑐  represent the travel times for visitors to travel from k to j via walking, 

public transportation, or driving, respectively. 𝑡0 represents the travel time threshold from the origin to 

the destination. A review of previous studies indicates that 30 minutes is generally regarded as the 

maximum travel time limit for residents (Wang, 2013). Therefore, in this study, 𝑡0 was set to 30 minutes. 

In addition, we found that residents tend to prefer walking for trips with destinations located within 500 

meters, which aligns well with Shanghai’s park development principle of “a park within 500 meters”. 

Accordingly, in this study, we introduced a prerequisite when evaluating accessibility by car and public 

transport: the travel time to the destination by these two modes must be greater than the walking time 

for 500 meters. Assuming a walking speed of 4 km/h, the travel time for this distance is calculated to be 

7.5 minutes, which we define as 𝑡0
𝑤. 𝐺(𝑡𝑘𝑗,𝑡0) is the distance decay function, expressed as follows (2): 

  𝐺(𝑡𝑘𝑗,𝑡0) = { 

𝑒
(−
1
2)×(

𝑡𝑘𝑗

𝑡0
)
2

−𝑒
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1
2)

1−𝑒
(−
1
2)

0,    𝑡𝑘𝑗 ≥ 𝑡0

,      𝑡𝑘𝑗 ≤  𝑡0     (2) 

Step 2: Calculating accessibility. Taking each community point k as the center, the supply-demand ratio 𝑅𝑗  

of UPGS located within the spatial catchment defined by the time threshold 𝑡0 is weighted using the 

Gaussian function 𝐺(𝑡𝑘𝑗,𝑡0), The accessibility of community point k, denoted as 𝐴(𝑘), is then obtained as 

follows (3): 

  𝐴(𝑘) =

{
 

 
∑ 𝐺(𝑡𝑘𝑗,𝑡0)𝑅𝑗𝑗∈{𝑡𝑘𝑗≤𝑡0}

∑ 𝐺(𝑡𝑘𝑗,𝑡0)𝑅𝑗𝑗∈{𝑡0
𝑤≤𝑡𝑘𝑗,𝑝≤𝑡0}

∑ 𝐺(𝑡𝑘𝑗,𝑡0)𝑅𝑗𝑗∈{𝑡0
𝑤≤𝑡𝑘𝑗,𝑐≤𝑡0}

 (3) 

2.3.2. XGBoost model analysis 

We employed the XGBoost model to assess the influence of 15 features across the urban built environment, 

urban infrastructure, and socioeconomic factors on the mismatch between UPGS accessibility and SWB. 

XGBoost is a machine learning algorithm that leverages gradient boosting to enhance model performance 

(Chen & Guestrin, 2016), offers several advantages, including fast training speed, high accuracy, strong 

capability in handling missing values, and effective prevention of overfitting. In this study, the dataset was 

divided into 70% for training and 30% for testing. Model parameters were tuned using five-fold cross-

validation and a grid search method. To avoid bias in evaluating model performance due to class imbalance, 

the ROC curve was used as the primary metric for assessing predictive ability, as it is unaffected by sample 

proportions and better reflects the true performance of the model. After training and fine-tuning, the 

optimal model achieved an AUC of 0.85 and an F1 score of 0.858, demonstrating good generalization ability. 

2.3.3  SHAP interpretation 

Machine learning models are often criticized as black-box approaches because it is difficult to intuitively 

understand the relationship between features and prediction outcomes. To address this limitation, 

Lundberg and Lee (Lundberg & Lee, 2017)  introduced SHAP, a game-theory-based method for interpreting 

machine learning results. The Shapley value represents the contribution of a particular feature to a specific 
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prediction relative to the baseline prediction, which is defined as the model output when all features are 

set to their average values. We adopted this method to interpret the output of the XGBoost model, as 

shown in the following formula (4):  

  ∅𝑖 = ∑
|𝑆|(|𝐹|−|𝑆|−1)!

|𝐹|!𝑆⊆𝐹\{𝑖} (𝑓(𝑠 ∪ {𝑖}) − 𝑓(𝑠)) (4) 

Where ∅𝑖 represents the Shapley value of feature i, F is the set of all features, S is the subset of other 

features excluding feature i, 𝑓(𝑠) is the prediction result of feature subset S, and 𝑓(𝑠 ∪ {𝑖}) is the output 

result when feature i is added to the feature subset S. |𝑆| and |𝐹| are the sizes of the feature subset S and 

the full set of features F, respectively.In this study, we initialized the interpretation using a grid-level 

dataset representing the mismatch between residents’ subjective well-being (SWB) and UPGS accessibility. 

The Shapley values for all test samples were then calculated as follows, let 𝑓(𝑥) be the prediction value, 

and ∅0 be the model's baseline prediction. Then, we have (5): 

  𝑓(𝑥) = ∅0 + ∑ ∅𝑖
𝑑
𝑖=1  (5) 

Where 𝑓(𝑥) is the model's prediction for input x, ∅0 is the baseline value (the expected value or mean of 

the model output), ∅𝑖 is the contribution of feature i to the prediction result, and d is the dimensionality 

of the features. 

2.3.4  PDP interpretation 

The PDP algorithm visualizes the marginal effects of one or two specific features on the predictions of a 

machine learning model (Friedman, 2001). Its principle is to hold all other features constant, vary the values 

of the target feature, and record the resulting changes in predictions (Zhao et al., 2022). In this study, the 

PDP algorithm was implemented using a Python open-source toolkit, and partial dependence plots 

together with interaction plots were employed to reveal the potential relationships between the features 

and the predicted outcomes. The explanation is as follows (6): 

  𝑓𝑆(𝑥𝑠) = 𝐸𝑋𝐶 = [𝑓(𝑥𝑠, 𝑋𝐶)] ∫ 𝑓(𝑥𝑠, 𝑋𝐶)𝑑𝑃(𝑋𝐶) (6) 

𝑥𝑠 denotes the feature used to plot the partial dependence and interaction functions, and 𝑋𝐶represents 

the remaining features. 𝑃(𝑋𝐶) is the probability distribution of the complementary features 𝑋𝐶. 𝑓 refers 

to the predictive model used in this study. 

3. Discussion 
3.1. Equity assessment of green space planning based on the improved GA2SFCA 

According to the results of the accessibility distribution (Figure 3), we found that the accessibility of UPGS 

under low-speed travel mode (walking and public transportation) is significantly lower than that of high-

speed travel mode (private car). This may be due to the limited number of large green spaces in the study 

area, especially in the inner ring area, resulting in more uneven green space searches in a smaller range. In 

addition, the Gini coefficient of public transportation accessibility indicates the underdevelopment of 

public transportation facilities around UPGS, which significantly reduces the actual accessibility level of 

UPGS. Judging from the UPGS type, the comparison of the Gini coefficient shows that the performance of 

community parks is obviously better than that of the other three categories. This shows that small green 

spaces such as community parks can effectively make up for the shortcomings of the other three types of 

UPGS in achieving green space equity. Therefore, under the circumstances that the construction of the 

other three types of parks is restricted, priority can be given to the development of community parks to 

improve the accessibility of residents to UPGS. 
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By observing the accessibility level of green space in the geographical spatial distribution, we found that 

the accessibility of urban green space in the inner ring area of Shanghai is relatively high and concentrated. 

However, due to the limited land available for development in the region, the plan should pay more 

attention to improving the availability of urban green spaces in the inner ring area.In contrast, there are 

fewer buildings in the south and north of the central area of Shanghai, and there are fewer commuters, 

which provides enough space for large-scale construction of urban green space resources to alleviate the 

shortage. In addition to improving the accessibility of residents to urban green spaces by increasing the 

number of green spaces and changing the mode of travel, we also suggest that the municipal government 

further improve the service level of supporting facilities in urban green spaces during the construction 

process. This includes the reasonable arrangement of transportation, parking and other facilities for users 

who drive to urban green spaces, so as to significantly improve the convenience of vulnerable groups and 

green spaces. This can improve the frequency of use of green space and the convenience of driving to a 

certain extent. 

 

Figure 3. Spatial distribution of UPGS accessibility in central Shanghai. Source:ISOCARP. 

3.2. Impacts of environmental variables on green space planning 

Using SHAP and XGBoost analysis, we found that in the urban environment, road network accessibility, 

convenience of life, NDVI and house prices have a positive impact on the spatial mismatch of residents' 

subjective happiness, while the concentration of enterprises, night light pollution index and population 

density have a negative impact on the subjective happiness of residents(Figure 4). Through specific analysis, 

we find that in terms of building an urban environment, improving the accessibility of road networks is 
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crucial to improving commuting efficiency and social equity. The improvement of NDVI is crucial to 

alleviating the urban heat island effect, but attention must be paid to the threshold effect to prevent the 

waste of green resources (Navarrete-Hernandez et al., 2024). Therefore, under the condition of limited 

urban greening resources, urban planners should focus on balancing urban transportation development 

and environmental greening. 

From a socio-economic perspective, within a certain range, house prices can improve people's subjective 

happiness (SWB). Changes in house prices will quickly affect the wealth stock of residents, thus directly 

changing the wealth of families. During the period of rising house prices, the appreciation of real estate 

can increase the total assets of the family; while the decline in house prices will expose residents to the 

risk of depreciating real estate. In addition, low-cost areas often lack perfect infrastructure, which has a 

negative impact on subjective happiness. This reflects the environmental inequality caused by the wealth 

gap. Therefore, the future green space planning should focus on the development level of green space in 

low- and middle-income areas, and be alert to the risk of "green gentlemanization". The increase in the 

intensity of lights at night will lead to noise pollution, light pollution, increased disease incidence and other 

problems, thus reducing people's subjective happiness.  

In terms of urban environmental infrastructure construction, areas with a high concentration of enterprises 

often lead to a decline in subjective happiness (SWB) due to the high pressure of the employed population. 

These employees usually work in high-rise office buildings. Therefore, in addition to building small and 

convenient urban public green spaces (UPGS) on the two-dimensional plane of the city to relieve their 

mental health pressure, measures such as promoting three-dimensional green space planning can also be 

implemented. Improving the convenience of daily life within a certain range can quickly meet the needs of 

residents and improve subjective happiness. Therefore, coordinating urban life service facilities with 

corresponding landscape and green space infrastructure can further improve people's subjective happiness. 

In addition, there is a mutual interaction between characteristic variables of different dimensions.  

 

Figure 4. SHAP summary plots. Source:ISOCARP. 
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3.3. Global perspectives on implications for environmental decision-making 

Our research findings have strategic significance for urban sustainable development and environmental 

decision-making: 

(1) From the perspective of green space planning, Shanghai, like Hong Kong, London and other 

international metropolises, is facing the phenomenon that the infrastructure of the city center is relatively 

perfect and the suburban green space is insufficient(Shan & He, 2025). The existence of small green spaces 

(such as community parks) helps to alleviate spatial imbalance (Zhang & Chen, 2024). Therefore, in the 

central urban areas where land supply is tight and it is difficult to build large parks, community-level green 

spaces can be used as an effective alternative to solve the problem of spatial inequality; at the same time, 

the construction of suburban urban green space services (UGPS) should also be strengthened. 

(2) From the perspective of resource allocation (Figure 5), similar to cities such as New York and Beijing, 

the dual effect of housing prices in Shanghai reflects the tension between "green welfare" and "green 

gentlemanization"(Assaad & Jezzini, 2024; Wu & Rowe, 2022). Research shows that although 

environmental improvement measures such as urban greening have improved the quality of public space, 

they have also inadvertently pushed up house prices in these areas, forced vulnerable residents to move 

out, and attracted high-income and highly educated groups, thus raising land prices and cost of living. Given 

that studies have shown that the construction of three-dimensional greening in commercial-intensive areas 

such as central business districts can improve the subjective happiness of office workers(Xie et al., 2025), 

urban policymakers should actively promote the construction of three-dimensional green infrastructure. 

(3) From the perspective of fairness, alleviating the uneven spatial distribution of urban green space is 

conducive to achieving social equity. In the future, it is necessary to strengthen the construction of urban 

public transportation, improve the convenience of residents' access to urban green space in different 

modes of travel, and improve the accessibility of residents on foot as much as possible. Research shows 

that walking has the most significant impact on promoting green space equity. In addition to the impact of 

objective accessibility on social equity caused by the spatial distribution of urban green space, residents' 

subjective perception of green space has also become an important indicator for predicting the use mode 

of green space. There is a difference between residents' subjective perception of green space, objective 

accessibility and actual accessibility (subjective happiness, SWB), which is affected by factors such as age, 

gender and socio-economic status. This highlights the importance of creating attractive, safe and inclusive 

green spaces, not just improving factors such as improving the objective accessibility of urban public 

transportation, and provides valuable inspiration for urban planners and policymakers. 
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Figure 5. Interaction Plot. Source:ISOCARP. 

4. Conclusion  
This study puts forward a new research framework with the urban area in the center of Shanghai as an 

example. First of all, we use Baidu Natural Language Processing (NLP) technology to quantify the subjective 

happiness of residents based on social media data with geographical tags, and obtain the real-time travel 

time of urban residents in three modes of walking, public transportation and driving through Airbnb map 

route planning. Secondly, we use the Gaussian two-step floating watershed method to evaluate the 

accessibility of the urban built environment. Third, we use the Gini coefficient to evaluate the difference in 

the fairness of the urban built environment, and evaluate the spatial mismatch between the accessibility 

of the urban built environment and the subjective happiness of residents through bivariate spatial 

correlation analysis. Fourth, we use the SHAP method to explain the XGBoost model, reveal the nonlinear 

impact mechanism of 15 characteristic variables in the three aspects of urban construction environment, 

infrastructure and socio-economics, and evaluate their contribution level, key feature impact threshold 

and interaction. 

This research can provide an effective reference for future urban planning and social equity decision-

making. By identifying areas with weak green space equity, policymakers can allocate resources more 

effectively. In addition, our research results further establish the connection between urban planning and 

the public, which helps to achieve environmental justice. This is not only conducive to the sustainable 

development of Shanghai, but also provides valuable references for other parts of the world.Few studies 

have previously focused on the geographical mismatch between UPGS accessibility and residents' 

subjective well-being. 
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Abstract 

On August 4, 2020, the Beirut port explosion caused catastrophic human and material losses, 
marking one of the largest non-nuclear blasts in modern history. Beyond its immediate 
devastation— with over 230 deaths, 300,000 displaced persons, and massive damage to 
infrastructure — the explosion exposed the long-standing fragilities of Lebanon’s urban 
governance system. Set against a backdrop of economic collapse, political stagnation, and 
institutional fragmentation, this disaster unfolded in a city already shaped by multiple, overlapping 
crises. It offers a compelling case to question dominant paradigms of urban resilience and post-
crisis reconstruction. In a context where sustainable urban growth is increasingly threatened by 
the frequency and complexity of systemic crises, the case of Beirut illustrates how urban resilience 
— often positioned as complementary to sustainability (Espiner et al., 2017; Weber, 2023; Roostaie 
et al., 2019)— operates under conditions of chronic instability and weak state leadership. While 
conventional resilience frameworks emphasize centralized planning, institutional coordination, 
and long-term visioning, Beirut’s post-blast response reveals a different reality: fragmented, 
localized, and often competing recovery efforts led by non-state actors, NGOs, and community 
networks. The absence of a unified public reconstruction strategy allowed sectarian and political 
fragmentation to shape the urban landscape in uneven ways. This raises critical questions about 
how sustainable urban growth can be pursued when institutional dysfunction is persistent and 
recovery is driven by ad hoc, territorially embedded initiatives. Beirut challenges us to rethink how 
resilience and sustainability are defined and practiced in urban environments characterized by 
crisis continuity, governance vacuums, and territorialized power structures. This article contributes 
to planning and policy-making by critically reassessing the concept of resilience in fragile urban 
contexts and offering insights for more grounded and adaptable planning frameworks. First, it 
demonstrates that in the absence of a strong, centralized public authority, resilience becomes 
fragmented— shaped by uneven spatial investments, social inequalities, and political agendas. The 
post-explosion response in Beirut lacked both vertical coordination and horizontal integration, 
revealing the limitations of top-down recovery models in contexts of state failure. Second, the 
article argues that resilience, if it is to support sustainable urban growth, must be reframed not as 
a technical goal but as a socio-political process. It must engage with questions of power, 
representation, and spatial justice — particularly in divided or fragile cities. In Beirut, bottom-up 
responses provided immediate relief but often lacked the scale or coherence to address long-term 
reconstruction needs. Finally, the article proposes an alternative approach to post-crisis urban 
recovery in fragile settings — one that recognizes the plural nature of urban actors, support flexible 
planning instruments, and embraces the complexity of institutional fragmentation rather than 
ignoring it. Such an approach could inform international aid frameworks, national recovery 
strategies, and local urban policies aiming to reconcile resilience with equity, participation, and 
long-term sustainability in the face of ongoing crisis 
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1. Introduction  

The Beirut port explosion of 4 August 2020 ranks among the most powerful non-nuclear explosions in 
history, the third largest in terms of magnitude worldwide (McCarthy, 2020). The devastating impact of the 
blast—230 dead, over 6,500 injured, nearly 300,000 displaced, 150 permanently disabled, and over 77,000 
buildings damaged—profoundly changed the Lebanese capital (Nassar & Nastaca, 2021; Hariri et al., 2021). 
Economic damages of as much as 15 billion USD are also reflective of the scale of the tragedy, though 
figures continue to be contested (World Bank, 2020).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Apart from its immediate destruction, the explosion unfolded within Lebanon's long history of chronic 
crises—wars, political paralysis, economic collapse, and environmental and health shocks—that expose the 
deep dysfunction of its sectarian political system. Historically described once as a "laboratory of post-
disaster reconstruction" (Rosencrantz et al., 2011), Lebanon has seen each recovery phase hijacked by 
sectarian and political forces, rendering reconstruction a tool of territorial control and legitimacy. 

The aftermath of 2020, however, defies this pattern. Unlike previous experiences, no political or sectarian 
actor has asserted hegemonic control over the recovery process. Instead, the absence of state leadership 
and the failure to establish a shared vision have generated a fragmented terrain of uncoordinated, often 
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Map 1: Repercussions of Beirut port explosion. Source: author, 2025 

203



Habib, C.; Habib, M; Habib, M. Fragmented resilience and the challenge of 
sustainable urban growth in cities facing 

multiple crises: the case of Beirut  
 

 

competing, initiatives. The vacuum has opened new modes of urban response that disrupt Lebanon's 
established patterns of reconstruction. 

This paper situates Beirut's case within wider debates on the challenge of achieving sustainable urban 
development and resilience in cities plagued by long-term crises. Our argument is that resilience in this 
case cannot be tackled in linear, homogeneous, and universal terms. Rather, it appears as a situated, 
uneven, and contested ensemble of practices that are shaped by two structural conditions: the chronic 
occurrence of systemic shocks (across spatial and temporal scales) and the sectarianized organization of 
political and territorial power. 

Methodologically, the paper adopts a multi-scalar and qualitative approach, combining multiple data 
sources. It relies on (i) a review of academic literature and policy reports, (ii) analysis of media archives 
documenting post-blast interventions, and (iii) empirical material including semi-structured interviews with 
35 key reconstruction actors and 70 inhabitants and field observations conducted in the most affected 
neighborhoods between 2022 and 2025. Given the challenges of conducting research in Lebanon, this 
paper relies on this triangulated methodology, enabling the identification of differentiated recovery 
trajectories and supports the analysis of resilience as a fragmented and uneven process. 

We pursue two objectives: first, to unpack the fractured logics of Beirut's reconstruction-shaped by state 
absence, competing actors, sectarian divides, and deep spatial inequalities-and second, to reassess the 
relevance of mainstream resilience frameworks in contexts where crisis is structural rather than 
exceptional. By tracing Beirut's post-blast trajectory, we detail a critical model of resilience that resonates 
better with the experiences of cities in chronic crisis and rebalances the relationship between resilience, 
fragmentation, and sustainable urban development. 

2. Thinking of resilience in a sectarian and prolonged crisis context 
Initially formulated in ecology (Holling, 1973), resilience has been widely adopted in urban studies as a 

post-disaster and risk management approach (Vale & Campanella, 2005). Frequently described as cities' 

capacity to "bounce back," it has rapidly spread in global discussions, but not without critiques: scholars 

stress its ambiguity, normative bias, as well as limited operational efficiency (Davoudi et al., 2012; Reid, 

2012; Rufat, 2011). Applied universally, it risks blurring the diversity of local contexts and trajectories 

(Meerow, Newell & Stults, 2016). 

In long-term crisis contexts, such as Beirut, the idea of "returning to normal" is untenable. Crises here are 

not exceptional moments but structural conditions. The 2020 port explosion is an example of this paradox: 

recovery cannot mean restoration, for "normality" itself is marked by chronic instability. As Larrère & 

Larrère (1997) argue, systems evolve continuously under perturbation and therefore multiple temporalities 

of urban change need to be taken into consideration. This is especially so in fragile metropolitan centers 

where local shocks reverberate widely (Reghezza, 2006). 

This research studies the idea of fragmented resilience as a means to express how various actors recover 

through multiple small-scale initiatives based on underlying political, institutional, and spatial divisions.  

The method of accomplishing this is to dealt with how different recovery practices change based on the 

neighborhoods in which they take place, who the participants are, and what time frames each practice 

covers.  The study will contain an empirical analysis of each of these conditions to identify patterns of 

interventions made, gaps in coordination, and differences in space, with the understanding that this will 

allow for a broader connection to theoretical discussions about resilience and fragmentation of the 

recovery process. 
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Figure 1: Methodology of work. Source: author, 2025 

3. Resilience in Fragments: Scale, Dissociation, and Sectarianism After the 
Beirut Blast 
3.1. The Scale of the Beirut port explosion and the impossibility of a sectarian project 

Reconstruction in Lebanon has often served as a tool of politico-sectarian consolidation. The post-war 

redevelopment of downtown Beirut by Solidere under Rafic Hariri has been widely interpreted as a 

neoliberal project reinforcing Sunni centrality (Fawaz et al., 2018; Verdeil, 2020), while Hezbollah’s Waad 

project after the 2006 war consolidated Shiite territorial control (Verdeil, 2020). These initiatives relied on 

centralized action and sectarian appropriation within a weak state context. 

By contrast, the 2020 port explosion affected 10,000–15,000 structures across socially and confessionally 

diverse neighborhoods (Hariri et al., 2021), making unified territorial control unattainable. Unlike previous 

localized reconstructions, no single actor could impose a dominant narrative. As Makarem (2021, p. 678) 

notes, the disaster produced “a fragmented field, ungovernable by old paradigms.” 

In the absence of state leadership, a wide range of NGOs, foundations, and citizen groups intervened, 

focusing primarily on short-term relief and housing repair. Over 12,000 trained volunteers contributed to 

damage assessment and aid distribution, while 536 organizations were active by mid-September, though 

fewer than one-third remained engaged in the medium term (Hariri et al., 2021; Sader, 2021). 

This proliferation avoided sectarian logics but did not result in a concerted alternative. Instead, the 

response was dispersed and short-term, showcasing the failure of Lebanon's traditional system to 

territorialize crisis management at a metropolitan scale. The explosion thus represents a rupture: too 

diffuse, plural, and expansive to be contained within the country's known patterns of sectarian 

reconstruction. 
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3.2. A first dissociation in Beirut's resilience paradigm 

The post-2020 port explosion reconstruction demonstrates the way Beirut's resilience is less a process of 

recovery than fragmentation. What transpires is a kind of fragmented resilience: adaptive measures 

diffused across actors and timescales, yet incapable of coalescing into an integrated urban project at the 

scale of the metropolitan area of Beirut.  

3.2.1. Horizontal dissociation 
Post-blast intervention was characterized by an explosion of uncoordinated actors. This was not a short-

term coordination deficit but a structural aspect of crisis governance. Established actors—sectarian parties, 

ministries, municipalities—replicated opaque and discriminatory practices, entrenching clientelism 

(Verdeil, 2019; Beyhum, 1992). At the same time, over 370 "new" actors—bilateral donors, NGOs, UN 

agencies, faith-based organizations—came into the picture (BUL, 2021; BUL, 2024) and are operating at 

different levels. Their imported frameworks, often detached from local politics, produced overlap, 

competition, and selective spatial marking. 

 

Figure 2: Beirut post-explosion actors’ interventions across spatial scales. Source: author, 2025 

The result is a stratified and uneven urban landscape. At the household scale, recovery was largely driven 

by residents, supported by civil society and grassroots initiatives. At the neighborhood scale, interventions 

became more complex, combining efforts from NGOs, religious and political actors, local associations, and 

international organizations. At the metropolitan scale, recovery remained limited, mainly confined to 

international initiatives—particularly those targeting port rehabilitation—many of which remain 

incomplete. 

Fragmentation also operates within each scale. Empirical data and interviews reveal significant disparities 

between adjacent areas experiencing similar levels of damage. While some neighborhoods benefited from 

greater visibility and aid concentration, others received limited support. These uneven patterns reflect 

underlying political, sectarian, and spatial dynamics, as well as the selective influence of NGOs, 

international actors, and diaspora networks. 
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3.2.2. Temporal dissociation  
Fragmentation of the reconstruction process was exacerbated by further time elapsed. Immediately after 

the event occurred, solidarity of collective efforts produced a “state-less alert system” (Grünewald et al., 

2020). In addition, short-term NGO efforts have provided an example to the needs of residents; more than 

536 organizations mobilised shortly after the event, however, fewer than 100 of these remain active one 

year after the incident (Beirut Urban Lab, 2021). The temporality of these projects was inconsistent with 

the longer-term need of residents for stability. 

At the same time, the Lebanese State entered a “strategic void” (Harb et al., 2023) by failing to provide any 

coordinated system or funding and effectively outsourcing recovery to other entities. Concurrently, actors 

in the market chose to focus on making money by directing resources toward the profitable sectors and 

ignoring those residents in the most vulnerable conditions (Beirut Urban Lab, 2024). These differences in 

temporality, urgent, stalled, project-based, and market-led have undermined the ability to establish any 

coherent system and led to what Habib and Brun (2025) describe as “opportunistic resilience.” 

Together, these spatial and temporal dissociations reveal that resilience in Beirut is not a unified process 

but an uneven and fragmented adjustment to crisis. Shaped by selective intervention, visibility, and profit 

logics, it reinforces inequalities rather than fostering inclusive and sustainable urban development. 

 

Figure 3: Dissociation of "resiliences" in the case of Beirut. Source: author, 2025 

 

3.3. Sectarianism: A Second Dissociation in Lebanon’s Resilience Model 

Beyond spatial and temporal fragmentation, reconstruction in Lebanon is shaped by its entanglement with 

sectarian logics. While fragmented governance is common in disaster contexts (e.g., Haiti, Nepal), the 

Lebanese case is distinct in how sectarianism structures both aid distribution and the meaning of the 

disaster. Resilience is thus doubly fragmented: across scales and along confessional lines. 

Interviews show that aid allocation followed sectarian patterns rather than purely humanitarian criteria. 

Neighborhoods such as Mar Mikhaël and Gemmayzeh received greater support, while areas like Karantina 

and Naba’a were comparatively marginalized (Najdi, 2022). Sectarian belonging thus mediated access to 

relief and reinforced territorial differentiation. 

This is compounded by the politicization of the disaster. While accountability remains unresolved, evidence 

points to systemic state negligence in the handling of ammonium nitrate (Human Rights Watch, 2021), 

situating the explosion at the intersection of state failure and sectarian governance. 

These dynamics generate a double trust deficit. Foreign donors do not have much confidence in the 

Lebanese state, which is perceived as corrupt and incompetent. At the same time, some actors do not want 
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to finance some of the “political” quarters, indirectly in relation of the disaster cause. The net outcome is 

a geopoliticized and confessionalized aid map: Christian neighborhoods, valued for their heritage content 

and symbolic weight, were often privileged (Coulombel, 2020). 

Sectarianism is thus both enabler and obstacle. Religious NGOs and transnational networks mobilize 

resources with ease, yet reinscribe community boundaries and selective geographies of recovery. The 

result is not collective resilience but a mosaic of micro-recoveries, each calibrated to sectarian belonging.  

4. Discussion: The model of “resilience” with double dissociation  
Beirut's post-blast trajectory complicates dominant interpretations of urban resilience. Far from reflecting 

any coherent ability to recover, the city's response reveals a dual dissociation: one spatial and temporal, 

and the other political-that makes resilience adaptive yet structurally constrained. Together, these 

dynamics yield a form of resilience that is responsive in the short term but non-transformative in the long 

term. 

This model reveals the limits of conventional resilience frameworks, which assume institutional coherence 

and stable governance. In contexts such as Lebanon, characterized by chronic crises and entrenched state 

weakness, resilience is distributed, selective, and politically mediated. This might allow fast responses, but 

it perpetuates exactly those structures of vulnerability that enabled the disaster to strike. The post-blast 

period demonstrates neither a rupture from nor a repetition of past trajectories but rather a recalibration 

within these very trajectories: micro-innovations crop up, yet they remain embedded within entrenched 

sectarian and clientelist systems that preclude structural change. 

For cities in protracted crisis, then, the task is not only one of enhancing adaptive capacity but also of 

shifting power relations away from sectarian and clientelist control. Inclusive urban development requires 

forms of planning that recognize and work with rather than against fragmentation. Flexible, incremental, 

and polycentric planning frameworks—capable of working across institutional and territorial boundaries—

are more viable within crisis conditions than unitary master plans. This recognition of the pluralism of 

actors and temporalities enables interventions that are more realistic and inclusive and that better 

withstand uncertainty. 

This would, in effect, mean rethinking architecture and governance modes at multiple scales: international 

donors have to move away from short-term project cycles toward longer-term funding that aims for equity 

and builds local capacity rather than reinforcing dependency; nationally, improvements could include 

increased municipal-level transparency and reduced sectarian capture of services. Locally, empowering 

neighborhood committees and civil society groups and professional collectives can anchor recovery 

strategies in residents' needs rather than partisan agendas. The double dissociation model underlines, in 

the final analysis, a key paradox: Beirut is a city that shows ample resilience but has limited transformative 

recovery. When resilience functions within unequal political landscapes, it can stabilize dysfunction rather 

than challenge it. What is needed, therefore, is a critical reframing-one that places resilience not only as 

survival but as a potential driver of justice, equity, and structural reform in cities of chronic crisis. 
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Figure 4: Model of "resilience" in the case of Lebanon. Source: Habib, 2025 

5. Conclusion  
The Beirut port explosion shows that resilience in contexts of perpetual crisis cannot be understood as a 

unified or transformative urban capacity. Rather, it is manifest through fragmented, unequal, and politically 

mediated processes. Spatial, temporal, and sectarian disjunctions have created a recovery landscape in 

Beirut that consolidates extant inequalities and depends on the very conditions that the narratives of 

resilience purport to redress. This implies that sustainable urban futures for such cities would need to 

address the root drivers of fragmentation-sectarian governance, institutional absence, and selective 

intervention-before resilience can evolve from a mode of survival into a foundation for more inclusive and 

equitable urban transformation. 
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Abstract

New technologies like large language models (LLMs) are growing fast, and they are changing
jobs in big cities around the world. But these changes also create big problems for jobs and for
making sure city growth is fair and lasts a long time. So, in this study, we used five different LLMs
(GPT-4, Gemini-2.5-Flash, Claude-3.5-sonnet, GLM-4-flash, and DeepSeek-R1) along with prompt
engineering to make a system that measures how much AI affects different jobs. We looked at
the center of Beijing (inside the Sixth Ring Road) to see how LLM technology affects workers in
different places, industries, and education levels.
We found that AI affects industries in very different ways. For example, jobs in tech and money
are affected the most (0.38 and 0.36), but jobs in making things and mining are affected very
little (0.04 and 0.05). When we looked at education, we saw that people with bachelor's degrees
are at the highest risk (0.47). This is surprising because people usually think technology helps
highly skilled workers. Also, looking at the map of Beijing, we see that the areas most affected by
AI are in tech hubs like Zhongguancun and Qinghe. However, the outer areas where people
mostly make things are less affected.

Keywords

AI exposure, Labor market polarization, Spatial resilience, Large Language Models, Urban
employment, Beijing

1. Introduction
The rise and rapid development of artificial intelligence and the emergence of large language models in
particular is a paradigm change in the global labor market pattern (Choi et al., 2024; Brynjolfsson et al.,
2025; Babina et al., 2024). When global cities are struggling forward under the pressure of both
technological progress and employment security, it is important to understand the impact dimensions of
artificial intelligence on the level of space and industry for sustainable urban development (Noy et al.,
2023; Hershbein and Kahn, 2018; Sun et al., 2024.) As one of the world's top technology hubs, Beijing,
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with a population of 21.8 million and a diverse industrial structure is an ideal observation platform to
study these transformative dynamics.

The development process of artificial intelligence began in the foundation period in 1943, went through
the "golden age" from 1956 to 1974, the cycle of revival and depression witnessed many times, until the
third wave of development started in the 21st century (Doshi and Hauser, 2024; Gao et al., 2025). The
recent new stage characterized by large language models (LLMs) has accelerated the concern of the
polarization of the labor market - the employment share of low-paying jobs and high-paying jobs have
been increasing at the same time, and the number of medium-paying jobs has continued to decline
(Frank et al., 2019; Eisfeldt et al., 2023). The divergence trend between labor productivity and real
workers' wages (and especially stronger after 2000 significantly) is exactly an example of such a
polarization (Frank et al., 2019; Wang and Jiao, 2025).

Against this backdrop, there is a focus by the United Nations Sustainable Development Goals on realizing
the synergy of full employment, technological progress and economic development (UN, 2015). Goal 8
encourages decent work and economic growth by promoting inclusive policies to foster job creation and
Goal 9 is committed to promoting innovation and industrial upgrading.

This study overcomes the above challenges by examining three central questions: What is the impact of
large language models on the urban labor market? Which are the differentiated influences of different
occupations? What are the spatial characteristics of the pattern of urban labor market? The structure of
this article is as follows: Section 2 elaborates on the research methods, including an innovative evaluation
framework of large language models; Section 3 presents in detail the empirical findings in the dimensions
of occupation, industry and space; Section 4 explores research implications and contributions; Section 5
presents policy recommendations and looks forward to future research directions.

2. Methodology
2.1. Assessment Framework

We used a three-step methodology to focus on how artificial intelligence impacts job markets in the
urban areas of Beijing.

First of all, we combined job exposure ratings from each model using weighted averages and assessed
whether models agreed with each other using correlation test. In this step, we have processed 1,605
different types of jobs through five AI systems to form exposure scores that represent what different AI
tools collectively predict (Eloundou et al., 2024; Chen et al., 2025). After that, we performed Pearson
correlation tests to ensure our results were statistically sound.

Next, we examined links between AI exposure and a number of workplace factors, such as industry type,
education requirements and salary ranges. We classified the industries according to China's standard
classification of the economy. For the education, we used six groups of different ages of education from
elementary school all the way up to graduate degrees. Monthly salaries were also separated into a
number of income brackets for comparison.

Finally, we employed density mapping and neighborhood analysis methods to identify the patterns of AI
exposure in the city of downtown Beijing (Jia et al., 2024; He et al., 2024). The density mapping weighted
its attention depending upon the job concentration in various neighborhoods. Meanwhile, Local Moran's
I calculation helped us to find areas where similar exposure levels were grouped together with
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confidence levels at 95% and 99%. We divided the study area into 500 meters by 500 meters squares,
which is the typical size of a block in Beijing, and provides us with enough detail to work with.

Figure 1. Research Framework. Source: Authors.

2.2. Prompt-engineering-based Assessment Methods

Our research framework adopts an innovative multi-model assessment approach under prompt
engineering framework to assess occupational AI exposure in the labor market in Beijing. The
methodology combines the features of quantitative evaluation and spatial evaluation, which can
comprehensively grasp the technological transformation of urban employment landscape, and overcome
the limitations of traditional survey-based or expert evaluation methods (Eloundou et al., 2024; Chen et
al., 2025).

The inner part of our system of assessment uses five state-of-the-art Large Language Models reflecting
various architectural designs and training philosophies. GPT-4o (OpenAI) has generalist capabilities with
many years of training on various text corpora; Gemini-2.5-flash (Google) is fast, with the ability to
understand in multiple modalities; Claude-3.5-sonnet (Anthropic) focuses on the subtleties of logic and
situational understanding; GLM-4-flash (Zhipu AI) is trained with the ability to use language and local
knowledge of the situation; and DeepSeek-R1 is trained to provide knowledge about technology and
science. With this heterogeneous model pool, the individual model biases are reduced to a minimum and
the range of views on the occupational possibility of automation is represented (OpenAI, 2023).

Each model independently rates the exposure level of 1,606 detailed occupational categories according
to standardized job responsibility, job required skills, and job task characteristics prompts. Additionally, a
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subset of 100 occupations was expert validated by human resource professionals and labor economists
with 84% agreement with model assessments.

2.3. Data Collection

Data collection covers a variety of sources in order to achieve a complete coverage of the labor market in
Beijing. Primary occupational data is from the Chinese Standard Classification of Occupations (2022
edition), and supplemented by real-time job posting information from the major recruitment platforms
like Zhaopin, 51job and Boss Zhipin. This dataset is for a period from January to December 2024 and
represents more than 2.3 million job postings in the area within the Sixth Ring Road area of Beijing (2,267
km ² ). Spatial data integration that makes use of high-resolution employment density maps, enterprise
registration databases and urban functional zone classifications to enable granular spatial analysis.

3. Results and Analysis
3.1. Model Assessment Validation and Consistency

The multi-model assessment framework shows good consistency among all the five LLMs and correlation
coefficient values range from 0.664 to 0.847. GPT-4o and Gemini-2.5-flash have the highest correlation
(0.817), while GLM-4-flash rarely shows the lowest but yet significant correlation with other models. The
mean values of the exposure scores of the models vary from 0.0897 (GPT-4o) to 0.1895 (GLM-4-flash)
and standard deviations are in the range of 0.1755 - 0.2115, which reflects reasonable consensus with
model-specific deviations. This high inter-model agreement is a check on the validity of our prompt
engineering method and implies that the measured exposure patterns are experiential of true
occupational characteristics and not a result of model-specific biases.

Table 1. Model Assessment Results. Source: Authors.

gpt-4o gemini-2.5-flash claude-3-5-
sonnet glm-4-flash DeepSeek-R1

count 1606 1606 1606 1606 1606
mean 0.0897 0.09 0.0993 0.1895 0.1156
std 0.1874 0.1837 0.1755 0.1998 0.2115

Table 2. Correlation Analysis. Source: Authors.

gpt-4o gemini-2.5-flash claude-3-5-
sonnet glm-4-flash DeepSeek-R1

gpt-4o 1 0.817 0.752 0.664 0.799
gemini-2.5-flash 0.817 1 0.799 0.701 0.847
claude-3-5-
sonnet 0.752 0.799 1 0.720 0.796

glm-4-flash 0.664 0.701 0.720 1 0.748
DeepSeek-R1 0.799 0.847 0.796 0.748 1
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3.2. Occupational and Industrial Exposure Patterns

Analysis of 63 occupations in the medium category shows a large heterogeneity in the level of exposure
to AI. Scientific researchers, administrative personnel and information technology professionals exhibit
the highest scores of exposure (more than 0.35), while agricultural technicians, forestry workers and
operators of manufacturing industry exhibit significantly lower vulnerability (below 0.10). At the more
detailed occupational level (1,605 categories), the variation becomes even more pronounced, with the
job positions closer to maximum exposure scores (0.8-1.0) being financial analysts, software developers
and content editors, in contrast to the job positions closer to manual labor in construction, agriculture
and basic manufacturing (0.04-0.08).

Figure 2. AI Exposure Across Occupations (63 Medium-Category). Source: Authors.

Industrial analysis reveals a clear hierarchy of AI exposure between Beijing's economic industries.
Information transmission, software and information technology services are at the top of this list
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(average exposure score: 0.38), followed by leasing and business services (0.37) and financial services
(0.36). Education and real estate sectors take intermediate places in the ranking (0.35 and 0.31
respectively) and traditional sectors such as manufacturing (0.04), mining (0.05) and resident services
(0.06) show little exposure. This pattern hints that knowledge-intensive service industries are due for the
most serious technological intrusion, and that physical and location-bound services are relatively
insulated from AI automation.

Table 3. AI Exposure Across Industries. Source: Authors.

3.3. Socioeconomic Correlates of AI Exposure

The pattern between educational attainment and AI exposure is surprisingly an "inverted U-shaped"
pattern. Workers who have bachelor's degrees are most exposed (0.47), more so than those with less
educational qualifications (junior high school and below: 0.11) and those who have advanced degrees
(master's and above: 0.42). This result overturns traditional ideas on skill-biased technological change
and implies that mid-level knowledge workers performing standardized cognitive tasks are at greater risk
of being automated than either manual laborers or highly specialized professionals.

Table 4. AI Exposure Across Education Levels. Source: Authors.
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Salary analysis shows that there is a positive correlation between compensation level and AI exposure (R²
= 0.72). Positions with monthly salary with more than 30,000 RMB have the average exposure score
above 0.6, and those with less than 10,000 RMB with an average exposure score below 0.2. This
correlation links to the concentration of the impact of AI on knowledge-intensive and well-compensated
jobs involving information processing, analysis, and routine decision-making tasks that can be automated
with algorithms.

Table 5. AI Exposure Across Salary Levels. Source: Authors.

3.4. Socioeconomic Correlates of AI Exposure

Spatial analysis of the distribution of AI exposure in the area of Sixth Ring Road in Beijing shows a unique
"four cores, multiple nodes" distribution. The four high exposure cores include: Qinghe District, with the
core of Zhongguancun Science City North Area; traditional Zhongguancun District with established high
technology industry concentration; Guomao District, financial and business services center of Beijing; and
Jiuxianqiao District, cultural creativity and new service industries center. These cores have exposure
scores higher than 0.45 and are occupied by most of the technology companies, financial institutions and
knowledge intensive service providers.

Multiple secondary nodes including Yongfeng, Fengtai, Yizhuang and Fuxingmen form important
supplementary clusters to create an interconnected network of high exposure zones. Local spatial
autocorrelation analysis has found six hot spots of high-high clustering areas forming continuous
innovation corridors: the technology corridor of Zhongguancun-Century City-Weigongcun-Sidaokou,
Qinghe-Shangdi-Xieerqi-Xisanqi northern technology belt, and the business services axis of Gulou-Dongsi-
Chaoyangmen-Guomao.

On the contrary, low-low clustering areas (cold spots) are mainly distributed in the places of peripheries
such as Nanyuan, Shahe and Qiaozhuang. These regions, that have traditional manufacturing, logistics
and simple services, have the scores below 0.15 for exposure. The sharp center-periphery distinction
implies that AI's transformative effect is focused in clusters of knowledge economies while the industrial
and logistical zones are left largely untouched with the potential to increase spatial disparities in
economic opportunity and development potential.
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Figure 3. Kernel Density Estimation, AI Exposure Distribution and Local Spatial Autocorrelation.

Source: Authors.

4. Discussion
The results show fundamentally changing urban labor market structures caused by the advancement of
AI and have important implications for urban planning, human resource development, and economic
policy. The extreme sectoral imbalance in exposure to AI means that the structure of Beijing's economy is
exposed to asymmetric technological disruption, which could lead to an increase in the pace of structural
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transformation from manufacturing to services and help to generate new forms of labor market
segmentation. The concentration of high-exposure occupations in knowledge-intensive industries implies
that orthodox assumptions of technology complementing high-skill labor needs rethinking in the LMM
era.

The found "inverted U-shaped" education-exposure relationship is a paradigm shift in the understanding
of skill biased technological change. Unlike the preceding waves of automation that mostly displaced
routine manual work, LLMs are showing potential when it comes to performing standardized cognitive
work that traditionally took bachelor's degree-level education. This finding indicates that middle-tier
knowledge workers, especially those who are in administrative, analytical and content creation positions,
are under unprecedented pressure for automation. The relative insulation of both low-education manual
workers and high-education specialists implies the possibility of labor market polarization, i.e.
concentration of employment opportunities at the extremes of the skill distribution.

Spatial pattern of concentration of AI exposure spark critical issues on inclusive urban development. The
"four cores, multiple nodes" structure, on the one hand, reflects the innovation geography in Beijing, but
on the other hand, it also points out the potential risks of spatial inequality amplification. High-exposure
zones, overlapping with high-quality urban areas, may well see accelerated economic transformation and
employment churning, whereas low exposure peripheral areas may well be further excluded from the
innovation economy. This spatial differentiation requires well-aimed policy interventions to ensure that
the benefits of technology spread more equitably across the urban landscape.

The high correlation between salaries and exposure to AI is a paradox for economic development
strategies. While high-paying knowledge jobs are the driver of urban competitiveness and can attract
talent, their risk to middle-class stability of employment due to AI automation. This dynamic may require
fundamental reconceptualization of career pathways, educational investments, and social safety nets in
order to support workers operating in technological transitions. Cities have to balance encouraging the
innovation of AI for economic growth with ensuring employment security for their residents.

5. Conclusion
This research offers a whole-body empirical evidence of the transformative power of Large Language
Models in terms of urban labour market from the case of Beijing. By creating an innovative multi-model
framework of assessment based on prompt engineering, we measured AI exposure across 1,606
occupations and identified critical patterns of technological disruption across industrial, educational and
spatial dimensions. The findings show that the impact of AI goes well beyond the routine automation of
various tasks, fundamentally transforming the organization and location of urban employment.

Three important contributions can be taken from this study. First, the multi-model integrated assessment
method provides a scalable, standardized method for assessing occupational AI exposure that goes
beyond the traditional expert review methods for the level of consistency and coverage. Second, the
finding of the "inverted U-shaped" education-exposure relationship puts pressure on current theories of
skill-biased technological change, and underscores the vulnerability of middle-tier knowledge workers.
Third, the identification of different spatial clustering patterns offers new insights on the interaction
between technological transformation and urban spatial structure to produce differentiated impact
zones.

Policy implications focus on the importance of pro-active interventions on both the sectoral and spatial
dimensions of AI-induced labor market transformation. Recommendations to address this information

220



He, X.L.; Wu, Z.Q.; Chu, L.Y.; Lai, Y. Spatial Resilience and Inclusive Development of
New Employment in Beijing

include setting up reskilling schemes focused on high-exposure occupations especially for bachelor's
degree holders in administrative and analytical trades; developing place-based policies to avoid widening
the inequalities between high-exposure cores and low-exposure peripheries; and developing adaptive
social protection systems to support workers in times of technological transitions, while preserving labor
market flexibility (Beaudry et al., 2018).

Future studies should take this framework into practice temporally and spatially. Longitudinal studies of
the dynamics of changes in exposure patterns to artificial intelligence (AI) would shed light on the
dynamics of technological changes and labor market adjustments. Comparative study of several cities
would reflect on the mediators between AI and employment via varied urbanities. Additionally, as part of
the micro-level studies, firm-level adoption decisions and worker adaptation strategies could be
investigated more intensely to offer a better understanding of the mechanisms driving the macro-level
patterns found in this study. As the development of AI technology continues to accelerate fast,
continuous monitoring and assessment of the impacts of AI on the labor market is of utmost importance
to guarantee that technological progress contributes to inclusive and sustainable urban development.
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Abstract 

Rapid urbanization has intensified changes in the built environment-such as noise, light, heat 
exposure, and air quality-thereby heightening risks to both the physical and mental health of urban 
residents. Concurrently, sprawling and unregulated urban expansion has diminished the 
convenience of non-motorized travel and outdoor activity, leading to increased reliance on private 
automobiles, reduced physical activity, and consequently rising prevalence of obesity, 
cardiovascular diseases, diabetes, and other chronic conditions. As global health paradigms shift 
from “disease treatment” to “health prevention,” human-centered, proactive, and preventive 
health interventions have become a dominant trend. The built environment, as a key determinant 
of health independent of genetic and medical factors, possesses advantages of cost-effectiveness, 
durability, and subtle behavioral influence, and is increasingly recognized as a critical platform for 
active health promotion. Accordingly, the relationship between the built environment and public 
health has emerged as a central topic in healthy-city research. Although existing studies have 
identified significant associations between the two, systematic understanding of the underlying 
mechanisms remains limited, particularly regarding physical activity as a pivotal mediating 
variable. 
This study systematically synthesizes the multidimensional relationships among the built 
environment, physical activity, and residents’ health, and develops an integrative “multi-scale–
multi-path–multi-group” analytical framework centered on physical activity as the key mediator. 
The framework delineates the hierarchical transmission mechanisms of health effects across 
spatial scales-from macro-level urban form to meso-level neighborhood structure and micro-level 
place design; distinguishes the mediating roles of commuting, recreational, and other types of 
physical activity in the behavioral pathways; and identifies the moderating effects of 
sociodemographic characteristics on the built environment–health relationship. Furthermore, the 
study incorporates multi-source data fusion, indicator-system construction, and mediation-effect 
testing, and discusses the framework’s applicability to health-oriented urban planning and 
precision public health interventions. 
Overall, the integrative theoretical framework and analytical paradigm proposed herein deepen 
the mechanistic understanding of how the built environment shapes health outcomes, and provide 
theoretical foundations and practical guidance for advancing healthy-city development. 

Keywords 

Built Environment, Physical Activity, Health Intervention 
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1. Introduction  
With the acceleration of global urbanization, urban spatial forms and residents’ lifestyles are undergoing 
profound transformations, accompanied by a general decline in physical activity levels and growing public 
health concerns. In recent years, multiple health risks-including non-communicable chronic diseases, heat 
exposure, and psychological stress-have become increasingly concentrated in urban environments, while 
spatial disparities in health have also intensified (WHO, 2025). According to the World Health Organization, 
approximately 27.5% of adults worldwide do not meet the recommended level of physical activity (WHO, 
2018), and insufficient activity contributes to more than five million premature deaths annually (Lee et al., 
2012). In China, over 30% of adults are physically inactive, and fewer than 25% of adolescents meet the 
recommended standards (Li et al., 2023); related rates of obesity and mental health problems continue to 
rise (Wang, 2025). Consequently, the question of how the urban built environment influences residents’ 
health has become a central concern in both academic and policy discourse (Mooney et al., 2022; Ding et 
al., 2023). 

Against this backdrop, urban planning has increasingly incorporated health objectives into spatial 
governance frameworks, marking a paradigm shift from disease prevention to health promotion (Zhong et 
al., 2022). Early studies on urban health mainly concentrated on environmental exposures and related 
health risks (Cao et al., 2019), with particular attention to direct threats such as air pollution (Brook et al., 
2010), environmental noise (Basner et al., 2014), and urban heat islands (Li & Bou-Zeid, 2013). As the field 
developed, research increasingly recognized the role of the built environment in shaping residents’ 
behavior, and physical activity was gradually identified as a key behavioral link between environment and 
health (Zhang et al., 2023). Accordingly, the focus has shifted from describing static environmental 
characteristics to examining the dynamic interaction between behavior and spatial conditions. 

Existing studies largely cluster around two main lines of inquiry: one focuses on direct environmental 
threats such as pollution and heat stress (Zhang et al., 2023; Zhang et al., 2020), and the other examines 
statistical associations between built environment indicators and health outcomes (Maharana & Nsoesie, 
2017; Li et al., 2024). Together, these lines of work provide an important empirical base, but they often 
leave the environment–health relationship as a “black box.” In response, researchers have increasingly 
turned to behavioural mechanisms, with physical activity-shaped by environmental context and closely 
linked to health-now widely viewed as a core mediator connecting the built environment and human health. 
Within this paradigm shift, the key concepts can be further defined as follows: the built environment refers 
to an anthropogenic spatial system composed of land use and urban spatial elements, which influences 
health through both direct environmental exposure and behavioral shaping; physical activity, as a critical 
mediating variable, reflects individuals’ behavioral responses to different environmental contexts; and 
health is understood as a multidimensional outcome encompassing physical, psychological, and social well-
being. 

However, current research still faces three major limitations: first, physical activity is often treated as a 
homogeneous process, overlooking differences among activity types; second, macro-, meso-, and micro-
scale analyses are frequently conducted in isolation, lacking cross-scale integration; third, studies 
commonly assume population homogeneity and pay limited attention to the moderating role of 
sociodemographic characteristics. With the advancement of emerging data sources and analytical 
technologies, these limitations are gradually being addressed: the integration of remote sensing imagery, 
street view data, mobile sensing, and big data platforms has enabled more fine-grained, multi-scale 
representation of the built environment (Nguyen et al., 2022); the widespread adoption of wearable 
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devices and health applications has significantly improved the spatiotemporal resolution and accessibility 
of physical activity data (Cui, 2024); meanwhile, the interdisciplinary integration of geographic information 
science, public health, and data science has provided stronger methodological support for mechanism-
oriented research (Oliver et al., 2019). 

Building on these developments, this study reviews how research on the relationship between the urban 
built environment and residents’ health has evolved, identifies current trends and remaining limitations, 
and places particular emphasis on the mediating role of physical activity. It develops a “multi-scale-multi-
path-multi-group” mediation framework and elaborates its internal logic, core dimensions, and associated 
methodological pathways. On this basis, the study further discusses potential applications and future 
extensions of the framework. The aim is to provide both a coherent theoretical foundation and a practical 
analytical scheme for health-oriented spatial planning, while offering insights into strategies that can guide 
residents toward healthier behavioral patterns. 

2. Construction of the “Multi-Scale-Multi-Path-Multi-Group” Mediation 
Framework 
2.1. Logical Structure and Mechanisms of the Framework: A Mediation Model 

Within the paradigm evolution of research on the built environment and health, the field has undergone a 
series of important shifts: from “natural restoration” to environment-based design interventions, from 
identifying correlations to uncovering underlying mechanisms, and from whole-population assessments to 
a more targeted focus on specific population groups. Against this backdrop, understanding how the 
environment influences human health through physical activity has become an essential and unavoidable 
research priority. Although existing studies have explored this relationship from perspectives such as 
spatial scale, behavioral pathways, and population heterogeneity, they have largely relied on isolated, 
single-dimensional analyses. A unified analytical framework that can bridge macro-level structures and 
micro-level places, while integrating diverse behavioral patterns and group heterogeneity, remains lacking. 
This fragmentation across dimensions leaves the interaction mechanisms among key factors insufficiently 
understood, effectively rendering them a “secondary black box” that has yet to be fully unpacked. 

In response, this paper develops an integrated “multi-scale-multi-pathway-multi-group” mediation 
framework (as shown in Figure 1). Centering physical activity as the core mediating variable, the framework 
establishes a basic causal chain of “built environment-physical activity-residents’ health,” in which the built 
environment is conceptualized as the structural condition, physical activity as the behavioral mediator, and 
health status as the outcome variable. Specifically, the multi-scale dimension captures the differentiated 
influences of the built environment on physical activity across spatial levels, including urban form, 
neighborhood configuration and street-level micro-environments; the multi-pathway dimension reflects 
the composite mechanisms through which the built environment transmits health effects via different 
types of physical activity, such as utilitarian (commuting) and recreational activity; and the multi-group 
dimension elucidates how gender, age and socioeconomic status moderate the relationship between the 
built environment and health. By means of this integrative framework, the paper seeks to advance the field 
from fragmented empirical findings toward more systematic theoretical explanation, and to provide more 
comprehensive theoretical support for healthy urban planning and targeted interventions. 

226



Hou, X.H.; Leng, H.; Hou, Y.L. Research Framework on the Relationship 
Between Urban Built Environment and 

Residents' Health: The Mediating Effects of 
Physical Activity 

 

 

 

 

Figure 1. Integrated Multi-Scale × Multi-Path Mediation Framework. Source: Author’s illustration. 

2.2. Multi-Scale Dimension: Hierarchical Deconstruction of Built Environment Effects 

The health impacts of the built environment arise through a nested multi-scale spatial mechanism-where 
macro-level urban structure, meso-level neighborhood configuration, and micro-level street environments 
interactively shape residents’ physical activity patterns and, ultimately, their health outcomes (as 
summarized in Table 1). 

 

Table 1. Multi-Scale Mechanisms Linking the Built Environment to Physical Activity and Health. Source: 
Author’s illustration. 
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2.3. Multi-Path Dimension: Heterogeneous Channels of Physical Activity Mediation 

The mechanisms through which the built environment affects residents’ health are characterized by 
multiple pathways, including both direct effects and indirect mediation effects through physical activity (as 
shown in Figure 2). The direct effects refer to improvements in ecological quality, reductions in 
environmental exposure, and enhancement of psychological restoration, all of which directly promote 
physical and mental well-being. The indirect effects occur when the built environment influences the level 
and type of physical activity, thereby indirectly shaping outcomes related to metabolic health, 
cardiovascular fitness, and psychological well-being. 

As a mediating mechanism, physical activity exhibits diverse transmission channels across different health 
outcomes. Transport-related physical activity increases aerobic exercise, improves cardiopulmonary 
function and lipid metabolism, and plays a significant role in preventing chronic diseases. Leisure-time 
physical activity contributes to psychological recovery and emotional regulation, enhancing subjective well-
being and social connectedness. Functional physical activity, often associated with daily travel and light 
occupational activity, helps improve metabolic function and reduce obesity risk. Although domestic 
physical activity tends to be lower in intensity, its continuity and universality contribute to maintaining 
energy balance and weight control (Rhodes et al., 2019). 

In addition, psychological perception and social experience represent important supplementary pathways 
through which the built environment influences health. High landscape quality, visual greenery, and the 
accessibility of open spaces can reduce stress and promote mental health via mechanisms of psychological 
relaxation and emotional restoration. Simultaneously, pleasant spatial environments and increased 
opportunities for social interaction enhance positive emotions, sense of belonging, and community 
cohesion. These psychological and social processes interweave with behavioral pathways, collectively 
forming a multidimensional transmission system through which the built environment impacts health. 

Incorporating this multi-path mediation dimension into the study of built environment–health 
relationships helps elucidate the complexity of behavioral mechanisms and provides a deeper 
understanding of how different forms of physical activity and perceptual experiences jointly mediate health 
outcomes. This perspective is crucial for advancing from single-mechanism explanations toward a 
comprehensive interpretation of health effects within urban environments. 

 

Figure 2. Pathways from the Built Environment to Health. Source: Author’s illustration. 
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2.4. Multi-Group Dimension: Moderating Effects of Socio-Demographic Characteristics 

Sociodemographic characteristics such as gender, age and socioeconomic status systematically shape how 
individuals perceive and use the built environment, the types and levels of physical activity they engage in, 
and the health benefits they derive, thereby producing pronounced differences in health effects across 
population groups (as summarized in Table 2). 

 

Table 2. Sociodemographic Differences in Built Environment Perception, Physical Activity Patterns, and Health 
Effects. Source: Author’s illustration. 

3. Research Methods and Technical Pathways 

3.1. Data Acquisition and Processing Techniques 

This study constructs a comprehensive data system encompassing the built environment, physical activity, 
and residents’ health (as summarized in Table 3). The processes of data collection and processing adhere 
to the principles of multi-source integration, scale matching, and quality control. 
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Table 3. Data Types, Sources and Processing in the BE-PA-Health Framework. Source: Author’s illustration. 

3.2. Indicator System Development and Quantification 

To empirically examine how the built environment, physical activity and residents’ health are linked in 
sequence, this study constructs a multidimensional, multi-scale indicator system that balances theoretical 
guidance with what can be observed in available data (as summarized in Table 4). In line with the core 
dimensions of the theoretical framework, the built environment is divided into macro-, meso- and micro-
level spatial scales; physical activity is grouped by dominant type, such as transport-related and leisure-
related behaviours; and residents’ health is described along physical, psychological and social dimensions. 

The indicator system is designed to remain faithful to these concepts while still being workable in empirical 
analysis. Each core variable is translated into concrete indicators that capture its intended meaning and 
can be measured with sufficient precision and compared across scales. This provides a common 
measurement basis for the subsequent quantitative models and for testing the proposed chain linking the 
built environment, physical activity and health outcomes. 

 

Table 4. Multi-Level Analytical Framework Linking Built Environment, Physical Activity and Health. Source: 
Author’s illustration. 
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3.3. Mechanism Exploration and Validation 

In empirical studies of the built environment and health, mediation analysis has become a central way to 
open up the processes that connect the two. Choosing analytical tools that fit the research question, data 
structure and strength of causal claims is therefore a key step. Within this framework, the methodological 
basis extends from simple mediation checks to more advanced models that can accommodate complex 
mechanisms and support more rigorous causal interpretation. 

Traditional regression-based approaches-such as the causal-step procedure and the Sobel test-tend to 
have low statistical power and depend strongly on distributional assumptions. As a result, they have been 
gradually replaced by Bootstrap methods, which build confidence intervals for mediation effects via 
repeated resampling, relax normality assumptions and usually yield more stable estimates. 

The Structural Equation Model (SEM) provides an integrated setting for complex mediation analysis, 
allowing simultaneous estimation of multiple mediation paths and explicit treatment of latent variables. 
Its multilevel extension, the Multilevel Structural Equation Model (MSEM), further addresses nested data 
structures and enables multi-scale mechanism analysis. Within the built environment-physical activity-
health framework, SEM can be used to test commuting, leisure and other types of physical activity as 
mediators in one model while adjusting for confounders, and MSEM can separate mediation effects at both 
individual and neighbourhood or community levels. 

To move beyond the causal inference constraints of cross-sectional designs, longitudinal models-such as 
the Latent Growth Model (LGM) and formal causal mediation frameworks-have been increasingly 
employed. These models capture how changes in environmental conditions shape health trajectories over 
time through physical activity. At the same time, advanced mediation specifications-such as parallel 
multiple mediation, chain mediation and moderated mediation-improve the capacity to detect and 
interpret heterogeneity across different pathways and population subgroups. 

More recently, the combination of machine learning and causal inference, together with high-resolution 
spatiotemporal data from wearable and smart devices, has pushed mediation models in a more dynamic 
direction. These developments create new possibilities for examining complex, nonlinear routes through 
which the built environment may affect health outcomes. 

Taken together, this expanding methodological toolkit not only offers diverse options for assessing the 
mediating role of physical activity in the built environment–health relationship, but also supports a shift 
from merely verifying the presence of mediation toward a more detailed and dynamic exploration of how, 
when and for whom these mechanisms operate. 

4. Application pathways and contextual limitations of the research 
framework 
4.1. Health intervention pathways of the framework 

The integration of urban built environment intervention pathways seeks to turn the theoretical framework 
and empirical results into concrete strategies for spatial planning and health promotion, so that insights on 
mechanisms can inform practical optimisation. In this perspective, effective spatial interventions should 
work in three directions at the same time: increasing the frequency and intensity of residents’ physical 
activity, lowering exposure to adverse health risks, and providing supportive external conditions for healthy 
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behaviour through improvements in environmental quality and functional layout. On this basis, the 
intervention pathways can be broadly summarized into the following four dimensions: 

(1) Health risk exposure control. 

By adjusting urban spatial structure and functional organisation, it is possible to reduce how often and how 
intensely residents are exposed to harmful environmental factors. Typical measures include reshaping the 
transport network and road cross-section design to curb vehicular traffic intensity and exhaust exposure; 
installing buffer greenbelts, noise barriers and low-noise pavements to attenuate acoustic pollution; and 
strengthening ventilation corridors and green infrastructure to improve air circulation and thermal 
comfort. Taken together, such interventions help to alleviate the physiological and psychological burdens 
associated with adverse environmental exposure. 

(2) Targeted interventions for key populations. 

Environmental health improvement strategies need to respond to the differentiated needs and 
vulnerabilities of groups defined by gender, age, occupation or health status. Examples include creating 
low-gradient, highly safe pedestrian systems with nearby community activity spaces for older adults; 
providing barrier-free, functionally diverse outdoor play areas for children; and designing low-intensity yet 
well-connected rehabilitation trails and green networks for people living with chronic conditions. These 
targeted arrangements improve both the feasibility and safety of physical activity for different population 
groups. 

(3) Optimization of health resource allocation. 

Health-supportive facilities-such as medical institutions, fitness venues, green spaces and parks-should be 
spatially arranged in ways that improve accessibility and convenience in daily life. Through mixed land-use 
patterns and public transport-oriented development, the travel time and monetary costs associated with 
reaching health resources can be reduced. This, in turn, helps to advance spatial equity and inclusiveness 
in the provision of urban health services. 

(4) Promotion and guidance of healthy behaviors. 

Well-designed public spaces and urban landscapes can actively encourage residents to move more. 
Continuous, well-connected and visually appealing walking and cycling networks, combined with adequate 
greenery and resting points, enhance comfort and make active travel more attractive. At the community 
scale, shaping a supportive social and recreational atmosphere-through the provision of activity centres, 
fitness facilities and cultural squares-and combining this with public education and digital health 
management platforms can guide residents toward more stable, self-reinforcing healthy lifestyles. 

4.2. Applicability and Boundaries of the Framework 

The research framework proposed in this study shows considerable flexibility and can be adapted to 
different spatial scales and fields of application. At the micro, community scale, it can be used to examine 
how local features-such as street layouts within communities, the organisation of public spaces, and the 
distribution of sports and recreational facilities-shape residents’ everyday physical activity and their overall 
health status. At the meso, neighbourhood scale, the framework helps analyse how street connectivity, 
non-motorised travel choices and activity patterns. At the macro, citywide scale, it supports more 
comprehensive assessments of how the urban functional structure, land-use mix, public transport systems 
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and green infrastructure together affect health outcomes at the population level. In practical terms, the 
framework is especially suitable for health impact assessments (HIA) in urban renewal projects, the 
retrofitting of walking and cycling systems, and the optimisation of urban green-space networks. It also 
offers a methodological and data basis for healthy city programmes, the design of public policies, and 
interdisciplinary work at the intersection of urban planning, public health and data science. 

However, the applicability of this framework is subject to certain limitations. First, its analytical validity 
relies on the availability of multi-scale, high-resolution spatial data and health survey data; data 
incompleteness or poor data quality may undermine the robustness of the findings. Second, the framework 
is primarily designed to capture the mediating role of physical activity in linking the built environment and 
health, and thus offers limited explanatory power for non-physical pathways such as psychosocial factors 
and genetic influences. In addition, under conditions of extreme climate events or rapid urban 
transformation, the relatively stable relationship between the built environment and health may be 
substantially disrupted. 

5. Conclusion 
This study systematically examines the complex relationships among the urban built environment, physical 
activity, and residents’ health, and proposes a “multi-scale–multi-pathway–multi-group” framework to 
elucidate the mechanisms through which the built environment influences health via different types of 
physical activity. The framework encompasses spatial scales ranging from macro to micro levels, 
differentiates behavioral pathways such as commuting and leisure activities, and incorporates 
sociodemographic heterogeneity at the population level. By integrating multi-source data and quantitative 
indicators, and employing a range of statistical approaches—including regression analysis, structural 
equation modeling, and causal inference—the framework is underpinned by a robust methodological 
foundation for empirical application. On this basis, it not only provides multi-level health intervention 
strategies for healthy urban planning, but also offers a solid theoretical basis for precision health 
interventions. Future research may further promote deeper interdisciplinary integration, advance dynamic 
monitoring and precision intervention methods, and test the applicability of the framework across diverse 
regional and cultural contexts. In doing so, it can support the evolution of built environment and health 
research toward a more systematic, precise, and inclusive direction, thereby providing stronger evidence 
for healthy city development. 
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Abstract

Under the context of global climate change, improving the carbon sink efficiency of urban green
spaces is crucial for mitigating global warming. However, this efficiency shows significant spatial
heterogeneity, influenced by environmental factors closely tied to urban morphological
characteristics. Existing studies often use the Local Climate Zone (LCZ) system to examine the
relationship between urban spatial forms and microclimate factors. Yet, the LCZ framework does
not fully cover key environmental factors affecting green space carbon sink efficiency.This gap
means there is no dedicated urban classification system designed specifically for green space
carbon sink performance. As a result, the potential for precise assessment and optimization of
urban green space carbon sinks in urban planning and ecological construction remains
limited.Building on the LCZ framework, this study identifies key environmental factors that
influence the carbon sink efficiency of urban green spaces. It also integrates landscape pattern
indices to construct an urban morphological classification system based on green space carbon
sink efficiency. By analyzing the surrounding environmental features of urban green spaces, the
study develops a spatial morphological classification system. This system ensures that green
spaces within the same urban spatial category demonstrate consistent carbon sink
performance.Using a literature review approach, the study systematically organizes the
contributions of various environmental factors and landscape form indicators to carbon sink
efficiency. This process leads to the establishment of the Green Space Carbon Sink Zone (GCSZ)
classification system. The proposed system divides urban spaces into 12 typical forms.The
theoretical significance of this research lies in its systematic integration of environmental factors
and landscape pattern indices to build a carbon sink efficiency-oriented urban morphological
classification system. In practical terms, it offers scientific guidance for urban planners to
optimize green space layout and enhance urban carbon sink capacity. This supports low-carbon
urban development and helps achieve carbon neutrality goals.Future research could incorporate
dynamic simulations to explore the carbon sink potential of green spaces under different urban
development scenarios. Such efforts would improve both the applicability and predictive capacity
of the classification system.

Keywords

Urban block spatial morphology, Green space carbon sink efficiency, Environmental factors,
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1. Introduction
1.1Research Background

Environmental pressure tied to climate change and energy scarcity have pushed "low-carbon" strategies
to the forefront of global researchs since the turn of the 21st century. Within cities, green spaces stand
out as the only subsystem capable of self-purification and automatic ecological regulation, giving them a
unique role in urban carbon sequestration (Yin P, et al., 2018). Multiple study confirm that green spaces
are indispensable for meeting urban carbon neutrality goals (Zong R., 2018) and that they carry
meaningful ecological optimization potential.

Yet studying how urban block spatial form shape green space carbon sinks remains difficult. Data scarcity,
methodological inconsistencies, and sheer process complexity have all hampered progress. A further gap
lies in scale: most existing work overlooks the block level and the building-adjacent scale, both of which
matter for understanding the fine-grained mechanisms through which spatial form influences carbon sink
performance. A local perspective can uncover these nuances and yield concrete guidance for urban
design practice.

1.2Research Objectives and Significance

This systematic review set out to identify the principal environmental factor governing plant carbon sink
capacity in urban green spaces. Typical urban block configurations were sorted by morphological feature
into new classification. This classification is grounded in spatial characteristics. It maps area of differing
carbon sink capacity. These outcomes lay groundwork for future research on urban form and plant
carbon sink efficiency. The study deepen understanding of human–environment interactions in complex
urban setting. It offers theoretical backing and practical support for low-carbon planning, ecological space
allocation, and urban renewal.

2. Methodology
2.1Search Method

The search targeted several concept. These include urban block spatial morphology, green space carbon
sink efficiency, influencing factors, and landscape pattern. Databases consulted were Web of Science, the
china national knowledge infrastructure,and Google Scholar. Publications covered the period from
january 1985 to august 2025. Only researchs and reviews articles were considered. Screening proceeded
in two stages. The first pass reviewed titles and abstract. The second involved detailed full-text
evaluations.

2.2 Document Inclusion Criteria

Studies were included under three condition. They had to focus on urban vegetations. They had to treat
carbon sink efficiency or a core proxy as key variable. They had to analyzed at least one relevant
influencing factor. Excluded were studies on natural (non-urban) ecosystems. Also excluded were
literatures centred on engineered carbon captures or general carbon stocks. Non-journal items such as
conference abstracts or commentaries lacking full text were removed.
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2.3Combining bibliography analysis with qualitative analysis

A standardized form captured details from every included study. These details covered the interplay
between urban form and key factor. They also covered finding on significance, direction, and relative
importance of factor carbon sink relationship. Each studies' main conclusions were recorded. The studies
showd methodological heterogeneity. A qualitative thematic synthesis is adopted rather than meta-
analysis. This allows selection of dominant indicator for the proposed classification system. Definition and
expected carbon sink characteristics were then developed for each categories.

3. Key Factors Influencing Vegetation Carbon Sink Efficiency
3.1Impact Factor Screening

Initial retrieval yielded 865 publications. Duplicates were removed. Title and abstract were screened. 706
remained for full-text assessments. 563 ultimately met all criteria. These entered the qualitative synthesis.

Review confirm that green space carbon absorption hinges on photosynthetic rate. Photosynthesis
directly captures atmosphere carbon (Weissert, L.F., et al., 2017). Microclimate and soils emerged as the
most frequently reported mediating factors. Both are shaped by urban block morphology. Other variable
appeared less often. Some showed context-dependent effects. Others could not be reliably derived from
morphological data. They were set aside keep the classification system concise. Landscape pattern
indices were retained. They represent spatial outcome of morphology. They simultaneously regulate
carbon sink function. This complete an explanatory chain from morphology through spatial pattern to
ecological function.

3.2 Mechanism Analysis and Weight Determination

（1）Core Driving Factor: Urban Block Spatial Form

Local retrieval yielded 865 publications. Duplicates were removed. Titles and abstracts were screened.
706 remained for full text assessment. 563 ultimately met all criteria. These entered the qualitative
synthesis.

The review confirm that green space carbon absorption hinges on photosynthetic rate. Photosynthesis
directly captures atmospheric carbon (Weissert, L.F., et al., 2017). Microclimates and soils emerge as the
most frequent reported mediating factors. Both are shaped by urban block morphology. Other variable
appeared less often. Some showed context dependent effects. Others could not be reliably derived from
morphology data. They were set aside to keep the classification system concise. Landscape pattern
indices were retained. They represent spatial outcome of morphology. They simultaneously regulate
carbon sinks function. This completes an explanatory chain from morphology through spatial pattern to
ecological function.

（2）Key medium factors: microclimate and soil environment

Photosynthesis thrives under favourable microclimates. It stalls when heat, drought, or Iow humidity set
in (Pei et al., 2013). Light drives photosynthesis up to a saturation point. Beyond that, extra radiation
goes unused (Pastenes et al., 1996). StomataI conductance drops under dry air or poor soil moisture. This
pulls photosynthetic rates down (WMO, 2024). Temperature boost enzyme activity toward optimum. It
then suppresses activity past a threshold (Krich et al., 2022; Wang J. et al., 2021). Elevated CO₂ can
improve water use efficiency substantially in short term. Prolonged exposure tends to blunt this
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advantage.

Root detect unfavourable soil conditions. They relay inhibitory signals to above-ground organs (Aiken et
al., 1996; Davies, 1991). Warming benefits photosynthesis only when soil stays moist. Otherwise it
actually suppresses carbon uptake for most of the growing season (Reich et al., 2018). Soils temperature
influence photosynthesis and leaf growth through multiple pathways that vary by organ (Jones, 1985).
Root elongation slow markedly above 1 MPa resistance. It virtually ceases near 5 MPa (Bengough et al.,
1990).

（3）Key regulating factor: landscape pattern

Urban green space sit inside complex built geometries. Their spatial arrangement carries particular
weight for carbon sequestration (Wilmers, 1991). Leaf area index, continuity, and coverage rate all
matter. Landscape indices quantify these patterns (Deng et al., 2009; Wang et al., 2024). When land is
scarce, pattern optimisation becomes a practical lever for raising net primary productions (Liu et al.,
2023).

PLAND boost sequestration both directly and via NDVI. SIEI cools blocks and lifts NDVI (Dong et al., 2023).
Larger patchs, higher canopy cover, and greater edge density all favour productivity and carbon uptake
(Peng et al., 2024). Carbon storage correlates positively with CA and LSI. It correlates negatively with the
aggregation index AI (Wang et al., 2024).

3.3 Influencing the qualitative determination of weighting

Vegetation cover and light radiation emerged as the most consistent and strongest predictors of carbon
sink efficiency. Soil moisture and air humidity also showed highly reliable positive effect. Soil hardness
acts as a persistent limiting factor. It restricts roots and soil function. Temperature effect are threshold-
dependent. They promote sequestration within optimal range. They inhibit it beyond those ranges. CO₂
concentration are a strong shortterm promoter. Their long-term role remains uncertain. The aggregation
index behaves inconsistently. Its direction hinges on regional context and study scale. This underscores
need for context specific analyse.

All in aII, urban block morphology indirectly yet powerfully regulates green space carbon sinks. It shapes
light, temperature, humidity, soils moisture, and compaction conditions. Improving sequestrations
efficiency caII for preserving green area. It also requires mitigating heat island effects, reducing soil
compaction, and coordinating thermal and moisture managements.

4. Conclusion
4.1 Theoretical Framework for the Classification System

The study produced theoretical framework for classifying "green space carbon sink zones" (GCSZ). Urban
block morphology act as the key driver. It indirectly regulates vegetation carbon sinks via microclimate
and soils conditions. Landscape patterns indices capture different spatial arrangement of green areas.
They link spatial structures to carbon sink function. The GCSZ system support retrospective analyse. This
trace spatial cause of observed carbon sink patterns. It also support prospective estimation of expected
efficiency based on category attribute. These tool furnish theoretical and quantitative support for low-
carbon urban planning.

4.2 Classification Hierarchy and Indicators
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The system first categorizes the built environment into types. These are defined by building density,
height, and impervious surface ratio. Examples include compact high-rise and open mid-rise. This
establishes the baseline spatial pattern for carbon sink functions. Surface cover around green spaces is
then classified by ecological attributes. Categories include bare soil, semi-artificial surfaces, and fully
artificial surfaces. Water bodies are noted for their evaporative cooling benefit. Impervious surface are
flagged as the primary constraint on sequestration capacity. Each cover type regulates albedo,
evaporation, and soil aeration. These directly affect carbon sink performances.

4.3 Green Space Carbon Sink Zone

The Classification proceeds in three steps. First, green spaces are divided by architectural features. These
include building height, density, and layout. These morphological traits shape microclimate, light, and
ventilation. Second, spatial medium attribute refine the classification. Soil, water, and artificial materials
reflect how well surfaces support carbon processes. Third, carbon sink response assessment identify the
sequestration potential of each spatial type. Some layouts show high functionality. Building-free or bare-
soil areas show weaker capacity. Non-green spaces have no carbon sink functions.

Figure 1. GCSZ categorized by its capacity to directly alter the carbon sink efficiency of urban green
spaces.Source: Author's own illustration

4.4 Rationality and Limitations of the Theoretical Framework

As a literature-derived framework, several caveats apply. Complex non-linear interactions among factors
in real urban environments are not yet quantitatively integrated. The three-tiered modifier structure
identifies primary limiting factors. It does not capture antagonistic or synergistic effects in full.
Universality remain unconfirmed across climatic zones and developmental contexts. The framework also
leans toward identifying inhibitory factor. Promoting factors require further quantification. All projected
efficiencies, weights, and threshold rest on literature synthesis and logical inference. The framework
should be treated as a scientific hypothesis awaiting empirical validation.

4.5 Future Research
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Empirical testing across multiple cities is the immediate priority. Deeper investigation of multi-factor
interactions should follow. Their quantitative integration is also needed. This work should combine
remote sensing, GIS, and machine learning. The goal is to build more comprehensive influence-factor
models. Such advance would support practical ecological management strategy They would bridge the
gap between ecological service function and spatial planning practice. They could offer specific guidance
for green infrastructure in urban renewal and new district development.
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Case Study Report 

 

Successful Delivery of Transit Oriented Development 
in different Planning and Governance Context 

Three Case Studies: London, Melbourne, Toronto 
Gesine JUNKER, MRTPI, United Kingdom 

 

Abstract 

The presentation will focus on the delivery of sustainable and equitable growth in cities with 
different growth challenges through TOD projects: Toronto which has seen a rapid due to new 
migration, and London and Melbourne, cities of constrained expansion opportunities and high 
levels of housing inequalities.  TOD has been chosen as a particular case in planning which is 
associated with intensification of development, affordable housing delivery and sustainable 
transport, but also a challenging subject due to long-term disruption, high risk and funding 
challenges, coordination of multiple stakeholders and often local resistance to change. The 
discussion will highlight trade-offs between competing objectives typically alive in real-world 
situations, such as fostering low car ownership and walkable neighbourhoods in traditionally car 
centric neighbourhoods. It will expand on the tension between top-down planning and local 
planning and how governance and funding systems shaped the outcomes. 

Planning contribution 

The presentation will provide a brief introduction on the theoretical concept of TOD based on the 
world bank definition and how this relates to challenges of sustainable growth, political uncertainty 
and democratic governance processes. The core presentation will cover what this means in practice 
and how planning for TOD is implemented and adapted for regional differences, expanding on the 
planning tools available, but also challenges and issues of the planning and funding structures.  It 
will identify the limitations of planning policy and plan making tools on their own and what 
additional mechanisms and governance structures need to be in place, such as Memoranda of 
Understanding (MoU’s), delivery vehicles, political support to deliver the desired outcomes. This will 
be considered particularly in the context of democratic accountability, public engagement and 
environmental protection policies. 

Keywords 

Transit Orientated Development, Sustainable Growth 

1. Transit Oriented Development (TOD) - what is it, why we are doing it  
The definition of TOD is relatively new and was initially promoted in the early 1990’s with several 
publications and the emergence of the New Urbanism approach. However, in the pre-automobile past, 
transit orientated development was simply “development.” It was a form of city shaping, with the 
confluences of transportation routes triggering economic activity, and in its wake the exchange of goods, 
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ideas, attraction of people, resulting in the need for homes, workshops and warehouses, concentrated 
around one (walkable) place. Every town and neighbourhood which could draw its prosperity from the 
existence of transport (e.g. ports, bridges, routes, etc.) was, in essence, transport oriented development. 

This changed radically with the dominance of private vehicles in the modern world, which allowed personal 
travel over much larger distances in shorter time. It facilitated the segregation of uses, lower-density 
development, and a significant change in how we use road space. What was in the past a mix of low-speed 
transport modes (people, bikes, horse-drawn carts) sharing the road space, was dramatically changed by 
cars and the danger from their higher speeds to other road users. Pedestrians were assigned to a 
safeguarded stretch either side (but not always) and most cyclists were left to their own risk. 

Whilst some precursors to a more cycling- and pedestrian-friendly city culture existed, such as the “Stop 
de Kindermoord” protest in the Netherlands in 1972,  the trigger for creating comprehensively cycling-
friendly infrastructure, the main interest in reclaiming city life happened in the 1990’s with publications 
such as Peter Calthorpe’s The Next American Metropolis (1997) and Richard Rogers’ Towards an Urban 
Renaissance (1999). These set the concept of reclaiming mixed-use city life at the heart of the planning 
debate and set the scene for the definition of Transit Oriented Development (TOD). 

1.1.  Definition 

There is no definitive definition what TOD is. It can be formulated as: 

Transit oriented development (TOD) is "regional planning, city revitalization, suburban renewal, and 
walkable neighbourhoods rolled into one.” (Peter Calthorpe, 2010), (Green, 2010) 

Or  

Transit-oriented development (TOD) consists of compact, mixed-use neighbourhoods built around public-
transport stations, integrating jobs, housing, services and amenities in close proximity to mass transit. It 
supports walkability and sustainable mobility, reduces dependence on private cars, and enhances a city’s 
livability, competitiveness and environmental performance. (Salat & Ollivier, 2017)  

1.2. Principles 

The World Bank publication ‘Transit-Oriented Development Implementation Resources and Tools’ (Ollivier, 
et al., 2021) sets out eight core TOD principles, including aligning density with transport capacity, creating 
walkable environments, planning mixed-income neighbourhoods, managing private car demand and 
ensuring integrated transit networks. Successful TOD depends not only on planning policy but also 
governance capacity, funding mechanisms, land assembly powers and long-term institutional 
coordination—collectively described as "TOD readiness." 

1.3. Delivery Challenges  

Despite clear long-term benefits, TOD is difficult to deliver, especially in democracies: 

• Cost and programme: Mass-transit projects require multi-year delivery and significant public 
funding, often beyond political cycles. Rising land values around transit can price out lower-
income households unless value capture is used to provide affordable housing. 

• Lifestyle preferences: Higher-density, car-free living appeals to some groups but competes with 
suburban choices that are cheaper, familiar, and still politically popular. 
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• Resistance to change: TOD requires reallocating road space, reducing parking and increasing 
density—measures often opposed by existing communities and politicised as ideological and 
anti-car. 

1.4. Summary 

TOD is a well-established concept but remains difficult to implement due to cost, governance complexity 
and political resistance. The following case studies examine how three democratic nations have attempted 
to address these challenges through different governance and funding models.  

2. Case Study 1: Crossrail (Elizabeth line), London, UK  
Crossrail, jointly commissioned by the UK Government (DfT) and the Greater London Authority (GLA), 
comprises 118km of track and 40 stations across London, carrying ~60 million passengers annually. 
Construction was from 2009–2022 at a cost of ~£25.5 billion (BBC, 2022). The line forms part of a dense 
transit network serving London’s 9.1 million residents.  

 

 

2.2. Planning Context 

London operates a three-tier system: national 
policy, the regional London Plan, and borough-
level Local Plans. The London Plan promotes TOD 
through mixed-use development, high density 
around transit hubs, car-free developments, high 
cycle parking provision and a 50% affordable 
housing target for qualifying schemes.  The 33 
London Boroughs grant planning permission 
through elected councillors, providing strong local 
oversight. 

Major infrastructure projects such as Crossrail are 
authorised via national legislation, defining 
alignment and compulsory purchase boundaries. 
Land acquisition is limited to delivering the 
railway, excluding wider development potential. 

Figure 1 Crossrail (Elizabeth line) (BBC, 2022) 

Figure 2 Three Tier Planning System (Author) 
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2.3. Funding Context 

Crossrail funding was shared between 
central government and the GLA. The 
business case assumed value capture 
through: 

• Stamp Duty increases and wider 
tax growth 

• Fare revenue via Transport for 
London 

• The Mayoral Community 
Infrastructure Levy (MCIL) – a 
development tax 

• 50% return on sale of surplus 
land.  

Although funding assumed benefits from TOD, no mechanisms were included to plan and consent 
associated development or public realm upgrades. 

2.4. Project Response 

Market-led growth occurred around many stations, but boroughs lacked funding for supporting public 
realm and cycling infrastructure. In response, a Complementary Measures programme allocated £130m to 
station-area improvements, funded jointly by central government, the GLA, boroughs and third parties 
under a Memorandum of Understanding. Boroughs delivered the works but required TfL approval to 
release funds, aligning implementation with strategic policy. 

 

 

Figure 4 Funding and delivery mechanism of the Complementary Measures (Author) 

2.5. Summary 

Outcomes varied by borough: affluent, pro-growth areas delivered more supportive growth, while others 
maintained higher car dependency. MCIL proved effective, repaying faster than expected. However, 
reliance on local delivery and consents limited the scale of TOD achievable.  

Figure 3 Crossrail Funding Mechanism (Author) 
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3. Case Study 2: Melbourne Metro, Melbourne, Australia  
Melbourne Metro adds 9km of tunnels and 
five new stations to relieve network 
congestion and catalyse regeneration. The 
project is funded by the State of Victoria 
and private partners at a cost of ~A$15 
billion, due to open in 2025. 

3.1. Planning Context 

Australia integrates state, regional and local 
policy into a single Planning Policy 
Framework. Melbourne Metro is supported 
by a state-led structure plan that sets land-
use changes around stations, enabling a 
coordinated approach to transport and 
land-use planning. 

 

3.2. Funding Context 

The business case emphasised private-
sector value capture, including air-rights 
development, retail expansion, surplus land 
disposal and monetising development 
connections. A major PPP structure 
combined private investment with state 
funding (Victoria State Government, 2016). 

3.3. Project Response 

The delivery of project was structured 
through the Cross Yarra Public-Private 
Partnership (PPP) for the construction and 
operation of the tunnels and stations over 
25 years. The partnership included major 
investment, developers and construction 
firms.  The private sector investment was 
combined $4.7 billion at the time of 
entering the partnership in 2017 (Carter, 
2017) with the Melbourne Metro Rail 
Authority, with the rest (ca. 1/2) financed 
through debt funding. 

Delivery of tunnels and stations has been 
successful, with high architectural quality. 
However, significant cost increases and 
major TOD at Arden—intended to house 

Figure 5 Melbourne Metro Extension (Victoria State Government, 2016) 

Figure 6 Metro Melbourne Regeneration Context (Victoria State 
Government, 2016) 
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25,000 residents and 43,000 jobs 
(Victoria State Government, 
2016)—remains stalled due to 
unresolved flood-mitigation 
funding and land acquisition 
disputes between the city and state. 

 At the time of the opening of the 
station at Arden, the site is still 
undeveloped.  

3.4. Summary 

The joined-up planning of transport 
and land-use at a state level, 
combined with state funding for the 
railway, has resulted in well thought 
through project which is expected 
to deliver the associated transport benefits. The approach of the PPP, whilst not to the full extent as 
anticipated in the Business Case, successfully delivered the stations and tunnels. 

Despite integrated planning and strong vision, TOD delivery stalled due to fragmented funding 
responsibility. The case highlights that coordinated planning must be matched by coordinated financing 
across levels of government.  

4. Case Study 3: Transit Oriented Communities, Toronto, Canada  
Toronto’s TOC programme expands the metro network through four major extensions and upgrades, 
totalling 50 stations at a cost of ~C$20.3 billion, funded by the Province of Ontario and delivered by 
Metrolinx. Construction has started in 2021 and is expected to finish in the 2030’s. (Ontario Government, 
2025) 

 

 

 

 

 

Figure 7 Arden Vision Masterplan (Victoria Planning Authority, 2018) 

Figure 8 Toronto Subway Extension Programme (Ontario Government, 2025) 
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4.1. Planning Context 

Toronto has experienced significant population 
growth and is expected to grow by 41% between 
2023-2046 (Ontario Government, 2024). It was 
recognised that whilst a low-density expansion is in 
principle possible due to land availability, it would 
lead to significant transport problems downtown 
due to a current mode share of 76% for vehicle 
trips. To address this, the ambitious public 
transport infrastructure expansion was initiated, in 
conjunction with the TOC programme. 

 

 

 

 

4.2. Funding Context 

The TOC and infrastructure programme is fully 
funded by the Province of Ontario. The business 
model centres on land value uplift (LVU), 
enabled through: 

• Legislative changes allowing proactive 
land assembly 

• Ministerial Zoning Orders (MZOs) to 
bypass municipal approvals 

Both measures allow Infrastructure Ontario to 
optimise the development potential at each 
station location in the ‘collect and compete’ 
model. The sites, once assembled (collect) and 
with a new planning target, are brought to 
market for developers to compete for, generating 
returns to government ahead of the station 
opening.  

 

4.3. Project Response – use of MZO’s 

Ministerial Zoning Orders (MZOs) are not specific to the TOC programme. They were popularised between 
2019 and 2021 in response to frustration with delays inherent in conventional municipal approval routes. 
The planning approval process in Ontario is highly localised and democratic, with the city’s planning 
department managing applications, public meetings, and decisions taken by elected councillors. This has 
resulted in a seven-stage consenting pathway, with complex applications often taking two to three years 
(Daryl Keleher, 2022).  

Figure 9 TOC Programme Governance and Objective 
(Author) 

Figure 10 TOC Funding and Delivery (Author) 
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Figure 11 Typical Municipal Planning Process (Author) 

The Minister of Municipal Affairs and Housing can issue an MZO, effectively bypassing the city council’s 
planning department. Once an MZO is in place, development receives deemed consent as long as it stays 
within the order’s parameters, simplifying process. MZOs provide a broad description of development 
quantum within a defined area, alongside essential planning restrictions. (Toronto, 2025) 

 

Figure 12 MZO planning process (Author) 

 

4.4. Use of MZOs in the TOC programme 

Infrastructure Ontario’s funding model, based on land value uplift and delivering high levels of housing at 
transit stations, aligns closely with the use of MZOs. Infrastructure Ontario funds upfront planning and site 
design using TOC principles in parallel with Metrolinx’s station design. This ensures strong integration, 
including station entrance locations, passive provision for future connections and structural loading 
requirements. Indicative plans are also presented to local communities, addressing past criticism that 
MZOs bypass public input and lead to poor outcomes 

The TOC programme has made significant progress in shaping development around stations and improving 
integration. Several issues have emerged and are now being addressed: increasing allocations for social 
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infrastructure within MZO zones; introducing a mandatory an affordable housing levy; low market uptake 
is addressed by earlier plot release strategies; and case-by-case cost sharing of enabling infrastructure. 

4.5. Summary 

The TOC programme exemplifies the success of joined-up planning and funding of infrastructure in 
delivering TOD objectives. The integrated and simultaneous planning of stations and neighbourhoods 
facilitates higher levels of design integration and quality and provides the future context in which the 
infrastructure will operate. This strategy is enabled by a change in legislation for site assembly, as well as a 
single funding source to mitigate competing objectives. The use of ‘top-down’ planning tools, such as 
MZOs, facilitates the step-change in development density relevant for TOD. 

The approach is not without challenges. The use of MZOs creates a democratic deficit, and it is yet to be 
seen whether the quality will be delivered. The strong reliance on LVU through the sale of land options at 
the start of the delivery programme did not create the market interest initially anticipated, due to going to 
market during a housing downturn, as well as the long wait between investment and site release. Finally, 
the funding of enabling infrastructure (both physical and social) other than the railway has not been 
sufficiently considered and is creating delivery challenges. 

5. Conclusion  
In summary, successful delivery of TOD is predicated on resolving three planning and funding themes: 

1. Management of competing demands and associated funding requirements: Each case study 
identified a lack of cost allocation and set up of delivery structures for enabling infrastructure 
and land assembly for TOD. In London, which agreed to a Complementary Measures’ fund, 
facilitated locally led retrofitting, but missed out on full TOD opportunity. This was addressed in 
the Ontario approach, which created the legislative provisions for land acquisition to enable TOD. 
Consistent with all projects is that they are ‘rail-led’ and promoted through transport 
departments at local, regional and national level, with funding and delivery expertise in this 
sector. The inter-departmental responsibilities for development funding and rail funding create 
repeated challenges.  

2. Viability: Over-estimation of private sector development funding ability as part of the business 
case. The delivery of rail projects is inherently long-term, risky and expensive, with returns only 
materialising late in the delivery programme, increasing financing cost. Local taxation models, 
such as London’s development levy, have proven more successful in capturing longer-term land 
value uplift than reliance on bringing sites to market at a specific time. Although more successful, 
taxation is politically unpopular and challenging to deliver in democratic countries. 

3. Complexity. Due to the combination of strategic infrastructure delivery (state/ regional level) 
and management of development at local level, governance and planning systems must be set 
up with a high level of vertical integration to achieve the full TOD benefits. Frontloading 
integrated design can achieve this, but it must be followed through in respective planning 
frameworks and public sector led programmes, which often have disjointed renewal levels. It 
must address the issue of funding sources. 

4. Phasing and Visioning. Infrastructure projects are designed to a 150-year design life, which 
would be the equivalent of a pre-automobile world for current projects looking back. This 
exemplifies the need for forward looking planning decisions.  Design processes with a focus on 
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community input are essential for more immediate place-oriented development and democratic 
underpinning, however, design drivers often respond to present day issues of existing 
communities, as well as general un-ease for change. To deliver the full the TOD benefits, forward 
looking leadership and creativity is required which can articulate the long-term benefits and 
vision that will provide the context for delivery. 
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1. Introduction and Background

The world is urbanising fast and this is expected to pace up further leading to around 1.5 billion people 
residing in urban areas by 2050 (Sharif & Kazim, 2025). This is also backed by growing environmental 
concerns and adoption of sustainable practices in each of the sectors of economy. This applies to the 
housing sector as well where sustainability in the affordable housing sector also assumes a critical role. 
India’s trend of urbanisation is also speeding up with increasing population growth evidenced in urban 
areas which leads to an increased demand for affordable housing. The housing affordability issue is not 
only affecting people in India but also globally where people at large don’t have decent living spaces which 
affect their overall socio-economic wellbeing, stability and inclusivity of communities at large.  

With the growing concerns of mitigating climate change and the attainment of Net Zero Target globally 

spelt out in in many international agreements, India is also not left behind in this mission. In the global 

agreements, India has also promised to cut down its carbon (C) emissions and to transition completely to 

renewable energy resources for meeting its energy requirements by 2030. This will in turn lead the country 

to achieve its Net Zero Target by 2070. The significant adaptations of RE made at COP 26 can be determined 

by diving deep into the happenings after the COP 21 (Sharif & Kazim, 2025). With the thrust being laid 

down by the nation towards reducing its carbon footprint, phasing out the use of coal completely will 

become absolutely necessary for electricity production by 2040 and reduce overall consumption by 99% 

by 2060 to attain net-zero carbon emissions by 2070 (Sharif & Kazim, 2025). 

With the global shift towards the attainment of Net Zero Target by 2050 globally and 2070 in the Indian 

context the emphasis of reducing the carbon emmisions produced by the housing sector is limited. The 

building sector in India accounts for over 37% of the carbon emissions and 24% of GHG emissions in 2021 

significantly impacting climate change (UNEP Global Status Report for Buildings and Construction, 2022). 

The SDG Goal 11 has spelt out that all the member nations should ensure provision of affordable housing 

with basic services and upgradation of slums by 2030 creating safe, inclusive and sustainable cities. This 

shows that on a global forum the integration of sustainability in the housing sector is considered, however 

it is in a very nacent stage in India where integration of sustainable practices in affordable housing sector 

are less observed demanding further exploration. 
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In India supply of affordable housing started with the implementation of the first ever National Housing 
Policy in the year 1988. Deepak Parikh Committee provided the first official definition which has evolved 
over time till date under the Pradhan Mantri Awas Yojna Urban (hence PMAY U), the most recent flagship 
program emphasizing on the provision of “Housing for All” by the year 2022. The program aims to bridge 
the affordable housing gap in the country. To continue with this novel attempt, a 2.0 version of the same 
program has already been launched with the same intention for another 5 years’ period starting from 2024 
to 2029. India’s flagship PMAY-U has advanced “Housing for All” through four verticals as directly adopted 
from the reports published on PMAY including - “Slum rehabilitation” of Slum Dwellers with 
incentivisation of private parties through provision of land, -“Promotion of Affordable Housing through 
Credit Linked Subsidy”, - “Affordable Housing in Partnership with Public & Private sectors”, -“Subsidy for 
Beneficiary-Led individual house construction /enhancement” (Press Information Bureau, GOI, 2024). 
PMAY U being the most recent program for catering to the affordable housing need in the country in the 
era of sustainable development and climate change does not directly integrate the sustainability 
component like provision of RE in any form at the unit level (CSE, 2020). 

The role of integrating RE in the housing sector is being increasingly felt. According to the Report by Godrej 

Properties Limited (2014) on RE Integration in Buildings: Solar, Wind, and Beyond, RE refers to the energy 

coming from inexhaustible sources including solar, wind, hydro, tidal, geothermal, and hydrogen. Amongst 

these solar, wind, geothermal, and hydrogen are the most potent sources for meeting energy demands of 

buildings (Gabbar and Ramadan, 2025). Unlike finite and harmful fossil fuels, these resources are 

sustainable and environmentally friendly. With the increasing thrust being laid upon the reduction of 

carbon footprints, combating climate change and to achieve sustainable development, the integration of 

RE in various sectors, including building and housing sectors, has become a critical component. The 

integration of RE in the buildings and housing sector offers both financial and environmental benefits. The 

RE integrated systems reduce overall carbon footprint and the materials with which these devices are made 

though have initial costs yet a long durability saving money over the life of the system. Besides RE systems 

integrated in the buildings enhances its overall value and attractiveness. It also facilitates attainments of 

valuable Green Building Certification enhancing economic advantages and overall appeal of real estate.  

Amongst all the RE sources the sun and wind come for free. Leading to zero fuel costs for producing 

electricity solar and wind energy sources are already being used in some of the developed as well as rising 

nations including USA, Europe and China respectively for not only for buildings but also for industry and 

transport (Climate Action Network Europe, 2021).  According to Amplus Solar Report on Hybrid Wind and 

Solar System – Everything You Need to Know (2024), a hybrid combination of solar and wind energy is 

emerging as a robust and reliable reserve of energy supply as compared to the traditional power generation 

solutions. Putting both the sources of energy together leads to power generation throughout the year as 

wind patterns and solar availability often display an inverse relationship in the Indian context. During the 

periods of low sunlight such as cloudy days, nights, or early mornings wind speeds tend to be higher. In 

contrast the on sunny days the wind speed might be lower. This natural inverse relationship ensures more 

consistent power generation when combined together.  

Following a detailed yet concise literature review presented, the research gap was identified that the 

integration of RE in the affordable housing sector has not been till now adopted at the unit level in PMAY 

(U) at the unit level. The verticals of ISSR and AHP under the PMAY (U) have the component of integrating

solar energy at the common level facilities, however nothing has been mentioned for the unit level

integration. Furthermore, the adoption of wind energy which is another free solution to cater to the energy

requirements has not been spelt out in the Affordable Housing sector at all, though a central level policy
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on Wind-Solar Hybrid Policy was launched in May 2018. With this background of no measures being 

adopted to integrate solar and wind energy in the affordable housing market and the building sector 

contributing significantly to a significantly high proportion of carbon emissions and aligning with the 

country’s target to achieve Net Zero emissions by 2070, the implementation of RE sources in the housing 

sector becomes very critical. Despite the relevance of RE sources being integrated into affordable housing 

sector, there is no framework that exists in the country for integrating both solar and wind, the most 

abundantly available RE sources is not yet adopted, and a lacuna exists in the sector. Hence the present 

study aimed at proposing a hybrid framework integrating solar and wind energy resources at the unit level 

in the affordable housing sector. 

Following the above introduction and background study including a concise overview of relevant literature, 

the following section discusses the methodology followed by detailed discussion section on the hybrid 

framework proposed. The last section concludes the research highlighting the challenges and scope of 

future research. 

2. Methodology

The research framework that has been adapted to develop a proposed hybrid framework for the study is 

entirely based on secondary research. It compromises of a detailed literature study related to background 

study of PMAY (U) and its overarching presence in the affordable housing sector of India. Further for a 

clearer and detailed understanding of what is RE and its different sources and how can this be integrated 

within the housing sector has been understood by conducting a comprehensive literature review. After 

understanding the different types of RE resources available, it was found that both solar and wind can be 

integrated together to propose a hybrid framework for integration at the unit level. Further, a detailed 

assessment of what are the site, location factors, system and equipment factors and financial and practical 

considerations that are essential for the installation of the hybrid model was assessed.  

The following Figure 1 highlights the systematic flow of how the research gap was identified. Further, Figure 

2 details out the methodological framework that has been adopted for the present study. In the present 

context, the study has dealt with in detail only till the identification of the annual savings that the residents 

are expected to have once the framework is implemented. The cost of installing the hybrid framework at 

the unit level with all the different components has also been calculated. As a part of the further work, the 

testing of the ground reality with real time data is needed. This will lead to highlighting any required 

modifications in the model with implications for the policy integration. 
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Figure 1. Identification of the Research Gap and need of the present study. Source: Author 

Figure 2. Methodological Framework adopted for the present study. Source: Author 
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3. Discussion
As the present study proposes a hybrid framework integrating solar and wind energy sources for the 

installation at unit level in the affordable housing programs, it was important to understand the 

considerations that are vital for the implementation of both the RE sources. It was equally critical to also 

identify the components of each of the systems. Hence the initial discussion focuses on the above two 

aspects. Further delving deeper into the detailed framework that has been developed integrating all the 

different components and the role of each one of them has also been dealt with and diagrammatically 

represented. The further subsections also highlight the cost of installation and the annual saving 

calculations that the residents are expected to gain by installation of the hybrid framework. 

3.1. Considerations for the installation of Solar and Wind energy frameworks 

Solar energy, being the most abundant and reliable RE resource, if tapped potentially well can cater to the 

unit’s energy requirements to a greater extent. However, before a solar panel is installed there are few 

considerations that need to be accounted for. These are related to local weather conditions, site and 

location factors including the duration of sunlight available, type of shading, roof conditions including 

orientation and size, local regulations and incentives. Other than these, system and equipment factors 

including the panel efficiency and type, the inverters type, grid connections, warranty and maintenance of 

these are also equally important. Besides these, the financial considerations including cost of installation, 

cost and quality of different components, scale of the system are also vital considerations. 

The installation of a wind energy system also has a set of considerations that must be kept in mind before 

installation. These are related to the local weather conditions like solar energy. Amongst the site and 

location factors the importance of wind speed, direction and consistency plays the most critical role. In the 

case of wind energy, the turbine settings are however the most important. Turbine conditions include 

sitting and mounting, tower height and location, obstacle avoidance, mounting type Standalone (pole-

mounted) Building-mounted (rooftop), wire run distance are most critical. System and financial viability 

including the maintenance and safety aspects comprising of energy needs, grid connections, costs and 

incentives, professional installations are all equally important. However, in this case the neighborhood 

conditions, relations with neighbors and planning regulations also need to be considered critically before 

installing a micro wind turbine in a particular location. 

Hence after detailing the factors that need to be investigated for the installation of both solar and wind 

energy systems, it is also necessary to understand the components of each of these systems. Hence the 

next section highlights the same. 

3.2. Components of Solar and Wind Energy Frameworks 

The following Figure 3 presents the different components needed to install solar and wind hybrid systems. 

For Solar energy the entire system requires a solar panel, inverter, lithium-ion batteries for storage of direct 

energy, installation kit, cables and fitting wires, fuse, lighting protection box and installation switches. 

For the micro wind turbines, the system requires a wind turbine with strong rotor and blades, low speed 

shat and gearbox, a generator, a nacelle which is a a streamlined enclosure that houses the core machinery 

of a wind turbine. A rigid control and safety system mechanism along with electronics and monitoring units. 
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Figure 3. Components of Solar and Wind Energy Frameworks. Source: Author 

3.3. The Proposed Hybrid Framework 

The following Figure 4 shows the detailed hybrid framework that has been developed encompassing both 

solar and wind energy resources. It comprises of the following components.  

Solar Photovoltaic systems where the primary driver is the sun comprise of a systems of cells made of 

semiconductors that absorb the sun’s light converting it into electricity and transmit energy. Once the panel 

is exposed to the sun, the semiconductor gets heated leading to the movement of electrons. The panels 

produce electricity due to the imbalance created by different parts of the panels getting heated up.    

Micro-wind turbines are energy producing systems that are driven movement of wind which causes the 

turbine to rotate leading to the generation of direct current which is then converted to alternating current 

with the help of an inverter. The micro wind turbines are usually small scale fit for residential use as 

compared to the conventional ones not suitable for residential energy production. 

MPPT Solar Wind Hybrid Controller is a device that optimizes the energy output from both solar panels 

and wind turbines, using Maximum Power Point Tracking (MPPT) technology to ensure a more efficient 

and stable power supply to a battery system. This controller manages the charging process from both 

sources, maximizing power harvest and protecting the batteries from overcharging. It is a key component 

in off-grid systems for applications like street lighting, monitoring systems, and small power generation.  

Battery Storage or battery energy storage systems (BESS), are devices that allow the RE to be saved and 

then released when the power is needed most. Large scale storage of the RE is facilitated by the Lithium-

ion batteries. The electricity genrated from RE can also be used for charging the battery storage system 

itself. The modern intelligent battery software systems are trained with algorithms to coordinate energy 

production and have computerised control systems monitoring the storage and of energy to the grid. The 

supply of energy from the battery storage system peaks during demand periods, keeping costs down and 

electricity flowing. 
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The Direct Current(DC) generated from the RE sources needs to to be converted into Alternating Current 

(AC) for which an inverter plays a significant role. This is crucial for using DC power from sources like solar 

panels or batteries to run AC appliances in homes, or for other applications like in vehicles and solar power 

systems. Inverters work by using electronic circuits to rapidly switch the direction of the DC current to 

mimic AC power, allowing devices that need AC power to function when only DC is available. The energy 

generated is converted to AC current and supplied to the unit for daily use. 

Figure 4. Proposed Hybrid Framework. Source: Author 

3.4. The cost of installation required for the Proposed Hybrid Framework 

After understanding the individual functions of the different components, it is also important to understand 

the cost that an individual household will bear for installing this model. In the Indian context the most 

adapted solar panel for residential use is of 5kW. However, as this framework specifically focuses on 

affordable housing units, hence it is assumed that 3kW is ideal for such households. Based on the energy 

requirements at least 10 such panels would be needed per unit cost being Rs 20,000/-, hence a total cost 

of Rs 2,00,000/- (approx.). A micro wind turbine of 1kW one-unit costs Rs 50,000/-. The cost of MPPT Solar 

and Wind Hybrid Controller is Rs 40,000/-. The cost of 48V 200Ah lithium batteries for the hybrid systems 

and the hybrid inverter are approximately Rs 1,15,000 and Rs 45,000 respectively. Summing up all the costs 

together, it accounts Rs 4,50,000 that an individual household will have to bear installation of this hybrid 

framework. However, under the Pradhan Mantri Surya Ghar: Muft Bijli Yojana, a household if installs a 

solar panel varying between 2 to 3 kW they are eligible for a subsidy for Rs 60,000/- to Rs 78,000/-. So 

assuming the subsidy amount received to be on the lower side and considering that the household is 

eligible for a subsidy of Rs 60,000, the total cost for installation is approximately Rs 3,90,000/-. The detailed 

calculations are listed below in Table 1.  
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Table 1 Total Cost to be incurred for the installation of the proposed framework 

 

 

 

 

 

 

 

 

 

 

    Source: Author 

3.4. Annual Savings Expected after the integration of the Proposed Hybrid Framework 

The total expected annual savings that the household can incur is approximately around Rs 30,000 

assuming a per unit retail energy charge from DISCOM (varies from state to state) of Rs 6.5 kWh/unit and 

the total hybrid energy that can be generated by the household is approximately around 5600 kWh/yr. This 

total energy produced considers total energy produced by Solar PV of 4700 kW after accounting for the 

Capacity Utilization Factor (CUF) of 18% which refers to how efficiently the installed capacity of the panel 

is being used over time. Similarly, the total energy produced by micro wind turbines is 876 kW after 

accounting for the CUF of 10%. The annual O & M maintenance is Rs 1200/-. Assuming that out of this total 

energy generated, 80% of the power generated is for self-consumption, the total available energy for use 

is 4500 kWh/yr.  

Table 2 Total Annual Savings Expected after the integration of the Proposed Hybrid Framework 

Energy Assumptions & Annual Savings Calculations Calculations 

Total energy produced by the Solar PV  26280 kW 

Solar Panel CUF (Capacity Utilization Factor (sometimes called Capacity 

Factor: how efficiently the installed capacity is being used over time) (18%) 4730.4 kW 

Total energy produced by Micro Wind Turbine 8760 kW 

Micro Wind Turbine CUF (10%) 876 kW 

Total Hybrid Energy Generation 5606.4 kWh/yr 

*Most adopted for residential use in India  

**Govt Subsidy under PM – Surya Ghar: Muft Bijli Yojana 
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Fixed Charge (Installation + minimum fixed connection charge) @ ₹100 / 

month   ₹ 1200 

O & M cost (As 2 % of total capital cost of installation) ₹ 7,800.00 

Self-Consumption of the energy generated (Assuming 80% of power 

generated) 4485.12 kWh/yr 

Annual Savings Calculated 

Retail Energy Charge from DISCOM (varies from state to state) ₹ 6.5 kWh/unit 

Total Savings from Retail Energy (Annually) ₹ 29153.28 

    Source: Author 

4. Conclusion

With the successful integration of the proposed hybrid framework at the unit level, a household is expected 

to incur the annual savings that have been calculated (Table 2). Besides, this the framework is expected to 

provide access to stable, affordable, and clean electricity along with the provision of ensured energy 

security during the power outages, climate-induced disruptions by reducing the dependency on central 

grids.  It is also expected to reduce the overall carbon emissions of a household by 1–1.5 tons per year 

contributing to the country's Net Zero Target by 2070 and overall contribution to Sustainable Development 

Goals (SDG 7, SDG 11, SDG 13). Further it is also anticipated to facilitate the development of local green 

jobs in installation, maintenance, and system monitoring. This framework can also be replicated across 

affordable housing schemes including the PMAY (U) 2.0 mission. The integration can be easily customized 

across different geographic and climatic conditions as it is a proposed viable model for decentralized energy 

generation in low-income communities. From a broader perspective, if the framework is successfully 

implemented, it will significantly contribute to the broader policy framework for the creation of smart city 

with improved energy security and resilient housing encouraging public–private–community partnerships 

in clean energy access. It will also provide data and implementation framework for municipal replication 

and national policy adoption. However, implementation might face certain challenges like financial 

constraints, collaborative issues amongst all the stakeholders and different sectors thereby impacting the 

successful implementation of the model. Therefore, to overcome these challenges provision of financial 

assistance at all levels, simplified permission process and private sector participation might produce 

successful results. As a scope of future research, the framework needs to be implemented in units under 

PMAY (U) on ground and a monitoring of the detailed installation costs and annual savings made needs to 

be tracked. Further based on ground reality, if any modifications are required in the proposed framework 

can be integrated with better outcomes. 
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Abstract 

Japan's rapidly declining cities face the challenge of maintaining urban infrastructure amid 
declining populations and household numbers. To support urban functions, a compactness-
oriented policy has focused on residential consolidation as the primary strategy for compact 
development. Residential consolidation has primarily occurred through the zoning system and the 
location normalization or optimization plan (LNP) initiative, although these have focused more on 
new construction than on older condominiums, which account for a significant share of urban 
housing. This paper explores the extent to which existing condominium stock contributes to 
compact urban form and analyzes the potential of an atypical demand-side fiscal policy tool—
namely, environmental load adjustment (ELA)—to support conventional regulation. By leveraging 
250-m mesh-grid population census data, composite index mapping, and spatial autocorrelation 
analysis, significant differences in urban residential consolidation are found across Sapporo, 
Yokohama, and Kobe. The results reveal the following diverse types of residential agglomeration: 
a monocentric pattern (Sapporo) in accordance with LNP areas, a transit-oriented type (Yokohama), 
and a topography-related contrast between coastal and hilly districts in Kobe. These findings 
highlight the importance of existing condominium stock to urban density and the limitations of 
regulations on new construction alone. Next, a multinomial logit model is simulated for Sapporo, 
demonstrating how ELA is reflected in marginal changes in property tax burdens, which depend on 
housing and site characteristics and affect the dynamics of residential consolidation in promotion 
areas despite a long-term population decrease. Specifically, the results indicate that ELA amplifies 
(1) the share of households in promotion areas; (2) density development in compact areas; and 
(3) the reduction of vacant housing. However, it is simultaneously expected to lead to increased 
vacancies in peripheral locations, which means that supporting measures (e.g., renovation 
subsidies and service rationalization) are required. Combining regulatory guidance with fiscal 
policy incentives should provide a practical, operation-based planning approach for supporting 
compact urban development in shrinking cities. 

 

Keywords 

Residential Consolidation, Compact Urban Restructuring, Existing Condominium Stock, 
Spongification, Fiscal Incentives, Management-Oriented Urban Planning 

1. Introduction 
1.1 Background 

Across Japan, the national population and household numbers are decreasing (NIPSSR(2022)). This 
decrease poses significant challenges for cities to maintain essential infrastructure (e.g., roads, water 
supply facilities, and sewer systems)(Kubo, T. et al. (2020)). Japan's demographic changes thus call for a 
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shift to more compact urban forms to spread basic services and limit extensive development. Over the past 
decades, national and local governments have used a variety of planning tools to either encourage or 
discourage specific residential locations. In 2014, a new guidance method, the location normalization plan 
(LNP), was implemented to restructure cities into more compact forms (MLIT (2014)). 

Nevertheless, such policy tools are primarily directed at the supply of new buildings rather than at the 
existing housing stock. In particular, they are intended for newly built multifamily units, such as co-ops 
(condominiums), which are very common in Japan's large cities. In urban environments where the number 
of households is diminishing, new construction might not keep pace with the decline in demand, while 
balancing opportunities through supply-side interventions is insufficient to address the abnormal 
abandonment of back-end housing and vacant lots—such a typical dynamic known in academic circles in 
Japan as "spongification." 

Research on shrinking cities has tended to focus on Western contexts, particularly on development-driven 
governance transitions and condo-led redevelopment in cities like Toronto and Vancouver in Canada 
(Harris, D. C. (2011), Habe, T. et al. (2020), Rosen, G. et al. (2013, 2014)). While in Japan, research on 
institutional systems and the problems posed by vacant housing has advanced. However, the vast bulk of 
the literature continues to tend to emphasize new-build supply over the reuse and containment of existing 
stock. Although GIS-enabled spatial analysis has improved the understanding of the geographical 
distribution of new residences, how economic or fiscal instruments may affect residents' location and 
housing type choice behavior in shrinking cities remains unclear (Feldhoff, T. (2013)). Figure 1-1 presents 
the notion of horizontal and vertical residential consolidation in a shrinking city. 

 
Figure 1-1: Schematic of the expansion and contraction of Japanese cities. During deceleration, ad hoc 
sponging is executed, in which cities are governed to allow denser concentrations. Source: Author. 

A previous study by the present author discussed the impact of regulation on condominium location in 
Sapporo (Kawahara, N. (2024) (1)), Yokohama(Kawahara, N. (2024) (2)), and Kobe(Kawahara, N. (2025) ). It 
identified a difficulty in integrating existing stock into subordinate legislation. In the literature, the 
following three gaps have been collectively identified: (i) a lack of discourse regarding the strategic 
leveraging of shrinking cities' existing condominium supply; (ii) an insufficient debate surrounding demand-
side tools that adjust economic burdens by housing type and location; and (iii) modeling approaches that 
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do not combine spatial statistics with fiscal incentives. Therefore, it is essential to explore planning 
strategies that capitalize on current condominium stock and to improve existing regulatory mechanisms. 
As residential consolidation has drawn increasing attention as a critical policy direction for supporting the 
functions of shrinking cities, the present study focused its analysis on residential consolidation. 

The term "urban development" in this paper's title refers not to the establishment of new construction but 
to the reorganization of existing residential patterns. In this sense, housing consolidation is proposed as a 
central concept for urban consolidation (i.e., compact cities) in a downward demographic scenario.  

1.2 Literature Review and Hypotheses Development 

At the Japanese city scale, various forms of spatial population decline and housing vacancy have been 
documented (Feldhoff, T. (2013), Fujita, M. (1989), Kubo, T. et al.(2020)); however, few relevant studies 
have explicitly addressed the role of condominium distribution in inducing residential consolidation. 
Moreover, studies have provided little evidence on the relationship between regulatory and fiscal policies 
in shaping changes in residential spatial patterns. Thus, to address the gaps, the author addressed the 
following four hypotheses (H) in this study: 

H1: Different spatial structures of Japanese metropolitan areas' characteristics constrained forms, have 
effects on the modes of residential concentration in condominium agglomerations. 

H2: Areas identified on the LNP for residential promotion are associated with greater residential 
consolidation, suggesting that the regulatory framework can help shape the spatial concentration of 
the existing building stock. 

H3: The spatial pattern of multifamily housing (MFH), particularly the distribution of condominiums, has 
a significant impact on residential consolidation and is significant for compact urban development. 

H4: Integrated zoning controls and financial incentives, delivered through managed regulatory incentives, 
can be practical tools for promoting residential consolidation, thereby enhancing compact urban 
redevelopment in shrinking cities. 

2. Methodology 
2.1 Research Design and Case Selection 

This study combined three analytical elements to evaluate the contribution of existing condominium stock 
to the establishment of compact urban forms as well as the extent to which new fiscal incentives may play 
a role in determining them. First, spatial kernel estimation of census and housing data was conducted at 
the 250-m grid level to identify patterns of households living in multifamily buildings, compared with most 
areas classified as "residential promotion areas" under the LNP. Second, regulatory frameworks (i.e., zoning 
regulations, special-use districts, and regulatory controls) were examined to obtain an understanding of 
the institutional foundations of Sapporo, Yokohama, and Kobe. Lastly, a multinomial logit model was used 
to examine whether an endogenous fiscal measure—namely, environmental load adjustment (ELA)—
affects residential location decisions. 

Sapporo, a city in a region with a declining population, is aggressively using an LNP to concentrate 
settlement (Kawahara, N. (2024) (1)). By contrast, Yokohama and Kobe are satellite cities of major 
metropolises (Tokyo and Osaka, respectively) whose policies are directed toward accommodating residents 
with urban functions, and they have a different arrangement. Nevertheless, these place-specific spatial 
structures differ between Yokohama and Kobe, with the former featuring a pattern of dispersed residential 
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clusters surrounding transit stations (Kawahara, N. (2024) (2)), while the latter separates coastal MFH 
districts from detached housing areas on mountainsides (Kawahara, N. (2025)). These contrasting features 
enabled an examination of the extent to which the existing condominium stock contributes to urban 
compactness depending on the regulatory context. 

2.2 Data and Analytical Methods 

This study employed the following three types of public data: 
 Population census (NIPSSR), and housing and land surveys (MIAC (2020)) at a 250-m grid scale; 
 Urban planning documents by the municipalities (including LNPs, zoning ordinances, and land-use 

plans); 
 National and local government GIS datasets from MLIT, which together enabled spatial mapping of 

domestic structures across space and time, comparison of institutions that have shaped domestic 
activity, and simulation of household moves. 
 

i. Composite Index 

To measure the spatial clustering of MFH, the following index was created as a product of (a) the 
households of the grid's households that live in buildings of three stories or more and (b) the share of total 
households (HH) in the city: 

𝐶𝐶𝑖𝑖 = � 𝐻𝐻𝐻𝐻3𝐹𝐹+,𝑖𝑖
𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑖𝑖

� × �𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑖𝑖∑𝐻𝐻𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
�   

The composite index (Ci) represents the concentration of households living in MFH on three or more floors. 
It was used to identify areas with abundant apartment households, to play a dominant role in the city's 
spatial layout, and to express the city's residential structure effectively. 

ii. Spatial Autocorrelation Analysis 

To explore citywide and local spatial clustering, Moran's I was used to measure overall autocorrelation. By 
contrast, local indicators of spatial association (LISA) were used to identify hot and cold spots, as described 
by Anselin (2024). The methods revealed whether MFH tends to cluster or scatter across a city. 

iii. Residential Choice Model and ELA Simulation 

Analogously, a multinomial logit model was used to estimate the household probabilities of taking on (i) 
housing type (detached houses, mid-rise apartments, and high-rise apartments) and (ii) location (inside or 
outside residential promotion areas by the LNP) in response to ELA by using MENIES (2021) survey results. 
Layered within this was ELA, which adds to user costs by shifting property tax burdens. By reassigning 
households to a 250-m grid based on choice probabilities, the model projected how fiscal signals could 
reconfigure urban residential settings in an age of long-term demographic decline. 

2.3 ELA Scenarios 

2.3.1 Concept and Policy Rationale 

ELA is proposed as a demand-side fiscal inducement that supplements existing regulatory incentives that 
typically target only new building stock. ELA adjusts property tax assessments based on dwelling type and 
location, thereby endogenizing differences in infrastructure load and energy efficiency.  

Assessments for MFH units in residential promotion areas are generally lower, while those for detached 
houses outside of these areas are higher. Through smoothing private housing decisions in the face of social 

• HH3F+,i: Number of households living in apartment buildings with three or more floors in 
mesh i 

• HHtotal,i: Total number of head households in mesh i 
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costs, ELA is intended to facilitate households' choices of compact, infrastructure-efficient residential 
patterns. 

In making these modifications, ELA functions as a financial instrument and is also used more deliberately 
to promote residential consolidation. By reducing the relative cost of living in dense urban environments, 
ELA enables long-term shifts toward more sustainable urban configurations. 

2.3.2 Design and Parameterization 

ELA is calculated using the following two adjustment factors applied to the taxable value of land and 
buildings: 

 CO2 emission intensity, which affects building coefficients for detached houses, mid-rise apartments, 
and high-rise apartments, where land coefficients indicate land efficiency usage; and 
 Location (including weather) and whether it falls within the LNP's residential promotion regions. 

The simulation used 250-m grid census and housing data, municipal housing stock, and official land-pricing 
data, with a focus on dwelling relocation, which was unavoidable due to long-term population decline. 
Building floor areas were maintained at 2020 levels to ensure that the analysis was focused on behavioral 
responses to fiscal signals rather than on new housing supply. 

The adjustment range was defined within a policy-feasible band around ±3%, which corresponds to the 
level of tax changes often accepted by residents. This framework compares a baseline with an ELA (as in 
an extended levy application) scenario. 

2.3.3 Behavioral Model 

Residential choice was modeled using a multinomial logit model based on Tiebout, C. M. (1956), Ben-Akiva, 
M. et al. (1985), McFadden, D. (1974), and Schernthanner, H. et al. (2010). The substitutions were 
composed of the following: 

i. Siting (in or out of residential promotion areas); and 
ii. Type of dwelling (a single-detached house, mid-rise apartment, or high-rise apartment). 

ELA was introduced to the model as a marginal variation in user cost through property tax charges. Tax 
burden cuts increase utility, while tax increases decrease it. By simulating how choices change in response 
to fiscal incentives for each grid cell and household reallocation, the model predicted how the urban 
residential structure responds to those incentive schemes in a context of forecasted population decline. 

2.4 Limitations 

Several methodological limitations should be acknowledged. First, the use of aggregated census tract-level 
data prevented the measurement of household characteristics (e.g., income, age, or time-allocation 
patterns) that may be related to preferences for residential location. Second, the fiscal settings and land 
price adjustments used in ELA simulation studies are anchored in a city-specific context and do not apply 
to other locations. Third, while the multinomial logit model restricted residential choice to accessibility, 
housing type, and tax burden, it did not include amenity preferences or renovation degree. Lastly, since 
three Japanese cities were used as cases, the findings are analytical and not generalizable to all of Japan. 
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3. Results and Discussion 
Table 2-1 presents an overview of the three cities studied herein; Figure 2-1 shows their locations; and 
Figure 2-2 shows the gaps between the number of households (HH) and housing units (HU). 

Table 2-1: Basic data concerning the three Japanese cities. 

City Sapporo Yokohama Kobe 
Population 

(2020*) 1,975,288 3,777,491 1,525,152 
Number of 
Households 

(2020*) 
1,014,342 1,732,044  735,525 

City Area 
(km2) 1,121.3 437.6 557.0 

DID**Area 
(km2) 231.4 303.3 154.1 

Policy Use LNP adopted, 
late shrinkage 

Regulatory 
constraints 

LNP + regulatory 
constraints 

Demographic 
Trend 

Population 
decline has 
begun 

Population 
decline has 
begun 

A sharp decline is 
projected 

Characteristics 

One of the 
largest 
Japanese-
designated cities 
by area. It has 
large areas of 
woodland and 
semi-rural land, 
further 
increasing the 
population. 

Notable for its 
extremely high 
population 
density. Despite 
its small area, 
the population 
density is high 
due to efficient 
use of space. 

Running from 
north to south 
are the Rokko 
Mountains. As a 
result, the livable 
land area is less 
than the total 
land area. 

*Source: 2020 Census (the latest survey). 
**Densely inhabited district (DID): A combination of all contiguous Hess enumeration districts with a population density of 

4,000 or more people/km2 and a total population of 5,000 or more. 

Figure 2-2: Ratios of population (to the maximum) and housing/house units for the three cities. Source: 
2020 Census and the Institute of Population and Social Security; created by the author. 

3.1 Sapporo 

Figure 3-1-1 depicts the household composite index for Sapporo in multifamily buildings. Their height is 
evident, especially around Sapporo Station, Odori, and Maruyama, which correspond to the city's so-called 
"residential promotion areas." The Global Moran's I is 0.233 (p < 0.001), which indicates moderate spatial 
autocorrelation. 

Figure 3-1-2 presents the LISA results, which indicate that there are more high-high clusters in the central 
city area near major transit hubs and fewer low-low clusters in peripheral suburbs. The intermediate 
clusters along radial transportation routes exhibit a gradation from high-density urban areas to low-density 
outskirts. These results confirm that Sapporo has a distinctive, compactly developed core. However, the 
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Figure 2-1: Locations of Sapporo, 
Yokohama, and Kobe. Sapporo is the 
de facto capital of Hokkaido; 
Yokohama is the second largest city 
in the Greater Tokyo Area; and Kobe 
is a large city near Osaka. Source: 
Author. 
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rapid decline in population and household numbers underscores the established principle that 
infrastructure agglomeration promotes residential concentration in promotion areas. 

3.2 Yokohama 

Compared with Sapporo, Yokohama's composite index has a scattered distribution (see Figure 3-2-1). The 
Global Moran's I value of 0.301 (p < 0.001) indicates a stronger tendency toward clustering but does not 
suggest a dominant center. By contrast, there are high-high clusters in the Yokohama Station, Minato Mirai, 
Kannai, and other areas, and low-low clusters in the northern and southern outlying areas (see Figure 3-2-
2). The intensive MFH cluster in suburban centers of Yokohama, rather than in the city center, is a local 
nodal point of apartment-type residential concentration and distributed compactness. This trend reflects 
the city's historical character as commuter suburbs of the Greater Tokyo Area, where residents value access 
to regional transportation networks more than proximity to Central Tokyo. 

3.3 Kobe 

In Kobe, the composite index (see Fig. 3-3-1) exhibits a significant spatial difference between the densely 
populated coastal belt and low-density, mountainous areas with topographic constraints. The Global 
Moran's I is 0.272 (p < 0.001), which indicates moderate clustering, as in Sapporo. Some high-high clusters 
are observed in the Sannomiya–Motomachi area along the coast. However, LISA results indicate that the 
neighborhoods are dispersed rather than forming significant residential clusters. (see Figure 3-3-2). By 
contrast, large low-low clusters are common in the city's mountainous residential areas. Some apartment 
clusters also exist alongside transit nodes in hillside residential areas, but the majority still follow the 
coastline. This twin spatial structure indicates that a policy mix of regulatory restrictions on new large-scale 
housing, combined with measures to preserve and upgrade existing multifamily stock, would effectively 
contain demand and promote denser residential forms. 

 
 Figure 3-1-2: LISA significance map 

(above) and LISA cluster map (below) 
for Sapporo. Source: Created by the 
author using GeoDa. 

Figure 3-1-1: Total household apartment-dwelling composite index 
(including condominiums) for Sapporo, where each unit has more 
than three stories. Source: Created by the author based on 2020 
Census data. 
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Figure 3-2-1: Total household apartment-dwelling composite index 
(including condominiums) for Yokohama, where each unit has more 
than three stories. Source: Created by the author based on 2020 
Census data. 
 

 
 
 
 

Figure 3-2-2: LISA significance map 
(above) and LISA cluster map (below) 
of Yokohama. Source: Created by the 
author using GeoDa. 

Figure 3-3-2: LISA significance map 
(above) and LISA cluster map 
(below) of Kobe. Source: Created by 
the author using GeoDa. 

City Center Area 
(Including CBD:Central 
Business District) 

Figure 3-3-1: Total household apartment-dwelling composite index 
(including condominiums) for Kobe, where each unit has more than 
three stories. Source: Created by the author based on 2020 Census 
data. 
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Research Paper  

 

Ecological Substrate Construction Strategy Based on 
Wind Environment Simulation 

Taking Nanjing Makuyan Riverside Jinling Shipyard as an 
Example 

Shangxiang MAO, School of Architecture, Southeast University, China 

 

The accelerating process of urbanization has resulted in population density, which has led to 
several consequences. Firstly, the quality of internal ventilation has deteriorated. Secondly, the 
heat island effect has worsened. Thirdly, natural ecological space has become fragmented. Lastly, 
ecological benefits have been reduced. These consequences have had a significant impact on the 
urban ecological environment. 
In this context, the city center, particularly the waterfront and mountainous regions, progressively 
lose their capacity for climate regulation. The study is predicated on the theory of ecological 
security and wind environment simulation. This simulation is employed to guide the enhancement 
of urban design in the ecological substrate construction strategy, thereby fortifying the climate 
resilience of the city center area. 
The study utilizes the Makuyan Riverside Jinling Shipyard Area in Nanjing as a case study. It 
employs ArcGIS to conduct an ecological sensitivity analysis, thereby determining the area's 
ecological control zone. The study then divides the area into block grids and conducts wind 
environment simulations on the potential wind corridors of the area. These simulations are 
conducted at a scale of 500 by 50 meters using PHOENICS. Subsequently, the wind corridors 
corresponding to the optimal simulation results are superimposed on the ecological substrate of 
the area. The ecological substrate of the area is then generated by superimposing the wind 
corridors on the ecological control area. The wind corridors corresponding to the optimal 
simulation results are designated as the urban corridors of the ecological base of the area, which 
are then superimposed with the ecological control areas. 
Approximately one-third of the total area is comprised of ecologically sensitive regions. These 
regions encompass the Yangtze River shoreline, the foot of Mufushan Mountain, and the mouth of 
the Jinchuan River, among other areas of ecological significance. The wind environment simulation 
indicates that the western part of the area is predominantly characterized by urban design, while 
the eastern part is primarily characterized by incremental construction. The simulation of the 
western area identifies two optimal main wind corridors and one secondary wind corridor. In 
contrast, the simulation of the eastern suitable area determines the optimal two suitable areas for 
construction. The ecological medium and highly sensitive areas are strictly controlled as ecological 
surfaces, and the superimposed simulation of five ventilation corridors determines the ecological 
substrate of the area. This area serves as the main support of the ecological structure of the urban 
design. It provides guidance on the ecological structure for the planning and design of improving 
urban resilience. Furthermore, it enhances the ecological benefits of the urban design and 
promotes the construction of the urban ecological security pattern. 
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PHOENICS simulation,Ventilation corridor,Ecological basement,Nanjing 

After the 1980s, with the acceleration of China's urbanization process, the density of urban buildings 

increased, the quality of internal ventilation declined, and the climate regulation function of urban centers 

especially waterfront and mountainous areas gradually lost, resulting in a superimposed crisis of poor wind, 

difficult heat dissipation, and insufficient rainfall and flood storage. 

In this context, how to bring ventilation into the bottom line of ecological security and reshape the urban 

respiratory skeleton has become the core issue to be solved in the high-density waterfront area. The 

construction of ecological corridors is an important way of ecological protection, but the traditional 

ecological corridor planning is not fully embedded in the energy flow of wind, which makes it difficult for a 

large number of corridors to simultaneously alleviate the dual diseases of heat island and ecological 

fragmentation. Therefore, bringing climate adaptive facilities such as ventilation corridors into the urban 

ecological security pattern is an inevitable requirement to coordinate the long-term spatial development 

strategy and the urgency of rapid urbanization, and also provides a strategic opportunity to rethink the 

value creation of waterfront areas and move towards inclusive and sustainable growth. 

In this field, numerical simulation based on computational fluid dynamics (CFD) is an important tool for 

studying pollutant diffusion and improving urban wind environment. PHOENICS, as a CFD software based 

on RANS, has important reference value for wind environment simulation and ventilation corridor 

construction. During the construction of ventilation corridor, the ecological control area is the binding 

premise for the construction of ventilation corridor. ArcGIS can use the geographic information flow to 

establish the basic information database and identify the ecological control area. It is a bridge to change 

the ecological security bottom line from the theoretical threshold to the spatial red line. 

In the current related research, the wind environment simulation mostly adopts the method of planning 

first and then simulation verification, which has little impact on the final scheme and leads to insufficient 

excavation of ventilation potential. There are few studies on corridor connection at the block scale at the 

simulation scale, and the traditional corridor planning mainly adopts the landscape node type. For the 

riverside zone with both flood control requirements and brownfield foundation, the regional energy flow 

is ignored, and the cold and hot connection between the river and the city cannot be channeled. 

In response to these questions, starting from the optimization of wind environment, this paper applies 

wind environment simulation to the pre stage of ecological restoration as the core driver of ecological 

corridor construction in urban design. Taking Nanjing Makuyan Riverside Jinling Shipyard area as an 

example, ArcGIS and PHOENICS software are used to jointly determine the ecological control area and 

ventilation corridor, help build the ecological base of area design, and provide a replicable ecological 

renewal paradigm for the planning and design of urban waterfront. 

The Jinling Shipyard segment of the Nanjing Muyan Riverside area is located in the northernmost part of 

Gulou District in the main city of Nanjing, with a base area of about 166 hectares. This area serves as a 
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critical link in the future development of the Yangtze River Cultural Belt and represents an important 

ōǊŜŀƪǘƘǊƻǳƎƘ ŦƻǊ bŀƴƧƛƴƎΩǎ ǊƛǾŜǊ-integrated development strategy.Around the base, there are important 

open spaces with historical and cultural heritage, such as the Yangtze River, Mufu mountain and so on. As 

ŀƴ ƛƴǘŜƎǊŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ bŀƴƧƛƴƎΩǎ ϦƳƻǳƴǘŀƛƴ-water-city-forest" spatial pattern, it functions as a vital 

ecological regulation zone for the urban environment (Figure 1). 

 

However, the current situation of the base is affected by the expansion of urban construction, the original 

natural background has been destroyed by human activities such as industry and residence, failing to form 

a complete green space system. In terms of climate and environment, although there is Mufu mountain, 

one of the cold sources in Nanjing, around the base, the internal ventilation and cooling capacity of the 

base is poor, and the physical environment needs to be improved. 

2.2.1. Research Philosophy 
As the riverside protective belt in the main urban area of Nanjing, the construction of ventilation corridors 

can promote the wind guiding effect on the urban area, and realize the improvement of microclimate. 

 

 

Under the guidance of this objective, ecological security theory and wind environment simulation 

technology have become the theoretical sources of research. Through the ecological security theory, the 
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ecological sensitive areas and key nodes can be identified, and the ecological base skeleton can be 

constructed. On the basis of the skeleton, with the integration of wind corridor and green corridor as the 

core, a composite ecological network with wind guidance and ecological service functions is constructed. 

Guided by wind environment simulation technology, spatial optimization can be driven by CFD simulation 

results to enhance local microclimate regulation through ventilation corridors. Therefore, driven by the 

wind environment simulation technology and supported by the ecological security pattern, this study 

constructs the "wind green land" coupling ecological base optimization strategy to achieve the coordinated 

improvement of the microclimate regulation and ecological function of the riverside zone(Figure 2). 

2.2.2. Research Methods 
This research method is mainly divided into two steps. 

Step 1: Delineation of Ecological Control Zones. 

The first step is to delimit the ecological control area, and determine the natural ecological control area by 

measuring the ecological sensitivity zoning in combination with the basic land data. Considering the site's 

topography and landform conditions, we conduct an ecological sensitivity analysis of the land. By 

overlaying ecological control lines such as flood prevention dikes, we determine the site's ecological 

conservation areas. Thereby defining the site's construction control boundaries (Figure 3). 

 

 

Step 2: Wind Environment Simulation. 

The second step of wind environment simulation is to optimize the physical environment of the base . First, 

divide the base grid according to the construction status and scale of the base, determine the size of the 

wind corridor according to relevant research, and determine the location of the simulated wind corridor 

combined with the grid.The practice uses PHOENICS software to carry out multi scheme comparison and 

multi scenario simulation to  determine the optimal location of the wind corridor (Figure 4). 

 

 

The superposition of these two elements forms the ecological matrix of the site, providing guidance for the 

development of the blue-green system structure in site design. 

 

Using ArcGIS 10.8, ecological sensitivity analysis was conducted for the site, with other control lines 

overlaid to strictly regulate the construction scope.  The analytic hierarchy process (AHP) was used to build 
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the ecological sensitivity analysis and evaluation index system, and determined the evaluation factors of 

terrain factor and land use type. Combined with the characteristics of the base, the topographic factors 

were determined to include elevation, slope, aspect and water system, and the land use types included six 

indicators of land use and vegetation coverage. The sensitivity levels were classified into five grades, and 

the grading criteria for each factor were determined according to relevant research (Table 1). A pairwise 

comparison method within the AHP framework was applied to the six indicator factors to calculate their 

respective weights, resulting in the ecological sensitivity assessment weights for each single factor as 

presented in Table 2. 

 

 

Due to the relatively small scale of the study area, data with a precision of 12.5 meters or higher were 

utilized. This included geojson data of national administrative divisions, a 12.5m resolution Digital Elevation 

Model (DEM) from ASF, the 2020 global land cover data, and 10m NDVI data for national vegetation 

coverage in 2020. Six indicators were obtained by processing DEM data, land use data and NDVI data, and 

reclassified according to the classification standard, and then the comprehensive ecological sensitivity 

results were obtained by weighted calculation(Figure 5). 
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a Elevation sensitivity b Slope sensitivity c Aspect sensitivity 

d Watershed buffer sensitivity e Land use sensitivity f Vegetation cover sensitivity 

 
 

 

The comprehensive ecological sensitivity index for the site ranged from 1.2 to 4.7. Spatially, Areas of 

medium to high sensitivity accounted for about one-third of the site. The most sensitive areas were 

concentrated along the Yangtze River shoreline, representing the core ecological baseline. Areas with 

relatively high sensitivity were located around Daqiao Park and the eastern green spaces, which are 

associated with the existing green and blue infrastructure network; Daqiao Park itself is a result of prior 

ecological restoration. The low-sensitivity areas were characterized by high-density features such as old 

residential quarters, the newly built Shangyuanmen Business District, and original industrial 

facilities.Building upon the ecological sensitivity analysis, the ecological control zones were finalized by 

overlaying the boundaries of the Nanjing Yangtze River flood levee.  This process formed a continuous 

ecological control surface, conceptualized as the "Daqiao Park - Riverside Front - Eastern Green Space - 

Mufu Mountain Range" corridor, which establishes the non-negotiable spatial baseline for all subsequent 

planning interventions(Figure 6). 
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3.2.1. Existing Wind Environment 
According to meteorological data statistics, the dominant wind direction in Nanjing in summer is south by 

Southeast (SSE), with an average wind speed of 2.8 m/s. The dominant wind direction in winter is ene, with 

an average wind speed of about 3.0 m/s.Based on historical maps of the study area from the 1970s to 2006, 

wind environment simulations were conducted for both historical and current conditions. The results 

revealed a gradual decline in wind speed within the study area alongside accelerated urbanization and 

expansion (Figure 7-8). The wind environment in the study area was simulated at the pedestrian height of 

1.5 m. It was found that the summer wind environment was blocked by the urban buildings and mountains 

in the south, and the wind speed in the base was generally low. The Western shipyard area and the eastern 

area blocked by Mufu Mountain have formed a large area of stagnant wind zone. As one of the important 

ventilation corridors in the city, the wind speed of the Yangtze River in the winter wind environment was 

significantly higher than that in the base. The wind speed from the riverside to the base was decreasing, 

and the overall environment was relatively comfortable. 

 
 

 

3.2.2. Simulation Unit Division 

According to the Nanjing block grid scale research, combined with the block scale of the base, a 100×85 m 

grid size was selected as the standard for grid division, which could accommodate a relatively complete 
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building complex (Figure 9). The site environment was predominantly influenced by summer winds. 

Therefore, the wind environment simulation focused exclusively on summer wind conditions (Figure 10). 

In terms of the determination of relevant simulation data, according to the existing research results on the 

scale of the wind corridor, the grid of the simulated wind corridor was set at 500×50 m. It was 

recommended to provide an entrance to the riverside every 250 meters, add secondary corridors on both 

sides of the main corridor. That is, each base grid was divided into two columns of simulated wind corridors, 

with an interval of about 250 meters between the two wind corridors. 

The western simulation primarily focused on identifying viable ventilation corridors within the context of 

urban renewal and TOD initiatives, while the eastern simulation concentrated on establishing new urban 

spaces within the architectural character coordination zone. 

Specifically, after excluding the key control zone, the western section was divided into 11 grid columns 

labeled A-K. In the renewal planning, a subway station was planned to be added around Baoyan Road,the 

ventilation corridor was arranged within the metro station construction scope. Since the Shangyuanmen 

Waterworks Plant could not be relocated, no corridor was set in its column. Therefore, air corridors were 

set in areas B, D, E, F, G, and 3-4 air corridors could be set in the West as a whole (Figure 11). 

Sheltered by Mufu Mountain,The main environmental wind influence in the east was the water-land breeze, 

with the wind direction being roughly northwest. The wind speed was set as the average wind speed of 2.0 

m/s in the middle and lower reaches of the Yangtze River after 2012. Building density and height data were 

analyzed to establish the riverside control baseline: a minimum density of 0.2 and a maximum height of 24 

m.The waterfront greenbelt was designated as a non-developable area, while existing structures were 

classified as retention-modification zones. Synthesizing these conditions, a total of 9 grid units were 

identified as requiring development (5 had been completed, leaving 4 remaining). Wind environment 

simulations were conducted for all feasible construction scenarios. The scenario with the optimal wind 

performance results was selected as the target development area (Figure 12). 

3.2.3. Simulation Results 
In the western region，among the 10 possible corridor configurations in zones B, D, E, F, and G, the 

optimized simulation results were best for E-1, E-2, and B-1. For the 10 possible configurations in zones A, 

H, I, J, and K, the optimal corridor simulation result was found in zone K. Therefore, a primary ventilation 

corridor was established in zone E along both sides of Baoyan Road, while secondary corridors were set in 

zones B-1 and K-2 (Figure 13).In the eastern area. The optimal construction zones were identified as Grid 

Column 1 and Grid Column 4 (Figure 14). 
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The simulation results from both eastern and western areas were integrated to generate the transformed 

figure-ground structure diagram of the site (Figure 15), clarifying the spatial relationships between five key 

ventilation corridors and the ecological control surface(Figure 16). 
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In this case study of waterfront, an integrated ecological matrix of comprising Bridge Park, riverside 

shoreline, eastern green space, and Mufu Mountain range was formed by the method of wind environment 

simulation in ecological control area.Wind simulation identified five key ventilation corridors, which, when 

overlaid with ecological controls, collectively defined the regional ecological foundation. The ecological 

control zones specifically delineated the core components, including two ecological surfaces: Western 

Bridge Park and Eastern Quarry Theme Park, and one ecological belt: Riverside scenic corridor. Meanwhile, 

the five ventilation corridors established five critical ecological linkages within the blue-green system. 

Based on this foundation, blue-green system structures integrating points, lines, and planes can be further 

refined through historical landscape patterns and microtopography optimization (Figure 17).  

 

The blue-green system planned based on the ecological foundation identified through wind environment 

simulation can achieve thermal exchange between the river and urban areas while protecting the site's 

ecological environment, thereby optimizing ventilation conditions in the riverside zone. This 

methodologically derived blue-green system also provides ecological safeguards for subsequent planning 

schemes.Consequently, the ecological foundation construction method established in this study offers 

strategic ecological structure guidance for resilience-enhancing urban design, while improving the 

ecological benefits of urban planning and advancing the construction of an urban ecological security 

pattern. 

From a macro perspective, this study establishes a replicable methodology for constructing ecological 

foundations by integrating the delineation of ecological control zones with wind environment simulation 

to identify ventilation corridors. The proposed approach employs relatively uncomplicated datasets, 

enabling cities of varying scales to systematically implement ecological control zone delineation and 

ventilation corridor simulation for ecological foundation construction. Notably, this method demonstrates 

particular suitability for ecologically-oriented urban renewal along waterfront areas. This study achieves 

the quantitative reallocation of wind-generated ecological benefits, transforming "wind" into a quantifiable, 
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tradable, and legislatable urban public good. By leveraging natural assets, it fosters mutual prosperity 

between cities and nature, positioning "ecological security" as a potential new urban growth pole. 

Furthermore, preemptive numerical simulation and ecological foundation modeling reduce planning costs 

while enhancing the governance efficiency of ecological spaces. 

This study also has some limitations. After generating the ventilation corridors, the results were not fed 

back into GIS for iterative re-simulationτGIS was used solely as a static control base layer. Future work 

could explore developing an ArcGIS + PHOENICS bidirectional iterative script to enable direct two-way 

feedback between the platforms, allowing real-time integration of ventilation corridor outputs into spatial 

weighting systems. ¢Ƙƛǎ ǿƻǳƭŘ ƛƳǇǊƻǾŜ ǘƘŜ ƳƻŘŜƭΩǎ ǇǊŀŎǘƛŎŀƭ ǳǎŀōƛƭƛǘȅ ŀƴŘ ōǊƻŀŘŜǊ ŀǇǇƭƛŎŀǘƛƻƴΦ 

Also, many factors influence the urban environment. This study primarily focused on natural geographical 

elements to define the ecological foundation, and while incorporating historical patterns in the blue-green 

structure, it gave limited consideration to socioeconomic factors during simulation. Future research could 

translate more factors into quantifiable constraint parameters for model evaluation, creating a 

multidimensional validation framework. 

Moreover, this study serves merely as a prerequisite for generating planning proposals. The methodology 

has not yet been tested or integrated within government planning platforms, nor has it been validated 

under extreme weather conditions or other special scenarios. Future efforts could explore integrating this 

approach with urban planning technical standards, enabling ecological foundation simulations to genuinely 

support standardized planning practices. 
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Uncovering regional spatial hierarchies: 
A multiscale analysis for regional planning. 
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Regions increasingly function as systems of interconnected settlements that are defined by spatial 
continuity, mobility patterns, and territorial dependencies instead of given administrative 
boundaries. As these relationships intensify, planners face constant difficulties in understanding 
how regional structures are organised, how spatial hierarchies are formed and how a change in 
one part of the territory affects others. Planning frameworks based on pre-existing boundaries 
often struggle to reflect these dynamics, limiting their contribution for strategic decision-making. 
This paper presents a multiscale methodology using computational analysis to examine the 
structure of settlement systems and how the observed patterns could inform planning decisions. 
Percolation-based clustering of street networks is used to identify how settlements group into 
larger systems as continuity given by distance thresholds increase, revealing both emerging 
regional formations and persistent spatial fragmentation. These results are complemented by 
multiscale closeness centrality measures, which describe how individual settlements are embedded 
within wider territorial networks and help to identify regional centres, secondary hubs, and 
peripheral locations. Applied to the national scale of Saudi Arabia, the analysis provides a spatially 
grounded basis for understanding the regional organisation, it also helps planning decisions on 
regional delineation, infrastructure prioritisation, and service and development strategies. 

Multiscale spatial organisation, Spatial connectivity, Regional planning 
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<1-:7' G7K$%7G' $%' -KK$5$"9' J-C%G"#$7:)' I17:7' 727#87%<' 87-8#";1$7:' #"$:7' %7,' PC7:<$-%:' "J-C<' 1-,' <17'
<7##$<-#$7:'KC%5<$-%'"%G'1-,'<17$#'#79"<$-%:1$;:'5"%'J7'$%<7#;#7<7G'"%G'5-%:$G7#7G'K-#';9"%%$%8)''=' 9-%8'
<#"G$<$-%'$%'<17'"%"9A:$:'-K':;"<$"9'%7<,-#L&'$%59CG$%8'7"#9A',-#L'$%'.;"57'.A%<"B'QH$99$7#'R'H"%:-%&'STUV*'
H$99$7#&'STTWX'1":'G72-%:<#"<7G'1-,'57%<#"9$<A'27":C#7:'";;9$7G'<-':<#77<'%7<,-#L:'#767"9'<17':<#C5<C#"9'
"%G'#79"<$-%"9'-#8"%$:"<$-%'-K'C#J"%':A:<72:)'!-#7'#757%<'#7:7"#51' $%'5-2;97B$<A':5$7%57'1":';#-6$G7G'
72;$#$5"9'27<1-G:'<-'$G7%<$KA':;"<$"9':A:<72:'"<'2C9<$;97':5"97:'G7:5#$J$%8'<17$#'1$7#"#51$5"9'-#8"%$:"<$-%'
Q=#5"C<7'7<'"9)&'YZSW*'!"#[%'7<'"9)&'YZYVX)'I17:7'";;#-"517:' #767"9'1-,':;"<$"9' 5-%<$%C$<A'"%G'%7<,-#L'
5-%K$8C#"<$-%'C%G7#;$%'<17'-#8"%$:"<$-%'-K'5$<$7:'"%G'#78$-%:)'I1$:';";7#'JC$9G:'-%'<17:7';#76$-C:',-#L:'JA'
";;9A$%8'<17:7'27<1-G:'$%'"';#"5<$5"9';9"%%$%8'5-%<7B<'"%G'-#8"%$:$%8'<17'-C<;C<:'$%<-'-;7#"<$-%"9'$%:$81<:'
<1"<':C;;-#<'<17';9"%%$%8'G75$:$-%D2"L$%8';#-57::)'

I1$:';";7#'5-%<#$JC<7:'$%'<,-',"A:)'F%'<17'"%"9A<$5"9':$G7&'$<':1-,:'1-,'2C9<$:5"97':;"<$"9'"%G'%7<,-#L'
"%"9A:$:'5"%'J7'C:7G'<-'C%5-67#'<17':<#C5<C#7'"%G'1$7#"#51A'-K'#78$-%"9':A:<72:'J7A-%G'<17'"G2$%$:<#"<$67'
J-C%G"#$7:)'M#-2'"';#"5<$5"9';7#:;75<$67&'$<'G72-%:<#"<7:'1-,'72;$#$5"99A'-J:7#67G':;"<$"9';"<<7#%:'5"%'
$%K-#2';9"%%$%8';#-57::7:&':C;;-#<$%8'#78$-%"9':<#"<78A'-#' $%K#":<#C5<C#7';#$-#$<$:"<$-%' $%',"A:'<1"<'"#7'
"G";<$67&' 7PC$<"J97&' "%G' 76$G7%57' J":7G)'' ?%' <1$:' 5-%<7B<' <17' ;";7#' K-5C:7:' -%' <,-' 59-:79A' #79"<7G'
PC7:<$-%:\'1-,':7<<9727%<'J-C%G"#$7:'5"%'J7'G7K$%7G'J":7G'-%':;"<$"9'5-%<$%C$<A&'"%G'1-,'<-'$G7%<$KA'<17'
#-97:'-K':7<<9727%<:',$<1$%'#78$-%"9':A:<72:)'I17:7'PC7:<$-%:'179;'<-'9$%L'<17'"%"9A<$5"9'-C<;C<:'<-';#"5<$5"9'
;9"%%$%8'G75$:$-%D2"L$%8'"9-%8'<17';";7#)'

I17'K#"27,-#L'$:'$99C:<#"<7G'C:$%8'<17'+$%8G-2'-K'."CG$'=#"J$"&':1-,$%8'1-,'<17:7'27<1-G:'<#"%:9"<7'$%<-'
$%:$81<:'<1"<'"#7'#7976"%<'K-#';9"%%$%8)'I17':;"<$"9'-C<;C<:'"9:-'179;'<-'"GG#7::'PC7:<$-%:',17#7'<17':;"<$"9'
:<#C5<C#7' -K' :A:<72:' $%<7#:75<:' ,$<1' -<17#' G-2"$%:&' $%59CG$%8' G72-8#";1A&' 2-J$9$<A&' 75-%-2$5'
G7679-;27%<'"%G':7#6$57';#-6$:$-%)'?%';"#<$5C9"#&'<17A'2"L7'$<';-::$J97'<-'7B"2$%7',17#7':;"<$"9';#-B$2$<A'
:C;;-#<:'5-99"J-#"<$-%'J7<,77%':7<<9727%<:&',17#7':<#C5<C#"9'G$:<"%57'5-%:<#"$%:'N-$%<'G7679-;27%<&'"%G'
,17#7'5-%%75<$6$<A'5-%G$<$-%:':1";7'-;;-#<C%$<$7:'K-#'8#-,<1'"%G'$%K#":<#C5<C#7'$%67:<27%<)''

>7:7"#51'1":'5-%:$:<7%<9A':1-,'<1"<'#78$-%:'G-'%-<'727#87'-#'KC%5<$-%'":'K$B7G'<7##$<-#$"9'C%$<:&'JC<'":'
$%<7#"5<$-%:'"%G'5-%<$%C$<$7:'<1"<'9$%L':7<<9727%<:'<1#-C81'2-J$9$<A'K9-,:&'9"J-C#D2"#L7<'7B51"%87&':7#6$57'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

G7;7%G7%5$7:'"%G'7%6$#-%27%<"9'5-%%75<$-%:'-;7#"<$%8'"<'G$KK7#7%<':5"97:'"%G'$%<7%:$<$7:'Q]#7<"8%-997'7<'
"9)&' YZZW*' 0C2"$%&' YZZW"&' YZZWJ*' ]"<<A&' YZSU&' >-^7%J9"<&' YZYYX)' M#-2' <1$:' #79"<$-%"9' "%G' 2C9<$:5"97'
;7#:;75<$67&'"':7<<9727%<'2"A'";;7"#';7#$;17#"9'"<'-%7':5"97',1$97'-55C;A$%8'"'2-#7'57%<#"9';-:$<$-%'"<'
"%-<17#&',$<1'5-%%75<$6$<A';"<<7#:':1";$%8'$<:'5";"5$<A'<-'27G$"<7'K9-,:'"%G':C;;-#<'<17',$G7#'<7##$<-#A)'
32;$#$5"9',-#L'1":':1-,%'<1"<'<17:7'5-%%75<$6$<ADJ":7G':<#C5<C#7:'179;'7B;9"$%'G$KK7#7%57:' $%'2-J$9$<A&'
75-%-2$5' $%<78#"<$-%&' G72-8#";1$5' 51"%87&' "%G' 7B;-:C#7' <-' <7##$<-#$"9' 6C9%7#"J$9$<A)' I1$:' $2;9$7:' <1"<'
;9"%%$%8' :<#"<78$7:' <7%G' <-'J7'2-#7'7KK75<$67',17%' <17A'"9$8%',$<1' <17' :;"<$"9';"<<7#%:',17#7' #78$-%:'
"5<C"99A'KC%5<$-%'Q]C9L797A&'YZZ_X)'''''

`7:;$<7'8#-,$%8'#75-8%$<$-%'-K'<17';#-J972&';9"%%$%8';#"5<$57'5-%<$%C7:'<-'#79A'-%'$%17#$<7G'"G2$%$:<#"<$67'
K#"27,-#L:'<1"<'#"#79A'#7K975<'KC%5<$-%"9'87-8#";1$7:'Q!--#7&'YZZU*'>-^7%K79G'7<'"9)&'YZZUX)'I1$:'#79$"%57'
$:' #7$%K-#57G'JA' $%:<$<C<$-%"9';#-57::7:' <1#-C81',1$51'G"<"'"#7';#-GC57G&'":'-KK$5$"9' :<"<$:<$5:&' 9"%GDC:7'
#75-#G:&'"%G':-5$-75-%-2$5' $%G$5"<-#:'"#7':<$99'#7;-#<7G',$<1$%' NC#$:G$5<$-%"9'C%$<:)'E1$97'"G2$%$:<#"<$67'
J-C%G"#$7:';#-6$G7'#7"GAD<-DC:7'87-8#";1$7:&'<17A'K"$9'<-'#7K975<'5-%<72;-#"#A'#78$-%"9'GA%"2$5:)'''

I1$:'2$:"9$8%27%<'5-%:<#"$%:';9"%%$%8'5";"5$<A' $%':767#"9',"A:)' ?<' 9$2$<:' <17'"J$9$<A' <-'"%<$5$;"<7':;"<$"9'
51"%87&' <-' "GG#7::' $::C7:' <1"<' "#7' $%17#7%<9A' 5#-::DJ-C%G"#A&' -#' <-' $G7%<$KA' :<#C5<C#"9' 6C9%7#"J$9$<$7:'
QaC22$%8' 7<' "9)&' YZZW*' aC22$%8' 7<' "9&' YZSbX)' 09"%%$%8' :<#"<78$7:' <17#7K-#7' <7%G' <-' <#7"<' ;#-J972:' ":'
9-5"9$:7G',$<1$%'$%G$6$GC"9'NC#$:G$5<$-%:'#"<17#'<1"%'":'7B;#7::$-%:'-K',$G7#'#78$-%"9';#-57::7:&'%"##-,$%8'
<17' :5-;7' K-#' 7KK75<$67' $%<7#67%<$-%)' M#"827%<7G' "C<1-#$<A' 5"%' "9:-' 97"G' <-' GC;9$5"<7G' "%G' 5-%K9$5<$%8'
$%67:<27%<:&' ;"#<$5C9"#9A' $%' <#"%:;-#<' "%G' 1-C:$%8&' "%G' 5-C9G' 5-%<#$JC<7' <-' ;7#:$:<7%<' <7##$<-#$"9'
$%7PC"9$<$7:)''=<<72;<:'<-'#7:;-%G'<-'<17:7'51"997%87:'<1#-C81'5#-::DJ-C%G"#A'$%$<$"<$67:'9$L7'27<#-;-9$<"%'
8-67#%"%57'"##"%8727%<:'-#' $%<7#D2C%$5$;"9' 5--;7#"<$-%' <A;$5"99A' #72"$%' <$7G' <-';#7G7K$%7G' <7##$<-#$"9'
J-C%G"#$7:' #"<17#' <1"%' <-' 72;$#$5"9' 27":C#7:' -K' :;"<$"9' 5-%%75<$6$<A&' #7;#-GC5$%8' -C<G"<7G' <7##$<-#$"9'
"::C2;<$-%:)'

=9<1-C81'<17'"6"$9"J$9$<A'-K':;"<$"9'G"<"'"%G'"%"9A<$5"9'27<1-G:'5";"J97'-K'#767"9$%8'#78$-%"9':<#C5<C#7'1":'
$%5#7":7G' :$8%$K$5"%<9A' $%' <17' 9":<' A7"#:&' <17$#' $%<78#"<$-%' $%<-' ;9"%%$%8' ;#"5<$57' #72"$%:' 9$2$<7G)'!"%A'
;9"%%$%8' ";;#-"517:' 5-%<$%C7' <-'-;7#"<7' "<' "' :$%897' :5"97&' G7:;$<7' 597"#' 76$G7%57' <1"<' :;"<$"9' :A:<72:'
KC%5<$-%'<1#-C81'%7:<7G'1$7#"#51$7:)'a#C5$"99A&'<1$:'9$2$<:'<17'"J$9$<A'<-'C%G7#:<"%G'1-,'G75$:$-%:'<"L7%'$%'
-%7' ;"#<' -K' "' #78$-%' 87%7#"<7' $2;"5<:' Q$%<7%G7G' -#' C%$%<7%G7GX' 79:7,17#7&' ,17#7' G7;7%G7%5$7:' "%G'
:;$99-67#:'2"A'J7' :;"<$"99A'G$:<"%<'JC<' KC%5<$-%"99A' 9$%L7G)'=:'"' #7:C9<&';9"%%$%8' K#"27,-#L:' :<#C8897' <-'
2"%"87'<17'5#-::D97679'GA%"2$5:'<1"<'51"#"5<7#$:7'5-%<72;-#"#A'#78$-%"9':A:<72:)'''

=' KC#<17#' 9$2$<"<$-%' 9$7:' $%' 1-,' :;"<$"9' 5-%%75<$6$<A' $:' ";;#-"517G' $%' ;#"5<$57)' E1$97' #7:7"#51' 1":'
7:<"J9$:17G':<#-%8'9$%L:'J7<,77%'5-%%75<$6$<A&'2-J$9$<A&'$%7PC"9$<A&'"%G'75-%-2$5';7#K-#2"%57&';9"%%$%8'
-K<7%'#7GC57:'5-%%75<$6$<A' <-'"' <#"%:;-#<'27<#$5'-#' <#7"<:' $<'":'"%'"J:<#"5<';-9$5A'-JN75<$67' #"<17#' <1"%'
#75-8%$:$%8'$<'":'"':<#C5<C#"9';#-;7#<A'-K':7<<9727%<':A:<72:)'=<'<17':"27'<$27&'%7,'-;;-#<C%$<$7:'1"67'
727#87G'<1#-C81'<17'"6"$9"J$9$<A'-K'-;7%'"%G'89-J"99A'5-%:$:<7%<'G"<":7<:&';"#<$5C9"#9A':<#77<'%7<,-#L:&'
<-87<17#',$<1'"G6"%57:' $%'59C:<7#$%8'<751%$PC7:'"%G'%7<,-#LDJ":7G'"%"9A:$:)'E1"<'#72"$%:' 9"5L$%8' $:'"'
;#"5<$5"9'J#$G87'J7<,77%'<17:7'"%"9A<$5"9'5";"J$9$<$7:'"%G';9"%%$%8';#"5<$57)'''

I1$:' :<CGA' #7:;-%G:' <-' <1"<' %77G' C:$%8' 7B$:<$%8' "%"9A<$5"9'27":C#7:' <-' :C;;-#<' #78$-%"9' ;9"%%$%8)' I17'
";;#-"51' QSX' G79$%7"<7:' :7<<9727%<' :A:<72:' C:$%8' 5-%<$%C$<ADJ":7G' 59C:<7#$%8' -K' :<#77<' %7<,-#L:&' QYX'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

;#-K$97:'<17$#'#-97:'<1#-C81'2C9<$:5"97'57%<#"9$<A'27<#$5:'"%G'QbX'$%<7#;#7<:'<17:7':;"<$"9';"<<7#%:'$%'#79"<$-%'
<-';9"%%$%8'PC7:<$-%:)''

07#5-9"<$-%DJ":7G'59C:<7#$%8'"%G'%7<,-#L'57%<#"9$<A'"%"9A:$:'"#7'C:7G'<-'7B"2$%7'1-,':7<<9727%<:'8#-C;&'
:5"97&' "%G' #79"<7' "5#-::' #78$-%:)' I17' ";;#-"51' #79$7:' -%' "' 5-%:$:<7%<' ,-#LK9-,' <1"<' 5"%' J7' ";;9$7G' $%'
G$KK7#7%<'<7##$<-#$"9'5-%<7B<:'"%G'87-8#";1$7:&'C:$%8':;"<$"9'G"<"'<1"<'"#7',$G79A'"6"$9"J97)'?<:';C#;-:7'$:'<-'
G7K$%7'<17':<#C5<C#7'-K':7<<9727%<':A:<72:'"%G'<17$#';-:$<$-%',$<1$%',$G7#'#78$-%"9'GA%"2$5:&'$%'-#G7#'<-'
:C;;-#<';9"%%$%8'"%G'$%67:<27%<'G75$:$-%:)'

I17'"%"9A:$:'$:'J":7G'-%':<#77<'%7<,-#L'G"<"'7B<#"5<7G'K#-2'F;7%'.<#77<'!";'QF.!X)'I17':<#77<'%7<,-#L'
-KK7#:'"';#"5<$5"9'"%G'5-%:$:<7%<',"A'-K'#7;#7:7%<$%8':7<<9727%<':<#C5<C#7:&'5";<C#$%8'<17$#':;"<$"9'7B<7%<'
-K'G7679-;27%<'"%G'$%<7#%"9'-#8"%$:"<$-%)'.$%57'F.!'G"<"'$:'-;7%9A'"6"$9"J97'"%G'5-%<$%C-C:9A'C;G"<7G&'
$<' $:';-::$J97'<-'";;9A'<17':"27'"%"9A<$5"9';#-57GC#7:'"5#-::'#78$-%:',$<1-C<'#79A$%8'-%'5-%<7B<D:;75$K$5'
G"<":7<:)'=9<1-C81'<17'97679'-K'G7<"$9'6"#$7:&'7:;75$"99A'K-#'2$%-#':<#77<:&'<17:7'8";:'"#7'2-#7'5-22-%'$%'
;7#$;17#"9'-#',7"L9A'5-%%75<7G'"#7":'"%G'G-'%-<'1"67'"':$8%$K$5"%<'$2;"5<'$%'<17'9"#87':5"97':;"<$"9';"<<7#%:'
$G7%<$K$7G'17#7)'''

I17#7' "#7' <1#77' 2"$%' #7":-%:' K-#' <17' C:7' -K' :<#77<' %7<,-#L:)' M$#:<&' <17' 5-%<$%C$<A' $%' <17' %7<,-#L'
5-##7:;-%G:' 59-:79A' <-' <17';1A:$5"9' -55C;"<$-%'-K' :;"57&' :-' JC$9<' G7679-;27%<' "%G'1C2"%'"5<$6$<A' "#7'
"92-:<'"9,"A:';#7:7%<'$%'G7%:7#':<#77<'$%<7#:75<$-%:'Q=#5"C<7'7<'"9)&'YZSW*'!"#:1"99'7<'"9&'YZSUX)'.75-%G&'
<17' :<#C5<C#7' -K' <17' %7<,-#L' #7K975<:' 1$7#"#51$5"9' "%G' KC%5<$-%"9' #79"<$-%:1$;:' <1"<' "#$:7' K#-2' <17',"A'
:<#77<:'-#8"%$:7'2-6727%<'"%G'"557::$J$9$<A'Q.<#"%-'7<'"9)&'YZSY*'a"6"99"#-'7<'"9)&'YZSVX)'I1$#G&'<17':<#77<'
%7<,-#L' 51"%87' "55-#G$%89A' ":' :7<<9727%<:' 7B;"%G&' 2"L$%8' <172' :7%:$<$67' <-' 727#8$%8' ;"<<7#%:' -K'
C#J"%$:"<$-%'#"<17#'<1"%'<-'$%17#$<7G'"G2$%$:<#"<$67'J-C%G"#$7:)''

?%'<1$:';";7#&':<#77<D%7<,-#L'5-%<$%C$<A'$:'C:7G'<-'$G7%<$KA':;"<$"9'1$7#"#51$7:'<1#-C81';7#5-9"<$-%'"%"9A:$:&'
,1$97':<#77<'%7<,-#L'57%<#"9$<A'27":C#7:'"#7'C:7G'<-'G7:5#$J7'1-,'$%G$6$GC"9':7<<9727%<:'"#7';-:$<$-%7G'
,$<1$%'J#-"G7#':A:<72:)'

I17' K-99-,$%8' :<"87:'G7:5#$J7' <17' 5-2;-%7%<:'-K' <17'27<1-G-9-8A&' G7<"$9$%8'1-,'7"51' "%"9A<$5"9' :<7;'
5-%<#$JC<$-%'"%G'<17'$%:$81<:'$<'7%"J97:'K-#'#78$-%"9';9"%%$%8'QM$8C#7'SX\'

I17':<#77<'%7<,-#L:'"#7'-J<"$%7G'K#-2'F;7%.<#77<!";'
"%G';#7;"#7G'<1#-C81'"':7PC7%57'-K'597"%$%8'"%G'K$9<7#$%8'-;7#"<$-%:)'I17%&'<17'G"<"'$:'<#"%:K-#27G'$%<-'
"';9"%"#&'C%G$#75<7G'8#";1'<-'7%:C#7'<17A'5"%'J7'5-2;"#7G'"5#-::'G$KK7#7%<'"#7":'-K':<CGA)'I17'-C<;C<'$:'"'
%7<,-#L'<1"<',$99'J7'<17'$%;C<'K-#'<17'59C:<7#$%8';#-57GC#7:'"%G'<17':CJ:7PC7%<'57%<#"9$<A'"%"9A:$:)'

>"<17#'<1"%'#79A$%8'-%';#7G7K$%7G'9$2$<:&':7<<9727%<'
J-C%G"#$7:'"#7'G7K$%7G'<1#-C81'<17'";;9$5"<$-%'-K'1$7#"#51$5"9';7#5-9"<$-%'<-'<17':<#77<'%7<,-#L)'I1$:':<7;'
<#"57:' 1-,' $%G$6$GC"9' :7<<9727%<:' ;#-8#7::$679A' 5-%%75<' ":' G$:<"%57' <1#7:1-9G:' $%5#7":7&' #767"9$%8' <17'
727#87%57'-K'5$<$7:&'5-##$G-#:'"%G',$G7#'#78$-%"9'K-#2"<$-%:)'M-#';9"%%$%8'"%G':<#"<78$5'"::7::27%<&'<17'
-C<;C<:'179;'<-'59"#$KA\''
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

c =#7":'<1"<'-;7#"<7'":'5-17#7%<':7<<9727%<':A:<72:'"%G'2"A'J7%7K$<'K#-2'5--#G$%"<7G';9"%%$%8&

c O-5"<$-%:',17#7'J#7"L:'$%'<17':;"<$"9'5-%<$%C$<A'"#7'2-#7'9$L79A'<-'5-%:<#"$%':7#6$57';#-6$:$-%'-#
:<#"<78$5'$%67:<27%<

c 0"<<7#%:'-K':7<<9727%<'5-%%75<$6$<A'<1"<'G$67#87'K#-2'"G2$%$:<#"<$67'J-C%G"#$7:)

a9-:7%7::' 57%<#"9$<A' $:' C:7G' <-'
"%"9A:7'<17'#-97'"%G';-:$<$-%'-K'G$KK7#7%<':7<<9727%<:',$<1$%'<17',$G7#'<7##$<-#$"9'%7<,-#L)'I17'"%"9A:$:'
1$819$81<:';9"57:'<1"<'KC%5<$-%'":'5$<AD:5"97'-#'#78$-%"9'57%<#7:&',1$97'"9:-'$G7%<$KA$%8'<17'97::'$%<78#"<7G'
:7<<9727%<:)'M#-2'"';9"%%$%8';7#:;75<$67&'<17:7'#7:C9<:';#-6$G7'$%G$5"<$-%:'-K\''

c O-5"<$-%:',17#7'5$<AD,$G7'"%G'#78$-%"9'57%<#7:'5-%57%<#"<7'2-:<':<#-%89A&

c O-5"<$-%:',$<1'9$2$<7G'"557::$J$9$<A&',17#7'$2;#-6727%<:'$%'5-%%75<$6$<A'-#'2-#7'<"$9-#7G'K-#2:
-K':C;;-#<'"#7'%77G7G)

I17'#7:C9<:'K#-2'<17'59C:<7#$%8'"%G'57%<#"9$<A'"%"9A:7:'"#7'
5-2J$%7G'<-'51"#"5<7#$:7'<17'#-97'-K'7"51':7<<9727%<',$<1$%'<17'#78$-%"9':A:<72)'I1$:':<7;'G$:<$%8C$:17:'
J7<,77%'#78$-%"9'"%51-#:&'G7;7%G7%<':"<799$<7:&'$:-9"<7G'1CJ:&'"%G';7#$;17#"9':7<<9727%<:&'J":7G'-%'<17$#'
#79"<$67'$%<78#"<$-%'"%G'"557::$J$9$<A)'M#-2'"';9"%%$%8';7#:;75<$67&'<1$:'179;:'G75$:$-%D2"L7#:'<-'$G7%<$KA\''

c .<#-%8'57%<#7:'<1"<'"#7',799';9"57G'<-':C;;-#<'#78$-%"9':7#6$57:'"%G':<#"<78$5'8#-,<1)

c .7<<9727%<:'<1"<'#79A'-%'%7"#JA'1CJ:'"%G'#7PC$#7'5--#G$%"<7G';9"%%$%8'-#'2-J$9$<A'9$%L:)

c 09"57:'<1"<'"#7'9-5"99A':<#-%8'JC<'#78$-%"99A'#72-<7'"%G'2"A'%77G'2-#7':79KD:CKK$5$7%<':<#"<78$7:&

c E17#7';7#$;17#"9':7<<9727%<:'5"99'K-#'"G";<7G'";;#-"517:'<-'7%:C#7'#79$"J97'"557::'<-':7#6$57:)

I1$:':<CGA'7B;9-#7:':7<<9727%<'G79$%7"<$-%'C:$%8'"';7#5-9"<$-%DJ":7G'59C:<7#$%8'";;#-"51'";;9$7G'<-':<#77<'
%7<,-#L:)'I17'"$2'$:'<-'C%G7#:<"%G'1-,':2"99'59C:<7#:'-K'$%<7#:75<$-%:'8#"GC"99A'27#87'$%<-'9"#87#':A:<72:'
":'<17'<1#7:1-9G'G$:<"%57'$%5#7":7:)'07#5-9"<$-%'<17-#A',":'K$#:<'G7679-;7G'$%':<"<$:<$5"9';1A:$5:&'"%G'$<:'
C:7G'$%'C#J"%'#7:7"#51'1":'J77%'8#-,$%8'$%'<17'9":<'A7"#:'K-#'7B"2$%$%8':;"<$"9'59C:<7#$%8&'"889-27#"<$-%'
;#-57::7:&'"%G'5$<A':5"9$%8'Q]71%$:51'7<'"9&'YZST*'M9C:51%$L'7<'"9&'YZSW*'0$-6"%$'7<'"9)&'YZSd*'>-^7%K79G'7<'"9&'
YZZU&'YZSSX)'0#76$-C:',-#L'1":':1-,%'$<:'6"9C7'$%'G7K$%$%8':7<<9727%<'J-C%G"#$7:'"%G'$G7%<$KA$%8'J#7"L:'
$%'C#J"%'K-#2'"%G'5-%<$%C$<A)'M-#'$%:<"%57&'=#5"C<7'7<'"9)'QYZSWX'G72-%:<#"<7G'<1"<'"GNC:<$%8'<17'G$:<"%57'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

<1#7:1-9G'$%':<#77<'%7<,-#L:'5"%';#-GC57'67#A'G$KK7#7%<'5-%K$8C#"<$-%:'-K'5$<$7:'"%G'#78$-%:'$%'<17'4+)'!"#[%'
7<'"9' QYZYVX'";;9$7G':$2$9"#'27<1-G:'<-'"%"9A:7'#78$-%"9'5-%%75<$6$<A'"%G'8-67#%"%57'2$:2"<51)'>"<17#'
<1"%'$2;-:$%8'"':$%897'K$B7G'J-C%G"#A&';7#5-9"<$-%'#767"9:'"':;"<$"9'1$7#"#51A'$%',1$51'5-2;"5<'59C:<7#:'-K'
:7<<9727%<:';#-8#7::$679A'5-2J$%7'$%<-'9"#87#':A:<72:'":'5-%%75<$6$<A':5"97:'C;)''

?%'<1$:':<CGA&'K-99-,$%8'=#5"C<7'7<'"9)'QYZSWX&',7'";;9A'G$:<"%57'<1#7:1-9G:'J7<,77%':<#77<'$%<7#:75<$-%:&'
,17#7' $%<7#:75<$-%:' "#7' #7;#7:7%<7G' ":' %-G7:' "%G' :<#77<' :7827%<:' ":' 7G87:',7$81<7G' JA' <17$#'27<#$5'
97%8<1)'M-#'"'8$67%'<1#7:1-9G'!"'<,-'$%<7#:75<$-%:',-C9G'J79-%8'<-'<17':"27'59C:<7#'$K'<17$#':7;"#"<$-%'$:'
97::' <1"%' -#' 7PC"9' <-'!#' =<' 9-,' <1#7:1-9G:' 59C:<7#:' #72"$%' :2"99' "%G' 9-5"9$:7G&' -K<7%' 5-##7:;-%G$%8' <-'
%7$81J-C#1--G:)'=:'!'$%5#7":7:&'<17:7'59C:<7#:'27#87'$%<-'5$<$7:'"%G'767%<C"99A'J#-"G7#'#78$-%"9':A:<72:'
"%G'<17',1-97'5-C%<#A'QM$8C#7'YX&';#-GC5$%8'"'%7:<7G':<#C5<C#7'<1"<'#7K975<:':C557::$67':5"97:'-K':;"<$"9'
-#8"%$:"<$-%)''a9C:<7#:'$G7%<$K$7G'"<'<17':"27'G$:<"%57'<1#7:1-9G':1"#7'"'5-22-%';#-B$2$<A';"<<7#%&',1$51'
2"L7:'<172'G$#75<9A'5-2;"#"J97)'

I-'7B;9-#7'1-,':7<<9727%<:'-;7#"<7',$<1$%'J#-"G7#'<7##$<-#$"9'K#"27,-#L:&',7'"%"9A:7'<17$#'#-97'"55-#G$%8'
<-' <17$#' ;-:$<$-%',$<1$%' <17' :<#77<' %7<,-#L' :<#C5<C#7:' C:$%8' 57%<#"9$<A'27<#$5:)' 3"#9A' #7:7"#51' $%' .;"57'
.A%<"B'1$819$81<7G'<17'6"9C7'-K'%7<,-#L'57%<#"9$<A'K-#'C%G7#:<"%G$%8'2-6727%<';"<<7#%:&'"557::$J$9$<A&'"%G'
C#J"%'5-%K$8C#"<$-%'QH$99$7#'7<'"9)&'STTb*'07%%'7<'"9&'STTU*'H$99$7#'R'?$G"&'YZZ_X)'O"<7#':<CG$7:'8#-C%G7G'$%'
8#";1'<17-#A'7B;"%G7G'<1$:';7#:;75<$67&':1-,$%8'1-,'57%<#"9$<A'27":C#7:'#767"9':<#C5<C#"9'G$KK7#7%57:'
"%G'$%7PC"9$<$7:'$%'C#J"%'K-#2'Qa#C5$<<$'7<'"9)&'YZZW*'0-#<"'7<'"9&'YZZW&'YZZTX)'!-#7'#757%<9A&'<17:7'27<1-G:'
1"67' J77%' ";;9$7G' "<' #78$-%"9' :5"97:' <-' 7B"2$%7' :7<<9727%<' 1$7#"#51$7:' "%G' G78#77:' -K' <7##$<-#$"9'
$%<78#"<$-%' Q+#7%^&' YZSd&' YZSUX)' a-9975<$679A&' <1$:',-#L' G72-%:<#"<7:' <1"<' 57%<#"9$<A' ;#-6$G7:' "',"A' <-'
5-2;"#7':7<<9727%<:'J":7G'-%'"557::$J$9$<A'"%G'%7<,-#L'#-97:'#"<17#'<1"%':$^7'"9-%7)'

=2-%8'%7<,-#L' 57%<#"9$<A'27<#$5:&' 59-:7%7::' 57%<#"9$<A' $:' ;"#<$5C9"#9A' C:7KC9' K-#' "::7::$%8' 1-,'7":$9A' "'
9-5"<$-%'5"%'#7"51'<17'#7:<'-K'<17'%7<,-#L'QM$8C#7'bX)'?<'$:'5-2;C<7G'":'<17'$%67#:7'-K'<17':C2'-K':1-#<7:<D
;"<1'G$:<"%57:'K#-2'"'%-G7'<-'"99'-<17#:&'27"%$%8'<1"<'%-G7:',$<1':1-#<7#'"67#"87'<#"679'G$:<"%57:',$99'
:5-#7'1$817#)'a-%67#:79A&'%-G7:',$<1'9-,'59-:7%7::'6"9C7:'<7%G'<-'-55C;A';7#$;17#"9'-#',7"L9A'5-%%75<7G'
;-:$<$-%:'$%'<17':A:<72)'M-#2"99A&'K-#'"'%-G7'$%59-:7%7::'57%<#"9$<A'$:'7B;#7::7G'":\'

&(")e
$

%("#$)		&(",()

,17#7''($" )*' $:' <17':1-#<7:<D;"<1'G$:<"%57'J7<,77%'%-G7:' $'"%G'))' ?%' <1$:' :<CGA&'59-:7%7::'57%<#"9$<A' $:'
5"95C9"<7G' K-99-,$%8' <17' .;"57' .A%<"B' ";;#-"51&',17#7' :1-#<7:<D;"<1' #-C<7:' "#7' 5"95C9"<7G' JA' "%8C9"#'
51"%87'J7<,77%'"99'%-G7:',$<1$%'"'G7K$%7G'#"G$C:&'#"<17#'<1"%'JA';C#79A'27<#$5'-#'<-;-9-8$5"9'G$:<"%57)'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

=%8C9"#',7$81<$%8'"::C27:'<1"<'2-6727%<'<1#-C81'<17'%7<,-#L'$:'$%K9C7%57G'JA'<17'G78#77'-K'G$#75<$-%"9'
51"%87'"<'7"51' $%<7#:75<$-%&',$<1':<#"$81<7#'#-C<7:' $%5C##$%8' 9-,7#'5-:<:'"%G'#-C<7:'8-$%8'<1#-C81'1$81'
"2-C%<:' -K' G$#75<$-%"9' 51"%87' $%5C##$%8' 1$817#' 5-:<:)' M-#2"99A&' <1$:' 27"%:' <1"<' <17' G$:<"%57' '($" )*'
J7<,77%'<,-'%-G7:'$:'5-2;C<7G'":'<17'2$%$2C2'5C2C9"<$67'"%8C9"#'G76$"<$-%'"9-%8'"99';-::$J97';"<1:'
5-%%75<$%8'<172)'I1$:'";;#-"51'1":'J77%':1-,%'<-'J7<<7#'#7K975<'#-C<7'51-$57'"%G':;"<$"9'5-8%$<$-%' $%'
C#J"%'7%6$#-%27%<:&'"%G'<-'5";<C#7'5-%K$8C#"<$-%"9';#-;7#<$7:'-K':<#77<'%7<,-#L:'<1"<'"#7'%-<'76$G7%<'$%'
27<#$5'-#'<-;-9-8$5"9'#7;#7:7%<"<$-%:'QIC#%7#&'YZZdX)''a9-:7%7::'57%<#"9$<A'5"%'J7'5-2;C<7G'C:$%8'G$KK7#7%<'
G$:<"%57'5"<5127%<:)'?%'<1$:':<CGA&'#"G$$'-K'SZL2',1$51'$G7%<$K$7:':7<<9727%<':5"97'"%G'$%<7%:$<A&'"%G'SZZ'
L2&',1$51'G7:5#$J7:'1-,'72J7GG7G'"'5$<A'$:',$<1$%'"',$G7#'#78$-%&'"#7'C:7G'<-'5";<C#7'2C9<$D:5"9"#';"<<7#:'
-K' "557::$J$9$<A)' I17:7' <1#7:1-9G:' G7K$%7' <17' 5"<5127%<' -K' 7"51' :<#77<' :7827%<' ":' <17' :7<' -K' 9-5"<$-%:'
#7"51"J97',$<1$%'"'8$67%'%7<,-#L'G$:<"%57)'='SZL2'#"G$C:'";;#-B$2"<7:'5$<AD:5"97'5-%G$<$-%:&'$%G$5"<$%8'
1-,',799':7827%<:'"#7'72J7GG7G'9-5"99A',17#7'2-:<'G"$9A'2-6727%<'<"L7:';9"57)'?%'5-%<#":<&'"'SZZL2'
#"G$C:' 5";<C#7:' J#-"G7#' #78$-%"9' "557::$J$9$<A&' #767"9$%8' 1-,' :7<<9727%<:' #79"<7' <-' -%7' "%-<17#',$<1$%'
9"#87#'<7##$<-#$"9'%7<,-#L:)''

`7:;$<7'<17';#-8#7::'$%'J-<1'K$79G:&'2C9<$:5"97'59C:<7#$%8'"%G'5-%%75<$6$<A'"%"9A:$:'$%':<#77<'%7<,-#L:'"#7'
#"#79A'5-2J$%7G)'I1$:'97"67:'"'27<1-G-9-8$5"9'8";'J7<,77%'<17'2-#;1-9-8$5"9'$%:$81<:'5-2$%8'K#-2'<17'
;7#5-9"<$-%' "%G' <17' 5-%%75<$6$<ADJ":7G' $%:$81<:' ;#-6$G7' JA' <17' 57%<#"9$<A' 27<#$5:)' ]#$%8$%8' <17:7'
;7#:;75<$67:'<-87<17#'-KK7#:'597"#'-;;-#<C%$<$7:'<-'87%7#"<7'2-#7'#-JC:<'"%G';-9$5AD#7976"%<':<CG$7:

I1$:' :75<$-%' #767"9:' <17' :;"<$"9' ;"<<7#%:' <1"<' ,7#7' $G7%<$K$7G' "5#-::' ."CG$' =#"J$"&' K-5C:$%8' -%' 1-,'
:7<<9727%<:' 8#-C;&' 5-%%75<&' "%G' ;7#:$:<' "5#-::' G$KK7#7%<' G$:<"%57' <1#7:1-9G:)' I17' K$%G$%8:' :1-,' <1"<'
:7<<9727%<'-#8"%$:"<$-%'51"%87:':$8%$K$5"%<9A',$<1':5"97'"%G'-K<7%'G$67#87:'K#-2'7B$:<$%8'"G2$%$:<#"<$67'
J-C%G"#$7:)

M$8C#7'V':1-,:';7#5-9"<$-%'59C:<7#$%8'#7:C9<$%8' $%'C%767%';"<<7#%:'"5#-::'<17'%"<$-%"9':5"97'":'G$:<"%57'
<1#7:1-9G:' $%5#7":7)'.-27':7<<9727%<:'5-2J$%7'7"#9A' $%<-' 9"#87#':A:<72:',1$97'-<17#:'#72"$%':7;"#"<7'
C%<$9'2C51'1$817#'<1#7:1-9G:&'-<17#:'G-'%-<'27#87'"<'"99)'3"#9A'27#8$%8'-K'59C:<7#:'#7K975<:'"':<#-%8':;"<$"9'
5-%<$%C$<A'J7<,77%'%7"#JA':7<<9727%<:&',1$97'9"<7'27#8$%8'$:'"::-5$"<7G',$<1'8#7"<7#':7;"#"<$-%'-#'8";:'
$%' <17' JC$9<' 7%6$#-%27%<)' E17%' 59C:<7#$%8' -C<;C<:' "#7' 5-2;"#7G' ,$<1' 8-67#%-#"<7' "%G' #78$-%"9'
J-C%G"#$7:&' $<' $:' ;-::$J97' <-' $G7%<$KA' 2$:2"<517:' J7<,77%' :7<<9727%<' 7B<7%:$-%:' "%G' "G2$%$:<#"<$67'
:<#C5<C#7:)'?%'2"%A'5":7:&'"G2$%$:<#"<$67'C%$<:'7$<17#'5C<'"5#-::'5-%%75<7G':7<<9727%<':A:<72:'-#'8#-C;'
<-87<17#';9"57:'<1"<'"#7',7"L9A'#79"<7G'$%':;"<$"9'<7#2:)''
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a)Clusters identified at city–town scale (𝝉 =400m). b)Clusters at a regional scale (𝝉 =10,000m) showing 
how multiple local clusters integrate into broader regional structures. c)Macro-regional organisation (𝝉 =15,000 
m). d)Dendrogram of the hierarchical organisation of settlements, highlighting the most relevant thresholds(𝝉). 
The diagram shows how individual cities (bottom) progressively merge through successive scales to ultimately 
form the national-level structure (top). Source: Space Syntax

=<'<17'9-5"9'<1#7:1-9G'Q!'e'VZZ2X&'<17'59C:<7#:'5-##7:;-%G'59-:79A'<-'5-%<$%C-C:'JC$9<DC;'"#7":'
QM$8C#7'V"X&'-C<9$%$%8'<17';1A:$5"9'7B<7%<'-K'<-,%:'"%G'5$<$7:'":':1-,%'$%'M$8C#7'_)'.$2$9"#'#7:C9<:'1"67'J77%'
#7;-#<7G'$%':<CG$7:'$%'<17'4+'"%G'a1$97&',17#7'"':$%897'5-%<$%C$<A'<1#7:1-9G'5";<C#7:'C#J"%'J-C%G"#$7:',$<1'
1$81';#75$:$-%'Q=#5"C<7'7<'"9)&'YZSW*'!"#[%'7<'"9)&'YZYVX)'I17'C:7'-K'<1$:'<1#7:1-9G';#-6$G7:'"'5-%:$:<7%<'J":$:'
K-#'$G7%<$KA$%8'C#J"%'"#7":',$<1-C<'#79A$%8'-%'"G2$%$:<#"<$67'G7K$%$<$-%:) I17'"C<-2"<7G'G7<75<$-%'-K'<17'
9-5"9':5"97'J-C%G"#$7:'#7:C9<:'1$819A'#7976"%<'K-#';9"%%$%8';C#;-:7:&':$%57'2"%A'L7A'G75$:$-%:'G7;7%G'-%'
L%-,$%8',17#7'<17'C#J"%'K"J#$5';1A:$5"99A'J78$%:'"%G'7%G:)''I17:7'J-C%G"#$7:':C;;-#<'<17'^-%$%8&'G7%:$<A'
#78C9"<$-%&'"%G'$%K#":<#C5<C#7';9"%%$%8)'?<'"9:-'179;:'G$:<$%8C$:1'"#7":':C$<"J97'K-#'$%K$99'G7679-;27%<'K#-2'
<1-:7',17#7'<17'7B;"%:$-%',-C9G'$%5#7":7'<17'K#"827%<"<$-%)

E17%' <17' <1#7:1-9G' $:' $%5#7":7G' <-'!%e' SZ&ZZZ2&' <17' 59C:<7#:' J78$%' <-' 7B<7%G' J7A-%G'
$%G$6$GC"9' 5$<$7:&' 9$%L$%8' 2C9<$;97' :7<<9727%<:' $%<-' J#-"G7#' #78$-%"9' :A:<72:' QM$8C#7' VJX)' O"#87' 59C:<7#:'
727#87' "#-C%G' /7GG"1f!"LL"1&' =J1"f@"N#"%&' >$A"G1&' "%G' ]C#"$G"1&' $%5-#;-#"<$%8' %7"#JA' <-,%:)' ?%'

357



!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

5-%<#":<&';9"57:':C51'":'I"JCL'"%G'."L"L"'#72"$%'G$:5-%%75<7G'"<'<1$:':5"97&'1$819$81<$%8'C%767%'#78$-%"9'
5-%%75<$6$<A' "5#-::' <17' 5-C%<#A) >78$-%"9' :5"97' 59C:<7#:' ;#7:7%<' 597"#' -;;-#<C%$<$7:' K-#' 5--#G$%"<7G'
:<#"<78$7:'$%'<#"%:;-#<&'75-%-2$5'G7679-;27%<&'"%G':1"#7G':7#6$57:&':$%57'<17$#':;"<$"9':<#C5<C#7':C;;-#<:'
<17'$%<7#"5<$-%)'?%'5-%<#":<&':7<<9727%<:'<1"<'#72"$%'$:-9"<7G',-C9G'#7PC$#7'G$KK7#7%<';9"%%$%8'";;#-"517:&'
:C51' ":' <"#87<7G' 5-%%75<$6$<A' $%67:<27%<:&' $2;#-67G' :7#6$57' "557::&' -#' "C<-%-2-C:' G7679-;27%<'
:<#"<78$7:)

=<'<1$:':5"97&'<17'-C<;C<:'#767"9'"'5-7B$:<7%57'-K'7B<7%:$67'2"5#-D#78$-%:'Q"'a7%<#"9f
@-#<17#%':A:<72'9$%L$%8'>$A"G1f]C#"$G"1fH"$9'"%G'"'E7:<7#%f.-C<17#%':A:<72'9$%L$%8'/7GG"1f!"LL"1f
=J1"f/"^"%X&' $%<7#27G$"<7'#78$-%"9'8#-C;$%8:'Q!7G$%"1&'`"22"2'"#7":X&'"%G':7<<9727%<:'<1"<'#72"$%'
$:-9"<7G' 767%' "<' 1$81' <1#7:1-9G:' Q."L"L"&' I"JCL&' E"G$X' QM$8C#7' V5X)' >"<17#' <1"%' ;#-GC5$%8' "' C%$K$7G'
<7##$<-#$"9':A:<72&'<1$:':5"97'1$819$81<:'"',$G7'G$67#:$<A'-K':;"<$"9'5-%<$%C$<$7:)

I7##$<-#$7:' :1-,$%8' ,$G7#' 5-%<$%C$<A' 5"%' "55-22-G"<7' J#-"G7#D:5"97' ;9"%%$%8' $%:<#C27%<:&' ,1$97'
K#"827%<7G' -#' $:-9"<7G' "#7":' #7PC$#7' 2-#7' K97B$J97&' 9-5"99A' K-5C:7G' ";;#-"517:)' FC<;C<:' 179;' $G7%<$KA'
,17#7' 9-%8DG$:<"%57'2-J$9$<A'-#' 9-8$:<$5:'5-##$G-#:'5-C9G'J7'#-C<7G&'"%G',17#7' 9"#87D:5"97'75-%-2$5'-#'
G7679-;27%<'^-%7:'2"A'1"67':;"<$"9'5-17#7%57)'

M$8C#7'_)'a9C:<7#'J-C%G"#A'$%'9-5"9':7<<9727%<'G7K$%$<$-%'K-#'/7GG"1'"%G'>$A"G1)'.-C#57\'.;"57'.A%<"B'

I1$:':75<$-%':1-,:'<17'#7:C9<:'-K'<17'57%<#"9$<A'"%"9A:$:&'K-5C:$%8'-%'<17'#-97'-K':7<<9727%<:'"%G'1-,'"#7'
;-:$<$-%7G',$<1$%'5$<AD:5"97'"%G'#78$-%"9'%7<,-#L:)''

=<'"'SZL2'#"G$C:&'59-:7%7::'57%<#"9$<A' $G7%<$K$7:':7<<9727%<:',$<1'"':<#-%8'$%<7#%"9'
:;"<$"9' :<#C5<C#7' QM$8C#7' W"X)' H$81' 6"9C7:' "#7' "::-5$"<7G',$<1' ;9"57:' <1"<' 7B1$J$<' :CKK$5$7%<' G7%:$<A' "%G'
5-%%75<$6$<A'<-'-;7#"<7'":'G$:<$%5<'"%G'5-17#7%<'C#J"%'57%<#7:)'O-,7#'6"9C7:'"#7'<A;$5"9'-K':2"997#'-#'#C#"9'
:7<<9727%<:&' ;"#<$5C9"#9A' $%' G7:7#<' "%G' 2-C%<"$%-C:' "#7":&' ,17#7' :;"#:7' %7<,-#L:' 5-%:<#"$%' $%<7#%"9'
5-%%75<$6$<A)'FC<;C<:'179;' <-'G$:<$%8C$:1'J7<,77%':<#-%8'C#J"%'57%<#7:&' $%<7#27G$"<7':7<<9727%<:&'"%G'
"#7":',$<1'9$2$<7G':<#C5<C#"9'5";"5$<A'<-':C;;-#<'57%<#"9'KC%5<$-%:)'I1$:'$%K-#2:'2-#7'"55C#"<7'G75$:$-%:'
-%':7#6$57'G79$67#A&'9-5"9'2-J$9$<A';9"%%$%8&'"%G'$%67:<27%<';#$-#$<$:"<$-%)'

3B;"%G$%8'<17'#"G$C:'<-'SZZL2'#767"9:';"<<7#%:'-K'$%<7#D:7<<9727%<'5-%%75<$6$<A'
QM$8C#7'WJX)'H$81'57%<#"9$<A'6"9C7:'59C:<7#'$%'K-C#'2"N-#'<7##$<-#$"9':A:<72:\'/7GG"1f!"LL"1'"9-%8'<17',7:<'
5-":<&']C#"AG"1f4%"$^"1'$%'=9Dg"::$2&'>$A"G1'$%'<17'57%<#"9';9"<7"C&'"%G'<17'`"22"2'27<#-;-9$<"%'"#7"'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

$%'<17'3":<7#%'0#-6$%57)'F<17#'#78$-%:':1-,'9-,7#'6"9C7:&' K-#2$%8':75-%G"#A'57%<#7:'"#-C%G'!"G$%"1&'
."L"L"&'H"h$9&'"%G'=J1"&'-#'-55C;A$%8'2-#7';7#$;17#"9';-:$<$-%:) I17'-C<;C<:'1$819$81<'<17'5-C%<#Ah:'2"$%'
-#8"%$:$%8'57%<#7:';#-6$G$%8'"':;"<$"9'J":$:'K-#'#78$-%"9';9"%%$%8&'$%<7#5$<A'2-J$9$<A':<#"<78$7:&'"%G'2"N-#'
$%K#":<#C5<C#7' 5-##$G-#:)' =#7":' ,$<1' 9-,7#' 57%<#"9$<A' #7PC$#7' "9<7#%"<$67' ";;#-"517:&' 7$<17#' JA'
:<#7%8<17%$%8'5-%%75<$-%:'-#'JA'"G-;<$%8'G7679-;27%<':<#"<78$7:':C$<7G'<-'2-#7';7#$;17#"9'5-%G$<$-%:)

M$8C#7'W)'a$<AD,$G7'"%G'#78$-%"9'57%<#"9$<$7:)' ?2"87'"':1-,:'-C<;C<:' K-#'a9-:7%7::'a7%<#"9$<A'SZL2'"%G'
$2"87'J':1-,:'-C<;C<:'"<'SZZL2)'.-C#57\'.;"57'.A%<"B'

>78$-%"9' ;#-K$9$%8' 5-2J$%7:' ;7#5-9"<$-%DJ":7G' :7<<9727%<' J-C%G"#$7:' ,$<1' 5$<A' "%G' #78$-%"9D:5"97'
57%<#"9$<A'<-'G7:5#$J7'1-,':7<<9727%<:'#79"<7'<-'<17',$G7#':;"<$"9':A:<72)'.7<<9727%<:'$G7%<$K$7G'"<%!'e'VZZ'
2'"#7'51"#"5<7#$:7G'C:$%8'27"%'59-:7%7::'57%<#"9$<A'"<'SZL2'"%G'SZZL2)'I17:7'6"9C7:'"#7';9-<<7G' $%'"'
:5"<<7#'G$"8#"2'G$6$G7G'JA'27G$"%'<1#7:1-9G:&'"99-,$%8':7<<9727%<:'<-'J7'8#-C;7G'JA'<17$#'#79"<$67'5$<AD
:5"97':<#C5<C#7'"%G'#78$-%"9'5-%%75<$6$<A'QM$8C#7'dX)'

'Q1$81Da$<A'"%G'1$81D>78$-%"9'57%<#"9$<AX\'.7<<9727%<:',$<1'1$81'57%<#"9$<A'"<'J-<1':5"97:'
5-2J$%7' :<#-%8' $%<7#%"9' :<#C5<C#7',$<1',$G7' #78$-%"9' #7"51&' $%G$5"<$%8' "' 5";"5$<A' <-' KC%5<$-%' ":'2"N-#'
"%51-#:',$<1$%'<17'%"<$-%"9':7<<9727%<':A:<72) 09"%%$%8'$2;9$5"<$-%:\'I17:7'9-5"<$-%:'1"67'<17';-<7%<$"9'
<-'"5<'":':<#"<78$5'8#-,<1'57%<#7:&'$%K#":<#C5<C#7'1CJ:&'-#'"G2$%$:<#"<$67'"%51-#:)'

' Q9-,Da$<A' "%G'1$81D>78$-%"9' 57%<#"9$<AX\' I17:7' :7<<9727%<:' :1-,' 9$2$<7G' 5$<AD:5"97'
:<#C5<C#7' JC<' -55C;A' #79"<$679A' 57%<#"9' ;-:$<$-%:' ,$<1$%' #78$-%"9' %7<,-#L:) 09"%%$%8' $2;9$5"<$-%:\'
.7<<9727%<:',$<1';-<7%<$"9'#$:L'K-#'KC%5<$-%"9'G7;7%G7%57'-%'%7"#JA'1$817#D-#G7#'9-5"9'57%<#7:'#7PC$#7'"'
5-2J$%"<$-%'-K':<#-%87#'#78$-%"9'2-J$9$<A'"%G':7#6$57'9$%L:&'<-87<17#',$<1'$%<7#%"9'5-%:-9$G"<$-%':<#"<78$7:)'

'Q1$81Da$<A'"%G'9-,D>78$-%"9'57%<#"9$<AX\'.7<<9727%<:'$%'<1$:'5"<78-#A'7B1$J$<':<#-%8'$%<7#%"9'
-#8"%$:"<$-%' JC<' ,7"L' #78$-%"9' $%<78#"<$-%&' KC%5<$-%$%8' ":' :79KD5-%<"$%7G' 5$<$7:' -C<:$G7' 2"N-#' #78$-%"9'
:A:<72:) 09"%%$%8'$2;9$5"<$-%:\'I17$#':;"<$"9';-:$<$-%'K"6-C#:'9-5"99A';#-6$G7G':7#6$57:'"%G'G7679-;27%<'
:<#"<78$7:'<1"<':C;;-#<'KC%5<$-%"9':79KD#79$"%57)'

'Q9-,Da$<A'"%G'9-,D>78$-%"9'57%<#"9$<AX\'IA;$5"99A':2"99'"%G',7"L9A'5-%%75<7G&'<17:7'
:7<<9727%<:'"#7'-K<7%'9-5"<7G'$%':;"#:79A';-;C9"<7G'7%6$#-%27%<:',$<1'9$2$<7G'$%<7#%"9':<#C5<C#7) 09"%%$%8'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

$2;9$5"<$-%:\' .<#"<78$7:' :1-C9G' ;#$-#$<$:7' J":$5' "557::$J$9$<A' "%G' :7#6$57' ;#-6$:$-%&' #"<17#' <1"%' C#J"%'
7B;"%:$-%'<1"<'$:'%-<':C;;-#<7G'JA'<17':;"<$"9'5-%K$8C#"<$-%)'

!7"%' 59-:7%7::' 57%<#"9$<A' "<' SZL2' "%G' SZZL2' G7K$%7:' K-C#'
:7<<9727%<'<A;7:'K-#'5$<$7:'"%G'<-,%:)'.-C#57\'.;"57'.A%<"B'

I17'#7:C9<:';#7:7%<7G'17#7'8$67';9"%%7#:'"'#";$G&':;"<$"99A'8#-C%G7G',"A'<-'C%G7#:<"%G'1-,'<17'%"<$-%"9'
:7<<9727%<' :A:<72' $:' -#8"%$:7G&' J7K-#7' 2-6$%8' -%' <-' 2-#7' G7<"$97G' -#' G"<"D$%<7%:$67' "%"9A:$:)' ]A'
G79$%7"<$%8':7<<9727%<:'<1#-C81';7#5-9"<$-%'"%G';#-K$9$%8'<172',$<1'2C9<$D:5"97'57%<#"9$<A&'<17'";;#-"51'
2"L7:' 6$:$J97' ,17#7' 5-%%75<$6$<A' 5-%57%<#"<7:&' ,17#7' J#7"L:' $%' C#J"%' 5-%<$%C$<A' -55C#' "%G' 1-,'
:7<<9727%<:'#79"<7'<-'-%7'"%-<17#'"5#-::'<17'<7##$<-#A)'.C51'"%'$%$<$"9':;"<$"9'#7"G$%8'$:';"#<$5C9"#9A'6"9C"J97'
$%'9"#87'"%G'G$67#:7'5-C%<#$7:',17#7';9"%%$%8'G75$:$-%:'-K<7%':;"%'67#A'G$KK7#7%<'87-8#";1$5'5-%<7B<:)'I17'
"%"9A:$:';#-6$G7:'"%'7"#9A'$%G$5"<$-%'-K',1$51'"#7":'KC%5<$-%'":'5-17#7%<':A:<72:&',17#7'#78$-%"9'$%K9C7%57'
$:':<#-%87:<'"%G',1$51';"#<:'-K'<17'5-C%<#A'#72"$%',7"L9A'5-%%75<7G)'.77$%8'<17:7';"<<7#%:'"<'<17'-C<:7<'
179;:'K#"27':CJ:7PC7%<';9"%%$%8'PC7:<$-%:'"%G'#7GC57:'#79$"%57'-%'"G2$%$:<#"<$67'J-C%G"#$7:'<1"<'2"A'
%-<'#7K975<'1-,';9"57:'"5<C"99A'-;7#"<7)'I17:7'K$%G$%8:'"#7'%-<'$%<7%G7G'<-':<"%G'"9-%7'-#'#7;9"57'-<17#'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

K-#2:' -K' "%"9A:$:)' ?%:<7"G&' <17A' -KK7#' "' :;"<$"9' #7K7#7%57' <1"<' 5"%' J7' 5-2J$%7G' ,$<1' 75-%-2$5&'
G72-8#";1$5&'9"J-C#'-#'7%6$#-%27%<"9'$%K-#2"<$-%)'F%57'<17'C%G7#9A$%8':;"<$"9':<#C5<C#7'$:'C%G7#:<--G&'$<'
J75-27:'7":$7#'<-'$G7%<$KA',17#7'8#-,<1';#7::C#7:&'6C9%7#"J$9$<$7:&'-#'-;;-#<C%$<$7:'K-#'5--#G$%"<$-%'"#7'
2-:<'9$L79A'<-'727#87)'

I17' ;";7#' ;#-6$G7:' "%' ";;9$7G' 27<1-G' <1"<' $:' <#"%:K7#"J97' "%G' :5"9"J97' "5#-::' #78$-%"9' "%G' %"<$-%"9'
5-%<7B<:)' a-2J$%$%8' ;7#5-9"<$-%DJ":7G' :7<<9727%<' J-C%G"#$7:' ,$<1' 2C9<$D:5"97' 57%<#"9$<A' ;#-6$G7:'
;9"%%7#:',$<1'"';#"5<$5"9',"A'<-'6$:C"9$:7'1-,'<17'%"<$-%"9' :A:<72' $:':<#C5<C#7G)'I1$:'";;#-"51'#767"9:'
,17#7'C#J"%' 57%<#7:' 727#87&',17#7' 5-%%75<$-%:',7"L7%&' "%G'1-,' :7<<9727%<:' $%<7#"5<' "5#-::' :;"57)'
E1$97'7%6$#-%27%<"9&':-5$"9'"%G'2-J$9$<A'"%"9A:7:'#72"$%'7::7%<$"9&'<1$:':;"<$"9';7#:;75<$67'-KK7#:'"%'$%$<$"9'
C%G7#:<"%G$%8'-K' <7##$<-#$"9' -#8"%$:"<$-%'J7K-#7'2-#7' 5-2;97B'G"<":7<:' "#7' $%<#-GC57G)'=G2$%$:<#"<$67'
J-C%G"#$7:'"9-%7'-K<7%'-J:5C#7'#79"<$-%:1$;:',$<1$%'9"#87'"%G'G$67#:7'<7##$<-#$7:)'0"<<7#%:'-K'5-%<$%C$<A'
"%G'5-%%75<$6$<A'7B;-:7'9$%L:'<1"<'<1-:7'J-C%G"#$7:'K"$9'<-'5";<C#7)'>75-8%$:$%8'<17:7';"<<7#%:'7"#9A'179;:'
:1";7';#$-#$<$7:'"%G'8C$G7'$%<7#67%<$-%:'<1"<'"9$8%',$<1'1-,'<7##$<-#$7:'KC%5<$-%'$%'#7"9$<A)'

F%7'5-%<#$JC<$-%'-K'<17'27<1-G'9$7:'$%'$<:'"J$9$<A'<-'5-%%75<'<751%$5"9'"%"9A:$:',$<1';9"%%$%8'G75$:$-%:)'?<'
179;:'$%G$5"<7',17#7'5--;7#"<$-%'J7<,77%':7<<9727%<:'$:'9$L79A'<-'J7'7KK75<$67&',17#7'#78$-%"9'#-97:'G$KK7#&'
"%G',17#7' $:-9"<$-%'2"A'J75-27'"' 9-%87#D<7#2'5-%57#%)'I17:7';"<<7#%:'"9:-';-$%<' <-' 9-5"<$-%:',17#7'
:<#"<78$5'$%67:<27%<'5-C9G'1"67'<17'8#7"<7:<'<7##$<-#$"9'$2;"5<'

I17'"%"9A:$:' 57%<#7:'-%' :;"<$"9' 5-%<$%C$<A&' G7%:$<A&' "%G'%7<,-#L' :<#C5<C#7'":' "'J":$:' K-#'C%G7#:<"%G$%8'
#78$-%"9' :A:<72:)' ?%' ;#"5<$57&' ,7' 1"67' -J:7#67G' <1"<' <17:7' :;"<$"9' ;"<<7#%:' -K<7%' "9$8%' ,$<1' J#-"G7#'
75-%-2$5&' G72-8#";1$5&' 2-J$9$<A&' "%G' 7%6$#-%27%<"9' GA%"2$5:&' -KK7#$%8' "' C:7KC9' :<"#<$%8' ;-$%<' K-#'
$%<7#;#7<$%8'1-,'G$KK7#7%<';#-57::7:'C%K-9G'"5#-::'"'<7##$<-#A)'MC<C#7'<751%$5"9',-#L'5"%'K-#2"9$:7'<17:7'
#79"<$-%:1$;:' 2-#7' 7B;9$5$<9A&' :<#7%8<17%$%8' <17' 9$%L' J7<,77%' :;"<$"9' G$"8%-:<$5:' "%G' -<17#' K-#2:' -K'
76$G7%57' C:7G' $%' #78$-%"9' ;9"%%$%8&' "%G' :C;;-#<$%8' <17' G7:$8%' -K' 2-#7' 5-17#7%<&' #7:$9$7%<&' "%G' ,799D
:<#C5<C#7G'#78$-%:)'

=#5"C<7&'3)'7<'"9)'QYZSWX'ia$<$7:'"%G'#78$-%:'$%']#$<"$%'<1#-C81'1$7#"#51$5"9';7#5-9"<$-%h&'!+,$-(.+&/"0,(1*"2(
.&/"2&"&'bQVX)''

]"<<A'!'QYZSUX'324"20/25(6707%"(8/0/"#)'a"2J#$G87\'I17'!?I'0#7::)'

]71%$:51'!&'.51-#51<'!&'+#$7,"9G'.&'7<'"9)'QYZSTX'.7<<9727%<';7#5-9"<$-%\'"':<CGA'-K'JC$9G$%8'5-%%75<$6$<A'
"%G';-97:'-K'$%"557::$J$9$<A)'9$2:#&$*"($2:(;%<$2()-$22/25'STS'

]#7<"8%-997'=&'`"CG7'3&'0C2"$%'`'QYZZWX'M#-2'<17-#A'<-'2-G799$%8\'C#J"%':A:<72:'":'5-2;97B':A:<72:&'
aAJ7#87-)'>76C7'7C#-;77%%7'G7'87-8#";1$7)'

]C9L797A' H' QYZZ_X' >75-%K$8C#$%8' 7%6$#-%27%<"9' 8-67#%"%57\' <-,"#G:' "' ;-9$<$5:' -K' :5"97:' "%G'
%7<,-#L:)')+-/0/&$-(="+5%$*','YVQUX'

a"6"99"#-'!&'=:;#-%7'`&'O"<-#"'(&'7<'"9)'QYZSVX'=::7::27%<'-K'C#J"%'75-:A:<72'#7:$9$7%57'<1#-C81'1AJ#$G'
:-5$"9D;1A:$5"9'5-2;97B'%7<,-#L:)'8+>*70"%?@/:":(8/4/-($2:(32A%$#0%7&07%"(B25/2""%/25'YTQUX'

a#C5$<<$'0)&'O"<-#"'()&'R'0-#<"'.)'QYZZW"X)'a7%<#"9$<A'27":C#7:'$%':;"<$"9'%7<,-#L:'-K'C#J"%':<#77<:)')',#/&$-(
!"4/"CBD'
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!"#$%&'()*'+,-%&'.)/)*'0"#1"2&'3)' 4%5-67#$%8'#78$-%"9':;"<$"9'1$7#"#51$7:'

aC22$%8'j.&'aC22$%8'`H!&'>7G2"%'aO'QYZZWX'.5"97'2$:2"<517:' $%':-5$"9D75-9-8$5"9':A:<72:\'5"C:7:&'
5-%:7PC7%57:&'"%G':-9C<$-%:)'B&+-+5,($2:(.+&/"0,'SSQSX'

aC22$%8'j.&'F9::-%'0&'a1";$%'M.&'7<'"9)'QYZSbX'>7:$9$7%57&'7B;7#$27%<"<$-%&'"%G':5"97'2$:2"<517:'$%':-5$"9D
75-9-8$5"9'9"%G:5";7:)'9$2:#&$*"(B&+-+5,'YUQWX'

M9C:51%$L' I&' +#$7,"9G' .&' >-:' =ja&' 7<' "9)' QYZSWX' I17' :$^7' G$:<#$JC<$-%&' :5"9$%8' ;#-;7#<$7:' "%G' :;"<$"9'
-#8"%$^"<$-%'-K'C#J"%'59C:<7#:\'"'89-J"9'"%G'#78$-%"9';7#5-9"<$-%';7#:;75<$67)'3.)!.(320"%2$0/+2$-(E+7%2$-(+A(
="+?32A+%>$0/+2'_QdX'

H$99$7#'])'"%G'H"%:-%&'/)'QSTUVX'I17'.-5$"9'O-8$5'-K'.;"57)'a"2J#$G87\'a"2J#$G87'4%$67#:$<A'0#7::)'

H$99$7#' ])&' 07%%' =)&' H"%:-%' /)&' j#"N7,:L$' I)&' R' kC' /)' QSTTbX)'@"<C#"9' 2-6727%<\' -#&' 5-%K$8C#"<$-%' "%G'
"<<#"5<$-%'$%'C#J"%';7G7:<#$"%'2-6727%<)'B24/%+2>"20($2:()-$22/25(FD'

H$99$7#'])'QSTTWX'ia$<$7:'":'2-6727%<'75-%-2$7:h&'0#-8#7::'$%'09"%%$%8&'VUQSX'

H$99$7#'])&'R'?$G"'.)'QYZZ_X)'@7<,-#L'"%G';:A51-9-8$5"9'7KK75<:'$%'C#J"%'2-6727%<)')%+&"":/25#(+A(.*$0/$-(
32A+%>$0/+2(G'"+%,(

+#7%^'+)'QYZSdX'>78$-%"9'!-#;1-9-8A\'I17'327#87%57'-K'.;"<$"9'.5"97:'$%'4#J"%'>78$-%:&')%+&"":/25#(+A(
0'"(HH0'(.*$&"(.,20$I(.,>*+#/7>'

!"#$%'()&'!-9$%7#-'a)'"%G'=#5"C<7'3)'QYZYVX'I17':5"9"#'2$:2"<51'-K'#78$-%"9'8-67#%"%57\'='5-2;"#"<$67'
"%"9A:$:'-K'1$7#"#51$5"9':<#C5<C#7:&'B24/%+2>"20($2:()-$22/25(FJ(;%<$2(@2$-,0/&#($2:(8/0,(.&/"2&"&'_S'

!"#:1"99' .&' j$9' /&' +#-;K' +&' 7<' "9)' QYZSUX' .<#77<' %7<,-#L' :<CG$7:\' K#-2' %7<,-#L:' <-' 2-G79:' "%G' <17$#'
#7;#7:7%<"<$-%:)'K"0C+%L#($2:(.*$0/$-(B&+2+>/&#'SUQbX'

!--#7'='QYZZUX'>7<1$%L$%8':5"97'":'"'87-8#";1$5"9'5"<78-#A\'K#-2'"%"9A:$:'<-';#"5<$57)')%+5%"##(/2(M7>$2(
="+5%$*','bYQYX'

07%%' =)&' H$99$7#' ])&' ]"%$:<7#' `)&' R' kC' /)' QSTTUX)'a-%K$8C#"<$-%"9' 2-G799$%8' -K' C#J"%' 2-6727%<'
%7<,-#L:)'B24/%+2>"20($2:()-$22/25(FD'

0$-6"%$'`&'!-9$%7#-'a&'E$9:-%'='QYZSdX'4#J"%'#7<"$9'9-5"<$-%\'$%:$81<:'K#-2';7#5-9"<$-%'<17-#A'"%G':;"<$"9'
$%<7#"5<$-%'2-G79$%8)')9+.(12"'SYQSZX'

0-#<"' .)'"%G'a#C5$<<$' 0)'"%G'O"<-#"' ()'QYZZWX'G'"( 2"0C+%L( $2$-,#/#( +A( 7%<$2( #0%""0#( J( $( :7$-(
$**%+$&'D'01A:$5"'=&'bWTQYX)'

0-#<"'.)&'.<#"%-'3)&'?"5-6$799-&'()&'7<'"9)'QYZZTX)'.<#77<'57%<#"9$<A'"%G'<17'9-5"<$-%'-K'75-%-2$5'"5<$6$<$7:'$%'
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=5"G72A'-K'.5$7%57:'-K'<17'4.='SZ_QVUX'

>-^7%K79G'H`&'>AJ:L$'`&'j"J"$B'k&' 7<' "9)' QYZSSX'I17'"#7"'"%G';-;C9"<$-%'-K' 5$<$7:\'%7,' $%:$81<:' K#-2'"'
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Research Paper

Research on ecological resilience based on complex
network analysis from the perspective of ecological

security pattern
A case study of Heilongjiang province

5ŜƘǳƛ aŜƴƎΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ bŀǘƛƻƴŀƭ ¢ŜǊǊƛǘƻǊȅ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ ŀƴŘ
9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƛƴ /ƻƭŘ wŜƎƛƻƴǎΣ aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎΣ /Ƙƛƴŀ

¸ǳŀƴȄƛŀƴƎ ²ǳΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ bŀǘƛƻƴŀƭ ¢ŜǊǊƛǘƻǊȅ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ ŀƴŘ
9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƛƴ /ƻƭŘ wŜƎƛƻƴǎΣ aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎΣ /Ƙƛƴŀ

Ecological security and ecological resilience are the important indicators for assessing regional
sustainable ecological development. However, few studies have assessed resilience from
ecological security pattern. Therefore,this study uses Heilongjiang Province as a case study. This
study investigate ecological resilience by complex network analysis method. Identifying ecological
sources based on ecosystem services. Defining ecological corridors using circuit model. And
simulating ecological resilience through random and deliberate attacks. The results show that: (1)
Heilongjiang's ecological sources and corridors have obvious spatial heterogeneity, with 54
sources and 149 corridors identified; (2) Using the complex network analysis method, we found 8
important ecological nodes, mainly concentrated in the central Heilongjiang; and (3)
Heilongjiang's ecological resilience is low level, and it is vulnerable to disruption and damage.
This study provides a scientific foundation for ecological conservation in Heilongjiang, and
promotes regional sustainable development.

Ecological security pattern, Ecological resilience, Complex network, Heilongjiang

!ƭƻƴƎ ǿƛǘƘ ǘƘŜ ǊŀǇƛŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǇƻǇǳƭŀǘƛƻƴ ǊƛǎŜ ƻŦ ƳŀƴƪƛƴŘΣ ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻōƭŜƳǎ ƘŀǾŜ ōŜŜƴ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ǇǊƻƳƛƴŜƴǘΣ ǎǳŎƘ ŀǎ ŎƭƛƳŀǘŜ ǿŀǊƳƛƴƎΣ ōƛƻŘƛǾŜǊǎƛǘȅ
ƭƻǎǎΣ ƭŀƴŘ ŘŜƎǊŀŘŀǘƛƻƴ ŀƴŘ ǎƻ ƻƴΦ ¢ƘŜǎŜ ǇǊƻōƭŜƳǎ ƴƻǘ ƻƴƭȅ ǘƘǊŜŀǘŜƴ ǘƘŜ ƘǳƳŀƴ ƭƛŦŜΣ ōǳǘ ŀƭǎƻ ƛƳǇŀŎǘ
Ǝƭƻōŀƭ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅΦ Lƴ ǳǊōŀƴ ŀǊŜŀǎΣ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŜȄǇŀƴǎƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ
ŀŎǘƛǾƛǘƛŜǎ ƘŀǾŜ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǇǊŜǎǎǳǊŜ ƻƴ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ό!ƘƳŜŘΣ нлнпύΦ Lƴ ǘƘƛǎ
ōŀŎƪƎǊƻǳƴŘΣ Ƙƻǿ ǘƻ ōǳƛƭŘ ŀ ǎŎƛŜƴǘƛŦƛŎ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ŀƴŘ ŜƴƘŀƴŎŜ ŜŎƻǎȅǎǘŜƳ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ƛǎ
ǾŜǊȅ ƛƳǇƻǊǘŀƴǘΦ LǘΩǎ ŀƭǎƻ ōŜŎƻƳŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ǘƻǇƛŎ ƻŦ ŜŎƻƭƻƎȅΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŎƛŜƴŎŜΣ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ
ŀƴŘ ǎƻ ƻƴΦ LǘΩǎ ŀƭǎƻ ǘƘŜ ƪŜȅ ǇŀǘƘ ǘƻ ŀŎƘƛŜǾŜ Ǝƭƻōŀƭ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƎƻŀƭǎΦ

wŜǎƛƭƛŜƴŎŜ ƛǎ ƎŜƴŜǊŀƭƭȅ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ǾŀǊƛƻǳǎ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǎƻŎƛŀƭπŜŎƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ
ǎǳŘŘŜƴ ŎƘŀƴƎŜ ό¸ƛ ŀƴŘ WŀŎƪǎƻƴΣ нлнмύΦ Lƴ мфтоΣ IƻƭƭƛƴƎ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ŜŎƻƭƻƎȅΦ Lǘ
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ŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŜŎƻǎȅǎǘŜƳǎ ǘƻ Ƴŀƛƴǘŀƛƴ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ǎǘŀōƛƭƛǘȅ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ ŜȄǘŜǊƴŀƭ
ŘƛǎǘǳǊōŀƴŎŜǎ ŀƴŘ ǎǘǊŜǎǎŜǎΣ ǎǳŎƘ ŀǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ό5ŀƪƻǎ ŀƴŘ YŞŦƛΣ нлннύΦ !ƴŘ ǘƘŜ
ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ƛǎ ŀƴ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ƴŜǘǿƻǊƪ ǎȅǎǘŜƳ ŎƻƳǇƻǎŜŘ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΣ
ŎƻǊǊƛŘƻǊǎ ŀƴŘ ƴƻŘŜǎΦ Lǘ Ǉƭŀȅǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ƛƳǇǊƻǾƛƴƎ ǊŜǎƛƭƛŜƴŎŜ ό¸ǳŀƴ Ŝǘ ŀƭΦΣ нлннύΦ Lǘ ǇǊƻǾƛŘŜǎ ŀ
ǇƭŀƴƴƛƴƎ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ƳŜǘƘƻŘ ŦƻǊ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅΣ ōȅ ƻǇǘƛƳƛȊƛƴƎ ƭŀƴŘǎŎŀǇŜ ǇŀǘǘŜǊƴǎ ǘƻ ƛƳǇǊƻǾŜ
ǎǇŀǘƛŀƭ ŎƻƴƴŜŎǘƛǾƛǘȅΣ ōƛƻŘƛǾŜǊǎƛǘȅΣ ŀƴŘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ όtŜƴƎ Ŝǘ ŀƭΦΣ нлнрύΦ {ƻ ǘƘŜ ǎǘǳŘȅ ƻŦ ǊŜǎƛƭƛŜƴŎŜ
ŀƴŘ ǇŀǘǘŜǊƴ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǊŜǎǇƻƴŘƛƴƎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ
ŜƴǾƛǊƻƴƳŜƴǘ ŎƘŀƭƭŜƴƎŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ŦŜǿ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ
ǇŀǘǘŜǊƴ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ

bƻǿΣ ǘƘŜ ǎǘǳŘȅ ƻŦ ƴŜǘǿƻǊƪ ǊŜǎƛƭƛŜƴŎŜ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƳŜǘƘƻŘ ǘƻ ŜǾŀƭǳŀǘŜ ǊŜƎƛƻƴŀƭ ǊŜǎƛƭƛŜƴŎŜΦ wŜǎŜŀǊŎƘŜǊǎ
ǳǎŜ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ƳŜǘǊƛŎǎ ǘƻ ƳŜŀǎǳǊŜ ƴŜǘǿƻǊƪ ǊŜǎƛƭƛŜƴŎŜ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлнмύΦ {ƻƳŜ ǎǘǳŘƛŜǎ ƘŀǾŜ
ŀŘƻǇǘŜŘ ǘƻǇƻƭƻƎƛŎŀƭ ƳŜǘƘƻŘΣ ƛƴǘŜƎǊŀǘƛƴƎ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ǘƘŜƻǊȅ ƛƴǘƻ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪ ό9bύ
ǊŜǎƛƭƛŜƴŎŜ ŀƴŀƭȅǎƛǎ ό[ǳƳƛŀ Ŝǘ ŀƭΦΣ нлноύΦ Lƴ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘΣ ŜŎƻƭƻƎƛŎŀƭ ǇŀǘŎƘŜǎ ŀǊŜ
ǊŜƎŀǊŘŜŘ ŀǎ ƴŜǘǿƻǊƪ ƴƻŘŜǎΣ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀǊŜ ǊŜƎŀǊŘŜŘ ŀǎ ƴŜǘǿƻǊƪ ŜŘƎŜǎΣ ǿƘƛŎƘ ŀǊŜ ŦƻǊƳƛƴƎ ŀ
ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƴŜǘǿƻǊƪ ό²ǳ Ŝǘ ŀƭΦΣ нлнпύΦ ²ƘŜƴ ƴƻŘŜǎ ŀǊŜ ŀǘǘŀŎƪŜŘ ǊŀƴŘƻƳƭȅ ŀƴŘ ŘŜƭƛōŜǊŀǘŜƭȅΣ ƴŜǘǿƻǊƪ
ǊŜǎƛƭƛŜƴŎŜ Ŏŀƴ ōŜ ŀǎǎŜǎǎŜŘ ōȅ ŎŀƭŎǳƭŀǘƛƴƎ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ƳŜǘǊƛŎǎ ǊŜƭŀǘŜŘ ǘƻ ƪŜȅ ƴƻŘŜǎ ό[ǳ Ŝǘ ŀƭΦΣ нлннύΦ

¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ǎǘǳŘȅ ǘŀƪŜǎ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜ ŀǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀǊŜŀΦ ¢Ƙƛǎ ǎǘǳŘȅ ǳǎŜǎ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ
ƳŜǘƘƻŘ ǘƻ ŀƴŀƭȅǎƛǎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎ ŦǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ
ǇŀǘǘŜǊƴΦ ¢ƘŜ ǎǘǳŘȅ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ŀƴŘ ŎƻƴǎǘǊǳŎǘŜŘ ŀƴ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪΦ !ƴŘ ǘƘŜ
ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪ ŀǊŜ ŀƴŀƭȅȊŜŘ ōȅ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘƻǊǎΦ Lƴ
ŀŘŘƛǘƛƻƴΣ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ƭŜǾŜƭǎ ǳƴŘŜǊ ŘƛŦŦŜǊŜƴǘ ŎƻƴŘƛǘƛƻƴǎ ōȅ ǎƛƳǳƭŀǘƛƴƎ ŜŎƻǎȅǎǘŜƳ
ŘƛǎǘǳǊōŀƴŎŜ ǎŎŜƴŀǊƛƻǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ǇǊƻǾƛŘŜǎ ŀ ǘƘŜƻǊŜǘƛŎŀƭ ōŀǎƛǎ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘ ŦƻǊ ŜŎƻƭƻƎƛŎŀƭ
ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴΦ

IŜƛƭƻƴƎƧƛŀƴƎ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ƴƻǊǘƘŜŀǎǘŜǊƴ /Ƙƛƴŀ ōŜǘǿŜŜƴ поÁнсǋbπроÁооǋb ƭŀǘƛǘǳŘŜ ŀƴŘ мнмÁммǋ9πморÁ
лр ǋ9 ƭƻƴƎƛǘǳŘŜΦ LǘΩǎ ǘƘŜ ŎƻǊŜ ŀǊŜŀ ƻŦ ǘƘŜ ƴŀǘƛƻƴŀƭ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǎǘǊŀǘŜƎȅ ñ¢ǿƻ .ŀǊǊƛŜǊǎ ŀƴŘ ¢ƘǊŜŜ
.Ŝƭǘǎò Σ ŀƴŘ ƛǘǎ ŜŎƻƭƻƎƛŎŀƭ ǾŀƭǳŜ ŀǊŜ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘΦ ¢ƘŜ ǇǊƻǾƛƴŎŜ Ƙŀǎ ǾŀǊƛƻǳǎ ƭŀƴŘŦƻǊƳ ŀƴŘ ǊƛŎƘ ƴŀǘǳǊŀƭ
ǊŜǎƻǳǊŎŜǎΦ Lƴ ǘƘŜ ƭŀƴŘπǳǎŜ ǘȅǇŜΣ ŦƻǊŜǎǘ ŀǊŜŀ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘόCƛƎǳǊŜ мŀύΣ ƴŜȄǘ ƛǎ ŎǊƻǇƭŀƴŘΦ CƻǊŜǎǘ ŎƻǾŜǊŀƎŜ
ǊŜŀŎƘŜŘ псΦмп҈Φ ¢ƘŜ ŀǊŜŀ ƻŦ ǘƘŜ ōƭŀŎƪ ǎƻƛƭ ŀŎŎƻǳƴǘǎ ŦƻǊ рсΦм҈ ƻŦ ǘƘŜ ƴŀǘƛƻƴŀƭ ǘƻǘŀƭ ŎǊƻǇƭŀƴŘ ŀǊŜŀΦ
²ŜǘƭŀƴŘ ŀǊŜŀ Ǌŀƴƪǎ ŦƻǳǊǘƘ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ όWƛŀƴƎ Ŝǘ ŀƭΦΣ нлнрύΦ IŜƛƭƻƴƎƧƛŀƴƎ Ƙŀǎ ƭƻǘǎ ƻŦ ƳƻǳƴǘŀƛƴǎΣ ŀƴŘ ǘƘŜ
ŜƭŜǾŀǘƛƻƴ ǊŀƴƎŜ ŦǊƻƳ нсƳ ǘƻ мслоƳ όCƛƎǳǊŜ мōύΦ Lǘǎ ƎŜƻƳƻǊǇƘƛŎ ŦŜŀǘǳǊŜ Ŏŀƴ ōŜ ǎǳƳƳŀǊƛȊŜŘ ŀǎ ϦŦƛǾŜ
ƳƻǳƴǘŀƛƴǎΣ ƻƴŜ ǿŀǘŜǊΣ ƻƴŜ ƎǊŀǎǎƭŀƴŘ ŀƴŘ ǘƘǊŜŜ ŦŀǊƳƭŀƴŘϦΦ ¢ƘŜ ŎƭƛƳŀǘŜ ƛǎ ŎƻƭŘ ǘŜƳǇŜǊŀǘŜ ǘƻ ǘŜƳǇŜǊŀǘŜ
ŎƻƴǘƛƴŜƴǘŀƭ ŎƭƛƳŀǘŜΦ {ǳƳƳŜǊ ƛǎ ǿŀǊƳ ŀƴŘ ǊŀƛƴȅΣ ǿƛƴǘŜǊ ƛǎ ŘǊȅ ŀƴŘ ŎƻƭŘΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ
ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘƛǎ ǇǊƻǾƛƴŎŜ Ƙŀǎ ƛƳǇƻǊǘŀƴǘ ǊŜǎŜŀǊŎƘ ǾŀƭǳŜΦ
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¢ƘŜ Řŀǘŀ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛƴŎƭǳŘŜ ƭŀƴŘ ǳǎŜΣ ŘƛƎƛǘŀƭ ŜƭŜǾŀǘƛƻƴ ƳƻŘŜƭ ό59aύΣ ƴƻǊƳŀƭƛȊŜŘ ŘƛŦŦŜǊŜƴŎŜ ǾŜƎŜǘŀǘƛƻƴ
ƛƴŘŜȄ όb5±LύΣ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜΣ ŀƴŘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ōƻǳƴŘŀǊȅΦ ¢ƘŜ ƭŀƴŘ ǳǎŜ Řŀǘŀ ŦƻǊ IŜƛƭƻƴƎƧƛŀƴƎ
tǊƻǾƛƴŎŜ ŀǊŜ ŦǊƻƳ ½ŜƴƻŘƻ όƘǘǘǇǎΥκκȊŜƴƻŘƻΦƻǊƎκύΣ ŀƴŘ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ŦŀǊƳƭŀƴŘΣ ŦƻǊŜǎǘΣ ǎƘǊǳōΣ ƎǊŀǎǎƭŀƴŘΣ
ǿŀǘŜǊ ōƻŘƛŜǎΣ ƛŎŜ ŀƴŘ ǎƴƻǿΣ ōŀǊŜ ƭŀƴŘΣ ƛƳǇŜǊǾƛƻǳǎ ǎǳǊŦŀŎŜǎΣ ŀƴŘ ǿŜǘƭŀƴŘǎΦ 5ŜƳ ŀƴŘ b5±L ŀǊŜ ŦǊƻƳ
/ƘƛƴŜǎŜ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ wŜǎƻǳǊŎŜ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜ 5ŀǘŀ /ŜƴǘŜǊ όƘǘǘǇǎΥκκǿǿǿΦǊŜǎŘŎΦŎƴκύΦ
{ƭƻǇŜ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘƘŜ 59aΦ 9ŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ Řŀǘŀ ŦǊƻƳ {ŎƛŜƴŎŜ 5ŀǘŀ .ŀƴƪ
όƘǘǘǇǎΥκκǿǿǿΦǎŎƛŘōΦŎƴκύΦ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ ōƻǳƴŘŀǊȅ Řŀǘŀ ŀǊŜ ŦǊƻƳ ǘƘŜ 5ŀǘŀ /ŜƴǘŜǊ ŦƻǊ wŜǎƻǳǊŎŜǎ ŀƴŘ
9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜǎ όƘǘǘǇǎΥκκǿǿǿΦǘƛŀƴŘƛǘǳΦƎƻǾΦŎƴκύΦ Lƴ ƻǊŘŜǊ ǘƻ ƳŜŜǘ ǘƘŜ ǊŜǎŜŀǊŎƘ ƴŜŜŘǎΣ ǿŜ ǳǎŜ
!ǊŎDL{ млΦу ǘƻ ǎǘŀƴŘŀǊŘƛȊŜ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳ ǊŜŦŜǊŜƴŎŜ ǘƻ D/{ψ²D{ψмфуп
ό²D{ψмфупψ¦¢aψ½ƻƴŜψрмbύΦ ¢ƘŜ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ǊŀǎǘŜǊ Řŀǘŀ ƛǎ м ƪƳ Ĭ м ƪƳΦ

¢ƘŜ ǊŜǎŜŀǊŎƘ ŦǊŀƳŜǿƻǊƪ ƛǎ ŀǎ Ŧƻƭƭƻǿǎ όCƛƎǳǊŜ нύΥ όмύ 9ǾŀƭǳŀǘƛƴƎ ǘƘǊŜŜ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀƴŘ ƛŘŜƴǘƛŦȅ ƪŜȅ
ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΤ όнύ /ƻƴǎǘǊǳŎǘƛƴƎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ōȅ ŦƻǳǊ ǊŜǎƛǎǘŀƴŎŜ
ŦŀŎǘƻǊǎΤ όоύ 9ȄǘǊŀŎǘƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ǇƻƛƴǘǎΤ όпύ wƻōǳǎǘƴŜǎǎ ŀƴŀƭȅǎƛǎ ōŀǎŜŘ
ƻƴ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ǘƘŜƻǊȅΦ
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όмύ 9ŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ

9ŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ǇŀǘŎƘŜǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜ ŎƻƴƴŜŎǘƛǾƛǘȅΣ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ǎǘŀōƛƭƛǘȅ ƻŦ
ƭŀƴŘǎŎŀǇŜΣ ŀƴŘ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƳǇƻǊǘŀƴǘ ŜŎƻǎȅǎǘŜƳ ŦǳƴŎǘƛƻƴ ό5ƻƴƎ Ŝǘ ŀƭΦΣ нлнпύΦ IŜƛƭƻƴƎƧƛŀƴƎ ǇǊƻǾƛƴŎŜ ƛǎ ŀ
ƴŀǘƛƻƴŀƭ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ōŀǎŜΣ ǿƘƛŎƘ ōŀƭŀƴŎŜ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ό·ƛŀƴƎ Ŝǘ ŀƭΦΣ нлннΤ
²ŀƴƎ Ŝǘ ŀƭΦΣ нлнпύΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ǊŀǎǘŜǊ Řŀǘŀ ƻŦ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴΣ ǎƻƛƭ ŀƴŘ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴΣ ŀƴŘ
ǿƛƴŘōǊŜŀƪ ŀƴŘ ǎŀƴŘ ŦƛȄŀǘƛƻƴ ǎŜǊǾƛŎŜǎ ǿŜǊŜ ƴƻǊƳŀƭƛȊŜŘΦ ¢ƘŜ ǿŜƛƎƘǘ ƻŦ ǘƘǊŜŜ ǎŜǊǾƛŎŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ
ŀƴŀƭȅǘƛŎ ƘƛŜǊŀǊŎƘȅ ǇǊƻŎŜǎǎ ό!Itύ όǿŜƛƎƘǘ ƻŦ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ǎŜǊǾƛŎŜΥ лΦнсмΤ ǿŜƛƎƘǘ ƻŦ ǎƻƛƭ ŎƻƴǎŜǊǾŀǘƛƻƴΥ
лΦсооΤ ǿŜƛƎƘǘ ƻŦ ǿƛƴŘōǊŜŀƪ ǎŀƴŘ ŦƛȄŀǘƛƻƴΥ лΦмлсύΦ ¢ƘŜƴΣ ǘƘŜ 9ŎƻǎȅǎǘŜƳ {ŜǊǾƛŎŜ LƴŘŜȄ ό9{Lύ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ
ǿŜƛƎƘǘŜŘ ǎǳǇŜǊǇƻǎƛǘƛƻƴ ŀƴŀƭȅǎƛǎΦ 9{L ǿŀǎ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ р ƭŜǾŜƭǎ ōŀǎŜŘ ƻƴ ŘƛǎǘǊƛōǳǘƛƻƴ ǉǳŀƴǘƛƭŜǎΦ /ƭŀǎǎƛŦȅ
ǇŀǘŎƘŜǎ ǿƛǘƘ ŀƴ ŀǊŜŀ җнл ƪƳч ƛƴ ƭŜǾŜƭ р ŀǎ άƳƻǎǘ ƛƳǇƻǊǘŀƴǘ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΦέ /ƭŀǎǎƛŦȅ ǇŀǘŎƘŜǎ ƛƴ ƭŜǾŜƭ о
ŀƴŘ п ŀǎ άƎŜƴŜǊŀƭ ƛƳǇƻǊǘŀƴǘ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΦέ

όнύ wŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ŎƻƴǎǘǊǳŎǘƛƻƴ

¢ƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ǊŜŦƭŜŎǘǎ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ōŀǊǊƛŜǊǎ ǘƘŀǘ ǎǇŜŎƛŜǎ Ƴǳǎǘ ƻǾŜǊŎƻƳŜ ǿƘŜƴ
ƳƻǾƛƴƎ ƛƴ ǎǇŀŎŜ ό5ƻƴƎ Ŝǘ ŀƭΦΣ нлнпύΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ǿŀǎ ŎƻƴǎǘǊǳŎǘŜŘ ōȅ
ŦƻǳǊ ƛƴŘƛŎŀǘƻǊǎΥ ŜƭŜǾŀǘƛƻƴΣ ƭŀƴŘπǳǎŜΣ b5±L ŀƴŘ ǎƭƻǇŜΦ !ǎǎƛƎƴ ǊŜǎƛǎǘŀƴŎŜ ǾŀƭǳŜǎ ōŀǎŜŘ ƻƴ ǊŜƭŜǾŀƴǘ ǊŜǎŜŀǊŎƘ
ό¢ŀōƭŜ мύ ό/ǳƛ Ŝǘ ŀƭΦΣ нлнпΤ {ǳƴ Ŝǘ ŀƭΦΣ нлнпύΦ ¢ƘŜ ƭŀǊƎŜǊ ǘƘŜ ǾŀƭǳŜΣ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜΦ ¢ƘŜ ǿŜƛƎƘǘǎ
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ŀǊŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀƴŀƭȅǘƛŎ ƘƛŜǊŀǊŎƘȅ ǇǊƻŎŜǎǎΦ ¢ƘŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ
ǿŜƛƎƘǘŜŘ ǎǳƳƳŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀƴŘ Ǉƻƛƴǘǎ ƛƴ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜΦ

όоύ 9ŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊ ŀƴŘ ǎǘǊŀǘŜƎȅ Ǉƻƛƴǘ ŜȄǘǊŀŎǘƛƻƴ

9ŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀǊŜ ƭƛƴŜŀǊ ŀǊŜŀǎ ŎƻƴƴŜŎǘƛƴƎ ƪŜȅ ŜŎƻƭƻƎƛŎŀƭ ǇŀǘŎƘŜǎΣ ǿƘƛŎƘ ŀǊŜ ǇǊƛƳŀǊȅ ǇŀǘƘǿŀȅǎ ŦƻǊ
ōƛƻƭƻƎƛŎŀƭ ƳƛƎǊŀǘƛƻƴ ŀƴŘ ƳƻǾŜƳŜƴǘ ό[ƛ Ŝǘ ŀƭΦΣ нлноύΦ ¢ƘŜȅ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƛƳǇƻǊǘŀƴǘ ŜŎƻƭƻƎƛŎŀƭ ǎǇŀŎŜǎ
ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǇǊŜǾŜƴǘƛƴƎ ǎƻƛƭ ŜǊƻǎƛƻƴΣ ŀƴŘ ǇǊƻǘŜŎǘƛƴƎ ǿŀǘŜǊ ǎŜŎǳǊƛǘȅ όYǊƻǎǘ Ŝǘ ŀƭΦΣ нлмуύΦ Lƴ
ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀƴŘ ƪŜȅ Ǉƻƛƴǘǎ ƛǎ ōŀǎŜŘ ƻƴ ŎƛǊŎǳƛǘ ǘƘŜƻǊȅ όaŎwŀŜ Ŝǘ ŀƭΦΣ
нллуύΦ ¢Ƙƛǎ ǘƘŜƻǊȅ ŎƻƳǇŀǊŜǎ ǎǇŜŎƛŜǎ ǘƻ ŜƭŜŎǘǊƻƴǎΦ LŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŦŀǾƻǊǎ ǎǇŜŎƛŜǎ ŘƛǎǇŜǊǎŀƭΣ ƛǘǎ ǊŜǎƛǎǘŀƴŎŜ
ǾŀƭǳŜ ƛǎ ƭƻǿΦ ¢ƘŜǊŜōȅΣ ǘƘŜ Ŏƻǎǘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ǇŀǘƘ ƛǎ ŦƻǊƳŜŘΦ ¢ƘŜ ŦƻǊƳǳƭŀ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ

5ŀǘŀ ǘȅǇŜǎ [ŜǾŜƭǎ wŜǎƛǎǘŀƴŎŜ ǾŀƭǳŜ ²ŜƛƎƘǘ

[ŀƴŘ ¦ǎŜ CƻǊŜǎǘΣ {ƘǊǳōΣ ²ŀǘŜǊ .ƻŘȅ мл лΦрно

DǊŀǎǎƭŀƴŘΣ ²ŜǘƭŀƴŘ нл

CŀǊƳƭŀƴŘ пл

.ŀǊŜ [ŀƴŘ ул

!ǊǘƛŦƛŎƛŀƭ LƳǇŜǊǾƛƻǳǎ {ǳǊŦŀŎŜ млл

b5±L ҔлΦу мл лΦнфр

лΦсπлΦу нл

лΦоπлΦс пл

лΦмπлΦо ул

ғлΦм млл

{ƭƻǇŜ όÁύ ғн мл лΦммо

нπс нл

сπмл пл

млπнл ул

Ҕнл млл

9ƭŜǾŀǘƛƻƴ όƳύ ғплл мл лΦлтм

пллπулл нл

уллπмнлл пл

мнллπмслл ул

Ҕмслл млл
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I =
V

Reff

ǿƘŜǊŜ L ƛǎ ŎǳǊǊŜƴǘΣ ± ƛǎ ǾƻƭǘŀƎŜΣ ŀƴŘ wŜŦŦ ƛǎ ǊŜǎƛǎǘŀƴŎŜΦ ¢ƘŜ L ǾŀƭǳŜ ǊŜŦƭŜŎǘǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǎǇŜŎƛŜǎ
ƳƛƎǊŀǘƛƻƴΦ ¢ƘŜ ƘƛƎƘŜǊ ǘƘŜ L ǾŀƭǳŜΣ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ ƳƛƎǊŀǘƛƻƴ ǇǊƻōŀōƛƭƛǘȅΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ [ƛƴƪŀƎŜ aŀǇǇŜǊ ǿŀǎ
ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƳƛƴƛƳǳƳ ŎǳƳǳƭŀǘƛǾŜ ǊŜǎƛǎǘŀƴŎŜ Ŏƻǎǘ ǇŀǘƘ ōŀǎŜŘ ƻƴ ŎƛǊŎǳƛǘ ǘƘŜƻǊȅΣ ǿƘƛŎƘ ǿŀǎ ŀǎ ǘƘŜ
ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊΦ

9ŎƻƭƻƎƛŎŀƭ ǇƛƴŎƘ Ǉƻƛƴǘǎ ŀǊŜ ǘƘŜ ŀǊŜŀ ǿƛǘƘ ƘƛƎƘ ƭŀƴŘǎŎŀǇŜ ŎƻƴƴŜŎǘƛǾƛǘȅΣ ǿƘƛŎƘ ƴŜŜŘ ǇǊƛƻǊƛǘȅ ǇǊƻǘŜŎǘƛƻƴ
ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлмсύΦ ¢Ƙƛǎ ǎǘǳŘȅ ƛŘŜƴǘƛŦȅ ŜŎƻƭƻƎƛŎŀƭ ǇƛƴŎƘ Ǉƻƛƴǘǎ ōȅ ǘƘŜϦ!ƭƭ ǘƻ ƻƴŜϦ ǇŀǘǘŜǊƴ ƛƴ ǘƘŜ tƛƴŎƘ tƻƛƴǘ
aŀǇǇŜǊ ƳƻŘǳƭŜΦ 9ŎƻƭƻƎƛŎŀƭ ōŀǊǊƛŜǊ Ǉƻƛƴǘǎ ŀǊŜ ǘƘŜ ŀǊŜŀ ǿƘŜǊŜ ǎǇŜŎƛŜǎ ƳƛƎǊŀǘƛƻƴ ƛǎ ƘƛƴŘŜǊŜŘΣ ǿƘƛŎƘ Ŏŀƴ
ŀŦŦŜŎǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ŎƻƴƴŜŎǘƛǾƛǘȅΦ ¢Ƙƛǎ ǎǘǳŘȅ ƛŘŜƴǘƛŦȅ ōŀǊǊƛŜǊ Ǉƻƛƴǘǎ ōȅ ǘƘŜ .ŀǊǊƛŜǊ aŀǇǇŜǊΦ
!ƴŘ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ ǊŜǎǳƭǘǎ ŀǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ р ƭŜǾŜƭǎ ōȅ ǳǎƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭ ōǊŜŀƪπǇƻƛƴǘ ƳŜǘƘƻŘΦ CƛƴŀƭƭȅΣ ǘƘŜ
ŀǊŜŀǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ǾŀƭǳŜǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀǎ ŜŎƻƭƻƎƛŎŀƭ ōŀǊǊƛŜǊ ǇƻƛƴǘǎΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ǿŀǎ ŀƭǎƻ ŀǇǇƭƛŜŘ ǘƻ
ǘƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǇƛƴŎƘ ǇƻƛƴǘǎΦ

όпύ 9ŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ǊƻōǳǎǘƴŜǎǎ ŀǎǎŜǎǎƳŜƴǘ

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ŎŜƴǘǊŀƭ Ǉƻƛƴǘ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ŀǊŜ ǎŜǘ ŀǎ ǘƘŜ ƴƻŘŜ ƻŦ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪΦ !ƴŘ ǘƘŜ
ƭŜŀǎǘπŎƻǎǘ ǇŀǘƘ ό[/t ƭŜƴƎǘƘύ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŎƛǊŎǳƛǘ ǘƘŜƻǊȅ ŀǊŜ ǎŜǘ ŀǎ ǘƘŜ ǿŜƛƎƘǘ ŦƻǊ ǘƘŜ ƴŜǘǿƻǊƪ ŜŘƎŜΦ .ȅ
ŎƻƴǎǘǊǳŎǘƛƴƎ ǘƘƛǎ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ƳƻŘŜƭ ŀƴŘ ŎƻƳōƛƴƛƴƎ ƛǘ ǿƛǘƘ ǘƻǇƻƭƻƎƛŎŀƭ ŀƴŀƭȅǎƛǎΣ ǿŜ Ŏŀƴ ǊŜǾŜŀƭ ǘƘŜ
ƛƴǘŜǊƴŀƭ ǎǘǊǳŎǘǳǊŀƭ ŦŜŀǘǳǊŜǎ όIǳŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ

bŜǘǿƻǊƪ ǊƻōǳǎǘƴŜǎǎ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŎŀǇŀōƛƭƛǘȅ ƻŦ ŀ ƴŜǘǿƻǊƪ ǘƻ Ƴŀƛƴǘŀƛƴ ŦǳƴŎǘƛƻƴŀƭ
ƛƴǘŜƎǊƛǘȅ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ǊŜǎƛƭƛŜƴŎŜ ŀŦǘŜǊ ŘƛǎǘǳǊōŀƴŎŜΣ ǿƘƛŎƘ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ŀ
ǎȅǎǘŜƳϥǎ ǊŜǎƛǎǘŀƴŎŜ ό¸ǳ Ŝǘ ŀƭΦΣ нлмуύΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŜǾŀƭǳŀǘŜ ǊƻōǳǎǘƴŜǎǎ ōȅ ǘǿƻ ƴŜǘǿƻǊƪ ŀǘǘŀŎƪ
ǎŎŜƴŀǊƛƻǎΦ ¢ƘŜ ŦƛǊǎǘ ƛǎ ǊŀƴŘƻƳ ŀǘǘŀŎƪΣ ǿƘƛŎƘ ƴŜǘǿƻǊƪ ƴƻŘŜǎ ŀǊŜ ǊŜƳƻǾŜŘ ǊŀƴŘƻƳƭȅ ǘƻ ǎƛƳǳƭŀǘŜ Ƙŀōƛǘŀǘ
ŘŜƎǊŀŘŀǘƛƻƴ ŎŀǳǎŜŘ ōȅ ƴŀǘǳǊŀƭ ŦŀŎǘƻǊΦ ¢ƘŜ ǎŜŎƻƴŘ ƛǎ ŘŜƭƛōŜǊŀǘŜ ŀǘǘŀŎƪΣ ǿƘƛŎƘ ƴƻŘŜǎ ŀǊŜ ǊŜƳƻǾŜŘ
ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƴƻŘŜ ŘŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅ ŦǊƻƳ ƘƛƎƘ ǘƻ ƭƻǿ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ ¢Ƙƛǎ ǎƛƳǳƭŀǘŜǎ ǘƘŜ ǘŀǊƎŜǘŜŘ
ŘŜǎǘǊǳŎǘƛƻƴ ƻŦ ƪŜȅ ŜŎƻƭƻƎƛŎŀƭ ƴƻŘŜǎ ōȅ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΦ

5ŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅ ƛǎ ŀ ŎƻǊŜ ƛƴŘŜȄ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƴƻŘŜǎ ƛƴ ǘƘŜ ƴŜǘǿƻǊƪΦ ¢ƘŜ ƘƛƎƘŜǊ ǘƘŜ ǾŀƭǳŜ
ƛǎΣ ǘƘŜ ƳƻǊŜ ǎƛƎƴƛŦƛŎŀƴǘ ǘƘŜ ǊƻƭŜ ƛƴ ǘƘŜ ƴŜǘǿƻǊƪ ǿƛƭƭ ōŜΦ ¢ƘŜ ŦƻǊƳǳƭŀ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ

Ci =
ki

N − 1

ǿƘŜǊŜ /ƛ ƛǎ ǘƘŜ ŘŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅ ƻŦ ƴƻŘŜΣ ƪƛ ƛǎ ǘƘŜ ŘŜƎǊŜŜΣ bπм ƛǎ ǘƘŜ ƳŀȄƛƳǳƳ ŘŜƎǊŜŜ ƛƴ ǘƘŜ ƴŜǘǿƻǊƪΦ

Lƴ ƻǊŘŜǊ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ ŀŦǘŜǊ ŀǘǘŀŎƪΣ ǘƘƛǎ ǎǘǳŘȅ ƛƴǘǊƻŘǳŎŜǎ ŀ Ǝƭƻōŀƭ ŜŦŦƛŎƛŜƴŎȅ
ƛƴŘŜȄ ό!ƭōŜǊǘ Ŝǘ ŀƭΦΣ нлллΤ ²ŀƴƎΣ нлмрύΦ ¢Ƙƛǎ ƛƴŘŜȄ ǊŜŦƭŜŎǘǎ ǘƘŜ ƻǾŜǊŀƭƭ ƻǇŜǊŀǘƛƻƴŀƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ
ƴŜǘǿƻǊƪ ōȅ ǉǳŀƴǘƛŦȅƛƴƎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ŜŦŦƛŎƛŜƴŎȅ ōŜǘǿŜŜƴ ƴƻŘŜǎΦ ¢ƘŜ ŦƻǊƳǳƭŀ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ

E =
1

n n − 1
i≠j∈N

1
dij

�

ǿƘŜǊŜ 9 ƛǎ ǘƘŜ Ǝƭƻōŀƭ ŜŦŦƛŎƛŜƴŎȅΦ ƴ ƛǎ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƴƻŘŜǎ ƛƴ ǘƘŜ ƴŜǘǿƻǊƪΦ ŘƛƧ ƛǎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ
ǎƘƻǊǘŜǎǘ ǇŀǘƘ ōŜǘǿŜŜƴ ƴƻŘŜ ƛ ŀƴŘ ƴƻŘŜ ƧΣ ŀƴŘ ǘƘŜ ƘƛƎƘŜǊ ǾŀƭǳŜ ƻŦ ǘƘƛǎ ƛƴŘƛŎŀǘƻǊΣ ǘƘŜ ǎǘǊƻƴƎŜǊ ǊŜŎƻǾŜǊȅ
ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ ŀŦǘŜǊ ŘŀƳŀƎŜŘΦ
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.ŀǎŜŘ ƻƴ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘǊŜŜ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ όCƛƎǳǊŜ оŀύΣ ǿŜ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ƛƴ
IŜƛƭƻƴƎƧƛŀƴƎ Ƙŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅΣ ǿƛǘƘƛƴ ŀ ŘƛǎǘǊƛōǳǘƛƻƴ ǇŀǘǘŜǊƴ ƻŦ ϦƘƛƎƘ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ŀƴŘ
ƭƻǿ ŀǊƻǳƴŘ ǘƘŜ ǇŜǊƛǇƘŜǊȅέΦ ¢ƘŜ ŘŀǊƪŜǊ ƎǊŜŜƴ ŀǊŜŀǎ ŀǊŜ ƘƛƎƘŜǊ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ǾŀƭǳŜǎ ŀƴŘ ǎŜǊǾŜ ŀǎ ƪŜȅ
ƭƻŎŀǘƛƻƴǎ ŦƻǊ ǎŜƭŜŎǘƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜ ŀǊŜŀǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ ¢ƘŜǎŜ ǊŜƎƛƻƴǎ ǇƻǎǎŜǎǎ ǊƛŎƘŜǊ ƴŀǘǳǊŀƭ
ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ƳƻǊŜ ƛƴǘŀŎǘ ǿŀǘŜǊ ǎȅǎǘŜƳǎΣ ǘƘŜǊŜōȅ ǇǊƻǾƛŘƛƴƎ ǎǘǊƻƴƎŜǊ ŜŎƻƭƻƎƛŎŀƭ ǎŜǊǾƛŎŜǎΦ /ƻƴǾŜǊǎŜƭȅΣ
ǘƘŜ ŘŀǊƪŜǊ ōǊƻǿƴ ŀǊŜŀǎ ŀǊŜ ƭƻǿŜǊ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ǾŀƭǳŜǎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǊŜƎƛƻƴǎ ǿƛǘƘ ƘƛƎƘŜǊ
ǳǊōŀƴƛȊŀǘƛƻƴ ƻǊ ƎǊŜŀǘŜǊ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅ ƛƴǘŜǊŦŜǊŜƴŎŜΣ ǿƘŜǊŜ ŜŎƻƭƻƎƛŎŀƭ ŦǳƴŎǘƛƻƴǎ ŀǊŜ ŎƻƳǇŀǊŀǘƛǾŜƭȅ ǿŜŀƪΦ

Lƴ ŀǊŜŀ ǿƛǘƘ ƘƛƎƘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ǾŀƭǳŜΣ ǎƛƴƎƭŜ ǇŀǘŎƘŜǎ ǿƛǘƘ ŀǊŜŀ ƻŦ Óнл ƪƳн ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ Ƴƻǎǘ
ƛƳǇƻǊǘŀƴǘ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΦ ¢ƘŜ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ǎƘƻǿƴ ƛƴ ŦƛƎǳǊŜ оōΦ ! ǘƻǘŀƭ ƻŦ рп ŜŎƻƭƻƎƛŎŀƭ
ǎƻǳǊŎŜǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ǿƛǘƘ млтΣтлл ƪƳнΣ ǿƘƛŎƘ ŀŎŎƻǳƴǘǎ ŦƻǊ ннΦтс҈ ƻŦ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŀǊŜŀ ƻŦ
IŜƛƭƻƴƎƧƛŀƴƎΦ ¢ƘŜǎŜ ŀǊŜŀǎ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ŦƻǊŜǎǘ ŜŎƻǎȅǎǘŜƳ ǿƛǘƘ ŀōǳƴŘŀƴǘ ŦƻǊŜǎǘ ǊŜǎƻǳǊŎŜǎΣ ǎŜǊǾƛƴƎ ŀǎ
ƛƳǇƻǊǘŀƴǘ ŦƻǊŜǎǘǊȅ ōŀǎŜǎ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ōŀǊǊƛŜǊǎΦ !ƴŘ ǘƘŜ ƎŜƴŜǊŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ŎƻǾŜǊ
мспΣолл ƪƳнΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ опΦто҈ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŀǊŜŀΦ ¢ƘŜȅ ŀǊŜ Ƴŀƛƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ
ŀŎǊƻǎǎ ǘƘŜ ǿŜǎǘŜǊƴ ŀƴŘ ŎŜƴǘǊŀƭ Ǉƭŀƛƴǎ ƻŦ ǘƘŜ ǇǊƻǾƛƴŎŜΦ ¢Ƙƛǎ ǊŜƎƛƻƴ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ ŦŀǊƳƭŀƴŘ ŀƴŘ ƛǎ ŀ
ǎƛƎƴƛŦƛŎŀƴǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛƻƴ ŀǊŜŀ ƛƴ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜΦ

¢Ƙƛǎ ǎǘǳŘȅ ŀƴŀƭȅȊŜŘ п ǊŜǎƛǎǘŀƴŎŜ ŦŀŎǘƻǊǎ ŀƴŘ ŎƻƳōƛƴŜŘ ǘƘŜƛǊ ǊŜǎƛǎǘŀƴŎŜ ǾŀƭǳŜǎ ǘƻ ƎŜƴŜǊŀǘŜ ŀ
ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ όCƛƎǳǊŜ пύΦ Lƴ ǘƘŜ Ŝŀǎǘ ŀƴŘ ǿŜǎǘ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΣ ǘƘŜ ǘŜǊǊŀƛƴ ƛǎ
ǊŜƭŀǘƛǾŜƭȅ Ŧƭŀǘ ŘǳŜ ǘƻ ǘƘŜ ƭƻǿ ŜƭŜǾŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎ ƛǎ ǎƳŀƭƭ όCƛƎǳǊŜ пŀύΦ
!ǊŜŀǎ ǿƛǘƘ ƘƛƎƘ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ƭŀƴŘ ǳǎŜΣ ǎƘƻǿƴ ƛƴ ǊŜŘΣ ŀǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ȊƻƴŜǎΣ ǿƘŜǊŜ
ƛƳǇŜǊǾƛƻǳǎ ǎǳǊŦŀŎŜǎ ŀƴŘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ŎǊŜŀǘŜ ōŀǊǊƛŜǊǎ ǘƻ ŜŎƻƭƻƎƛŎŀƭ ŦƭƻǿΦ [ŀǊƎŜ ŀǊŜŀ ƻŦ ȅŜƭƭƻǿ ŀƴŘ ƎǊŜŜƴ ƛǎ
ŦŀǊƳƭŀƴŘΣ ŦƻǊŜǎǘ ƭŀƴŘΣ ŀƴŘ ƎǊŀǎǎƭŀƴŘΣ ǿƘƛŎƘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ Ŧƭƻǿ ƻŦ ƳŀǘǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ǿƛǘƘƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳ
όCƛƎǳǊŜ пōύΦ ¢ƘŜ ǊŜǎƛǎǘŀƴŎŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ b5±L ƛǎ ƎŜƴŜǊŀƭƭȅ ƳƻŘŜǊŀǘŜΣ ǿƛǘƘ ǎŎŀǘǘŜǊŜŘ ǊŜƎƛƻƴǎ ƻŦ ƘƛƎƘ
ǊŜǎƛǎǘŀƴŎŜ όCƛƎǳǊŜ пŎύΦ ¢ƘŜ ǎƭƻǇŜ ǊŜǎƛǎǘŀƴŎŜ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ƛƴ Ƴƻǎǘ ŀǊŜŀǎ ŘǳŜ ǘƻ ǘƘŜ ƎŜƴǘƭŜ ǘŜǊǊŀƛƴΦ
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IƻǿŜǾŜǊΣ ǘƘŜ ŜŘƎŜǎ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ŀǊŜ ƳƻǊŜ ǳƴŘǳƭŀǘƛƴƎ ǘŜǊǊŀƛƴΣ ǿƘŜǊŜ ǎǘŜŜǇŜǊ ǎƭƻǇŜǎ ƛƴŎǊŜŀǎŜ ǘƘŜ Ǌƛǎƪ
ƻŦ ǎƻƛƭ ŜǊƻǎƛƻƴ ŀƴŘ ǊŜƭŀǘŜŘ ǇǊƻōƭŜƳǎ όCƛƎǳǊŜ пŘύΦ ¢ƘŜ ŎƻƳǇƻǎƛǘŜ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ǎƘƻǿƴ
ƛƴ ŦƛƎǳǊŜ пŜΦ ¢ƘŜ ƘƛƎƘ ǊŜǎƛǎǘƛǾƛǘȅ ŀǊŜŀǎ ŀǊŜ Ƴŀƛƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ŀƴŘ ǿŜǎǘŜǊƴ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ
ŀǊŜŀΦ ¢ƘŜǎŜ ȊƻƴŜǎ ŀǊŜ ƘŜŀǾƛƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ ŎƻƴǎǘǊǳŎǘƛƻƴ ƭŀƴŘΣ ǎǳŎƘ ŀǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƴŜǘǿƻǊƪǎΣ ǿƘƛŎƘ
ǇƻǎŜ ŀ ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜ ǘƻ ŜŎƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢Ƙƛǎ ŜƭŜǾŀǘŜŘ ǊŜǎƛǎǘŀƴŎŜ ƛƳǇŜŘŜǎ ǎǇŜŎƛŜǎ ƳƛƎǊŀǘƛƻƴ
ŀƴŘ ƳŀǘŜǊƛŀƭ Ŧƭƻǿ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǊŜƎƛƻƴΣ ǘƘŜǊŜōȅ ǿŜŀƪŜƴƛƴƎ ŎƻƴƴŜŎǘƛǾƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ŜŀǎǘŜǊƴ ŀƴŘ
ǿŜǎǘŜǊƴ ǊŜƎƛƻƴǎΦ

! ǘƻǘŀƭ ƻŦ мпф ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΣ ǿƛǘƘ ŀ ŎƻƳōƛƴŜŘ ƭŜƴƎǘƘ ƻŦ нлΣслл ƪƳ όCƛƎǳǊŜ пŦύΦ
{ǇŀǘƛŀƭƭȅΣ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀǊŜ ƳƻǊŜ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ŀƴŘ ŜŀǎǘŜǊƴ ǇŀǊǘǎ ƻŦ ǘƘŜ ǊŜƎƛƻƴΣ ǿƘƛŎƘ
ŦƻǊƳ ŀ ǊŜƭŀǘƛǾŜƭȅ ŎƻƳǇƭŜǘŜ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪΦ ¢Ƙƛǎ ƴŜǘǿƻǊƪ ŦŀŎƛƭƛǘŀǘŜǎ ǎǇŜŎƛŜǎ ƳƛƎǊŀǘƛƻƴ ŀƴŘ ŜȄŎƘŀƴƎŜ
ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ƘŀōƛǘŀǘǎΣ ƳŀƛƴǘŀƛƴƛƴƎ ŜŎƻǎȅǎǘŜƳ ŎƻƴƴŜŎǘƛǾƛǘȅΦ IƻǿŜǾŜǊΣ ŎƻǊǊƛŘƻǊ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ
ǊŜƭŀǘƛǾŜƭȅ ǎǇŀǊǎŜ ƛƴ ǘƘŜ ǿŜǎǘŜǊƴ ŀƴŘ ǇŜǊƛǇƘŜǊŀƭ ŀǊŜŀǎΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ǿŜŀƪŜǊ ŜŎƻƭƻƎƛŎŀƭ ŎƻƴƴŜŎǘƛƻƴǎΣ ǿƘƛŎƘ
ƴŜŜŘ ŦǳǊǘƘŜǊ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦ

¢ƘŜ ōǊƻǿƴ Ǉƻƛƴǘǎ ŀǊŜ ŜŎƻƭƻƎƛŎŀƭ ōŀǊǊƛŜǊ ƭƻŎŀǘƛƻƴǎΦ !ǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƛƎǳǊŜΣ ǘƘŜǎŜ Ǉƻƛƴǘǎ ŀǊŜ ƳƻǊŜ
ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ƛƴǘŜǊǎŜŎǘΦ ¢ƘŜǎŜ ƭƻŎŀǘƛƻƴǎ ǘȅǇƛŎŀƭƭȅ ŎƻǊǊŜǎǇƻƴŘ ǘƻ
ōƭƻŎƪŜŘ ƻǊ ƻōǎǘǊǳŎǘŜŘ ǎŜŎǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎΦ 5ǳŜ ǘƻ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ όǎǳŎƘ ŀǎ ǊƻŀŘǎ ŀƴŘ
ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘύ ƻǊ ƴŀǘǳǊŀƭ ŦŀŎǘƻǊǎ όǎǳŎƘ ŀǎ ǊƛǾŜǊǎ ŀƴŘ ƳƻǳƴǘŀƛƴǎύΣ ǘƘŜǎŜ ōŀǊǊƛŜǊǎ ǊŜǎǘǊƛŎǘ ǘƘŜ ŦǊŜŜ
ƳƻǾŜƳŜƴǘ ƻŦ ǎǇŜŎƛŜǎ ŀƴŘ ƛƳǇŜŘŜ ǘƘŜ ǎƳƻƻǘƘ Ŧƭƻǿ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΦ !ŘŘǊŜǎǎƛƴƎ ǘƘŜǎŜ ŜŎƻƭƻƎƛŎŀƭ
ōŀǊǊƛŜǊ Ǉƻƛƴǘǎ ƛǎ ŀ ŎǊǳŎƛŀƭ ǘŀǎƪ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ƴŜǘǿƻǊƪ ŎƻƴƴŜŎǘƛǾƛǘȅΦ

¢ƘŜ ȅŜƭƭƻǿ Ǉƻƛƴǘǎ ŀǊŜ ŜŎƻƭƻƎƛŎŀƭ ǇƛƴŎƘ ǇƻƛƴǘǎΣ ǿƘƛŎƘ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ ŀǘ ǾŀǊƛƻǳǎ ƭƻŎŀǘƛƻƴǎ ŀƭƻƴƎ ŜŎƻƭƻƎƛŎŀƭ
ŎƻǊǊƛŘƻǊǎΣ ƻŎŎǳǊǊƛƴƎ ƳƻǊŜ ŦǊŜǉǳŜƴǘƭȅ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƛƴǘŜƴǎŜ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅΦ tǊƻǘŜŎǘƛƴƎ ǘƘŜǎŜ Ǉƻƛƴǘǎ ƛǎ
ƛƳǇƻǊǘŀƴǘ ǘƻ Ƴŀƛƴǘŀƛƴ ŜŎƻǎȅǎǘŜƳ ǎǘŀōƛƭƛǘȅ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜ ǎǇŜŎƛŜǎ ƳƛƎǊŀǘƛƻƴΦ
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¢Ƙƛǎ ǎǘǳŘȅ ǎƘƻǿǎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ рŀΣ ƛƴǘƻ ŀ
ƴŜǘǿƻǊƪ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǳǎŜŘ tȅǘƘƻƴ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŘŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅ ƻŦ ǾŀǊƛƻǳǎ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜ ŀǊŜŀǎ
όCƛƎǳǊŜ рōύΦ 5ŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅ ƛǎ ŀ ƪŜȅ ƛƴŘƛŎŀǘƻǊ ƻŦ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎΣ ǿƘƛŎƘ ǉǳŀƴǘƛŦƛŜǎ ǘƘŜ
ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƴƻŘŜǎ ǿƛǘƘƛƴ ŀ ƴŜǘǿƻǊƪΦ !ƳƻƴƎ ǘƘŜ ƴƻŘŜǎΣ ŜƛƎƘǘ ƘŀǾŜ ŀ ŘŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅ ƎǊŜŀǘŜǊ ǘƘŀƴ
лΦмрΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ мрΦум҈ ƻŦ ǘƘŜ ǘƻǘŀƭΦ ¢ƘŜǎŜ ǎƛƎƴƛŦƛŎŀƴǘ ƴƻŘŜǎ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ
ǊŜƎƛƻƴ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜΦ IƛƎƘπŎŜƴǘǊŀƭƛǘȅ ƴƻŘŜǎ Ǉƭŀȅ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ƳŀƛƴǘŀƛƴƛƴƎ ŜŎƻǎȅǎǘŜƳ
ǎǘŀōƛƭƛǘȅ ŀƴŘ ōŀƭŀƴŎŜ ŀƴŘ ǎƘƻǳƭŘ ōŜ ǇǊƛƻǊƛǘƛȊŜŘ ŦƻǊ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻǘŜŎǘƛƻƴΦ /ƻƴǾŜǊǎŜƭȅΣ ŜŎƻƭƻƎƛŎŀƭ ƴƻŘŜǎ мΣ оΣ
онΣ опΣ рлΣ ŀƴŘ рр ŜȄƘƛōƛǘ ŜȄǘǊŜƳŜƭȅ ƭƻǿ ŘŜƎǊŜŜ ŎŜƴǘǊŀƭƛǘȅΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜƛǊ ǊŜƭŀǘƛǾŜƭȅ ƳŀǊƎƛƴŀƭ ǎǘŀǘǳǎ
ǿƛǘƘƛƴ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪ ŀƴŘ ƭƛƳƛǘŜŘ ŜŎƻƭƻƎƛŎŀƭ ŦǳƴŎǘƛƻƴǎΦ ¢ƘŜǎŜ ƴƻŘŜǎ ǳǊƎŜƴǘƭȅ ǊŜǉǳƛǊŜ ŜƴƘŀƴŎŜŘ
ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǘŀǊƎŜǘŜŘ ƻǇǘƛƳƛȊŀǘƛƻƴΦ

¢Ƙƛǎ ǎǘǳŘȅ ŀƴŀƭȅȊŜŘ ƴŜǘǿƻǊƪ ǊƻōǳǎǘƴŜǎǎ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ рп ƴƻŘŜǎΣ ǳǎƛƴƎ ŀƴ ŀƭƎƻǊƛǘƘƳ ƛƴ tȅǘƘƻƴΦ
!ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΣ ǘƘŜ Ǝƭƻōŀƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ ŘŜŎǊŜŀǎŜŘ ǘƻ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ŀŦǘŜǊ ǘƘŜ ŦŀƛƭǳǊŜ
ƻŦ ŜŀŎƘ Ƴŀƛƴ ƴƻŘŜΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƴŜǘǿƻǊƪ ǎǘǊǳŎǘǳǊŜΦ

Lƴ ǘƘŜ ǊŀƴŘƻƳ ŀǘǘŀŎƪ ǎŎŜƴŀǊƛƻΣ ŘŜƭŜǘƛƴƎ нн ƴƻŘŜǎ ŎŀǳǎŜŘ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ǘƻ ŘǊƻǇ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǘƻ ол҈ ƻŦ ƛǘǎ
ƛƴƛǘƛŀƭ ǾŀƭǳŜΦ ²ƘŜƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŘŜƭŜǘŜŘ ƴƻŘŜǎ ƛƴŎǊŜŀǎŜŘ ǘƻ пуΣ ǘƘŜ ƻǾŜǊŀƭƭ ŜŦŦƛŎƛŜƴŎȅ ŦǳǊǘƘŜǊ ŘŜŎǊŜŀǎŜŘ
ǘƻ мл҈Φ ¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŀƴŘƻƳ ŀǘǘŀŎƪ ǇǊƻŎŜǎǎΣ ǘƘŜ ŘŜŎƭƛƴŜ ƛƴ ƴŜǘǿƻǊƪ ŜŦŦƛŎƛŜƴŎȅ ǿŀǎ ǊŜƭŀǘƛǾŜƭȅ ǳƴƛŦƻǊƳΣ
ŜȄƘƛōƛǘƛƴƎ ŀ ŎƻƴǎƛǎǘŜƴǘ ŘƻǿƴǿŀǊŘ ǘǊŜƴŘΦ

Lƴ ǘƘŜ ŘŜƭƛōŜǊŀǘŜ ŀǘǘŀŎƪ ǎŎŜƴŀǊƛƻΣ ǘƘŜ ǊŀǘŜ ƻŦ ŘŜŎƭƛƴŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ ǿŀǎ
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦŀǎǘŜǊ ǘƘŀƴ ƛƴ ǘƘŜ ǊŀƴŘƻƳ ŀǘǘŀŎƪ ǎŎŜƴŀǊƛƻΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ
ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ƛǎ ƘƛƎƘƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǘŀǊƎŜǘŜŘ ŘƛǎǊǳǇǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǘƘƻǎŜ ŎŀǳǎŜŘ ōȅ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΣ
ŀƴŘ ƛǎ ǇǊƻƴŜ ǘƻ ŎƻƭƭŀǇǎŜΦ ²ƘŜƴ ŜƛƎƘǘ ƘƛƎƘπŎŜƴǘǊŀƭƛǘȅ ƴƻŘŜǎ ǿŜǊŜ ǊŜƳƻǾŜŘΣ ǘƘŜ ƴŜǘǿƻǊƪ ǎǘǊǳŎǘǳǊŜ ǿŀǎ
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ǎŜǾŜǊŜƭȅ ŘŀƳŀƎŜŘΣ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ŜŦŦƛŎƛŜƴŎȅ ŘǊƻǇǇŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅΣ ŎƭŜŀǊƭȅ ŘŜƳƻƴǎǘǊŀǘƛƴƎ
ǘƘŀǘ ǘƘŜǎŜ ŎƻǊŜ ƴƻŘŜǎ Ǉƭŀȅ ŀ ƪŜȅ ǊƻƭŜ ƛƴ ǘƘŜ ƴŜǘǿƻǊƪ ŀƴŘ ŀǊŜ ŎǊǳŎƛŀƭ ŦƻǊ ƛǘǎ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ŎƻƴǘǊƻƭΦ ²ƘŜƴ
но ǾŜǊǘƛŎŜǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ŎŜƴǘǊŀƭƛǘȅ ǿŜǊŜ ŘŜƭŜǘŜŘΣ ǘƘŜ ƻǾŜǊŀƭƭ ƴŜǘǿƻǊƪ ŜŦŦƛŎƛŜƴŎȅ ǇƭǳƳƳŜǘŜŘ ǘƻ мл҈Φ

.ŀǎŜŘ ƻƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘǿƻ ŀǘǘŀŎƪΣ ƛǘ ƛǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ
ƴŜǘǿƻǊƪ ƛƴ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿΣ ǿƘƛŎƘ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ŜȄǘŜǊƴŀƭ ŘƛǎǘǳǊōŀƴŎŜǎ ŀƴŘ ǇǊƻƴŜ
ǘƻ ŘŀƳŀƎŜΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƴŜŜŘǎ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ŎƻǊŜ ƴƻŘŜǎΦ

¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǎǘǊŀǘŜƎȅ ŦƻǊ ōŀƭŀƴŎƛƴƎ ŜŎƻƴƻƳƛŎ
ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻǘŜŎǘƛƻƴΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǉǳƛŎƪƭȅ ŘŜǾŜƭƻǇƛƴƎ ǳǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭƭȅ
ŦǊŀƎƛƭŜ ŀǊŜŀǎ ό5ƛƴƎ Ŝǘ ŀƭΦΣ нлннύΦ ²ƛǘƘ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜ ŀǎ ŀƴ ŜȄŀƳǇƭŜΣ ǘƘƛǎ ǇŀǇŜǊ ƛŘŜƴǘƛŦƛŜǎ ƛƳǇƻǊǘŀƴǘ
ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ōȅ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΦ ! ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ƛǎ ŎƻƴǎǘǊǳŎǘŜŘ ōŀǎŜŘ ƻƴ
ƭŀƴŘ ǳǎŜΣ ŜƭŜǾŀǘƛƻƴΣ ǎƭƻǇŜ ŀƴŘ b5±LΦ ¢ƘŜƴΣ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ǎǘǊŀǘŜƎƛŎ Ǉƻƛƴǘǎ ŀǊŜ
ŜȄǘǊŀŎǘŜŘ ōȅ [ƛƴƪŀƎŜ aŀǇǇŜǊ ǎƻŦǘǿŀǊŜ ǘƻ ǎƛƳǳƭŀǘŜ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŎƛǊŎǳƛǘ ƻŦ ǊŜƎƛƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƛǊŎǳƛǘ
ǘƘŜƻǊȅΦ wƻōǳǎǘƴŜǎǎ ƻŦ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ǿŀǎ ǳǎŜŘ ǘƻ ŀƴŀƭȅȊŜ ŜŎƻƭƻƎƛŎŀƭ ǎǘŀōƛƭƛǘȅ ƭŜǾŜƭ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎ
tǊƻǾƛƴŎŜΣ ŀƛƳƛƴƎ ǘƻ ǇǊƻǾƛŘŜ ǎŎƛŜƴǘƛŦƛŎ ǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ǎǘǊŀǘŜƎƛŜǎ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴΦ
¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ƭŜǾŜƭ ƛǎ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ŀƴŘ ƭƻǿ ƛƴ ǘƘŜ ƻǳǘǎƛŘŜΦ ! ǘƻǘŀƭ ƻŦ рп
ƪŜȅ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ǿƛǘƘ ŀƴ ŀǊŜŀ ƻŦ млтΣтлл ƪƳ Į Φ мпф ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊǎ ǿŜǊŜ
ƻōǘŀƛƴŜŘ ǿƛǘƘ ŀ ǘƻǘŀƭ ƭŜƴƎǘƘ ƻŦ нлΣслл ƪƳΦ 9ŎƻƭƻƎƛŎŀƭ ōŀǊǊƛŜǊ Ǉƻƛƴǘǎ Ƴŀƛƴƭȅ ŀǇǇŜŀǊ ŀǘ ŎƻǊǊƛŘƻǊ ŎǊƻǎǎƛƴƎΦ
9ŎƻƭƻƎƛŎŀƭ ǇƛƴŎƘ Ǉƻƛƴǘ ƻŦǘŜƴ ŀǇǇŜŀǊ ƛƴ ǘƘŜ ŀǊŜŀ ǿƘŜǊŜ ǇŜƻǇƭŜ ƭƛǾŜ ŦǊŜǉǳŜƴǘƭȅΦ /ƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎ
Ǝƻǘ у Ƴŀƛƴ ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΣ ƭƻŎŀǘŜŘ ǇǊƛƳŀǊƛƭȅ ƛƴ ǘƘŜ ŎŜƴǘŜǊ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎΦ /ƻƳǇǊŜƘŜƴǎƛǾŜ ǎƛƳǳƭŀǘƛƻƴ
ŀƴŀƭȅǎƛǎ ǳƴŘŜǊ ǊŀƴŘƻƳ ŀƴŘ ŘŜƭƛōŜǊŀǘŜ ŀǘǘŀŎƪ ǎŎŜƴŀǊƛƻ ǎƘƻǿŜŘ ǘƘŜ ŎǳǊǊŜƴǘ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ƛƴ
IŜƛƭƻƴƎƧƛŀƴƎ ƛǎ ƭƻǿΦ ¢ƘŜ ŜŎƻǎȅǎǘŜƳ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ŜȄǘŜǊƴŀƭ ŘŜǎǘǊǳŎǘƛƻƴ ŀƴŘ Ŝŀǎƛƭȅ ŘŀƳŀƎŜŘΦ

Lƴ ǘƘŜ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘΣ ǿŜ Ŏŀƴ ŎƻƴǘƛƴǳŜ ǘƻ ŜȄǇƭƻǊŜ ƛƴ ŘŜǇǘƘ ŀǘ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ƭŜǾŜƭΣ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ
ŎƻǳǇƭƛƴƎ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΦ ²Ŝ Ŏŀƴ ōǳƛƭŘ ŀ ϦCƻǊŜǎǘπ
ǿŜǘƭŀƴŘπŦŀǊƳƭŀƴŘϦ ŎƻƳǇƭŜȄ ŜŎƻǎȅǎǘŜƳ ŜǾŀƭǳŀǘƛƻƴ ǎȅǎǘŜƳ ŦǊƻƳ ƳǳƭǘƛǇƭŜ ŘƛƳŜƴǎƛƻƴǎΦ 5ǳǊƛƴƎ ǘƘŜ
ŀǎǎŜǎǎƳŜƴǘ ǇǊƻŎŜǎǎΣ ǿŜ Ŏŀƴ ƻǇǘƛƳƛȊŜ ǘƘŜ ǿƛŘǘƘ ŀƴŘ ǊŜǎƛǎǘŀƴŎŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŎƻǊǊƛŘƻǊΦ
aŜŀƴǿƘƛƭŜΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƻƴǎƛŘŜǊ ŘƛŦŦŜǊŜƴǘ ŎƭƛƳŀǘŜ ǎŎŜƴŀǊƛƻǎΦ ²Ŝ ƴŜŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ
ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪǎ ǳƴŘŜǊ ŘƛŦŦŜǊŜƴǘ ǿŀǊƳƛƴƎ ǇŀǘƘǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǿŜ ŀƭǎƻ Ŏŀƴ ōǳƛƭŘ ŀ ǇǊŜŘƛŎǘƛƻƴ ƳƻŘŜƭΣ
ǿƘƛŎƘ Ŏŀƴ ǘǊŀŎƪ ǘƘŜ ǎǘŀǘŜ ƻŦ ƴƻŘŜǎ ƛƴ ǊŜŀƭ ǘƛƳŜΦ CƛƴŀƭƭȅΣ ōŀǎŜ ƻƴ ǘƘŜǎŜ ǊŜǎǳƭǘǎΣ ²Ŝ ǇǊƻǇƻǎŜ ǘƻ ŀŘƧǳǎǘ ŀƴŘ
ƻǇǘƛƳƛȊŜ ǘƘŜ ǇƻƭƛŎȅΣ ŀƴŘ ŀŘƻǇǘ ȊƻƴŜ ŎƻƴǘǊƻƭ ǘƻ ƳŀƴŀƎŜƳŜƴǘΦ
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¢ƘŜ ǇŀǇŜǊ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ bŀǘƛƻƴŀƭ bŀǘǳǊŀƭ {ŎƛŜƴŎŜ CƻǳƴŘŀǘƛƻƴ ƻŦ /ƘƛƴŀΥ wŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ŘǊƛǾƛƴƎ
ƳŜŎƘŀƴƛǎƳ ƻŦ ǎǇŀǘƛŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǇƭŀƴƴƛƴƎ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎ
ƛƴ ƴƻǊǘƘŜŀǎǘ /Ƙƛƴŀ όрнптулптύ Φ

!ƘƳŜŘΣ CΦ όнлнпύ άLƴǘŜƎǊŀǘƛǾŜ !ǇǇǊƻŀŎƘŜǎ ǘƻ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ ¦Ǌōŀƴ 9ȄǇŀƴǎƛƻƴΣ ŀƴŘ {ǳǎǘŀƛƴŀōƭŜ
5ŜǾŜƭƻǇƳŜƴǘΥ ! Dƭƻōŀƭ ŀƴŘ LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ wŜǾƛŜǿέΣ WƻǳǊƴŀƭ ƻŦ wŜǎŜŀǊŎƘ ŀƴŘ !ǇǇƭƛŜŘ {ŎƛŜƴŎŜǎ
ŀƴŘ .ƛƻǘŜŎƘƴƻƭƻƎȅΣ оΣ ǇǇΦ нннςносΦ

!ƭōŜǊǘΣ wΦΣ WŜƻƴƎΣ IΦ ŀƴŘ .ŀǊŀōłǎƛΣ !Φπ[Φ όнлллύ ά9ǊǊƻǊ ŀƴŘ ŀǘǘŀŎƪ ǘƻƭŜǊŀƴŎŜ ƻŦ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪǎέΣ bŀǘǳǊŜΣ
плсΣ ǇǇΦ отуςоунΦ

/ǳƛΣ {ΦΣ 5ǳΣ ·Φ[ΦΣ WƛŀΣ /Φ¸ΦΣ CǳΣ vΦ ŀƴŘ [ƛǳΣ 5Φ όнлнпύ ά9ŎƻǎȅǎǘŜƳ {ŜǊǾƛŎŜ ±ŀƭǳŜ 9ǎǘƛƳŀǘƛƻƴ ŀƴŘ 9ŎƻƭƻƎƛŎŀƭ
{ŜŎǳǊƛǘȅ tŀǘǘŜǊƴ ƛƴ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜέΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜΣ прόммύΣ ǇǇΦ спуф π срллΦ

5ŀƪƻǎΣ ±Φ ŀƴŘ YŞŦƛΣ {Φ όнлннύ ά9ŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΥ ǿƘŀǘ ǘƻ ƳŜŀǎǳǊŜ ŀƴŘ ƘƻǿέΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜǎŜŀǊŎƘ
[ŜǘǘŜǊǎΣ мтΣ лполлоΦ

5ƛƴƎΣ aΦΣ [ƛǳΣ ²ΦΣ ·ƛŀƻΣ [ΦΣ ½ƘƻƴƎΣ CΦΣ [ǳΣ bΦΣ ½ƘŀƴƎΣ WΦΣ ½ƘŀƴƎΣ ½ΦΣ ·ǳΣ ·Φ ŀƴŘ ²ŀƴƎΣ YΦ όнлннύ ά/ƻƴǎǘǊǳŎǘƛƻƴ
ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ ǎǘǊŀǘŜƎȅ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ƛƴ ŀ ǊŀǇƛŘƭȅ ǳǊōŀƴƛȊƛƴƎ ǊŜƎƛƻƴΥ ! ŎŀǎŜ
ǎǘǳŘȅ ƛƴ ŎŜƴǘǊŀƭ πǎƻǳǘƘ /ƘƛƴŀέΣ 9ŎƻƭƻƎƛŎŀƭ LƴŘƛŎŀǘƻǊǎΣ мосΣ млуслпΦ

5ƻƴƎΣ ·ΦΣ ²ŀƴƎΣ CΦ ŀƴŘ CǳΣ aΦ όнлнпύ άwŜǎŜŀǊŎƘ ǇǊƻƎǊŜǎǎ ŀƴŘ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƴƎ ŜŎƻƭƻƎƛŎŀƭ
ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ōŀǎŜŘ ƻƴ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪέΣ 9ŎƻƭƻƎƛŎŀƭ LƴŘƛŎŀǘƻǊǎΣ мсуΣ ммнуллΦ

IƻƭƭƛƴƎΣ /Φ{Φ όмфтоύ άwŜǎƛƭƛŜƴŎŜ ŀƴŘ ǎǘŀōƛƭƛǘȅ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎέΣ !ƴƴǳŀƭ wŜǾƛŜǿ ƻŦ 9ŎƻƭƻƎȅ ŀƴŘ
{ȅǎǘŜƳŀǘƛŎǎΣ пόмύΣ ǇǇΦ м π ноΦ

IǳŀƴƎΣ YΦΣ tŜƴƎΣ [ΦΣ ²ŀƴƎΣ ·ΦΣ 5ŜƴƎΣ ²Φ ŀƴŘ [ƛǳΣ ¸Φ όнлноύ άLƴŎƻǊǇƻǊŀǘƛƴƎ ŎƛǊŎǳƛǘ ǘƘŜƻǊȅΣ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪǎΣ
ŀƴŘ ŎŀǊōƻƴ ƻŦŦǎŜǘǎ ƛƴǘƻ ǘƘŜ Ƴǳƭǘƛ π ƻōƧŜŎǘƛǾŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪǎΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻƴ
ƪŀǊǎǘ ǊŜƎƛƻƴǎ ƛƴ /ƘƛƴŀέΣ WƻǳǊƴŀƭ ƻŦ /ƭŜŀƴŜǊ tǊƻŘǳŎǘƛƻƴΣ оуоΣ моррмнΦ

WƛŀƴƎΣ ¢ΦΣ ²ŀƴƎΣ vΦwΦΣ {ƻƴƎΣ ¸ΦIΦΣ WƛŀΣ DΦ·ΦΣ ¢ŀƴƎΣ ¸Φ[ΦΣ [ƛŀƴƎΣ /Φ ŀƴŘ IŀƴΣ [Φ όнлнрύ άLŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ YŜȅ
!ǊŜŀǎ ŦƻǊ 9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƻŦ tǊƻǾƛƴŎƛŀƭ ¢ŜǊǊƛǘƻǊƛŀƭ {ǇŀŎŜ ŀƴŘ wŜǎǘƻǊŀǘƛƻƴ {ǘǊŀǘŜƎƛŜǎττ!
/ŀǎŜ {ǘǳŘȅ ƻŦ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜέΣ /Ƙƛƴŀ [ŀƴŘ wŜǎƻǳǊŎŜǎ 9ŎƻƴƻƳȅΣ оуόлуύΣ ǇǇΦ рн π снΣ тлΦ

YǊƻǎǘΣ tΦΣ DƻŜǊǊŜǎΣ aΦ ŀƴŘ {ŀƴŘƻǿΣ ±Φ όнлмуύ ά²ƛƭŘƭƛŦŜ ŎƻǊǊƛŘƻǊǎ ǳƴŘŜǊ ǿŀǘŜǊΥ ŀƴ ŀǇǇǊƻŀŎƘ ǘƻ ǇǊŜǎŜǊǾŜ
ƳŀǊƛƴŜ ōƛƻŘƛǾŜǊǎƛǘȅ ƛƴ ƘŜŀǾƛƭȅ ƳƻŘƛŦƛŜŘ ǿŀǘŜǊ ōƻŘƛŜǎέΣ WƻǳǊƴŀƭ ƻŦ /ƻŀǎǘŀƭ /ƻƴǎŜǊǾŀǘƛƻƴΣ ннΣ ǇǇΦ
утςмлпΦ

[ƛΣ ¸ΦΣ [ƛǳΣ ²ΦΣ CŜƴƎΣ vΦΣ ½ƘǳΣ aΦΣ ¸ŀƴƎΣ [ΦΣ ½ƘŀƴƎΣ WΦ ŀƴŘ ¸ƛƴΣ ·Φ όнлноύ ά¢ƘŜ ǊƻƭŜ ƻŦ ƭŀƴŘ ǳǎŜ ŎƘŀƴƎŜ ƛƴ
ŀŦŦŜŎǘƛƴƎ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀƴŘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ƻŦ ǘƘŜ IŜȄƛ wŜƎƛƻƴǎΣ bƻǊǘƘǿŜǎǘ
/ƘƛƴŀέΣ {ŎƛŜƴŎŜ ƻŦ ǘƘŜ ¢ƻǘŀƭ 9ƴǾƛǊƻƴƳŜƴǘΣ уррΣ мруфплΦ

[ƛΣ ¸ΦΣ ½ƘŀƻΣ WΦΣ ¸ǳŀƴΣ WΦΣ WƛΣ tΦΣ 5ŜƴƎΣ ·Φ ŀƴŘ ¸ŀƴƎΣ ¸Φ όнлннύ ά/ƻƴǎǘǊǳŎǘƛƴƎ ǘƘŜ 9ŎƻƭƻƎƛŎŀƭ {ŜŎǳǊƛǘȅ tŀǘǘŜǊƴ ƻŦ
bǳƧƛŀƴƎ tǊŜŦŜŎǘǳǊŜ .ŀǎŜŘ ƻƴ ǘƘŜ CǊŀƳŜǿƻǊƪ ƻŦ άLƳǇƻǊǘŀƴŎŜς{ŜƴǎƛǘƛǾƛǘȅς/ƻƴƴŜŎǘƛǾƛǘȅΦέέΣ
LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜǎŜŀǊŎƘ ŀƴŘ tǳōƭƛŎ IŜŀƭǘƘΣ мфΣ млусфΦ

[ǳΣ ½ΦΣ [ƛΣ ²ΦΣ ²ŀƴƎΣ ¸Φ ŀƴŘ ½ƘƻǳΣ {Φ όнлннύ ά.ƛōƭƛƻƳŜǘǊƛŎ !ƴŀƭȅǎƛǎ ƻŦ Dƭƻōŀƭ wŜǎŜŀǊŎƘ ƻƴ 9ŎƻƭƻƎƛŎŀƭ
bŜǘǿƻǊƪǎ ƛƴ bŀǘǳǊŜ /ƻƴǎŜǊǾŀǘƛƻƴ ŦǊƻƳ мффл ǘƻ нлнлέΣ {ǳǎǘŀƛƴŀōƛƭƛǘȅΣ мпΣ пфнрΦ
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[ǳƳƛŀΣ DΦΣ tǊŀǘƛŎƼΣ {ΦΣ 5ƛ CŀȊƛƻΣ {ΦΣ /ǳǎƘƳŀƴΣ {Φ ŀƴŘ aƻŘƛŎŀΣ DΦ όнлноύ ά/ƻƳōƛƴŜŘ ǳǎŜ ƻŦ ǳǊōŀƴ !ǘƭŀǎ ŀƴŘ
/ƻǊƛƴŜ ƭŀƴŘ ŎƻǾŜǊ ŘŀǘŀǎŜǘǎ ŦƻǊ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀƴ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪ ǳǎƛƴƎ ƎǊŀǇƘ ǘƘŜƻǊȅ
ǿƛǘƘƛƴ ŀ Ƴǳƭǘƛ π ǎǇŜŎƛŜǎ ŀǇǇǊƻŀŎƘέΣ 9ŎƻƭƻƎƛŎŀƭ LƴŘƛŎŀǘƻǊǎΣ мпуΣ ммлмрлΦ

aŎwŀŜΣ .ΦIΦΣ 5ƛŎƪǎƻƴΣ .ΦDΦΣ YŜƛǘǘΣ ¢ΦIΦ ŀƴŘ {ƘŀƘΣ ±Φ.Φ όнллуύ ά¦ǎƛƴƎ /ƛǊŎǳƛǘ ¢ƘŜƻǊȅ ǘƻ aƻŘŜƭ /ƻƴƴŜŎǘƛǾƛǘȅ
ƛƴ 9ŎƻƭƻƎȅΣ 9ǾƻƭǳǘƛƻƴΣ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴέΣ 9ŎƻƭƻƎȅΣ уфΣ ǇǇΦ нтмнςнтнпΦ

tŜƴƎΣ WΦΣ ·ǳΣ 5ΦΣ ¢ŀƴƎΣ IΦΣ WƛŀƴƎΣ IΦ ŀƴŘ 5ƻƴƎΣ WΦ όнлнрύ ά! ƭŀƴŘǎŎŀǇŜ ŜŎƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǎǇŀǘƛŀƭ
ŎƻƴǎŜǊǾŀǘƛƻƴ ǇƭŀƴƴƛƴƎ ς ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴέΣ ¢ǊŜƴŘǎ ƛƴ 9ŎƻƭƻƎȅ ŀƴŘ 9ǾƻƭǳǘƛƻƴΦ

{ǳƴΣ ½Φ¸ΦΣ ²ŀƴƎΣ {ΦDΦ ŀƴŘ /ƘŜƴΣ .Φ όнлнпύ ά/ƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ
ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ōŀǎŜŘ ƻƴ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΥ ŀ ŎŀǎŜ ǎǘǳŘȅ ƻŦ /ƘŀƴƎǎƘŀ π ½ƘǳȊƘƻǳ π ·ƛŀƴƎǘŀƴ
ǳǊōŀƴ ŀƎƎƭƻƳŜǊŀǘƛƻƴέΣ !Ŏǘŀ 9ŎƻƭƻƎƛŎŀ {ƛƴƛŎŀΣ ппόммύΣ ǇǇΦ псрл π пссмΦ

²ŀƴƎΣ WΦ όнлмрύ άwŜǎƛƭƛŜƴŎŜ ƻŦ {ŜƭŦ π hǊƎŀƴƛȊŜŘ ŀƴŘ ¢ƻǇ π 5ƻǿƴ tƭŀƴƴŜŘ /ƛǘƛŜǎτ! /ŀǎŜ {ǘǳŘȅ ƻƴ [ƻƴŘƻƴ
ŀƴŘ .ŜƛƧƛƴƎ {ǘǊŜŜǘ bŜǘǿƻǊƪǎέΣ t[h{ hb9Σ млΣ ŜлмпмтосΦ

²ŀƴƎΣ {ΦIΦΣ ·ǳΣ ·Φ[ΦΣ IǳŀƴƎΣ [ΦΣ {ƘƛΣ IΦ5ΦΣ DǳΣ vΦ.Φ ŀƴŘ [ƛǳΣ IΦ.Φ όнлнпύ ά¢ǊŀŘŜ π ƻŦŦǎ ŀƴŘ ǎȅƴŜǊƎƛŜǎ ƻŦ
ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ƛƴ ǘƘŜ ōƭŀŎƪ ǎƻƛƭ ǊŜƎƛƻƴ ƻŦ bƻǊǘƘŜŀǎǘ /ƘƛƴŀέΣ !Ŏǘŀ 9ŎƻƭƻƎƛŎŀ {ƛƴƛŎŀΣ ппόнмύΣ ǇǇΦ
фрлп π фрмфΦ

²ŀƴƎΣ ¢ΦΣ [ƛΣ IΦ ŀƴŘ IǳŀƴƎΣ ¸Φ όнлнмύ ά¢ƘŜ ŎƻƳǇƭŜȄ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪΩǎ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǘƘŜ ²ǳƘŀƴ
ƳŜǘǊƻǇƻƭƛǘŀƴ ŀǊŜŀέΣ 9ŎƻƭƻƎƛŎŀƭ LƴŘƛŎŀǘƻǊǎΣ молΣ млумлмΦ

²ǳΣ ½ΦΣ /ƘŜƴƎΣ {ΦΣ ·ǳΣ YΦ ŀƴŘ vƛŀƴΣ ¸Φ όнлнпύ ά9ŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪ ǊŜǎƛƭƛŜƴŎŜ ŜǾŀƭǳŀǘƛƻƴ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ
ǎǘǊŀǘŜƎƛŎ ǎǇŀŎŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ōŀǎŜŘ ƻƴ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ǘƘŜƻǊȅΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻŦ bŀƴƧƛƴƎ ŎƛǘȅέΣ
9ŎƻƭƻƎƛŎŀƭ LƴŘƛŎŀǘƻǊǎΣ мруΣ мммслпΦ

·ƛŀƴƎΣ IΦΣ ½ƘŀƴƎΣ WΦΣ aŀƻΣ 5ΦΣ ²ŀƴƎΣ ½ΦΣ vƛǳΣ ½Φ ŀƴŘ ¸ŀƴΣ IΦ όнлннύ άLŘŜƴǘƛŦȅƛƴƎ ǎǇŀǘƛŀƭ ǎƛƳƛƭŀǊƛǘƛŜǎ ŀƴŘ
ƳƛǎƳŀǘŎƘŜǎ ōŜǘǿŜŜƴ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ bƻǊǘƘŜŀǎǘ /ƘƛƴŀέΣ
9ŎƻƭƻƎƛŎŀƭ LƴŘƛŎŀǘƻǊǎΣ мопΣ млурлмΦ

¸ŀƴƎΣ {Φ{ΦΣ ½ƻǳΣ /Φ·ΦΣ {ƘŜƴΣ ²Φ{ΦΣ {ƘŜƴΣ wΦtΦ ŀƴŘ ·ǳΣ 5Φ[Φ όнлмсύ ά/ƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ
ǇŀǘǘŜǊƴǎ ōŀǎŜŘ ƻƴ ŜŎƻƭƻƎƛŎŀƭ ǊŜŘ ƭƛƴŜΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻŦ WƛŀƴƎȄƛ tǊƻǾƛƴŎŜέΣ /ƘƛƴŜǎŜ WƻǳǊƴŀƭ ƻŦ
9ŎƻƭƻƎȅΣ орόлмύΣ ǇǇΦ нрл π нруΦ

¸ƛΣ /Φ ŀƴŘ WŀŎƪǎƻƴΣ bΦ όнлнмύ ά! ǊŜǾƛŜǿ ƻŦ ƳŜŀǎǳǊƛƴƎ ŜŎƻǎȅǎǘŜƳ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ŘƛǎǘǳǊōŀƴŎŜέΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ
wŜǎŜŀǊŎƘ [ŜǘǘŜǊǎΣ мсΣ лроллуΦ

¸ǳΣ vΦΣ ¸ǳŜΣ 5ΦΣ ²ŀƴƎΣ ¸ΦΣ YŀƛΣ {ΦΣ CŀƴƎΣ aΦΣ aŀΣ IΦΣ ½ƘŀƴƎΣ vΦ ŀƴŘ IǳŀƴƎΣ ¸Φ όнлмуύ άhǇǘƛƳƛȊŀǘƛƻƴ ƻŦ
ŜŎƻƭƻƎƛŎŀƭ ƴƻŘŜ ƭŀȅƻǳǘ ŀƴŘ ǎǘŀōƛƭƛǘȅ ŀƴŀƭȅǎƛǎ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƴŜǘǿƻǊƪ ƛƴ ŘŜǎŜǊǘ ƻŀǎƛǎ：ŀ ǘȅǇƛŎŀƭ ŎŀǎŜ
ǎǘǳŘȅ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ŦǊŀƎƛƭŜ ȊƻƴŜ ƭƻŎŀǘŜŘ ŀǘ 5ŜƴƎ Yƻǳ /ƻǳƴǘȅ όLƴƴŜǊ aƻƴƎƻƭƛŀύέΣ 9ŎƻƭƻƎƛŎŀƭ
LƴŘƛŎŀǘƻǊǎΣ упΣ ǇǇΦ олпςомуΦ

¸ǳŀƴΣ ¸ΦΣ .ŀƛΣ ½ΦΣ ½ƘŀƴƎΣ WΦ ŀƴŘ ·ǳΣ /Φ όнлннύ άLƴŎǊŜŀǎƛƴƎ ǳǊōŀƴ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ōŀǎŜŘ ƻƴ ŜŎƻƭƻƎƛŎŀƭ
ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴΥ ! ŎŀǎŜ ǎǘǳŘȅ ƛƴ ŀ ǊŜǎƻǳǊŎŜ π ōŀǎŜŘ ŎƛǘȅέΣ 9ŎƻƭƻƎƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ мтрΣ млспусΦ

½ƘŀƴƎΣ ¸ΦΣ /ŀƻΣ ¸ΦΣ IǳŀƴƎΣ ¸Φ ŀƴŘ ²ǳΣ WΦ όнлноύ άLƴǘŜƎǊŀǘƛƴƎ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀƴŘ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ
ǘƘŜƻǊȅ ǘƻ ŎƻƴǎǘǊǳŎǘ ŀƴŘ ƻǇǘƛƳƛȊŜ ŜŎƻƭƻƎƛŎŀƭ ǎŜŎǳǊƛǘȅ ǇŀǘǘŜǊƴǎΥ ŀ ŎŀǎŜ ǎǘǳŘȅ ƻŦ DǳŀƴƎŘƻƴƎ π IƻƴƎ
YƻƴƎ π aŀŎŀƻ DǊŜŀǘŜǊ .ŀȅ !ǊŜŀΣ /ƘƛƴŀέΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜ ŀƴŘ tƻƭƭǳǘƛƻƴ wŜǎŜŀǊŎƘΣ олΣ ǇǇΦ
тсуфмςтсфмлΦ
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aǳΣ ¸ΦCΦΤ 5ƻƴƎΣ ²ΦΤ 5ƻƴƎΣ ¸ΦΤ ¢ŀƴΣ ½Φ[Φ ¢ƘŜ 9ŎƻƭƻƎƛŎŀƭ wŜǎƛƭƛŜƴŎŜ wŜƎǳƭŀǘƛƻƴ aŜŎƘŀƴƛǎƳ
ƻŦ ¦Ǌōŀƴ aƻǊǇƘƻƭƻƎȅ

wŜǎŜŀǊŎƘ tŀǇŜǊ

The Ecological Resilience RegulationMechanism of
UrbanMorphology:

A Nonlinear Multi-scale Study on Avian Diversity
¸ƛŦŀƴ a¦Σ {ŎƘƻƻƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ 5ŜǎƛƎƴΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ bŀǘƛƻƴŀƭ
¢ŜǊǊƛǘƻǊȅ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ ŀƴŘ 9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƛƴ /ƻƭŘ wŜƎƛƻƴǎΣ aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎΣ /Ƙƛƴŀ

²Ŝƛ 5hbDΣ {ŎƘƻƻƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ 5ŜǎƛƎƴΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ bŀǘƛƻƴŀƭ
¢ŜǊǊƛǘƻǊȅ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ ŀƴŘ 9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƛƴ /ƻƭŘ wŜƎƛƻƴǎΣ aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎΣ /Ƙƛƴŀ

¸ǳ 5hbDϝΣ {ŎƘƻƻƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ 5ŜǎƛƎƴΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ bŀǘƛƻƴŀƭ
¢ŜǊǊƛǘƻǊȅ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ ŀƴŘ 9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƛƴ /ƻƭŘ wŜƎƛƻƴǎΣ aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎΣ /Ƙƛƴŀ

½Ƙǳƻƭƛƴ ¢!bΣ {ŎƘƻƻƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ 5ŜǎƛƎƴΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ
bŀǘƛƻƴŀƭ ¢ŜǊǊƛǘƻǊȅ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ ŀƴŘ 9ŎƻƭƻƎƛŎŀƭ wŜǎǘƻǊŀǘƛƻƴ ƛƴ /ƻƭŘ wŜƎƛƻƴǎΣ aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŀƭ

wŜǎƻǳǊŎŜǎΣ /Ƙƛƴŀ

!ōǎǘǊŀŎǘ

¦ƴŘŜǊ ǘƘŜ Řǳŀƭ ǇǊŜǎǎǳǊŜǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǇǊƻǘŜŎǘƛƴƎ ǳǊōŀƴ ōƛƻŘƛǾŜǊǎƛǘȅ
Ƙŀǎ ōŜŎƻƳŜ ŀ ƪŜȅ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƎƻŀƭǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ
ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǳǊōŀƴ ŘƛǎǘǊƛŎǘ ƻŦ IŀǊōƛƴΣ IŜƛƭƻƴƎƧƛŀƴƎ tǊƻǾƛƴŎŜΣ /ƘƛƴŀΦ .ŀǎŜŘ ƻƴ
ōƛǊŘ ŘƛǾŜǊǎƛǘȅ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ прс ǎŀƳǇƭŜ ǇƻƛƴǘǎΣ ǿŜ ǳǎŜŘ ŀ ōƻƻǎǘŜŘ ǊŜƎǊŜǎǎƛƻƴ ǘǊŜŜ ƳƻŘŜƭ ǘƻ
ŎƻƴŘǳŎǘ ŀ ƳǳƭǘƛπǎŎŀƭŜ ƴƻƴƭƛƴŜŀǊ ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŀƭƭƻǿŜŘ ǳǎ ǘƻ ŜȄŀƳƛƴŜ Ƙƻǿ ǳǊōŀƴ
ƳƻǊǇƘƻƭƻƎȅ ǊŜƎǳƭŀǘŜǎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅΦ ¢ƘŜ ǎǘǳŘȅ ŦƛƴŘǎ ǘƘŀǘ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ƻƴ
ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ǎƘƻǿǎ ŀ ŎƻƳǇƭŜȄ ǎŎŀƭŜπŘŜǇŜƴŘŜƴǘ ǇŀǘǘŜǊƴΦ !ǘ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜΣ ƳƻǊǇƘƻƭƻƎƛŎŀƭ
ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ ōǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅ ŀƴŘ ŦƭƻƻǊ ŀǊŜŀ Ǌŀǘƛƻ ƎŜƴŜǊŀƭƭȅ ǎǳǇǇǊŜǎǎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅΦ hŦ
ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘŜ ŦƭƻƻǊ ŀǊŜŀ Ǌŀǘƛƻ ǊŜŀŎƘŜǎ ŀ ǘƘǊŜǎƘƻƭŘ ƴŜŀǊ мΦрΦ !ǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ǘƘŜ
ŜŦŦŜŎǘǎ ƻŦ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŎƘŀƴƎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅΦ .ǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅ ǎƘƻǿǎ ŀ ǇƻǎƛǘƛǾŜ ǇŜŀƪ ŀǊƻǳƴŘ
лΦорΣ ǿƘƛƭŜ ǘƘŜ ŦƭƻƻǊ ŀǊŜŀ Ǌŀǘƛƻ ŘƛǎǇƭŀȅǎ ŀƴ ƛƴǾŜǊǘŜŘ ¦πǎƘŀǇŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇΦ aŜŀƴǿƘƛƭŜΣ ǘƘŜ
ǊŜǎŜŀǊŎƘ ǊŜǾŜŀƭǎ ǎŀǘǳǊŀǘƛƻƴ ŜŦŦŜŎǘǎ ƛƴ ōƻǘƘ Ƙŀōƛǘŀǘ ŀƴŘ ŘƛǎǘǳǊōŀƴŎŜ ŦŀŎǘƻǊǎΦ ¢ƘŜ ǇƻǎƛǘƛǾŜ ŜŦŦŜŎǘ ƻŦ
b5±L ǎƭƻǿǎ Řƻǿƴ ǿƘŜƴ ƛǘ ŜȄŎŜŜŘǎ лΦрΦ ¢ƘŜ ōŜƴŜŦƛǘ ƻŦ ƎǊŜŜƴ ǎǇŀŎŜ Ǌŀǘƛƻ ǎǘŀōƛƭƛȊŜǎ ŀŦǘŜǊ ǊŜŀŎƘƛƴƎ
пл҈Φ ¢ƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ƴƛƎƘǘǘƛƳŜ ƭƛƎƘǘ ƛƴǘŜƴǎƛǘȅ ƴƻ ƭƻƴƎŜǊ ƛƴŎǊŜŀǎŜǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōŜȅƻƴŘ ŀ ǾŀƭǳŜ ƻŦ
улΦ [ƛƪŜǿƛǎŜΣ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŘƛǎǘŀƴŎŜ ǘƻ ƭŀǊƎŜ ƎǊŜŜƴ ǎǇŀŎŜǎ ŘǊƻǇǎ ǎƘŀǊǇƭȅ ōŜȅƻƴŘ нллл ƳŜǘŜǊǎΦ
.ŀǎŜŘ ƻƴ ǘƘŜǎŜ ŦƛƴŘƛƴƎǎΣ ǘƘŜ ǎǘǳŘȅ ǇǊƻǇƻǎŜǎ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǇƭŀƴƴƛƴƎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ !ǘ ǘƘŜ
ƭƻŎŀƭ ǎŎŀƭŜΣ ǿŜ ǎǳƎƎŜǎǘ ƪŜŜǇƛƴƎ ǘƘŜ ŦƭƻƻǊ ŀǊŜŀ Ǌŀǘƛƻ ōŜƭƻǿ нΦрΦ !ǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ƛǘ ƛǎ ōŜǎǘ
ƳŀƛƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ǊŜŀǎƻƴŀōƭŜ ǊŀƴƎŜ ƻŦ лΦр ǘƻ нΦрΦ aŜŀƴǿƘƛƭŜΣ ǘƘŜ ƎǊŜŜƴ ǎǇŀŎŜ Ǌŀǘƛƻ ǎƘƻǳƭŘ
ōŜ ƴƻ ƭŜǎǎ ǘƘŀƴ пл҈Φ ¦Ǌōŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻƧŜŎǘǎ ǎƘƻǳƭŘ ōŜ ǇǊƛƻǊƛǘƛȊŜŘ ǿƛǘƘƛƴ нллл ƳŜǘŜǊǎ ƻŦ
ƭŀǊƎŜ ƎǊŜŜƴ ǎǇŀŎŜǎΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ŜȄǇƭŀƛƴ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ǊŜƎǳƭŀǘƛƻƴ
ƳŜŎƘŀƴƛǎƳ ƻŦ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅΦ .ȅ ƛŘŜƴǘƛŦȅƛƴƎ ƪŜȅ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘǎ ŀƴŘ ǘƘŜƛǊ ǾŀǊƛŀǘƛƻƴǎ ŀǘ
ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎΣ ƻǳǊ ǿƻǊƪ ƎƛǾŜǎ ŀ ǉǳŀƴǘƛǘŀǘƛǾŜ ōŀǎƛǎ ŦƻǊ ŜǎǘŀōƭƛǎƘƛƴƎ ŀ ƳǳƭǘƛπǎŎŀƭŜ ǳǊōŀƴ
ŜŎƻƭƻƎƛŎŀƭ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳΦ ¢Ƙƛǎ ŀŘǾŀƴŎŜǎ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŦǊƻƳ ǉǳŀƭƛǘŀǘƛǾŜ ƎǳƛŘŀƴŎŜ ǘƻǿŀǊŘ
ǉǳŀƴǘƛǘŀǘƛǾŜ ŘŜǎƛƎƴΦ ¦ǎƛƴƎ ŀ ƴƻƴƭƛƴŜŀǊ ƳǳƭǘƛπǎŎŀƭŜ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘΣ ǘƘƛǎ ǎǘǳŘȅ ŎƭŀǊƛŦƛŜǎ Ƙƻǿ ǳǊōŀƴ
ƳƻǊǇƘƻƭƻƎȅ ŀŦŦŜŎǘǎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ǘƘǊƻǳƎƘ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ǇŀǘƘǿŀȅǎΣ ƻŦŦŜǊƛƴƎ ŀƴ ƛƳǇƻǊǘŀƴǘ
ǎŎƛŜƴǘƛŦƛŎ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘΦ
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aǳΣ ¸ΦCΦΤ 5ƻƴƎΣ ²ΦΤ 5ƻƴƎΣ ¸ΦΤ ¢ŀƴΣ ½Φ[Φ ¢ƘŜ 9ŎƻƭƻƎƛŎŀƭ wŜǎƛƭƛŜƴŎŜ wŜƎǳƭŀǘƛƻƴ aŜŎƘŀƴƛǎƳ
ƻŦ ¦Ǌōŀƴ aƻǊǇƘƻƭƻƎȅ

YŜȅǿƻǊŘǎ

¦Ǌōŀƴ aƻǊǇƘƻƭƻƎȅΣ !Ǿƛŀƴ 5ƛǾŜǊǎƛǘȅΣ 9ŎƻƭƻƎƛŎŀƭ wŜǎƛƭƛŜƴŎŜΣ bƻƴƭƛƴŜŀǊ aǳƭǘƛπǎŎŀƭŜ !ƴŀƭȅǎƛǎΣ .ƻƻǎǘŜŘ
wŜƎǊŜǎǎƛƻƴ ¢ǊŜŜΣ {ǳǎǘŀƛƴŀōƭŜ ¦Ǌōŀƴ DǊƻǿǘƘ

мΦ LƴǘǊƻŘǳŎǘƛƻƴ
/ƛǘƛŜǎ ǿƻǊƭŘǿƛŘŜ ŀǊŜ ƎǊƻǿƛƴƎ ŦŀǎǘŜǊ ǘƘŀƴ ŜǾŜǊ ōŜŦƻǊŜ ƛƴ ōƻǘƘ ǎǇŜŜŘ ŀƴŘ ǎƛȊŜΦ ¢Ƙƛǎ ǘǊŜƴŘ ƛǎ ŜǎǇŜŎƛŀƭƭȅ
ŜǾƛŘŜƴǘ ƛƴ /ƘƛƴŀΦ !ŎŎƻǊŘƛƴƎ ǘƻ Řŀǘŀ ŦǊƻƳ /Ƙƛƴŀôǎ bŀǘƛƻƴŀƭ .ǳǊŜŀǳ ƻŦ {ǘŀǘƛǎǘƛŎǎΣ ǘƘŜ ŎƻǳƴǘǊȅôǎ ǳǊōŀƴƛȊŀǘƛƻƴ
ǊŀǘŜ ǎǳǊƎŜŘ ŦǊƻƳ осΦн҈ ǘƻ соΦуф҈ ōŜǘǿŜŜƴ нллл ŀƴŘ нлнлΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƛǘƛŜǎ ǊŜŀŎƘŜŘ сут ό5ŀΣ
нлнмύΦ ²ƘƛƭŜ ǘƘƛǎ ŦŀǎǘπǇŀŎŜŘ ǳǊōŀƴ ƎǊƻǿǘƘ Ƙŀǎ ŘǊƛǾŜƴ ǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛǘ Ƙŀǎ ŀƭǎƻ
ǘǊƛƎƎŜǊŜŘ ǎŜǊƛƻǳǎ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻōƭŜƳǎΦ ! ǇǊŜǎǎƛƴƎ ƛǎǎǳŜ ƛǎ ǘƘŜ ǎȅǎǘŜƳŀǘƛŎ ŘŜŎƭƛƴŜ ƻŦ ǳǊōŀƴ ōƛƻŘƛǾŜǊǎƛǘȅΦ
aŀƴȅ ǎǘǳŘƛŜǎ ǎƘƻǿ ǘƘŀǘ ŀǎ ǳǊōŀƴ ŘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜǎΣ ƴŀǘǳǊŀƭ ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ǎƻƛƭ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǘŀƪŜƴ
ƻǾŜǊ ōȅ ōǳƛƭŘƛƴƎǎ ŀƴŘ ƛƳǇŜǊǾƛƻǳǎ ǎǳǊŦŀŎŜǎΦ ¢Ƙƛǎ ŎŀǳǎŜǎ Ƙŀōƛǘŀǘǎ ǘƻ ǎƘǊƛƴƪ ŀƴŘ ōŜŎƻƳŜ ŦǊŀƎƳŜƴǘŜŘ ό[ƛǳ Ŝǘ
ŀƭΦΣ нлмсύΣ ǿƘƛŎƘ ǇǊƻŦƻǳƴŘƭȅ ŀŦŦŜŎǘǎ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎ ό·ǳ Ŝǘ ŀƭΦΣ нлмуύΦ !ǘ ƘƛƎƘπŘŜƴǎƛǘȅ ǳǊōŀƴ ŀǊŜŀǎΣ ōƛǊŘ
ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ ƎŜƴŜǊŀƭƭȅ ŘŜŎƭƛƴŜǎΣ ǿƘƛƭŜ ƛƴǾŀǎƛǾŜ ŀƴŘ ƴƻƴπƴŀǘƛǾŜ ǎǇŜŎƛŜǎ ƛƴŎǊŜŀǎŜ ό.ƭŀƛǊΣ мффсΤ !Ǌƻƴǎƻƴ
Ŝǘ ŀƭΦΣ нлмпύΦ CǳǊǘƘŜǊƳƻǊŜΣ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ ōǳƛƭǘπǳǇ ŀǊŜŀǎ ƻŦǘŜƴ ǎƘƻǿ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ ōƛƻǘƛŎ
ƘƻƳƻƎŜƴƛȊŀǘƛƻƴΦ ¢ƘŜǎŜ ŎƘŀƴƎŜǎ ŀǊƛǎŜ ŦǊƻƳ ǾŀǊƛƻǳǎ ƘǳƳŀƴπŎŀǳǎŜŘ ŘƛǎǘǳǊōŀƴŎŜǎΣ ǿƛǘƘ ƛƳǇƻǊǘŀƴǘ ŘǊƛǾŜǊǎ
ōŜƛƴƎ ǎƛƳǇƭƛŦƛŜŘ ǾŜƎŜǘŀǘƛƻƴ ǎǘǊǳŎǘǳǊŜΣ ƴƻƛǎŜ ǇƻƭƭǳǘƛƻƴΣ ŀƴŘ ŀǊǘƛŦƛŎƛŀƭ ƭƛƎƘǘ ŀǘ ƴƛƎƘǘ ό{ƛŘŜƳƻ IƻƭƳ Ŝǘ ŀƭΦΣ
нлннΤ wƻŘǊƛƎǳŜǎ Ŝǘ ŀƭΦΣ нлмуύΦ

¢ƻŘŀȅϥǎ ǿƻǊƭŘ ŎƻƴŦǊƻƴǘǎ ǎŜǾŜǊŀƭ ŎƻƴƴŜŎǘŜŘ ŎƘŀƭƭŜƴƎŜǎΣ ŀǎ ōƛƻŘƛǾŜǊǎƛǘȅ ŘŜŎƭƛƴŜΣ ŎƘŀƴƎŜ ƻŦ ŎƭƛƳŀǘŜΣ ŀƴŘ
ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴ ŎǊŜŀǘŜ Ǌƛǎƪ ŦƻǊ ǳǊōŀƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ ¢ƘŜ ǳǊōŀƴ ƘŜŀǘ ƛǎƭŀƴŘ ŜŦŦŜŎǘ ŎƘŀƴƎŜǎ ǘƘŜ ƭƻŎŀƭ
ǿŜŀǘƘŜǊ ŀƴŘ ƛƴŦƭǳŜƴŎŜǎ ōƛǊŘ ōǊŜŜŘƛƴƎ ǇƘŜƴƻƭƻƎȅ ŀƴŘ ƳƛƎǊŀǘƛƻƴ ōŜƘŀǾƛƻǊ ό{ǳƳŀǎƎǳǘƴŜǊ Ŝǘ ŀƭΦΣ нлноύΦ !ǎ
ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ƘŀǇǇŜƴǎ ƳƻǊŜ ƻŦǘŜƴΣ ƛǘǎ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ Ƙŀōƛǘŀǘ ƭƻǎǎ ŀƭǎƻ ƎǊŜŀǘƭȅ ǿŜŀƪŜƴǎ ǎǇŜŎƛŜǎϥ
ŎŀǇŀŎƛǘȅ ǘƻ ǊŜŎƻǾŜǊ όaŎ/ƭƻȅ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘŜ ǇǊŜǎǎǳǊŜǎ ƴƻǘ ƻƴƭȅ ŘƛǊŜŎǘƭȅ ǊŜŘǳŎŜ ōƛƻŘƛǾŜǊǎƛǘȅ ōǳǘ ŀƭǎƻ
ǿŜŀƪŜƴ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ Ŏƛǘȅ ŜŎƻǎȅǎǘŜƳǎ ǘƻ ǊŜǎƛǎǘ ŘƛǎǊǳǇǘƛƻƴǎ ǿƘƛƭŜ ƪŜŜǇƛƴƎ ǘƘŜƛǊ ŦǳƴŎǘƛƻƴǎ ǎǘŀōƭŜΦ .ƛǊŘ
ǊƛŎƘƴŜǎǎ ƛǎ ŀ ǊŜƭƛŀōƭŜ ƛƴŘƛŎŀǘƻǊ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǿŜƭƭπōŜƛƴƎΣ ƛǘ Ŏŀƴ ǎƘƻǿ Ƙƻǿ ǿŜƭƭ ǘƘŜǎŜ Ŏƛǘȅ ŜŎƻǎȅǎǘŜƳǎ
ŎƻǇŜ ǿƛǘƘ ǎǘǊŜǎǎ ό{Ƴƛǘǎ ŀƴŘ CŜǊƴƛŜΣ нлмоύΦ ¢ƘŜǊŜŦƻǊŜΣ ŜȄŀƳƛƴƛƴƎ Ƙƻǿ ǳǊōŀƴ ŦƻǊƳ ŀŦŦŜŎǘǎ ŜŎƻƭƻƎƛŎŀƭ
ǊŜǎƛƭƛŜƴŎŜ Ǉƭŀȅǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŀ ǎǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ŘǳǊƛƴƎ ŎƘŀƭƭŜƴƎŜǎΦ

²Ŝ ƘŀǾŜƴΩǘ Ŧǳƭƭȅ ƪƴƻǿƴ Ƙƻǿ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ǊŜƎǳƭŀǘŜǎ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΦ 9ȄƛǎǘƛƴƎ ǊŜǎŜŀǊŎƘ ǎƘƻǿǎ
ǘƘŀǘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ƭƛƪŜ ōǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅ ŀŦŦŜŎǘ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ƛƴ ǿŀȅǎ ǘƘŀǘ ǎǘǊƻƴƎƭȅ ŘŜǇŜƴŘ ƻƴ
ǎŎŀƭŜ ό/Ƙƻƛ Ŝǘ ŀƭΦΣ нлнрύΦ Iƻǿ ǘƘƛǎ ǎŎŀƭŜ ŘŜǇŜƴŘŜƴŎŜ ǘǊŀƴǎƭŀǘŜǎ ƛƴǘƻ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ƳŜŎƘŀƴƛǎƳǎ ƛǎ
ǎǘƛƭƭ ƴƻǘ ǿŜƭƭ ǳƴŘŜǊǎǘƻƻŘΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ƘƛƎƘπŘŜƴǎƛǘȅ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦǘŜƴ ōǊŜŀƪǎ Ƙŀōƛǘŀǘǎ ƛƴǘƻ ǎƳŀƭƭŜǊΣ
ŘƛǎŎƻƴƴŜŎǘŜŘ ǇƛŜŎŜǎΦ !ǘ ōǊƻŀŘŜǊ ǎŎŀƭŜǎΣ ƘƻǿŜǾŜǊΣ ŀ ƳƻŘŜǊŀǘŜƭȅ ŎƭǳǎǘŜǊŜŘ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ Ƴŀȅ ƘŜƭǇ
ǎǇŜŎƛŜǎ ǎǳǊǾƛǾŜ ōȅ ŎǊŜŀǘƛƴƎ ǾŀǊƛŜŘ ƳƛŎǊƻƘŀōƛǘŀǘǎΣ ŀǎ ƭƻƴƎ ŀǎ ƛǘ ǊŜƳŀƛƴǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ƭŀǊƎŜǊ ƎǊŜŜƴ ƴŜǘǿƻǊƪǎ
όbƻǊǘƻƴ Ŝǘ ŀƭΦΣ нлмсύΦ /ǳǊǊŜƴǘ ǇƭŀƴƴƛƴƎ ƳƻŘŜƭǎΣ ǿƘƛŎƘ Ƴƻǎǘƭȅ ƻǇŜǊŀǘŜ ŀǘ ŀ ǎƛƴƎƭŜ ǎŎŀƭŜΣ Ŧŀƛƭ ǘƻ ǇǊƻǇŜǊƭȅ
ŀŘŘǊŜǎǎ ǘƘŜǎŜ ǎŎŀƭŜπǎŜƴǎƛǘƛǾŜ ŜŦŦŜŎǘǎΦ ¢Ƙƛǎ ǎƘƻǊǘŎƻƳƛƴƎ Ŏǳǘǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǳǎƛƴƎ ǎǇŀǘƛŀƭ ŘŜǎƛƎƴ ǘƻ
ǎǘǊŜƴƎǘƘŜƴ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΦ ! ǎŜǇŀǊŀǘŜ ƛǎǎǳŜ ƛǎ ǘƘŀǘ ǇƭŀƴƴƛƴƎ ǇǊŀŎǘƛŎŜǎ ƻŦǘŜƴ ƻǾŜǊƭƻƻƪ ǘƘŜ ƴƻƴƭƛƴŜŀǊ
ǊŜǎǇƻƴǎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƴŀǘǳǊŜΦ ¢ƘŜȅ ƘŀǾŜ ŎǊƛǘƛŎŀƭ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘ
ǇǊŜǎǎǳǊŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜƴ ǊƻŀŘ ƴŜǘǿƻǊƪ ŘŜƴǎƛǘȅ ŜȄŎŜŜŘǎ ŀ ŎŜǊǘŀƛƴ ƭŜǾŜƭΣ ōƛƻŘƛǾŜǊǎƛǘȅ Ƴŀȅ ŘŜŎƭƛƴŜ
ǊŀǇƛŘƭȅ ό!ǎŎŜƴǎńƻ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘŜǎŜ ƴƻƴƭƛƴŜŀǊ ǘƘǊŜǎƘƻƭŘǎ ŀǊŜ ƪŜȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀōǊǳǇǘ ŎƘŀƴƎŜǎ ƛƴ
ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΦ bŜǾŜǊǘƘŜƭŜǎǎΣ Ƴƻǎǘ ǇƭŀƴƴƛƴƎ ŘŜŎƛǎƛƻƴǎ ŀǊŜ ǎǘƛƭƭ ōŀǎŜŘ ƻƴ ƭƛƴŜŀǊ ŀǎǎǳƳǇǘƛƻƴǎ
ό5ƻƴƎŎƘŜƴ Ŝǘ ŀƭΦΣ нлмпύΦ ¢Ƙƛǎ ƴŜƎƭŜŎǘ ƻŦ ŜŎƻǎȅǎǘŜƳǎϥ ǘƘǊŜǎƘƻƭŘ ōŜƘŀǾƛƻǊ ƳŀƪŜǎ ƛǘ ƘŀǊŘ ŦƻǊ ǎǇŀǘƛŀƭ
ƳŀƴŀƎŜƳŜƴǘ ƳŜŀǎǳǊŜǎ ǘƻ ǎǘŜǇ ƛƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǘ ŎǊƛǘƛŎŀƭ ŜŎƻƭƻƎƛŎŀƭ ǘƛǇǇƛƴƎ ǇƻƛƴǘǎΦ
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¢ƘŜǎŜ ǘƘŜƻǊŜǘƛŎŀƭ ƭƛƳƛǘŀǘƛƻƴǎ ƘŀǾŜ ŎǊŜŀǘŜŘ ŀ ŎƭŜŀǊ ŘƛǎŎƻƴƴŜŎǘ ōŜǘǿŜŜƴ ǇƭŀƴƴƛƴƎ ǇƻƭƛŎƛŜǎ ŀƴŘ ǘƘŜ Ǝƻŀƭ ƻŦ ŀ
ǎǳǎǘŀƛƴŀōƭŜ ŎƛǘȅΦ ¢ƘŜǊŜ ƛǎ ŀ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ǊŜƎǳƭŀǘƻǊȅ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǿƘŀǘ ŜŎƻǎȅǎǘŜƳǎ ŀŎǘǳŀƭƭȅ ǊŜǉǳƛǊŜΦ
CƻǊ ŜȄŀƳǇƭŜΣ ŎǳǊǊŜƴǘ ŦƭƻƻǊ ŀǊŜŀ Ǌŀǘƛƻ ŎƻƴǘǊƻƭǎ ǘȅǇƛŎŀƭƭȅ ǳǎŜ ƻƴŜπǎƛȊŜπŦƛǘǎπŀƭƭ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ƛƎƴƻǊŜ ǘƘŜ ŦŀŎǘ
ǘƘŀǘ ŘƛŦŦŜǊŜƴǘ ŀǊŜŀǎ Ŏŀƴ ǘƻƭŜǊŀǘŜ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘΦ !ƴƻǘƘŜǊ ǇǊƻōƭŜƳ ƛƴǾƻƭǾŜǎ ǎŎŀƭŜ
ƳƛǎƳŀǘŎƘ ƛƴ ǎǇŀǘƛŀƭ ƎƻǾŜǊƴŀƴŎŜΦ DǊŜŜƴ ǎǇŀŎŜ ǇƭŀƴƴƛƴƎ ǘŜƴŘǎ ǘƻ ŦƻŎǳǎ ƻƴ ƭŀǊƎŜ ǇŀǊƪǎ ǿƘƛƭŜ ǇŀȅƛƴƎ
ƛƴǎǳŦŦƛŎƛŜƴǘ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ǇŀǘƘǿŀȅǎ ƭƛƴƪƛƴƎ ƻǘƘŜǊ ƎǊŜŜƴ ǎǇŀŎŜǎΦ ¢Ƙƛǎ ƭŜŘ ǘƻ ŀ ōǊƻƪŜƴπǳǇ ŜŎƻƭƻƎƛŎŀƭ
ƴŜǘǿƻǊƪ ǘƘŀǘ Ƙŀǎ ǘǊƻǳōƭŜ ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ Ƙŀōƛǘŀǘ ŦǊŀƎƳŜƴǘŀǘƛƻƴΦ

¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ǊŜǾŜŀƭ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ǊŜƎǳƭŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ǘƘǊƻǳƎƘ ŀ ǎǘǳŘȅ ƻŦ ǘƘŜ
ƳǳƭǘƛπǎŎŀƭŜ ƴƻƴƭƛƴŜŀǊ ŜŦŦŜŎǘǎ ƻŦ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ƻƴ ōƛǊŘ ŘƛǾŜǊǎƛǘȅΣ ǘƘŜǊŜōȅ ǇǊƻǾƛŘƛƴƎ ŀ ǎŎƛŜƴǘƛŦƛŎ ōŀǎƛǎ
ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘΦ ²Ŝ ŜƳǇƭƻȅ ōƻƻǎǘŜŘ ǊŜƎǊŜǎǎƛƻƴ ǘǊŜŜǎΣ ŀ ƴƻƴƭƛƴŜŀǊ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ
ŀǇǇǊƻŀŎƘΣ ǘƻ ƭƻƻƪ ŎƭƻǎŜƭȅ ŀǘ Ƙƻǿ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΣ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅΣ ŎƭƛƳŀǘŜ ŦŀŎǘƻǊǎΣ ŀƴŘ
ƘǳƳŀƴ ŘƛǎǘǳǊōŀƴŎŜǎ ŎƻƭƭŜŎǘƛǾŜƭȅ ƛƴŦƭǳŜƴŎŜ ŀǾƛŀƴ ŘƛǾŜǊǎƛǘȅ ǘƘǊƻǳƎƘ ƴƻƴƭƛƴŜŀǊ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǘƘǊŜǎƘƻƭŘ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ¦ǎƛƴƎ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ ƛƴ IŀǊōƛƴΣ /ƘƛƴŀΣ ŀǎ ƻǳǊ ŜƳǇƛǊƛŎŀƭ ŎŀǎŜΣ ǘƘƛǎ ǎǘǳŘȅ ǘǊƛŜǎ ǘƻ ŀƴǎǿŜǊ
ǘǿƻ ǉǳŜǎǘƛƻƴǎΥ Iƻǿ ŘƻŜǎ ǘƘŜ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ŀŦŦŜŎǘ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ǘƘǊƻǳƎƘ ƴƻƴƭƛƴŜŀǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŀƴŘ
ǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎΚ Iƻǿ ǘƻ ǳǎŜ ǘƘŜ ǊŜǎǳƭǘ ǘƻ ƳŀƪŜ ǎǇŀǘƛŀƭ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ǘƻ
ŜƴƘŀƴŎŜ ǳǊōŀƴ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΚ .ȅ ŀƴǎǿŜǊƛƴƎ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎΣ ǘƘƛǎ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ŀ
ǘƘŜƻǊŜǘƛŎŀƭ ŦƻǳƴŘŀǘƛƻƴ ŀƴŘ ǇǊŀŎǘƛŎŀƭ ǇŀǘƘǿŀȅǎ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ǳǊōŀƴ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ǘƘǊƻǳƎƘ ǎǇŀǘƛŀƭ
ǇƭŀƴƴƛƴƎ ŀƴŘ ǎǳǇǇƻǊǘƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ƎǊƻǿǘƘ ƛƴ ŀ ǿƻǊƭŘ ƻŦ ƳǳƭǘƛǇƭŜ ŎǊƛǎŜǎΦ

нΦ aŜǘƘƻŘƻƭƻƎȅ
нΦмΦ {ǘǳŘȅ !ǊŜŀ ŀƴŘ .ƛǊŘ 5ƛǾŜǊǎƛǘȅ 5ŀǘŀ /ƻƭƭŜŎǘƛƻƴ

¢Ƙƛǎ ǎǘǳŘȅ ŦƻŎǳǎŜŘ ƻƴ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ ǿƛǘƘƛƴ IŀǊōƛƴϥǎ ŎŜƴǘǊŀƭ ŎƛǘȅΦ ²Ŝ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ǎŜƭŜŎǘŜŘ прс ǘȅǇƛŎŀƭ
ǎŀƳǇƭŜ Ǉƻƛƴǘǎ ǘƻ ōǳƛƭŘ ǘƘŜ ŀƴŀƭȅǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪΣ ǿƘŜǊŜ ǘƘŜ Ƴŀƛƴ ǾŀǊƛŀōƭŜ ƻŦ ƛƴǘŜǊŜǎǘ ǿŀǎ ōƛǊŘ ǎǇŜŎƛŜǎ
ǊƛŎƘƴŜǎǎΦ CƛŜƭŘ ǎǳǊǾŜȅǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ōŜǘǿŜŜƴ Wǳƭȅ ŀƴŘ {ŜǇǘŜƳōŜǊ нлноΦ !ƭƭ ǎǳǊǾŜȅǎ ǘƻƻƪ ǇƭŀŎŜ ŦǊƻƳ
рΥлл ǘƻ уΥлл !a ŀŦǘŜǊ ǎǳƴǊƛǎŜΦ 9ŀŎƘ ǎǳǊǾŜȅ ƭŀǎǘŜŘ мл ƳƛƴǳǘŜǎΣ ŘǳǊƛƴƎ ǿƘƛŎƘ ǿŜ ǊŜŎƻǊŘŜŘ ŀƭƭ ōƛǊŘ ǎǇŜŎƛŜǎ
ǎŜŜƴ ƻǊ ƘŜŀǊŘ ǿƛǘƘƛƴ ŀ рлπƳŜǘŜǊ ǊŀŘƛǳǎΦ ¢ƻ ƛƳǇǊƻǾŜ ƻōƧŜŎǘƛǾƛǘȅΣ ǘƘƛǎ ǎǘǳŘȅ ŀƭǎƻ ǳǎŜŘ .ƛǊŘb9¢ ό²ŀǊŜ Ŝǘ ŀƭΦΣ
нлноύ ǘƻ ǊŜŎƻƎƴƛȊŜ ōƛǊŘ ǎǇŜŎƛŜǎΦ ¢Ƙƛǎ ƛǎ ŀƴ ŀŎƻǳǎǘƛŎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǘƻƻƭ ǘƻ ŀƴŀƭȅȊŜ ŦƛŜƭŘ ǊŜŎƻǊŘƛƴƎǎ ƻŦ
ōƛǊŘǎƻƴƎΦ !ƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƛŘŜƴǘƛŦƛŜŘ ǎǇŜŎƛŜǎ ǿŜǊŜ ǘƘŜƴ Ƴŀƴǳŀƭƭȅ ŎƘŜŎƪŜŘΦ ¢ƘŜ ōƛǊŘ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ Řŀǘŀ
ǿŜǊŜ ƭƻƎπǘǊŀƴǎŦƻǊƳŜŘ ǘƻ ƳŜŜǘ ƳƻŘŜƭ ŀǎǎǳƳǇǘƛƻƴǎΦ

нΦнΦ 9ȄǇƭŀƴŀǘƻǊȅ ŀƴŘ /ƻƴǘǊƻƭ ±ŀǊƛŀōƭŜǎ

¢Ƙƛǎ ǎǘǳŘȅ ŀŘƻǇǘŜŘ ǘǿƻ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ ŦƻǊ ŎƻƭƭŜŎǘƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎΦ ¢ƘŜǎŜ ǿŜǊŜ ŀ
ƭƻŎŀƭ ǎŎŀƭŜΣ ŘŜŦƛƴŜŘ ōȅ ŀ нрлπƳŜǘŜǊ ǊŀŘƛǳǎ ōǳŦŦŜǊΣ ŀƴŘ ŀ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ŘŜŦƛƴŜŘ ōȅ ŀ млллπƳŜǘŜǊ ǊŀŘƛǳǎ
ōǳŦŦŜǊΦ ¢ƘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎ ŎƻǾŜǊŜŘ ǘƘǊŜŜ Ƴŀƛƴ ŘƛƳŜƴǎƛƻƴǎΥ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅΣ Ƙŀōƛǘŀǘ ŦŀŎǘƻǊǎΣ ŀƴŘ
ŎƻƴǘǊƻƭ ǾŀǊƛŀōƭŜǎΦ CƻǊ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅΣ ǿŜ ŜȄǘǊŀŎǘŜŘ ǎǇŀǘƛŀƭ ǇŀǊŀƳŜǘŜǊǎ ŀǘ ōƻǘƘ ǎŎŀƭŜǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜŘ
ōǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅ ό.5ύΣ ōǳƛƭŘƛƴƎ ƘŜƛƎƘǘ ό.IύΣ ŦƭƻƻǊ ŀǊŜŀ Ǌŀǘƛƻ όC!wύΣ ŀƴŘ ǊƻŀŘ ŘŜƴǎƛǘȅ όw5ύΦ ²Ŝ ŀƭǎƻ ǳǎŜŘ
CǊŀƎǎǘŀǘǎ пΦо όaŎDŀǊƛƎŀƭ ŀƴŘ aŀǊƪǎΣ мффрύ ǘƻ ŎŀƭŎǳƭŀǘŜ ǎŜǾŜǊŀƭ ƭŀƴŘǎŎŀǇŜ ǇŀǘǘŜǊƴ ƛƴŘƛŎŜǎΦ ¢ƘŜ Řŀǘŀ
ƛƴŎƭǳŘŜ ǘƘŜ {Ƙŀƴƴƻƴϥǎ 5ƛǾŜǊǎƛǘȅ LƴŘŜȄ ό{I5LύΣ {ƛƳǇǎƻƴϥǎ 5ƛǾŜǊǎƛǘȅ LƴŘŜȄ ό{L5LύΣ {Ƙŀƴƴƻƴϥǎ 9ǾŜƴƴŜǎǎ LƴŘŜȄ
ό{I9LύΣ ŀƴŘ {ƛƳǇǎƻƴϥǎ 9ǾŜƴƴŜǎǎ LƴŘŜȄ ό{L9LύΦ ²Ŝ ŀƭǎƻ ŎƻƳǇǳǘŜŘ ǘƘŜ !ƎƎǊŜƎŀǘƛƻƴ LƴŘŜȄ ŦƻǊ ōǳƛƭǘπǳǇ ŀǊŜŀǎ
ό!L.ύ ŀƴŘ ŦƻǊ ƎǊŜŜƴ ǎǇŀŎŜǎ ό!LD{ύΦ Iŀōƛǘŀǘ ŦŀŎǘƻǊǎ ƛƴŎƭǳŘŜŘ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƎǊŜŜƴ ǎǇŀŎŜ όtD{ύΣ ǘƘŜ
bƻǊƳŀƭƛȊŜŘ 5ƛŦŦŜǊŜƴŎŜ ±ŜƎŜǘŀǘƛƻƴ LƴŘŜȄ όb5±LύΣ ŘƛǎǘŀƴŎŜ ǘƻ ƭŀǊƎŜ ƎǊŜŜƴ ǎǇŀŎŜ ό5[D{ύΣ ǇŜǊŎŜƴǘŀƎŜ ƻŦ
ǿŀǘŜǊ όt²ύΣ ŘƛǎǘŀƴŎŜ ǘƻ ǿŀǘŜǊ ǎƻǳǊŎŜ ό5²ύΣ ŀƭǘƛǘǳŘŜ ό![¢ύΣ ŀƴŘ ǎƭƻǇŜ ό{[hύΦ /ƻƴǘǊƻƭ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ
ƛƴŎƻǊǇƻǊŀǘŜŘ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ƛƴŦƭǳŜƴŎŜǎ ŦǊƻƳ ŎƭƛƳŀǘŜ ŀƴŘ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΦ LƴŎƭǳŘŜŘ мф ōƛƻŎƭƛƳŀǘƛŎ ŦŀŎǘƻǊǎ
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ό.Lhмπ.LhмфύΣ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅ όt5ύΣ ƴƛƎƘǘǘƛƳŜ ƭƛƎƘǘǎ όb¢[ύΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōǳƛƭǘπǳǇ ŀǊŜŀ όt.ύΣ
ŘƛǎǘŀƴŎŜ ǘƻ ōǳƛƭŘƛƴƎ ό5.ύΣ ŀƴŘ ŘƛǎǘŀƴŎŜ ǘƻ ǊƻŀŘǎ ό5wύΦ

¢ŀōƭŜ мΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎ Řŀǘŀ ŘŜǎŎǊƛǇǘƛƻƴ ό{ƻǳǊŎŜΥ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ŀǳǘƘƻǊύΦ

Variable sets Indicator Specific explanation

Urban Morphology Factors SHDI Landscape shannon's diversity index
SIDI Landscape simpson's diversity index
SHEI Landscape shannon's evenness index
SIEI Landscape simpson's evenness index
RD Road density
BD Building density
BH Building height
FAR Floor area ratio
AIGS Aggregation index of Green space
AIB Aggregation index of built-up area

Habitat Factors PGS Percentage of green space
NDVI Normalized difference vegetation index
DLGS Distance to large green space
PW Percentage of water
DW Distance to water source
ALT Altitude
SLO Slope

Control Variables BIO1-BIO19 Annual mean temperature, mean diurnal range, isothermality,
etc., are all bioclimatic factors.

PD Population density
NTL Nighttime lights
PB percentage of built-up area
DB Distance to building
DR Distance to roads

нΦоΦ aƻŘŜƭƛƴƎ ŀƴŘ !ƴŀƭȅǘƛŎŀƭ aŜǘƘƻŘǎ

¢Ƙƛǎ ǎǘǳŘȅ ŜƳǇƭƻȅŜŘ ǘƘŜ ōƻƻǎǘŜŘ ǊŜƎǊŜǎǎƛƻƴ ǘǊŜŜǎ ό.w¢ύ ƳƻŘŜƭ ŀǎ ƛǘǎ ŎƻǊŜ ŀƴŀƭȅǘƛŎŀƭ ƳŜǘƘƻŘΦ ¢Ƙƛǎ ƳƻŘŜƭ
Ŏŀƴ ƘŀƴŘƭŜ ŎƻƳǇƭŜȄ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘƛƴ ƘƛƎƘπŘƛƳŜƴǎƛƻƴŀƭ Řŀǘŀ ŀƴŘ ƛŘŜƴǘƛŦȅ ƴƻƴƭƛƴŜŀǊ ǊŜǎǇƻƴǎŜ ǇŀǘǘŜǊƴǎ
όCǊƛŜŘƳŀƴΣ нллмύΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ƭƛƴŜŀǊ ƳŜǘƘƻŘǎΣ ǿƘƛŎƘ Ŏŀƴ ƻƴƭȅ ƛŘŜƴǘƛŦȅ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ
ǾŀǊƛŀōƭŜǎΣ ǘƘŜ .w¢ ƳƻŘŜƭ ŘŜƳƻƴǎǘǊŀǘŜǎ ŀ ǎǘǊƻƴƎŜǊ ŎŀǇŀŎƛǘȅ ǘƻ ŦƛƴŘ ǳƴŘŜǊƭȅƛƴƎ ƳŜŎƘŀƴƛǎƳǎΦ Lǘ ǎƘƻǿǎ ǘƘŜ
ǊŜƭŀǘƛǾŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŜŀŎƘ ǾŀǊƛŀōƭŜ ƛƴ ǇǊŜŘƛŎǘƛƴƎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ǳǎŜǎ ŀ ǇŀǊǘƛŀƭ ŘŜǇŜƴŘŜƴŎŜ ŎǳǊǾŜ ǘƻ
Ǿƛǎǳŀƭƭȅ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘǎ ƻŦ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ǇǊƻǾƛŘŜǎ ǊŜƭƛŀōƭŜ
ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǎǳǇǇƻǊǘ ŦƻǊ ǊŜǾŜŀƭƛƴƎ Ƙƻǿ ƳǳƭǘƛπǎŎŀƭŜ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ǊŜƎǳƭŀǘŜǎ ōƛƻŘƛǾŜǊǎƛǘȅΦ
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CƛƎǳǊŜ мΦ wŜǎŜŀǊŎƘ ŀǊŜŀ ŀƴŘ ǎŀƳǇƭŜ Ǉƻƛƴǘǎ ό{ƻǳǊŎŜΥ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ŀǳǘƘƻǊύΦ

оΦ 5ƛǎŎǳǎǎƛƻƴ
оΦмΦ wŜƭŀǘƛǾŜ LƳǇƻǊǘŀƴŎŜ ƻŦ aǳƭǘƛπǎŎŀƭŜ 5ǊƛǾƛƴƎ CŀŎǘƻǊǎ

¢ƘŜ ǊŜƭŀǘƛǾŜ ƛƳǇƻǊǘŀƴŎŜ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ ŘƻƳƛƴŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ
ŘƛŦŦŜǊ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŎǊƻǎǎ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎΦ !ǘ ǘƘŜ нрлπƳŜǘŜǊ ƭƻŎŀƭ ǎŎŀƭŜΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ǊŀƴƪŜŘ ōȅ
ǘƘŜƛǊ ǊŜƭŀǘƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴ ŀǊŜ b5±LΣ b¢[Σ w5Σ !LD{Σ 5[D{Σ !ƴƴǳŀƭ aŜŀƴ ¢ŜƳǇŜǊŀǘǳǊŜ ό.LhмύΣ ŀƴŘ .5Φ
!ƳƻƴƎ ǘƘŜǎŜΣ b5±L ǎƘƻǿǎ ǘƘŜ ƘƛƎƘŜǎǘ ǊŜƭŀǘƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ƭƻŎŀƭ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ Ǉƭŀȅǎ ŀ
Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ƳŀƛƴǘŀƛƴƛƴƎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅΦ b¢[ ŀƴŘ w5 ŎŀǇǘǳǊŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƭƛƎƘǘ Ǉƻƭƭǳǘƛƻƴ ŀƴŘ ǘǊŀŦŦƛŎ
ŘƛǎǘǳǊōŀƴŎŜ ƻƴ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ aŜŀƴǿƘƛƭŜΣ .5 ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǘƘŜ ōǳƛƭǘ
ŜƴǾƛǊƻƴƳŜƴǘ ŎƻƳǇǊŜǎǎŜǎ ŜŎƻƭƻƎƛŎŀƭ ǎǇŀŎŜΦ ¢ƘŜǎŜ ƘǳƳŀƴπƛƴŘǳŎŜŘ ŘƛǎǘǳǊōŀƴŎŜ ŦŀŎǘƻǊǎΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ
b5±LΣ ŎƻƭƭŜŎǘƛǾŜƭȅ ŎǊŜŀǘŜ ǘƘŜ ƪŜȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƎǊŀŘƛŜƴǘǎ ƛƴŦƭǳŜƴŎƛƴƎ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎ ŀǘ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜΦ
¢Ƙƛǎ ǊŜǎǳƭǘ ŀƭƛƎƴǎ ǿƛǘƘ ƴƛŎƘŜ ǘƘŜƻǊȅ ό[ŜƛōƻƭŘΣ мффрύΣ ǎƘƻǿƛƴƎ ǘƘŀǘ ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǘƛƻƴ ŀǘ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜ
ŘŜǇŜƴŘǎ ƻƴ ōƻǘƘ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜǎ ŀƴŘ Ƙƻǿ ƘǳƳŀƴ ŘƛǎǘǳǊōŀƴŎŜ ŦƛƭǘŜǊǎ ƻǳǘ ǎŜƴǎƛǘƛǾŜ ǎǇŜŎƛŜǎΦ

!ǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ǿƘŜƴ ǿŜ Ǌŀƴƪ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǊŜƭŀǘƛǾŜ ƛƳǇƻǊǘŀƴŎŜΣ ƛǘ
ǎƘƻǿǎ ƴƻǘŀōƭŜ ŎƘŀƴƎŜǎΦ 5[D{ ŜƳŜǊƎŜǎ ŀǎ ǘƘŜ Ƴƻǎǘ ƛƴŦƭǳŜƴǘƛŀƭ ŦŀŎǘƻǊΦ Lǘ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ b¢[Σ w5Σ 5.Σ .5Σ .IΣ
ŀƴŘ tD{Φ ¢Ƙƛǎ ǎƘƛŦǘ ŦǊƻƳ ƭƻŎŀƭ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ǘƻ ƭŀƴŘǎŎŀǇŜ ŎƻƴƴŜŎǘƛǾƛǘȅ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ
ƻǇŜǊŀǘŜ ŘƛŦŦŜǊŜƴǘƭȅ ŀŎǊƻǎǎ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǇŀǘŎƘ ŘȅƴŀƳƛŎǎ ǘƘŜƻǊȅ ό[ŜƛōƻƭŘ Ŝǘ ŀƭΦΣ нллпύΦ
{ǇŜŎƛŦƛŎŀƭƭȅΣ ŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ Ƙƻǿ ŀŎŎŜǎǎƛōƭŜ ƭŀǊƎŜ ƎǊŜŜƴ ǎǇŀŎŜǎ ŀǊŜ ōŜŎƻƳŜǎ ǘƘŜ ǇǊƛƳŀǊȅ ŦŀŎǘƻǊΣ
ǊŜǇƭŀŎƛƴƎ ƭƻŎŀƭ ǾŜƎŜǘŀǘƛƻƴ ŎƻƴŘƛǘƛƻƴǎΦ ¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ǎǇŜŎƛŜǎ ŀƴŘ ǘƘŜƛǊ ǎŜƭŜŎǘƛƻƴ ƻŦ Ƙŀōƛǘŀǘǎ
ƻǇŜǊŀǘƛƴƎ ŘƻƳƛƴŀƴǘƭȅ ƻǾŜǊ ƭŀǊƎŜǊ ǎǇŀǘƛŀƭ ŀǊŜŀǎΦ aŜŀƴǿƘƛƭŜΣ ōǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅΣ ƘŜƛƎƘǘΣ ŀƴŘ ǘƘŜƛǊ ǎǇŀǘƛŀƭ
ŘƛǎǘǊƛōǳǘƛƻƴ ǘƻƎŜǘƘŜǊ ŘŜŦƛƴŜ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊ ŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ƭŜǾŜƭΦ ¢ƘŜȅ ƛƴŦƭǳŜƴŎŜ ǿƘŀǘ Ƙŀōƛǘŀǘǎ
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ŀǊŜ ŀǾŀƛƭŀōƭŜ ǘƻ ŘƛŦŦŜǊŜƴǘ ǎǇŜŎƛŜǎΦ CŀŎǘƻǊǎ ƭƛƪŜ ƴƻŎǘǳǊƴŀƭ ƭƛƎƘǘƛƴƎ ŀƴŘ ǊƻŀŘ ƴŜǘǿƻǊƪǎ ŎƻƴǘƛƴǳŜ ǘƻ ŜȄŜǊǘ ǘƘŜƛǊ
ŘƛǎǘǳǊōƛƴƎ ŜŦŦŜŎǘǎΣ ƳǳŎƘ ŀǎ ǘƘŜȅ Řƻ ŀǘ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ
ƭŀǎǘǎ ǘƘǊƻǳƎƘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎΦ /ƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜΣ ǘƘŜ ŘƻƳƛƴŀƴǘ ƳŜŎƘŀƴƛǎƳ ŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ
ǎŎŀƭŜ ǎƘƛŦǘǎ ŦǊƻƳ ƳƛŎǊƻƘŀōƛǘŀǘ ǉǳŀƭƛǘȅ ǘƻ ǎǇŀǘƛŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ŜǎǎŜƴǘƛŀƭ ǾŀƭǳŜ ƻŦ
ŀ ƳǳƭǘƛπǎŎŀƭŜ ŀǇǇǊƻŀŎƘ ǘƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǳǊōŀƴ ŜŎƻǎȅǎǘŜƳǎΦ

CƛƎǳǊŜ нΦ wŜƭŀǘƛǾŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǾŀǊƛŀōƭŜǎ ŀǘ ǘǿƻ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ ό{ƻǳǊŎŜΥ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ŀǳǘƘƻǊύΦ

оΦнΦ bƻƴƭƛƴŜŀǊ wŜǎǇƻƴǎŜǎ ŀƴŘ {ŎŀƭŜπ5ŜǇŜƴŘŜƴǘ 9ŦŦŜŎǘǎ ƻŦ ¦Ǌōŀƴ aƻǊǇƘƻƭƻƎȅ

¢ƘŜ ƴƻƴƭƛƴŜŀǊ ŜŦŦŜŎǘǎ Ǉƭƻǘǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ .w¢ ƳƻŘŜƭ όCƛƎǳǊŜǎ о ŀƴŘ пύ ǊŜǾŜŀƭ ǘƘŜ ƛƴǘǊƛŎŀǘŜ ŎƻƴƴŜŎǘƛƻƴǎ
ōŜǘǿŜŜƴ ǳǊōŀƴ ŦƻǊƳ ŀƴŘ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ǘƘŀǘ ǾŀǊȅ ōȅ ǎŎŀƭŜΦ ¢ƘŜ ǊŜǎǇƻƴǎŜ ŎǳǊǾŜǎ ŦƻǊ ǘƘŜ нрлπƳŜǘŜǊ ǎŎŀƭŜ
όƻǊŀƴƎŜ ƭƛƴŜǎύ ŀƴŘ ǘƘŜ млллπƳŜǘŜǊ ǎŎŀƭŜ όōƭǳŜ ƭƛƴŜǎύ ŘƛŦŦŜǊ ƎǊŜŀǘƭȅ ƛƴ ōƻǘƘ ǘƘŜƛǊ ŘƛǊŜŎǘƛƻƴ ŀƴŘ ǎƘŀǇŜΦ ¢ƘŜǎŜ
ǊŜǎǳƭǘǎ ŎƻƴŦƛǊƳ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ǎǘǊƻƴƎ ǎŎŀƭŜ ǊŜǾŜǊǎŀƭ ŜŦŦŜŎǘΦ

!ǘ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜΣ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ƎŜƴŜǊŀƭƭȅ ǎƘƻǿ ǎǳǇǇǊŜǎǎƛǾŜ ǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘǎΦ .5 ǊŜŀŎƘŜǎ ŀ
ōǊƛŜŦ ǇŜŀƪ ƴŜŀǊ лΦнсΣ ŀŦǘŜǊ ǿƘƛŎƘ ƛǘǎ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ǎǘǊŜƴƎǘƘŜƴǎ ǊŀǇƛŘƭȅ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŘŜƴǎƛǘȅΦ ¢Ƙƛǎ
ǇŀǘǘŜǊƴ ǊŜŦƭŜŎǘǎ Ƙƻǿ ƘƛƎƘ ōǳƛƭŘƛƴƎ ŎƻǾŜǊŀƎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜǎǘǊƛŎǘǎ Ƙŀōƛǘŀǘ ŎƻƴŘƛǘƛƻƴǎ Ǉŀǎǘ ǘƘƛǎ ǇƻƛƴǘΦ ¢ƘŜ
ǊŜǎǇƻƴǎŜ ŎǳǊǾŜ ŦƻǊ C!w ǎƘƻǿǎ ŀ ƳƻǊŜ ǘȅǇƛŎŀƭ ǇŀǘǘŜǊƴΦ Lǘ ǇŜŀƪǎ ŀǊƻǳƴŘ мΦр ōŜŦƻǊŜ ŘŜŎƭƛƴƛƴƎ ŀƴŘ ǘƘŜƴ
ǎǘŀōƛƭƛȊƛƴƎΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ мΦр Ƴŀȅ ǊŜǇǊŜǎŜƴǘ ŀ ŎǊƛǘƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅ ǘƘǊŜǎƘƻƭŘ ƴŜŜŘŜŘ ǘƻ
ǎǳǇǇƻǊǘ ƭƻŎŀƭ ōƛǊŘ ŘƛǾŜǊǎƛǘȅΦ .ŜȅƻƴŘ ǘƘƛǎ ǾŀƭǳŜΣ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜǎ ƛƴ C!w ŜȄŜǊǘ ƴƻǘƛŎŜŀōƭȅ ƴŜƎŀǘƛǾŜ ŜŦŦŜŎǘǎ
ƻƴ ŘƛǾŜǊǎƛǘȅΦ aŜŀƴǿƘƛƭŜΣ .I ǎƘƻǿǎ ŀ ǎǘŀōƛƭƛȊƛƴƎ ǎǳǇǇǊŜǎǎƛǾŜ ŜŦŦŜŎǘ ƻƴŎŜ ƛǘ ŜȄŎŜŜŘǎ мл ƳŜǘŜǊǎΣ ƛƴŘƛŎŀǘƛƴƎ
ǘƘŀǘ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎΣ ǎǳŎƘ ŀǎ ƳƻǾŜƳŜƴǘ ōŀǊǊƛŜǊǎ ŀƴŘ ŎƘŀƴƎŜŘ ǿƛƴŘ ǇŀǘǘŜǊƴǎΣ ōŜŎƻƳŜ ŎƻƴǎƛǎǘŜƴǘ ƻƴŎŜ
ōǳƛƭŘƛƴƎǎ ǊŜŀŎƘ ǎǳŦŦƛŎƛŜƴǘ ƘŜƛƎƘǘΦ

!ǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ǎƘƻǿ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ ŜŦŦŜŎǘǎΦ !ǎ ǘƘŜ ǎǇŀǘƛŀƭ ǎŎŀƭŜ
ŜȄǇŀƴŘǎΣ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ .5 ƻƴ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ǊŜǾŜǊǎŜǎΦ Lǘǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǎƘƛŦǘǎ ŦǊƻƳ ƴŜƎŀǘƛǾŜ ŀǘ ǘƘŜ ƭƻŎŀƭ
ǎŎŀƭŜ ǘƻ ŀ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ǇŜŀƪƛƴƎ ǿƘŜƴ ōǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅ ǊŜŀŎƘŜǎ
ŀǇǇǊƻȄƛƳŀǘŜƭȅ лΦорΦ ¢Ƙƛǎ ǊŜǾŜŀƭǎ ǘƘŀǘ ǿƛǘƘƛƴ ŀ ƭŀǊƎŜǊ ǎǇŀǘƛŀƭ ŎƻƴǘŜȄǘΣ ŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƘŀǾƛƴƎ ǎǳƛǘŀōƭŜ
ŘŜƴǎƛǘȅ Ƴŀȅ ǎǳǇǇƻǊǘ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎΦ Lǘ Ŏŀƴ ŦƻǊƳ ŀ ƳƛȄ ƻŦ ōǳƛƭŘƛƴƎǎ ǿƛǘƘ ƎǊŜŜƴ ǎǇŀŎŜǎΣ ŜƴŎƻǳǊŀƎƛƴƎ ŀ
ǿƛŘŜǊ ǾŀǊƛŜǘȅ ƻŦ ƳƛŎǊƻƘŀōƛǘŀǘǎΦ ¢ƘŜ C!w ǎƘƻǿǎ ŀƴ ƛƴǾŜǊǘŜŘ ¦πǎƘŀǇŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇΦ ¢Ƙƛǎ ŦƛƴŘƛƴƎ ǎǳǇǇƻǊǘǎ
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ǘƘŜ ǾƛŜǿ ǘƘŀǘ ŀ ƳƻŘŜǊŀǘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅ ŎƻǳƭŘ ƘŜƭǇ ǎǳǇǇƻǊǘ ōƛƻŘƛǾŜǊǎƛǘȅ ƭŜǾŜƭǎΦ .ƻǘƘ ŜȄŎŜǎǎƛǾŜ
ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ŜȄŎŜǎǎƛǾŜ ŘƛǎǇŜǊǎƛƻƴ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ŀǇǇŜŀǊ ǎǳōƻǇǘƛƳŀƭΦ .I ŜȄƘƛōƛǘǎ ŀ ǳƴƛǉǳŜ ƴƻƴπ
ƳƻƴƻǘƻƴƛŎ ǇŀǘǘŜǊƴΣ ƛƴƛǘƛŀƭƭȅ ŘŜŎǊŜŀǎƛƴƎ ŀƴŘ ǘƘŜƴ ƛƴŎǊŜŀǎƛƴƎΦ ¢Ƙƛǎ ƭƛƪŜƭȅ ǊŜŦƭŜŎǘǎ ǘƘŜ ŎƻƳǇƭŜȄ ƛƴŦƭǳŜƴŎŜ ƻŦ
ōǳƛƭŘƛƴƎǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ƘŜƛƎƘǘ ƭŜǾŜƭǎ ƻƴ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎΦ [ƻǿŜǊ ōǳƛƭŘƛƴƎǎ ƳƛƎƘǘ ƻŦŦŜǊ ŜŀǎƛŜǊπǘƻπǊŜŀŎƘ
ƴŜǎǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΣ ǿƘƛƭŜ ŀ ŎŜǊǘŀƛƴ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƘƛƎƘπǊƛǎŜ ōǳƛƭŘƛƴƎǎ Ƴŀȅ ǎǳǇǇƻǊǘ ǎǇŜŎƛŜǎ ŎƻŜȄƛǎǘŜƴŎŜ
ǘƘǊƻǳƎƘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǾŀǊƛŜŘ ǾŜǊǘƛŎŀƭ ǎǘǊǳŎǘǳǊŜǎΦ ¢ƘŜǎŜ ŎƻƳǇƭŜȄ ƴƻƴƭƛƴŜŀǊ ǊŜǎǇƻƴǎŜǎ ŎƭŜŀǊƭȅ ǎƘƻǿ ǘƘŀǘ
ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǳǊōŀƴ ŦƻǊƳ ŀƴŘ ƛǘǎ ŜŎƻƭƻƎƛŎŀƭ ŜŦŦŜŎǘǎ ƎƻŜǎ ōŜȅƻƴŘ ǿƘŀǘ ŎƻƴǾŜƴǘƛƻƴŀƭ ƭƛƴŜŀǊ
ŀǇǇǊƻŀŎƘŜǎ Ŏŀƴ ŜȄǇƭŀƛƴΦ ¢ƘŜȅ ŘŜŜǇŜƴ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǳǊōŀƴ ŜŎƻǎȅǎǘŜƳǎ ǘƻǿŀǊŘ ŀ ƳƻǊŜ ǊŜŦƛƴŜŘΣ
ƴƻƴƭƛƴŜŀǊ ǊŜƎǳƭŀǘƻǊȅ ǇŀǊŀŘƛƎƳΦ

CƛƎǳǊŜ оΦ ¢ƘŜ ƳǳƭǘƛπǎŎŀƭŜ ƴƻƴƭƛƴŜŀǊ ƛƳǇŀŎǘ ƻŦ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ƻƴ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ό{ƻǳǊŎŜΥ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ
ŀǳǘƘƻǊύΦ

оΦоΦ 9ŦŦŜŎǘǎ ƻŦ Iŀōƛǘŀǘ ŀƴŘ IǳƳŀƴ 5ƛǎǘǳǊōŀƴŎŜ ǿƛǘƘ {ŀǘǳǊŀǘƛƻƴ ¢ƘǊŜǎƘƻƭŘǎ

!ǇŀǊǘ ŦǊƻƳ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘŜ ǊŜǎǇƻƴǎŜ ǇŀǘǘŜǊƴǎ ƻŦ Ƙŀōƛǘŀǘ ŀƴŘ ŘƛǎǘǳǊōŀƴŎŜ ŦŀŎǘƻǊǎ ŀƭǎƻ ƻŦŦŜǊ
ƛƳǇƻǊǘŀƴǘ ƎǳƛŘŀƴŎŜ ŦƻǊ ǇƭŀƴƴŜǊǎΦ ¢ƘŜ b5±L Ƙŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ŘƛǾŜǊǎƛǘȅ ŀǘ ǘƘŜ ƭƻŎŀƭ
ǎŎŀƭŜΣ ōǳǘ ƛǘǎ ƎǊƻǿǘƘ ǘǊŜƴŘ ǎƭƻǿǎ Řƻǿƴ ƴƻǘƛŎŜŀōƭȅ ŀŦǘŜǊ ǊŜŀŎƘƛƴƎ лΦрΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ōƻƻǎǘƛƴƎ
ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊ ƛǎ ƪŜȅ ǘƻ ŜƴƘŀƴŎƛƴƎ ƴŜƛƎƘōƻǊƘƻƻŘ ōƛƻŘƛǾŜǊǎƛǘȅΣ ȅŜǘ ōŜȅƻƴŘ ŀ ŎŜǊǘŀƛƴ ƭŜǾŜƭΣ ǘƘŜ ōŜƴŜŦƛǘǎ
ōŜƎƛƴ ǘƻ ǇƭŀǘŜŀǳΦ ¢Ƙƛǎ ǎŀǘǳǊŀǘƛƻƴ ŜŦŦŜŎǘ Ƴŀȅ ǊŜŦƭŜŎǘ ǘƘŜ ƭƛƳƛǘǎ ƻŦ ǘƘŜ ƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎŀǊǊȅƛƴƎ ŎŀǇŀŎƛǘȅΦ
hƴŎŜ ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊŀƎŜ ǊŜŀŎƘŜǎ ŀ ƘƛƎƘ ƭŜǾŜƭΣ ŀǾŀƛƭŀōƭŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ƘŜƭǇ ǎǳǎǘŀƛƴ ŀ ƎǊŜŀǘŜǊ
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ƴǳƳōŜǊ ƻŦ ǎǇŜŎƛŜǎ Ƴŀȅ ōŜŎƻƳŜ ǘƘŜ ƴŜǿ ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊΦ !ǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ǘƘŜ tD{ ƛƴŎǊŜŀǎŜǎ ǊŀǇƛŘƭȅ
ǿƛǘƘƛƴ ǘƘŜ ол҈ ǘƻ пл҈ ǊŀƴƎŜ ōŜŦƻǊŜ ǎǘŀōƛƭƛȊƛƴƎΦ ¢Ƙƛǎ ƎƛǾŜǎ ǳǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŜŎƻƭƻƎƛŎŀƭ ōŀǎƛǎ ŦƻǊ
ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ǎŜǘǘƛƴƎ ǘƘŜ ƎǊŜŜƴ ǎǇŀŎŜ Ǌŀǘƛƻ ƛƴ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΦ 5[D{ ŜȄƘƛōƛǘǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜƎŀǘƛǾŜ
ŎƻǊǊŜƭŀǘƛƻƴ ŀǘ ōƻǘƘ ǘƘŜ ƭƻŎŀƭ ǎŎŀƭŜ ŀƴŘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ǿƛǘƘ ƛǘǎ ŜŦŦŜŎǘ ǎǘŀōƛƭƛȊƛƴƎ ōŜȅƻƴŘ нллл ƳŜǘŜǊǎΦ
¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǾŀƭǳŜ ƛƴ ǇƭŀŎƛƴƎ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ƳŀƧƻǊ
ŜŎƻƭƻƎƛŎŀƭ ǎƻǳǊŎŜǎΦ ¢Ƙƛǎ ŘƛǎǘŀƴŎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ Ƴŀȅ ǊŜŦƭŜŎǘ ǘƘŜ ŜŦŦŜŎǘƛǾŜ ǊŀƴƎŜ ƻǾŜǊ ǿƘƛŎƘ ǳǊōŀƴ ōƛǊŘǎ
ǊŀƴƎŜΣ ōŜȅƻƴŘ ǿƘƛŎƘ ǘƘŜ ǎǳǇǇƻǊǘƛǾŜ ǊƻƭŜ ƻŦ ƭŀǊƎŜ ƎǊŜŜƴ ǎǇŀŎŜǎ ŦƻǊ ǊŜǎƛŘŜƴǘƛŀƭ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ŘƛƳƛƴƛǎƘŜǎ
ƴƻǘƛŎŜŀōƭȅΦ CǳǊǘƘŜǊƳƻǊŜΣ b¢[ ǎƘƻǿǎ ŀ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ǿƛǘƘ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ŀǘ ōƻǘƘ ǎŎŀƭŜǎΣ ǿƛǘƘ ǘƘŜ
ŜŦŦŜŎǘ ǎǘŀōƛƭƛȊƛƴƎ ŀŦǘŜǊ ŀƴ ƛƴǘŜƴǎƛǘȅ ƻŦ улΦ ¢Ƙƛǎ ǇƘŜƴƻƳŜƴƻƴ Ƴŀȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƳƻŘŜǊŀǘŜ ŜƭŜŎǘǊƛŎ ƭƛƎƘǘƛƴƎ
ŀƴŘ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅ ŜȄǘŜƴŘ ŀŎǘƛǾƛǘȅ ǘƛƳŜ ƻǊ ŎǊŜŀǘŜ ƴŜǿ ŦŜŜŘƛƴƎ ŎƘŀƴŎŜǎ ŦƻǊ ǎƻƳŜ ǳǊōŀƴπŀŘŀǇǘŜŘ ǎǇŜŎƛŜǎΦ
¢ƘŜ ǳǊōŀƴ ŜŎƻǎȅǎǘŜƳ Ŧƻƭƭƻǿǎ ŎƭŜŀǊ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘǎΣ ǿƘŜǊŜ ŘƛŦŦŜǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ǎƘƻǿ
ǎŀǘǳǊŀǘƛƻƴ ƻǊ ǊŜǾŜǊǎŀƭ ŜŦŦŜŎǘǎ ŀǘ ǎǇŜŎƛŦƛŎ ǇƻƛƴǘǎΦ ¢Ƙƛǎ ǇŀǘǘŜǊƴ ǊŜŦƭŜŎǘǎ Ƙƻǿ ǎǇŜŎƛŜǎ ŎƻƳǇŜǘŜ ŦƻǊ ƭƛƳƛǘŜŘ
ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǊŜǎǇƻƴŘ ŘƛŦŦŜǊŜƴǘƭȅ ǘƻ ǾŀǊƛŜŘ Ƙŀōƛǘŀǘǎ όaŀŎ!ǊǘƘǳǊΣ мфтлύΦ

CƛƎǳǊŜ пΦ ¢ƘŜ ƳǳƭǘƛπǎŎŀƭŜ ƴƻƴƭƛƴŜŀǊ ŜŦŦŜŎǘǎ ƻŦ Ƙŀōƛǘŀǘ ŀƴŘ ƘǳƳŀƴ ŘƛǎǘǳǊōŀƴŎŜ ƻƴ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ό{ƻǳǊŎŜΥ
ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ŀǳǘƘƻǊύΦ

оΦпΦ ! /ƻƴŎŜǇǘǳŀƭ CǊŀƳŜǿƻǊƪ ŀƴŘ Lǘǎ !ǇǇƭƛŎŀǘƛƻƴǎ ƛƴ {Ǉŀǘƛŀƭ tƭŀƴƴƛƴƎ

.ǳƛƭŘƛƴƎ ƻƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǊŜƭŀǘƛǾŜ ƛƳǇƻǊǘŀƴŎŜ ŀƴŘ ƴƻƴƭƛƴŜŀǊ ŜŦŦŜŎǘǎΣ ǘƘƛǎ ǎǘǳŘȅ ŎƻƴŦƛǊƳǎ ǘƘŀǘ ǳǊōŀƴ
ƳƻǊǇƘƻƭƻƎȅ Ǉƭŀȅǎ ŀ ƪŜȅ ǊƻƭŜ ƛƴ ǎƘŀǇƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ƻǳǘŎƻƳŜǎΦ ¢ƘŜ ŦǊŀƳŜǿƻǊƪ ŘŜǾŜƭƻǇŜŘ ƘŜǊŜ ƻŦŦŜǊǎ ǘǿƻ
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Ƴŀƛƴ ŎƻƴǘǊƛōǳǘƛƻƴǎΥ ƛǘ ŎƭŀǊƛŦƛŜǎ Ƙƻǿ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜǎ ŘƛŦŦŜǊ ōȅ ǎŎŀƭŜΣ ŀƴŘ ƛǘ ƛŘŜƴǘƛŦƛŜǎ ŜŎƻƭƻƎƛŎŀƭ
ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎΦ ¢Ƙƛǎ ŀŘǾŀƴŎŜǎ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŀǎ ƛǘ ƳƻǾŜǎ ŀǿŀȅ ŦǊƻƳ ǉǳŀƭƛǘŀǘƛǾŜ ƎǳƛŘŀƴŎŜ
ǘƻǿŀǊŘ ǉǳŀƴǘƛǘŀǘƛǾŜ ƳŜǘƘƻŘǎΦ hǳǊ ŦǊŀƳŜǿƻǊƪ ǊŜǇƻǎƛǘƛƻƴǎ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ŦǊƻƳ ōŜƛƴƎ ŀ ǇŀǎǎƛǾŜ ǎǇŀǘƛŀƭ
ŎƻƴǘŀƛƴŜǊ ǘƻ ǎŜǊǾƛƴƎ ŀǎ ŀƴ ŀŎǘƛǾŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜƎǳƭŀǘƻǊΦ Lǘ ǘƘŜǊŜōȅ ǇǊƻƳƻǘŜǎ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǳǊōŀƴ
ǇƭŀƴƴƛƴƎ ŀƴŘ ŜŎƻƭƻƎȅ ǎŎƛŜƴŎŜΦ

¦ǎƛƴƎ ǘƘƛǎ ŀǇǇǊƻŀŎƘΣ ǘƘƛǎ ǎǘǳŘȅ ǇǊƻǇƻǎŜǎ ŀ ǎǇŀǘƛŀƭ ǇƭŀƴƴƛƴƎ ƳŜǘƘƻŘ ǘƘŀǘ ōŀƭŀƴŎŜǎ ƛƴǘŜƴǎƛǾŜ ƭŀƴŘ ǳǎŜ ǿƛǘƘ
ǇǊƻǘŜŎǘƛƴƎ ƴŀǘǳǊŜΦ ¢Ƙƛǎ ǇŀǘƘ ǎǳǇǇƻǊǘǎ ŎƻƻǊŘƛƴŀǘŜŘ Ŏƛǘȅ ƎǊƻǿǘƘ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻǘŜŎǘƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΦ aŀƴŀƎŜƳŜƴǘ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅ ǎƘƻǳƭŘ ōŜ ōŀǎŜŘ ƻƴ
ƛŘŜƴǘƛŦƛŜŘ ŜŎƻƭƻƎƛŎŀƭ ŎǊƛǘƛŎŀƭ ǇƻƛƴǘǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǿŜ ǊŜŎƻƳƳŜƴŘ ƪŜŜǇƛƴƎ ǘƘŜ C!w ōŜƭƻǿ нΦр ŀǘ ǘƘŜ ƭƻŎŀƭ
ǎŎŀƭŜ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ƛǘ ǿƛǘƘƛƴ ǘƘŜ лΦрπнΦр ǊŀƴƎŜ ŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΦ ¢Ƙƛǎ ƘŜƭǇǎ ōŀƭŀƴŎŜ ŘŜǾŜƭƻǇƳŜƴǘ
ƛƴǘŜƴǎƛǘȅ ǿƛǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŦƛǘǎΦ ¢Ƙƛǎ ƪƛƴŘ ƻŦ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ǊŜŦƭŜŎǘǎ ŀ ǎŎŀƭŜπ
ǎŜƴǎƛǘƛǾŜ ǇƭŀƴƴƛƴƎ ǇƘƛƭƻǎƻǇƘȅΣ ƎƻƛƴƎ Ǉŀǎǘ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƻƴŜπǎƛȊŜπŦƛǘǎπŀƭƭ ŀǇǇǊƻŀŎƘŜǎΦ
{ƛƳǳƭǘŀƴŜƻǳǎƭȅΣ ǿŜ ǎǳƎƎŜǎǘ ǳǎƛƴƎ пл҈ ŀǎ ŀ ōŀǎŜƭƛƴŜ ŦƻǊ ǘƘŜ tD{ ǘƻ ŜƴǎǳǊŜ ŦǳƴŘŀƳŜƴǘŀƭ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅΦ
CǳǊǘƘŜǊƳƻǊŜΣ ǳǊōŀƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǊ ǊŜƴŜǿŀƭ ǇǊƻƧŜŎǘǎ ǎƘƻǳƭŘ ōŜ ǇǊƛƻǊƛǘƛȊŜŘ ǿƛǘƘƛƴ ŀ нлллπƳŜǘŜǊ ǎŜǊǾƛŎŜ
ǊŀŘƛǳǎ ƻŦ ƭŀǊƎŜ ƎǊŜŜƴ ǎǇŀŎŜǎΣ ƳŀȄƛƳƛȊƛƴƎ ǘƘŜ ōŜƴŜŦƛŎƛŀƭ ǎǇƛƭƭƻǾŜǊ ŜŦŦŜŎǘǎ ŦǊƻƳ ǘƘŜǎŜ ƳŀƧƻǊ ŜŎƻƭƻƎƛŎŀƭ
ŀǎǎŜǘǎΦ

¢ƻ Ǉǳǘ ǘƘŜǎŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƛƴǘƻ ǇǊŀŎǘƛŎŜΣ ǎŜǾŜǊŀƭ ƎƻǾŜǊƴŀƴŎŜ ƳŜŀǎǳǊŜǎ ŘŜǎŜǊǾŜ ŀǘǘŜƴǘƛƻƴΦ CƛǊǎǘΣ ƭƻŎŀƭ
ǇƭŀƴƴƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎ ŎƻǳƭŘ ƛƴǘŜƎǊŀǘŜ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘǎ ƛƴǘƻ ƭŀƴŘπǳǎŜ ȊƻƴƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎΣ ǎŜǘǘƛƴƎ
ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ C!w ƭƛƳƛǘǎ ŦƻǊ ŀǊŜŀǎ ǿƛǘƘ ǾŀǊȅƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ǎŜƴǎƛǘƛǾƛǘȅΦ {ŜŎƻƴŘΣ ŎǊƻǎǎπŘŜǇŀǊǘƳŜƴǘŀƭ
ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴΣ ŀƴŘ ǇŀǊƪǎ ƳŀƴŀƎŜƳŜƴǘ ŀƎŜƴŎƛŜǎ ǿƻǳƭŘ
ƘŜƭǇ ŜƴǎǳǊŜ ǘƘŀǘ ƎǊŜŜƴ ǎǇŀŎŜ ǘŀǊƎŜǘǎ ŀƴŘ ŎƻƴƴŜŎǘƛǾƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ƛƳǇƭŜƳŜƴǘŜŘ ŎƻƴǎƛǎǘŜƴǘƭȅΦ ¢ƘƛǊŘΣ
ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳǎ ǘƘŀǘ ǘǊŀŎƪ ōƛƻŘƛǾŜǊǎƛǘȅ ƛƴŘƛŎŀǘƻǊǎ ƻǾŜǊ ǘƛƳŜ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ŦŜŜŘōŀŎƪ ŦƻǊ ŀŘƧǳǎǘƛƴƎ
ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜǎ ŀǎ ǳǊōŀƴ ŎƻƴŘƛǘƛƻƴǎ ŎƘŀƴƎŜΦ ¢ƘŜǎŜ ƎƻǾŜǊƴŀƴŎŜ ŀǊǊŀƴƎŜƳŜƴǘǎ ǿƻǳƭŘ ƘŜƭǇ ǘǊŀƴǎƭŀǘŜ ǘƘŜ
ǎŎƛŜƴǘƛŦƛŎ ŦƛƴŘƛƴƎǎ ƛƴǘƻ ŜƴŦƻǊŎŜŀōƭŜ ǇƭŀƴƴƛƴƎ ǎǘŀƴŘŀǊŘǎΦ

²Ŝ ǎƘƻǳƭŘ ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŀǊŜ ŎƻƴǘŜȄǘπŘŜǇŜƴŘŜƴǘΦ ¢ƘŜƛǊ
ǎǇŜŎƛŦƛŎ ǾŀƭǳŜǎ ƳƛƎƘǘ ŎƘŀƴƎŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ƭƻŎŀƭ ŎƭƛƳŀǘŜΣ ǾŜƎŜǘŀǘƛƻƴ ǘȅǇŜǎΣ ŀƴŘ ōƛǊŘ ŎƻƳƳǳƴƛǘȅ
ŎƻƳǇƻǎƛǘƛƻƴΦ IƻǿŜǾŜǊΣ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ǎŎŀƭŜπǎŜƴǎƛǘƛǾŜ ǘƘǊŜǎƘƻƭŘ
ƳŀƴŀƎŜƳŜƴǘ Ŏŀƴ ōŜ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ƻǘƘŜǊ ƘƛƎƘπŘŜƴǎƛǘȅ ŎƛǘƛŜǎ ŦŀŎƛƴƎ ǎƛƳƛƭŀǊ ǳǊōŀƴƛȊŀǘƛƻƴ ǇǊŜǎǎǳǊŜǎΣ ǎǳŎƘ ŀǎ
ǘƘƻǎŜ ƛƴ 9ŀǎǘ !ǎƛŀ ŀƴŘ ǊŀǇƛŘƭȅ ƎǊƻǿƛƴƎ ƳŜǘǊƻǇƻƭƛǘŀƴ ǊŜƎƛƻƴǎ ǿƻǊƭŘǿƛŘŜΦ tƭŀƴƴŜǊǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ŎƻƴǘŜȄǘǎ
ŎƻǳƭŘ ŀǇǇƭȅ ǘƘŜ ǎŀƳŜ ŀƴŀƭȅǘƛŎŀƭ ŀǇǇǊƻŀŎƘ ǿƘƛƭŜ ǊŜŎŀƭƛōǊŀǘƛƴƎ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ƭƻŎŀƭ
ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ ŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǳǎƛƴƎ ǘƘŜǎŜ ŦƛƴŘƛƴƎǎ ǊŜǉǳƛǊŜǎ ŎŀƭƛōǊŀǘƛƴƎ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ
ŀŎŎƻǊŘƛƴƎ ǘƻ ƭƻŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ŎǊŜŀǘƛƴƎ ŀ ǎȅǎǘŜƳ ǘƘŀǘ Ŏŀƴ ōŜ ǳǇŘŀǘŜŘ ƻǾŜǊ ǘƛƳŜΦ

пΦ /ƻƴŎƭǳǎƛƻƴ
¢Ƙƛǎ ǎǘǳŘȅ ŜƳǇƭƻȅŜŘ ŀ ōƻƻǎǘŜŘ ǊŜƎǊŜǎǎƛƻƴ ǘǊŜŜ ƳƻŘŜƭ ǿƛǘƘƛƴ ŀ ƳǳƭǘƛπǎŎŀƭŜ ŀƴŀƭȅǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ǘƻ ƭƻƻƪ
ŎƭƻǎŜƭȅ ŀǘ ǘƘŜ ƴƻƴƭƛƴŜŀǊ ǊŜƎǳƭŀǘƻǊȅ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ƻƴ ōƛǊŘ ŘƛǾŜǊǎƛǘȅΦ hǳǊ ǊŜǎǳƭǘǎ ǎƘƻǿ
ǘƘŀǘ ǎǳǇǇƻǊǘƛƴƎ ōƛǊŘ ŘƛǾŜǊǎƛǘȅ ǊŜǉǳƛǊŜǎ ǘƘŜ Ƨƻƛƴǘ ǎǳǇǇƻǊǘ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎΦ !ǘ ǘƘŜ
ƭƻŎŀƭ ǎŎŀƭŜΣ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ŀƴŘ ƘǳƳŀƴπƛƴŘǳŎŜŘ ŘƛǎǘǳǊōŀƴŎŜǎ ǎŜǊǾŜ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊǎΦ
aŜŀƴǿƘƛƭŜΣ ŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜΣ ǎǇŀǘƛŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŀƴŘ Ƙƻǿ ǿŜƭƭ ŜŎƻǎȅǎǘŜƳǎ ŀǊŜ ŎƻƴƴŜŎǘŜŘ Ǉƭŀȅ
ŎǊƛǘƛŎŀƭ ƛƴǘŜƎǊŀǘƛǾŜ ǊƻƭŜǎΦ ²Ƙŀǘ ǿŜ ƭŜŀǊƴŜŘ Ǉƻƛƴǘǎ ƻǳǘ ŀ ƳŀƧƻǊ ǎƘƻǊǘŎƻƳƛƴƎ ƛƴ ǎǘŀƴŘŀǊŘ ǇƭŀƴƴƛƴƎ ƳŜǘƘƻŘǎΦ
¢ƘŜƛǊ ǎƛƴƎƭŜπǎŎŀƭŜ ŀǇǇǊƻŀŎƘ ŀƴŘ ǎƛƳǇƭŜ ŎŀǳǎŜπŀƴŘπŜŦŦŜŎǘ ŀǎǎǳƳǇǘƛƻƴǎ ŀǊŜ ƴƻǘ ŜƴƻǳƎƘ ǘƻ ŘŜŀƭ ǿƛǘƘ ǘƘŜ
ŎƻƳǇƭŜȄ ƴŀǘǳǊŜ ƻŦ Ŏƛǘȅ ŜŎƻǎȅǎǘŜƳǎΦ Lǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ŎǊƻǎǎπǎŎŀƭŜ ŎƻƭƭŀōƻǊŀǘƛǾŜ
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ƻŦ ¦Ǌōŀƴ aƻǊǇƘƻƭƻƎȅ

ǇƭŀƴƴƛƴƎ ŀǇǇǊƻŀŎƘΦ {ǳŎƘ ŀ ŦǊŀƳŜǿƻǊƪ ǿƻǳƭŘ ƘŜƭǇ ǊŜŎƻƴŎƛƭŜ ǇƻǘŜƴǘƛŀƭ ǎǇŀǘƛŀƭ ŎƻƴŦƭƛŎǘǎ ōŜǘǿŜŜƴ ŜŎƻƭƻƎƛŎŀƭ
ǇǊƻŎŜǎǎŜǎ ƻǇŜǊŀǘƛƴƎ ŀǘ ǾŀǊƛƻǳǎ ǎŎŀƭŜǎΦ

hǳǊ ǿƻǊƪ ƛŘŜƴǘƛŦȅƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ƛƳǇƻǊǘŀƴǘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀƴŘ Ƙŀōƛǘŀǘ ǇŀǊŀƳŜǘŜǊǎ ǇǊƻǾƛŘŜǎ
ŀ ǎŎƛŜƴǘƛŦƛŎ ōŀǎƛǎ ŦƻǊ ǎƘƛŦǘƛƴƎ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŦǊƻƳ ǉǳŀƭƛǘŀǘƛǾŜ ƎǳƛŘŀƴŎŜ ǘƻ ǉǳŀƴǘƛǘŀǘƛǾŜ ŘŜǎƛƎƴΦ /ƻǊŜ
ǇŀǊŀƳŜǘŜǊǎ ƭƛƪŜ .5 ŀƴŘ C!w ŜȄƘƛōƛǘ ǎŎŀƭŜπŘŜǇŜƴŘŜƴǘ ǊŜǾŜǊǎŀƭ ŜŦŦŜŎǘǎ ŀƴŘ ƴƻƴƭƛƴŜŀǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ¢ƘŜǎŜ
ǇŀǘǘŜǊƴǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ƻƴ ōƛƻŘƛǾŜǊǎƛǘȅ ǇƻǎǎŜǎǎŜǎ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǇŜƴŘŜƴŎŜ ƻƴ
ƭƻŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ǘǊŀƴǎƛǘƛƻƴ ŦŜŀǘǳǊŜǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎŜŀǊŎƘ ŦƛƴŘƛƴƎǎΣ ŀ ǉǳŀƴǘƛǘŀǘƛǾŜ
ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘΦ ¢Ƙƛǎ ǎȅǎǘŜƳ ŜǎǘŀōƭƛǎƘŜǎ ŘƛǎǘƛƴŎǘ ŎƻƴǘǊƻƭ ǊŀƴƎŜǎ ŦƻǊ ƭƻŎŀƭ ŀƴŘ
ƭŀƴŘǎŎŀǇŜ ǎŎŀƭŜǎΦ Lǘ ƎƛǾŜǎ ǎǇŜŎƛŦƛŎ ǊǳƭŜǎ ŦƻǊ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎΣ ƛƴŎƭǳŘƛƴƎ ŦƭƻƻǊ ŀǊŜŀ ǊŀǘƛƻΣ ƎǊŜŜƴ ǎǇŀŎŜ
ǇŜǊŎŜƴǘŀƎŜΣ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ŜŎƻƭƻƎƛŎŀƭ ŎƻƴƴŜŎǘƛƻƴǎΦ ²Ƙŀǘ ǿŜϥǾŜ ǎŜǘ ǳǇ ǎƘƻǿǎ ǘƘŀǘ ǇǊŜŎƛǎŜ
ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǊŜƎǳƭŀǘƛƻƴ Ŏŀƴ ŜŦŦŜŎǘƛǾŜƭȅ ƛƳǇǊƻǾŜ ōƻǘƘ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ŦǳƴŎǘƛƻƴ
ǿƛǘƘƛƴ ƭƛƳƛǘŜŘ ǎǇŀŎŜΦ ¢Ƙƛǎ ƎƛǾŜǎ ǳǎ ŀ ŘƛŦŦŜǊŜƴǘ ǿŀȅ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ǘƘŜ ƭƻƴƎπǎǘŀƴŘƛƴƎ ǘŜƴǎƛƻƴ ƛƴ
ŎƻƴǾŜƴǘƛƻƴŀƭ ǇƭŀƴƴƛƴƎΦ

!ǘ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ƭŜǾŜƭΣ ǘƘƛǎ ǎǘǳŘȅ ŜǎǘŀōƭƛǎƘŜǎ ŀ ƴƻƴƭƛƴŜŀǊ ϦƳƻǊǇƘƻƭƻƎȅπōƛƻŘƛǾŜǊǎƛǘȅϦ ǊŜǎǇƻƴǎŜ ŦǊŀƳŜǿƻǊƪΦ
Lǘ ǊŜǇƻǎƛǘƛƻƴǎ ǳǊōŀƴ ƳƻǊǇƘƻƭƻƎȅ ŦǊƻƳ ōŜƛƴƎ ŀ ǇŀǎǎƛǾŜ ǎǇŀǘƛŀƭ ŎŀǊǊƛŜǊ ǘƻ ǎŜǊǾƛƴƎ ŀǎ ŀ ǳǎŜŦǳƭ ƳŜŀƴǎ ŦƻǊ
ŜŎƻƭƻƎƛŎŀƭ ǊŜƎǳƭŀǘƛƻƴΦ ¢Ƙƛǎ ǎƘƛŦǘ ƘŜƭǇǎ ǳǎ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǳǊōŀƴ ŜŎƻǎȅǎǘŜƳǎ ŦǳƴŎǘƛƻƴΦ !ǘ ǘƘŜ
ǇǊŀŎǘƛŎŀƭ ƭŜǾŜƭΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŎƻƴŦƛǊƳǎ ǘƘŀǘ ǇǊŜŎƛǎŜ ǎǇŀǘƛŀƭ ƛƴǘŜǊǾŜƴǘƛƻƴǎ Ŏŀƴ ƳŀȄƛƳƛȊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƎŀƛƴǎΦ
Lǘ ǇǊƻǾƛŘŜǎ ŀ ƴŜǿ ǘŜŎƘƴƛŎŀƭ ǇŀǘƘǿŀȅ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ƘƛƎƘπŘŜƴǎƛǘȅ ǳǊōŀƴ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΦ
¢ƻƎŜǘƘŜǊΣ ǘƘŜǎŜ ŦƛƴŘƛƴƎǎ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ŜȄǇƭŀƛƴ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ǊŜƎǳƭŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ƻŦ ǳǊōŀƴ
ƳƻǊǇƘƻƭƻƎȅ ǘƘǊƻǳƎƘ ŀ ƳǳƭǘƛπǎŎŀƭŜ ƴƻƴƭƛƴŜŀǊ ǇŜǊǎǇŜŎǘƛǾŜΦ ²ƘƛƭŜ ǘƘƛǎ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ IŀǊōƛƴΣ ǘƘŜ Ƴǳƭǘƛπ
ǎŎŀƭŜ ƴƻƴƭƛƴŜŀǊ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ǘƘǊŜǎƘƻƭŘπōŀǎŜŘ ǇƭŀƴƴƛƴƎ ƻŦŦŜǊ ǘǊŀƴǎŦŜǊŀōƭŜ
ƛƴǎƛƎƘǘǎ ŦƻǊ ƻǘƘŜǊ ŘŜƴǎŜƭȅ ŘŜǾŜƭƻǇŜŘ ŎƛǘƛŜǎ ǿƻǊƭŘǿƛŘŜΦ ¢ƘŜ ŀǇǇǊƻŀŎƘ Ŏŀƴ ƛƴŦƻǊƳ ǳǊōŀƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ
ǇǊŀŎǘƛŎŜǎ ƛƴ ŎƻƴǘŜȄǘǎ ǿƘŜǊŜ ǊŀǇƛŘ ƎǊƻǿǘƘ ǘƘǊŜŀǘŜƴǎ ōƛƻŘƛǾŜǊǎƛǘȅΦ hǳǊ ǿƻǊƪ ƎƛǾŜǎ ŀ ǎŎƛŜƴǘƛŦƛŎ ōŀǎƛǎ ŦƻǊ
ŀǇǇƭȅƛƴƎ ǎǇŀǘƛŀƭ Ǉƭŀƴǎ ǘƘŀǘ ƛƳǇǊƻǾŜ ǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ Ŏƛǘȅ ŜŎƻǎȅǎǘŜƳǎ ǘƻ ƘŀƴŘƭŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜǎ ŀƴŘ
ǎǳǇǇƻǊǘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ

рΦ wŜŦŜǊŜƴŎŜǎ
!ǊƻƴǎƻƴΣ aΦ CΦΣ [ŀ {ƻǊǘŜΣ CΦ !ΦΣ bƛƭƻƴΣ /Φ IΦΣ YŀǘǘƛΣ aΦΣ DƻŘŘŀǊŘΣ aΦ !ΦΣ [ŜǇŎȊȅƪΣ /Φ !ΦΣ ²ŀǊǊŜƴΣ tΦ {ΦΣ ²ƛƭƭƛŀƳǎΣ bΦ

{ΦΣ /ƛƭƭƛŜǊǎΣ {Φ ϧ /ƭŀǊƪǎƻƴΣ .Φ όнлмпύ ϥ! Ǝƭƻōŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ƻƴ ōƛǊŘ ŀƴŘ Ǉƭŀƴǘ
ŘƛǾŜǊǎƛǘȅ ǊŜǾŜŀƭǎ ƪŜȅ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŘǊƛǾŜǊǎϥΦ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅ .Υ .ƛƻƭƻƎƛŎŀƭ {ŎƛŜƴŎŜǎ
нумόмтулύΥнлмоооолΦ

!ǎŎŜƴǎńƻΣ CΦΣ 5ϥŀƳƛŎƻΣ aΦ ϧ .ŀǊǊƛŜƴǘƻǎΣ wΦ όнлмфύ ϥ±ŀƭƛŘŀǘƛƻƴ Řŀǘŀ ƛǎ ƴŜŜŘŜŘ ǘƻ ǎǳǇǇƻǊǘ ƳƻŘŜƭƭƛƴƎ ƛƴ wƻŀŘ
9ŎƻƭƻƎȅϥΦ

.ƭŀƛǊΣ wΦ .Φ όмффсύ ϥ[ŀƴŘ ǳǎŜ ŀƴŘ ŀǾƛŀƴ ǎǇŜŎƛŜǎ ŘƛǾŜǊǎƛǘȅ ŀƭƻƴƎ ŀƴ ǳǊōŀƴ ƎǊŀŘƛŜƴǘϥΦ 9ŎƻƭƻƎƛŎŀƭ !ǇǇƭƛŎŀǘƛƻƴǎ
сόнύΥрлсπрмфΦ

/ƘƻƛΣ 5Φ IΦΣ 5ŀǊƭƛƴƎΣ [ΦΣ IŀΣ WΦΣ {ƘŀƻΣ WΦΣ {ƻƴƎΣ IΦΣ CŜƛΣ {Φ ϧ IŀǊŘƛƳŀƴΣ .Φ {Φ όнлнрύ ϥ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ
ǎǇŀǘƛŀƭ ǎŎŀƭƛƴƎ ƻƴ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǳǊōŀƴ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅϥΦ LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻŦ
!ǇǇƭƛŜŘ 9ŀǊǘƘ hōǎŜǊǾŀǘƛƻƴ ŀƴŘ DŜƻƛƴŦƻǊƳŀǘƛƻƴ моуΥмлпппмΦ

5ŀΣ [Φ όнлнмύ ϥ¦Ǌōŀƴ wŜƴŜǿŀƭ ŦǊƻƳ ŀƴ 9ŎƻƭƻƎƛŎŀƭ tŜǊǎǇŜŎǘƛǾŜΥ /ƻƴǎǘǊǳŎǘƛƻƴ ƻŦ bŜŀǊπbŀǘǳǊŀƭ ¦Ǌōŀƴ [ƛŦŜ
[ŀƴŘƳŀǊƪǎ .ŀǎŜŘ ƻƴ ǘƘŜ wŜǎǘƻǊŀǘƛƻƴ ƻŦ [ƻŎŀƭ .ƛƻŘƛǾŜǊǎƛǘȅϥΦ²ƻǊƭŘ {ŎƛŜƴŎŜόмнύΥолπомΦ

5ƻƴƎŎƘŜƴΣ IΦΣ vƛǳȄƛŀƻΣ /Φ ϧ {ƘǳŀƴƎΣ ²Φ όнлмпύ ϥ¦Ǌōŀƴ ǇƭŀƴƴƛƴƎ ŦƻǊƳǳƭŀǘƛƻƴ ǇǊƻōƭŜƳǎ ƛƴ /Ƙƛƴŀ ŀƴŘ ǘƘŜ
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƻǇǘƛƳƛȊŀǘƛƻƴ ƛŘŜŀǎ ǳƴŘŜǊ ǘƘŜ Ǿƛǎƛƻƴ ƻŦ ǘƘŜ ƘȅǇŜǊŎȅŎƭŜ ǘƘŜƻǊȅϥΦ LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻŦ
!ǊŎƘƛǘŜŎǘǳǊŀƭ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ƴƎƛƴŜŜǊƛƴƎ уΥфурπффлΦ

CǊƛŜŘƳŀƴΣ WΦ IΦ όнллмύ ϥDǊŜŜŘȅ ŦǳƴŎǘƛƻƴ ŀǇǇǊƻȄƛƳŀǘƛƻƴΥ ŀ ƎǊŀŘƛŜƴǘ ōƻƻǎǘƛƴƎ ƳŀŎƘƛƴŜϥΦ !ƴƴŀƭǎ ƻŦ ǎǘŀǘƛǎǘƛŎǎΥммуфπ
мнонΦ
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aǳΣ ¸ΦCΦΤ 5ƻƴƎΣ ²ΦΤ 5ƻƴƎΣ ¸ΦΤ ¢ŀƴΣ ½Φ[Φ ¢ƘŜ 9ŎƻƭƻƎƛŎŀƭ wŜǎƛƭƛŜƴŎŜ wŜƎǳƭŀǘƛƻƴ aŜŎƘŀƴƛǎƳ
ƻŦ ¦Ǌōŀƴ aƻǊǇƘƻƭƻƎȅ

[ŜƛōƻƭŘΣ aΦ !Φ όмффрύ ϥ¢ƘŜ ƴƛŎƘŜ ŎƻƴŎŜǇǘ ǊŜǾƛǎƛǘŜŘΥ ƳŜŎƘŀƴƛǎǘƛŎ ƳƻŘŜƭǎ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ŎƻƴǘŜȄǘϥΦ 9ŎƻƭƻƎȅ
тсόрύΥмотмπмоунΦ

[ŜƛōƻƭŘΣ aΦ !ΦΣ IƻƭȅƻŀƪΣ aΦΣ aƻǳǉǳŜǘΣ bΦΣ !ƳŀǊŀǎŜƪŀǊŜΣ tΦΣ /ƘŀǎŜΣ WΦ aΦΣ IƻƻǇŜǎΣ aΦ CΦΣ IƻƭǘΣ wΦ 5ΦΣ {ƘǳǊƛƴΣ WΦ .ΦΣ
[ŀǿΣ wΦΣ ¢ƛƭƳŀƴΣ 5ΦΣ [ƻǊŜŀǳΣ aΦ ϧ DƻƴȊŀƭŜȊΣ !Φ όнллпύ ϥ¢ƘŜ ƳŜǘŀŎƻƳƳǳƴƛǘȅ ŎƻƴŎŜǇǘΥ ŀ ŦǊŀƳŜǿƻǊƪ ŦƻǊ
ƳǳƭǘƛπǎŎŀƭŜ ŎƻƳƳǳƴƛǘȅ ŜŎƻƭƻƎȅϥΦ 9ŎƻƭƻƎȅ [ŜǘǘŜǊǎ тόтύΥслмπсмоΦ

[ƛǳΣ ½ΦΣ IŜΣ /Φ ϧ ²ǳΣ WΦ όнлмсύ ϥ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ Ƙŀōƛǘŀǘ ƭƻǎǎ ŀƴŘ ŦǊŀƎƳŜƴǘŀǘƛƻƴ ŘǳǊƛƴƎ ǳǊōŀƴƛȊŀǘƛƻƴΥ ŀƴ
ŜƳǇƛǊƛŎŀƭ ŜǾŀƭǳŀǘƛƻƴ ŦǊƻƳ мс ǿƻǊƭŘ ŎƛǘƛŜǎϥΦ tƭƻǎ hƴŜ ммόпύΥŜлмрпсмоΦ

aŀŎŀǊǘƘǳǊΣ wΦ όмфтлύ ϥ{ǇŜŎƛŜǎ ǇŀŎƪƛƴƎ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜ ŜǉǳƛƭƛōǊƛǳƳ ŦƻǊ Ƴŀƴȅ ǎǇŜŎƛŜǎϥΦ ¢ƘŜƻǊŜǘƛŎŀƭ tƻǇǳƭŀǘƛƻƴ
.ƛƻƭƻƎȅ мόмύΥмπммΦ

aŎŎƭƻȅΣ aΦ ²ΦΣ !ƴŘǊƛƴƎŀΣ wΦ YΦ ϧ DǊŀŎŜΣ WΦ YΦ όнлннύ ϥwŜǎƛƭƛŜƴŎŜ ƻŦ ŀǾƛŀƴ ŎƻƳƳǳƴƛǘƛŜǎ ǘƻ ǳǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ
ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΥ ŀƴ ƛƴǘŜƎǊŀǘƛǾŜ ǊŜǾƛŜǿϥΦ CǊƻƴǘƛŜǊǎ ƛƴ /ƻƴǎŜǊǾŀǘƛƻƴ {ŎƛŜƴŎŜ оΥфмуутоΦ

aŎƎŀǊƛƎŀƭΣ YΦ ϧ aŀǊƪǎΣ .Φ WΦ όмффрύ ϥCw!D{¢!¢{Υ {Ǉŀǘƛŀƭ ǇŀǘǘŜǊƴ ŀƴŀƭȅǎƛǎ ǇǊƻƎǊŀƳ ŦƻǊ ǉǳŀƴǘƛŦȅƛƴƎ ƭŀƴŘǎŎŀǇŜ
ǎǘǊǳŎǘǳǊŜΦϥΦ DŜƴΦ ¢ŜŎƘΦ wŜǇΦ tb²πD¢wπормΦ tƻǊǘƭŀƴŘΣ hwΥ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΣ CƻǊŜǎǘ
{ŜǊǾƛŎŜΣ tŀŎƛŦƛŎ bƻǊǘƘǿŜǎǘ wŜǎŜŀǊŎƘ {ǘŀǘƛƻƴΦ мнн Ǉ ормΦ

bƻǊǘƻƴΣ .Φ !ΦΣ 9ǾŀƴǎΣ YΦ [Φ ϧ ²ŀǊǊŜƴΣ tΦ IΦ όнлмсύ ϥ¦Ǌōŀƴ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ŜŎƻƭƻƎȅΥ ǇŀǘǘŜǊƴǎΣ
ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǇƭŀƴƴƛƴƎϥΦ /ǳǊǊŜƴǘ [ŀƴŘǎŎŀǇŜ 9ŎƻƭƻƎȅ wŜǇƻǊǘǎ мόпύΥмтуπмфнΦ

wƻŘǊƛƎǳŜǎΣ !Φ DΦΣ .ƻǊƎŜǎπaŀǊǘƛƴǎΣ aΦ ϧ ½ƛƭƛƻΣ CΦ όнлмуύ ϥ.ƛǊŘ ŘƛǾŜǊǎƛǘȅ ƛƴ ŀƴ ǳǊōŀƴ ŜŎƻǎȅǎǘŜƳΥ ǘƘŜ ǊƻƭŜ ƻŦ ƭƻŎŀƭ
Ƙŀōƛǘŀǘǎ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴϥΦ LƘŜǊƛƴƎƛŀΦ {ŞǊƛŜ ½ƻƻƭƻƎƛŀ млуΥŜнлмулмтΦ

{ƛŘŜƳƻπIƻƭƳΣ ²ΦΣ 9ƪǊƻƻǎΣ WΦΣ wŜƛƴŀ DŀǊŎƝŀΣ {ΦΣ {ǀŘŜǊǎǘǊǀƳΣ .Φ ϧ IŜŘōƭƻƳΣ aΦ όнлннύ ϥ¦ǊōŀƴƛȊŀǘƛƻƴ ŎŀǳǎŜǎ ōƛƻǘƛŎ
ƘƻƳƻƎŜƴƛȊŀǘƛƻƴ ƻŦ ǿƻƻŘƭŀƴŘ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎ ŀǘ ƳǳƭǘƛǇƭŜ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎϥΦ Dƭƻōŀƭ /ƘŀƴƎŜ .ƛƻƭƻƎȅ
нуόнмύΥсмрнπсмспΦ

{ƳƛǘǎΣ WΦ 9Φ ϧ CŜǊƴƛŜΣ YΦ WΦ όнлмоύ ϥ!Ǿƛŀƴ ǿƛƭŘƭƛŦŜ ŀǎ ǎŜƴǘƛƴŜƭǎ ƻŦ ŜŎƻǎȅǎǘŜƳ ƘŜŀƭǘƘϥΦ /ƻƳǇŀǊŀǘƛǾŜ LƳƳǳƴƻƭƻƎȅΣ
aƛŎǊƻōƛƻƭƻƎȅ ŀƴŘ LƴŦŜŎǘƛƻǳǎ 5ƛǎŜŀǎŜǎ осόоύΥоооπопнΦ

{ǳƳŀǎƎǳǘƴŜǊΣ tΦΣ /ǳƴƴƛƴƎƘŀƳΣ {Φ WΦΣ IŜƎŜƳŀƴƴΣ !ΦΣ !ƳŀǊΣ !ΦΣ ²ŀǘǎƻƴΣ IΦΣ bƛƭǎǎƻƴΣ WΦ CΦΣ !ƴŘŜǊǎǎƻƴΣ aΦ bΦ ϧ
LǎŀƪǎǎƻƴΣ /Φ όнлноύ ϥLƴǘŜǊŀŎǘƛǾŜ ŜŦŦŜŎǘǎ ƻŦ ǊƛǎƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ǳǊōŀƴƛǎŀǘƛƻƴ ƻƴ ōƛǊŘǎ ŀŎǊƻǎǎ
ŘƛŦŦŜǊŜƴǘ ŎƭƛƳŀǘŜ ȊƻƴŜǎΥ ! ƳŜŎƘŀƴƛǎǘƛŎ ǇŜǊǎǇŜŎǘƛǾŜϥΦ Dƭƻōŀƭ /ƘŀƴƎŜ .ƛƻƭƻƎȅ нфόфύΥноффπнпнлΦ

²ŀǊŜΣ [ΦΣ aŀƘƻƴΣ /Φ [ΦΣ aŎƭŜƻŘΣ [Φ ϧ WŜǘǘŜΣ WΦπCΦ όнлноύ ϥ!ǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ό.ƛǊŘb9¢ύ ǎǳǇǇƭŜƳŜƴǘǎ Ƴŀƴǳŀƭ
ƳŜǘƘƻŘǎ ǘƻ ƳŀȄƛƳƛȊŜ ōƛǊŘ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ ŦǊƻƳ ŀŎƻǳǎǘƛŎ Řŀǘŀ ǎŜǘǎ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǊŜƎƛƻƴŀƭ
ƳƻƴƛǘƻǊƛƴƎϥΦ /ŀƴŀŘƛŀƴ WƻǳǊƴŀƭ ƻŦ ½ƻƻƭƻƎȅ млмόмнύΥмломπмлрмΦ

·ǳΣ ·ΦΣ ·ƛŜΣ ¸ΦΣ vƛΣ YΦΣ [ǳƻΣ ½Φ ϧ ²ŀƴƎΣ ·Φ όнлмуύ ϥ5ŜǘŜŎǘƛƴƎ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ōƛǊŘ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅ ǘƻ
Ƙŀōƛǘŀǘ ƭƻǎǎ ŀƴŘ ŦǊŀƎƳŜƴǘŀǘƛƻƴ ŘǳŜ ǘƻ ǳǊōŀƴƛȊŀǘƛƻƴϥΦ {ŎƛŜƴŎŜ ƻŦ ǘƘŜ ¢ƻǘŀƭ 9ƴǾƛǊƻƴƳŜƴǘ снпΥмрсмπмртсΦ

386



387



 

 

Research Paper  

 

FORMALISING INFORMAL HOUSING: ENABLING 
PROGRESSIVE REALISATION OF ADEQUATE RIGHT TO 
SHELTER, A CASE STUDY OF GAUTENG CITY REGION, 

SOUTH AFRICA 
Ms MBALI NDUMO 

ORGANISATION: PhD candidate, University of KwaZulu-Natal, South Africa 

MOBILE NUMBER: +27789826048 

EMAIL ADDRESS: ndumos@ukzn.ac.za  

Republic of South Africa 

 

Abstract 

Being one of the fastest growing economic regions in Southern Africa, the Gauteng City Region is experiencing 
an increasing number of people from other South African towns and cities, southern countries (Lesotho, 
Swaziland, Mozambique and Zimbabwe) and the northern part of Africa (Nigeria, Somalia, Malawi and from 
across African continent.  Majority of the people who migrate to Gauteng City Region seek shelter in the informal 
sector due to gentrification and unemployment. The housing conditions in the informal housing markets are not 
in accordance with the requirements of the South African Breaking New Ground (BNG) housing strategy due to 
overcrowding, poor sanitation facilities, inadequate waste management and illegal connections to electricity. 
These inhabitable informal housing conditions require the Gauteng City Region to ensure dignified housing 
conditions. In line with the South African Constitutional mandate of ensuring all South Africans have adequate 
shelter, the Gauteng City Region through the National Upgrading Support Programme (NUSP) provides the 
dignified basic services such as stormwater, electricity, and sanitation. The provision of basic services for the 
people residing in the informal settlements can be regarded as one of the mechanisms used by the Gauteng City 
Region to formalize the informal housing market.  

This paper provides an in-depth scrutiny of the processes and systems used by the Gauteng City Region to 
formalize the informal housing markets. The paper further presents the budgetary allocations and projects of the 
Gauteng City Region to expedite the progressive realization to adequate shelter to the informal residents. It 
provides Gauteng City Region’s long-term planning approaches in line with the National Spatial Development 
Framework (NSDF) and the National Development Plan (NDP) towards formalizing the informal housing markets. 
The interviews with the officials working for the Gauteng Department of Human Settlements and officials from 
the Gauteng City Regions including the NGOs representing the people residing in the informal settlements were 
interviewed to gather data. In addition, publications and annual performance reports from the Gauteng 
Department of Human Settlements, Gauteng City Region and Auditor-General Reports were assessed to gather 
data on the strategic interventions, expenditure patterns and performance in enabling the formalization of 
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informal housing markets in the Gauteng City Region. The findings indicated the budgetary allocations for the 
formalization of informal housing markets and the effective role played by the South African government in 
partnership with the NGOs in enabling adequate housing in the growing cities.  

 

Key words: Informal housing, incremental housing, spatial planning, waste management, and migration. 

Gauteng City Region consists of the three cities, namely, City of Ekurhuleni, City of Johannesburg, City of 
Tshwane and two regions, namely, Sedibeng Region and West Rand Region. According to Statistics of South 
Africa (StasSA) (2022), the Gauteng City Region is the most populated region in South Africa due to 
migration patterns, which brings about a need for adequate shelter.  Table 1 below presents the population 
growth in the Gauteng City Region.

 

Table 1: Population Growth of Gauteng City Region 

 

The abovementioned Table 1 illustrates the population growth patterns of the Gauteng City Region 
compared to other provinces, which has an impact on housing demand.  As a result, the Gauteng City 
Region implements the upgrading of informal settlements programme (UISP) to enable adequate shelter, 
with access to basic services. Gamede (2024) argues that the increasing rate of informal settlements in the 
Gauteng City Region brings with it an increased need for the provision of access to basic services such as 
water, housing, sanitation, health, etc. Studies conducted by Ahmed et al. (2025), and Parikh et al. (2020) 
state that the Gauteng City Region provides access to basic services such as electricity for the people 
residing in informal settlements as part of formalising informal housing as indicated in Figure 1 presented 
below. 
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Figure 1: Informal Settlements in Gauteng City Region  

   

Source: Gauteng (2022) Spatial Development Framework 

 

The study provides an in-depth analysis of the systems and processes used by the Gauteng City Region to 
provide adequate shelter for the growing urban population. The study presents the incorporation of spatial 
development, economic development, infrastructure investment and job creation in the formalization of 
informal housing.  

 

According to Statistic of South Africa, census 2022, the Gauteng City Region consists of approximately 700 
000 to 1 million people living in informal settlements. This indicates an increase in the number of housing 
backlog, which is estimated to be 1,5 million houses in the Gauteng City Region as presented in Figure 2 
below.  
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Figure 2: Informal Settlements in the Gauteng City Region 

  

Source: Gauteng (2022) Spatial Development Framework 

 

The initiatives to formalize informal settlements either through the provision of access to basic services, 
incremental approach or relocation are implemented in line with the strategic objectives entailed in the 
Gauteng Spatial Development Framework. The main intent of the Gauteng Spatial Development 
Framework is to guide development in a manner that promotes urban renewal, integrated housing 
development, spatial resilience and good governance as presented in Figure 3 below. 
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Figure 3: Spatial Referencing of Priority Human Settlements Projects in Gauteng 

 
Source: Gauteng Spatial Development Framework (2022) 

 

The abovementioned Figure 3 indicates the alignment of formalizing informal settlements with the spatial 
vision and objectives of the Gauteng Spatial Development Framework, which promotes spatial 
transformation, socio-economic inclusion and spatial resilience.  The location of the housing projects aimed 
at formalizing informal housing is in line with the municipal Land Use Scheme, which includes housing 
beneficiaries residing in Westonorai Borwa, Sedibeng Extension 30 and Riverside View.    

The study used the qualitative research approach, which focused on semi-structured interviews.  The aim 
of using semi-structured interviews with officials and community representatives was to acquire the 
proposed community-led initiatives of the Gauteng City Region and their role in formalizing informal 
housing in the housing delivery value chain. Systematic literature review was conducted to illustrate the 
contextuality of informal housing and its effects on the practicality of South African government’s policies 
and legislative frameworks aimed at enabling adequate housing to all South Africans.  

 

How does the Gauteng City Region formalize informal housing in line with the United Nations Habitat?   
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To determine the role played by the Gauteng City Region to enable formalization of informal housing. 

 

 To understand the financial contributions of the Gauteng City Region aimed at formalizing informal 
housing. 

 To present the programmes implemented by the Gauteng City Region to promote formalization of 
informal housing.  

 To indicate the inter-spherical planning and coordination in the formalization of informal housing. 

 

The study used Interpretivist Research Paradigm with intent of determining the lived experiences of the 
people residing in informal settlements. This objective was imperative to enable the realization of people’s 
expectations from Gauteng government pertaining to formalizing their informal housing.  

 

The Gauteng Department of Human Settlements consists of approximately 1900 informal settlements. Due 
to the number of households in the informal settlements within the Gauteng City Region, the study 
interviewed the leaders representing communities residing in informal settlements from three Cities within 
Gauteng Province. Table 2 below indicates the participants in the study. 

Table 2: Community Participants  

 
Source: Compiled by the author (2025) 

393



 

 

Primary and secondary data sources were used in the study. Primary data included the semi-structured 
interviews with the respondents from;  

 Gauteng Department of Human Settlements  

 Portfolio Committee on Human Settlements from National Parliament of the Republic of South Africa 

 Gauteng Ministry of Human Settlements, and Community representatives from the informal 
settlements.  

 

The collection of primary data from the aforesaid respondents played a significant role in providing in-
depth information about the interventions made by the Gauteng Department of Human Settlements in 
enabling adequate right to shelter. The respondents representing community presented the challenges 
such as community safety, and political interference in housing provision as major hindrances of 
sustainability of their livelihoods. Brandau and Beretu (2025), Geyer (2023), and Magidimisha-Chipungu 
(2024) argue that informal settlements are characterized by poor access to basic services, overcrowding 
and unemployment. Secondary Data in the form of document analysis was used to collect data on the 
South African policies aimed at providing access to basic services to the people residing in informal 
settlements.  

 

The analysis of service delivery interventions made by the Gauteng Department of Human Settlements to 
enable the provision of adequate shelter for residents within the Gauteng City Region was conducted in 
line with the thematic areas. The thematic areas consist of access to basic services, incremental housing, 
housing as a tool for job creation, waste management, and participatory governance. Ahmed et. al. (2025) 
argue that thematic analysis is imperative for enabling a holistic analysis of the collected data in qualitative 
research.  

 

The study used Governmentality and Neo-Institutional Theories due to their relevance to the aim and 
objectives of the study.  

 

Governmentality theory was used in the study because it provides the systems and processes guiding 
housing provision in accordance with the Republic of South Africa’s Constitution (1996) which states that 
everyone has a right to adequate housing. Studies conducted by (Fattah, 2024), (Rose et al. 2009) and 
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(Adeyeye, 2024) argue that the role of the state in enabling access to basic services is often presented 
through programmes and projects which are overshadowed by the widening gap between demand and 
supply.  

The provision of housing is an incremental approach that requires commitment and collaborative planning 
from diverse stakeholders. As a result, the Neo-institutional theory is relevant to the study of formalizing 
informal housing in a participatory and collaborative approach. Hwang (2023) argues that neo-institutional 
theory provides a guiding framework to enable credibility, transparency and accountability of the service 
delivery interventions implemented by diverse stakeholders. Kanwar et al. (2019) put it succinctly that Neo-
institutionalism contributes to the attainment of credibility and quality assurance of the services 
implemented by project stakeholders. Marschlich (2022) mentions that socio-economic development is 
crucial in enabling optimal functionality and stability of institutions involved in development projects. 
According to the Gauteng Department of Human Settlements (2025), an estimated number of 2000 job 
opportunities were created in the formalisation of informal housing projects in the Gauteng City Region 
during 2024/25 financial year.  

The findings indicated the budgetary allocations and constraints for the formalization of informal housing 
markets. Results are presented into three categories, namely, budgetary allocations and constraints, 
benefits of relocation of informal households and access to basic services.  

 

In the current financial year, which is 2025/26 financial year, the Gauteng Department of Human 
Settlements allocated R789 815 000 for the formalization of informal housing through the upgrading of 
informal settlements programme (UISP). Due to budgetary constraints, the budget allocated for the 
upgrading of informal settlements in the Gauteng City Region is going to be reduced as presented in Table 
4 below.  

Table 4: Budgetary Allocation for Formalisation of Informal Settlements 

 

Source: Gauteng Department of Human Settlements (2025) 
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The Gauteng Department of Human Settlements provides adequate housing for the households residing in 
the informal settlements through relocation process. Households who have built their infrastructure in 
areas prone to natural disasters such as flooding are relocated and provided with dignified shelter.  

 

Figure 10: Prior Relocation Process of Peter Dube Informal Settlements 
relocated to Riverside under Johannesburg Region  

 

Source: Gauteng Department of Human Settlements (2025)    

Benefits of Formalising Informal Settlements through Relocation Process enables:  

 Access to dignified shelter in line with the Gauteng City Region Human Settlements Plan. 

 Integrated land uses in line with the Gauteng City Region Spatial Development Framework (SDF), and 
Land Use Scheme (LUS).  

 Environmentally-friendly and habitable settlements using energy efficient building technologies.  

 Access to basic services in line with Gauteng City Region Infrastructure Plan 

 Safer Cities on line with the Gauteng City Region Safety Plan. 
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Figure 11 Post Relocation Process of Peter Dube Informal Settlements: 
Riverside View under Johannesburg Region: Residential Densification & 
Walkability 

         

    Source: Gauteng Department of Human Settlements (2025)  

The Gauteng Department of Human Settlements provides access to basic services through stormwater, 
sanitation, waste management and electricity. Figures presented below illustrates provision of access to 
basic services by Gauteng City Region in informal settlements. Studies conducted by (Shongwe and Meyer, 
2023), (Chiwawa and Wissink, 2024) and (Gegana and Phahlane, 2024) argue that coordination of 
multidisciplinary stakeholders play a crucial role in the provision of basic services.     

Formalising informal housing is a multidisciplinary initiative that requires collaborative planning and 
involvement of housing beneficiaries. The successful implementation of formalization of informal housing 
in the Gauteng City Region has proven the significance of incorporating the development principles of the 
Spatial Development Framework into the planning and implementation of projects aimed at formalizing 
informal housing. It is crucial to indicate that challenges pertaining to the availability of funds to 
accommodate the growing urban population remain one of the main hindrances widening the gap between 
housing demand and housing supply. Migration patterns coupled with unemployment rate remain the 
main contributing factors to informal settlements in the Gauteng City Region. However, service delivery 
interventions such as providing basic services in informal settlements creates a conducive environment for 
adequate provision to water, and sanitation, which are regarded as basic human rights as per the 
constitution of South Africa. Formalizing informal housing does not only enable adequate shelter but it also 
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creates socio-economic development through the creation of job opportunities in the formalization of 
informal housing. It can be argued therefore that formalizing informal housing is not a destination to the 
provision of adequate shelter but it is a strategic driver for inclusive economic growth, spatial 
transformation, access to basic services and urban renewal.   
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Case Study Report 

Optimizing innovation corridor spatial organization 
for resilient and inclusive regional growth 

An ecological niche perspective on seven municipal districts 
in Jiangsu province, China 

Weikang PENG, Yingcheng LI, School of Architecture, Southeast University, China 

With the rapid technological changes and widening regional disparities, innovation corridors have 
become an important spatial strategy for promoting regional collaborative innovation. This study 
takes the Nanjing-Zhenjiang G312 Innovation Corridor, covering seven municipalities in Jiangsu 
Province, China, as an example to explore how to better organize innovation resources across 
different areas from the perspective of niche theory, thereby helping cities and their suburbs grow 
in a strong, inclusive, and sustainable way. Based on the niche theory, it constructs a 
comprehensive spatial model of innovation corridors, showing the interaction of selection, 
adaptation, and collaboration mechanisms. Think of an innovation corridor as a living ecosystem. 
Hard factors (like infrastructure and policies) and soft factors (like competition and teamwork) 
shape the region. Over time, different innovation communities adapt to form a network with 
multiple centers. This makes the whole region better connected and more resilient. In our study, 
the G312 Corridor shows a T-shaped spatial pattern centered on the Nanjing Ring Expressway and 
National Highway G312. It features a clear structure: one main core, three sub-cores, and five 
smaller nodes. The Nanjing core area has dense innovation resources and institutional capabilities, 
while the three sub-core areas of Xianlin, Qilin, and Jiangning each have specific R&D functions. 
The five node clusters extending to Zhenjiang strengthen the connection between cities and the 
extension of industries. However, the corridor still faces spatial and structural imbalances, such as 
weak cross-border coordination, uneven distribution of factors, and a weak innovation center in 
Zhenjiang. Cluster analysis further identified five types of innovation communities: comprehensive 
advantage type, innovation production type, innovation application type, node innovation type, 
and peripheral innovation cluster type. These types reflect different functions in the innovation 
chain from knowledge generation to application and diffusion. To strengthen systematic 
collaboration, this study proposes the following suggestions: (1) optimize spatial links to form a 
multi-node coordination pattern; (2) strengthen cross-regional cooperation; (3) promote 
specialization and collaborative development among industrial clusters. While this study uses 
Jiangsu Province as an example, its findings are also applicable to other international regions 
committed to combining innovation with sustainable urban and rural development. 

Innovation Corridor, Ecological Niche, Regional Collaboration, Resilient Growth, China 
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Lƴ ǘƻŘŀȅΩǎ ƛƴƴƻǾŀǘƛƻƴ-driven economy, rapid technological changes and widening regional gaps have made 

competition between regions much fiercer. Over the past decade, China has rolled out several national 

plans to boost innovation and help different regions grow together. A prime example is the Yangtze River 

Delta (YRD) integration plan. The strategy put tech innovation and regional teamwork at the heart of high-

quality growth. The main goal is to break down administrative borders so that resources and new ideas can 

flow freely.  

Within this policy framework, innovation corridors have become important spatial carriers for regional 

collaborative innovation. Innovation corridors connect cities along their routes through intercity high-

speed rail, highways, and institutional networks, which promote more effective aggregation, diffusion, and 

interaction of innovation resources within the region through regional specialization. However, existing 

research still lacks a sufficient understanding of the mechanisms by which the spatial allocation of 

resources along corridors drives regional collaborative development, often focusing on macro-strategic 

structures or policy-level analysis while ignoring the dynamic relationships of coexistence, competition and 

cooperation in regions. 

Therefore, this study attempts to explore the relationship from the perspective of resource allocation. 

Drawing on the niche analysis framework in the theory of regional innovation ecosystems, this study takes 

the Nanjing-Zhenjiang G312 Industrial Innovation Corridor (the G312 Innovation Corridor) in Jiangsu 

Province as a case study, constructs a multi-dimensional niche evaluation system, analyses the spatial 

structure of G312 Innovation Corridor based on resource spatial allocation, and identifies the functional 

positioning, resource complementarity, and interactive dynamics of each area within the corridor. 

The starting problem addressed by the project is to foster a complementary and systematic regional 

innovation ecosystem among innovation clusters within the innovation corridor.  So that we can raise the 

resilience and inclusive development capabilities of the areas along the corridor in absorbing external 

shocks and adapting to structural changes. 

The G312 Innovation Corridor is an important node for cross-city cooperation under the framework of the 

YRD integration, which promote the coordinated development of the two adjacent cities of Nanjing and 

Zhenjiang (Figure 1). The corridor stretches from Xianlin Science and Education City in the west to Zhenjiang 

High-tech Industrial Development Zone in the east, connecting four districts of Nanjing and three districts 

of Zhenjiang, and possesses abundant science, education, and industrial resources. 
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This project constructs a multidisciplinary research framework (Figure 2). First, drawing on methods for 

capturing natural cities (Mandelbrot, 1983; Jiang & Huang, 2021; Encalada-Abarca et al., 2022), an 

innovation patch identification method was developed based on the head-to-tail (H/T) breakpoint method 

(Jiang, 2013; Jiang, 2015). This project utilizes invention patent applications and patent transfer data as 

micro-level datasets to characterize regional innovation activities. Through topological network analysis 

and head-to-tail breakpoint detection, areas with high innovation frequency and density along the G312 

innovation corridor were identified as innovation patches. 

Second, based on regional innovation system and ecosystem theories (Cooke et al., 1998; Adner, 2017; Xie 

et al., 2023), a regional innovation niche evaluation index system was constructed, incorporating biological 

and physical dimensions, covering six aspects: innovation producers, consumers, intermediaries, resources, 

environment, and technological foundation. Following Xie et al. (2023), this study applies a regional 

innovation ecosystem (RIE) niche suitability model to evaluate the multidimensional niche suitability of 

innovation patches within the study area. 

Finally, using the niche suitability evaluation results, K-means multivariate clustering analysis was 

conducted on the innovation patches. By examining the sum of squared errors (SSE), silhouette coefficient 

(SC), and fitting curve trends, the optimal number of clusters was determined (Kodinariya & Makwana, 

2013). Based on the clustering results, the innovation patches within the corridor were classified, and their 

niche type characteristics were summarized. 

We also conducted field surveys and stakeholder interviews with local governments, park management 

committees, key enterprises, and innovation platforms to deepen the understanding of the identified 

innovation clusters. 
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The spatial pattern of innovation corridors reflects the interaction between the physical and biological 

dimensions of a regional innovation ecosystem. This dynamic network helps direct resources to where they 

are needed most through three steps: selection, adaptation, and teamwork (Figure 3). 

In the selection stage, physical factors set the stage for how innovation moves. Differences in how easy a 

place is to reach, government perks, and existing tech foundations create a pull, drawing talent, money, 

and businesses to the spots that suit them best (Russell & Smorodinskaya, 2018). At the same time, the 

biological sideτhow organizations compete and cooperateτpushes different areas to specialize in what 

they do best and work together (Hutchinson, 1957). 

Next, through adaptation, different innovation groups change what they do and where they are located to 

handle growth pressures. For example, universities might do more applied research, while tech parks might 

focus on specific industries (Cooke et al., 1997). These adjustments reshape the corridor into a flexible 

network with multiple layers and centers that change over time (Li & Phelps, 2018; Ma et al., 2021). Finally, 

teamwork brings everything together. Different hubs, like research-heavy university towns and practical 

industrial parks, connect by filling in each otherΩs gaps (Cao et al., 2023). This creates a corridor-wide 

network supported by sharing knowledge, moving resources, and getting local governments to work across 

borders (Anselin, 1988; Aghion & Jaravel, 2015). 
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From a multi-dimensional niche perspective, the G312 Innovation Corridor has evolved into a T-shaped 

spatial pattern (Figure 4). Centered on the Nanjing Ring Expressway and National Highway G312, the 

corridor forms a spatial structure consisting of one core area, three sub-core areas, and five node areas.  

The core area, located in Nanjing's main urban area, brings together top R&D institutions, such as Nanjing 

University and Southeast University. It has formed a dense cluster of national-level laboratories, start-up 

incubators, firm accelerators, and technical service institutions, representing the richest and most 

comprehensive cluster of innovation elements along the corridor. 

The three sub-core areas form an innovation belt around the Nanjing Ring Expressway. Each sub-core area 

exhibits unique advantages: Xianlin is led by universities; Qilin Science City, with help of the CAS, is 

dedicated to cutting-edge research in such as artificial intelligence chips, biosafety, and intelligent software; 

Jiangning University Town leverages its academic strengths in aerospace and biomedicine, and is closely 

integrated with the manufacturing base of Jiangning Economic Development Zone. 

Five node areas distributed along the G312 expressway serve as regional connecting links, extending the 

innovation flow from Nanjing to Zhenjiang. These areas aim at the advanced manufacturing sector, the 

new materials sector, and the green industries, ready for the transformation and application of Nanjing's 

innovative technologies. 

Although this structure has taken initial shape, it is evident that the degree of coordinated development 

between Nanjing and Zhenjiang remains limited. Zhenjiang, in particular, has not yet established an 

innovation center capable of sustainably generating knowledge spillovers, hindering the further radiation 

of Nanjing's innovation resources. To solve the issues, the following three strategic directions are proposed: 

 Optimize spatial connections along the corridor, constructing a dumbbell-shaped rather than

tadpole-shaped spatial pattern to deepen coordination in neighboring regions.

 Strengthen the coordinated allocation of innovation elements, building a highly adaptable and

interconnected innovation ecosystem that connects innovation entities.

 Improve cross-regional cooperation mechanisms, establishing an efficient coordination model based

on institutional coordination and benefit sharing (Guo et al., 2020).
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Based on their specific strengths, we grouped these clusters into five types: Comprehensive Leaders, 

Innovation Producers, Innovation Appliers, Nodes, and Peripheral Clusters. Figure 5 maps their locations, 

with dashed boxes highlighting our field survey areas. 

/ƻƳǇǊŜƘŜƴǎƛǾŜ [ŜŀŘŜǊǎ ŀŎǘ ŀǎ ǘƘŜ ŎƻǊǊƛŘƻǊΩǎ ŎƻǊŜ ŜƴƎƛƴŜǎΦ ¢ƘŜȅ ōǊƛƴƎ ǘƻƎŜǘƘŜǊ ǘƻǇ ǘŀƭŜƴǘΣ ƘƛƎƘ-tech firms, 

and research labs to drive breakthroughs. However, fragmented management and poor cross-sector 

teamwork often limit their potential (Seo & Sonn, 2019). Innovation Producers excel at creating new 

knowledge. Yet, they often struggle to turn their lab results into real commercial products. To bridge this 

gap, these clusters must build stronger ties with the industry(Zhong & Li, 2024). Innovation Appliers are 

mainly manufacturing companies focused on putting technology to practical use. While they have a huge 

demand for practical tech, they often lack efficient ways to access and apply it (Gawer, 2014). Node 

innovation clusters are emerging innovation nodes along the corridor. While attracting R&D institutions 

and high-tech enterprises, their innovation intermediaries and support remain weak. These nodes should 

make more active use of surrounding resources and increase collaboration with the corridor to expand 

their influence in the broader innovation network (Feldman, 1999; Li & Phelps, 2018). Peripheral innovation 

clusters have a smaller impact on the corridor's innovation ecosystem, limited innovation capabilities, and 

weaker connections with areas within the corridor. To more proactively integrate into the regional 

development system, these clusters should emphasize promoting industrial specialization through 

targeted resource integration and deepening collaboration with other regions along the corridor. 
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Due to word limitations, this part focuses only on node-type innovation clusters, with the Zhenjiang High-

tech Industrial Development Zone (shown as dashed box ④ in Figure 5) as a representative area. 

This development zone is located west of Zhenjiang's main urban area. In 2014, it was upgraded to a 

national-level high-tech industrial development zone, gradually becoming a core engine for Zhenjiang's 

innovation-driven growth. 

Over the past decade, the innovation cluster in this area has grown from nothing to form innovation 

patches distributed along the main road (Figure 6a). With nearly 80 multiple industrial platforms such as 

digital industrial parks and semiconductor communication industrial parks, the area has leveraged the 

construction of the high-speed rail station and policy support to attract innovation resources, forming a 

multi-level innovation system that supports its role as an important node connecting Nanjing and Zhenjiang. 

Furthermore, the park has improved the local living environment to some extent by providing talent 

apartments, community parks, and medical facilities (Figure 6b).  

However, challenges remain. As the area has gradually developed from urban suburbs, the spatial 

distribution of innovation entities is still relatively scattered, the supply of public transportation facilities 

between innovation carriers is relatively limited, and the park suffers from low residential density, weak 

commercial vitality, and low community participationτall of which constrain the formation of an 

innovative atmosphere. 

Figure 6(c) shows the multi-scale patent transfer structure of the region. It can be observed that the area 

currently exhibits weak cooperation within the corridor, with most of its innovation partnerships 

established outside the corridor. This situation stems primarily from two reasons. First, the park's recent 

rapid development has relied heavily on improving local innovation policies and environmental conditions 

to attract external innovation resources, but it lacks sufficient innovation capacity to disseminate and 

develop its innovations to surrounding areas. Second, the synergy and complementarity between the park 
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and other innovation clusters within the corridor remain limited. Particularly noteworthy is the relatively 

small number of cooperative projects between Zhenjiang High-tech Industrial Development Zone and 

major university towns and science parks in Nanjing; most cooperation agreements remain at the 

conceptual or framework level and have not yet been implemented through concrete joint actions. 

Based on niche theory, this project constructs a comprehensive spatial model of innovation corridors, 

emphasizing the interaction of selection, adaptation, and collaboration mechanisms. We analyze and 

evaluate the allocation of resources along the innovation corridor using multi-source spatiotemporal big 

data. Furthermore, based on the current spatial allocation of resources and the characteristics of 

innovation collaboration within the region, it clarifies the functional division of labor among the innovation 

clusters and proposes strategies for optimizing the spatial pattern and governance of the innovation 

corridor to promote the flow of regional resources, knowledge diffusion, and cross-sectoral cooperation.  
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Our findings are also applicable to other international regions committed to combining innovation-driven 

growth with sustainable urban and rural development. 
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As cities of the GCC continue to grow in scale, population, and global appeal, Urban Livability (UL) 
has become an important agenda item for policymakers and urban planners. Using Dubai as a case 
study, this paper proposes an understanding of urban livability suitable for GCC cities. Through an 
extensive literature review, engagement with policy-makers, examination of Dubai’s unique 
patterns of development, and geospatial analysis at the neighborhood level, the paper proposes a 
framework for livability in Dubai and identifies certain ‘pillars’ that are potentially generalizable 
for the wider region. Responding to Track 1, the paper argues that context-specific urban indicators 
could have a significant impact on a city like Dubai and the broader GCC. The project on which this 
paper is based is funded by the Dubai Future Foundation’s RDI grant.  
 
Keywords 
Urban Livability, Framework, Transport Equity, GCC Urbanism, Dubai 

By 2050, nearly 68% of the global population is expected to reside in urban areas, highlighting the 
increasingly urban nature of the future (UN-Habitat, 2022). In this context, the concept of urban livability 
(UL) has received growing attention within urban studies discourse and practice, including among 
international organizations concerned with urban conditions (UN-Habitat, 2020). While not a new concept, 
livability has regained prominence within global urban agendas, driven by shifts in the global economy and 
heightened inter-urban competition, particularly in the aftermath of the COVID-19 pandemic. Public 
infrastructure investments, policy initiatives, and media narratives have collectively reinforced the 
centrality of livability within public and policy discussions (Giles-Corti et al., 2020; Jevtic et al., 2022). 

At the same time, advances in geospatial technologies and the increasing use of performance ‘dashboards’ 
have encouraged city managers and planning authorities to adopt urban indicators as tools to support 
planning and decision-making, further contributing to the renewed focus on livability and related quality-
of-life metrics (CIDI, 2022; EIU, 2022; Schindler and Dionisio, 2024).  Dubai’s 2040 Urban Master Plan 
provides a clear example of this trend, incorporating a range of livability-oriented interventions (RTA, 
2021).  

While widely used, UL remains difficult to define due to its inherently subjective nature. It is also strongly 
context-dependent, as each city presents distinct socio-economic, spatial, and environmental conditions 
that shape residents’ lived experiences. Moreover, the different disciplines involved in the planning and 
management of cities conceptualize livability using varied sets of indicators, further complicating its 
definition (Kashef, 2016; Khorrami et al., 2021). Livability has also become closely linked to city branding 
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strategies campaigns (Bonakdar and Audirac, 2020), often associated with efforts to improve positions in 
global city rankings produced by organizations such as the Economist Intelligence Unit and the OECD (EIU, 
2022; OECD, 2023). 

In light of these complexities, this paper addresses the following questions: how can livability be 
conceptualized within the context of GCC cities, given their distinct urban development patterns, 
demographic compositions, and global ambitions? How can policymakers engage with these complexities 
in ways that meaningfully benefit their cities and populations? The study explores these questions through 
the case of Dubai. Methodologically, it identifies livability pillars and indicators relevant to the local context 
based on an extensive literature review. It then proposes a livability framework and conducts an initial GIS-
based spatial analysis to examine variations across neighborhoods in Dubai. The paper responds well to 
the conference call and is particularly relevant to Track 1, as it advocates for a balanced approach to 
development in the region. It also contributes to the literature surrounding urban livability and resilient 
cities in Dubai and the wider GCC.   

The specific meaning of livability remains rather ambiguous, varying from context to context and across 
various knowledge domains, particularly those related to the health and well-being of cities  (Kashef, 2016; 
Lowe et al., 2020; Mouratidis, 2018). For example, livability could be examined through the lens of urban 
health (Badland et al., 2014; Lowe et al., 2015), housing satisfaction (Mittal et al., 2021; Mouratidis, 2020), 
accessibility to services (Higgs et al., 2019; Mouratidis, 2020), and user subjective well-being (Mouratidis, 
2021; OECD, 2013). It is a term that includes both objective measures related to physical characteristics of 
the lived environment (Kashef, 2016; Mouratidis, 2020), and subjective perceptions of those experiencing 
these environments (Mouratidis, 2021; Pacione, 2003; Ruth and Franklin, 2014).  

Historically, livability (or liveability in British-English spelling) has been used interchangeably with other 
terms, such as well-being, standard of living, and Quality of Life (QoL), to describe satisfaction with living 
conditions  (Bovkir et al., 2023; Ruth and Franklin, 2014; Sheikh and van Ameijde, 2022). Quality of life, in 
particular, is a term that preceded the concept of livability, and has been referenced even earlier than the 
modern planning profession, and is understood to encompass both subjective and objective aspects 
related to how individuals perceive their living conditions (Sheikh and van Ameijde, 2022; Veenhoven, 
2013). Veenhoven (2014) views livability as one of four components contributing to the overall concept of 
quality of life, where the livability of the environment is the ‘vessel’ where this quality is experienced.  

Livability as an urban-focused term appears to have gained importance in the American context, with an 
emphasis on the planning of North American cities, represented by the works of Jane Jacobs, Appleyard, 
and Kevin Lynch  (Kashef, 2016; Sheikh and van Ameijde, 2022; Szibbo, 2016). Logically, and in its simplest 
form, a livable city is a “desirable city” (Ruth and Franklin, 2014), or a city where residents are satisfied with 
their living conditions. To expand this notion further,  most scholars appear to agree that a livable city could 
be one that is supportive of human basic needs while balancing various economic, social, and 
environmental aspects  (Fu et al., 2019; Mouratidis, 2020; Schindler and Dionisio, 2024; Zhan et al., 2018). 
For example, Balsas (2004)  defines a livable neighborhood as  “safe, clean, beautiful, economically vital, 
affordable to a diverse population, and efficiently administered, with functional infrastructure, interesting 
cultural activities and institutions, ample parks, effective public transportation, and broad opportunities for 
employment. It also connotes a sense of community." P 103. 
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Badland et al. (2015) reflect similar ideas, and define livable communities as those that are “safe, attractive, 
socially cohesive and inclusive, and environmentally sustainable, with affordable and diverse housing linked 
by convenient public transport, walking and cycling infrastructure to employment, education, public open 
space, local shops, health and community services, and leisure and cultural opportunities”, P.6. These 
definitions and many others imply that the perceived livability of a place is a result of its physical 
characteristics and the subjective experience of its users (Kashef, 2016; Marans and Stimson, 2011; Ruth 
and Franklin, 2014; Veenhoven, 2014)  

In addition to the little inconsistency in definitions, the theory(ies) behind the measurement of livability 
seem to have various conceptual underpinnings. Today, the ‘gold standard’ for the measurement of 
livability appears to be represented by the annual indices published by international think tanks such as 
the Economist Intelligence Unit (EIA) global livability rankings, the Mercer Quality of Life index, and the 
OECD Better Life Index, among many more (EIU, 2022; Mercer, 2024; OECD, 2023). These rankings, which 
involve various Key Performance Indicators (KPIs), are primarily designed to guide global corporations and 
expatriate workforces in their search for competitive markets, while also ranking cities based on their 
perceived livability.  

While popular, the indices are routinely criticized for their inconsistency and subjective methodologies, 
including their somewhat narrow focus on the global elite and economic aspects, so they are not 
necessarily a reflection of the situation on the ground (Ruth and Franklin, 2014; Sheikh and van Ameijde, 
2022). Mittal et al. (2020) highlight one of the main weaknesses of these indices – that populations are 
assumed to be homogeneous across the cities. The authors also argue that such top-down studies do not 
necessarily help inform policymakers (Mittal et al., 2020). In a study by Okulicz-Kozaryn (2013), the authors 
highlighted the little correlation between some of these indicators (in this case, Mercer’s Quality of Life 
Index) and several highly ranked European cities. They also found a weak correlation between these 
rankings and residents' perceptions of livability. Still, these indicators often contribute to city branding 
campaigns, and usually could offer an indication of livability at the city-wide or  regional scale,  covering 
domains such as housing, infrastructure, transport, and health, amongst other categories  (Dsouza et al., 
2023; Kashef, 2016).  

Various international agencies and regional bodies develop their own livability and quality of life measures. 
Notably, for example, is the ESPON-QoL project funded by the European Union (Insee - Eurostat, 2018) . 
The project measures the quality of life across various EU territories and districts in Europe. The team 
adopted a three-sphere conceptual approach to quality of life and livability, which includes a personal 
sphere, a socio-economic sphere, and an ecological sphere. These domains are further broken down into 
livability sub-variables grouped into categories of good Life-enablers , Life maintenance variables, and Life 
flourishing variables. The UN-Habitat also proposed CPI Prosperity Index to measure the performance of 
cities and regions (UN-Habitat, 2016). Similar to the EIU and OCD, it defined various domains that measure 
the livability of cities from a prosperity perspective primarily.  

The City of New York developed a Well-Being Index to measure urban performance across the city’s various 
neighborhoods and boroughs (CIDI, 2022) . The index adopts domains of livability such as economic security 
and urban infrastructure measures, but also contextually specific domains related to governance and 
equity, reflecting the planning conditions within the city. The availability of open public data in New York 
allowed for a detailed examination of various economic and social aspects as part of the well-being index 
(CIDI, 2022) – Data availability/unavailability is considered one of the main elements creating inconsistency 
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across the various livability and quality of life indexes, especially in developing countries (Mittal et al., 2021, 
2020; Ruth and Franklin, 2014). A full survey of such global and regional indices is beyond the scope of this 
paper, but the works of (Dsouza et al., 2023; Khorrami et al., 2021; Mittal et al., 2020) provide an important 
overview.  

Considering the complexities associated with understanding urban livability, the various theoretical 
concepts behind it, and its sensitivity to context, it is necessary to define a set of livability indicators and 
‘pillars’ suitable for Dubai and potentially the wider region. These pillars and subsequent indicators should 
help public sector agencies better understand and operationalize livability in the city and the wider region. 
To address this, the paper adopts a mixed-methods approach, which includes the following steps: 

1-  A scoping literature review was conducted, which examined the definition and 
theoretical underpinnings of livability studies. The review identified 130 documents ranging from 
academic journal articles to policy documents and white papers. The keywords included in the 
search focused mainly on Livability (and Liveability), Urban Livability (UL), and Quality of Life 
(QoL) studies, as the principles overlap considerably. The literature was evaluated based on 
relevance, merit, methodologies, and theoretical approaches to achieve a clearer understanding 
of livability studies. A partial summary of the most relevant articles and main KPIs can be seen in 
Tables 1, 2 below 

2-  Dubai was the case study explored for the purposes of this research.  As a GCC city, 
Dubai has distinct patterns of urban development and socio-economic conditions. Some of these 
could be potentially generalized to the wider region.  

3-  Based on the literature review and the specifics of Dubai, a 
theoretical framework for livability is developed. This framework is based on several pillars that 
represent traits of GCC urbanism, and a number of KPIs that could be used for the measurement 
of livability were identified.  

4- : An initial, exploratory GIS study was conducted with the aim of finding the most 
suitable methodological approaches useful in the context, taking into consideration data 
availability, quality, and the complexity of the KPIs. Expanding this into a full analysis of livability 
in Dubai will be part of future research efforts.  

Within the various surveyed literature, there was no clear singular approach or methodology for measuring 
urban livability. Various studies have highlighted multiple main categories for measurement, ultimately 
leading to individual indicators. This appeared to be highly context and discipline-sensitive, as alluded to 
earlier, and highlights the difficulty in arriving at a concise definition for livability. While most international 
entities and some public sector entities appeared to have variations in their methodologies, owing to their 
target audiences, some patterns emerge that indicate certain core urban areas, as can be seen in Table 1. 
It is important to note that for the indices listed in the table, the measurement takes place at various scales 
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ranging from a regional scale (i.e, OECD, UN-Habitat), to a more specific district, or neighborhood scale (i.e 
INSEE, CIDI)  

 

Within academic literature, the situation is similar, with various conceptual and theoretical approaches 
being considered, as well as various technical methodological approaches. Most of the literature we 
focused on in our study looks at the methodologies adopted to measure UL at the finer neighborhood scale, 
as it reflects our research focus.  Some of the key studies we investigated show various categories focusing 
on built-environment conditions, social conditions, and environmental and natural conditions as the main 
‘pillars’ of livability measurements, with various identified measurement units also highlighted. Table two 
below identifies some studies that we believe are relevant methodologically and conceptually to the 
questions of Livability within Dubai and the wider GCC.  

 

Dubai is a city that has become a well-recognized global brand, and one that has managed to put GCC 
urbanism on the global map (Alawadi, 2017; Bagaeen, 2007; Elsheshtawy, 2004). Along with similar cities 
in the Arabian Gulf, the city boomed in the post-oil era, coinciding with modernist city planning ideals, and 
housing government programs which pushed a suburban development pattern, and glorified the car 
(Elsheshtawy, 2004; Khalaf, 2006). Today, the city is a sprawling metropolis, home to nearly 4 million people 
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(Ata, 2025). Dubai today stands at a great distance from its humble beginnings as a fishing town, and has 
become a global destination for corporations and individuals alike seeking increased economic 
opportunities and a higher standard of living.  

Despite this, the urban form of Dubai leaves much to be desired and remains predominantly automobile-
focused, similar to other cities in this desert region (Qamhaieh and Chakravarty, 2020). Various 
development patterns reflecting distinct economic, social,  and political forces have managed to shape the 
city into what it is today (Alawadi, 2017; Alawadi et al., 2018; Bagaeen, 2007; Pacione, 2005). Since the 
early 2000s, large-scale and developer-driven projects have sculpted the urban form of the city, further 
entrenching automobile dependence and creating what Graham and Marvin (2002) refer to as ‘splintered 
urbanism’. While Dubai was the first city in the region to introduce a metro system in 2009 (Figure 1) and 
with great results (Elsheshtawy and Bastaki, 2011). Still, automobile dependence remains the de facto 
mode of transport, and massive traffic jams are suffocating the city, owing to a rapid increase in population, 
as described earlier (Husain, 2025). And while transport authorities are trying to respond to this ‘perfect 
storm’, questions about the impact of these conditions on urban livability and quality of life are becoming 
increasingly important and prevalent.  

 

 

Considering the literature review and various examples of livability studies, such as those in the figures 
earlier. It is natural for most livability studies to examine the performance of cities, focusing on several 
pillars, and covering areas such as transportation infrastructure, housing conditions, social and cultural 
infrastructure, health, and environmental factors. While these general categories, as seen in Tables 1,2, 
could cover most aspects of the city and provide a good starting point for policy makers, local specifics 
require a more ‘nuanced’ understanding of the context to boost the effectiveness of such investigations. 
In the case of Dubai, considered as a model for a wider GCC understanding, various existing pull factors, 
which are particularly economically focused, add more pressure on cities, and potentially reduce its overall 

415



 

 

livability. Figure 2 provides an overview of our proposed framework for conceptualizing livability in Dubai, 
highlighting the main pillars.  

 

With the massive automobile dependence and supporting infrastructure, the severe urban sprawl and 
splintered urbanism resulting from suburban housing projects, and the focus on high-end, signature 
developments targeting international audiences, which create ‘pockets’ of varying quality, all these, mostly 
economic factors, collectively create a city that is livable for some, and not necessarily livable for all. These 
traits can also be observed in other globalizing cities in the region, beyond Dubai – hence the GCC focus of 
this paper. Considering these factors, this paper argues that to counter this narrow economic focus, any 
study of urban livability should pay attention to other balancing factors, thereby creating a more accurate 
understanding of the overall conditions. These factors include:  

A-  In response to the automobile focus, how does the city provide for those 
without access to cars, such as visitors, lower-income segments, and those incapable of owning 
or driving a car? Does the city have opportunities for alternative transportation, including 
effective public transportation, micromobility systems, cycling, and walking infrastructure? Does 
the city provide meaningful options to all its residents?  

B-  Rapid urbanization often has severe environmental consequences, including 
poor supporting basic infrastructure, and vulnerability to natural and man-made disasters. How 
does a city like Dubai handle flooding, extreme climatic conditions, and the urban heat island? 
How do vital city services function under extreme pressures, such as in the case of response time 
for emergency services, or the proximity of police/ fire stations to maintain safety and security? 
Do residents have access to health care and basic services within reasonable distances, 
particularly during disruptive events?  

C-  the same rapid urbanization patterns have severe consequences on 
the natural environment, and the residents’ experience of this natural environment. Reasonable 
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access to green spaces (and/or blue spaces) and the protection of water resources and 
ecosystems are important ingredients of livable and inclusive cities. This access to nature and its 
protection, especially in extreme climatic conditions, should be important priorities for the cities 
of the region.     

While a complete GIS analysis of livability is beyond the scope of this paper, we set out to test certain best 
methodologies to be applied in our analysis of Dubai. As proposed in our framework, we view transport 
equity as an important focal area of livability studies, particularly in this context. This is also corroborated 
by several academic studies, which weigh non-motorized accessibility heavily (Dsouza et al., 2023; 
Mouratidis, 2018; Najafi et al., 2024). Therefore, a focus on transport equity indicates the need to evaluate 
accessibility to various city functions at walkable distances of 400m, 800m, and 1200m. As a demonstration 
of this method, Figure (3) rates neighborhood-level plots according to their proximity to a metro stop in 
Dubai. While we provide this as a sample due to paper space limitations, our full investigation will adopt 
this approach as we examine the various indicators that represent overall livability within Dubai.  

Urban Livability, despite its rather ambiguous nature, is a valuable concept for policymakers and urban 
planners aiming to improve the living conditions within cities, particularly in the region. The ease of access 
to open-source geospatial data and aerial photography, and, as of lately, artificial intelligence applications 
in city planning and management, make explorations in city performance logical and essential.  

Within Dubai and similar GCC cities, business as usual when it comes to developing sprawling, car-centric 
cities is no longer an option. As these cities have become significant players in the global arena, people 
worldwide are moving to the region in search of better economic opportunities and improved living 
conditions. These pull factors are creating immense pressures on infrastructure, and therefore, a 
realignment and an ‘adjustment’ are necessary and much needed, especially as earlier development 
patterns are no longer relevant or sustainable.  
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A focus on livability, as discussed in this paper, highlights the importance of balancing economic drivers 
with human-centric and environmentally sensitive development. While our proposed livability framework 
recognizes the importance of economic growth factors, a balance still needs to be achieved to reduce the 
negative effects of this rapid growth. And a focus on urban livability could be a step in the right direction.  

Using geospatial methods to understand and visualize livability at a finer scale is crucial, especially since 
neighborhood conditions are never uniform across the city, and contextual factors are of great importance. 
Furthermore, focusing on measurement using walking distances helps paint a more accurate picture of 
urban livability. This approach could help the cities of the region become more inclusive and human-centric 
in their planning. Future research in this area remains necessary.    
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Carbon Based Urbanism 
What is the role of urban design on the CO₂ impact of newly 

built neighbourhoods? 
!"#$%&'()*)+,-'.%$/01#2$3#-'+43'53$43#6"&72'

Carbon-Based Urbanism argues that urban planning should be treated as a central tool in reducing 
CO₂ emissions. The study investigates the research question: “What is the role of urban design on 
the CO₂ impact of the Dwelling, the District and the Resident in newly built neighbourhoods?”. 
Twelve case-study neighbourhoods in Rotterdam are analysed, grouped into four urban types: 
highly urban, city block, garden city and suburban. For each neighbourhood, annual per-person 
emissions are calculated across nine categories within three domains: the Dwelling, the District, 
and the Resident. By including public space, infrastructure, car ownership, food and goods, and 
travel behaviour, the study broadens the traditional focus on building materials and energy use. 
The urban types differ significantly in density, mix of functions, mobility patterns and living space 
per person, leading to different potentials for low- or high-carbon lifestyles. The analysis reveals a 
clear variation between neighbourhoods with a 43% difference between the lowest and highest 
annual footprints. Furthermore, lifestyle emissions dominate the results: roughly 85% of total 
emissions stem from behaviour, consumption and mobility, while the built environment accounts 
for around 15%. Because initial embodied emissions are 5–8 times larger than yearly lifestyle 
emissions, the “tipping point”—when ongoing lifestyle emissions surpass the upfront emissions—
arrives after only 5–8 years.  
Major emission sources include holiday travel, diet, consumption of goods, mobility, operational 
building use, embodied emissions, car ownership, and emissions from public space and 
infrastructure. Since each category has different drivers, reduction strategies must be tailored. 
Statistical analysis shows that contextual factors—especially density and functional mix—strongly 
correlate with mobility-related emissions.  
Overall, the findings confirm urban form as a critical scale for achieving CO₂ reductions. But to 
implement Carbon-Based Urbanism, a coordinated, multidisciplinary effort is required. CO₂ 
considerations currently play a limited role in development processes, and stronger incentives, 
clear reduction targets, and unified calculation methods are needed. Planning tools such as zoning, 
phasing, and early location decisions can create the structural conditions for low-carbon 
neighbourhoods.  

'

Urbanism, Neighbourhoods, Emissions, Carbon Analysis, Infrastructure, Lifestyle 
'
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Modern cities critically depend on resilient infrastructure like underground rail networks to 
withstand disruptions, drawing on Holling's ecological concept of resilience as a system's capacity 
to absorb disturbances while maintaining functionality. This study addresses the vulnerability of 
the London Underground network by investigating how targeted node failures impact its structural 
integrity and passenger flows, particularly considering the mismatch between perceived and actual 
travel distances. The primary objective is to quantify network resilience under strategic attacks, 
simulate disruption impacts on commuter patterns using spatial interaction models, and identify 
critical vulnerabilities by comparing node removal strategies based on centrality measures 
(Weighted Betweenness, Weighted Closeness, Degree Centrality) against random failures. The 
research employed a two-phase methodology. First, the network was modelled as an undirected 
weighted graph (edge weights = station distances). Nodes were removed either sequentially 
(recalculating centrality after each removal) or non-sequentially based on initial centrality 
rankings. Network resilience was quantified using Global Efficiency (Eff) and the Average Local 
Clustering Coefficient (ALCC). Second, an Origin-Constrained Spatial Interaction (gravity) model, 
calibrated using London Travel Demand Data (morning peak) via Poisson regression (yielding β = 
0.537 for distance friction and γ = 0.868 for destination attractiveness), simulated passenger flow 
redistribution under scenarios: a 50% job reduction in Canary Wharf (CBD in London) and increased 
travel friction (β doubled/tripled). Our findings reveal the network exhibits a "strong yet fragile" 
nature. Sequential removal based on Weighted Betweenness Centrality (SBR) caused the most 
severe fragmentation, drastically reducing Global Efficiency (Eff) by 68% (distance-weighted) and 
83% (flow-weighted) after removing just 10 critical "bridge" nodes near hubs (not the hubs 
themselves), impacting an estimated 3.8 million passengers (42.3% of London's population). In 
contrast, random removal and strategies based on Degree Centrality had minimal impact due to 
the network's uniform, low-degree structure. Weighted Closeness strategies fragmented the 
network, but more slowly than SBR. ALCC proved insensitive to most strategies until large-scale 
node loss. Scenario simulations showed a 50% job loss in Canary Wharf significantly diverted flows, 
while increased travel friction (simulating higher costs/times) caused even more extensive and 
disruptive flow redistribution across the network. This study validates complex network dynamics 
in real-world infrastructure, highlighting the importance of betweenness centrality over degree or 
closeness in identifying critical vulnerabilities, especially under sequential attack, and questions 
ALCC's utility as an early resilience indicator for metro networks. Practically, it provides transport 
planners and spatial planners with actionable intelligence: protecting high-betweenness stations 
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is crucial for enhancing resilience. The intensity of land development around the stations of key 
transportation nodes should be appropriately shifted towards the adjacent stations. This practice 
will substantially increase the resilience of the overall network. 

 

Urban resilience, Complex Network, Underground System, Spatial Interaction Model 

Modern society is increasingly dependent on the stability of complex systems (D’Lima and Medda, 2015). 
When cities face unavoidable natural disasters and man-made attacks, large infrastructures (such as 
underground systems) need to show the necessary "resilience". This concept originated from the field of 
ecology, which included two parallel definitions. According to the definition of Pimm (1991), resilience can 
be measured by the time it takes for the system to return to its original state after being disturbed. Another 
definition, derived from Holling (1973), refers to the ability of the system to absorb the changes caused by 
interference and maintain the same relationship among the internal populations.  

This research will primarily focus on the role of the second resilience concept in the London Underground 
network. Urban underground system is a typical complex system, which is vulnerable to various hazards 
and subject to dynamic influences. It is mean that failures in any part of this system can potentially lead to 
systemic malfunctions and accidents. A better understanding of the vulnerabilities of such complex systems 
(such as critical stations within the network that require protection) helps ensure their operational safety 
and provides guidance for the long-term operation and maintenance of the underground system. The 
London Underground is one of the busiest and oldest systems of its kind, with 11 lines and 268 stations, 
carrying 1.2 billion passengers annually. Over the past decade, the UK government has repeatedly called 
for a review of transport resilience, soliciting feedback on the network's planning, performance, and 
response to severe weather events. Furthermore, due to London's multi-centric organizational structure, 
the London Underground serves as a prime example, representing a model that existing and developing 
country subway systems may emulate in the future. 

Therefore, this study aims to explore the vulnerabilities of the London Underground network by 
investigating how targeted node failures affect its structural integrity and passenger flow, with a particular 
focus on the discrepancy between perceived and actual travel distances. The main objective of this study 
is to quantify the resilience of networks under strategic attacks, simulate the impact of disruptions on 
commuting patterns using a spatial interaction model, and identify key vulnerabilities by comparing node 
removal strategies based on centrality metrics (weighted betweenness centrality, weighted proximity 
centrality, degree centrality) with random failures. 

In this part of the simulation, we use node removal as a means of interference, and topology the 
underground line as an undirected weighted network. The weight of the network is the actual distance 
between the stations. If an unweighted network is used, this means that people will pay more attention to 
how many stations they pass when traveling, that is, the perceived distance. But in fact, according to 
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Hernández and Witter (2015), their research in Santiago shows that people only have a relatively accurate 
perception of the residential surrounding area. When the perceived distance does not match the actual 
distance, people tend to underestimate it. 

The method of centrality measurement attempts to determine which vertices in the network are central 
or have an impact on the global (Wasserman, 2000). These three measures are used this time: 

 When the degree of a node is used in the centrality measurement, it is 
called the degree centrality. Nodes with a high degree of centrality can be called "hubs", which in social 
network analysis examples often refers to those who have a high reputation (Freeman, 1979). In addition, 
since the size of the graph will be changed after each removal operation, the standardized degree centrality 
needs to be selected: 

=                                                                        

=                                                                              

 Its calculation is based on the average of the geodesic distances from the 
vertex to all other points. If the shortest distance to other points is very small, the closeness centrality of 
the vertex is higher. This definition is more in line with the concept of geometric centre than degree 
centrality: 

= =                                                                         

, where  refers to the average geodesic distance from node i to all other points. 

 measures how many weighted short paths between vertices in the 
network pass through a given vertex. If the betweenness centrality of this node is high, then it will have a 
great influence on the transfer of the entire graph. It examines the node's ability to control the information 
dissemination of other nodes. In other words, this node is equivalent to the "bridge" of other vertex groups: 

=                                                                              

, where  is the total number of geodesics from s to t through i,  is the total number of geodesics from 
s to t. 

For any underground system, we can use the centrality measures to remove nodes in the network. In 
addition, each removal of vertices includes two schemes: 'sequential' (Calculate the initial network 
centrality and remove the highest value vertices, then recalculate the centrality of the new network and 
remove the highest value. So back and forth.) and 'non-sequential' (Calculate the centrality of the initial 
network once, and remove the vertices one by one in the order of centrality from high to low): 

 SBR/NSBR: According to the weighted betweenness centrality of the node, the node is removed in 

the ways of 'sequential' and ‘non-sequential’. 

 SCR/NSCR: According to the weighted closeness centrality of the node, the node is removed in the 

manner of 'sequential' and 'non-sequential'.  
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 SDR/NSDR: According to the degree centrality of the node, the node is removed in the manner of 

'sequential' and 'non-sequential'. 

 RR: Nodes are randomly deleted. This represents the basic situation of the node being removed and 

is used in comparison with other removal methods. 

Since the nodes identified by different centrality methods are different, the impact on the network after 
removing them is different. Therefore, a unified standard is needed to measure the changes in the network 
situation during the process of removing nodes. In this study, we chose Efficiency (Eff) and Average Local 
Clustering Coefficient (C) as evaluation indicators. 

The concept of Efficiency was first proposed by Latora and Marchiori (2001). Due to the shortest path-
based measurement, like the characteristic path length or the average geodesic length (Boccaletti et al., 
2006), neither can cope with the shortcoming that it cannot be measured when the network is 
disconnected. The difference is that Efficiency can correctly handle disconnected or connected network 
characteristics, which is a very important attribute when measuring the impact of node removal. This also 
shows that the evaluation of the influence of network efficiency on the removal of network nodes is generic. 

The efficiency of the network is an important method to measure the efficiency of information exchange 
(Bellingeri et al., 2020). This measure includes three types: global efficiency, local efficiency and average 
local efficiency. Among them, two local efficiencies focus more on the efficiency inside subgraphs. Although 
the removal of nodes may lead to the appearance of subgraphs, the underground is a complete urban 
system. We need to consider all the components of the railway system under the global scale. 

=
( ) ( , )

                                                    

where N is the total number of nodes, and ( , ) represents the shortest weighted path between i and j. 

The efficiency used to evaluate the effect of nodes under attack is not only applicable to subway networks. 
In fact, Bellingeri (2020) used network efficiency to measure six well-known complex weighted networks, 
which cover the fields of transportation, biology and society. 

The clustering coefficient is also called transitivity, which is a tool used to measure how many vertices in 
the network tend to cluster. The local clustering coefficient is a typical property of an acquaintance network, 
where it shows the possibility that two individuals (being friends) have a common friend to know each 
other. Therefore, the clustering coefficient shows the fault tolerance characteristic (Kuhnle et al., 2017). 
Take the subway network as an example, suppose a station is attacked and fails. However, due to its high 
local clustering coefficient, the stations connected to it can be used as substitutes, so the network will not 
be paralyzed. One definition of LCC is introduced by Watts and Strogatz (1998).  

=
( )
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=                                                             

, where  indicates the actual number of edges between the neighbours of node i and  is the degree of 
the node i. 

Therefore, a larger ALCC value shows that the network has better tolerance to faults in a local area. In air 
transportation networks, Ponton (2013) shows that networks with higher clustering coefficients are more 
beneficial, just as passengers who have cancelled flights can easily change their routes. 

Throughout all spatial interaction models, the gravity model is the most widely used. Generally, this can 
also be considered a Newtonian analogy. Therefore, we will first introduce the classic gravity model and 
understand the meaning of its variables and parameters: 

=                                                                        

, where  refers to the quantified spatial interaction between zone i and zone j; is a measure of the 
'mass' associated with zone i, which can also be called the origin;  is a measure of the 'mass' associated 
with zone j, which can also be called the destination;  refers to the deterrence between zone i and j, 
such as distance, travel cost, time, etc.; K is a constant of proportionality, with ,  and , are parameters 
to be estimated. Furthermore, he variables they are 
associated with. 

, we chose The Origin-Constrained Model as the method of simulating the commuter 
flow. There are two main reasons for this choice: 

1. Considering the source of the data, the data was collected by the official London TLF for morning peak 
travel time (from 7 am to 10 am). Commuters work as the focus of the data. Therefore, their place of 
residence is relatively fixed. 

2. Consider the needs of scenario analysis required in the follow-up. Origin- Constrained Mode is suitable 
for the simulation of three scenarios at the same time, because most residents will not change the choice 
of residence due to the reduction of jobs or the increase of commuting costs. They will tend to choose the 
nearest job. 

 adds a new constraint based on the unconstrained model, namely the 
equation (10).  

= exp ( )                                                      

=                                                                   

, where does not have a parameter as it is a known constraint.  is known as a balancing factor and is a 
vector of values that relate to each origin. And it does the equivalent job to K in the unconstrained model 
but ensures that flow estimates from each origin sum to the known totals,  rather than just the overall 
total. 

436



 

 

, we will use the actual traffic, the origin population, the number of jobs in the 
destination, and the constraints of the model. In this calibration process, we used a Poisson regression 
model. The main theory behind the Poisson regression model is that the sorts of flows that spatial 
interaction models deal with relate to non-negative integer counts. Since the flow of people cannot be 
recorded as negative either, this happens to be suitable for the simulation of the flow of commuters. This 
is the Poisson regression equation (11) used to calibrate the parameters: 

= exp ( + )                                     

The significance of the model is that  is logarithmically linked to a linear combination of the logged 
independent variables in the model. Since the actual flow is the expected simulation standard of the 
Poisson regression model, it is used as  of the regression model during the calibration process. 

In addition, the ai in the formula is equivalent to balancing factors . As in Poisson regression, dummy 
variables can be used as independent variables. Therefore, we associate ai with certain specific attributes 
of origin to be simulated as a categorical predictor. 

is 0.537
<0.01), with the z-scores revealing that destination work has the most influence on the model. To further 
evaluate the performance of the model, we found that the R square is 0.4, which shows that this model 
accounts for about 40% of the variation of flows in the system. 
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Figures 1 to 3 show the changes in network centrality of the London Underground system under different 
node removal strategies. By comparing the difference changes caused by "sequential" and "non-
sequential" in the metro network, we can find that: 

 

According to the results shown in Figure 1, under the "sequential" strategy of removing vertices, the 
network can be effectively "fragmented". In fact, according to the "sequential" method, the subway 
network has been divided into two parts when the node is removed for the fourth time. The situation is 
the opposite for "non-sequential". The same effect is achieved in the tenth execution. 

In addition, we can find that in the "sequential" strategy, the nodes that are removed each time are not 
the "hubs" or transfer stations in the railway that we often think of. It is often a station connected to an 
interchange station, as defined by the betweenness centrality, is the "bridge" used to evacuate flows of 
"hubs". 

According to Figure 2, we can find that the node removal situation of "non-sequential" is as expected, 
gradually disintegrating from the geometric centre to the outside. An interesting situation appears in the 
"sequential", the high value of the centrality of closeness is gradually transferred from the geometric centre 
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to both sides of the network. The removal of nodes, like the betweenness centrality sequence, also shows 
the trend of "fragmented" network. But the speed is much slower in comparison. 

According to Figure 3, "sequential" and "non-sequential" under the guidance of degree centrality have 
almost the same changes to the network. This is due to the peculiarities of the subway network, that is, 
the degrees of almost all nodes are similar and small ("hubs", just only 7). This is obviously different from 
other complex networks (Boccaletti et al., 2006). The removal of hubs hardly affects the degree of other 
points. 

 

We chose Eff and ALCC to measure the impact of node removal. Since ALCC measures the possibility of a 
node and its neighbours being friends with each other, this is consistent with information transmission 
efficiency. We expect that the two measures will give similar results, but this is not the case. 

For Eff, the result is fully in line with the expectations of the previous analysis. SBR and SCR tend to 
"fragment" the network. The existence of "islands" will greatly reduce the efficiency of information 
transmission; SDR and NSADR have basically the same impact on the network; in addition, the Eff of SBR 
has the fastest decline, which is consistent with the research conclusions of Holme et al (2002). 

Figure 4 also shows that the subway network has the nature of a complex network that shows "strong and 
fragile", they are robust to the random removal of nodes but very fragile to the attack of the most 
connected node (here is the weighted betweenness centrality node). 
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According to Figure 5, we can find that most strategies have similar effects to random strategies, which 
shows that ALCC has not detected the specificity of each strategy. In addition, the value range of ALCC is 
between 0.02 and 0.035. In other words, the probability of randomly selecting a node in the subway 
network to form a "triangle" with its neighbours is 2% to 3%. It is difficult to observe in the case of node-
by-node removal. But this does not mean that ALCC is not suitable for the node removal measure of the 
subway network. When the number of removed nodes is large enough, the difference can still be captured. 
This shows that various evaluation methods have limitations. 

The analysis results in the previous part show that the "sequential" node removal method based on the 
weighted intermediate centrality has the greatest impact on the network. According to Figure 6, when the 
flow of people is superimposed into the network, the number of people affected by the closure of the 
station will reach 3,805,762, which accounts for 42.3% of the total population of London. 

However, according to Figure 7, we find that the efficiency of the network with inverse flow as the weight 
decreases more significantly. After 10 node removals, the Eff of the directed network dropped by 83%. The 
Eff of the undirected network dropped by 68%. 

 

Eff ALCC 
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Scenario A: We assume a 50% reduction in jobs in Canary Wharf. 

 Function1: D(CW)'=0.5*D(CW). 

parameters) to achieve the effect of simulating an increase in transportation costs. 

  

 

 

 

 

 

 

 

 

 

Bring the transformed parameters back to the model, calculate a vector about the new Ai, and bring it back 
to the model to regenerate flow. According to Figure 8 and 9, we can find that when the traffic is 
redistributed to the network, the situation of raising more travel prices in Scenario B will lead to more 
serious flow redistribution. 

This study validates complex network dynamics in real-world infrastructure, highlighting the importance of 
betweenness centrality over degree or closeness in identifying critical vulnerabilities, especially under 
sequential attack, and questions ALCC's utility as an early resilience indicator for metro networks. 
Practically, it provides transport planners and spatial planners with actionable intelligence: protecting high-
betweenness stations is crucial for enhancing resilience. The intensity of land development around the 
stations of key transportation nodes should be appropriately shifted towards the adjacent stations. This 
practice will substantially increase the resilience of the overall network. 
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Case Study Report 

 

Incremental or Radical Green Innovation? Urban 
Technological Capabilities, Potential, and Carbon 

Emissions in China 

Kang SUN; Yingcheng LI 

School of Architecture, Southeast University, Nanjing, China 

Rapid urbanization pressures cities to balance economic growth with decarbonization. This study 
examines two green innovation pathways—incremental (Green Related Complexity, GRC) and 
radical (Green Unrelated Complexity, GUC)—in 252 Chinese cities (2002–2022). Econometric 
results reveal significant path and temporal heterogeneity. GRC provides immediate emission 
reductions through efficiency upgrades, whereas GUC’s structural substitution effect is more 
profound but manifests after a multi-year lag. Crucially, both pathways exhibit U-shaped nonlinear 
effects: carbon intensity initially decreases but rebounds once technological specialization or 
diversification exceeds optimal thresholds, reflecting costs of 'efficiency lock-in' and 'resource 
dispersion.' Interaction analysis further confirms a trade-off; pursuing both paths simultaneously 
under resource constraints undermines mitigation performance. These findings suggest that urban 
decarbonization requires a macro-regional division of labor rather than isolated city-level efforts. 
Leading cities should absorb the initial costs of crossing radical innovation thresholds, while others 
focus on technology adoption and foundational green infrastructure to avoid individual 
complexity-driven rebounds. 

Green Innovation, Technological Complexity, Relatedness and Unrelatedness, Carbon Emissions, 
China 

Amid the global shift toward carbon neutrality, cities have become critical spatial units for sustainable 

development. While occupying only 2ςо҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀƴŘ ǎǳǊŦŀŎŜΣ ŎƛǘƛŜǎ ƎŜƴŜǊŀǘŜ ǊƻǳƎƘƭȅ ǘǿƻ-thirds of 

global greenhouse-gas emissions (Zahra & Fatima, 2024). Consequently, achieving deep emission 

reductions without compromising economic vitality is a central dilemma for urban planners. This "growth 

versus green" challenge is particularly pronounced in fast-urbanizing China, mirroring the developmental 

trajectories and spatial constraints of many cities across the Global South (Hao et al., 2016). 

Green technological innovation is widely regarded as a key solution. However, innovation is not a linear 

process. It generally follows two distinct pathways: incremental innovation, which builds upon existing 

capabilities for quicker returns but limited long-term sustainability; and radical innovation, which requires 

high investment and carries transition costs but drives far-reaching structural emission reductions (Aghion 

et al., 2016). Existing literature, however, largely focuses on the overall quantity of green patents, 

overlooking how these structural differences impact urban decarbonization pathways (Boschma et al., 

2023; Chen et al., 2025). 
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To bridge this gap, this study introduces the perspective of knowledge complexity (Balland & Rigby, 2017) . 

We propose the concepts of Green Related Complexity (GRC) as a quantitative proxy for incremental 

innovation, and Green Unrelated Complexity (GUC) as the structural basis for radical innovation. 

Furthermore, we incorporate their corresponding future potential indicators (GCRP and GCUP) to analyze 

future evolutionary trajectories. 

Crucially, the temporal and nonlinear characteristics of how these distinct paths influence carbon emissions 

remain under-explored. For instance, radical innovation may initially trigger a "green paradox" (temporarily 

raising emissions) before yielding significant long-term reductions (Andrew et al., 2024; Baz et al., 2022). 

Using panel data from 252 Chinese prefecture-level cities (2002ς2022), this study systematically evaluates 

the immediate, lagged, and nonlinear effects of GRC and GUC on carbon emission intensity. Ultimately, this 

research aims to answer a central question: How can cities globally, under distinct innovation pathways, 

spatially and strategically balance short-term efficiency with long-term green transformation? By revealing 

the temporal complementarity of incremental and radical innovations, this study provides multi-level, 

empirically-backed spatial planning guidelines for urban decarbonization. 

The empirical analysis utilizes three-year average panel data from 252 Chinese prefecture-level cities 

(2002ς2022). City-ƭŜǾŜƭ /hі ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ 95D!w ŘŀǘŀōŀǎŜΦ DǊŜŜƴ ƛƴƴƻǾŀǘƛƻƴ Řŀǘŀ ŀǊŜ 

collected from the CNIPA patent database based on the WIPO IPC Green Inventory. Control variables (GDP 

per capita, population density, built-up area, and environmental regulation intensity) are sourced from the 

China City Statistical Yearbooks (Li, 2022). 

To quantify the structure of urban green innovation, we follow the method developed by Hidalgo and 

Hausmann (2009) and extended by Balland and Rigby (2017). The analysis begins by constructing a cityς

technology two-mode matrix based on revealed comparative advantage (RCA) values for each city 𝑐and 

green technology class 𝑔. Specifically, RCA is defined as: 

𝑅𝐶𝐴𝑐𝑔 =
𝑃𝑐𝑔/ ∑ 𝑃𝑐𝑔

𝑔

∑ 𝑃𝑐𝑔
𝑐

/ ∑ 𝑃𝑐𝑔
𝑐,𝑔

                                                                 (1) 

where 𝑃𝑐𝑔denotes the number of patents in technology 𝑔produced by city 𝑐. 𝑅𝐶𝐴 > 1 means that a city 

has a relative specialization in that technology. And then we followed Balland and Rigby (2017) to calculate 

the technological complexity index (TCI) of green technologies. 

Next, we compute  following Boschma et al. (2023) as the co-

occurrence probability of two technologies within the same city network. The relatedness matrix (𝜂 ) 

identifies cognitively connected technologies, while the unrelatedness matrix (𝜓) captures distant or novel 

fields. We derive relatedness density (RLD) and unrelatedness density (UNRLD) to measure how new 

technologies fit or deviate from ǘƘŜ ŎƛǘȅΩǎ ŜȄƛǎǘƛƴƎ ƪƴƻǿƭŜŘƎŜ ōŀǎŜΦ  

The four main indices are constructed as follows: 

a)  captures the current capability for incremental, specialization-based innovation; 
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𝐺𝑅𝐶𝑐 =
1

∑ 𝑅𝐶𝐴𝑔
𝑐

𝑔
∑ 𝑅𝐶𝐴𝑔

𝑐 × 𝑅𝐿𝐷𝑔
𝑐

𝑔 × 𝑇𝐶𝐼𝑔   (2) 

b)  reflects the current capability for radical, diversification-based innovation;

𝐺𝑈𝐶𝑐 =
1

∑ 𝑅𝐶𝐴𝑔
𝑐

𝑔
∑ 𝑅𝐶𝐴𝑔

𝑐 × 𝑈𝑅𝑙𝐷𝑔
𝑐 × 𝑇𝐶𝐼𝑔𝑔     (3) 

c)  measures a city’s potential for future specialization in green technologies;

𝐺𝐶𝑅𝑃𝑐 =
1

∑ (1−𝑅𝐶𝐴𝑔
𝑐 )𝑔

∑ (1 − 𝑅𝐶𝐴𝑔
𝑐 )𝑅𝐿𝐷𝑔

𝑐
𝑔 𝑇𝐶𝐼𝑔    (4) 

d)  quantifies a city’s potential to diversify into unrelated green domains.

𝐺𝐶𝑈𝑃𝑐 =
1

∑ (1−𝑅𝐶𝐴𝑔
𝑐 )𝑔

∑ (1 − 𝑅𝐶𝐴𝑔
𝑐 )𝑈𝑅𝐿𝐷𝑔

𝑐𝑇𝐶𝐼𝑔𝑔   (5) 

To identify the causal effects of green innovation structures on carbon emissions, we employ panel 

regression models as following: 

𝐶𝐸𝐼𝑐,𝑡 = 𝛼0 + 𝛼1𝐺𝑅𝐶𝑐,𝑡 + 𝛼2𝐺𝑅𝐶𝑐,𝑡
2 + 𝛼3𝐺𝑈𝐶𝑐,𝑡 + 𝛼4𝐺𝑈𝐶𝑐,𝑡

2 + 𝜸𝑿𝒄,𝒕 + 𝜇𝑐 + 𝛿𝑡 + 𝜖𝑐,𝑡   (6) 

𝐶𝐸𝐼𝑐,𝑡 = 𝛽0 + 𝛽1𝐺𝐶𝑅𝑃𝑐,𝑡−1 + 𝛽2𝐺𝐶𝑅𝑃𝑖,𝑡−1
2 + 𝛽3𝐺𝐶𝑈𝑃𝑐,𝑡−1 + 𝛽4𝐺𝐶𝑈𝑃𝑖,𝑡−1

2 + 𝜽𝑿𝒄,𝒕−𝟏 + 𝜇𝑐 + 𝛿𝑡−1 +

𝜀𝑐,𝑡−1  (7) 

where 𝐶𝑎𝑟𝑏𝑜𝑛𝑖𝑡 represents the logarithm of CO₂ emissions per unit of GDP for city 𝑖in year 𝑡. City fixed 

effects (𝜇𝑐) control for time-invariant unobserved differences among cities, while time fixed effects (𝛿𝑡) 

account for national macroeconomic shifts and policy changes. Adding quadratic terms allows us to test 

for potential nonlinear (U-shaped) relationships between innovation complexity and carbon emissions. Our 

analysis accounts for key urban factors like cities knowledge complexity, population density, GDP per capita, 

and environmental regulations. 

In addition, we use the  approach proposed by Jordà (2005) to estimate impulse

response functions of carbon emissions to shocks in GRC and GUC. Compared with traditional vector 

autoregression (VAR), the LP method offers greater flexibility with unbalanced panels and allow direct 

estimation of the temporal path of innovation effects (Ahmad et al., 2017). This method allows us to 

document both immediate and lagged responses of city-level carbon emissions to changes in innovation 

complexity. 

Figures 1 illustrate the spatial distribution of total carbon emissions and carbon intensity (2020-2022). High 

total emissions concentrate in developed eastern coastal areas (e.g., Shanghai) and populated or resource-

based megacities like Chongqing and Tangshan. Conversely, high emission intensity is clustered in northern 

China's traditional energy-intensive regions, including Liaoning and Shanxi. This spatial mismatch indicates 

that although eastern cities generate massive total emissions, their optimized industrial structures and 

superior energy efficiency keep their overall carbon intensity relatively low (Zheng et al., 2023). 
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Table 1 reports baseline regression results controlling for urban and time fixed effects. Model 1 shows the 

linear term of Green Related Complexity (GRC) significantly reduces carbon intensity, supporting efficiency-

enhancing innovation theories (Porter & van der Linde, 1995). However, adding quadratic terms (Models 

2-4) reveals U-shaped relationships for both GRC and GUC (Figure 2). For GRC, excessive specialization

causes emission rebounds due to rising introduction costs and diminishing marginal returns. For GUC,

cross-domain integration initially reduces emissions, but excessive diversification scatters resources and

increases learning costs. Notably, GRC’s inflection point is higher, indicating a higher reduction threshold

for specialized paths, while GUC offers greater long-term mitigation potential. Model 5 confirms these

robust effects when both indices are included. Finally, Model 6 reveals a significant positive interaction

between GRC and GUC. This indicates a trade-off: under resource constraints, pursuing incremental and

radical paths simultaneously may cause resource dispersion and undermine overall climate goals, forcing

cities to strategically balance 'specialization' and 'diversification' (Balland et al., 2019; Boschma et al., 2017).
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ff ti ti

Variables (1) (2)
, -0.1790*** -0.3995***

(0.0342) (0.0646)
, 0.2841***

(0.0624)
,

,

, × ,

, 0.0054 0.0305 
(0.0225) (0.0233) 

, -0.1002*** -0.1123***
(0.0382) (0.0378)

, 0.1069*** 0.1053***
(0.0369) (0.0362)

, 0.0743*** 0.0500**
(0.0250) (0.0231)

, -0.0228* -0.0121
(0.0139) (0.0137)

Constant 0.1213*** 0.1433***
(0.0114) (0.0130)

Observations 1,630 1,630 
Adjusted R-squared 0.8117 0.8147 

Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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(3) (4) (5) (6)
-0.4706*** -0.3653***

(0.0988) (0.0609)
0.2994***
(0.0784)

-0.0281* -0.1902*** 0.0101 -0.0531**
(0.0157) (0.0400) (0.0547) (0.0268)

0.1762*** 0.0704* 
(0.0385) (0.0412) 

0.3714*** 
(0.0722) 

-0.0366* -0.0226 0.0557* 0.0348 
(0.0195) (0.0194) (0.0287) (0.0255) 

-0.0785** -0.1037*** -0.1297*** -0.1332***
(0.0388) (0.0396) (0.0384) (0.0391)

0.1072*** 0.1162*** 0.0988** 0.0696*
(0.0339) (0.0366) (0.0394) (0.0406)

0.1278*** 0.0852*** 0.0266 0.0152
(0.0298) (0.0257) (0.0217) (0.0208)

-0.0299** -0.0170 -0.0073 -0.0081
(0.0140) (0.0134) (0.0135) (0.0134)

0.1010*** 0.1288*** 0.1428*** 0.1516***
(0.0110) (0.0141) (0.0141) (0.0157)

1,630 1,630 1,630 1,630 
0.8062 0.8098 0.8170 0.8165 
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Sun, K.; Li, Y. 

Table 2. Lagged E ects of Green Innova on Complexity on Carbon Intensity (Two-Period Lag). Source: Authors' elabora on.

Variables (1) (2)
, -0.0856*** -0.1617***

(0.0186) (0.0398)
, 0.0921***

(0.0319)
,

,

, × ,

, 0.0394*** 0.0500*** 
(0.0144) (0.0160) 

, 0.0775*** 0.0727*** 
(0.0184) (0.0184) 

, -0.0274 -0.0168
(0.0364) (0.0362)

, -0.0140 -0.0136
(0.0179) (0.0171)

, -0.0147 -0.0132
(0.0131) (0.0130)

Constant 0.0741*** 0.0778***
(0.0080) (0.0082)

Observations 1,122 1,122 
Adjusted R-squared 0.8985 0.8991 

Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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Incremental or Radical Green Innov on? Urban Technological Capabil  Poten l, and 
Carbon Emissions in China 

Source: Authors' elabora on. 

(3) (4) (5) (6)
-0.1988*** -0.0929**

(0.0564) (0.0361)
0.1246***
(0.0434)

-0.0368*** -0.0198 0.0605 -0.0119
(0.0132) (0.0360) (0.0432) (0.0216)

-0.0253 -0.0684*
(0.0396) (0.0414)

0.0283 
(0.0595) 

0.0154 0.0139 0.0530*** 0.0396** 
(0.0126) (0.0128) (0.0185) (0.0160) 

0.0904*** 0.0931*** 0.0775*** 0.0758*** 
(0.0199) (0.0219) (0.0197) (0.0198) 
-0.0054 -0.0058 -0.0178 -0.0277
(0.0381) (0.0380) (0.0353) (0.0371)
0.0181 0.0192 -0.0120 -0.0142

(0.0129) (0.0127) (0.0161) (0.0181)
-0.0159 -0.0160 -0.0136 -0.0142
(0.0132) (0.0132) (0.0130) (0.0130)

0.0682*** 0.0660*** 0.0714*** 0.0768***
(0.0090) (0.0106) (0.0099) (0.0103)

1,122 1,122 1,122 1,122 
0.8966 0.8965 0.8992 0.8983 
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Because carbon emissions exhibit dynamic characteristics, we utilize Impulse Response Functions (IRF) and 

two-period lagged regressions (Table 2) to evaluate long-term impacts. Figure 3 shows that GRC's inhibitory 

ŜŦŦŜŎǘ ƛǎ ƛƳƳŜŘƛŀǘŜ ōǳǘ ŘƛƳƛƴƛǎƘŜǎ ŀŦǘŜǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘǿƻ ǇŜǊƛƻŘǎ όǎƛȄ ȅŜŀǊǎύΦ /ƻƴǾŜǊǎŜƭȅΣ D¦/Ωǎ ŜŦŦŜŎǘ ƛǎ 

lagged, delivering significant reductions only after this initial period. Table 2 verifies this mechanism: GRC 

maintains a U-shaped relationship long-term, releasing marginal benefits once complexity is fully absorbed. 

Meanwhile, GUC's linear term becomes significantly negative after two lags, demonstrating that radical 

innovation drives stronger long-term reductions. Figure 4 illustrates these divergent but complementary 

pathways. Over a longer span, GRC achieves stable reductions via improved energy efficiency, whereas 

GUC achieves deeper structural reductions through technological substitution. Together, they form a dual 

driving force for urban green growth. 

We further introduce Green Associated Potential (GCRP) and Green Unassociated Potential (GCUP) indices 

to analyze future innovation capacity (Table 3, Figure 5). Results indicate that GCRP currently exhibits a 

stronger emission-reducing effect with a higher inflection point (0.83) than GCUP (0.55), making 

incremental pathways highly feasible for short-term mitigation. However, when both are evaluated 

simultaneously, GCUP exhibits a pronounced U-shaped relationship. While unassociated potential may 

initially increase resource consumption, its innovation diffusion and structural substitution effects emerge 

over time, ultimately driving deeper emission reductions (Hidalgo and Hausmann, 2009). Dynamic analysis 

reveals that both potentials share a two-period lag effect, mirroring our capacity findings. Ultimately, green 
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associated pathways (GCRP) ensure stable, near-term carbon reduction, whereas unassociated pathways 

(GCUP) unlock greater long-term transformational promise for sustainable urban development (Boschma 

et al., 2023). 
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Sun, K.; Li, Y. 

Table 3. Regression Results for Green Innova on Poten al Indicators (GCRP and GCUP). Source: Authors' elabora

Variables (1) (2)
, -0.0954*** -0.1893***

(0.0197) (0.0464)
, 0.1134***

(0.0407)
,

,

, × ,

, 0.0113 0.0169 
(0.0159) (0.0160) 

, -0.0128 -0.0194
(0.0296) (0.0298)

, 0.0703** 0.0703**
(0.0336) (0.0309)

, 0.0006 0.0020 
(0.0155) (0.0146) 

, -0.0029 0.0006 
(0.0126) (0.0127) 

Constant 0.0893*** 0.1013*** 
(0.0090) (0.0104) 

Observations 1,378 1,378 
Adjusted R-squared 0.8486 0.8497 

Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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Incremental or Radical Green Innov on? Urban Technological Capabil  Poten l, and 
Carbon Emissions in China 

Source: Authors' elabora  

(3) (4) (5) (6)
-0.0697 -0.1983***
(0.0762) (0.0572)
-0.0205
(0.0552)

-0.0830*** -0.2234*** -0.1716** -0.0438
(0.0172) (0.0549) (0.0810) (0.0357)

0.2023*** 0.2302***
(0.0621) (0.0832)

0.2017*** 
(0.0609) 

-0.0219 -0.0213 0.0065 0.0209 
(0.0158) (0.0158) (0.0243) (0.0230) 
-0.0068 -0.0183 -0.0255 -0.0247
(0.0296) (0.0295) (0.0297) (0.0298)
0.0641** 0.0593* 0.0636** 0.0697**
(0.0326) (0.0304) (0.0323) (0.0311)
0.0137 0.0129 -0.0024 0.0011 

(0.0154) (0.0148) (0.0147) (0.0147) 
-0.0039 0.0003 0.0016 0.0013 
(0.0126) (0.0127) (0.0128) (0.0127) 

0.0970*** 0.1184*** 0.1141*** 0.1077*** 
(0.0101) (0.0133) (0.0136) (0.0122) 

1,378 1,378 1,378 1,378 
0.8478 0.8499 0.8507 0.8506 
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This study evaluates the dynamic emission effects of incremental (GRC) and radical (GUC) green 

innovations across 252 Chinese cities. Three core conclusions emerge: 

(1) Path and Temporal Heterogeneity: GRC produces immediate but diminishing emission reductions 

through efficiency improvements, whereas GUC faces short-term transition costs but drives stronger, 

durable long-term decarbonization. 

(2) Nonlinear U-shaped Effects: Diversification initially increases emissions but enables significant 

reductions once technological thresholds are crossed. 

(3) Future Potentials Drive Transitions: Unrelated potential (GCUP) in emerging green domains is a critical 

predictor for long-term urban structural transformation. Balancing these dual pathways is essential to 

avoid "efficiency lock-in" and mitigate transition costs. 

Our findingsτspecifically the U-shaped emission rebounds and the resource-dispersion trade-off (Model 

6)τindicate that simultaneously pursuing incremental and radical innovations under resource constraints 

undermines climate goals (Sun & Li, 2025). Spatial planning must therefore construct a macro-regional 

division of labor (Figure 7): 

Leading Cities (High GRC & GUC): Equipped to cross the GUC U-shaped threshold, these hubs must act as 

radical innovation engines, absorbing initial transition costs for breakthrough R&D and technology 

exportation. 

Path-Dependent Cities (High GRC, Low GCUP): To avoid emission rebounds from excessive GRC 

specialization (Model 2), regional plans should connect them to leading hubs via innovation corridors, 

prioritizing technology importation over redundant R&D. 

Potential Cities (Low Capacity, High GCUP): Macro-spatial planning should designate these areas as regional 

pilot-testing nodes, allocating flexible zones to absorb tech-spillovers and translate potential into structural 

reductions. 

Catching-up Cities (Low GRC & GCUP): Given the early-stage emission penalties of complex R&D, spatial 

strategies here should prioritize adopting mature technologies and foundational green infrastructure. 

This collaborative spatial network effectively resolves the tension between short-term transition costs and 

long-term deep decarbonization. 
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wŜǎŜŀǊŎƘ tŀǇŜǊ

Investigating the Impact of Station-Area Built
Environments on Rail Transit Passenger Flow
Resilience During Public Health Emergencies

A Case Study of Beijing, China
¢ƻƴƎȄǳ {¦bΣ {ƻǳǘƘŜŀǎǘ ¦ƴƛǾŜǊǎƛǘȅΣ /ƘƛƴŀΤ ¸ƛ {ILΣ {ƻǳǘƘŜŀǎǘ ¦ƴƛǾŜǊǎƛǘȅΣ /Ƙƛƴŀ

Lƴ ǘƘŜ ±¦/! ŜǊŀ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƳǳƭǘƛǇƭŜ ŎǊƛǎŜǎΣ ǎŀŦŜƎǳŀǊŘƛƴƎ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ŎǊƛǘƛŎŀƭ ǳǊōŀƴ
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ŎƻǊŜ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ tǳōƭƛŎ ƘŜŀƭǘƘ
ŜƳŜǊƎŜƴŎƛŜǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊΣ ǇƻǎŜ ǎƛƎƴƛŦƛŎŀƴǘ ǘƘǊŜŀǘǎ ǘƻ Ǝƭƻōŀƭ ǇǳōƭƛŎ ƘŜŀƭǘƘΦ !ǎ Ǿƛǘŀƭ ǳǊōŀƴ
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳǎ ǇǊƻǾƛŘŜ ŎǊǳŎƛŀƭ ǊŜǎƛƭƛŜƴŎŜ ǎŀŦŜƎǳŀǊŘǎ ŘǳǊƛƴƎ ŎǊƛǎŜǎΦ 9ƴƘŀƴŎƛƴƎ
ǎǘŀǘƛƻƴ ǊŜǎƛƭƛŜƴŎŜ ƴŜŎŜǎǎƛǘŀǘŜǎ ŀ ǇǊƻŦƻǳƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƳŜŎƘŀƴƛǎƳǎ ŘǳǊƛƴƎ
ǇǳōƭƛŎ ƘŜŀƭǘƘ ŜƳŜǊƎŜƴŎƛŜǎΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ǊŜƳŀƛƴǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜǎŜŀǊŎƘ ƎŀǇ ǊŜƎŀǊŘƛƴƎ ǘƘŜ
ƛƴŦƭǳŜƴŎŜ ƻŦ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘǎ ƻƴ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿǎΦ¦ǎƛƴƎ .ŜƛƧƛƴƎΣ
/Ƙƛƴŀ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƳŜƎŀŎƛǘȅ ŀǎ ŀ ŎŀǎŜ ǎǘǳŘȅΣ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŀƴŀƭȅȊŜǎ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ Řŀǘŀ
ŦǊƻƳ нсу Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎ ŘǳǊƛƴƎ ǘƘŜ /h±L5πмф ǇŀƴŘŜƳƛŎ όWǳƴŜ мм мтΣ нлнлύΦ .ȅ ƛƴǘŜƎǊŀǘƛƴƎ
ƳǳƭǘƛπǎƻǳǊŎŜ ƎŜƻǎǇŀǘƛŀƭ ōƛƎ ŘŀǘŀΣ ƛǘ ŘŜǾŜƭƻǇǎ ŀ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ŜǾŀƭǳŀǘƛƻƴ
ŦǊŀƳŜǿƻǊƪ ŜƴŎƻƳǇŀǎǎƛƴƎ ŦƻǳǊ ŘƛƳŜƴǎƛƻƴǎΥ ǎǘŀǘƛƻƴ ŀǘǘǊƛōǳǘŜǎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘƛǾŜǊǎƛǘȅΣ
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŎƻƴƴŜŎǘƛǾƛǘȅΣ ŀƴŘ ŘŜǎǘƛƴŀǘƛƻƴ ŀŎŎŜǎǎƛōƛƭƛǘȅΦ ¢ƘŜ aǳƭǘƛπ{ŎŀƭŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ
²ŜƛƎƘǘŜŘ wŜƎǊŜǎǎƛƻƴ όaD²wύ ƳƻŘŜƭ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǎǇŀǘƛŀƭƭȅ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ƛƳǇŀŎǘǎ
ƻŦ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ŦŀŎǘƻǊǎ ƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿǎΦ YŜȅ ŦƛƴŘƛƴƎǎ ƛƴŎƭǳŘŜΥ όмύ ¢ƘŜ ŘŜƴǎƛǘƛŜǎ ƻŦ
ōǳǎƛƴŜǎǎπǊŜǎƛŘŜƴǘƛŀƭΣ ƘŜŀƭǘƘŎŀǊŜΣ ǎǇƻǊǘǎπŦƛǘƴŜǎǎΣ ŘŀƛƭȅπǎŜǊǾƛŎŜΣ ŎŀǘŜǊƛƴƎΣ ŀƴŘ ŎƻǊǇƻǊŀǘŜ ŦŀŎƛƭƛǘƛŜǎΣ ŀǎ
ǿŜƭƭ ŀǎ ǇŀǊƪƛƴƎ ŎŀǇŀŎƛǘȅΣ ǎŜǊǾŜ ŀǎ ƪŜȅ ŦŀŎƛƭƛǘŀǘƻǊǎ ƻŦ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ǊŜǎƛƭƛŜƴŎŜΦ !ƳƻƴƎ ǘƘŜƳΣ
ƘŜŀƭǘƘŎŀǊŜ ŀƴŘ ŘŀƛƭȅπǎŜǊǾƛŎŜ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ŜǎǇŜŎƛŀƭƭȅ ŎǊƛǘƛŎŀƭ ƛƴ ŜƴǎǳǊƛƴƎ ŜǉǳƛǘŀōƭŜ ŀŎŎŜǎǎ ǘƻ
ŜǎǎŜƴǘƛŀƭ ǎŜǊǾƛŎŜǎ ŘǳǊƛƴƎ ŎǊƛǎŜǎΤ όнύ 5ƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪǎΣ ǇŀǊƪƛƴƎ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ǘƘŜ ŘŜƴǎƛǘƛŜǎ ƻŦ
ǎƘƻǇǇƛƴƎΣ ŎƻǊǇƻǊŀǘŜΣ ŀƴŘ ŎŀǘŜǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ŜȄƘƛōƛǘ ǎǇŀǘƛŀƭƭȅ ǎǘŀōƭŜ ƛƳǇŀŎǘǎΣ ŦǳƴŎǘƛƻƴƛƴƎ ŀǎ Ǝƭƻōŀƭπ
ǎŎŀƭŜ ǾŀǊƛŀōƭŜǎΤ όоύ tŀǎǎŜƴƎŜǊ Ŧƭƻǿǎ ǎƘƻǿ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴǎ ǿƛǘƘ ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴǎΣ
ŎŀǘŜǊƛƴƎ ŀƴŘ ŎƻǊǇƻǊŀǘŜ ŦŀŎƛƭƛǘȅ ŘŜƴǎƛǘȅΣ ǇŀǊƪƛƴƎ ŎŀǇŀŎƛǘȅΣ ŀƴŘ ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪǎΣ ǿƘƛƭŜ ǎƘƻǇǇƛƴƎ
ŦŀŎƛƭƛǘȅ ŘŜƴǎƛǘȅ ǎƘƻǿǎ ŀ ƴŜƎŀǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴΦ LƳǇƻǊǘŀƴǘƭȅΣ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊΣ ǘƘŜ ƴǳƳōŜǊ
ƻŦ ǎǘŀǘƛƻƴ ŀŎŎŜǎǎ ǇƻƛƴǘǎΣ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ƳƛȄƛǘȅ ŜȄƘƛōƛǘ ƳŀǊƪŜŘ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅΣ ǊŜǉǳƛǊƛƴƎ
ŎƻƴǘŜȄǘπǎǇŜŎƛŦƛŎ ǇƭŀƴƴƛƴƎ ƛƴǘŜǊǾŜƴǘƛƻƴǎΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ƻǇǘƛƳƛȊƛƴƎ ǘƘŜ ǎǘŀǘƛƻƴπ
ŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ǇŀǊǘƛŎǳƭŀǊƭȅ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŘŜƴǎƛǘƛŜǎ ƻŦ ƘŜŀƭǘƘŎŀǊŜ ŀƴŘ ŘŀƛƭȅπǎŜǊǾƛŎŜ
ŦŀŎƛƭƛǘƛŜǎ ƻŦŦŜǊǎ ŀƴ ŜŦŦŜŎǘƛǾŜ ǇŀǘƘǿŀȅ ǘƻ ŜƴƘŀƴŎŜ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ǇǊƻƳƻǘŜ
ǎǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ƎǊƻǿǘƘΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŦǳǘǳǊŜ ǇƭŀƴƴƛƴƎ Ƴǳǎǘ ƭŜǾŜǊŀƎŜ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ
ǇŀǘǘŜǊƴǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŦŀŎƛƭƛǘȅ ŀƭƭƻŎŀǘƛƻƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅ ǎǘǊŀǘŜƎƛŜǎ
ŀŎǊƻǎǎ ŘƛǎǘƛƴŎǘ ǳǊōŀƴ ȊƻƴŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ōŜǘǿŜŜƴ ǳǊōŀƴ ŎƻǊŜǎ ŀƴŘ ǇŜǊƛǇƘŜǊƛŜǎΣ ǘƘŜǊŜōȅ ōŀƭŀƴŎƛƴƎ
ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿǎ ŀƴŘ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ǎȅǎǘŜƳƛŎ ǊŜǎƛƭƛŜƴŎŜΦ

tǳōƭƛŎ ƘŜŀƭǘƘ ŜƳŜǊƎŜƴŎƛŜǎΣ wŀƛƭ ǘǊŀƴǎƛǘΣ ¦Ǌōŀƴ ǊŜǎƛƭƛŜƴŎŜΣ {ǘŀǘƛƻƴπŀǊŜŀ ǎǇŀŎŜΣ aD²w
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¢ƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ƳŜǘǊƻǇƻƭƛǘŀƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳǎ Ƙŀǎ ŜƳŜǊƎŜŘ ŀǎ ŀ ŎǊƛǘƛŎŀƭ ŦŀŎǘƻǊ ƛƴŦƭǳŜƴŎƛƴƎ ǳǊōŀƴ
ǎŀŦŜǘȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ 9ƴƘŀƴŎƛƴƎ ǎǘŀǘƛƻƴπƭŜǾŜƭ ǊŜǎƛƭƛŜƴŎŜ ŘǳǊƛƴƎ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŜƳŜǊƎŜƴŎƛŜǎ
ǊŜǉǳƛǊŜǎ ŀ ǘƘƻǊƻǳƎƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƳŜŎƘŀƴƛǎƳǎ ŘǊƛǾƛƴƎ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ IƻǿŜǾŜǊΣ
ǊŜǎŜŀǊŎƘ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘǎ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ǊŜƳŀƛƴǎ
ƛƴǎǳŦŦƛŎƛŜƴǘΦ ¢ƘŜ /h±L5πмф ƻǳǘōǊŜŀƪ ǇǊƻŦƻǳƴŘƭȅ ŘƛǎǊǳǇǘŜŘ ǎƻŎƛŜǘȅΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀƭǘŜǊƛƴƎ Řŀƛƭȅ ƭƛŦŜ ŀƴŘ
ǘǊŀǾŜƭ ōŜƘŀǾƛƻǊΦ ¢Ƙƛǎ ŎƻƴǘŜȄǘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ǳǊƎŜƴǘ ƴŜŜŘ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ƛƴŦƭǳŜƴŎƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ƻŦ
ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ .ŜƛƧƛƴƎϥǎ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳ ŀƎŀƛƴǎǘ ǇǳōƭƛŎ
ƘŜŀƭǘƘ ǎƘƻŎƪǎΦ

9ȄƛǎǘƛƴƎ ǎǘǳŘƛŜǎ ƻƴ ǘƘŜ ŘǊƛǾŜǊǎ ƻŦ ǳǊōŀƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ ŎƻǊŜ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎΣ
ǿƛŘŜƭȅ ƎǊƻǳǇŜŘ ƛƴǘƻ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎΥ ǎǘŀǘƛƻƴ ŀǘǘǊƛōǳǘŜǎΣ ǘǊŀŦŦƛŎ ŎƻƴƴŜŎǘƛǾƛǘȅ ƳŜǘǊƛŎǎΣ ŀƴŘ ǎǘŀǘƛƻƴπŀǊŜŀ
ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŘƛŎŀǘƻǊǎΦ [ƻƴƎ ŀƴŘ ¢Ƙƛƭƭ όнлмрύ ŎƻƳōƛƴŜŘ ǘǊŀǾŜƭ ǎǳǊǾŜȅǎ ŀƴŘ ǎƳŀǊǘ ŎŀǊŘ Řŀǘŀ ǘƻ
ŜȄŀƳƛƴŜ ǘƘŜ ƎŜƻǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ .ŜƛƧƛƴƎ ǊŜǎƛŘŜƴǘǎϥ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ŎƻƳƳǳǘƛƴƎ Ŧƭƻǿǎ ŦǊƻƳ ŀƴ ǳǊōŀƴ
ǊƛƴƎ ǊƻŀŘ ǇŜǊǎǇŜŎǘƛǾŜΦ aǳƭǘƛǇƭŜ ǉǳŀƴǘƛǘŀǘƛǾŜ ƳƻŘŜƭǎ ƘŀǾŜ ōŜŜƴ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ŦƛŜƭŘΥ aŀ Ŝǘ ŀƭΦ όнлноōύ ǳǎŜŘ
ǘƘŜ aǳƭǘƛǎŎŀƭŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ ²ŜƛƎƘǘŜŘ wŜƎǊŜǎǎƛƻƴ όaD²wύ ƳƻŘŜƭ ǘƻ ǳƴǇŀŎƪ ǘƘŜ ƳǳƭǘƛπǘŜƳǇƻǊŀƭ ŜŦŦŜŎǘǎ
ƻŦ ǎǘŀǘƛƻƴ ŀǘǘǊƛōǳǘŜǎΣ ŎƻƴƴŜŎǘƛǾƛǘȅ ŀƴŘ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ Ǌŀƛƭ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΤ Dŀƻ Ŝǘ ŀƭΦ όнлнмύ ŀƭǎƻ
ŀǇǇƭƛŜŘ aD²w ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ƳƻǊƴƛƴƎ ǇŜŀƪ ŀƭƛƎƘǘƛƴƎ ŦƭƻǿΣ ǿƛǘƘ ¢h5 ōǳƛƭǘ
ŜƴǾƛǊƻƴƳŜƴǘ ƳŜŀǎǳǊŜŘ ōȅ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅΣ ƭŀƴŘπǳǎŜ ƳƛȄΣ ǿŀƭƪŀōƛƭƛǘȅΣ ŀƴŘ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ
ŀŎŎŜǎǎƛōƛƭƛǘȅΦ aŀ Ŝǘ ŀƭΦ όнлноŀύ ŀŘƻǇǘŜŘ ǘƘŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ ²ŜƛƎƘǘŜŘ wŜƎǊŜǎǎƛƻƴ όD²wύ ƳƻŘŜƭ ǘƻ ǘŜǎǘ ǘƘŜ
ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘǊŀŦŦƛŎ ŀƴŀƭȅǎƛǎ ȊƻƴŜπƭŜǾŜƭ ǎǳōǿŀȅ ŎƻƳƳǳǘƛƴƎ Ŧƭƻǿ ŀƴŘ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ǾŀǊƛŀōƭŜǎΤ
½Ƙŀƻ όнлнмύ ǳǎŜŘ ǘƘŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ ŀƴŘ ¢ŜƳǇƻǊŀƭƭȅ ²ŜƛƎƘǘŜŘ wŜƎǊŜǎǎƛƻƴ όD¢²wύ ƳƻŘŜƭ ǘƻ ǊŜǾŜŀƭ
ǎǇŀǘƛƻǘŜƳǇƻǊŀƭ ƭƛƴƪǎ ōŜǘǿŜŜƴ ƳŜǘǊƻ ǊƛŘŜǊǎƘƛǇ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ŦŀŎǘƻǊǎΤ ¸ŀƴ Ŝǘ ŀƭΦ όнлннύ ŎƻƴǎǘǊǳŎǘŜŘ ŀ
DǊŀŘƛŜƴǘ .ƻƻǎǘƛƴƎ 5ŜŎƛǎƛƻƴ ¢ǊŜŜ όD.5¢ύ ƳƻŘŜƭ ǘƻ ǉǳŀƴǘƛŦȅ ƴƻƴƭƛƴŜŀǊ ŜŦŦŜŎǘǎ ƻŦ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ
ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΣ ŎƻƴŦƛǊƳƛƴƎ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ŀǎ ǘƘŜ ŘƻƳƛƴŀƴǘ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊΦ

¢ƘŜ ǊŜƎǊŜǎǎƛƻƴ ƳŜǘƘƻŘǎ ƛƴ ǘƘƛǎ ŦƛŜƭŘ ƘŀǾŜ ƎƻƴŜ ǘƘǊƻǳƎƘ ǘƘǊŜŜ Ƴŀƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘŀƎŜǎΦ 9ŀǊƭȅ ǎǘǳŘƛŜǎ
Ƴƻǎǘƭȅ ǊŜƭƛŜŘ ƻƴ ǘǊŀŘƛǘƛƻƴŀƭ Ǝƭƻōŀƭ ŜŎƻƴƻƳŜǘǊƛŎ ƳƻŘŜƭǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ hǊŘƛƴŀǊȅ [Ŝŀǎǘ {ǉǳŀǊŜǎ όh[{ύΥ !ƴ
Ŝǘ ŀƭΦ όнлмфύ ǳǎŜŘ h[{ ǘƻ ŀǎǎŜǎǎ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛƳǇŀŎǘǎ ƻƴ {ƘŀƴƎƘŀƛ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǊƛŘŜǊǎƘƛǇΣ ŦƛƴŘƛƴƎ
ŎƻƳƳŜǊŎƛŀƭΣ ǘƻǳǊƛǎƳ ŀƴŘ ƘŜŀƭǘƘŎŀǊŜ thLǎ ƛƴ ǎǘŀǘƛƻƴ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀǎ ǇƻǎƛǘƛǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ōƻǘƘ
ǿŜŜƪŘŀȅ ŀƴŘ ƘƻƭƛŘŀȅ ǊƛŘŜǊǎƘƛǇΦ ²ƛǘƘ DL{ ŀƴŘ ǎǇŀǘƛŀƭ ŜŎƻƴƻƳŜǘǊƛŎ ŀŘǾŀƴŎŜǎΣ ǎŎƘƻƭŀǊǎ ŦƻǳƴŘ D²wΣ ǿƘƛŎƘ
ŜƳōŜŘǎ ǎǇŀǘƛŀƭ ƭƻŎŀǘƛƻƴ ƛƴǘƻ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎΣ ƻǳǘǇŜǊŦƻǊƳǎ h[{ ƛƴ ŦƛǘǘƛƴƎ ǎǇŀǘƛŀƭ Řŀǘŀ ŀƴŘ
ŀŘŘǊŜǎǎƛƴƎ ƛǘǎ ƛƴƘŜǊŜƴǘ ƭƛƳƛǘŀǘƛƻƴǎ ό9ǎǘǳǇƛƷłƴ ϧ wƻŘǊƝƎǳŜȊΣ нллуΤ .ŀƛ Ŝǘ ŀƭΦΣ нлнлύΦ /ŀǊŘƻȊƻ Ŝǘ ŀƭΦ όнлмнύ
ǾŜǊƛŦƛŜŘ D²wϥǎ ǎǘǊƻƴƎŜǊ ŜȄǇƭŀƴŀǘƻǊȅ ǇƻǿŜǊ ŦƻǊ aŀŘǊƛŘ ƳŜǘǊƻ ǊƛŘŜǊǎƘƛǇΣ ǘƘƻǳƎƘ D²w ƻƴƭȅ ŀŎŎƻǳƴǘǎ ŦƻǊ
ƭƻŎŀƭ ŦŀŎǘƻǊ ǾŀǊƛŀǘƛƻƴ ŀƴŘ ƛƎƴƻǊŜǎ ǘƘŜ ǎǇŀǘƛŀƭ ǎǘŀǘƛƻƴŀǊƛǘȅ ƻŦ ǎƻƳŜ ǾŀǊƛŀōƭŜǎ όDŀƴΣ нлмфύΦ !ǎ ŀƴ ƻǇǘƛƳƛȊŜŘ
D²w ŜȄǘŜƴǎƛƻƴΣ aD²w ŀƭƭƻǿǎ ǾŀǊƛŀōƭŜπǎǇŜŎƛŦƛŎ ōŀƴŘǿƛŘǘƘǎ ŦƻǊ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ŀƴŀƭȅǎƛǎΣ ŀƴŘ Ƙŀǎ
ōŜŜƴ ǾŀƭƛŘŀǘŜŘ ŜŦŦŜŎǘƛǾŜ ƛƴ ǎǘǳŘƛŜǎ ƻŦ ƘƻǳǎƛƴƎ ǇǊƛŎŜǎ όWƛ Ŝǘ ŀƭΦΣ нлннΤ {ƘŜƴ Ŝǘ ŀƭΦΣ нлнлύΣ ƴŜƛƎƘōƻǊƘƻƻŘ
Ǿƛǘŀƭƛǘȅ όCŀƴ ŀƴŘ ½ƘŀƴƎΣ нлннύΣ ǇƻǇǳƭŀǘƛƻƴ ŘƛǎǘǊƛōǳǘƛƻƴ ό¸ƛƴƎ Ŝǘ ŀƭΦΣ нлноύΣ ǾƛƭƭŀƎŜ ŘƛǎǘǊƛōǳǘƛƻƴ ό¢ŀƻ Ŝǘ ŀƭΦΣ
нлннύΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅ ό½Ƙŀƻ Ŝǘ ŀƭΦΣ нлноΤ [ƛǳ Ŝǘ ŀƭΦΣ нлноύΦ

¢Ƙƛǎ ǎǘǳŘȅ ŘǊŀǿǎ Řŀǘŀ ŦǊƻƳ ŦƛǾŜ ŀǳǘƘƻǊƛǘŀǘƛǾŜ ǎƻǳǊŎŜǎΥ тπŘŀȅ όWǳƴŜ мм мтΣ нлнлύ ƛƴōƻǳƴŘ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ
Řŀǘŀ ƻŦ нсу ǎŀƳǇƭŜ ǎǘŀǘƛƻƴǎ όCƛƎǳǊŜ мύ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ .ŜƛƧƛƴƎ wŀƛƭ ¢Ǌŀƴǎƛǘ /ƻƳƳŀƴŘ /ŜƴǘŜǊΣ ǿƘŜǊŜ ƻƴƭȅ
vw ŎƻŘŜ ŀƴŘ ǎǘƻǊŜŘπǾŀƭǳŜ ǎƳŀǊǘ ŎŀǊŘ ŜƴǘǊȅ ǊŜŎƻǊŘǎ ǿŜǊŜ ŀŘƻǇǘŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ǊŜŦƭŜŎǘ ǇŀǎǎŜƴƎŜǊǎϥ ŀŎǘǳŀƭ
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ǘǊŀǾŜƭ ōŜƘŀǾƛƻǊΤ .ŜƛƧƛƴƎ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ tƻƛƴǘ ƻŦ LƴǘŜǊŜǎǘ όthLύ Řŀǘŀ ŎǊŀǿƭŜŘ Ǿƛŀ tȅǘƘƻƴ ŦǊƻƳ ǘƘŜ !ƳŀǇ
hǇŜƴ tƭŀǘŦƻǊƳ !tLΣ ǿƛǘƘ ŀōƴƻǊƳŀƭ Řŀǘŀ ǊŜƳƻǾŜŘΣ ƎŜƻŎƻŘŜŘ ǿƛǘƘ ƭƻƴƎƛǘǳŘŜ ŀƴŘ ƭŀǘƛǘǳŘŜ ŎƻƻǊŘƛƴŀǘŜǎ ŀƴŘ
ƛƳǇƻǊǘŜŘ ƛƴǘƻ !ǊŎDL{Τ .ŜƛƧƛƴƎ ǳǊōŀƴ ǊƻŀŘ ƴŜǘǿƻǊƪ Řŀǘŀ ŎǊŀǿƭŜŘ Ǿƛŀ tȅǘƘƻƴ ŦǊƻƳ ǘƘŜ hǇŜƴ{ǘǊŜŜǘaŀǇ
ǿŜōǎƛǘŜΣ ǿƘƛŎƘ ǳƴŘŜǊǿŜƴǘ ŎƻƻǊŘƛƴŀǘŜ ǾŜǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ǎǇŀǘƛŀƭ Řŀǘŀ ƛƴǘŜƎǊŀǘƛƻƴ ōŜŦƻǊŜ ǊƻŀŘ ƴŜǘǿƻǊƪ
ŘŜƴǎƛǘȅ ŀƴŀƭȅǎƛǎ ƛƴ !ǊŎDL{Τ ǎǘǊŜŜǘπƭŜǾŜƭ ǇƻǇǳƭŀǘƛƻƴ Řŀǘŀ ƻŦ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƻŦ ǎŀƳǇƭŜ ǎǘŀǘƛƻƴǎ ŦǊƻƳ /Ƙƛƴŀϥǎ
{ŜǾŜƴǘƘ bŀǘƛƻƴŀƭ tƻǇǳƭŀǘƛƻƴ /ŜƴǎǳǎΣ ǿƛǘƘ ǎǘŀǘƛƻƴπǎǇŜŎƛŦƛŎ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅ ŀǎǎƛƎƴŜŘ ǘƘǊƻǳƎƘ ǎǇŀǘƛŀƭ
ƭƛƴƪƛƴƎ ƛƴ !ǊŎDL{Τ ŀƴŘ ǎǘŀǘƛƻƴ ŀǘǘǊƛōǳǘŜ Řŀǘŀ ƛƴŎƭǳŘƛƴƎ ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴκǘŜǊƳƛƴŀƭ ǎǘŀǘƛƻƴ ǎǘŀǘǳǎ ŀƴŘ ǘƘŜ
ƴǳƳōŜǊ ƻŦ ŜƴǘǊŀƴŎŜǎ ŀƴŘ ŜȄƛǘǎΣ ǎƻǳǊŎŜŘ ŦǊƻƳ ǘƘŜ ƻŦŦƛŎƛŀƭ ǿŜōǎƛǘŜ ƻŦ .ŜƛƧƛƴƎ {ǳōǿŀȅΦ

нΦнΦм /ƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎ

¢ƻ ŜȄŀƳƛƴŜ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ǾŀǊƛŀōƭŜǎΣ tŜŀǊǎƻƴ ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎ ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƻ
ŎƭŀǎǎƛŦȅ ǘƘŜ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎ ǎǘŀǘƛƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ ¢ƘŜ ŦƻǊƳǳƭŀ ŦƻǊ ǘƘŜ tŜŀǊǎƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ƛǎΥ

ð

ǿƘŜǊŜ · ŀƴŘ ¸ ŘŜƴƻǘŜ ǘƘŜ ǾŀƭǳŜǎ ƻŦ ǘǿƻ ǾŀǊƛŀōƭŜǎΣ ŀƴŘ ˊ·Σ¸ ƛǎ ǘƘŜ tŜŀǊǎƻƴ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ǊŀƴƎƛƴƎ
ŦǊƻƳ πм ǘƻ мΥ ǾŀƭǳŜǎ ƴŜŀǊ л ƛƴŘƛŎŀǘŜ ƴŜƎƭƛƎƛōƭŜ ǘƻ ƴƻ ŎƻǊǊŜƭŀǘƛƻƴΣ ƴŜŀǊ πм ŀ ǎǘǊƻƴƎ ƴŜƎŀǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴΣ ŀƴŘ
ƴŜŀǊ м ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴΦ

нΦнΦн {Ǉŀǘƛŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ

{Ǉŀǘƛŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴΣ ƳŜŀƴƛƴƎ ǘƘŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎŜ ƻŦ ǾŀǊƛŀōƭŜ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ǎŀƳŜ ƎŜƻƎǊŀǇƘƛŎ ǎǇŀŎŜΣ
ƛƴŎƭǳŘŜǎ Ǝƭƻōŀƭ ŀƴŘ ƭƻŎŀƭ ŎŀǘŜƎƻǊƛŜǎΦ Dƭƻōŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ǊŜŦƭŜŎǘǎ ŀ ǾŀǊƛŀōƭŜϥǎ ƻǾŜǊŀƭƭ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ
ŀƴŘ ŎƭǳǎǘŜǊƛƴƎ ǘǊŀƛǘǎΣ ǘȅǇƛŎŀƭƭȅ ǘŜǎǘŜŘ Ǿƛŀ aƻǊŀƴϥǎ LΤ ƭƻŎŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ŜȄŀƳƛƴŜǎ ǇŀǘǘŜǊƴ ǾŀǊƛŀǘƛƻƴǎ ŀƴŘ
ǎŎŀƭŜ ǘǊŀƛǘǎ ƛƴ ǎǇŜŎƛŦƛŎ ǎǇŀǘƛŀƭ ǎŎƻǇŜǎΣ ƻŦǘŜƴ ǾƛǎǳŀƭƛȊŜŘ ǿƛǘƘ [ƻŎŀƭ LƴŘƛŎŀǘƻǊǎ ƻŦ {Ǉŀǘƛŀƭ !ǎǎƻŎƛŀǘƛƻƴ ό[L{!ύ
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ƳŀǇǎΦ Lƴ ǎǇŀǘƛŀƭ ƎŜƻƎǊŀǇƘƛŎ Řŀǘŀ ŀƴŀƭȅǎƛǎΣ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ǘŜǎǘƛƴƎ ƛǎ ŀƴ ŜǎǎŜƴǘƛŀƭ ǇǊŜǊŜǉǳƛǎƛǘŜ ŦƻǊ ǎǇŀǘƛŀƭ
ŜŎƻƴƻƳŜǘǊƛŎ ƳƻŘŜƭƛƴƎΦ

нΦнΦо aD²w ƳƻŘŜƭ

¢ƘŜ aǳƭǘƛǎŎŀƭŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ ²ŜƛƎƘǘŜŘ wŜƎǊŜǎǎƛƻƴ όaD²wύ ƳƻŘŜƭ ŜȄǘŜƴŘǎ ǘƘŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ
²ŜƛƎƘǘŜŘ wŜƎǊŜǎǎƛƻƴ όD²wύ ŦǊŀƳŜǿƻǊƪ ōȅ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜ ǎŎŀƭŜǎΦ Lǘ ŎƻƳǇǳǘŜǎ
ƻǇǘƛƳŀƭ ōŀƴŘǿƛŘǘƘǎ ŦƻǊ ōƻǘƘ Ǝƭƻōŀƭ ŀƴŘ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎΣ ǘƘŜǊŜōȅ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ
ŘƛŦŦŜǊŜƴǘ ŜǎǘƛƳŀǘŜŘ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜ ƳƻŘŜƭ ƛǎ ŦƻǊƳǳƭŀǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ

á

ǿƘŜǊŜ ·ƛƧ ŘŜƴƻǘŜǎ ǘƘŜ ƧπǘƘ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜ ƻŦ ǘƘŜ ƛπǘƘ ǎŀƳǇƭŜΣ ŀƴŘ ʲōǿƧ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǊŜƎǊŜǎǎƛƻƴ
ōŀƴŘǿƛŘǘƘ ŦƻǊ ǘƘŜ ƧπǘƘ ǾŀǊƛŀōƭŜΦ ¢ƘŜ ŎƻƻǊŘƛƴŀǘŜǎ όǳƛ ΣǾƛ ύ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŜŀŎƘ ǾŀǊƛŀōƭŜϥǎ ƭƻŎŀǘƛƻƴΤ ƛƴ ǘƘƛǎ
ǎǘǳŘȅΣ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎ ǿŜǊŜ ǳǎŜŘΦ {ǳōǎŜǉǳŜƴǘ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ
ǳǎƛƴƎ aD²w нΦн ǎƻŦǘǿŀǊŜΣ ŀƴŘ Řŀǘŀ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ !ǊŎDL{Φ

¢Ƙƛǎ ǎǘǳŘȅ ǘŀƪŜǎ ƛƴōƻǳƴŘ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ Řŀǘŀ ƻŦ нсу .ŜƛƧƛƴƎ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎ ŀǎ ŎƻǊŜ ŘŀǘŀΣ ŘŜƭƛƴŜŀǘŜǎ
ǘƘŜ ǎǘǳŘȅ ǎŎƻǇŜ ǿƛǘƘ улл Ƴ ǎǘŀǘƛƻƴ ōǳŦŦŜǊǎ ŀƴŘ ¢ƘƛŜǎǎŜƴ ǇƻƭȅƎƻƴǎΣ ōǳƛƭŘǎ ŀ п ǇǊƛƳŀǊȅ ϧ нр ǎŜŎƻƴŘŀǊȅ
ƛƴŘƛŎŀǘƻǊ ǎȅǎǘŜƳ ŦƻǊ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŘǊƛǾŜǊǎΣ ŀƴŘ ŎŀƭŎǳƭŀǘŜǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƳŜǘǊƛŎǎ Ǿƛŀ ǳǊōŀƴ ǎǇŀǘƛŀƭ ŘŀǘŀΦ
!ŦǘŜǊ ǎǇŀǘƛŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎΣ ǉǳŀƭƛŦƛŜŘ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŘ
ŎƻƭƭƛƴŜŀǊƛǘȅ ǿƛǘƘ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŘŀǘŀΤ ǎŜǾŜǊŜƭȅ ŎƻƭƭƛƴŜŀǊ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŜȄŎƭǳŘŜŘ ŦƻǊ aD²w ƳƻŘŜƭ
ŎƻƴǎǘǊǳŎǘƛƻƴΦ CƛƴŀƭƭȅΣ !ǊŎDL{ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŎƭŀǊƛŦƛŜŘ ǘƘŜ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ
ŜƴǾƛǊƻƴƳŜƴǘϥǎ ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ
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¢Ƙƛǎ ǎǘǳŘȅ ǎȅƴǘƘŜǎƛȊŜŘ ŜȄƛǎǘƛƴƎ ǊŜǎŜŀǊŎƘ ǘƻ ǎŜƭŜŎǘ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΣ
ŎƻƳǇǊƛǎƛƴƎ п ŦƛǊǎǘπƭŜǾŜƭ ƛƴŘƛŎŀǘƻǊǎ ŀƴŘ нр ǎŜŎƻƴŘπƭŜǾŜƭ ƛƴŘƛŎŀǘƻǊǎ ό¢ŀōƭŜ мύΦ

{ǘŀǘƛƻƴ
!ǘǘǊƛōǳǘŜ

¢ǊŀƴǎŦŜǊ {ǘŀǘƛƻƴ ¢Ǌŀƴǎ 5ǳƳƳȅ ǾŀǊƛŀōƭŜΥ м ƛŦ ƛǘ ƛǎ ŀ ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴΣ
ƻǘƘŜǊǿƛǎŜ л ππ

¢ŜǊƳƛƴŀƭ {ǘŀǘƛƻƴ ¢ŜǊƳ 5ǳƳƳȅ ǾŀǊƛŀōƭŜΥ м ƛŦ ƛǘ ƛǎ ŀ ǘŜǊƳƛƴŀƭ ǎǘŀǘƛƻƴΣ
ƻǘƘŜǊǿƛǎŜ л ππ

bǳƳōŜǊ ƻŦ {ǘŀǘƛƻƴ
!ŎŎŜǎǎ tƻƛƴǘǎ 9Ȅƛǘ bǳƳōŜǊ ƻŦ ŜȄƛǘǎ ŀƴŘ ŜƴǘǊŀƴŎŜǎ ƻŦ ǘƘŜ

ǎǘŀǘƛƻƴ bǳƳōŜǊ

9ƴǾƛǊƻƴƳŜƴǘŀƭ
5ƛǾŜǊǎƛǘȅ

wŜǎƛŘŜƴǘƛŀƭ
/ƻƳƳǳƴƛǘȅ CŀŎƛƭƛǘȅ tƻƛψ[ƛ 5Ŝƴǎƛǘȅ ƻŦ ǊŜǎƛŘŜƴǘƛŀƭ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ

ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ bǳƳōŜǊ κ ƪƳ

{ƘƻǇǇƛƴƎ ϧ
/ƻƴǎǳƳǇǘƛƻƴ CŀŎƛƭƛǘȅ tƻƛψ{Ƙ

5Ŝƴǎƛǘȅ ƻŦ ǎƘƻǇǇƛƴƎ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ
ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ

ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

/ƻǊǇƻǊŀǘŜ 9ƴǘŜǊǇǊƛǎŜ
CŀŎƛƭƛǘȅ tƻƛψhŦ

5Ŝƴǎƛǘȅ ƻŦ ŎƻǊǇƻǊŀǘŜ ŜƴǘŜǊǇǊƛǎŜ ŦŀŎƛƭƛǘƛŜǎ
ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ

ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

/ŀǘŜǊƛƴƎ CŀŎƛƭƛǘȅ tƻƛψwŜ
5Ŝƴǎƛǘȅ ƻŦ ŎŀǘŜǊƛƴƎ ŀƴŘ ŦƻƻŘ ŦŀŎƛƭƛǘƛŜǎ
ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ

ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

{ǇƻǊǘǎ ϧ CƛǘƴŜǎǎ
CŀŎƛƭƛǘȅ tƻƛψ{Ǉ

5Ŝƴǎƛǘȅ ƻŦ ǎǇƻǊǘǎ ŀƴŘ ŦƛǘƴŜǎǎ ŦŀŎƛƭƛǘƛŜǎ
ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ

ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

5ŀƛƭȅ [ƛŦŜ {ŜǊǾƛŎŜ
CŀŎƛƭƛǘȅ tƻƛψ{Ŝ 5Ŝƴǎƛǘȅ ƻŦ ƭƛŦŜ ǎŜǊǾƛŎŜ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ

ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ bǳƳōŜǊ κ ƪƳ

.ǳǎƛƴŜǎǎ ϧ wŜǎƛŘŜƴǘƛŀƭ
CŀŎƛƭƛǘȅ tƻƛψ.ǳ

5Ŝƴǎƛǘȅ ƻŦ ōǳǎƛƴŜǎǎπǊŜǎƛŘŜƴǘƛŀƭ ŎƻƳǇƭŜȄ
ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ

ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

[ŜƛǎǳǊŜ ϧ
9ƴǘŜǊǘŀƛƴƳŜƴǘ CŀŎƛƭƛǘȅ tƻƛψ9ƴ

5Ŝƴǎƛǘȅ ƻŦ ƭŜƛǎǳǊŜ ŀƴŘ ŜƴǘŜǊǘŀƛƴƳŜƴǘ
ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ

ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

IŜŀƭǘƘ /ŀǊŜ CŀŎƛƭƛǘȅ tƻƛψIƻ 5Ŝƴǎƛǘȅ ƻŦ ƘŜŀƭǘƘ ŎŀǊŜ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ
ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ bǳƳōŜǊ κ ƪƳ

{ŎƛŜƴŎŜΣ 9ŘǳŎŀǘƛƻƴ ϧ
/ǳƭǘǳǊŜ CŀŎƛƭƛǘȅ tƻƛψ/ǳ

5Ŝƴǎƛǘȅ ƻŦ ǎŎƛŜƴŎŜΣ ŜŘǳŎŀǘƛƻƴΣ ŀƴŘ ŎǳƭǘǳǊŀƭ
ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ

ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

¢ƻǳǊƛǎǘ !ǘǘǊŀŎǘƛƻƴ
CŀŎƛƭƛǘȅ tƻƛψ¢Ǌ 5Ŝƴǎƛǘȅ ƻŦ ǘƻǳǊƛǎǘ ŀǘǘǊŀŎǘƛƻƴǎ ǿƛǘƘƛƴ ŀ

ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ bǳƳōŜǊ κ ƪƳ

IƻǘŜƭ !ŎŎƻƳƳƻŘŀǘƛƻƴ
CŀŎƛƭƛǘȅ tƻƛψ²ƛ

5Ŝƴǎƛǘȅ ƻŦ ƘƻǘŜƭ ŀŎŎƻƳƳƻŘŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ
ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ

ŀǊŜŀ
bǳƳōŜǊ κ ƪƳ

CǳƴŎǘƛƻƴŀƭ aƛȄƛǘȅ aƛȄ wŀǘƛƻ ƻŦ tƻƛƴǘ ƻŦ LƴǘŜǊŜǎǘ όthLύ ǘȅǇŜǎ ǿƛǘƘƛƴ
ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ππ

tƻǇǳƭŀǘƛƻƴ 5Ŝƴǎƛǘȅ 5Ŝƴǎƛǘȅ tƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅ ƛƴ ǘƘŜ ǎǘŀǘƛƻƴ ŀǊŜŀ tŜǊǎƻƴǎκIŀ

¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ
/ƻƴƴŜŎǘƛǾƛǘȅ

[ŜǾŜƭ

wƻŀŘ bŜǘǿƻǊƪ 5Ŝƴǎƛǘȅ wƻŀŘ 5Ŝƴǎƛǘȅ ƻŦ ǳǊōŀƴ ǊƻŀŘ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ǿƛǘƘƛƴ
ŀ ǊŜŀǎƻƴŀōƭȅ ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ƪƳκƪƳч

bǳƳōŜǊ ƻŦ .ǳǎ {ǘƻǇǎ .ǳǎ bǳƳōŜǊ ƻŦ ōǳǎ ǎǘƻǇǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ
ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ bǳƳōŜǊ

bǳƳōŜǊ ƻŦ tŀǊƪƛƴƎ
[ƻǘǎ tŀǊƪƛƴƎ bǳƳōŜǊ ƻŦ ǇŀǊƪƛƴƎ ƭƻǘǎ ǿƛǘƘƛƴ ŀ ǊŜŀǎƻƴŀōƭȅ

ŘŜŦƛƴŜŘ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ bǳƳōŜǊ

5Ŝǎǘƛƴŀǘƛƻƴ
!ŎŎŜǎǎƛōƛƭƛǘȅ

5ƛǎǘŀƴŎŜ ǘƻ
/ƻƳƳŜǊŎƛŀƭ 5ƛǎǘǊƛŎǘ 5ƛǎψaŀƭƭ {ǘǊŀƛƎƘǘπƭƛƴŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘŀǘƛƻƴ ǘƻ

ǘƘŜ ƴŜŀǊŜǎǘ ŎƻƳƳŜǊŎƛŀƭ ŘƛǎǘǊƛŎǘ ƪƳ

5ƛǎǘŀƴŎŜ ǘƻ ¦ƴƛǾŜǊǎƛǘȅ 5ƛǎψ/ƻƭƭŜ
ƎŜ

{ǘǊŀƛƎƘǘπƭƛƴŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘŀǘƛƻƴ ǘƻ
ǘƘŜ ƴŜŀǊŜǎǘ ǳƴƛǾŜǊǎƛǘȅ ƪƳ

5ƛǎǘŀƴŎŜ ǘƻ tŀǊƪ 5ƛǎψtŀǊƪ {ǘǊŀƛƎƘǘπƭƛƴŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘŀǘƛƻƴ ǘƻ
ǘƘŜ ƴŜŀǊŜǎǘ ǇŀǊƪ ƪƳ

5ƛǎǘŀƴŎŜ ǘƻ /ƛǘȅ
/ŜƴǘŜǊ

5ƛǎψ/Ŝƴǘ
ŜǊ

{ǘǊŀƛƎƘǘπƭƛƴŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘŀǘƛƻƴ ǘƻ
ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊ ƪƳ

5ƛǎǘŀƴŎŜ ǘƻ ¢ŜǊǘƛŀǊȅ
IƻǎǇƛǘŀƭ

5ƛǎψIƻǎǇ
ƛǘŀƭ

{ǘǊŀƛƎƘǘπƭƛƴŜ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘŀǘƛƻƴ ǘƻ
ǘƘŜ ƴŜŀǊŜǎǘ ǘŜǊǘƛŀǊȅ ƘƻǎǇƛǘŀƭ ƪƳ
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.ǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ǾŀǊƛŀōƭŜǎ ŀǊŜ Řŀǘŀ ŎƻƴǘŀƛƴƛƴƎ ƎŜƻƎǊŀǇƘƛŎ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀƴŘ ǘƘŜǊŜ Ƴŀȅ ōŜ ǎǇŀǘƛŀƭ
ŎƭǳǎǘŜǊƛƴƎ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎŜƭŜŎǘ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ
ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ƘŀǾŜ ŀƴ ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŦƻǊ ǎǇŀǘƛŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿŜŘ
ǘƘŀǘ ǘƘŜ ½πǾŀƭǳŜǎ ƻŦ ǘƘŜ нр ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊ ƛƴŘƛŎŀǘƻǊǎ ǿŜǊŜ ŀƭƭ ƎǊŜŀǘŜǊ ǘƘŀƴ мΦфс ŀƴŘ ǘƘŜ tπǾŀƭǳŜǎ ǿŜǊŜ
ŀƭƭ ƭŜǎǎ ǘƘŀƴ лΦлрΣ ƛƴŘƛŎŀǘƛƴƎ ŀ ǎǘǊƻƴƎ ŎƭǳǎǘŜǊƛƴƎ ǇƘŜƴƻƳŜƴƻƴ ƛƴ ǎǇŀŎŜΣ ǿƘƛŎƘ ƳŜŜǘǎ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ
ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ aD²w ƳƻŘŜƭ όCƛƎǳǊŜ оύΦ

{ŜƭŜŎǘ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŀǘ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎ ŀƴŘ Řŀǘŀ ƻƴ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŘƛŎŀǘƻǊǎΣ ŀƴŘ ŎƻƴŘǳŎǘ
ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎ ǳǎƛƴƎ tŜŀǊǎƻƴ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ό¢ŀōƭŜ нύΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ
ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŎƻƴƴŜŎǘƛǾƛǘȅ ƭŜǾŜƭ ƛǎ ǘƘŜ ǎǘǊƻƴƎŜǎǘΣ ǿƘƛƭŜ
ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŦǳƴŎǘƛƻƴŀƭ ƳƛȄƛǘȅ ŀƴŘ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƛǎ ǾŜǊȅ ǿŜŀƪΦ CǊƻƳ ǘƘŜ
ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎΣ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘŜȄ ǎƘƻǿǎ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘΣ
ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ŎƭƻǎŜǊ ǘƘŜ ǎǘŀǘƛƻƴ ƛǎ ǘƻ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴΣ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ

{ǘŀǘƛƻƴ !ǘǘǊƛōǳǘŜ
¢Ǌŀƴǎ лΦнурϝϝ [ƻǿ
¢ŜǊƳ πлΦлно aƛƴƻǊ
9Ȅƛǘ лΦнлуϝϝ [ƻǿ

9ƴǾƛǊƻƴƳŜƴǘŀƭ 5ƛǾŜǊǎƛǘȅ

tƻƛψ[ƛ лΦолмϝϝ [ƻǿ
tƻƛψ{Ƙ лΦнсуϝϝ [ƻǿ
tƻƛψhŦ лΦрнмϝϝ aŜŘƛǳƳ
tƻƛψwŜ лΦрмлϝϝ aŜŘƛǳƳ
tƻƛψ{Ǉ лΦпспϝϝ aŜŘƛǳƳ
tƻƛψ{Ŝ лΦпсфϝϝ aŜŘƛǳƳ
tƻƛψ.ǳ лΦпмоϝϝ aŜŘƛǳƳ
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tƻƛψ9ƴ лΦонсϝϝ [ƻǿ
tƻƛψIƻ лΦпнлϝϝ aŜŘƛǳƳ
tƻƛψ/ǳ лΦотсϝϝ [ƻǿ
tƻƛψ¢Ǌ πлΦлтр aƛƴƻǊ
tƻƛψ²ƛ лΦнфрϝϝ [ƻǿ
aƛȄ лΦмнтϝ aƛƴƻǊ

5Ŝƴǎƛǘȅ лΦнфмϝϝ [ƻǿ

¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ /ƻƴƴŜŎǘƛǾƛǘȅ [ŜǾŜƭ
wƻŀŘ лΦоммϝϝ [ƻǿ
.ǳǎ лΦнрпϝϝ [ƻǿ

tŀǊƪƛƴƎ лΦптмϝϝ aŜŘƛǳƳ

5Ŝǎǘƛƴŀǘƛƻƴ !ŎŎŜǎǎƛōƛƭƛǘȅ

5ƛǎψaŀƭƭ πлΦомнϝϝ [ƻǿ
5ƛǎψ/ƻƭƭŜƎŜ πлΦнрфϝϝ [ƻǿ
5ƛǎψtŀǊƪ πлΦлтс aƛƴƻǊ
5ƛǎψ/ŜƴǘŜǊ πлΦмруϝϝ aƛƴƻǊ
5ƛǎψIƻǎǇƛǘŀƭ πлΦнннϝϝ [ƻǿ

ϝ{ƛƎƴƛŦƛŎŀƴǘ ŀǘ фр҈ ŎƻƴŦƛŘŜƴŎŜ ƭŜǾŜƭΣ ϝϝ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ фф҈ ŎƻƴŦƛŘŜƴŎŜ ƭŜǾŜƭ

/ƭǳǎǘŜǊ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ƻŦ ǘƘŜ ŀōƻǾŜ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ Ŏŀƴ ōŜǘǘŜǊ ŘŜǘŜǊƳƛƴŜ ǘƘŜ
ŘƛǊŜŎǘƛƻƴ ŀƴŘ ǎǘǊŜƴƎǘƘ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƛƴŘƛŎŀǘƻǊ ŦŀŎǘƻǊǎ ƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ /ƭǳǎǘŜǊ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ
ŎƻǊǊŜƭŀǘƛƻƴ ŦŀŎǘƻǊǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘΣ ŀƴŘ ŘƛǾƛŘŜ
ǘƘŜƳ ƛƴǘƻ ǇǊƻƳƻǘƛƴƎ ŦŀŎǘƻǊǎ ŀƴŘ ƛƴƘƛōƛǘƛƴƎ ŦŀŎǘƻǊǎΦ {ŜŎƻƴŘƭȅΣ ŎƻǊǊŜƭŀǘƛƻƴ ŎƭǳǎǘŜǊƛƴƎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ōŀǎŜŘ
ƻƴ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘΣ ŀƴŘ ǘƘŜ ŦŀŎǘƻǊǎ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ ǎŜƴǎƛǘƛǾŜ ŦŀŎǘƻǊǎ
όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ƳƻŘŜǊŀǘŜ ŎƻǊǊŜƭŀǘƛƻƴύΣ ǎƭǳƎƎƛǎƘ ŦŀŎǘƻǊǎ όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ƭƻǿ ŎƻǊǊŜƭŀǘƛƻƴύΣ ŀƴŘ ǿŜŀƪ
ŦŀŎǘƻǊǎ όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǿŜŀƪ ŎƻǊǊŜƭŀǘƛƻƴύ ό¢ŀōƭŜ оύΦ

оΦоΦм aǳƭǘƛŎƻƭƭƛƴŜŀǊƛǘȅ ǘŜǎǘ

!ǎ ŘƛǎŎǳǎǎŜŘ ŜŀǊƭƛŜǊΣ ǘƘŜ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŀǘ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎ ƘŀǾŜ ǎǘǊƻƴƎ ǎǇŀǘƛŀƭ
ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴΣ ōǳǘ ǘƘŜǊŜ Ƴŀȅ ǎǘƛƭƭ ōŜ ƳǳƭǘƛŎƻƭƭƛƴŜŀǊƛǘȅ ǘƘŀǘ Ŏŀƴ ŎŀǳǎŜ ōƛŀǎ ƛƴ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴ ǊŜǎǳƭǘǎΦ 9ŀŎƘ
ŦŀŎǘƻǊ Ƴǳǎǘ ōŜ ǘŜǎǘŜŘ ōŜŦƻǊŜ ōŜƛƴƎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ aD²w ƳƻŘŜƭ ŦƻǊ ŀƴŀƭȅǎƛǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ǳǎŜŘ ƻǊŘƛƴŀǊȅ
ƭŜŀǎǘ ǎǉǳŀǊŜǎ ƳŜǘƘƻŘ ŦƻǊ ǘŜǎǘƛƴƎΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ±ŀǊƛŀƴŎŜ LƴŦƭŀǘƛƻƴ CŀŎǘƻǊ ό±LCύ ǾŀƭǳŜǎ ƻŦ

{ŜƴǎƛǘƛǾŜ ǘȅǇŜ {ƭǳƎƎƛǎƘ ǘȅǇŜ ²Ŝŀƪ ǘȅǇŜ

tƻǎƛǘƛǾŜ
ŀƴŘ

ƴŜƎŀǘƛǾŜ
ŎƻǊǊŜƭŀǘƛƻƴ
ŎƭǳǎǘŜǊƛƴƎ

CŀŎƛƭƛǘŀǘƛǾŜ
ǘȅǇŜ

.ǳǎƛƴŜǎǎ ϧ wŜǎƛŘŜƴǘƛŀƭ CŀŎƛƭƛǘȅ
5ŜƴǎƛǘȅΣ IŜŀƭǘƘ /ŀǊŜ CŀŎƛƭƛǘȅ

5ŜƴǎƛǘȅΣ {ǇƻǊǘǎ ϧ CƛǘƴŜǎǎ CŀŎƛƭƛǘȅ
5ŜƴǎƛǘȅΣ 5ŀƛƭȅ [ƛŦŜ {ŜǊǾƛŎŜ CŀŎƛƭƛǘȅ
5ŜƴǎƛǘȅΣ bǳƳōŜǊ ƻŦ tŀǊƪƛƴƎ [ƻǘǎΣ

/ŀǘŜǊƛƴƎ CŀŎƛƭƛǘȅ 5ŜƴǎƛǘȅΣ /ƻǊǇƻǊŀǘŜ
9ƴǘŜǊǇǊƛǎŜ CŀŎƛƭƛǘȅ 5Ŝƴǎƛǘȅ

bǳƳōŜǊ ƻŦ {ǘŀǘƛƻƴ !ŎŎŜǎǎ tƻƛƴǘǎΣ
bǳƳōŜǊ ƻŦ .ǳǎ {ǘƻǇǎΣ {ƘƻǇǇƛƴƎ ϧ

/ƻƴǎǳƳǇǘƛƻƴ CŀŎƛƭƛǘȅ 5ŜƴǎƛǘȅΣ ¢ǊŀƴǎŦŜǊ
{ǘŀǘƛƻƴΣ tƻǇǳƭŀǘƛƻƴ 5ŜƴǎƛǘȅΣ IƻǘŜƭ
!ŎŎƻƳƳƻŘŀǘƛƻƴ CŀŎƛƭƛǘȅ 5ŜƴǎƛǘȅΣ

wŜǎƛŘŜƴǘƛŀƭ /ƻƳƳǳƴƛǘȅ CŀŎƛƭƛǘȅ 5ŜƴǎƛǘȅΣ
wƻŀŘ bŜǘǿƻǊƪ 5ŜƴǎƛǘȅΣ [ŜƛǎǳǊŜ ϧ

9ƴǘŜǊǘŀƛƴƳŜƴǘ CŀŎƛƭƛǘȅ 5ŜƴǎƛǘȅΣ {ŎƛŜƴŎŜΣ
9ŘǳŎŀǘƛƻƴ ϧ /ǳƭǘǳǊŜ CŀŎƛƭƛǘȅ 5Ŝƴǎƛǘȅ

CǳƴŎǘƛƻƴŀƭ
aƛȄƛǘȅ

LƴƘƛōƛǘƻǊȅ
ǘȅǇŜ π

5ƛǎǘŀƴŎŜ ǘƻ /ƻƳƳŜǊŎƛŀƭ 5ƛǎǘǊƛŎǘΣ
5ƛǎǘŀƴŎŜ ǘƻ ¦ƴƛǾŜǊǎƛǘȅΣ 5ƛǎǘŀƴŎŜ ǘƻ

¢ŜǊǘƛŀǊȅ IƻǎǇƛǘŀƭΦ

5ƛǎǘŀƴŎŜ ǘƻ
/ƛǘȅ /ŜƴǘŜǊ
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ǘƘŜ нр ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ǿŜǊŜ ŀƭƭ ƭŜǎǎ ǘƘŀƴ млΣ ƛƴŘƛŎŀǘƛƴƎ ƴƻ ǎŜǊƛƻǳǎ ŎƻƭƭƛƴŜŀǊƛǘȅ ǇǊƻōƭŜƳΦ CƛƴŀƭƭȅΣ ǘƘŜ нр
ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀǎ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛƴƎ ǘƘŜ aD²w ƳƻŘŜƭΦ

оΦоΦн !ƴŀƭȅǎƛǎ ƻŦ ƳƻŘŜƭ ǊŜƎǊŜǎǎƛƻƴ ǊŜǎǳƭǘǎ

¢ƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǊŜǎǳƭǘǎ ƻŦ aD²w ŀƴŀƭȅǎƛǎ ŀǊŜ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜ ό¢ŀōƭŜ пύΦ !ŦǘŜǊ ŜȄŎƭǳŘƛƴƎ
ǾŀǊƛŀōƭŜǎ ǿƛǘƘ ƛƴǎƛƎƴƛŦƛŎŀƴǘ ǎŀƳǇƭŜ ǇǊƻǇƻǊǘƛƻƴǎ ŜȄŎŜŜŘƛƴƎ ул҈Σ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ф ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŜȄǇƭƻǊŜŘΦ
CǊƻƳ ǘƘŜ ƳŜŀƴ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ aD²wΣ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘ ǎƘƻǇǇƛƴƎ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ
ƘŀǾŜ ǘƘŜ ƎǊŜŀǘŜǎǘ ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǎǘŀǘƛƻƴ ŀŎŎŜǎǎ ǇƻƛƴǘǎΣ ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴǎΣ
ǘŜǊƳƛƴŀƭ ǎǘŀǘƛƻƴǎΣ ŘŜƴǎƛǘȅ ƻŦ ŎŀǘŜǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎΣ ŘŜƴǎƛǘȅ ƻŦ ŎƻǊǇƻǊŀǘŜ ŜƴǘŜǊǇǊƛǎŜ ŦŀŎƛƭƛǘƛŜǎΣ ǇƻǇǳƭŀǘƛƻƴ
ŘŜƴǎƛǘȅΣ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊΣ ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪǎΣ ŀƴŘ ƴǳƳōŜǊ ƻŦ ǇŀǊƪƛƴƎ ƭƻǘǎ ƘŀǾŜ ŀ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ
ƻƴ ǎǘŀǘƛƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΤ ¢ƘŜ ŘŜƴǎƛǘȅ ƻŦ ǎƘƻǇǇƛƴƎ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎΣ ŦǳƴŎǘƛƻƴŀƭ ƳƛȄƛǘȅΣ ŘƛǎǘŀƴŎŜ
ǘƻ ǘŜǊǘƛŀǊȅ ƘƻǎǇƛǘŀƭǎΣ ŀƴŘ ŘƛǎǘŀƴŎŜ ǘƻ ŎƻƳƳŜǊŎƛŀƭ ŘƛǎǘǊƛŎǘǎ ƘŀǾŜ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǎǘŀǘƛƻƴ ǇŀǎǎŜƴƎŜǊ
ŦƭƻǿΦ

{ǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ ƛƳǇŀŎǘ ŀƴŘ ǎŎƻǇŜ ƻŦ ŜŀŎƘ ŦŀŎǘƻǊ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŜȄƘƛōƛǘ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅΦ ¢ƘŜ
ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ Ŏŀƴ ǊŜŦƭŜŎǘ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŘƛǎǇŜǊǎƛƻƴ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŘƛŦŦŜǊŜƴǘ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ƻƴ
ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƛƴ ǎǇŀŎŜΦ ¢ƘŜ ƭŀǊƎŜǊ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴΣ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ
ǘƘƛǎ ǾŀǊƛŀōƭŜ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŀǘ ŘƛŦŦŜǊŜƴǘ ǎǘŀǘƛƻƴǎΦ !ƳƻƴƎ ǘƘŜƳΣ ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊΣ
ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴǎΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǘŀǘƛƻƴ ŀŎŎŜǎǎ Ǉƻƛƴǘǎ ƘŀǾŜ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ǎǇŀǘƛŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜƛǊ
ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ

LƴǘŜǊŎŜǇǘ лΦлму лΦлос πлΦлрл лΦлмт лΦмлт лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
9Ȅƛǘ лΦлтн лΦнлс πлΦофп лΦлфс лΦпфл уΦнм҈ мтΦрп҈ млΦпр҈ соΦум҈
¢Ǌŀƴǎ лΦлуп лΦннт πлΦнст лΦлол лΦулл мрΦст҈ рΦнн҈ оΦос҈ трΦтр҈
¢ŜǊƳ лΦлоу лΦлфл πлΦомс лΦлпн лΦнрм лΦлл҈ нΦфф҈ рΦнн҈ фмΦтф҈
tƻƛψ.ǳ лΦлнт лΦллн лΦлнл лΦлнт лΦлнф лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ[ƛ πлΦмлл лΦллт πлΦммо πлΦмлл πлΦлус лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ²ƛ лΦллф лΦллс πлΦллм лΦллт лΦлно лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ¢Ǌ πлΦлор лΦллп πлΦлпн πлΦлор πлΦлнс лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ/ǳ πлΦлфн лΦлло πлΦлфф πлΦлфн πлΦлус лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψIƻ лΦлфп лΦллт лΦлуу лΦлфн лΦмму лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ9ƴ πлΦмлу лΦлмл πлΦмнн πлΦмм πлΦлус лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ{Ŝ лΦмсл лΦллн лΦмрт лΦмрф лΦмсп лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψ{Ǉ лΦлпф лΦлмм лΦлну лΦлпс лΦлтс лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
tƻƛψwŜ лΦопр лΦллт лΦоом лΦопр лΦоср мллΦлл҈ лΦлл҈ лΦлл҈ лΦлл҈
tƻƛψhŦ лΦнсл лΦллс лΦнпт лΦнсл лΦнтм мллΦлл҈ лΦлл҈ лΦлл҈ лΦлл҈
tƻƛψ{Ƙ πлΦпло лΦллр πлΦпмп πлΦплн πлΦофр мллΦлл҈ лΦлл҈ лΦлл҈ лΦлл҈
aƛȄ πлΦмфп лΦмлу πлΦонн πлΦнон лΦлфт лΦлл҈ фΦтл҈ оуΦлс҈ рнΦнп҈

5Ŝƴǎƛǘȅ лΦлнн лΦллс лΦлмр лΦлнл лΦлот лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
5ƛǎψ/Ŝƴǘ

ŜǊ
лΦнрс лΦорп πлΦноп лΦмфт нΦлфп фΦоо҈ уΦфс҈ оΦто҈ ттΦфф҈

5ƛǎψIƻ πлΦмсу лΦлмр πлΦнну πлΦмсп πлΦмрл лΦлл҈ нΦнп҈ тΦуп҈ уфΦфо҈
5ƛǎψaŀƭƭ πлΦлун лΦллт πлΦмлр πлΦлум πлΦлсф лΦлл҈ лΦлл҈ нлΦрн҈ улΦпу҈
5ƛǎψ/ƻƭ πлΦлмл лΦлмо πлΦлоо πлΦлмн лΦлно лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
5ƛǎψtŀǊƪ лΦмоп лΦлмн лΦмнм лΦмну лΦмто рΦфт҈ фпΦло҈ лΦлл҈ лΦлл҈
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wƻŀŘ лΦлтф лΦллр лΦлср лΦлтф лΦлут лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈
.ǳǎ лΦлнс лΦлму πлΦлмм лΦлнс лΦлру лΦлл҈ лΦлл҈ лΦлл҈ мллΦлл҈

tŀǊƪƛƴƎ лΦмтр лΦллн лΦмтл лΦмтс лΦмтф лΦлл҈ лΦлл҈ мллΦлл҈ лΦлл҈

оΦоΦо !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎǇŀǘƛŀƭ ŜŦŦŜŎǘ ƻŦ ƭƻŎŀƭ ǾŀǊƛŀōƭŜǎ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ

¢ƘŜ ƻǾŜǊŀƭƭ ƛƳǇŀŎǘ ƻŦ ŘŜǎǘƛƴŀǘƛƻƴ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǾŀǊƛŀōƭŜǎ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ǿŜŀƪΣ ǿƛǘƘ ƻƴƭȅ ǘƘŜ
ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊ ǎƘƻǿƛƴƎ ŀ ǇƻǎƛǘƛǾŜ ŜŦŦŜŎǘΦ CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǎǇŀǘƛŀƭ ƭŀȅƻǳǘΣ ǘƘŜ ŘƛǎǘŀƴŎŜ
ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊ Ƙŀǎ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ IǳƛƭƻƴƎƎǳŀƴ ŀƴŘ ¢ƛŀƴǘƻƴƎȅǳŀƴ ŀǊŜŀǎΣ ŦƻƭƭƻǿŜŘ ōȅ ŀ
ǿŜŀƪ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǎǘŀǘƛƻƴǎ ƴŜŀǊ 5ŀƘƻƴƎƳŜƴ ƻƴ [ƛƴŜ у ŀƴŘ {Ƙǳƴȅƛ {ǘŀǘƛƻƴ ƻƴ [ƛƴŜ мрΦ ¢ƘŜ
ǊŜŀǎƻƴ Ƴŀȅ ōŜ ǘƘŀǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴǎ ƻǳǘǎƛŘŜ ǘƘŜ {ŜŎƻƴŘ wƛƴƎ wƻŀŘ Ƙŀǎ ŘŜŎǊŜŀǎŜŘΣ ŀƴŘ
ǇŀǎǎŜƴƎŜǊǎ ƻŦǘŜƴ ƘŀǾŜ ǘƻ ŎƘƻƻǎŜ ŦƛȄŜŘ ǎǘŀǘƛƻƴǎ ǘƻ ƎŜǘ ƻƴ ǘƘŜ ōǳǎ ŀƴŘ Ǝƻ ǘƻ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊΦ IƻǿŜǾŜǊΣ
IǳƛƭƻƴƎƎǳŀƴ ŀƴŘ ¢ƛŀƴǘƻƴƎȅǳŀƴ ŀǊŜ ƭŀǊƎŜ ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ǿƛǘƘ ƳƻǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ
¢ƘŜ ŦŀǊǘƘŜǊ ŀǿŀȅ ŦǊƻƳ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊΣ ǘƘŜ ŦŜǿŜǊ ǎǘŀǘƛƻƴ ŎƘƻƛŎŜǎ ǘƘŜǊŜ ǿƛƭƭ ōŜΣ ƳŀƪƛƴƎ ƛǘ ŜŀǎƛŜǊ ŦƻǊ
ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ǘƻ ŎƻƴŎŜƴǘǊŀǘŜ ŀǘ ŀ ǎƛƴƎƭŜ ǎǘŀǘƛƻƴΤ ¢ƘŜ ŘƛǎǘŀƴŎŜ ŦŀŎǘƻǊ ǘƻ ǘƘŜ ǇŀǊƪ ƛǎ ŀ Ǝƭƻōŀƭ ǾŀǊƛŀōƭŜΣ
ǎƘƻǿƛƴƎ ŀ ǿŜŀƪ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻǾŜǊŀƭƭ ŀƴŘ ŀ ƎǊŀŘǳŀƭƭȅ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ŦǊƻƳ ǎƻǳǘƘŜŀǎǘ ǘƻ ƴƻǊǘƘǿŜǎǘΦ
tŀǊƪǎ ŀǊŜ ǇƭŀŎŜǎ ŦƻǊ ǊŜǎƛŘŜƴǘǎ ǘƻ ǊŜƭŀȄ ŀƴŘ ƘŀǾŜ Ŧǳƴ ŘǳǊƛƴƎ ǘƘŜƛǊ Řŀƛƭȅ ƭƛǾŜǎΣ ōǳǘ ǘƘŜ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ
ŘŜŎǊŜŀǎŜǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƻƴ ǿŜŜƪŘŀȅǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŎƭƻǎŜǊ ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ ǇŀǊƪΣ ǘƘŜ ƭŜǎǎ ƭƛƪŜƭȅ ƛǘ ƛǎ ǘƻ
ōǊƛƴƎ ƛƴ ƳƻǊŜ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ǘƻ ǘƘŜ ǎǘŀǘƛƻƴ ƻƴ ǿŜŜƪŘŀȅǎΦ

Lƴ ǘŜǊƳǎ ƻŦ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŎƻƴƴŜŎǘƛǾƛǘȅ ƭŜǾŜƭΣ ƻƴƭȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊƪƛƴƎ ƭƻǘǎ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŦƭǳŜƴŎƛƴƎ
ŦŀŎǘƻǊΣ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ ǇŀǊƪΣ ǎƘƻǿƛƴƎ ŀ ǿŜŀƪ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻǾŜǊŀƭƭ ŀƴŘ ŜȄƘƛōƛǘƛƴƎ ŀ ǇŀǘǘŜǊƴ
ƻŦ ƘƛƎƘŜǊ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ǎƻǳǘƘ ŀƴŘ ƭƻǿŜǊ ǾŀƭǳŜǎ ƛƴ ǘƘŜ ƴƻǊǘƘΦ ¢ƘŜ ƳƻǊŜ ǇŀǊƪƛƴƎ ƭƻǘǎ ǘƘŜǊŜ ŀǊŜΣ ǘƘŜ ƘƛƎƘŜǊ
ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴ ŀǊŜŀΣ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ŀǘǘǊŀŎǘƛƴƎ ǇŀǎǎŜƴƎŜǊ
Ŧƭƻǿ ŀǘǘǊŀŎǘƛƻƴΦ

Lƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘƛǾŜǊǎƛǘȅΣ ŦǳƴŎǘƛƻƴŀƭ ƳƛȄ ƛǎ ŀ ƭƻŎŀƭ ǾŀǊƛŀōƭŜ ŀƴŘ Ƙŀǎ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΣ
ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ƳƛȄΣ ǘƘŜ ƭƻǿŜǊ ǘƘŜ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ƳƛȄŜŘ
ŦǳƴŎǘƛƻƴŀƭ ŀǊŜŀǎ ǿƛƭƭ ōǊƛƴƎ ƳƻǊŜ ŎƻƳǇƭŜȄ ǇƻǇǳƭŀǘƛƻƴǎ ǘƻ ŀ ŎŜǊǘŀƛƴ ŜȄǘŜƴǘΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ
ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǇǳōƭƛŎ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ ǘƘǳǎ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŀǘ
ǎǘŀǘƛƻƴǎΦ Lƴ ǘŜǊƳǎ ƻŦ ǎǇŀǘƛŀƭ ǎǘǊǳŎǘǳǊŜΣ ǘƘŜǊŜ ƛǎ ŀ ŎƭŜŀǊ ƘƛŜǊŀǊŎƘƛŎŀƭ ǎǘǊǳŎǘǳǊŜΣ ǿƛǘƘ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ
ƎǊŀŘǳŀƭƭȅ ŘŜŎǊŜŀǎƛƴƎ ŦǊƻƳ ǘƘŜ Ŏƛǘȅ ŎŜƴǘŜǊ ǘƻ ǘƘŜ ǎǳōǳǊōǎΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǘƘŜ Ŏƛǘȅ
ŎŜƴǘŜǊ ƛǎ ƳƻǊŜ ŎƻƳǇƭŜȄ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǳōǳǊōǎΣ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƛǎ ƳƻǊŜ ǎƛƎƴƛŦƛŎŀƴǘΤ
¢ƘŜ ŘŜƴǎƛǘȅ ƻŦ ǎƘƻǇǇƛƴƎ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ Ƙŀǎ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƎƭƻōŀƭƭȅΦ ¢ƘŜ
ǊŜŀǎƻƴ Ƴŀȅ ōŜ ǘƘŀǘ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǎƘƻǇǇƛƴƎ Ƴŀƭƭǎ ŀƴŘ ǎǳǇŜǊƳŀǊƪŜǘǎ ƭŀŎƪ Ǿƛǘŀƭƛǘȅ ŀƴŘ ƘŀǾŜ ǿŜŀƪ
ŀǘǘǊŀŎǘƛƻƴ ǘƻ ǇŀǎǎƛƴƎ ǇŀǎǎŜƴƎŜǊǎΤ ¢ƘŜ ŘŜƴǎƛǘȅ ƻŦ ŎƻǊǇƻǊŀǘŜ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ŎŀǘŜǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎ Ƙŀǎ ŀ ǇƻǎƛǘƛǾŜ
ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƻǾŜǊŀƭƭ ǎƛǘǳŀǘƛƻƴΣ ǘƘŀǘ ƛǎΣ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ōƻǘƘ ŀǊƻǳƴŘ ǘƘŜ ǎǘŀǘƛƻƴΣ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ
ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΦ ¢ƘŜ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ŎŀǘŜǊƛƴƎ ŀƴŘ ŦƻƻŘ ŦŀŎƛƭƛǘƛŜǎ ǎƘƻǿǎ ŀ ǘǊŜƴŘ ƻŦ
ōŜƛƴƎ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ƴƻǊǘƘŜŀǎǘ ŀƴŘ ƭƻǿŜǊ ƛƴ ǘƘŜ ǎƻǳǘƘǿŜǎǘ ƛƴ ǎǇŀŎŜΣ ǿƘƛƭŜ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ŎƻǊǇƻǊŀǘŜ
ŜƴǘŜǊǇǊƛǎŜ ŦŀŎƛƭƛǘƛŜǎ ƛǎ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ ŎŀǘŜǊƛƴƎ ŀƴŘ ŦƻƻŘ ŦŀŎƛƭƛǘƛŜǎΣ ǎƘƻǿƛƴƎ ŀ ǘǊŜƴŘ ƻŦ ōŜƛƴƎ
ƘƛƎƘŜǊ ƛƴ ǘƘŜ Ŝŀǎǘ ŀƴŘ ƭƻǿŜǊ ƛƴ ǘƘŜ ǿŜǎǘΦ

Lƴ ǘƘŜ ŀǘǘǊƛōǳǘŜǎ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǘŀǘƛƻƴ ŀŎŎŜǎǎ Ǉƻƛƴǘǎ Ƙŀǎ ƻǇǇƻǎƛǘŜ ŜŦŦŜŎǘǎ ƛƴ ŘƛŦŦŜǊŜƴǘ
ǊŜƎƛƻƴǎΣ ƻƴƭȅ ǎƘƻǿƛƴƎ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƴŜŀǊ ǘƘŜ ƴƻǊǘƘŜǊƴ ¢ƛŀƴǘƻƴƎȅǳŀƴΦ ¢ƘŜǊŜ ƛǎ ŀ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƴŜŀǊ
{Ƙǳƴȅƛ {ǘŀǘƛƻƴΣ 5ƻƴƎȊƘƛƳŜƴ {ǘŀǘƛƻƴΣ {ƘƛƭƛǳȊƘǳŀƴƎ {ǘŀǘƛƻƴΣ ŀƴŘ 5ŜƳŀƻ {ǘŀǘƛƻƴΤ ǘƘŜ ǘǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴ ǎƘƻǿǎ
ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƛƴ ǘƘŜ ƴƻǊǘƘΣ ǿƘƛƭŜ ǘƘŜ ƴƻǊǘƘŜŀǎǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ ǳǊōŀƴ ŀǊŜŀ ǎƘƻǿǎ ŀ
ǿŜŀƪŜǊ ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘΣ ŀƴŘ ǘƘŜǊŜ ƛǎ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƴŜŀǊ /ƘŀƴƎȅƛƴƎ {ǘŀǘƛƻƴΦ
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¢ŀƪƛƴƎ ǘƘŜ .ŜƛƧƛƴƎ ·ƛƴŦŀŘƛ ǎǳŘŘŜƴ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŜǾŜƴǘ ŀǎ ǘƘŜ ōŀŎƪƎǊƻǳƴŘΣ ǘƘƛǎ ǇŀǇŜǊ ŎƻƴǎǘǊǳŎǘǎ ŦƻǳǊ ŦƛǊǎǘπ
ƭŜǾŜƭ ƛƴŘƛŎŀǘƻǊǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ŀǇǇƭƛŜǎ ǘƘŜ aD²w ƳƻŘŜƭ ǘƻ
ŜȄǇƭƻǊŜ ǘƘŜ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘϥǎ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ƛƳǇŀŎǘ ƻƴ ǎǘŀǘƛƻƴ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΣ ŘǊŀǿƛƴƎ ǘƘǊŜŜ
ŎƻǊŜ ŎƻƴŎƭǳǎƛƻƴǎΥ

όмύ ¢ƘŜ ŘŜƴǎƛǘȅ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ϧ ǊŜǎƛŘŜƴǘƛŀƭΣ ƘŜŀƭǘƘŎŀǊŜΣ ǎǇƻǊǘǎ ϧ ŦƛǘƴŜǎǎΣ Řŀƛƭȅ ǎŜǊǾƛŎŜΣ ŎŀǘŜǊƛƴƎ ŀƴŘ
ŜƴǘŜǊǇǊƛǎŜ ŦŀŎƛƭƛǘƛŜǎΣ Ǉƭǳǎ ǇŀǊƪƛƴƎ ƭƻǘ ǉǳŀƴǘƛǘȅΣ ŀǊŜ ƪŜȅ ǎŜƴǎƛǘƛǾŜ ŘǊƛǾŜǊǎ ōƻƻǎǘƛƴƎ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΤ

όнύ 5ƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪǎΣ ǇŀǊƪƛƴƎ ƭƻǘ ǉǳŀƴǘƛǘȅΣ ŀƴŘ ŘŜƴǎƛǘȅ ƻŦ ǎƘƻǇǇƛƴƎΣ ŜƴǘŜǊǇǊƛǎŜ ŀƴŘ ŎŀǘŜǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ
ƎƭƻōŀƭπǎŎŀƭŜ ǾŀǊƛŀōƭŜǎ ǿƛǘƘ ǎǘŀōƭŜ ǎǇŀǘƛŀƭ ŜŦŦŜŎǘǎΤ

όоύ ¢ǊŀƴǎŦŜǊ ǎǘŀǘƛƻƴ ŘŜƴǎƛǘȅΣ ŎŀǘŜǊƛƴƎ ϧ ŜƴǘŜǊǇǊƛǎŜ ŦŀŎƛƭƛǘȅ ŘŜƴǎƛǘȅΣ ǇŀǊƪƛƴƎ ƭƻǘ ǉǳŀƴǘƛǘȅ ŀƴŘ ǇŀǊƪ ŘƛǎǘŀƴŎŜ
ǎƘƻǿ ŀ ŘŜǎŎŜƴŘƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ǿƛǘƘ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ όǇǊƻƳƻǘƛƴƎ ŜŦŦŜŎǘύΣ ǎƘƻǇǇƛƴƎ
ŦŀŎƛƭƛǘȅ ŘŜƴǎƛǘȅ ǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜƎŀǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴΣ ǿƘƛƭŜ ŘƛǎǘŀƴŎŜ ǘƻ Ŏƛǘȅ ŎŜƴǘŜǊΣ ǎǘŀǘƛƻƴ
ŜƴǘǊŀƴŎŜκŜȄƛǘ Ŏƻǳƴǘ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ƳƛȄƛǘȅ ƘŀǾŜ ǎǇŀǘƛŀƭƭȅ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ƛƳǇŀŎǘǎΦ

CƻǊ .ŜƛƧƛƴƎΣ ǿƘƛŎƘ Ƙŀǎ ǇǊƛƻǊƛǘƛȊŜŘ Ǌŀƛƭ ǘǊŀƴǎƛǘ ƻǇŜǊŀǘƛƻƴ ǎŀŦŜǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘ ǘƻ ǊŜǎǇƻƴŘ ǘƻ
ƳŀƧƻǊ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŜƳŜǊƎŜƴŎƛŜǎΣ ŦǳǘǳǊŜ ǎǘŀǘƛƻƴπŀǊŜŀ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎƘƻǳƭŘ ǇǊƛƻǊƛǘƛȊŜ ǎŎŀƭƛƴƎ ǳǇ ǘƘŜ ŀōƻǾŜ
ŎƻǊŜ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŦŀŎƛƭƛǘȅ ŀƭƭƻŎŀǘƛƻƴ ŀŎǊƻǎǎ ǊŜƎƛƻƴǎ ōŀǎŜŘ ƻƴ
ǘƘŜ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŘǊƛǾŜǊǎΣ ǘƻ ōŀƭŀƴŎŜ ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ŀƴŘ ŜƴƘŀƴŎŜ ǊŜǎƛƭƛŜƴŎŜΦ
¢Ƙƛǎ ǇŀǇŜǊ Ŧƛƭƭǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ƎŀǇ ƻƴ ǘƘŜ ǎǇŀǘƛŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘϥǎ ƛƳǇŀŎǘ
ƻƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǇŀǎǎŜƴƎŜǊ ŦƭƻǿΣ ǇǊƻǾƛŘŜǎ ŀ ƴŜǿ ǊŜǎŜŀǊŎƘ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǎǳōǎŜǉǳŜƴǘ ǎǘǳŘƛŜǎΣ ŀƴŘ ƻŦŦŜǊǎ
ǇǊŀŎǘƛŎŀƭ ƎǳƛŘŀƴŎŜ ŦƻǊ ōƻƻǎǘƛƴƎ ǎǘŀǘƛƻƴ Ǿƛǘŀƭƛǘȅ ϧ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ƻǇǘƛƳƛȊƛƴƎ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘΦ

!ƴΣ 5ΦΣ ¢ƻƴƎΣ ·ΦΣ [ƛǳΣ YΦΣ /ƘŜƴΣ {Φ ŀƴŘ 5ǳŀƴΣ ½Φ όнлмфύ ϥ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ
ƳŜǘǊƻ ǊƛŘŜǊǎƘƛǇ ǳǎƛƴƎ ƻǇŜƴ ǎƻǳǊŎŜ ƛƴ {ƘŀƴƎƘŀƛϥΣ /ƛǘƛŜǎΣ фоΣ ǇǇΦ мттπмутΦ

.ŀƛΣ ·ΦΣ ²ŜƛΣ ½ΦΣ {ǘŜƛƴŜǊΣ wΦ[ΦΣ ²ŀƴƎΣ ·Φ ŀƴŘ [ƛΣ WΦ όнлнлύ ϥ9ȄǇƭƻǊƛƴƎ ŜȄǘǊŜƳŜ ŎƻƳƳǳǘƛƴƎ ŀƴŘ ƛǘǎ ǊŜƭŀǘƛƻƴǎƘƛǇ
ǘƻ ƭŀƴŘ ǳǎŜ ŀƴŘ ǎƻŎƛƻŜŎƻƴƻƳƛŎǎ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ tǳƎŜǘ {ƻǳƴŘϥΣ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ wŜǎŜŀǊŎƘ tŀǊǘ 5Υ
¢ǊŀƴǎǇƻǊǘ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘΣ ууΣ млнртпΦ

/ŀǊŘƻȊƻΣ hΦ5ΦΣ DŀǊŎƝŀπtŀƭƻƳŀǊŜǎΣ WΦ/Φ ŀƴŘ DǳǘƛŞǊǊŜȊΣ WΦ όнлмнύ ϥ!ǇǇƭƛŎŀǘƛƻƴ ƻŦ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ǿŜƛƎƘǘŜŘ
ǊŜƎǊŜǎǎƛƻƴ ǘƻ ǘƘŜ ŘƛǊŜŎǘ ŦƻǊŜŎŀǎǘƛƴƎ ƻŦ ǘǊŀƴǎƛǘ ǊƛŘŜǊǎƘƛǇ ŀǘ ǎǘŀǘƛƻƴπƭŜǾŜƭϥΣ !ǇǇƭƛŜŘ DŜƻƎǊŀǇƘȅΣ опΣ
ǇǇΦ рпуπрруΦ

9ǎǘǳǇƛƷłƴΣ bΦ ŀƴŘ wƻŘǊƝƎǳŜȊΣ 5Φ!Φ όнллуύ ϥ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǳǊōŀƴ ŦƻǊƳ ŀƴŘ ǎǘŀǘƛƻƴ ōƻŀǊŘƛƴƎǎ ŦƻǊ
.ƻƎƻǘŀϥǎ .w¢ϥΣ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ wŜǎŜŀǊŎƘ tŀǊǘ !Υ tƻƭƛŎȅ ŀƴŘ tǊŀŎǘƛŎŜΣ пнόнύΣ ǇǇΦ нфсπолсΦ

CŀƴΣ [Φ ŀƴŘ ½ƘŀƴƎΣ 5Φ¸Φ όнлннύ ϥwŜǎŜŀǊŎƘ ƻƴ ǘƘŜ LƴŦƭǳŜƴŎŜ aŜŎƘŀƴƛǎƳ ŀƴŘ {Ǉŀǘƛŀƭ IŜǘŜǊƻƎŜƴŜƛǘȅ
/ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ .ƭƻŎƪ ±ƛǘŀƭƛǘȅ ƛƴ .ŜƛƧƛƴƎΥ .ŀǎŜŘ ƻƴ aǳƭǘƛπǎŎŀƭŜ DŜƻƎǊŀǇƘƛŎŀƭƭȅ ²ŜƛƎƘǘŜŘ
wŜƎǊŜǎǎƛƻƴϥΣ /ƛǘȅ tƭŀƴƴƛƴƎ wŜǾƛŜǿΣ псόрύΣ ǇǇΦ нтπотΦ

DŀƴΣ ½Φ όнлмфύ wŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ǳǊōŀƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǇŀǎǎŜƴƎŜǊ
Ŧƭƻǿ ŀƴŘ ǘǊŀǾŜƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ tƘΦ5Φ 5ƛǎǎŜǊǘŀǘƛƻƴΦ {ƻǳǘƘŜŀǎǘ ¦ƴƛǾŜǊǎƛǘȅΦ

DŀƻΣ 5ΦIΦΣ ·ǳΣ vΦΣ /ƘŜƴΣ tΦ²ΦΣ IǳΣ WΦWΦ ŀƴŘ ½ƘǳΣ ¸Φ¢Φ όнлнмύ ϥ{Ǉŀǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǳǊōŀƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ
ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿǎ ŀƴŘ ŦƛƴŜπǎŎŀƭŜ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘΦϥΣ WƻǳǊƴŀƭ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ {ȅǎǘŜƳǎ
9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ ¢ŜŎƘƴƻƭƻƎȅΣ нмόсύΣ ǇǇΦ нрπонΦ
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WƛΣ ¸ΦCΦΣ 5ŀƛΣ [ΦΣ 5ƛƴƎΣ ½ΦWΦΣ 5ƻƴƎΣ ¸Φ/Φ ŀƴŘ [ƛΣ {Φ²Φ όнлннύ ϥLƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ŀƴŘ ǎǇŀǘƛŀƭ ƛƳǇŀŎǘǎ ƻŦ ǎŜŎƻƴŘπ
ƘŀƴŘ ƘƻǳǎƛƴƎ ǇǊƛŎŜτ9ǾƛŘŜƴŎŜ ŦǊƻƳ bŀƴƧƛƴƎ ōŀǎŜŘ ƻƴ aD²wϥΣ wŜǎƻǳǊŎŜ 5ŜǾŜƭƻǇƳŜƴǘ ϧ aŀǊƪŜǘΣ
оуόтύΣ ǇǇΦ тттπтуоҌуфсΦ

[ƛǳΣ ¸Φ¢ΦΣ ¸ŀƴƎΣ ½ΦΣ ·ǳΣ DΦ[ΦΣ [ƛǳΣ .ΦΣ ½ƘŀƴƎΣ tΦ ŀƴŘ /ƘƛΣ WΦ¸Φ όнлноύ ϥLƳǇŀŎǘǎ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ƻƴ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ
ǳǎƛƴƎ aD²w ƳƻŘŜƭǎ ƛƴ ²ŀƴƧƛŀƴƎ /ƛǘȅ .ŜƭǘϥΣ DŜƻƎǊŀǇƘƛŎŀƭ {ŎƛŜƴŎŜΣ поόнύΣ ǇǇΦ нулπнфлΦ

[ƻƴƎΣ ¸Φ ŀƴŘ ¢ƘƛƭƭΣ WΦ/Φ όнлмрύ ϥ/ƻƳōƛƴƛƴƎ ǎƳŀǊǘ ŎŀǊŘ Řŀǘŀ ŀƴŘ ƘƻǳǎŜƘƻƭŘ ǘǊŀǾŜƭ ǎǳǊǾŜȅ ǘƻ ŀƴŀƭȅȊŜ Ƨƻōǎπ
ƘƻǳǎƛƴƎ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƛƴ .ŜƛƧƛƴƎϥΣ /ƻƳǇǳǘŜǊǎΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ¦Ǌōŀƴ {ȅǎǘŜƳǎΣ роΣ ǇǇΦ мфπорΦ

aŀΣ {ΦIΦΣ [ƛŀƻΣ DΦaΦΣ IǳŀƴƎΣ ¸Φ ŀƴŘ ½ƘŀƴƎΣ WΦWΦ όнлноŀύ ϥIŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ŎƻƳƳǳǘŜǊ
ǇŀǎǎŜƴƎŜǊ Ŧƭƻǿ ƻŦ ǎǳōǿŀȅ ƛƴ ǘǊŀŦŦƛŎ ŀƴŀƭȅǎƛǎ ȊƻƴŜǎϥΣ WƻǳǊƴŀƭ ƻŦ Wƛƭƛƴ ¦ƴƛǾŜǊǎƛǘȅ ό9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ
¢ŜŎƘƴƻƭƻƎȅ 9ŘƛǘƛƻƴύΣ рпόлтύώƻƴƭƛƴŜϐΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκƪƴǎΦŎƴƪƛΦƴŜǘκƪŎƳǎκŘŜǘŀƛƭκό!ŎŎŜǎǎŜŘΥ мф
!ǇǊƛƭ нлноύΦ

aŀΣ ½Φ[ΦΣ ¸ŀƴƎΣ ·ΦΣ IǳΣ 5Φ²Φ ŀƴŘ ¢ŀƴΣ ·Φ²Φ όнлноōύ ϥLƴŦƭǳŜƴŎŜ ŘŜƎǊŜŜ ŀƴŀƭȅǎƛǎ ƻŦ ǊƛŘŜǊǎƘƛǇ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǘ
ǳǊōŀƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴǎϥΣ WƻǳǊƴŀƭ ƻŦ ¢ǎƛƴƎƘǳŀ ¦ƴƛǾŜǊǎƛǘȅ ό{ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅύΣ
соόлфύώƻƴƭƛƴŜϐΦ !ǾŀƛƭŀōƭŜ ŀǘΥ млΦмсрммκƧΦŎƴƪƛΦǉƘŘȄȄōΦнлннΦнмΦлппό!ŎŎŜǎǎŜŘΥ мф !ǇǊƛƭ нлноύΦ

{ƘŜƴΣ ¢Φ¸ΦΣ ¸ǳΣ IΦ/ΦΣ ½ƘƻǳΣ [ΦΣ DǳΣ IΦ¸Φ ŀƴŘ IŜΣ IΦIΦ όнлнлύ ϥhƴ ƘŜŘƻƴƛŎ ǇǊƛŎŜ ƻŦ ǎŜŎƻƴŘπƘŀƴŘ ƘƻǳǎŜǎ ƛƴ
.ŜƛƧƛƴƎ ōŀǎŜŘ ƻƴ ƳǳƭǘƛπǎŎŀƭŜ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅ ǿŜƛƎƘǘŜŘ ǊŜƎǊŜǎǎƛƻƴΥ ǎŎŀƭŜ ƭŀǿ ƻŦ ǎǇŀǘƛŀƭ
ƘŜǘŜǊƻƎŜƴŜƛǘȅϥΣ 9ŎƻƴƻƳƛŎ DŜƻƎǊŀǇƘȅΣ плόоύΣ ǇǇΦ трπуоΦ

¢ŀƻΣ WΦ¸ΦΣ 5ƻƴƎΣ tΦΣ ½ƘƻǳΣ bΦ·ΦΣ [ǳΣ ¸ΦvΦΣ DƻƴƎΣ ·Φ ŀƴŘ aŀΣ ·Φ.Φ όнлннύ ϥ{ǘǳŘȅ ƻƴ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ǘƻǿƴǎ ŀƴŘ ǾƛƭƭŀƎŜǎ ƛƴ ǘƘŜ ¸ŀƴƎǘȊŜ
wƛǾŜǊ 9ŎƻƴƻƳƛŎ .ŜƭǘϥΣ DŜƻƎǊŀǇƘȅ ŀƴŘ DŜƻπLƴŦƻǊƳŀǘƛƻƴ {ŎƛŜƴŎŜΣ оуόоύΣ ǇǇΦ ссπтоΦ

¸ŀƴΣ wΦΣ ½ƘŀƴƎΣ /Φ ŀƴŘ ½ƘŜƴƎΣ IΦ όнлннύ ϥLƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴπŀǊŜŀ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ǘƘŜ Ǌŀƛƭ ǘǊŀƴǎƛǘ
ǊƛŘŜǊǎƘƛǇτŀ ŎŀǎŜ ǎǘǳŘȅ ƻƴ IŜŦŜƛϥΣ ¦Ǌōŀƴ wŀǇƛŘ wŀƛƭ ¢ǊŀƴǎƛǘΣ орόрύΣ ǇǇΦ сфπтрΦ

¸ƛƴƎΣ YΦΣ 5ƛƴƎΣ WΦIΦΣ /ƘŜƴΣ ¸ΦIΦ ŀƴŘ IǳŀƴƎΣ ·Φ[Φ όнлноύ ϥ{Ǉŀǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ǎƘǊƛƴƪŀƎŜ ŀƴŘ
ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ŘŜǘŜŎǘŜŘ ōȅ aD²w ƳƻŘŜƭ ƛƴ DǳƛȊƘƻǳ /ƻǳƴǘȅϥΣ ²ƻǊƭŘ wŜƎƛƻƴŀƭ {ǘǳŘƛŜǎΣ
онόмнύώƻƴƭƛƴŜϐΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκƭƛƴƪΦŎƴƪƛΦƴŜǘκǳǊƭƛŘκомΦмснсΦtΦнлннмлмнΦмтмлΦллн ό!ŎŎŜǎǎŜŘΥ
мф !ǇǊƛƭ нлноύΦ

½ƘŀƻΣ aΦ{ΦΣ /ƘŜƴΣ ·ΦvΦΣ ·ǳΣ {ΦWΦΣ vƛǳΣ {ΦvΦ ŀƴŘ ²ŀƴƎΣ {ΦIΦ όнлноύ ϥ{Ǉŀǘƛŀƭ ǇǊŜŘƛŎǘƛƻƴ ƳƻŘŜƭƛƴƎ ŦƻǊ ǎƻƛƭ ǇI
ōŀǎŜŘ ƻƴ ƳǳƭǘƛǎŎŀƭŜ ƎŜƻƎǊŀǇƘƛŎŀƭ ǿŜƛƎƘǘŜŘ ǊŜƎǊŜǎǎƛƻƴ όaD²wύ ŀƴŘ ƛǘǎ ƛƴŦƭǳŜƴŎƛƴƎ
ŦŀŎǘƻǊǎϥΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜΣ ппόмнύώƻƴƭƛƴŜϐΦ !ǾŀƛƭŀōƭŜ ŀǘΥмлΦмоннтκƧΦƘƧƪȄΦнлннмнлом
ό!ŎŎŜǎǎŜŘΥ мф !ǇǊƛƭ нлноύΦ

½ƘŀƻΣ ·Φ·Φ όнлнмύ wŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ŀǊƻǳƴŘ ǎǳōǿŀȅ ǎǘŀǘƛƻƴǎ ƻƴ ǊŜǎƛŘŜƴǘǎϥ
ǘǊŀǾŜƭΦ aΦ!Φ 5ƛǎǎŜǊǘŀǘƛƻƴΦ /ƘŀƴƎϥŀƴ ¦ƴƛǾŜǊǎƛǘȅΦ
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Localizing SDG 11: Public Space Accessibility and Urban 

Density in Kosovo’s Cities 

Gazmend UKA, Angelika PSENNER, TU Wien, Austria 

 

Kosovo has faced both planned and unplanned urban development over the past 25 years of the 21st century, 

influenced by economic constraints, socio-political change, population increase, and notable migration trends 

from rural to urban areas and from Kosovo to the diaspora. This complex urbanization process has been further 

shaped by property investments by Kosovans residing abroad, resulting in an estimated thousands of vacant 

apartments primarily used during summer and winter vacations. This dynamic has resulted in a divergence 

between housing growth and the local need for public spaces and sustainability initiatives for everyday 

necessities inside those areas. This study focuses on public space accessibility in Vushtrri, as a first case within a 

broader comparative analysis that will include Prishtina and Mitrovica South focusing on both spatial distribution 

and municipal capacity. The study will use QGIS-based spatial analysis of spatial data; the research will map the 

distribution and connectivity of public spaces that are accessible to everyone. Field visits and photo 

documentation will contribute to the data by evaluating the physical conditions, accessibility, and inclusivity of 

public spaces, as well as identifying barriers such as insufficient infrastructure or safety concerns both within 

those spaces and on the routes leading to them. 

By conducting and analysing semi-structured interviews with municipal architects, planners, officials, 

policymakers, community stakeholders, and NGOs we are investigating how municipalities strategize public 

space provision, the challenges posed by land privatization, building pressures and migration, as well as the 

potential strategies for creating new public spaces within the existing urban fabric of Prishtina, Vushtrri, and 

Mitrovica South. A comprehensive approach will be used to understand the current state of public space 

ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴ YƻǎƻǾƻΩǎ ŀōƻǾŜ ƳŜƴǘƛƻƴŜŘ ǘǊŀƴǎƛǘƛƻƴŀƭ ŎƛǘƛŜǎ ŀƴŘ ǿƛƭƭ ǎŜǊǾŜ ŀǎ ŀ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ {5D ммΦтΦмΥ ǘƘŜ 

average proportion of urban built-up areas designated as open space for public use, disaggregated by sex, age, 

and individuals with disabilities within the Kosovan context. This research is essential for integrating Kosovo's 

urban development with global sustainability goals, particularly SDG 11, and for identifying methods to create 

more accessible public spaces in Kosovo. 

Public space accessibility, SDG 11, Target 11.7.1, urban growth, Kosovo, QGIS spatial analysis. 

Following the Millennium Development Goals (MDGs) of 2000, the UN General Assembly adopted the 

seventeen Sustainable Development Goals (SDGs) in 2015, marking a global policy framework for 

sustainable development under the 2030 Agenda ό[ǳƪǑƛŏ et al., 2022). Among these, SDG 11 focuses 

specifically on making cities inclusive, safe, resilient, and sustainable (Berisha, Caprioli and Cotella, 2022).  

 Within SDG 11, target 11.7 addresses access to safe, inclusive, and accessible public open spaces, 

making it a key indicator for evaluating urban quality and social equity. Public space accessibility has 
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become increasingly relevant in rapidly urbanising contexts, where uneven spatial development often 

leads to disparities in access to urban amenities. 

This paper focuses on the operationalisation of SDG 11.7.1 in Kosovo, using the city of Vushtrri as 

a case study. Given the rapid and often unplanned urban growth in Kosovo, assessing the distribution and 

accessibility of public open space offers vital information about the local applicability of global 

sustainability indicators. The study evaluates public space accessibility and explores how to localise SDG 

indicators within a transitional urban context using a GIS-based spatial analysis. 

This study is based on a conceptual framework (Figure 1) linking global development agendas with urban 

transformations in Kosovo. The 2030 Agenda, particularly SDG 11, provides the reference for inclusive, 

resilient, and sustainable cities. Within this, Indicator 11.7.1 on public space accessibility serves as a 

practical tool to assess urban conditions. Although Kosovo is not part of the formal SDG reporting system, 

the indicator enables a consistent evaluation of local contexts. 

SDG Target 11.7 promotes equitable access to safe and inclusive public spaces for all groups. 

Monitoring Indicator 11.7.1 is therefore essential for supporting inclusive and healthy urban environments 

(Kumaravel and R, 2025). Public open space (POS) refers to areas with open access and shared use (Jian et 

al., 2021), supporting social interaction and cohesion (Ahirrao and Khan, 2021), nd reflecting broader 

principles of inclusion and equity (Dong et al., 2023). 

In Kosovo, rapid growth, informal construction, and weak planning enforcement have produced 

fragmented urban structures (Uka, 2026). Two aspects are particularly relevant: de- and re-densification 

processes, expressed through dispersed expansion and irregular infill, and the limited effectiveness of 

planning legislation. Together, these factors shape both the provision and accessibility of public spaces.  

According to SDG metadata, public space includes streets and open public areas accessible to all 

(Dong et al., 2023). While such spaces support environmental quality, inclusion, and mobility, rapid 

urbanisation has often resulted in low provision levels. SDG 11 indicators require city-level measurement, 
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yet existing research highlights inconsistencies and limited consideration of intra-urban variation (Dong et 

al., 2023; Wang et al., 2025). In response, this framework supports the empirical analysis of three case 

studies Prishtina, Vushtrri, and Mitrovica South each representing different urban conditions in Kosovo. 

By linking global indicators with local dynamics, the framework enables the assessment of public space 

accessibility while also reflecting broader spatial and planning challenges in transitional urban contexts.

 

Since the late 20th century, Kosovo has experienced rapid urbanisation, particularly in its capital, Pristina, 

driven by ruralςurban migration and limited infrastructure in rural areas (INDEP, 2023a). Kosovo have 

adopted the 2030 Agenda for Sustainable Development which proposed 17 SDGs (Bitri, Marinova and 

Hajrizi, 2019; Kalludra and Ejupi, 2019). However, data availability remains a major constraint, with only 

33% of indicators covered, 44% lacking data, and 25% not relevant in the Kosovo context (INDEP, 2023a).  

At the institutional level, Kosovo has committed to integrating SDGs into governance frameworks, 

particularly in alignment with EU integration processes (Kalludra and Ejupi, 2019).  

Local governments play a central role in implementation, as municipalities are responsible for key 

sectors such as spatial planning, infrastructure, and public services. Despite this, implementation remains 

uneven due to limited institutional capacity, weak coordination, and fragmented data systems (Ministry of 

Local Government, 2020). Existing frameworks, such as the Municipal Performance Management System 

(SMPK), provide a basis for monitoring, yet SDG integration into municipal planning and budgeting remains 

partial (INDEP, 2023b). National and international reports further highlight persistent governance 

challenges, including data gaps, limited monitoring mechanisms, and inconsistent alignment between 

policies and SDG targets (United Nations in Kosovo, 2021; Beqiri, 2023). 

While SDGs are often addressed through policy and governance frameworks, specific indicators 
such as SDG 11.7 remain underdeveloped in practice. Public space accessibility is rarely measured through 
spatial data, and existing approaches tend to focus on normative or rights-based interpretations rather 
than measurable urban indicators (The Platform for Human Rights, 2025).  

Efforts to localise SDGs at the municipal level have been initiated, with several municipalities 
developing local action plans and voluntary reporting mechanisms (INDEP and GIZ, 2019). However, these 
efforts are constrained by limited data availability, insufficient institutional capacity, and the absence of 
systematic spatial analysis tools. In this context, localising SDG 11.7.1 requires moving beyond policy 
commitments toward measurable, spatially grounded indicators. This highlights the need for GIS-based 
approaches that can assess public space accessibility and support the integration of SDG indicators into 
urban planning practice in transitional contexts such as Kosovo. 

This study evaluates the proportion of public open space and land allocated to streets in the municipality 

of Vushtrri, following the UN-Habitat methodology for SDG Indicator 11.7.1 (SDG Indicators, 2025). The 

analysis is based on spatial data provided by the Department of Urbanism and Environmental Protection 

of Vushtrri Municipality and processed using QGIS 3.38. 

The Urban Zone boundary (8.31 km²) was used as the reference area. Building footprints were extracted 

and buffered by 15 m to represent the effective built-up fabric, following UN-Habitat guidelines. The 
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buffered polygons were merged to produce a continuous built-up layer. Road surfaces were then removed 

to derive the effective built-up area, which serves as the denominator for SDG 11.7.1 calculations. 

Public open spaces were manually identified within the Urban Zone, including parks, squares, promenades, 

and recreational green areas. Restricted or private green areas were excluded. All geometries were cleaned 

and validated prior to analysis. 

Road data were classified by hierarchy (national, regional, local, bypass, and other). Road segments were 

buffered according to right-of-way widths and converted into polygons. The total road surface was 

calculated and included in the SDG 11.7.1 denominator (built-up area plus streets), following international 

guidelines. 

The Proportion of urban area allocated to open public spaces, including street and sidewalks (IAEG-SDGs 

Indicators, 2025): 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑇𝑜𝑡𝑎𝑙 𝑂𝑝𝑒𝑛 𝑃𝑢𝑏𝑙𝑖𝑐 𝑆𝑝𝑎𝑐𝑒 (%) =  
𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓𝑜𝑝𝑒𝑛 𝑝𝑢𝑏𝑙𝑖𝑐 𝑠𝑝𝑎𝑐𝑒 + 𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓𝑙𝑎𝑛𝑑 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑡𝑜 𝑠𝑡𝑟𝑒𝑒𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑏𝑢𝑖𝑙𝑡 𝑢𝑝 𝑎𝑟𝑒𝑎𝑜𝑓 𝑡ℎ𝑒 𝑢𝑟𝑏𝑎𝑛 𝑎𝑔𝑔𝑙𝑜𝑚𝑒𝑟𝑎𝑡𝑖𝑜𝑛
 

 was mapped within the urban boundary based on the built-up area. Following UN-

Habitat, it includes parks, civic parks, squares, recreational green areas, and public facility spaces. Spatial 

data were digitised and used to calculate total open public space relative to the built-up area (IAEG-SDGs 

Indicators, 2025). 

 was calculated as the total street surface within the built-up area, defined as 

spaces used for movement and interaction. The resulting area was included in the SDG calculations (IAEG-

SDGs Indicators, 2025). 

The share of the population with access to open public spaces (%) was calculated as the population within 

400 m service areas divided by the total urban population (IAEG-SDGs Indicators, 2025):  

         𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑎𝑐𝑐𝑒𝑠𝑠  

𝑡𝑜 𝑜𝑝𝑒𝑛 𝑠𝑝𝑎𝑐𝑒 𝑖𝑛 𝑝𝑢𝑏𝑙𝑖𝑐 𝑠𝑝𝑎𝑐𝑒𝑠 (%)       =  
𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ𝑖𝑛 400 𝑚 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑎𝑟𝑒𝑎𝑠

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑐𝑖𝑡𝑦/𝑢𝑟𝑏𝑎𝑛 𝑒𝑥𝑡𝑒𝑛𝑡
 

!ŎŎŜǎǎƛōƛƭƛǘȅ ǿŀǎ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ плл Ƴ ōǳŦŦŜǊǎ όҒр-minute walking distance), clipped to the urban 
boundary. Validation was supported by field knowledge. The workflow follows the UN-Habitat procedure 
with a simplified buffer-based approach. 

The assessment of SDG 11.7.1 in Vushtrri provides a detailed view of how public space accessibility 

functions within a small, compact, and rapidly transforming urban environment. The mapping of public 

open spaces (POS) (Figure 2), combined with street network analysis and built-up area calculations, reveals 

a spatial structure shaped by both historical urban form and recent unregulated development pressures. 
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±ǳǎƘǘǊǊƛΩǎ ǳǊōŀƴ ŎŜƴǘǊŜ ǊŜƳŀƛƴǎ ǊŜƭŀǘƛǾŜƭȅ ŎƻƳǇŀŎǘΣ ǿƛǘƘ ŀ ǘǊŀŘƛǘƛƻƴŀƭ ǎǘǊŜŜǘ ƴŜǘǿƻǊƪ ŀƴŘ ŀ ŎƭŜŀǊ ŎŜƴǘǊŜ 

defined by cultural, administrative, and commercial functions. This area contains most of the formally 

recognised public spaces, including squares (Uka, 2024), boulevards, parks, and accessible institutional 

courtyards. However, once the analysis extends beyond the central zone, accessibility begins to decline. 

The SDG 11.7.1 methodology requires calculating the share of open public spaces and the proportion of 

built-up areas allocated to streets. In Vushtrri, the built-up area shows a clear pattern of irregular 

densification at the edges of the city, where informal construction and the absence of street hierarchy have 

produced fragmented blocks and limited pedestrian access. 

The analysis of land allocated to streets (Figure 3) further highlights the unplanned urban 

development. The street network is 1.55km2 or 18.6% of built-up urban area is characterised by narrow, 

continuous roads in built-up areas that support mobility but pose a challenge to walkability. In the 

periphery, however, the street ratio declines due to narrow accessways, sprawl, irregular plot subdivisions, 

and unplanned extensions of illegal constructions. This situation makes it harder to walk to not only public 

places but also important services and city functions. The spatial pattern aligns with the broader dynamics 

described in the conceptual framework, specifically the coexistence of densification and fragmentation, 

typical of Zwischenstadt conditions in many post-socialist cities. According to the UN-Habitat SDG 11.7.1 

benchmark, the optimal range for land allocated to streets is 23 to 35%. 
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¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ±ǳǎƘǘǊǊƛ ƳŜŜǘǎ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴŘƛŎŀǘƻǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ǳǊōŀƴ 

area, where most residents fall within reasonable walking distance of at least one public space (Figure 5). 

The 400 m accessibility buffer, applied using UN-IŀōƛǘŀǘΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ƳŜǘƘƻŘƻƭƻƎȅΣ ǎƘƻǿǎ ǎǘǊƻƴƎ 

coverage in the core but considerably weaker coverage in peripheral neighbourhoods. These peripheral 

areas often lack designated public open spaces altogether, and often the only semi-public spaces are 

private plots or vacant land, which are not eligible for classification under SDG 11.7.1. 

In Vushtrri, planning legislation has struggled to be applied to conduct the planning documents. 

Although municipal regulatory plans have existed just for a short period of time, their implementation has 

been partial, resulting in mismatches between intended street hierarchies and the built reality. This directly 

impacts SDG 11.7.1 outcomes, as accessibility is not merely a function of available public space but also of 

the circulation network that connects residents to those spaces. 
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Vushtrri's compact morphology does not equate to equitable access to public open spaces, which 

are insufficiently sized and distributed throughout the urban area (Figure 4), where the proportion of Open 

Public Places with Streets and Built-up area is 24.33%, which 23.5% are roads and only 0.8% are public open 

places of this total. The outputs highlight an urban imbalance characterised by a compact form and 

adequate street networks but a critical deficit of public spaces. Peripheral neighbourhoods, often 

developed informally, lack designated public spaces and a coherent street network due to historical gaps 

in planning legislation and inadequate implementation of municipal rules. The SDG 11.7.1 framework 

serves as a diagnostic tool to reveal spatial inequities and governance issues. The findings emphasize the 

necessity for planned public open spaces in new developments and the enforcement of planning 

regulations for coordinated urban development. 

The analysis of SDG 11.7.1 in Vushtrri shows a city with a clear contrast between its compact, walkable 

centre and its more fragmented outer neighbourhoods. The central area has good access to public open 

spaces, but many of the peripheral areas don't have any public spaces and rely on weak or incomplete 

street networks, and Vushtrri does not have any public urban transport to reach those spaces. These 

patterns underline the importance of integrating public space provision and proper street planning into 

the ŎƛǘȅΩǎ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘΦ {5D ммΦтΦм ǇǊƻǾƛŘŜǎ ŀ ǾŀƭǳŀōƭŜ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ ǿƘŜǊŜ ǘƘŜǎŜ ƎŀǇǎ 

exist and how they can be addressed. Time constraints have limited this study to Vushtrri, but we will 

extend the same analysis to Prishtina and Mitrovica South. Together, these three cases will offer a broader 

understanding of public space accessibility in Kosovo and help inform more coherent urban planning 

practices. 
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This paper presents a methodological and conceptual pathway for defining, selecting, and 
continuously revising what it terms contemporary global urban scenarios through shared drivers, 
recurring attributes, and interdependent projections and trends. Instead of proposing a clearly 
defined, closed taxonomy of the contemporary city, the paper argues that scenario construction 
should be understood as an analytical and operational instrument, useful both for advancing 
debates in urban studies and for orienting international development and aid  agendas. Based on 
interdisciplinary discussions carried by a group of researchers from fifteen institutions and 
deliberately framed by a Global South epistemology, the research adopts a provocative exploratory 
approach by compiling an expansive and contestable initial list of potential scenarios defined and 
portrayed to be endorced, rejected, refined, and added by means of structured dialogue. Four 
presuppositions orient the analysis: the explicit positioning between optimistic and pessimistic 
approaches (here, a cautiously transformative stance from the Global South); the recognition that 
global scenarios unfold at large scales yet often appear as discontinuous territorial mosaics; the 
understanding that scenarios emerge from complex interconctions of factors and often share 
underlying drivers such as inequality, informality, environmental degradation, and insecurity; and 
the acknowledgment that scenarios evolve over extended temporalities, representing phenomena 
that are rarely entirely new but have gained magnitude and salience in the contemporary period. 
According to this framework, we identified four preliminary scenarios aiming at organizing debates 
and creating guiding questions rather than to function as definitive categories: Cities at War, Cities 
in Movement, Cities in Transformation, and Insurgent Cities. The contribution of this effort lies not 
in conclusive answers but in a disciplined yet flexible analytical framework that enables scholars 
and practitioners to formulate better questions about the contemporary city as a globally 
interconnected phenomenon while remaining attentive to complexity, power, and the provisional 
nature of knowledge. 

 

Global Urban Scenarios; Contemporary City; Urban Studies Methodology; International Aid; 
International Development; Urban Crisis. 

This paper aims to provide methodological and conceptual insights, grounded in both initial experiences 
and secondary sources. The research combines a team from 15 research institutions with diverse 
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interdisciplinary interests and specific expertise about one or more of the potential scenarios, offering a 
Global South epistemology and contributing to a scientific network of non-central countries. The 
primary objective is to advance a preliminary debate on methodological and conceptual factors that 
help determine contemporary global urban scenarios—namely, aspects that may characterize our urban 
world and its possible aggregation into relatively homogeneous phenomenological parts. Another interest 
of the research is to contribute to international aid and development agencies and non-governmental 
organizations and to explore the ever-growing interest in urban studies in aligning local agendas with larger 
contexts, mostly those concerning the Global South’s reality. Although recognizing the analytical limits of 
encapsulating large realities, the research is justified by two main reasons. The first concerns urban studies, 
which often treat ‘the city’ as homogeneous, overlooking intra- and interurban particularities and North–
South or regional contexts. The second reason is operational and institutional: distinguishing different 
associations of contemporary cities is fundamental for understanding emergent urban demands and for 
better operationalizing international aid and development actions. By geographically expanding the 
perspective on urban issues traditionally debated at the local level, we also conceive the city as a global 
phenomenon. Any selection of scenarios will never fully capture the complexity of the contemporary urban 
phenomenon and should be viewed sceptically and subjected to different approaches. Our research does 
not prioritize diagnostics; it is led by methodology and conceptual debate. The potential future 
development of these scenarios merits further investigation. This exercise—planned as 
a subsequent phase—will provide the basis for sustained scrutiny of their continuing validity. Discussing 
urban futures is also compulsory given the importance of temporal sustainability to anchor national and 
international public policies. Debates on the permanence, substitution, or mutation of our preliminary 
scenarios oscillated between statistical projections and a more disruptive—albeit riskier—approach that 
considers significant changes. The latter proved richer and more appropriate for defining strategies in local 
planning and in aid and development initiatives, aligning better with the primary goal of exploring 
methodological and conceptual routes. By prioritizing discontinuity, instead of linear and somewhat 
predictable trajectories, reinforces the idea that every set of global urban scenarios is significantly 
influenced by unexpected new elements, agents and factors. What is presented here is thus limited by 
further discussion, which will constantly scrutinize conclusions and impose revisions. Nevertheless, as 
implied in the methodology, the investigative process itself proved very rich, contributing to a collective 
understanding that could not always be encapsulated in the central topic of the research. The following 
items first discuss the concept of scenarios and related notions, along with their validity across time and 
geography, recognizing regional or continental particularities. Secondly, they present each phenomenon 
through the lens of a possible global scenario. All this leads to conclusions that remain under ongoing 
scrutiny.  

In a controversial way, our research project started with the definition of a long list of possible 
scenarios based on previous exploratory investigation and assumptions. The intent was to provide 
parameters to start the discussion and to invite partial or entire rejections and additions. Scenarios such as 
the ‘Chinese urban world,’ the ‘Digital urban world,’ and the ‘Climate change new city’ were the most 
controversial and illustrative. China’s urbanization, initially considered unique because of its demographic 
size and the speed changes happen, was found to share attributes with other regions. This highlighted the 
first conclusion: global scenarios transcend borders despite geographical concentrations, confirming their 
international nature. The digital and climate-change ‘new cities’ were considered globally ubiquitous, 
overlapping all the other mosaic-like scenarios. Further interdisciplinary discussions—
through coauthorships and internal panels—led us to elaborate another important conclusion that would 
later confirm our central hypothesis: contemporary global urban scenarios should be constantly 
reconsidered, reviewed, added, or rejected. All this not only confirms previous changes and adaptations but 
equally suggests that any future list must be temporary and context-dependent. Once the thought-
provoking list was further discussed and taken as preliminarily right, we proceeded a thorough examination 
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of the term “scenario”, “global”, and “contemporary” which are commonly used without any scientific 
determination. The term ‘scenario’ is frequent in economic analysis to formulate future scenarios; ‘global’ 
is often used interchangeably with international relations; and ‘contemporary’ generally refers to a temporal 
scope extending back as far as personal memory serves. At this point, our interdisciplinary discussions aimed 
at clarifying these terms gave rise to a third conclusion: what has subsequently been established in the 
literature somewhat mirrors common usage. It led us to our fourth conclusion: any attempt to define 
‘contemporary’ for the selection of scenarios will always carry risk, imprecision, and the temptation to 
imagine temporal divisions that may later dissolve within larger circumstances and contexts. The term 
‘global’ has commonly been understood as having a global dimension, implying something observed all over 
the world. A common element remains true—interconnectedness, instantly available information, and the 
almost instant and natural transfer of ideas and goods across borders—that helps clarify ‘global’ in 
contemporary urban scenarios. Immanuel Wallerstein’s world-system theory adds another lens. Rather than 
treating ‘global’ as simple planetary coverage, it highlights a unifying logic that connects, or put together, 
diverse regions into a functional whole. By adapting this approach, we can say that a global scenario 
coalesces around the need and desire to change our cities positively. These needs and aspirations take 
different forms, demanding varied policies, legislations and practices. Such scale, geographic reproduction, 
and degree of international connectedness shape their ‘global’ attribute. Discussions regarding the 
appropriateness of these terms did not produce definitive answers. They did, however, establish parameters 
for their usage and allowed flexibility when preliminarily defining a set of scenarios we should initially work 
with and identifying their main attributes. Four presuppositions guided the analysis: (1) an explicit choice 
between optimistic and pessimistic approaches, with this research adopting a cautiously transformative 
Global South perspective; (2) recognition that scenarios are observable at large scales, though frequently as 
discontinuous territorial mosaics; (3) the view that scenarios results from complex causal interconnections, 
with recurrent factors namely territorial poverty, spatial inequality, generalized environmental degradation, 
and insecurity or feeling of insecurity; and (4) long temporal evolutions, in which some phenomena are not 
entirely new but have gained magnitude and salience in the present. 

Cities at War: Armed conflicts shape new urban morphologies through destructive events and through 
reconstruction, confirming cities as spaces for development and violence. The impact of these conflicts on 
urban areas is profound: critical infrastructure destruction, service disruption, mass displacement, greater 
dependence on aid, and the departure of qualified professionals (ICRC, 2023). Current global statistics on 
people affected by urban armed conflicts highlight the increasing global presence of urban warfare 
(Elfverson and Höglund, 2021), exposing the limits of cities when confronted with militarized nation-states 
(Kaldor and Sassen, 2020). Reconstruction is commonly guided by external actors and donors rather 
than emerging from community-driven initiatives. Since 9/11, in the Global North, city–conflict debates 
emphasize the risks of terrorism and its effects on urban spaces and activities (Harb, 2017), while generalized 
armed conflicts are concentrated in the Global South, worsening pre-existing gaps. International dialogues 
concerning those cities that have undergone armed conflicts tend to emphasize the protection of civilians 
(as in discussions conducted by the United Nations Organization in 2022) and pay attention to post-conflict 
reconstruction. In Global South cities, reconstruction ideally aims to ‘build back better’ (as discussed by 
Sarkissian et al., 2023, for example). In several cases, war does not introduce wholly new challenges for 
impoverished cities; it layers deprivation, informality, and substandard service and infrastructure. The 
guiding questions for the clarification of this scenario include: What reconstruction patterns prevail? How 
do these patterns vary by region and circumstance? Who are the primary international actors? What 
advantages and disadvantages stem from converging or conflicting local and international interests? What 
opportunities can be seized after pacification (see Fernandez and Ahmed, 2019)? Do wars present genuine 
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new elements to urban practice or magnify issues already observed in impoverished metropolises? How 
does this scenario connect to others?  

Cities in Movement: The idea of this scenario explore extensive urban areas originally established as 
temporary settlements—international migrant/refugee camps/settlements. We take these compartments 
from an urbanization perspective (as explored by Schmidt, 2006, and Collier, 2017), considering them as 
potential places of permanence and consolidation (as discussed by Sanyal, 2014; Lewis, 2018; Roy, 2009; 
Jansen, 2016). Quantitative references and geographic distribution are to be provided by the United Nations 
High Commissioner for Refugees, which verifies the global scale of this emergency-driven phenomenon and 
its transformation into permanent urban structures. For the purposes of this research, questions to qualify 
camps/settlements as a contemporary global urban scenario include: Do these 
compartments represent new forms of urbanization relative to their urban and regional characteristics (as 
suggested by Dalal, 2022, and Dalal et al., 2018)? What are the similarities we can find  between their 
consolidation and that advocated in informal areas resulting from squatting? Which international entities 
build, maintain, and secure these compartments, and how are they integrated with existing cities? How is 
this scenario linked to others?  

Cities in Transformation: This scenario addresses extensive expansion, spontaneous densification, 
occupation of risky areas, and exhaustion of natural resources in Global South metropolises. Fragile land 
tenure and/or informality underscore the very central characteristics of these urban compartments, making 
them from their Global North suburban counterparts. Measuring demographic aspects of informal 
settlements is complex due to lack of official data yet estimates indicate a significant trend. This concept 
generally simplify informal areas, assuming uniformity in constraints and potential. This gap motivates 
questions: Is the concept of Global South metropolises oversimplified, concealing critical specificities that 
should inform public policies and international aid? Is it feasible to establish a general typology for diverse 
metropolises? Should their informal areas be the primary attribute considered? Should informality be 
opposed chiefly because it disregards plans and landownership, or because of the risks and disasters it may 
trigger?  

Insurgent Cities: Different from all other scenarios, Insurgent Cities assume an optimistic—yet cautious—
orientation. Transformative, self-managed initiatives at community level justify optimism; their limited area 
of operation and independence from governmental agencies require care. Urban insurgencies are collective, 
sometimes ephemeral actions with intensive social-media use and association with global equality agendas 
that question traditional planning. Often observed in neglected areas, they combine self-management, 
alternative housing, and public-space uses, bypassing government-people hierarchies and advocating 
for minorities. Following Holston (2018), insurgent movements (the collectivos) are alternative proposals 
arising from self-empowered assemblies. The ubiquitous presence of urban insurgencies connects to 
another global scenario: the ever-growing presence of informal settlements in geographic and quantitative 
terms. In Cities in Movement, the main interest is the “urban struggle” (e.g., low-income houses and access 
to public urban services). In Insurgent Cities the struggle is accompanied by “hope” for a better tomorrow 
or for implementation of specific goals through that struggle. Current questions include: Do insurgent 
practices suggest international connections, and how can they be verified? Do they replicate agendas as well 
as practices already observed abroad and globally, evidencing intensive social media use? Do they justify 
being named a Global Urban Scenario? Do they always result from state absence as a service provider under 
different governmental circumstances? Do they suggestion new dialogues between insurgency 
representatives and local governments and which governmental frameworks are best suited to that (see, 
for example, Ultramari et al, 2023)? Do they suggest new local conceptual references for urban studies from 
a global perspective (see Nascimento and Ultramari, 2019)? What are the specific characteristics and 
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geographic, temporal, organizational, and connections patterns they suggest across national and 
regional realities? 

The inferential understanding of global urban scenarios can be summarized in ten attributes. We keep their 
original formulation while expanding the methodological and operational practices we have adopted so far: 

Hierarchy: The scenarios we identified cannot be seen in a hierarchical order from those observed in local 
or regional borders to those that are essentially or potentially global. Their importance lies in their ability 
to exhibit attributes on a global scale, often assessed by geographic extent or the number of people affected 
by a circumstance or by a specific concept.  

Transversal phenomena: Global transversal phenomena are not scenarios in themselves; they simply explain 
recurrent causes or consequences. Thus, the interconnections, overlaps, and convergences we may identify 
between scenarios constitute the key factors of our international research activity. 

Temporality: Each scenario has its own temporalities, with specific and different levels and stages of 
complexity and magnitude. This raises questions about the enduring impact of anticipated changes.  

Diagnostics vs. intention: Scenarios propose solutions by means of various processes—either 
institutionalized propositions or hostile conflicts, precise interventions or struggles for radical change. 
However, scenarios and the search for solutions are not interchangeable; in fact, it may and should be 
reshaped according to outcomes, controversies or contrary and persistent resistance. Thinking about 
scenarios goes beyond diagnostics; it articulates intentions and ideologies. 

Overlapping characteristics: Scenarios often extend into one another, resulting in mutual contemporaneity 
and overlapping attributes, relationships of dependence, and cause–effect dynamics. 

Artificialities: While based on concrete reality, scenarios equally depend of imaginative constructs to 
enhance clarity, comprehensibility, and holistic perception. They represent an artificial synthesis of a 
particular reality. 

Better understood from outside: Scenarios are not readily recognized as such by people who are experiencing 
them. They are often better understood and appropriately defined from external vantage points. 
Distinctions between internal and external approaches carry methodological implications and help 
differentiate a global scenario from a local, regional, or conjunctural process. 

Typologies: Scenarios demand levels of analysis and suggest a set of typologies. They may be optimistic or 
despairing, crafted through diagnostics or solutions, part of a global mosaic or specific designation, and 
reflective of aspirations, apprehensions, or acquiescence. 

Hidden priorities: Scenarios are decisive tools for comprehending contemporary cities, shaping international 
public policies, and coping with problems and threats. However, they may obscure issues that occur within 
them, particularly those experienced by nonhegemonic groups.  

Conceptual stage: The construction of the concept of contemporary global urban scenarios embodies a 
cognitive attribute influenced by empirical learning and perception. Ephemerality, permanency, and cyclical 
processes are integral parts to a conceptual trajectory that should lead any debate about them. 
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Neighborhood Sustainability Assessment Tools (NSATs) have played a important role in designing 
of sustainable neighborhood and the implementation of global sustainability goals over the past 
two decades. To clarify the research trends and future research directions of NSATs, this paper 
conducts a systematic review of 200 articles from the Web of Science and Scopus databases, using 
both quantitative and qualitative analysis methods. The Knowledge Map of keywords clusters from 
bibliometric analysis indicates that early studies mainly focused on the typical NSATs, especially 
LEED ND, while recent studies have increasingly paid attention to NSATs in developing countries. 
The qualitative analysis reveals four main research topics: (1) the development path of NSATs; (2) 
the comparative analysis and optimization of NSATs; (3) the correlation between NSATs and 
sustainability; (4) the application of NSATs. And it identifies several persistent challenges, including 
insufficient digital integration as well as inadequate local adaptability. In order to optimize NSATs, 
this study proposes two research directions for the future: (a) Integrating digital technologies to 
enhance alignment with the Sustainable Development Goals (SDGs); (b) Optimizing indicators and 
frameworks based on different regions to expand their applicability in various countries. The 
findings provide a solid foundation for advancing NSATs and guiding the development of more 
adaptive, evidence-based sustainability assessment tools. 

 

Neighborhood Sustainability Assessment Tools, Systematic Review, the Sustainable Development 
Goals, Future Research Directions 

 

Sustainable development has become the mainstream under the background of carbon neutrality and 

climate change. As the fundamental unit of cities, neighbourhoods play a important role in achieving urban 

sustainability. No single city can contribute to overall sustainability if its own component parts are found 

not to be sustainable(Choguill, 2008). Therefore, Neighborhood Sustainability Assessment Tools (NSATs) 

have gained increasing attention in the past two decades(Shari, Dawodu and Cheshmehzangi, 2021). 
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Nowadays, more than 40 NSATs are available in the global, with representative examples including LEED 

ND in the U.S., BREEAM Communities in the U.K., CASBEE UD in Japan, and DGNB UD in Germany (Shari, 

Dawodu and Cheshmehzangi, 2021).Scholars have conducted reviews to clarify the origin, classification, 

evolution, structure, and application of NSATs(Sharifi and Murayama, 2013; Ameen, Mourshed and Li, 

2015; Wangel et al., 2016; Tam et al., 2018; Kaur and Garg, 2019; Pedro et al., 2019; Grazieschi, Asdrubali 

and Guattari, 2020; Sharifi, Dawodu and Cheshmehzangi, 2021; Dawodu et al., 2022; Khatibi, Khaidzir and 

Mahdzar, 2023). However, it is found that the previous studies still present several limitations. In terms of 

content, previous studies have focused on the tools themselves, with limited attention to scholarly 

perspectives. Furthermore, the comparative analysis adopted by the previous studies is less pay attention 

to the NSATs from developing countries due to the consideration of maturity and application(Sharifi and 

Murayama, 2013), which means the existing research lacks a global perspective. In terms of method, there 

are few literature reviews that use quantitative analysis. Nevertheless, it is necessary to increase the use 

of quantitative analysis in NSATs research. Sharifi and Murayama (2013)found that the accuracy of research 

results of NSATs is limited by the use of qualitative research methods after measuring 117 papers. 

Grazieschi, Asdrubali and Guattari (2020)also used literature metrology and cluster analysis to track the 

concept changes of in the concept of sustainability over different periods, which is conducive to the 

development of NSATs.  

This study aims to review the trend and clarify future research directions of NSATs over the past two 

decades by using quantitative and qualitative analysis method. Therefore, the structure is as follows: 

Section 2 introduces the research methodology and data sources; Section 3 presents the Knowledge Map 

by using VOS viewer; Section 4 provides a systematic review of key research themes and related findings; 

Section 5 and 6 concludes with the findings, future directions and limitations of this study. 

 

491



 

 

This study adopts an integrated approach that combines quantitative bibliometric analysis and qualitative 

content analysis. Quantitative bibliometric analysis was conducted using VOSviewer to draw the 

Knowledge Map of keywords clusters and identify research trends of NSATs research from 2000 to 2025. 

Subsequently, qualitative content analysis was used to systematically reveal research themes and trends.  

According to Komeily and Srinivasan (2015), NSATs has other variant names in previous studies, including 

urban community assessment tools, district sustainability assessment tools, neighborhood sustainability 

rating tools, sustainable community rating tools and so on. Considering this situation, this study also review 

literature related to variant names above. 

The literature search followed the PRISMA guidelines and was conducted through the Web of Science and 

Scopus databases (Figure.1), using keywords related to Neighborhood Sustainability Assessment Tools and 

other variant names. The literature search covered publications from 2000 to 2025 (until September 1, 

2025) and was limited to English-language sources. The initial search had 684 records, which were reduced 

to 571 after removing duplicates. Following title and abstract screening, 239 articles remained. After full-

text review and team consensus, 200 articles were selected as the final data for this study. 

 

In order to show the research direction more clearly, this study uses VOSviewer to carry out bibliometric 

analysis and generate Knowledge Map of keywords clusters (Figure.2), in which items with the same color 

belong to the same cluster. The four-color clusters in the Knowledge Map respectively show the four 

mainstream directions of NSATs research, covering the entire process from tool development to 

application. 

Cluster1 includes keywords such as sustainability, neighborhood, urban planning, urban area, project 

assessment, case study, economic and social effects, policy making, quality of life, etc. This indicates that 

the research focuses on the application of NSATs in urban environments, especially the economic and social 

sustainability of practical projects. 

Cluster2 includes keywords such as urban sustainability, sustainability assessment, indicators, sustainable 

development and sustainable neighborhood, GIS, spatial analysis, etc. This indicates that the research 

focuses on the relationship between assessment indicators and sustainability dimensions, while also 

attempting to use new spatial analysis tools in the assessment process. 

Cluster3 includes keywords such as LEED ND, BREEAM Communities, CASBEE UD, comparative analysis, 

sustainability assessment tools and development projects, etc. This indicates that the research focuses on 

NSATs of the U.S., the U.K., and Japan through comparative analysis. Furthermore, it also explores the 

practical application of three NSATs above. 

Cluster4 includes keywords such as assessment tools, climate change, environmental design, green 

buildings and environmental assessment, energy, greenhouse gases, carbon, eco-design, etc. This indicates 

that the research focuses on environmental sustainability, and paying attention to the practical utility for 

green buildings, energy efficiency and carbon emission. 
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The Knowledge Map of average publication year for keywords was generated using the overlay view in VOS 

viewer (Figure.3). The analysis shows that early studies mainly focused on LEED ND, energy and green 

buildings. As time went by, the research focus shifted to evaluation indicators, sustainability, BREEAM 

Communities and comparative analysis. In recent years, the the United Nations Sustainable Development 

Goals (UN SDGs), case studies, developing countries, the social dimension, the social sustainability, social 

economic effect and other keywords are highlighted. 

The changes in research focus during different stage reflect three trends in the NSATs research. In terms 

of research subjects, the scope has expanded from developed countries to covering developing countries. 

In terms of research methods, there has been a shift from the comparative analysis of indicators to case 

study method in recent. In terms of research content, early studies mainly focused on environmental 

sustainability, while recent studies have demonstrated a deeper alignment with the UN SDGs and have 

paid more attention to the economic and social dimensions of sustainability. 

Based on the results of bibliometric analysis, this study summarizes four topics of NSATs research: 1. 

Introductory study: focusing on the introduction and development of NSATs; 2. Comparative study: 

exploring the optimization direction by comparing different NSATs; 3. Relevance study: investigating the 

correlation between NSATs and sustainability; 4. Application study: analyzing the effectiveness and 

limitations of NSATs in practical application. 
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NSATs has evolved from the SBATs, and its application scope has gradually expanded to a broader urban 

scale. Early research mainly focused on NSATs developed by leading institutions such as the U.S. Green 

Building Council, the Building Research Establishment of the United Kingdom, and the Germany Sustainable 

Building Council. For example, Murakami et al. (2007)described CASBEE-UD in detail, which became earliest 

systematic explorations in NSATs research. 

With the global promotion of these typical NSATs, related research has gradually focused on developing 

new assessment tools for specific community backgrounds(Asaad et al., 2024b). This type of research 

focuses on how to develop an effective assessment framework, with a particular emphasis on sustainability 

models, including the selection of indicators and methods(Li et al., 2024).The choice of a sustainability 

model determines the assessment dimensions embedded in NSATs. Commonly adopted frameworks 

include the triple bottom line model(Reith and Orova, 2015), the quadruple bottom line model (Dawodu, 

Cheshmehzangi and Akinwolemiwa, 2018), the five-capital model (Subramanian et al., 2021), and the 

pentagonal model(Kumar, Bhaumik and Banerji, 2021). These models provide conceptual guidance for 

indicator selection and weighting. The indicator selection of NSATs adopts a combination of top-down and 

bottom-up methods. The top-down method is based on expert evaluation and screens out core indicators 

from typical NSATs(Dawodu, Cheshmehzangi and Williams, 2019). The bottom-up method screens 
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indicators through public participation, reflecting the social inclusiveness and regional 

adaptability(Mattarozzi and Antonini, 2011). 

In the development of framework and indicators weights of NSATs, existing literature has mentioned the 

Delphi expert consultation method(Lee and Lee, 2020). To enhance the effectiveness of NSATs, previous 

studies combined Delphi expert consultation with objective mathematical modelling methods. Guided by 

sustainability models and expert consultation, the framework is established through a screening process 

firstly (Renthlei and George, 2025). The indicators weights are then derived using mathematical models, 

resulting in a quantifiable NSAT(Sharif et al., 2022). 

Meanwhile, researchers began to explore the optimization of existing NSATs by the scoring expression. The 

first way is to use multidimensional radar chart to express scores, and to improve the effectiveness of 

NSATs by presenting the advantages and disadvantages in different sustainable dimensions (Vandevyvere, 

2011; Vandevyvere, 2013). The second way is to integrate digital technology tools into the existing NSATs, 

such as collecting the scores based on GIS and presenting the sustainability performance of different 

communities in maps (Pedro, Silva and Pinheiro, 2018; Yunda, 2019; Orozco-Messana, Iborra-Lucas and 

Calabuig-Moreno, 2021; Abastante and Gaballo, 2022) 

 

Comparative study on NSATs aims to clarify their advantages and limitations by systematically analysing 

existing indicators and frameworks. Early studies primarily compared the structure of rating systems. Gil 

and Duarte (2010) categorized the structure of NSATs into a pyramid model composed of dimensions, 

issues, criteria, indicators, and benchmarks. Later, Wangel et al. (2016)refined this model by linking the 

four levels of NSATs (labels, categories, issues, and indicators) with corresponding weights and scores. With 

the increasing abundance of research results, recent studies have focused more on the comprehensive 

application of comparative analysis in review. For example, Grazieschi, Asdrubali and Guattari (2020) 

pointed out that energy transition and climate change are the two core issues that shape the research 

pattern of NSATs through bibliometric analysis. Shari, Dawodu and Cheshmehzangi (2021); Sharifi, Dawodu 

and Cheshmehzangi (2021) summarized nine key limitations and two success factors of NSATs, and pointed 

out the optimization for future. 

Indicators are the main issue of NSATs. Comparative studies of indicators can provide important insights 

for optimisation of NSATs. Brodie et al. (2013); Marique (2015); Gouda and Masoumi (2017)evaluated the 

accessibility and connectivity of communities by comparing transportation indicators of NSATs. Zhang et 

al. (2019)proposed strategies to enhance urban energy performance by examining the renewable energy 

indicators in NSATs. Yoon and Park (2015)identified the optimization direction by analysing material 

indicators in NSATs of various countries. In recently, comparative studies has expanded to thematic levels. 

Diaz-Sarachaga and Jato-Espino (2019)compared the resilience indicators of NSATs with urban resilience 

assessment tools. Aguiar Borges, Hammami and Wangel (2020)examined the heritage protection indicators 

from LEED ND and BREEAM Communities. Dawodu, Cheshmehzangi and Sharifi (2021); Dawodu et al. 

(2021)systematically reviewed community participation and institutional indicators in NSAT. These studies 

all reveal the shortcomings of existing NSATs in resilience, heritage protection and institutional inclusivity. 

Comparative study was also conducted in the analysis of case studies. The global adoption of NSATs could 

be identified by comparing the certified projects, including their number, certification levels, and 

geographical distribution. Sharifi and Murayama (2014)used the cross-cases comparative method to 

compare certification projects from LEED ND, BREEAM Communities and CASBEE UD, which points out that 
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none of the above NSATs fully reflect comprehensive sustainability, highlighting the need for a more 

integrated assessment framework. 

NSATs established an indicator framework that reflects multiple sustainability dimensions, which guides 

communities towards sustainable development. The indicators in NSATs could be summarized into 

environmental, social, economic, cultural and institutional dimensions, by analyzing the correction 

between the indicators and the sustainability dimensions. However, existing studies shows that the current 

NSATs generally emphasize environmental dimension indicators, and pay less attention on social, economic, 

institutional and cultural dimensions(Ameen, Mourshed and Li, 2015; Kaur and Garg, 2019; Elkamhawy, 

ElEashy and Elfiky, 2024). This imbalance reflects the environmental bias in NSATs, which make it difficult 

to reflect the status of well-being, governance and cultural identity of communities. Therefore, it has 

become an essential optimized direction to integrate social inclusiveness, institutional effectiveness and 

economic feasibility into NSATs in recent studies(Dawodu, Cheshmehzangi and Sharifi, 2021; Kumar and 

Banerji, 2022; Xie et al., 2022). 

The relevance between NSATs and the UN SDGs also reflects its effectiveness for sustainable communities. 

LEED for Cities and Communities, BREEAM Communities and DGNB UD have successively benchmarked 

against with the UN SDGs framework to enhance the international promotion of NSATs(BRE, 2017; DGNB, 

2020; USGBC, 2020). Based on this, {ŀƛǳΣ .ƭŜőƛŏ ŀƴŘ aŜƭƻƴƛ όнлннύ proposed a cross-analysis method to 

evaluate the contribution of NSATs to the UN SDGs. This method identifies the indicators in NSATs that 

promote the UN SDGs and converts to contribution values to different SDGs based on the weights of 

indicators. It shows that the current NSATs significantly support SDG 11 and SDG 13, while have relatively 

weak connections in related goals such as social well-being, fairness and institutional governance. How to 

transform the UN SDGs into indicators to guide community planning and integrate them into NSATs 

remains to be further explored({ŀƛǳΣ .ƭŜőƛŏ ŀƴŘ aŜƭƻƴƛΣ нлнн). 

The application of NSATs in different contexts not only demonstrates its potential but also exposes its 

limitations. Since NSATs were initially developed based on specific social environment and climate 

conditions, when they are directly applied to different regions, it often indicates adaptive barriers, such as 

differences in climate, resource, governance and cultural, which may lead to the disconnection between 

NSATs and local environment. In practical applications, common challenges include the misalignment of 

sustainability, the limited responsiveness to some indicators, and the difficulty for typical NSATs to address 

the development needs of developing countries(DOUSSARD, 2017; Gouda and Masoumi, 2018; Dang et al., 

2020).Therefore, scholars advocate the development of localized NSATs(Li et al., 2024; Renthlei and 

George, 2025). For example, Sharifi and Murayama (2015)proposed to reconstruct the indicator database 

through public participatory processes, enabling local stakeholders to screen indicators and integrate social 

utility value into the framework of NSATs. 

In addition to context adaptation, the effectiveness of NSATs for community planning is increasingly being 

recognized(Asaad et al., 2024a). NSATs helps embed sustainability into design process and guides planners 

to make decisions. Jensen, Bjerre and Mansfeldt (2016)pointed out that compared with traditional 

planning methods that rely on visual or conceptual approaches, planning based on NSATs can give rise to 

more refined sustainable solutions. Although the application of NSATs cannot cover all process of 

designing, it could provide valuable sustainability reference benchmarks at the conceptual stage. ²ƘŀǘΩǎ 
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more, NSATs could also be used to assess how urban form guidelines drive the sustainable development 

of communities. For example, after using LEED ND to evaluate several communities in Hong Kong, Zhang 

(2022)found that urban form design criteria had limitations in guiding community site selection and green 

community construction. Comparing to traditional land use planning, NSATs can also be combined with 

urban form design criteria, and indicators can be linked to urban form design parameters through urban 

typology, such as road network density, connectivity, diversity, spatial distribution, and so on(Garde, 2018). 

Although the existing NSATs have established relevant indicators for public participation, the effectiveness 

has not yet been fully exerted. Due to the top-down expert evaluation logic in the development of some 

NSATs, the dimension of public participation has not received substantial attention. To address the 

limitations of NSATs in promoting public participation and municipal governance, recent studies have 

proposed several paths for improvement. On the one hand, the assessment process can be enhanced by 

integrating field investigation (IƻǊƎŀƴ ŀƴŘ 5ƛƳƛǘǊƛƧŜǾƛŏΣ нлмф) This approach enables the identification of 

challenges in community sustainable development by collecting public opinion, which in turn clarifies 

optimization directions. On the other hand, elements such as governance mechanisms, decision-making 

processes, and institutional designs can be embedded into the original NSATs framework, which could 

ensure a balanced relationship among the four sustainability pillars by assigning weight of public 

participation indicators(Dawodu, Cheshmehzangi and Sharifi, 2021). 

 :

Future research should promote the deep integration of theory and application, so as to further improve 

the applicability of NSATs on a global scale. 

In terms of theory and methodology, the new generation of NSATs should particularly focus on aligning 

with the quantitative indicators from the UN SDGs (Saiu et al., 2024). Meanwhile, NSATs could integrate 

technical tools and investigate possibilities of intelligent tools such as digital twins and large language 

models in dynamic assessment (Lami and Abastante, 2025). These efforts would contribute to the 

optimization of framework that holistically balance environmental sustainability, social inclusivity, 

economic feasibility, and governance effectiveness.  

In terms of practice and application, future research of NSATs should bridge the gap between theory and 

implementation. On the one hand, institutions need to verify the effectiveness of different NSATs in real 

scenarios, especially in developing countries, through cross-national case comparisons. On the other hand, 

institutions should promote the localization adaptation of NSATs on the basis of fully considering regional 

characteristics(Li et al., 2024; Renthlei and George, 2025). Moreover, integrating application feedback into 

the iteration of NSATs is also very important by establishing a dynamic optimization mechanism. 

 

This study systematically reviews 200 literatures on neighborhood sustainability assessment tools selected 

from the Web of Science and Scopus databases from 2000 to 2025, by using quantitative and qualitative 

analysis methods. Bibliometric analysis indicates that early studies mainly focused on the comparative 

analysis between LEED ND and other typical NSATs, while recent studies have increasingly paid attention 

to NSATs in developing countries and begun to focus on issues related to economic, social and sustainable 

development goals.Qualitative analysis reveals four topics: (1) the introduction and development of NSATs; 

(2) the comparative analysis and optimization of NSATs; (3) the correlation between NSATs and 
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sustainability; (4) the application of NSATs. Overall, a relatively systematic study of NSATs has been 

established, but most research still focuses on typical NSATs, especially LEED ND. In order to optimize the 

NSATs, this study proposes two research directions for the future: (a) Integrating digital technologies to 

enhance alignment with the Sustainable Development Goals (SDGs); (b) Optimizing indicators and 

frameworks based on different regions to expand their applicability in various countries.  

With the ongoing progress of global urban sustainability, topics such as digital twin, health, carbon neutral 

and resilient city will continue to be integrated into the NSATs. Consequently, the research trends identified 

in this study need to evolve accordingly. Therefore, it is necessary to continuously pay attention to the 

development trends of NSATs, combine the latest research results, and thereby promote research in this 

field. 
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Abstract 

With China’s urbanisation rate set to reach 67.89% by 2025, urban development is shifting 
comprehensively from incremental expansion to the regeneration of existing stock. Faced with the 
tension between tight constraints on land resources and the demand for high-quality development, 
traditional, one-dimensional evaluation systems are ill-suited to the complex governance 
requirements of urban regeneration. In August 2025, the Shanghai Municipal Bureau of Planning 
and Natural Resources issued the ‘Guiding Opinions on Deepening the “Three Professionals” Joint 
Creation Mechanism to Promote High-Quality Urban Renewal (2025 Edition)’, which incorporated 
the division of responsibilities and coordination mechanisms for the responsible planner, 
responsible architect and responsible evaluator into a statutory framework. For this framework, 
the responsible evaluator is entrusted with the core functions of ‘comprehensive value assessment’ 
and ‘comprehensive balancing kinds of stakeholder interests’. 
Taking this policy as its starting point, this study has constructed a “3+D” multi-objective 
comprehensive value assessment framework—centred on three core dimensions (economic, social 
and ecological), supplemented by characteristic indicators (D) to the specific features of each 
renewal unit. The framework includes three dimensions, nine primary indicators and 20 secondary 
indicators. It proposes differentiated indicator configurations for six categories of renewal units—
comprehensive district revitalisation, enhancement of residential environment quality, 
optimisation of public space facilities, reinstatement of historical character and charm, quality 
improvement and efficiency enhancement of industrial parks, revitalisation of commercial and 
business dynamism—and clarifies the application pathways for these indicators across the various 
stages of renewal unit planning, implementation, construction and monitoring and evaluation. To 
provide responsible assessors with a practical and scientific evaluation tool, supporting the 
transition of urban renewal from ‘experience-based decision-making’ to ‘evidence-based decision-
making’, whilst offering methodological guidance for the renewal of existing stock in other high-
density urban built-up areas. 
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1. Introduction  
Data from UN-Habitat indicates that over half of the world's population resides in cities (by 2021, urban 
dwellers accounted for 56% of the global population). Sustainable urbanisation and sustainable human 
settlements development are the key pathways for achieving SDGs and form one of the core elements of 
the New Urban Agenda. 

 China's urbanisation rate reached 67.89% in 2025 (National Bureau of Statistics, 2025). As the phase of 
rapid urbanisation draws to a close, the renewal of existing urban stock has become core to China’s urban 
development agenda. With the implementation of the strategy to “promote high-quality urban renewal”, 
the governance framework for urban renewal is experiencing a profound shift from a project-oriented 
model towards a holistic, regionally coordinated model. 

 Shanghai, one of the world's ten most populous cities, has shifted its urban renewal approach from “large-
scale demolition and construction” to “organic renewal” due to spatial resource constraints, livelihood 
security needs, conflicts between conservation and development, and economic transformation pressures. 
As Shanghai enters “Urban Renewal 4.0”, the tension between space limitation and social equity has 
intensified. Over the past three years, Shanghai has issued more than 40 policy documents related to urban 
renewal. In 2023, Shanghai formally introduced the “Three Professions Joint Creation” mechanism 
(responsible planners, responsible architects, and responsible evaluators). In 2025, Shanghai issued the 
‘Guiding Opinions on Deepening the “Three Professionals” Joint Creation Mechanism to Promote High-
Quality Urban Renewal (2025 Edition)’, which further clarified the duties and responsibilities of the 
responsibility assessor within the “Three Professions Joint Creation” framework, placing particular 
emphasis on “comprehensive value assessment” and “comprehensive balancing kinds of stakeholder 
interests”. 

 
Figure 1. Schematic of global urbanization rates. Source: Adapted from online materials. Website address
https://www.163.com/dy/article/F70FIRDT05149666.html. 
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Figure 2. Schematic of China's urbanization rates. Source: Adapted from online materials. Website address
https://m.thepaper.cn/baijiahao_6349574 

Building upon Shanghai’s explorations of the ‘Three Professional Joint Creation’ mechanism, the 
development of a multi-objective evaluation system for urban renewal has become a key issue in this field. 
To provide a more scientific and operational basis for decision-making in urban renewal practices, and to 
further urban renewal towards high-quality and sustainable development. 

 
Figure 3. Schematic of Shanghai's “Three Professions Joint Creation” Initiative. Source: Adapted from online 
materials. Website address
https://ghzyj.sh.gov.cn/gzdt/20240522/8c1d00e7e47442d484536f2ab6ec550d.html. 

Accordingly, this paper proposes to construct a multi-objective evaluation framework for urban renewal in 
China. Taking Shanghai’s “Three Professions Joint Creation” comprehensive value assessment practice as a 
starting point, the research focuses on such as framework development, indicator selection, weighting, 
and evaluation results. For providing methodological support for the sustainable advancement of urban 
renewal. 
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2. Methodology 
2.1. Research approach 

Firstly, literature review. Literature was sourced from CNKI and Wanfang databases alongside official policy 
documents. The review identified structural gaps in existing urban renewal assessment frameworks, 
particularly regarding multi-objective integration and unit-level operationalisation. By studying the latest 
research in urban renewal and conducting selective reading, we identified essential materials of this field 
for study. 

Secondly, case studies. We have reviewed representative urban renewal projects both domestically and 
internationally, paying attention to cases that have been completed and have entered a stable operational 
phase. Combining field research, literature review and expert interviews, we have systematically 
summarised and conducted comparative analysis of relevant experiences, distilling key insights of practical 
value. 

Then, we conducted value analysis. Value analysis—particularly comprehensive value analysis—in 
determining the feasibility of urban renewal, assessing controllable risks. The analysis covers three 
dimensions: economic balance analysis, value analysis at different points in time, and multi-objective 
comprehensive analysis. 

2.2. Theoretical framework 

This study takes Shanghai's “Three Professions Joint Creation” mechanism for urban renewal as its entry 
point, introducing sustainable urbanisation principles into an operationalised comprehensive value 
assessment for urban renewal. 

Supported by three key dimensions—economy, society and ecology, this study establishes an evaluation 
framework. It provides an assessment tool for enhancing urban liveability, social equity, ecological 
resilience. Responding to the ‘Cities in Action’ initiative. 

3. Multi-Objective Evaluation Method for Urban Renewal 
3.1. Method Path 

In accordance with national and Shanghai municipal urban renewal policy documents, and drawing upon 
Shanghai's pilot cases by architects, engineers and planners in urban renewal, this study takes a 
methodology for multi-objective integrated value assessment. Building upon the indicator approach, this 
method consolidates disparate metrics into a framework, assigning weights to express the relative 
importance and influence of each indicator within the overall evaluation structure. This yields an intuitive, 
unified assessment standard. The comprehensive evaluation method exports a more intuitive overall 
assessment through quantitative comparisons of individual indicators and the aggregation of 
comprehensive evaluation scores. 

Specifically including: 

(1) Establish evaluation objectives Multi-Objective Evaluation Methods for Urban Renewal. 

(2) Analysis of System Elements of the Evaluation SubjectɺBased on Shanghai's urban renewal policy 
documents (2025 Edition) and case studies of urban renewal units, a ‘3+D’ evaluation framework 
centred on ‘Economy-Society-Ecology’ has been established. 
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(3) Establish an evaluation indicator system. This proposal presents a library of optional evaluation 
indicators, which may be selected according to the characteristics of the urban renewal unit. 

(4) Collect indicator data. Select and gather the relevant indicators based on the criteria, and perform 
dimensionless processing on indicator data with different measurement units. 

(5) Conduct a comprehensive evaluation. Evaluate and calculate the processed indicator data to derive a 
comprehensive evaluation score. 

The specific evaluation method employs a weighted summation approach, with the calculation 
formula as follows: 

i

n

i
iQWF 

=

=
1

 

F denotes the composite value score  represents the weighting of the i-th evaluation factor

 denotes the quantified value of the descriptive grade for the i-th evaluation factor n denotes 
the number of evaluation factors  n=1  2 …… ɺ 

3.2. Determination of Evaluation Dimensions 

In accordance with the requirements of Shanghai's urban renewal policy documents and the practical 
needs of the city's “Three Professions Joint Creation” initiative, a ‘3+D’ evaluation framework is hereby 
proposed.  

3  refers to the three aspects required by the policy: Economy, Society, Ecology. Corresponding to High-
quality economic development, Social well-being, Ecological sustainability. 

D  denotes the characteristic metric for update units with distinct features. 

 
Figure 5. “3+D” Evaluation Framework System. Source: Illustrated by the author. 

3.3. Evaluation Indicator System 

Within the ‘3+D’ framework, an integrated evaluation indicator repository shall be established by 
synthesising relevant urban renewal metrics and practical case studies, thereby providing a selection of 
assessment tools. Including the United Nations Sustainable Development Goals, the Salerno Urban 
Regeneration Economic Assessment (Italy), China's Urban SDG framework, Hong Kong's Sustainable Urban 
Regeneration Assessment, and related evaluation systems, as well as the E Beautiful China Construction 
Evaluation Indicator System and Implementation PlanE  (2020), the Quality City Evaluation Indicator System 
for New Urbanisation (GB/T 39497-2020), the Comprehensive Evaluation Indicator System and Calculation 
Method for Urban Ecosystems (GB/T 43235-2023), and the Shanghai Green Development Indicator System 
(2018). 
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Figure 6. Partial illustration of the basis for reference indicators. Source: Illustrated by the author. 

Additionally, a comprehensive indicator system encompassing three dimensions—economic, social, and 
ecological—has been established. The sub-indicator systems for each dimension are as follows. 

Evaluation 
Dimensions Guidance Evaluation 

weighting 
Primary 
Indicator 

Secondar
y 
Indicator 

Indicator 
Calculation 

Ideal 
Indicator 
Value 

Indicator Description Indicator 
Source 

Economy 

High-
Quality 
Economic 
Develop
ment. 
The pre-
assessme
nt phase 
is guided 
by high-
quality 
economic 
developm
ent, 
forecastin
g the 
potential 
economic 
impact of 
the 
renewal 
scheme 
on the 
renewal 
unit. 

0.25 
- 
0.50 

Innovatio
n-driven 
quality 
enhance
ment 

Energy 
consumpt
ion per 
ten 
thousand 
yuan of 
GDP 

Comprehensi
ve energy 
consumption 
per ten 
thousand 
yuan of GDP 
(tonnes of 
standard 
coal 
equivalent/t
en thousand 
yuan) 

Measuring the energy 
consumption per ten thousand 
yuan of regional GDP to evaluate 
innovation performance 

Innovative 
City 
Innovation 
Capacity 
Evaluation 
Indicator 
System 

Investme
nt 
efficiency 
(return 
on 
investme
nt) 

New 
Economic 
Output 
(Output 
Value or Tax 
Revenue) 
After the 
Upgrade ö 
Total 
Investment 
Before the 
Upgrade and 
Renovation 
Ö 100% 

Return on Investment = 
(Incremental economic output 
post-upgrade (output value or 
tax revenue) ö Total pre-upgrade
investment and refurbishment 
expenditure) Ö 100% This metric 
quantifies the ratio of projected 
economic benefits post-upgrade 
(e.g., additional commercial tax 
revenue, enterprise attraction 
effects) to investment costs, as 
forecasted through scheme 
planning. 

Measuring 
Investment 
Performanc
e Indicators 
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Business 
model 
upgradin
g 

Introducti
on to 
Strategic 
Emerging 
Industries 

Marking 

The introduction of emerging 
industries and their scale 
through comprehensive updates, 
such as high-tech industries and 
cultural and creative industries, 
will drive the optimisation of the 
regional economic structure. 

Expected 
Job 
Creation 

Marking  

Expected Employment 
Contribution Rate = Forecasted 
New Employment / Existing 
Employment Base Ö 100%  

Employme
nt 
contributio
n forecast 

Develop
ment 
potential 

Tax 
Revenue 
Enhance
ment 

Tax Revenue 
Increase 
Before and 
After the 
Upgrade 

The extent of economic growth 
within the region and the 
resulting increase in tax revenue 

Planning 
for land 
value 
appreciati
on 
potential 

Projected increases in the 
market value of land and 
buildings within the area 
following the update, reflecting 
economic benefits. 

Figure 9. Series of indicators for Economic Dimension. Source: Compiled by the author. 

Evaluation 
Dimensions Guidance Evaluation 

weighting 
Primary 
Indicator 

Secondar
y 
Indicator 

Indicator 
Calculation 

Ideal 
Indicator 
Value 

Indicator Description Indicator Source 

Society 

Social 
Well-
being. 
Prelimina
ry 
assessme
nt 
focuses 
on the 
renewal 
proposals
' aspects 
concernin
g social 
security, 
welfare, 
and 
prosperit
y 

0.25 
- 
0.50 

Social 
security 

Municipal
infrastruc
ture 
quality 
complian
ce rate 

Municipal 
infrastructur
e meeting 
standards ö 
Total supply 
volume 

Higher-
level 
planning 
requireme
nts 

Compliance rate ö Total 
supply 

Housing 
Quality 
Improve
ment 
Rate 

(Area of old 
and 
dilapidated 
housing 
undergoing 
renovation 
or 
demolition 
and 
reconstructio
n) ö Area of 
housing 
requiring 
renewal Ö 
100% 

100% 

The proportion of 
dilapidated housing, 
hazardous dwellings 
undergoing renovation, and 
demolition-reconstruction 
projects within areas 
requiring renewal. This 
encompasses the 
refurbishment and 
reinforcement of ageing 
residential estates, as well 
as the refurbishment of 
hazardous dwellings. 

Shanghai and 
Shenzhen Urban 
Renewal 

Social 
welfare 

Coverage 
rate of 

15-minute 
living circle 100% In accordance with the 15-

minute neighbourhood 
Urban 
Residential Area 
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public 
service 
facilities 

facilities 
coverage 

living circle service facilities, 
the coverage within the 
renewal unit shall include 
educational facilities, 
healthcare facilities, cultural
and sports facilities, and so 
forth. 

Planning and 
Design Standards 
GB50180-2018 
Shanghai 
Municipal 
Control Detailed 
Planning 
Outcomes 
Specification 
(2020 Trial 
Version) 

Increased 
road 
network 
density 

Length of 
urban roads 
ö Area of 
renewal unit 

Higher-
level 
planning 
requireme
nts 

Length of urban roads / 
Area of renewal unit 

Master Planning: 
Shanghai Master 
Plan 2035, etc. 

Social 
prosperit
y 

Commuti
ng 
distance 
index 

Employment 
within the 
unit: 
Resident 
population 
within the 
unit 

Experience 
value: 
Internation
ally, the 
standard 
range is 
0.8Ɋ1.2; 
domesticall
y, it is 0.6Ɋ
0.8. 

Ratio of employed persons 
to resident population 
within the unit 

Per capita
living 
space 

fixed value ˆ40m2 Per capita living space has 
increased. 

Shanghai Urban 
Renewal 

Historic 
Building 
Preservat
ion Rate 

Historical 
and Cultural 
Heritage 
Sites 

The proportion of 
designated historical and 
cultural conservation 
objects (such as historic 
buildings and old 
neighbourhoods) within the 
renewal unit reflects its 
capacity for preserving 
cultural continuity. 

In accordance 
with the 
Shanghai 
Historical and 
Cultural City 
Conservation 
Plan and the 
requirements of 
the cultural 
heritage 
protection 
authorities 

Figure 10. Series of indicators for Social Dimension. Source: Compiled by the author. 

Evaluation 
Dimensions Guidance Evaluation 

weighting 
Primary 
Indicator 

Secondar
y 
Indicator 

Indicator 
Calculation 

Ideal 
Indicator 
Value 

Indicator Description Indicator Source

Ecology 

Ecologica
l 
Sustainab
ility. 

0.25 
- 
0.50 

Green 
energy 
efficiency 

Proportio
n of 
green 
buildings 

Total green 
building area 
ö Total 
building area 

Increase the proportion of 
green buildings within the 
development area, including 
structures employing energy-
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The 
prelimina
ry 
assessme
nt shall 
focus on 
the 
forward-
looking 
design of 
the 
renewal 
plan in 
terms of 
energy 
efficiency,
resilience
, and 
environm
ental 
considera
tions. 

efficient and environmentally 
friendly materials. 

Building 
Energy 
Efficiency 
and 
Energy 
Conserva
tion 
Measures 

  

Assess the energy efficiency 
levels of newly constructed or
refurbished commercial 
buildings, including energy 
consumption and energy-
saving measures. 

Shanghai's Jin 
Mao Tower has 
effectively 
reduced energy 
consumption 
through its 
green building 
design. 

Ecological 
resilience 

Sponge 
City 
Facilities 
Coverage 

Sponge city 
facility 
coverage 
area ö 
Renewal unit 
area Ö 100% 

Permeable paving, rain 
gardens, stormwater 
management and harvesting, 
low-impact development, etc. 

Increase 
rate of 
green 
space 
area 

Higher-
level 
planning 
requireme
nts 

Update on the increase in 
green space within the area. 

Shanghai Urban 
Greening Plan 
and Ecological 
Environment 
Enhancement 
Requirements 

Environm
ental 
optimisat
ion 

Expected 
Improve
ment in 
Air 
Quality 

Higher-
level 
planning 
requireme
nts 

Air quality improvement rate 
= (Predicted concentration 
before update ҍ Predicted 
concentration after update) 
ö Predicted concentration 

before update Ö 100% 

Shanghai Urban 
Greening Plan; 
Shanghai Urban 
Park 
Construction 
Standards 

Expected 
Improve
ment in 
Water 
Environm
ent 
Quality 

Higher-
level 
planning 
requireme
nts 

The predicted water quality 
improvement effects in the 
updated plan 

The Shanghai 
Environmental 
Protection Law; 
The Shanghai 
Pollution Source 
Control 
Standards 

Expected 
Noise 
Improve
ment 

Higher-
level 
planning 
requireme
nts 

Predicting the effectiveness 
of noise environment 
improvements in the update 
plan 

Figure 11. Series of indicators for Ecological Dimension. Source: Compiled by the author. 

3.4. Proposed Classification of Urban Renewal Units 

Drawing upon Shanghai's classification system for urban renewal, such initiatives may be categorised into 
six distinct types: Comprehensive district revitalisation, Enhancement of residential environment quality, 
Optimisation of public space facilities, Reinstatement of historical character and charm, Quality 
improvement and efficiency enhancement of industrial parks, Revitalisation of commercial and business 
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dynamism. This document proposes indicator frameworks tailored to each renewal type, highlighting their 
respective focal points. 

Classification Focus Explanation 

Comprehensive district 
revitalisation 

Emphasis on holistic coordination of 
all elements 

Elevate development standards by 
coordinating urban renewal across 
comprehensive districts, with 
emphasis on holistic coordination of 
all elements. 

Enhancement of residential 
environment quality 

Focus on social and ecological 
dimensions, prioritising enhanced 
social well-being and ecological 
sustainability. 

Enhance public welfare by 
improving living environments and 
residential conditions to meet the 
people's growing aspirations for a 
better life. 

Optimisation of public space 
facilities 

Focus on ecological and social 
dimensions, prioritising ecological 
resilience, environmental 
optimisation, and social security 

Optimise functional quality through 
creating high-standard public spaces 
and upgrading infrastructure 
alongside public service facilities. 

Reinstatement of historical 
character and charm 

Concentration on social dimensions, 
emphasising social security and 
societal prosperity 

Strengthen conservation and 
heritage transmission by revitalising 
cultural assets and guiding the 
adaptive reuse of spatial carriers. 

Quality improvement and 
efficiency enhancement of 

industrial parks 

Focus on economic dimensions, 
emphasising innovation-driven 
quality enhancement and 
development potential 

Support industrial upgrading by 
enhancing the quality and efficiency 
of industrial parks, and driving the 
transformation, upgrading, and 
innovative development of existing 
industrial land. 

Revitalisation of commercial 
and business dynamism 

Focus on economic and social 
dimensions, emphasising innovation-
driven quality enhancement, 
business model upgrading, and social 
prosperity 

Revitalise existing resources to 
breathe new life into commercial 
and business districts, thereby 
radiating positive effects to 
surrounding areas. 

Figure 12. Urban Renewal Classification Guidance Diagram. Source: Compiled by the author. 

4. Conclusion  
The main contributions of this study include: 

First, the construction of a “3+D” multi-objective evaluation framework for sustainable urbanisation, 
clarifying the coordination mechanisms across the three core dimensions of economy, society and ecology, 
and aligning these with the responsibilities of the designated evaluation professionals under Shanghai’s 
2025 “Three-Professional Joint Creation” policy. 

Second, we established an urban renewal evaluation indicator system comprising 20 indicators, proposed 
differentiated indicator configurations for six categories of renewal units, and clarified recommendations 
for the application of evaluation indicators at each stage of renewal unit planning, implementation, 
construction, and monitoring and evaluation. 

Third, we proposed an operational pathway for the evaluation framework and embedded it within the 
“Three Professionals Joint Creation” working mechanism, providing responsible evaluators with a scientific 
evaluation tool. 
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Furthermore, the study has the following limitations: indicator weights were determined using the Delphi 
method, which introduces a degree of subjectivity; due to data confidentiality restrictions, this paper was 
unable to conduct independent empirical calculations for the “Three Professionals Joint Innovation” pilot 
units. Future research will combine data accumulated from the Shanghai Urban Renewal Information 
System with machine learning methods to optimise weight allocation, and will extend to comparative 
studies of other megacities in China to test the framework’s generalisability. 
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Against the backdrop of increasing climate pressure and ecological degradation, China is 
promoting Carbon Peaking and Carbon Neutrality targets at the same time as it’s implementing a 
nationwide rural revitalization strategy. Rural residential housing should support agriculture 
production and daily lives, so action on its quality improvement should be an important priority in 
the development. Yet emissions from new and existing housing in the countryside make a big 
contribution to rural carbon output. The tension between emission reduction and housing 
improving illustrates more deeprooted urban-rural resource flow imbalances. Disjointed planning 
has exacerbated inefficient land and material use, expanded spatial divides and underscored the 
necessary to decarbonise in a way that also improves quality of life in our country’s rural areas. 
As a result of uneven development and varying environmental conditions, the pattern of rural 
housing in China also varies. The current study focuses on the various factors that are considered 
while calculating the emission of carbon dioxide based on the results of field surveys carried out in 
the rural areas of China that are closely associated with urban areas. Machine learning methods 
group villages into four types: modernized, traditional-style, transitional, and extensive 
development villages, while correlation analysis of 14 housing and emission indicators clarifies 
inter-type differences and emission drivers. The primary aim is to provide evidence for the adaptive 
governance frameworks that bridge urban-rural divides in the context of planning to enable 
territorially differentiated pathways to carbon-neutral regional development, as well as spatial 
justice in the context of changing landscapes. The modernized village is the dominant form, with a 
greater concentration in Southeast China that gradually reduces towards the northwest. This 
research aims to contribute to regional planning by making connections between the built 
environment and carbon mitigation performance in urban-rural areas to demonstrate uneven 
capacity and future risk of carbon lock-in in the region. This research also aims to reveal housing 
vacancies as a key inefficiency in spatially utilizing resources. The research on rural housing in 
regional socio-ecological systems aims to provide evidence to support territorially differentiated 
pathways to carbon neutrality that are compatible with rural development. 

 

Spatial governance, Urban-rural integration, Sustainability 

The ongoing acceleration of urbanization in China has brought profound transformations to its vast rural 
landscape (Liu, Tan and Li, 2020). Within this process, the development of rural housing occupies a critical 
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position (Wu et al., 2023). It is fundamentally connected to the quality of life for a large population (Wang, 
2024), while simultaneously emerging as a significant factor for sustainable development and carbon 
emissions across the urban-rural spectrum (Zheng et al., 2025). The existing stock of rural buildings, 
substantial and continually expanding, represents a major conduit for energy and resource consumption 
throughout its entire lifecycle of construction, use, and renewal (Xu et al., 2024). 

However, the immense diversity of rural China presents a considerable challenge (Zhang and Li, 2022). 
Conditions vary dramatically from coastal to inland regions, and from peri-urban areas to remote villages 
(Padovani et al., 2021). Consequently, housing development patterns, prevailing issues, and associated 
carbon pathways differ greatly from one place to another (Baldwin et al., 2018). Applying uniform 
standards or one-size-fits-all policies often fails to account for local realities, potentially leading to 
inefficient or even counterproductive outcomes (Vercher, Bosworth and Esparcia, 2023). This context 
creates a pressing need for a more nuanced analytical framework (Ma et al., 2023). A productive approach 
involves categorizing the diverse realities of rural housing into a set of representative typologies. By doing 
so, the study can move beyond generalized discussion and instead examine the specific relationships 
between housing construction and carbon emissions for each distinct village type (Jiang, Li and Liu, 2022). 
This understanding is crucial for formulating targeted and practical strategies for low-carbon transitions 
that address the unique challenges and opportunities of different rural contexts (Wang et al., 2023). 

This study is based on field studies, with multi-sourced data covering 147 county-level administrative areas, 
spanning 26 regions, located in China. This study systematically examines the status quo of rural housing 
development from different perspectives, such as structural security, legal compliance, and functional 
modernization. It finds four main typologies, namely modernized, traditional-style, transitional, and 
extensive development villages. One important finding is that the main sources of carbon emissions differ 
greatly among these villages. Some villages' emissions are associated with the materials used for high-
standard structural reinforcement, while for other villages, they are associated with large-scale renovation 
activities. 

This understanding reinforces the main point that the promotion of the low-carbon transition of rural 
housing cannot rely on a single, one-size-fits-all strategy but rather requires a differentiated strategy based 
on typologies (Gao, Chen and Liu, 2024). The sections that follow will describe the characteristics and the 
carbon footprint of each typology identified. Based on the above findings, the study aims to derive policy 
recommendations and insights that can provide a scientific basis to promote the development of green 
and livable rural areas within the new urban-rural continuum in China. 

 

Modernized Villages MOV 
Traditional Style Villages TSV 
Transitional Villages TRV 
Extensive Development Villages EDV 
County Carbon Emission CCE 
CD Grade Dilapidated Rural House Renovation Ratio CDRR 
Rural House Seismic Standard Ratio RSSR 
Rural Low-income Dilapidated House Ratio LDRR 
New Rural House Cast-in-situ Ratio CISR 
Rural House Sanitary Toilet Ratio RSTR 
Rural House Independent Kitchen Ratio RIKR 
Rural House Hot Water Shower Ratio HWSR 
Rural House Energy-saving Ratio ESRR 
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Rural House Clean Energy Ratio CERR 
New Rural House Atlas Ratio NATR 
New Rural House Approval Ratio NAPR 
New Rural House Acceptance Ratio NACR 
Qualified Rural Construction Artisan Ratio QCAR 
Rural House Manager Ratio RHMR 

The empirical base of this research is rooted in a stratified design of random sampling that spans 147 
administrative counties in 26 regions that are diverse in terms of their geography and economy. This 
research design explicitly considers the following aspects of representativeness in the sampling frame: 
spatial heterogeneity that encompasses the range from the coastal plains to the mountainous hinterlands, 
developmental gradients that range from industrialized counties to agrarian-dominated districts, and 
policy implementation contexts that include both rural revitalization pilot zones and non-pilot areas. 

Data acquisition employed a multi-source integration approach, which included institutional reporting 
systems, field surveys, and geospatial imagery collection. Governmental datasets were systematically 
compiled through standardized templates, which included 14 basic indicators for rural construction 
performance. The first dimension is structural safety, which emphasizes the structural stability, seismic 
performance, and dilapidated house improvement of agricultural housing (Yanbo et al., 2021). This 
dimension comprises CD Grade Dilapidated Rural House Renovation Ratio (CDRR), Rural House Seismic 
Standard Ratio (RSSR), Rural Low-income Dilapidated House Ratio (LDRR), and New Rural House Cast-in-
situ Ratio (CISR). The second dimension is regulatory compliance, which is concerned with normative 
management in the construction and operation of agricultural housing. It includes New Rural House Atlas 
Ratio (NATR), New Rural House Approval Ratio (NAPR), New Rural House Acceptance Ratio (NACR), 
Qualified Rural Construction Artisan Ratio (QCAR), and Rural House Manager Ratio (RHMR). The third 
dimension is functional modernization, which is concerned with modernization in the living functions and 
green low-carbon transformation in agricultural housing (Niu et al., 2023). It includes Rural House Sanitary 
Toilet Ratio (RSTR), Rural House Independent Kitchen Ratio (RIKR), Rural House Hot Water Shower Ratio 
(HWSR), Rural House Energy-saving Ratio (ESRR), and Rural House Clean Energy Ratio (CERR). At the same 
time, structured questionnaires conducted among 6120 randomly selected households provided 
perceptual information on resident satisfaction levels, housing functionality, and community participation. 
The combined data set provides a unique link between macro-level outcomes of policy implementation 
and micro-level characteristics of the built environment, enabling cross-scale analysis of disparities in 
housing construction with regional development standards (Chen et al., 2025). 

The K-means clustering method follows an iterative optimization scheme that clusters high-dimensional 
feature spaces into K distinct clusters by minimizing intra-cluster variance while maximizing inter-cluster 
dissimilarity. This unsupervised learning approach appears to be particularly effective in the spatial 
stratification of rural housing development patterns due to its capacity to recognize hidden homogeneity 
in high-dimensional datasets. This methodological approach to the classification of rural housing 
development in 147 counties appears to be particularly effective in the systematic identification of 
typological cohorts that share similar characteristics in their construction processes. The partitioning 
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mechanism of the K-means clustering algorithm appears to reveal hidden spatial hierarchies in the quality 
indicators of rural housing development. 

The critical implementation issue lies in the empirical calculation of the optimal K values, wherein arbitrary 
selection may result in sub-optimal cluster granularities. To mitigate this limitation, the silhouette 
coefficient serves as a robust validation metric, quantifying cluster compactness and separation through 
dual evaluation of intra-cluster cohesion a(i) and inter-cluster distinctiveness b(i). Yields values spanning [-
1, 1], where proximity to unity indicates superior cluster differentiation. Iterative computation across 
candidate K values enables identification of the coefficient’s global maximum, thereby anchoring cluster 
quantity determination in empirical optimization rather than heuristic assumptions. This methodological 
synthesis seeks to overcome the inherent limitations of traditional K-means algorithm implementations by 
incorporating three critical enhancements: First, the incorporation of silhouette validation allows for 
empirical selection of cluster cardinalities, thereby eliminating anthropocentric biases in model 
parameterization. Second, the application to rural housing metrics requires multidimensional feature 
scaling to accommodate the diverse measurement scales used in the evaluation of rural construction 
quality metrics. Third, the spatial autocorrelation analysis performed on the clusters enables the 
identification of spatial hotspots of homogeneity in rural constructions, thereby facilitating cross-validation 
of the algorithm’s output against regional development gradients. By converting amorphous housing 
datasets into distinct development typologies, the methodology effectively links quantitative analytics to 
the needs of rural revitalization strategizing, thereby highlighting the transformative potential of machine 
learning algorithms in rural revitalization strategizing (Shen et al., 2022). 

As revealed by descriptive statistical analysis of rural housing conditions within sampled counties, 
significant advances have been made in construction quality, accompanied by significant regional 
disparities. Evaluative criteria, calculated as proportional ratios of particular intervention outcomes to total 
targets, show differing degrees of success in policy implementation. Achievements of policy interventions 
are significant in two important policy areas. The rural LDRR, an evaluative criterion measuring remediation 
progress of hazardous dwellings among low-income households, is virtually complete, with 100% of the 
total targets achieved at the median. The NAPR, measuring compliance rates of land-use approvals for new 
constructions, is equally impressive, with 85% of total targets achieved at the median. These positive 
outcomes confirm the operational success of targeted poverty alleviation policy interventions. Notable 
advancements have been achieved in current safety upgrades, as revealed by the 70% of total targets 
achieved at the median for the CDRR, which measures the renovation of 70% of identified C/D grade 
hazardous rural dwellings. CISR measuring the adoption of cast-in-place construction techniques for new 
constructions has achieved 60% of total targets at the median, signifying advancements in construction 
standards. 

The standardization of regulatory practices varies in implementation. Procedural standardization in new 
constructions reaches a median of 80%, as measured in planning approvals using the NAPR and quality 
certifications using the NACR. In contrast, the QCAR, which gauges the effectiveness of artisan training 

compromise construction safety. The observed differences in standardization require tailored capacity-
building approaches in different stages of development. 
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The current status of modernization, as measured, reveals moderate progress with specific geographical 
patterns. For instance, the RSTR, a measure of sanitary toilet penetration, has a national median of 70%, 
but with marked disparities between the northern and southern regions regarding the adoption of water-
flush toilets, owing to infrastructural and climatic variations. Similarly, the CERR, a measure of clean energy 
integration, lags with a national median of 50%, and its normal distribution characteristics reveal untapped 
potential for the implementation of renewable technology. The RIKR and ESRR, measures of independent 
kitchen and energy-efficient envelope availability, respectively, are clustered between 50 and 60% with 
minimal variance, revealing consistency across the country. Conversely, the HWSR, which reflects daily hot 
water accessibility, displ
demands and cultural practices. In tropical southern regions, there is 78% adoption, compared to 32% in 
temperate zones. 

These findings collectively point to the dual reality of rural housing development in China. On one hand, 
there has been considerable progress in poverty alleviation and procedural governance; on the other hand, 
there remain challenges in seismic safety, as revealed in the RSSR, qualifications of the workforce in terms 
of the QCAR, and the energy transition in terms of the CERR. 

The application of the k-means clustering algorithm on data collected on rural housing development in 147 
counties, with data on 14 standardized indicators, resulted in a statistically validated classification system. 
Analysis of optimal clustering efficacy through the Silhouette coefficient resulted in a peak score of 0.4127, 
confirming the efficacy of partitioning data into four typologies. Visualization of the performance of 
multidimensional indicators resulted in high levels of heterogeneity in construction quality, compliance 
with regulations, and modernization dynamics among clusters, thereby allowing for systematic 
categorization of modernized, traditional-style, transitional, and extensive development villages. 

For modernized villages (MOV), the plot fig.1a indicates the distribution of rural housing-related indicators. 
CISR and RSTR also have a high concentration of values between 60% and 80%, showing good penetration 
for cast-in-situ construction and sanitary toilets, respectively. For post-construction management, NACR, 
QCAR, and RHMR indicate a high proportion of high values, showing good performance for standardized 
management and operation of new rural houses. The fig.1b is used to represent the characteristics of 
indicators under the guidance of traditional landscape preservation in traditional style villages (TSV). CISR 
is one of the strengths, and its values range between 60% and 90%, which shows that there is a high 
adoption of cast-in-situ construction. In the case of transitional villages (TRV), the extreme level of 
development disparity is shown through the fig.1c during the transition stage. CDRR indicates both high 
and low points, showing a large degree of variation in the level of renovation. Indicators like NATR, NAPR, 
and RHMR indicate large variations, with some villages not having standardized management at all while 
others are performing outstandingly well. In the case of extensive development villages (EDV), the fig.1d 
indicates problems of quality with expansion oriented towards scale. RIKR, HWSR, and ESRR continue to be 
in the moderate range of 40% to 70%. 

For all four types of villages, some common trends are observed. The basic living facility indicators such as 
CISR, RSTR, RIKR, and HWSR have similar levels of upper moderate, indicating improvement in basic rural 
living facilities. The ESRR and CERR are moderate at 40% to 60%, leaving ample scope for the promotion of 
energy retrofits and clean energy in various models of development. This trend indicates that there is 
inadequate implementation of seismic requirements for rural housing in most villages. The main 
differences lie in the management capability. In terms of standardized management capability, MOV has 
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the best consistency in approval, inspection, qualification of artisans, and operation of new rural houses, 
with the highest proportion of high values. In contrast, TRV has the greatest fluctuations in its standardized 
management capability. Some villages have no standardized management capability at all. In terms of 
development orientation, TSV has inconsistent management capability with the preservation of traditional 
landscapes. EDV has the highest expansion of scales, resulting in the neglect of standardized management 
capability. In addition, EDV has poor quality development with high renovation rates, unlike other villages. 

 

 

 

The four villages have their own characteristics with regard to the relationship between rural housing 
indicators and county carbon emissions (CCE).  
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For the MOV villages, a strong positive relationship is observed between CCE and the rural house seismic 
s
reinforcement materials and construction activities. A weak relationship is observed between new rural 

 attributed to marginal CO2 emissions from 
standardized post-construction management. For TSV, there is a weak positive relationship between CCE 

low levels of carbon emissions, which are a result of the traditional landscape preservation, and the only 
factor that contributes to the minor levels of emission is the seismic reinforcement. TRV has strong positive 
correlations between CCE and the new rura
emission are a result of the pressures of standardization of housing and seismic reinforcement. For the 
EDV, the CCE has weak positive correlations with the low-income dilapidated house ratio (r 

-0.34). 

These findings highlight the importance of targeted low-carbon strategies. For the MOV and TRV cases, it 
is recommended to prioritize low-carbon seismic reinforcement technologies to reduce emissions from the 
construction process. For the TSV case, it is recommended to use landscape-compatible low-carbon 
strategies to balance conservation and carbon emissions. For the EDV case, it is recommended to optimize 
the renovation efficiency of dilapidated houses and use low-carbon clean energy systems to balance 
expansion and carbon emissions. This will improve the effectiveness of rural housing strategies in reducing 
county-level carbon emissions. 
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This study identifies four types of rural housing in China’s urban–rural continuum and demonstrates their 
respective carbon emission patterns at the county level, which highlights the necessity of a differentiated 
approach to a low-carbon rural housing transition. Modernized villages are associated with higher levels of 
carbon emissions, driven by standardized construction processes in housing, which calls for a further 
refinement of low-carbon design and construction standards for new and replacement housing in order to 
avoid locking in carbon-intensive building forms in these areas. By contrast, traditional style villages are 
associated with a relatively moderate level of carbon emission, but their potential for intervention is limited 
by a requirement to balance carbon reduction with landscape preservation, where passive energy-saving 
retrofits are identified as having the most appropriate potential (Yang, Xu and Long, 2016). The driving 
forces behind transitional villages include housing transformation and management fragmentation, leading 
to increased carbon pressures; in such a case, the emphasis is on enhancing planning controls to direct 
housing renewal in a more organized manner (Gao et al., 2022). Extensive development villages, on the 
other hand, are characterized by housing renewal and clean energy infrastructure, implying that the 
solution to addressing such a problem lies in enhancing housing renewal efficiency, thus disconnecting 
housing renewal from increased carbon growth (Ma et al., 2024). 
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Overall, the above results imply that the promotion of rural housing decarbonization cannot be achieved 
through the application of a fixed policy template. Instead, what is needed is the promotion of the 
typology-based planning approach, which is aligned with the differences in the conditions, developments, 
and constraints related to rural housing. In addition, the cross-cutting limitation among the four typologies 
is the lack of coordination between construction artisans and managers. This limitation can be addressed 
through the promotion of the professional coordination mechanism, while the promotion of rural housing 
typologies is incorporated in the county-level planning regulations (Wang et al., 2022). 

This study is supported by National Natural Science Foundation of China (Reference Nos. 20241300223). 
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Exploring Spatial Pathways to Circular 
Neighbourhoods in London 

 

Zhejun WANG, University College London, United Kingdom 

 

With rapid urbanisation, resource constraints and socio-spatial fragmentation intensifying across 
contemporary cities, the neighbourhood scale is emerging as an important site of intervention for 
sustainable urban development. However, circularity is often framed in terms of macro-scale 
resource management and technocratic optimisation. This paper argues that neighbourhoods 
offer untapped potential as spatially and socially grounded sites of circularity. In the context of 
London, neighbourhoods are approached as manageable urban units through which circularity can 
be made more tangible, place-specific and operational. The paper examines how neighbourhoods 
can serve as starting points for broader transitions towards urban circularity and conceptualises 
the circular neighbourhood as a spatial unit that integrates circular economy principles into local 
material flows, everyday practices and social relations. The research adopts an interpretive, desk-
based approach grounded in conceptual inquiry and critical literature synthesis, and supported by 
selected policy and practice references from the London context. It develops a multidimensional 
conceptual framework structured around three interrelated dimensions. First, local circularity is 
defined as the conceptual foundation for neighbourhood-scale transition, framing circularity as a 
spatially grounded and socially embedded practice rather than reducing it to industrial loops or 
urban metabolism alone. Second, underutilised spaces are examined as spatial interfaces through 
which circularity can be tested, adapted and made visible in local urban contexts. Third, circular 
spatial design is explored as the means by which these principles are translated into interventions 
such as temporary use, adaptive reuse and modular construction. The paper reframes the 
neighbourhood as a critical scale for embedding circularity within urban systems and advances a 
place-based and multidimensional understanding of circular economy transition. By positioning 
neighbourhoods as dynamic interfaces where material flows, governance pathways and everyday 
practices converge, the study suggests that they can function as living labs in which sustainable 
urban solutions are tested, negotiated and incrementally scaled. 

 

Circular Neighbourhoods, Local Circularity, Spatial Strategies 

Metropolitan growth continues to accelerate globally, placing increasing pressure on urban systems and 

ŜȄǇƻǎƛƴƎ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ƭƛƴŜŀǊ άǘŀƪŜ-make-ŘƛǎǇƻǎŜέ ƳƻŘŜƭΦ ¢Ƙƛǎ ƳƻŘŜƭ ƛǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ƛƴǘŜƴǎƛŦȅƛƴƎ 

crises of resource depletion, pollution and environmental degradation (EMF, 2022a; GLA, 2018). In the 

United Kingdom, the built environment accounts for nearly 40% of national carbon emissions (GCF, 2022) 
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and generates ƳƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ [ƻƴŘƻƴΩǎ ǿŀǎǘŜ όD[!Σ нлмуύΦ ²ƛǘƘ [ƻƴŘƻƴ ǇǊƻƧŜŎǘŜŘ ǘƻ ŀŎŎƻƳƳƻŘŀǘŜ ŀ 

further 2 million residents by 2050, additional pressure on energy, materials and land use will intensify the 

ŎƘŀƭƭŜƴƎŜ ƻŦ ƳŜŜǘƛƴƎ ǘƘŜ ŎƛǘȅΩǎ ȊŜǊƻ-carbon ambitions by 2030 (NLA, 2023; ReLondon, 2023). Against this 

backdrop, the circular economy CE) has gained increasing prominence in urban discourse. 

The CE has emerged as an important alternative to the dominant linear model of urban development (CEF, 

2023; GLA, 2020; UNEP, 2024). In urban contexts, circularity shifts attention away from narrowly economic 

frameworks towards a broader agenda of regionalised closed-loop systems designed to retain resource 

value while reducing waste (Defra, 2023). Importantly, CE thinking concerns not only the reorganisation of 

material flows and resource systems, but also the social and cultural relations embedded in urban life. 

In London, recognition of the need to embed CE principles across urban systems has grown steadily. A 

series of strategies and initiatives reflect this shift towards spatial transformation, resource reuse and more 

participatory approaches, including the Circular Economy Route Map (2017), the London Environment 

Strategy (2018), Circular Economy Statements (2022) and Circular London (2023). However, even with this 

momentum, a distinct circularity gap persists (CEF, 2023). Many approaches still focus on technically 

optimising material and energy flows whilst overlooking the economic, cultural, social, governance and 

spatial dimensions of circularity. Conversely, place-based CE approaches, often developed with local 

communities, suggest more grounded and inclusive pathways towards transition. Within this context, the 

neighbourhood becomes an important point of entry: small enough to allow local experimentation, yet 

sufficiently complex to reveal the interrelations between material flows, governance arrangements and 

everyday practices. 

The growing significance of underutilised spaces within cities further reinforces this argument. While linear 

patterns of urban development have produced fragmented spatial conditions often described as 

underused, neglected or derelict, such spaces are increasingly recognised as sites of both urgency and 

opportunity as cities seek economically viable and environmentally sustainable ways to reuse existing land 

and resources (EEA, 2016; GLA, 2022; UNEP, 2024). Against this backdrop, the study examines underutilised 

space as a key spatial condition of everyday urban life and investigates its relevance to local circularity 

within neighbourhood contexts. It understands the city as a constellation of manageable spatial units in 

which circularity can become tangible and operative at the neighbourhood scale. From this perspective, 

the circular neighbourhood is conceptualised as a spatial unit that integrates CE principles into material 

flows, everyday practices and social relations, thereby offering a place-based framework for systemic urban 

transformation and more sustainable urban futures. 

This research develops a conceptual framework organised around three dimensions: local circularity, 

underutilised spaces, and circular spatial design. Local circularity defines the place-based logic of circular 

systems. Underutilised spaces identify the spatial conditions through which circular practices can be tested 

and made tangible. Circular spatial design translates these principles into interventions that can guide 

neighbourhood transformation. These dimensions connect flows, spaces and practices, and provide a basis 

for how circularity can move from an abstract urban agenda to a neighbourhood-scale spatial practice. 

The CE provides the conceptual basis for local circularity. Although CE has been defined in different ways, 

it is generally understood as an approach that seeks to decouple economic activity from finite resource 
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consumption through regenerative, closed-loop systems. In the formulation advanced by the Ellen 

MacArthur Foundation (EMF, 2017), materials are kept in circulation and natural systems recover through 

maintenance, reuse, remanufacture, refurbishment, recycling and organic recovery. 

In London, CE has become increasingly prominent in the guidance of the Greater London Authority, the 

London Waste and Recycling Board, WRAP and EMF. The London Plan embeds CE within planning policy, 

with Policy SI7 defining circularity as keeping materials in use at their highest value for as long as possible, 

while minimising residual waste and supporting reuse and recycling (GLA, 2021). These ambitions are 

framed by three principles for the built environment: conserving resources through sustainable sourcing 

and efficiency; designing out waste and retaining materials for future use; and managing unavoidable 

residual waste more sustainably. 

Within this study, local circularity forms the first conceptual dimension of neighbourhood-scale transition. 

Unlike city-scale CE narratives that focus on large-scale logistics and industrial flows, local circularity 

foregrounds the spatially situated practices through which circularity is produced in everyday urban life 

(Williams, 2022). It involves the mobilisation of both tangible resources, such as land, infrastructure and 

organic waste, and intangible resources, such as knowledge, skills, networks and culture (Torre, 2023; 

Chembessi et al., 2024). Together, these resources generate local synergies that support more embedded 

and context-responsive circular practices. 

9aCΩǎ wŜ{h[±9 ŦǊŀƳŜǿƻǊƪ ƛŘŜƴǘƛŦƛŜǎ ǎƛȄ ŀŎǘƛƻƴ ŎŀǘŜƎƻǊƛŜǎΥ ǊŜƎŜƴŜǊŀǘŜΣ ǎƘŀǊŜΣ ƻǇǘƛƳƛǎŜΣ ƭƻƻǇΣ ǾƛǊǘǳŀƭƛǎŜ ŀƴŘ 

exchange (EMF, 2015). Although influential, ReSOLVE has been criticised for limited sensitivity to urban 

scale, socio-spatial complexity and consumption patterns. Williams (2019, 2021) addressed this limitation 

through the Circular Cities Hubs model, which adapts CE to urban contexts by combining three core actions, 

loop, regenerate and adapt, with four supporting actions: share, optimise, substitute and localise. Together, 

these models help explain how circularity can be embedded in the spatial, behavioural and governance 

conditions of neighbourhood life. 

Recent debates increasingly position circularity within the spatial, governance and socio-cultural dynamics 

of the built environment (Ortega Alvarado and Pettersen, 2024; Winslow and Coenen, 2023). In this 

research, local circularity therefore provides the conceptual foundation for understanding how CE 

principles may be anchored and activated at the neighbourhood scale. 

Underutilised spaces form the second dimension of the framework, providing the spatial conditions 

through which local circularity can be enacted. In London, they offer opportunities to test, adapt and 

materialise circular practices within the existing city. Therefore, they are understood in this research as key 

interfaces through which local circularity becomes visible and actionable at the neighbourhood scale. 

Following Khalil and Eissa (2013), underutilised space is understood here as inactive or weakly used land 

that remains under-managed and limited in the services it provides, yet retains the potential to be 

reconfigured for more social and public purposes. Such spaces can therefore be read not only as symptoms 

of urban neglect, but also as opportunities for circular transformation (Kawa et al., 2024; Lanzoni and 

Martínez, 2024; Verga and Khan, 2022). Their significance lies in their capacity to host formal, informal and 

temporary reuse strategies and to reconnect fragmented urban conditions (Sameeh et al., 2019). 

One important example is meanwhile use, or temporary use, which has emerged across the UK as a flexible 

means of repurposing vacant or underused spaces (ARUP, 2020; Galdini, 2020). Because of its affordability, 

adaptability and speed of implementation, meanwhile use enables incremental experimentation and 
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supports phased regeneration (Cottino et al., 2022; Madanipour, 2018). In London, this approach has been 

reinforced by the Meanwhile Use strategy (ARUP and GLA, 2020) and the London Plan (GLA, 2021), offering 

a practical route to activate local circular practices. 

In this study, underutilised spaces are treated as potential settings for the development, testing and 

implementation of place-specific circular solutions. They form the second dimension of the framework and 

connect the conceptual logic of local circularity with the spatial practices through which it may be realised. 

As the third dimension of the framework, circular spatial design translates the principles of local circularity 

into practice by engaging the spatial opportunities presented by underutilised spaces. As EMF (2021) states, 

άŘŜǎƛƎƴ ƛǎ ŦǳƴŘŀƳŜƴǘŀƭ ǘƻ ŀ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅέΦ ²ƛǘƘƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ŎƛǊŎǳƭŀǊ ǎǇŀǘƛŀƭ ŘŜǎƛƎƴ ƛǎ ǳƴŘŜǊǎǘƻƻŘ 

as the means through which local circularity and underutilised spaces are linked and transformed into 

neighbourhood-scale interventions. 

Circular design is commonly framed around three core principles: eliminate, circulate and regenerate, 

supported by systems thinking (EMF, 2021). In spatial terms, these principles open up approaches across 

political, territorial, socio-ecological, governance and planning dimensions (Bahers et al., 2022). More than 

a checklist, circular design can be understood as a mode of spatial reasoning that guides interventions in 

context-specific and adaptive ways. 

Recent scholarship has emphasised that effective circular design depends on the territorialisation of CE 

(Bourdin et al., 2022; Bucci Ancapi et al., 2022; Chembessi et al., 2024; Lukkarinen et al., 2023). 

Territorialisation refers to embedding circular practices within specific local settings while recognising 

territory as both physical space and a product of social, organisational, cultural and institutional 

arrangements (Torre, 2023; Chembessi et al., 2024). At the neighbourhood scale, this means that circular 

interventions must respond to local resources, constraints and opportunities (Bourdin et al., 2022), while 

remaining connected to wider spatial systems (Buizer et al., 2024; Star and Griesemer, 1989). 

The growing emphasis on spatial circularity reflects a wider shift within CE scholarship from governance 

and resource flows towards more explicit engagement with spatial approaches in the built environment 

ό¢ǎǳƛΣ нлноύΦ aŀǊƛƴ ŀƴŘ 5Ŝ aŜǳƭŘŜǊΩǎ όнлмуύ ǎǇŀǘƛŀl circularity drivers framework is especially useful here, 

identifying four perspectives: proximity, connectivity, emancipatory and technocratic. Together with 

ǊŜƭŀǘŜŘ ǿƻǊƪ ƻƴ ǎǇŀǘƛŀƭ ǇǊŀŎǘƛŎŜǎ ŀŎǊƻǎǎ ǎŎŀƭŜǎ ό±ŀƴŘŜƴōǊƻŜŎƪΣ нлмтΤ aŀǊƧŀƴƻǾƛŏ Ŝǘ ŀƭΦΣ нлннōΤ Ǿan Schaick, 

2024), these contributions position circular spatial design as the means through which CE principles are 

translated into neighbourhood-scale spatial practice. 

This paper is structured as a desk-based interpretive study concerned with the neighbourhood as a 

potential site of circular transition. Its purpose is to construct a conceptual framework of how local 

circularity, underutilised spaces and spatial design may operate together at the neighbourhood scale. The 

research is based on critical engagement with relevant literature, supplemented by selected policy and 

practice references connected to the London context. 

The study is grounded in an interpretive mode of inquiry informed by urban theory and spatial analysis. Its 

purpose is not to document London exhaustively, but to clarify how different strands of scholarship and 
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selected contextual references can be brought together to explain neighbourhood circularity as a spatial 

and socio-material condition. The research, therefore, treats local circularity, underutilised spaces, and 

circular spatial design as interdependent dimensions within a broader framework. A desk-based 

interpretive approach is appropriate because it enables the identification of underlying patterns, meanings 

and conceptual linkages across a dispersed body of literature and supporting material, and supports their 

synthesis into a coherent framework. 

The research worked with three main types of material. The first was scholarly literature on the CE, 

neighbourhood urbanism, underutilised space and spatial design. This body of writing was the primary 

source through which the three dimensions of the framework were defined. The second was a small set of 

policy and strategy documents relevant to London, including material published by the Greater London 

Authority, ReLondon and associated institutional actors. These documents were not treated as a separate 

object of formal policy analysis; instead, they provided contextual grounding for how circularity is currently 

framed in urban and planning discourse. The third consisted of published accounts of neighbourhood 

initiatives, temporary-use programmes and community-led circular practices. These were used to show 

how circular ideas are interpreted and adapted in specific urban situations. Together, these materials 

allowed the study to remain conceptually focused while retaining practical relevance. 

The methodology proceeded through three stages, aligned with the framework outlined in Section 2.  

Stage One brought together scholarship on the CE, territorialisation, socio-spatial theory, and 

neighbourhood systems. The purpose at this stage was to establish the conceptual grounding of local 

circularity, particularly through literature addressing proximity, resource flows, social practices, and 

institutional embeddedness. 

Stage Two focused on underutilised spaces and drew on both theoretical discussion and practice-oriented 

material. Here, the analysis considered how such spaces might be understood not simply as signs of urban 

neglect, but as spatial conditions through which circular activity can be situated, tested, and made 

operative at the neighbourhood scale. 

Stage Three turned to design-led circular intervention, including temporary use, adaptive reuse, modular 

systems, and community-oriented regeneration. This stage examined how circular principles are carried 

into spatial strategies and translated into situated forms of neighbourhood practice. 

¢ƻ ǎƘŀǊǇŜƴ ǘƘŜ ǎǇŀǘƛŀƭ ǊŜŀŘƛƴƎ ƻŦ ǘƘŜ ŦǊŀƳŜǿƻǊƪΣ ǘƘŜ ǎǘǳŘȅ ŘǊŀǿǎ ƻƴ aŀǊƛƴ ŀƴŘ 5Ŝ aŜǳƭŘŜǊΩǎ όнлмуύ ǎǇŀǘƛŀƭ 

circularity drivers framework. This is used analytically rather than normatively. Its value lies in helping to 

distinguish the spatial logics through which circularity becomes legible at the local scale. The framework 

identifies four drivers: proximity, relating to short distances, mixed uses, and local access; connectivity, 

concerning the infrastructures that support circular flows; technocratic orientations, centred on efficiency 

and optimisation; and emancipatory orientations, which foreground ecological, cultural, and social values. 

Read through this lens, the framework enables circularity in relation to specific spatial conditions rather 

than only through general CE principles. It also clarifies how underutilised spaces gain circular significance 

and how different design approaches correspond to different local circumstances. In doing so, it gives 

additional spatial coherence to the conceptual framework developed in the paper. 
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This section interprets the proposed framework for spatial circularity by bringing together insights from 

theory, policy and neighbourhood-scale practice. The framework positions underutilised spaces and 

unused land fragments as spatial levers through which circularity can be activated and extended at the 

neighbourhood scale. In doing so, it links the analytical dimensions developed in the previous sections to a 

more explicit discussion of design and planning. 

This section begins by interpreting the proposed framework for spatial circularity. At its core, the 

framework identifies underutilised space as a key resource through which local circularity can be activated, 

tested and made visible. In the London context, this potential becomes particularly evident through the 

adaptability of meanwhile use, which allows underused sites to accommodate multiple programmes, 

temporalities and forms of occupation (Verbiest et al., 2024). More broadly, the framework suggests that 

neighbourhood circularity cannot be understood only through material flows such as water, energy and 

food, but must also account for social, ecological, cultural, economic and political relations. In this sense, 

ǘƘŜ ŦǊŀƳŜǿƻǊƪ ǊŜŦƭŜŎǘǎ ǘƘŜ ǇŀǇŜǊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎƛǊŎǳƭŀǊ Ŏƛǘȅ ŀǎ ŀ άōƻǳƴŘŀǊȅ ƻōƧŜŎǘέΣ ŎŀǇŀōƭŜ ƻŦ 

holding together different and sometimes competing interpretations of sustainability. 

The framework is organised into four interrelated layers, each addressing one aspect of neighbourhood-

scale circularity (Figure 1). The first layer is circular action. In the UK context, local circularity is understood 

through four spatial actions: loop, adapt, regenerate and localise. Together, these actions indicate how 

underutilised spaces may support the practical implementation of circular strategies. 

The second layer concerns circular spatial drivers and focuses on the typology and potential of 

underutilised space. Here, underutilised spaces are grouped into four types: public open space, service 

space, leftover space and undefined space, each of which presents a different capacity for circular action. 

Meanwhile Use is especially important at this level because of its flexibility and because it can be adapted 

to different spatial conditions and temporal demands. 

The third layer addresses circular design parameters. At this level, spatial circularity is shaped through a 

multidimensional and place-specific approach informed by four parameters: technocratic, connectivity, 

proximity and emancipatory. These parameters help clarify how circular interventions are spatially 

structured and how they respond to local conditions. 

The fourth layer identifies spatial circularity flows. Derived from the interaction of the earlier layers, these 

flows describe the main design principles through which the framework operates: optimise, innovate, 

social-cultural contextualise, and community engagement and co-creation. Taken together, they indicate 

how circularity may be translated into neighbourhood-scale design and planning responses. 

Viewed in this way, the framework suggests that the move towards multidimensional spatial circularity is 

closely tied to wider debates on the circular city as a boundary object (Winslow and Coenen, 2023). On the 

one hand, it acknowledges the material dimension of circularity, including resource-efficient and closed-

loop systems of materials, water, energy, waste and food. On the other hand, it resists reducing circularity 

to technical optimisation alone. Instead, it introduces a more relational perspective that gives equal weight 

to social, ecological and cultural values. Therefore, technological innovation is treated as one possible 

means of supporting circular transition (Marin and De Meulder, 2018). The framework, therefore, provides 

not only a conceptual interpretation of neighbourhood circularity but also a basis for identifying planning 

and design pathways through which underutilised spaces may be activated for CE transition. 
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The Yangtze River Delta Ecological Green Integration Demonstration Zone is covered by a large-scale core 
habitat network, yet the overall ecological environment quality is low and requires overall improvement 
urgently. Meanwhile, the connectivity between the northeast and southwest network centers of the study 
area is being lost due to the fast expansion of urbanized land, facilitating fragmentation. As indicated 
through the use of Multi-Scale Partitioning Analysis (MSPA), the core area takes up 92.92% of the total area. 
This is due to the character of the ecological basis in the research region, which originally spanned the 
meeting point of three provinces and included surrounding lakes, farmland, and water villages. The core 
area is primarily made up of lakes and farmland. In addition, voids and edges account for 3.33% and 2.91% 
of the GI, respectively, indicating a high total connectivity and nice ecological spatial properties in the 
research area. 

From the habitat quality perspective, Yangtze River Delta Ecological Green Integration Demonstration Zone 
demonstrates relatively low overall habitat quality. Medium-high-quality habitat space only accounts for 
20.28% of the entire area, which occurs in the great marshes and lakes in northern and central regions of 
the research area. Low-quality habitat space took up a large proportion of 79.72%, mostly distributed in 
the southwestern Wujiang District and northeastern Qingpu District. This is largely due to the scattered 
and overly concentrated pattern of land distribution for the construction of small towns in Shanghai and 
Suzhou in rapid urbanization. Land for construction tends to be enclosed by relatively poor quality farmland, 
This has significantly impacted ecological area continuity and quality and laid them open to severe 
ecological conservation pressures. 

Based on the analysis results, a green infrastructure network of Yangtze River Delta Ecological Green 
Integration Demonstration Zone was constructed according to comprehensive analysis. Twenty-four 
network centers were identified, including 6 main and 18 secondary centers covering an area of 

581



 

 

approximately 380.81 km² (15.77% of the study area). The centers have a very concentrated distribution 
pattern along both banks of Taihu River, less in the southwest and northeast. Forty-nine primary ecological 
corridors and 13 potential connecting corridors were determined. The corridors stretch in a network along 
both sides of the Tai Pu River, linking three water-village counties and displaying high connectivity. 

Combining the MSPA and InVEST models to prioritize the evaluation of network nodes from both the 
perspectives of spatial form and function characteristics improves ecological conservation in significant 
regions such as large lakes, river basins, and croplands. This study is also restricted by remote sensing 
accuracy limitations and quantitative norm lack of model parameters. The analysis results therefore have 
certain deviations from the actual ecological spatial reality. Indicator weights require a more objective 
scientific method in their definition, which is an area of potential future research. By organizing the 
interconnections among nature, humanities, and space, we should explore the construction of multi-
functional, composite regional green infrastructure networks that guarantee regional ecosystem security. 
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Research Paper

Research on the capital intervention degree during
urban renewal process from the perspective of

overall benefit optimization

The game between capital and public interest is a common issue in urban renewal around the
world. Excessive capitalization can easily lead to public crises, while insufficient capital
investment leads to a lack of renewal momentum, revealing the urgency of capital intervention
boundary determination. This paper mainly adopts qualitative research methods to collect
relevant secondary data such as government reports, public information, and media interviews,
and studies the dynamic game characteristics of government-market-social three-way entities in
the three stages of primary land development (expropriation), secondary development (operation)
and tertiary development (market), and innovatively constructs the theoretical framework and
three-dimensional decision-making system of "capital intervention boundary". The system
dynamics model analyzes the collaborative feedback mechanism of policy regulation, market
premium rate and social cost coefficient, and reveals the law of control allocation between
subjects combined with the evolutionary game model, and puts forward the boundary of capital
intervention in urban renewal. Finally, Shanghai Xintiandi, which has multiple rounds of
continuous renewal, is selected as a typical case of capital-driven renewal for verification, and
the results show that the overall benefits of the city can be optimized when capital intervenes in
the primary development stage and withdraws during the stabilization period of the third-level
development. The dynamic equilibrium decision support system and the boundary of capital
intervention derived from the study provide a theoretical basis and practical tool for solving the
problem of timing selection and allocation of rights and responsibilities of capital intervention in
urban renewal.

Capital intervention boundary, Overall benefit, Capital investment
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The paradox of formal industrialization amidst
informal urbanization? Investigating the spectrum of

industrial parks' unbanization effect in Shanghai's
peri-urban areas
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{ǘŀǘŜ ǇƻǿŜǊ ŀƴŘ ƳŀǊƪŜǘ ŦƻǊŎŜǎ Ƨƻƛƴǘƭȅ ǇǊƻƳƻǘŜ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ
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ŦŀŎŜ ǘƘŜ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ǳǊōŀƴƛȊŀǘƛƻƴΦ ¦ƴŘŜǊ ǘƘŜ ǳǊōŀƴπǊǳǊŀƭ Řǳŀƭ
ǎǘǊǳŎǘǳǊŜΣǘƘŜ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǿƛǘƘƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ŀƴŘ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ
ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛǎ ŀ ŎƻƳƳƻƴ ǇƘŜƴƻƳŜƴƻƴΣǊŜŦƭŜŎǘƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ
ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΦ Lƴ /ƘƛƴŀΣ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǎǘŀǘŜ ƛƴǘŜǊǾŜƴǘƛƻƴ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎ ƛǎ
ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƘƛŜǊŀǊŎƘȅΦ ¢ŀƪƛƴƎ ǘȅǇƛŎŀƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛƴ {ƘŀƴƎƘŀƛϥǎ
ǇŜǊπǳǊōŀƴ ŀǊŜŀǎ ŀǎ ŎŀǎŜǎΣǘƘƛǎ ǇŀǇŜǊ ƛƴǾŜǎǘƛƎŀǘŜǎ ǿƘŜǘƘŜǊ ŘƛŦŦŜǊŜƴǘ ǎǘŀǘŜ ƛƴǘŜǊǾŜƴǘƛƻƴ ǊŜǎǳƭǘ ƛƴ
ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƻƴ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎΦ¢Ƙƛǎ
ǊŜǎŜŀǊŎƘ ǳǎŜǎ /Ƙƛƴŀ ¦ƴƛŎƻƳ ƳƻōƛƭŜ ǎƛƎƴŀƭƛƴƎ Řŀǘŀ ƻŦ hŎǘƻōŜǊ нлнп ƛƴ {ƘŀƴƎƘŀƛ ŦƻŎǳǎƛƴƎ ƻƴ
ƳŀƴǳŦŀŎǘǳǊƛƴƎπƻǊƛŜƴǘŜŘ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ŀƴŘ ŎƻƳōƛƴƛƴƎ ƛǘ ǿƛǘƘ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ thL ŘŀǘŀΦ ¢Ƙƛǎ ǎǘǳŘȅ
ƛŘŜƴǘƛŦȅ ŀƴŘ ǉǳŀƴǘƛŦȅ ǘƘŜ ŜƳǇƭƻȅƳŜƴǘ ŀƴŘ ƭƛǾƛƴƎ ƻŦ ǘƘŜ ŜƳǇƭƻȅŜŘ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƻŦ
ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΣ ƻōǘŀƛƴ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŘŜƳƻƎǊŀǇƘƛŎ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ
ƻŦ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎΦ! ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ ŀƴŀƭȅǎƛǎ ŦǊŀƳŜǿƻǊƪ ǿŀǎ ŎƻƴǎǘǊǳŎǘŜŘΣ
ŀƴŘ ǘƘŜ ǊǳǊŀƭ ŀǊŜŀǎ ǿŜǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ ŦƻǳǊ ŎŀǘŜƎƻǊƛŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƎǊƛŘ ǳǎƛƴƎ ǘƘŜ ŦƻǳǊ
ǉǳŀŘǊŀƴǘ ƳŜǘƘƻŘΦ ¢ƘŜ Ƴŀƛƴ ŦƛƴŘƛƴƎǎ ƻŦ ǘƘƛǎ ŀǊǘƛŎƭŜ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ όмύ CƻǊƳŀƭ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ
ŎƻŜȄƛǎǘǎ ǿƛǘƘ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ {ƘŀƴƎƘŀƛϥǎ ƳŜǘǊƻǇƻƭƛǘŀƴ ŦǊƛƴƎŜ ŀǊŜŀǎΣ ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ
ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǘŀǘŜ ǇƻǿŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ƻƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ŀǘ ŘƛŦŦŜǊŜƴǘ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΦ ¢ƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ǎǘŀǘŜ ǇƻǿŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀŦŦŜŎǘǎ ǘƘŜ
ŘŜƎǊŜŜ ƻŦ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΦ όнύ ¢ƘŜ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ
Ƴŀƛƴƭȅ ŀŦŦŜŎǘǎ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎ ƴŜŀǊōȅΦ IƛƎƘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƘŀǾŜ
ŀ ǎǘǊƻƴƎŜǊ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƴŜŀǊōȅ ǊǳǊŀƭ ƎǊƛŘΣ ǿƘƛƭŜ ƭƻǿŜǊ ƭŜǾŜƭ ǇŀǊƪǎ ƘŀǾŜ ŀ ŘŜŜǇŜǊ
ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǊǳǊŀƭ ƘƛƴǘŜǊƭŀƴŘΦ όоύ !ōƻǳǘ с҈ ƻŦ {ƘŀƴƎƘŀƛϥǎ ǊǳǊŀƭ ƎǊƛŘǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ
ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǿƘŜǊŜ ŜƳǇƭƻȅŜŘ ǇƻǇǳƭŀǘƛƻƴǎ ǊŜǎƛŘŜ ƛƴ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎΦ ¢Ƙƛǎ
ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ Ƨƻō ŎǊŜŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǇǊŜŎŜŘŜǎ ǇƻǇǳƭŀǘƛƻƴ ǳǊōŀƴƛȊŀǘƛƻƴΣ ƭŜŀŘƛƴƎ ǘƻ
ƛƴŦƻǊƳŀƭ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎ Ƙŀǎ ƭŀƎƎŜŘ ōŜƘƛƴŘ ǎǇŀǘƛŀƭ ŜȄǇŀƴǎƛƻƴΣ
ŎŀƭƭƛƴƎ ŦƻǊ ƎǊŜŀǘŜǊ ǇƭŀƴƴƛƴƎ ŀǘǘŜƴǘƛƻƴΦ
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ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴΣ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪΣ ǎǘŀǘŜ ƛƴǘŜǊǾŜƴǘƛƻƴΣ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴΣ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΣ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƘƛŜǊŀǊŎƘȅ

wŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴ ŀǊŜ ƻŎŎǳǊǊƛƴƎ ǿƻǊƭŘǿƛŘŜΦ ¢ƘŜ ǳǊōŀƴƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎ ƻŦ Ƴƻǎǘ ŜƳŜǊƎƛƴƎ ŜŎƻƴƻƳƛŜǎΣ
ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ Dƭƻōŀƭ {ƻǳǘƘΣ ƛǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ŀ ǊŀǇƛŘ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ǿƘƛŎƘ Ƙŀǎ ōŜŎƻƳŜ ŀ
ƪŜȅ ŦŀŎǘƻǊ ƛƴ ǇǊƻƳƻǘƛƴƎ ǊŜƎƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦ LƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛƴ ǘƘŜǎŜ ǊŜƎƛƻƴǎ ƘŀǾŜ ōŜŎƻƳŜ ŀ ƪŜȅ
ŘǊƛǾƛƴƎ ŦƻǊŎŜ ŦƻǊ ƭŀǊƎŜπǎŎŀƭŜ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǿƛǘƘ ǇǊƻŘǳŎǘƛƻƴ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ŎŀǇƛǘŀƭΣ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ƭŀōƻǊ
ƎŀǘƘŜǊƛƴƎ ƻƴ ŀ ƭŀǊƎŜ ǎŎŀƭŜ ƛƴ ǎǇŜŎƛŦƛŎ ƎŜƻƎǊŀǇƘƛŎ ǎǇŀŎŜǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΦ IƻǿŜǾŜǊΣ ǊŜƎƛƻƴǎ
ŜȄǇŜǊƛŜƴŎƛƴƎ ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴΣ ƻŦǘŜƴ ŦŀŎŜ ŀ ƭŀŎƪ ƻŦ ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ
ǳǊōŀƴƛȊŀǘƛƻƴΣ ǇǊŜǎŜƴǘƛƴƎ ƛƴŦƻǊƳŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ƳŀƴƛŦŜǎǘŜŘ ŀǎ ŀ ƳƛȄ ƻŦ ǳǊōŀƴ ŀƴŘ ǊǳǊŀƭ ǎǇŀŎŜǎ ŀƴŘ
ǎƻŎƛŜǘȅΦ

/Ƙƛƴŀ Ƙŀǎ ŀƭǎƻ ƎƻƴŜ ǘƘǊƻǳƎƘ ǘƘŜ ǇǊƻŎŜǎǎΣ ǿƛǘƘ ƳŜǘǊƻǇƻƭƛǎ ŀƴŘ ƳŜƎŀ ŎƛǘƛŜǎ ōŜŎƻƳƛƴƎ ƛƳǇƻǊǘŀƴǘ ƎǊƻǿǘƘ
ǇƻǿŜǊǎ ŦƻǊ /Ƙƛƴŀϥǎ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƳŀƧƻǊ ŀǊŜŀǎ ŀǘǘǊŀŎǘƛƴƎ ƳƛƎǊŀƴǘ ǇƻǇǳƭŀǘƛƻƴǎΦ
LƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛƴ ǘƘŜ ƳŜǘǊƻǇƻƭƛǎ ƛƴ /Ƙƛƴŀ ƘŀǾŜ ōŜŎƻƳŜ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ŦƻǊ ŀōǎƻǊōƛƴƎ ŜƳǇƭƻȅƳŜƴǘ
ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƳƛƎǊŀƴǘ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ƎǊŜŀǘƭȅ ǇǊƻƳƻǘƛƴƎ ǳǊōŀƴƛȊŀǘƛƻƴΦ²ƘŜǊŜŀǎ ōƻǘƘ ƳŀǊƪŜǘ ŀƴŘ
ǎǘŀǘŜ ŦƻǊŎŜǎ Ŏŀƴ ǇǊƻǇŜƭ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ƎŜƴŜǊŀƭƭȅΣ ǘƘŜ ǇǊƛƴŎƛǇŀƭ ŘǊƛǾƛƴƎ ŦƻǊŎŜ Ƙŀǎ ōŜŜƴ ŀ ǎǘŀǘŜπŘƛǊŜŎǘŜŘΣ
ǘƻǇπŘƻǿƴ ŀǇǇǊƻŀŎƘ ƛƴ /ƘƛƴŀΦ DƻǾŜǊƴƳŜƴǘǎ ǇǊƻƳƻǘŜ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ōȅ ŜǎǘŀōƭƛǎƘƛƴƎ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǿƛǘƘ
ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΣ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǎƘƻǿǎ ŦƻǊƳŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎό¢ŀōƭŜ мύ Φ IƻǿŜǾŜǊΣ ǘƘŜ
ǊŀǇƛŘƭȅ ŜȄǇŀƴŘƛƴƎ ǇƻǇǳƭŀǘƛƻƴ Ƙŀǎ ōǊƻǳƎƘǘ ŀōƻǳǘ ŀ ƘǳƎŜ ŘŜƳŀƴŘ ŦƻǊ ƭƛǾƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ǎǳŎƘ ŀǎ ƘƻǳǎƛƴƎΣ
ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŀƴŘ ǊŜǘŀƛƭΣ ǿƘƛƭŜ ŦƻǊƳŀƭ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŀƴŘ ƳŀǊƪŜǘ ǎǳǇǇƭȅ ŀǊŜ ƻŦǘŜƴ ǎŜǾŜǊŜƭȅ ƭŀƎƎƛƴƎ
ōŜƘƛƴŘΦ 5ǳŜ ǘƻ /Ƙƛƴŀϥǎ ŘǳŀƭƛǎǘƛŎ ǎǘǊǳŎǘǳǊŜ ǎȅǎǘŜƳ ƻŦ ǳǊōŀƴ ŀƴŘ ǊǳǊŀƭ ŀǊŜŀǎΣ ǎƻƳŜ ŀǊŜŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ǊǳǊŀƭ
ƘŀǾŜ ŀŎŎƻƳƳƻŘŀǘŜŘ ŀ ŎŜǊǘŀƛƴ ŀƳƻǳƴǘ ƻŦ ǳǊōŀƴ ŜƳǇƭƻȅƳŜƴǘ ǇƻǇǳƭŀǘƛƻƴΣ ǎƘƻǿƛƴƎ ƛƴŦƻǊƳŀƭ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǳƴŘŜǊ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƛƴŦƭǳŜƴŎŜ ƛƴ /ƘƛƴŀΣ ǘƘŜǊŜ ƛǎ ŀ ǇŀǊŀŘƻȄ ŀƳƛŘǎǘ ǘƘŜ
ŦƻǊƳŀƭ ǇǊƻŎŜǎǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ǘƘŜ ƛƴŦƻǊƳŀƭ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴΦ

{ŎƘƻƭŀǊǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ǇŀƛŘ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƻƴ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎ ŘǳǊƛƴƎ ǘƘŜ
ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎΦ [ƛ Ŝǘ ŀƭΦ όнлнрύ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƛǎǎǳŜ ƻŦ ǊǳǊŀƭ ƳŀǊƎƛƴŀƭƛȊŀǘƛƻƴ ŎŀǳǎŜŘ ōȅ ƛƴŘǳǎǘǊƛŀƭ
ǇŀǊƪǎ ƛƴ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎ ƻŦ aƛƴƘŀƴƎ 9ŎƻƴƻƳƛŎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 5ŜǾŜƭƻǇƳŜƴǘ ½ƻƴŜ ƛƴ {ƘŀƴƎƘŀƛΦ
/ƘŜƴƎ Ŝǘ ŀƭΦόнлмтύ ŀƴŀƭȅȊŜŘ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ōȅ ǿƘƛŎƘ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ȊƻƴŜ ǇǊƻƳƻǘŜǎ ǘƘŜ
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎΦ Lǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ Ŏŀƴ ƘŀǾŜ ŀ ǇǊƻŦƻǳƴŘ
ƛƳǇŀŎǘ ƻƴ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎΣ ōǳǘ ŎǳǊǊŜƴǘƭȅ ŦŜǿ ǇŜƻǇƭŜ ƘŀǾŜ ŜȄǇƭƛŎƛǘƭȅ ǇƻƛƴǘŜŘ ƻǳǘ ǘƘŀǘ ǳƴŘŜǊ ǘƘŜ Řǳŀƭ
ǳǊōŀƴπǊǳǊŀƭ ǎȅǎǘŜƳ ƛƴ /ƘƛƴŀΣ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƻƴ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎ Ƴŀȅ ōŜ ƛƴŦƻǊƳŀƭΣ ŘǳŜ ǘƻ
ǘƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǳǊōŀƴπǊǳǊŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŘƛǾƛǎƛƻƴǎ ƛƴ /ƘƛƴŀΦ
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¢ƘŜ ƪŜȅ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥLǎ ǘƘŜǊŜ ŀƴȅ ƛƴŦƻǊƳŀƭ ǇƘŜƴƻƳŜƴƻƴ ǿƘŜƴ ǳǊōŀƴƛȊŀǘƛƻƴ ŎŀǳǎŜŘ ōȅ ŦƻǊƳŀƭ
ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴΚ Iƻǿ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴΚ !Ǝŀƛƴǎǘ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƻŦ /Ƙƛƴŀϥǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ
ƭŜŀŘŜǊǎƘƛǇ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΣ ƛǎ ǘƘŜǊŜ ŀƴȅ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ƘƛŜǊŀǊŎƘȅ ƻŦ
ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪΚ 5ƻ ǊǳǊŀƭ ŀǊŜŀǎ ŀŦŦŜŎǘŜŘ ōȅ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛƴ {ƘŀƴƎƘŀƛ ƭŀŎƪǎ ǇǳōƭƛŎ ǎŜǊǾƛŎŜΚ

¢Ƙƛǎ ǎǘǳŘȅ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ƴƻƴ ƭƻŎŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ǎŜŜƪƛƴƎ ŜƳǇƭƻȅƳŜƴǘ ƛƴ ƛƴŘǳǎǘǊƛŀƭ
ǇŀǊƪǎ ŀƴŘ ƴƻƴ ƭƻŎŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ŎƘƻƻǎƛƴƎ ǘƻ ǊŜǎƛŘŜ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀƴ ƛƴŦƻǊƳŀƭ
ǇƘŜƴƻƳŜƴƻƴ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴΦ Lƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ /ƘƛƴŀΣ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ
ƻŦ ǇŜƻǇƭŜ ƭŜŦǘ ǘƘŜƛǊ ƘƻƳŜǘƻǿƴ ǘƻ ǎŜŜƪ Ƨƻō ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƛƴ ƻǘƘŜǊ ŎƛǘƛŜǎΦ .ŜŎŀǳǎŜ ƻŦ /Ƙƛƴŀϥǎ
IǳƪƻǳόǊŜƎƛǎǘŜǊŜŘ ǊŜǎƛŘŜƴŎŜύ ǎȅǎǘŜƳΣ ƴƻƴ ƭƻŎŀƭ ǇŜƻǇƭŜ Ŏŀƴ ƴƻǘ ŀŎŎŜǎǎ ǘƘŜ ǎŀƳŜ ŎƛǘƛȊŜƴ ǎŜǊǾƛŎŜ ǊŜǎƻǳǊŎŜǎ
ŀǎ ƭƻŎŀƭ ǇŜƻǇƭŜ ǿƘŜƴ ǘƘŜȅ ŎƻƳŜ ǘƻ ŀǊŜŀǎ ƻǳǘǎƛŘŜ ƻŦ IǳƪƻǳΦ !ƴŘ ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ ƻōǾƛƻǳǎ ōƻǳƴŘŀǊƛŜǎ
ōŜǘǿŜŜƴ ǳǊōŀƴ ŀǊŜŀǎ ŀƴŘ ǊǳǊŀƭ ŀǊŜŀǎ ƛƴ ǘŜǊƳǎ ƻŦ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŘƛǾƛǎƛƻƴǎΣ ŀƴŘ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ ŘƛŦŦŜǊŜƴŎŜǎ
ƛƴ ǘƘŜ ǎǘŀƴŘŀǊŘǎ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŀƭƭƻŎŀǘƛƻƴΣ ƴƻƴ ƭƻŎŀƭ ǇƻǇǳƭŀǘƛƻƴǎ Ŏŀƴ ǊŜŦƭŜŎǘ ǘƘŜ ƛƴŦƻǊƳŀƭƛǘȅ ƻŦ
ǳǊōŀƴƛȊŀǘƛƻƴΦ {ƻ ǘƘƛǎ ŀǊǘƛŎƭŜ ǘŀƪŜǎ ƻǳǘǎƪƛǊǘ ŘƛǎǘǊƛŎǘ ƻŦ {ƘŀƴƎƘŀƛ ŀǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǎŎƻǇŜ ŀƴŘ ǘŀƪŜ ƛƴŘǳǎǘǊƛŀƭ
ǇŀǊƪǎ ŀǎ ǊŜǎŜŀǊŎƘ ƻōƧŜŎǘΦ

.ȅ ǳǎƛƴƎ Wƛ {ƳŀǊǘ /Ƙƛƴŀ ¦ƴƛŎƻƳ ƳƻōƛƭŜ ǎƛƎƴŀƭƛƴƎ Řŀǘŀ ŀƴŘ ŎƻƳōƛƴƛƴƎ ƛǘ ǿƛǘƘ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ thL ŘŀǘŀΣ
ƛŘŜƴǘƛŦȅ ŀƴŘ ǉǳŀƴǘƛŦȅ ǘƘŜ ŜƳǇƭƻȅƳŜƴǘ ŀƴŘ ƭƛǾƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘƘŜ ŜƳǇƭƻȅŜŘ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ
ǇŀǊƪǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΣ ƻōǘŀƛƴ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŘŜƳƻƎǊŀǇƘƛŎ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ
ƻŦ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎΣ ŀƴŘ ŜȄǇƭƻǊŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǇŀǊƪǎ ƻŦ ŘƛŦŦŜǊŜƴǘ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΦ !ŦǘŜǊǿŀǊŘǎΣ ŀ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ ŀƴŀƭȅǎƛǎ ŦǊŀƳŜǿƻǊƪ ƻŦ ŜŦŦŜŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ
ǳǊōŀƴƛȊŀǘƛƻƴπǇǳōƭƛŎ ǎŜǊǾƛŎŜ ǎǳǇǇƻǊǘƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ǿŀǎ ŎƻƴǎǘǊǳŎǘŜŘΣ ŀƴŘ ǘƘŜ ǊǳǊŀƭ ŀǊŜŀǎ ǿŜǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ
ŦƻǳǊ ŎŀǘŜƎƻǊƛŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƎǊƛŘ ǳǎƛƴƎ ǘƘŜ ŦƻǳǊ ǉǳŀŘǊŀƴǘ ƳŜǘƘƻŘΦ /ƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ŀŎǘǳŀƭ ǊǳǊŀƭ
ŀǊŜŀǎ ƛƴ {ƘŀƴƎƘŀƛΣ ǘƘŜ ǘȅǇŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘΣ ŀƴŘ ŎŜǊǘŀƛƴ ǇƭŀƴƴƛƴƎ ǎǳƎƎŜǎǘƛƻƴǎ ǿŜǊŜ
ǇǊƻǇƻǎŜŘΦ

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ Ŏŀƴ ǊŜǾŜŀƭ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ƛƴŦƻǊƳŀƭƛǘȅ ƛƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴπƛƴŘǳŎŜŘ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǇǊƻǾƛŘƛƴƎ
ǾŀƭǳŀōƭŜ ƛƴǎƛƎƘǘǎ ŦƻǊ ǇƭŀƴƴƛƴƎ ǇƻƭƛŎƛŜǎ ŀƛƳŜŘ ŀǘ ŎƻƻǊŘƛƴŀǘƛƴƎ ǳǊōŀƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦ

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ ¸ŀƴƎǘȊŜ wƛǾŜǊ 5Ŝƭǘŀ ǊŜƎƛƻƴ Ƙŀǎ ōŜŜƴ ƭƛǎǘŜŘ ŀǎ ŀ ƴŀǘƛƻƴŀƭ ƪŜȅ ŀŘǾŀƴŎŜŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ
ōŀǎŜΦ !ǎ ǘƘŜ ŎƻǊŜ ŎƛǘȅΣ ǘƘƛǎ ŀǊǘƛŎƭŜ ǎŜƭŜŎǘǎ ǘƘŜ ƻǳǘǎƪƛǊǘ ŘƛǎǘǊƛŎǘǎ ƻŦ ǘƘŜ {ƘŀƴƎƘŀƛ ŀǎ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘΦ
Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŘƛǎǘǊƛŎǘǎ ǘƘŀǘ ƘŀǾŜ ōƻǘƘ ǳǊōŀƴ ŀƴŘ ǊǳǊŀƭ ŀǊŜŀǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƻǳǘǎƪƛǊǘ ŘƛǎǘǊƛŎǘǎΦ .ŀǎŜŘ ƻƴ
!hL ό!ǊŜŀ ƻŦ LƴǘŜǊŜǎǘǎύ ŘŀǘŀΣ ƛƴŘǳǎǘǊƛŀƭ ƭŀƴŘ ƻǳǘǎƛŘŜ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀ ƛǎ ǘŀƪŜƴ ŀǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ƻōƧŜŎǘΦ
¢ƘŜǊŜ ŀǊŜ ŀ ǘƻǘŀƭ ƻŦ мфмт ƛƴŘǳǎǘǊƛŀƭ !hLǎΦ LƴŘǳǎǘǊƛŀƭ !hLǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ ŦƻǳǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΥ
ƴŀǘƛƻƴŀƭ ƭŜǾŜƭΣ ƳǳƴƛŎƛǇŀƭƛǘȅ ƭŜǾŜƭΣ ŘƛǎǘǊƛŎǘ ƭŜǾŜƭΣ ŀƴŘ ƴƻ ƭŜǾŜƭΦ LƴŦƻǊƳŀǘƛƻƴ ƻƴ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ŎƻƳŜǎ
ŦǊƻƳ ƻŦŦƛŎƛŀƭ ǿŜōǎƛǘŜǎ ƛƴ /ƘƛƴŀΦ όCƛƎǳǊŜ мΣ нύΦ
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¢Ƙƛǎ ǎǘǳŘȅ ǳǎŜŘ о ǘȅǇŜǎ ƳŀƧƻǊ Řŀǘŀ ǎƻǳǊŎŜǎΥ όмύ !w9! ƻŦ LƴǘŜǊŜǎǘ ό!hLύ Řŀǘŀ ƛƴ нлнр ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ
ht9b {¢w99¢ a!tΦ !ƴŘ ōȅ ǎƻǊǘƛƴƎ ŀƴŘ ŦƛƭǘŜǊƛƴƎ ƻǳǘ !hL Řŀǘŀ ǊŜƭŀǘŜŘ ǘƻ ƛƴŘǳǎǘǊƛŀƭ ŦǳƴŎǘƛƻƴΣ ǿŜ Ŧƛƴŀƭƭȅ
ƻōǘŀƛƴŜŘ мфмт ŀǊŜŀǎ ƻŦ ƛƴǘŜǊŜǎǘΦ όнύ ¦ǎƛƴƎ ǘƘŜ Wƛ {ƳŀǊǘ /Ƙƛƴŀ ǳƴƛŎƻƳ ƳƻōƛƭŜ ǎƛƎƴŀƭƛƴƎ Řŀǘŀ ƛƴ hŎǘƻōŜǊ
нлнпΦ ¢ƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ǇǊƻǾƛŘƛƴƎ ƳƻōƛƭŜ ǎƛƎƴŀƭƛƴƎ Řŀǘŀ ƭŀōŜƭǎ ƻƴ Wƛ {ƳŀǊǘ ǇƭŀǘŦƻǊƳ ƛǎ ǘƘŀǘ ǘƘŜ ƭŀōŜƭ ²ƻǊƪ
ǊŜǇǊŜǎŜƴǘǎ ƭƻŎŀǘƛƻƴ ǿƛǘƘ ƭƻƴƎŜǎǘ ǎǘŀȅ ŦǊƻƳ фŀƳπрǇƳΦ ¢ŀƎǎ [ƛǾƛƴƎΥ ƭƻŎŀǘƛƻƴ ǿƛǘƘ ƭƻƴƎŜǎǘ ǎǘŀȅ ŦǊƻƳ фǇƳπ
уŀƳΦ όоύ tƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ όthLύ ƻŦ ¢ƘŜ tǳōƭƛŎ {ŜǊǾƛŎŜ ŎŀǘŜƎƻǊȅ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ DŀƻŘŜ aŀǇ ƛƴ нлннΦ

όмύ¦ǎƛƴƎ ƳƻōƛƭŜ ǇƘƻƴŜ ǎƛƎƴŀƭƛƴƎ Řŀǘŀ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ŜƳǇƭƻȅŜŘ ǊŜǎƛŘŜƴǘǎ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ

¦ǎƛƴƎ ƳƻōƛƭŜ ǎƛƎƴŀƭƛƴƎ ŘŀǘŀΣ ŎŀƭŎǳƭŀǘŜ ǘƘŜ Ǌŀǘƛƻ ƻŦ ƴƻƴ ƭƻŎŀƭ ŜƳǇƭƻȅƳŜƴǘ ǘƻ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ŜƳǇƭƻȅŜŘ
ǇŜƻǇƭŜ ƛƴ ŜŀŎƘ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ŀǎ ŀ ǳƴƛǘΣ ŀƴŘ ŎƻƴǎƛŘŜǊ ƛǘ ŀǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǘƻ
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ŎƘŀǊŀŎǘŜǊƛȊŜ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ŀǘǘǊŀŎǘ ƭŀōƻǊ ŦǊƻƳ ƻǳǘǎƛŘŜ ǘƘŜ ǊŜƎƛƻƴΦ !ŦǘŜǊ ǊŜƳƻǾƛƴƎ ƻǳǘƭƛŜǊǎΣ ǾƛǎǳŀƭƛȊŜ ŀƴŘ
ŀƴŀƭȅȊŜ ǘƘŜ ƻǾŜǊŀƭƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΤ ¢ƘŜƴΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻǳǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ƻŦ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭΣ
ƳǳƴƛŎƛǇŀƭƛǘȅ ƭŜǾŜƭΣ ŘƛǎǘǊƛŎǘ ƭŜǾŜƭΣ ŀƴŘ ƴƻ ƭŜǾŜƭ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǎǘŀǘƛǎǘƛŎǎΣ ƎǊŀǇƘƛŎŀƭƭȅ ŀƴŀƭȅȊŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ
ŀƴŘ ƛŘŜƴǘƛŦȅ ǘƘŜ ŜƳǇƭƻȅƳŜƴǘ ŀōǎƻǊǇǘƛƻƴ ƻŦ ƴƻƴ ƭƻŎŀƭ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΦ

όнύ5ŜǎŎǊƛōƛƴƎ ǘƘŜƛǊ ƭƛǾƛƴƎ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǘƘƻǎŜ ƛƴ ǊǳǊŀƭ ŀǊŜŀ ōȅ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ

5ƛǾƛŘŜ ǘƘŜ ǊǳǊŀƭ ŀǊŜŀ ƻŦ {ƘŀƴƎƘŀƛ ƛƴǘƻ мƪƳϝмƪƳ ƎǊƛŘǎΣ ǳǎŜ ƳƻōƛƭŜ ǎƛƎƴŀƭƛƴƎ Řŀǘŀ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƴǳƳōŜǊ
ƻŦ ƴƻƴ ƭƻŎŀƭ ǇŜƻǇƭŜ ŀƴŘ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ǇŜƻǇƭŜ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛƴ ŜŀŎƘ ƎǊƛŘΣ ŀƴŘ
ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ƻƴ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎ ōȅ ǘƘŜ
Ǌŀǘƛƻ ƻŦ ƴƻƴ ƭƻŎŀƭ ŜƳǇƭƻȅƳŜƴǘ ǘƻ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ŜƳǇƭƻȅŜŘ ǇŜƻǇƭŜΦ DǊŀǇƘƛŎŀƭƭȅ ŀƴŀƭȅȊŜ ƛǘǎ ǎǇŀǘƛŀƭ
ŘƛǎǘǊƛōǳǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΤ {ǘƛƭƭ ŎƭŀǎǎƛŦƛŜŘ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ŀƴŀƭȅȊŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻǳǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ
ƭŜǾŜƭǎ ƻŦ ƴŀǘƛƻƴŀƭΣ ƳǳƴƛŎƛǇŀƭΣ ŘƛǎǘǊƛŎǘΣ ŀƴŘ ƴƻƴ ƭŜǾŜƭ ǇŀǊƪǎΣ ƎǊŀǇƘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΦ

¢ƻ ŜȄǇƭƻǊŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΣ ǘƘƛǎ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ŜƳǇƭƻȅƳŜƴǘ
ǇƻǇǳƭŀǘƛƻƴ ƛƴ ǘƘŜƛǊ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΦ !ŘƻǇǘƛƴƎ ƻƴŜπǿŀȅ !bh±! ŀǎ ǘƘŜ ŎƻǊŜ ǎǘŀǘƛǎǘƛŎŀƭ ƳŜǘƘƻŘΦ !ƳƻƴƎ
ǘƘŜƳΣ ǘƘŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ƛǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ǇŀǊƪΤ ¢ƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ƛǎ ǘƘŜ ŎŀǘŜƎƻǊƛŎŀƭ
ǾŀǊƛŀōƭŜ ƻŦ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ǇŀǊƪΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ŘƛǾƛŘŜŘ ƛƴǘƻ ŦƻǳǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƎǊƻǳǇǎΦ ¢ƘŜ
ŀƴŀƭȅǎƛǎ ǇǊƻŎŜǎǎ Ŧƻƭƭƻǿǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ǎǘŀǘƛǎǘƛŎŀƭ ǇǊƻŎŜŘǳǊŜΥ ŦƛǊǎǘƭȅΣ ŘŜǎŎǊƛǇǘƛǾŜ ǎǘŀǘƛǎǘƛŎǎ ŀǊŜ ŎƻƴŘǳŎǘŜŘ ƻƴ
ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŜƳǇƭƻȅŜŘ ƴƻƴπƭƻŎŀƭ ƛƴŘƛǾƛŘǳŀƭǎ ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƎǊƻǳǇǎΦ ¢ƘŜ ƴƻǊƳŀƭƛǘȅ ƻŦ
ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ŦƻǊ ŜŀŎƘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƎǊƻǳǇ ǿŀǎ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ YƻƭƳƻƎƻǊƻǾπ{ƳƛǊƴƻǾ ǘŜǎǘΦ
{ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǾŀǊƛŀƴŎŜǎ ŀŎǊƻǎǎ ƎǊƻǳǇǎ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ǳǎƛƴƎ [ŜǾŜƴŜϥǎ ǘŜǎǘΦ !ǎǎǳƳƛƴƎ
ǘƘŜ ŀǎǎǳƳǇǘƛƻƴǎ ƻŦ ƴƻǊƳŀƭƛǘȅ ŀƴŘ ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǾŀǊƛŀƴŎŜ ŀǊŜ ǎŀǘƛǎŦƛŜŘΣ ŀ ƻƴŜπǿŀȅ !bh±! ǿŀǎ
ǇŜǊŦƻǊƳŜŘ ǘƻ ŜȄŀƳƛƴŜ ǿƘŜǘƘŜǊ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ŜȄƛǎǘ ŀƳƻƴƎ ǘƘŜ ƎǊƻǳǇǎΦ LŦ ǘƘŜ !bh±!
ǊŜǎǳƭǘ ƛƴŘƛŎŀǘŜŘ ŀ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜΣ Ǉƻǎǘ ƘƻŎ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ¢ǳƪŜȅ I{5
ǘŜǎǘ ǘƻ ƛŘŜƴǘƛŦȅ ǿƘƛŎƘ ǎǇŜŎƛŦƛŎ ƎǊƻǳǇ ǇŀƛǊǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎΦ !ƭƭ ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎŜǎ
ǿŜǊŜ ƛƳǇƭŜƳŜƴǘŜŘ ǳǎƛƴƎ tȅǘƘƻƴΣ ǿƛǘƘ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƭŜǾŜƭ ǎŜǘ ŀǘ αҐлΦлрΦ

Lƴ ƻǊŘŜǊ ǘƻ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜ ǘƘŜ ǇǊŀŎǘƛŎŀƭ ǇǊƻōƭŜƳǎ ŦŀŎŜŘ ōȅ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǘƘŜ ƭŜǾŜƭ ƻŦ ǇǳōƭƛŎ
ǎŜǊǾƛŎŜ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ŀōƻǾŜ ŀǊŜ ŘƛǎŎǳǎǎŜŘΦCƛǊǎǘƭȅΣ ŜȄǘǊŀŎǘ ǘƘŜ ǇǳōƭƛŎ
ǎŜǊǾƛŎŜ thLǎ ƛƴ {ƘŀƴƎƘŀƛΣ ǿƛǘƘ ǎǇŜŎƛŦƛŎ ŎŀǘŜƎƻǊȅ ƳŜŀƴƛƴƎǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ нΦ
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¢ƘŜƴ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƪŜǊƴŜƭ ŘŜƴǎƛǘȅ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŦŀŎƛƭƛǘȅ thLǎΦ¢ƘŜƴ ŎŀƭŎǳƭŀǘŜ ƛǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŜŀƴ
ƛƴǘƻ ŀ мYaϝмYa ƎǊƛŘ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎΦ{ǳōǎŜǉǳŜƴǘƭȅΣ ŀ ǘǿƻπŘƛƳŜƴǎƛƻƴŀƭ ŀƴŀƭȅǎƛǎ ŦǊŀƳŜǿƻǊƪ ƻŦ ϦǳǊōŀƴƛȊŀǘƛƻƴ
ŜŦŦŜŎǘ π ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŘŜƴǎƛǘȅϦ ǿŀǎ ŎƻƴǎǘǊǳŎǘŜŘΣ ŀƴŘ ǘƘŜ ŦƻǳǊ ǉǳŀŘǊŀƴǘ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘ ǿŀǎ ǳǎŜŘ ǘƻ
ŘƛǾƛŘŜ ǘƘŜ ǊǳǊŀƭ ƎǊƛŘ ƛƴǘƻ ŦƻǳǊ ǘȅǇƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǘȅǇŜǎΣ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ
ǇǊƻōƭŜƳǎΣ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŘƛǊŜŎǘƛƻƴǎ ƻŦ ŜŀŎƘ ǘȅǇŜΦ ¢ƘŜ ŘƛƳŜƴǎƛƻƴ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƳǇŀŎǘ ǳǎŜǎ ǘƘŜ Ǌŀǘƛƻ
ƻŦ ƴƻƴ ƭƻŎŀƭ ŜƳǇƭƻȅƳŜƴǘ ǘƻ ǘƻǘŀƭ ŜƳǇƭƻȅƳŜƴǘ ƛƴ ŜŀŎƘ ƎǊƛŘ ǘƻ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪΣ ǿƘƛƭŜ ǘƘŜ ŘƛƳŜƴǎƛƻƴ ƻŦ
ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŘŜƴǎƛǘȅ ŘƛǊŜŎǘƭȅ ǳǎŜǎ ǘƘŜ ƪŜǊƴŀƭ ŘŜƴǎƛǘȅ Řŀǘŀ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ thLǎ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ǎǇŀǘƛŀƭ
ŀƎƎƭƻƳŜǊŀǘƛƻƴ ŘŜƎǊŜŜ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǎǳŎƘ ŀǎ ŜŘǳŎŀǘƛƻƴΣ ǇǳōƭƛŎ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǎƻ ƻƴΦ ¢ƘŜ ǘǿƻ ŘƛƳŜƴǎƛƻƴǎ
ǘƻƎŜǘƘŜǊ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ŎƻǊŜ ƛƴŘƛŎŀǘƻǊ ǎȅǎǘŜƳ ŦƻǊ ŜǾŀƭǳŀǘƛƴƎ ǊǳǊŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ƪŜǊƴŜƭ ŘŜƴǎƛǘȅ ƻŦ
ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ǿŀǎ ƴƻǊƳŀƭƛȊŜŘΣ ǿƛǘƘ ŀ ǾŀƭǳŜ ƻŦ лΦр ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ ƻǊƛƎƛƴ ƻŦ ǘƘŜ ŀȄŜǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ŦƻǳǊπ
ǉǳŀŘǊŀƴǘ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳΦ .ŀǎŜŘ ƻƴ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ƎǊƛŘǎ ǿƛǘƘƛƴ ǘƘƛǎ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳΣ ǘƘŜȅ ǿŜǊŜ
ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ŦƻǳǊ ǘȅǇŜǎ ŀƴŘ ŀƴŀƭȅȊŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ŀŎǘǳŀƭ ǊŜƎƛƻƴŀƭ ŎƻƴǘŜȄǘΦ

613



!ŦǘŜǊ ǊŜƳƻǾƛƴƎ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ƻǳǘƭƛŜǊǎ ŀƴŘ ŎŀǘŜƎƻǊƛȊƛƴƎ ǘƘŜ Řŀǘŀ ŀŎŎƻǊŘƛƴƎ ǘƻ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ
ƭŜǾŜƭǎΣ ǘƘŜ ǊŜǎǳƭǘǎ ǿŜǊŜ ǾƛǎǳŀƭƛȊŜŘ ǳǎƛƴƎ !ǊŎDL{Σ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦhǾŜǊŀƭƭΣ Ƴƻǎǘ ƻŦ {ƘŀƴƎƘŀƛϥǎ ƛƴŘǳǎǘǊƛŀƭ
ǇŀǊƪǎ ŀǊŜ ƭƻŎŀǘŜŘ ƻƴ ƻƴŜ ǎƛŘŜ ƻŦ ǘƘŜ ǳǊōŀƴ ŀǊŜŀ ƻƴ ǘƘŜ ǳǊōŀƴ ǎƛŘŜ ƻŦ ǘƘŜ ǳǊōŀƴπǊǳǊŀƭ ŦǊƛƴƎŜΦ aƻǊŜ ǘƘŀƴ
рл҈ ƻŦ ǘƘŜ ǿƻǊƪŦƻǊŎŜ ƛƴ ǘƘŜǎŜ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ Ŏƻƴǎƛǎǘǎ ƻŦ ƴƻƴπƭƻŎŀƭ ǊŜǎƛŘŜƴǘǎΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ƳƛƎǊŀƴǘ
ǿƻǊƪŜǊǎ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ Ƴŀƛƴ ƭŀōƻǊ ŦƻǊŎŜ ƛƴ ǘƘŜǎŜ ŀǊŜŀǎΦ CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǿƛǘƘ
ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ƴƻƴ ƭƻŎŀƭ ǇŜƻǇƭŜ ŜƳǇƭƻȅŜŘ ƛƴ ŜŀŎƘ ƭŜǾŜƭ ŀǊŜ ŀƭǎƻ ƻǾŜǊ рл҈Φ
Lǘ Ŏŀƴ Ŧǳƭƭȅ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ŎƻŜȄƛǎǘŜƴŎŜ ƻŦ ŦƻǊƳŀƭ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ǘƘŜ ƻǳǘǎƪƛǊǘ
ŘƛǎǘǊƛŎǘ ƻŦ ǘƘŜ {ƘŀƴƎƘŀƛ ƳŜǘǊƻǇƻƭƛǘŀƴ ŀǊŜŀΣ ŀƴŘ ƎǊŀǇƘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ Ŏŀƴƴƻǘ ƛƴǘǳƛǘƛǾŜƭȅ ǎƘƻǿ ǘƘŜ
ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ƛǎ
ƴŜŜŘŜŘΦ

¢ƘŜ Ǌŀǘƛƻ ƻŦ ƴƻƴ ƭƻŎŀƭ ŜƳǇƭƻȅƳŜƴǘ ǘƻ ǘƘŜ ǘƻǘŀƭ ŜƳǇƭƻȅƳŜƴǘ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǿŀǎ
ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ǊǳǊŀƭ ŀǊŜŀ ƎǊƛŘ ŀƴŘ ǾƛǎǳŀƭƛȊŜŘΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦ

hǾŜǊŀƭƭΣ ƛǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ǘƘŀǘ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƭƻŎŀǘŜŘ ƛƴ ǳǊōŀƴ ŀǊŜŀǎΣ ōƻǘƘ ƭƻŎŀƭ ŀƴŘ ƴƻƴπƭƻŎŀƭ
ŜƳǇƭƻȅŜŜǎ ǊŜǎƛŘŜ ƛƴ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŀƭƭ ǇŀǊƪǎ ŜȄŜǊǘ ŀ ǇǊƻȄƛƳƛǘȅπōŀǎŜŘ
ƛƴŦƭǳŜƴŎŜ ƻƴ ŀŘƧŀŎŜƴǘ ǊǳǊŀƭ ƎǊƛŘǎΦLƴ ǘŜǊƳǎ ƻŦ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀǊŜŀǎ ƻǳǘǎƛŘŜ ƻŦ ƴŀǘƛƻƴŀƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ
ǎǳŎƘ ŀǎ ²ŀƛƎŀƻǉƛŀƻ CǊŜŜπǘǊŀŘŜ ½ƻƴŜΣ [ƛƴƎŀƴƎ LƴŘǳǎǘǊƛŀƭ tŀǊƪΣ aƛƴƘŀƴƎ 9ŎƻƴƻƳƛŎ 5ŜǾŜƭƻǇƳŜƴǘ ½ƻƴŜΣ ŀƴŘ
{ƻƴƎƧƛŀƴƎ LƴŘǳǎǘǊƛŀƭ tŀǊƪ ŀǊŜ ǘƘŜ ŎƻǊŜΣ Ƴŀƛƴƭȅ ŀŦŦŜŎǘƛƴƎ ǘƘŜ ǊǳǊŀƭ ƎǊƛŘ ƛƴ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǘƘŜ ōǳƛƭǘπǳǇ ŀǊŜŀ
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ƻŦ {ƻƴƎƧƛŀƴƎ 5ƛǎǘǊƛŎǘΣ ǘƘŜ ǎƻǳǘƘŜǊƴ ǇŀǊǘ ƻŦ aƛƴƘŀƴƎ 5ƛǎǘǊƛŎǘΣ ŀƴŘ ǘƘŜ ŎŜƴǘǊŀƭ ŀƴŘ ǎƻǳǘƘŜǊƴ ǇŀǊǘǎ ƻŦ tǳŘƻƴƎ
bŜǿ !ǊŜŀ ǘƘǊƻǳƎƘ ǇŜǊƛǇƘŜǊŀƭ ƛƴŦƭǳŜƴŎŜΦ aǳƴƛŎƛǇŀƭƛǘȅ ƭŜǾŜƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΣ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘƻǎŜ ƛƴ
vƛƴƎǇǳ ŘƛǎǘǊƛŎǘΣ WƛƴǎƘŀƴπCŜƴƎȄƛŀƴ ŘƛǎǘǊƛŎǘΣ ŀƴŘ WƛŀŘƛƴƎ ŘƛǎǘǊƛŎǘΣ ƘŀǾŜ ŜȄŜǊǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŦƭǳŜƴŎŜΣ ŦƻǊƳƛƴƎ
ǘƘǊŜŜ ŎƻǊŜ ŎƭǳǎǘŜǊǎ ƻŦ ƛƳǇŀŎǘŜŘ ǊǳǊŀƭ ƎǊƛŘǎ ƛƴ ƴƻǊǘƘŜǊƴ WƛŀŘƛƴƎΣ ƴƻǊǘƘŜǊƴ vƛƴƎǇǳΣ ŀƴŘ ǘƘŜ WƛƴǎƘŀƴπCŜƴƎȄƛŀƴ
ŀǊŜŀΦ ¢ƘŜ ǇǊƛƳŀǊȅ ƛƳǇŀŎǘ ƻŦ ŘƛǎǘǊƛŎǘ ƭŜǾŜƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƛǎ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ōƻǊŘŜǊ ŀǊŜŀǎ ōŜǘǿŜŜƴ WƛŀŘƛƴƎ
ŀƴŘ vƛƴƎǇǳ ŘƛǎǘǊƛŎǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƧǳƴŎǘƛƻƴ ƻŦ aƛƴƘŀƴƎΣ CŜƴƎȄƛŀƴΣ ŀƴŘ tǳŘƻƴƎ bŜǿ !ǊŜŀΦ

.ȅ ŎƻƳǇŀǊƛǎƻƴΣ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǿƛǘƘ ƘƛƎƘŜǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ƘŀǾŜ ŀ ǎǘǊƻƴƎŜǊ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƳǇŀŎǘ ƻƴ
ƴŜŀǊōȅ ǊǳǊŀƭ ƎǊƛŘǎΦ !ƭǘƘƻǳƎƘ ǇŀǊƪǎ ǿƛǘƘ ƭƻǿŜǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ƎŜƴŜǊŀǘŜ ƭŜǎǎ ŘƛǊŜŎǘ ŀƴŘ ŘǊŀǎǘƛŎ ŜŦŦŜŎǘǎ
ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜƛǊ ƴŀǘƛƻƴŀƭ ŀƴŘ ƳǳƴƛŎƛǇŀƭƛǘȅ ƭŜǾŜƭ ŎƻǳƴǘŜǊǇŀǊǘǎΣ ǘƘŜƛǊ ƛƴŦƭǳŜƴŎŜ ǇŜƴŜǘǊŀǘŜǎ ŘŜŜǇŜǊ ƛƴǘƻ
ǘƘŜ ƘƛƴǘŜǊƭŀƴŘΣ ǊŜŀŎƘƛƴƎ ƳƻǊŜ ǊŜƳƻǘŜ ǊǳǊŀƭ ƎǊƛŘǎΦ

¢ƘŜ YƻƭƳƻƎƻǊƻǾπ{ƳƛǊƴƻǾ ǘŜǎǘ ƛǎ ǳǎŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ƴƻǊƳŀƭƛǘȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ Řŀǘŀ ƻŦ ŜŀŎƘ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƎǊƻǳǇ Ŧƻƭƭƻǿǎ ŀ ƴƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ [ŜǾŜƴŜϥǎ ǘŜǎǘ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ
ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǾŀǊƛŀƴŎŜ ƘȅǇƻǘƘŜǎƛǎ ŦƻǊ ŜŀŎƘ ƎǊƻǳǇ ǿŀǎ ǎŀǘƛǎŦƛŜŘ όǇҐлΦлслрύΦ ¢ƘŜ ǘǿƻ ŎƻǊŜ ǇǊŜǊŜǉǳƛǎƛǘŜǎ
ŦƻǊ !bh±! ŀƴŀƭȅǎƛǎ ƘŀǾŜ ōŜŜƴ ƳŜǘΣ ŜƴǎǳǊƛƴƎ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǎǳōǎŜǉǳŜƴǘ ǎǘŀǘƛǎǘƛŎŀƭ ƛƴŦŜǊŜƴŎŜǎΦό¢ŀōƭŜ оύ

лΦлрр лΦмун ¸Ŝǎ

лΦлпо лΦоту ¸Ŝǎ

лΦлрр лΦмлр ¸Ŝǎ

лΦлтм лΦмуо ¸Ŝǎ

[ŜǾŜƴŜϥǎ ǘŜǎǘ ǎǘŀǘƛǎǘƛŎΥ нΦпстс ǇπǾŀƭǳŜΥ лΦлслр

9ȄŜŎǳǘƛƴƎ ƻƴŜπǿŀȅ !bh±!Φ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƘŀŘ ŀ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ
ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƴƻƴ ƭƻŎŀƭ ŜƳǇƭƻȅŜŘ ǇƻǇǳƭŀǘƛƻƴ ǇǊƻǾƛƴƎ ǘƘŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ǎǘŀǘŜ
ǇƻǿŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ǿƻǳƭŘ ƭŜŀŘ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘ
ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ǘƘŜ ǇŀǊƪǎΣ ŀƴŘ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǎǘŀǘŜ ǇƻǿŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ƛƴ
ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǿƻǳƭŘ ŀŦŦŜŎǘ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΦ!bh±! ǊŜǎǳƭǘ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ

¢ƘŜ ƳŜŀƴǎ ŀǊŜ Ŝǉǳŀƭ ŀŎǊƻǎǎ ŀƭƭ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƎǊƻǳǇǎΦ пΦорлу
лΦллпс ¢ƘŜ ƴǳƭƭ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ǊŜƧŜŎǘŜŘΣ ƛƴŘƛŎŀǘƛƴƎ ŀ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ƛƴ

ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŎƻƳƳǳǘƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ŀƳƻƴƎ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƎǊƻǳǇǎΦ

CǊƻƳ ǘƘŜ ƎǊƻǳǇ ŀǾŜǊŀƎŜΣ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ƴƻƴ ƭƻŎŀƭ ŜƳǇƭƻȅŜŘ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ŘƛǎǘǊƛŎǘ ƭŜǾŜƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ
ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘΣ ǿƘƛƭŜ ƛǘ ƛǎ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ŀǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ŀƴŘ ƳǳƴƛŎƛǇŀƭƛǘȅ ƭŜǾŜƭǎΦ

CǳǊǘƘŜǊ ¢ǳƪŜȅ Ǉƻǎǘ ƘƻŎ ǘŜǎǘǎό¢ŀōƭŜ пύ ǎƘƻǿŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ŘƛǎǘǊƛŎǘ ƭŜǾŜƭΣ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭΣ
ŀƴŘ Ŏƛǘȅ ƭŜǾŜƭΣ ǿƘƛƭŜ ƻǘƘŜǊ ƛƴǘŜǊ ƎǊƻǳǇ ŘƛŦŦŜǊŜƴŎŜǎ ǿŜǊŜ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘΦ hǾŜǊŀƭƭΣ ǘƘƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴ ŀǊƻǳƴŘ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΣ ŀƴŘ ǘƘŀǘ
ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ǇǊƻŘǳŎŜ ŘƛǎǘƛƴŎǘ ŜŦŦŜŎǘǎ ƻƴ ǳǊōŀƴƛȊŀǘƛƻƴΦ
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ƴŀǘƛƻƴ ƳǳƴƛŎƛǇŀƭƛǘȅ лΦллмо лΦфффс πлΦлнфт лΦлоно CŀƭǎŜ

ƴŀǘƛƻƴ ŘƛǎǘǊƛŎǘ лΦлорн лΦлмру лΦллпт лΦлсрт ¢ǊǳŜ

ƴŀǘƛƻƴ ƴƻƴƭŜǾŜƭ лΦлнрн лΦнфру πлΦлммт лΦлснм CŀƭǎŜ

ƳǳƴƛŎƛǇŀƭƛǘȅ ŘƛǎǘǊƛŎǘ лΦлооф лΦлмрп лΦллпт лΦлсон ¢ǊǳŜ

ƳǳƴƛŎƛǇŀƭƛǘȅ ƴƻƴƭŜǾŜƭ лΦлноф лΦомум πлΦлмнл лΦлрфф CŀƭǎŜ

ŘƛǎǘǊƛŎǘ ƴƻƴƭŜǾŜƭ πлΦлмлл лΦууср πлΦлпрр лΦлнрр CŀƭǎŜ

IƻǿŜǾŜǊΣ ƛǘ ǎƘƻǳƭŘ ōŜ ŜƳǇƘŀǎƛȊŜŘ ǘƘŀǘ ŀƭǘƘƻǳƎƘ ǎǘŀǘƛǎǘƛŎŀƭ ǘŜǎǘǎ ǎƘƻǿ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎΣ ǘƘŜ ƻǾŜǊŀƭƭ
ŘƛŦŦŜǊŜƴŎŜ ƛƴ ƳŜŀƴ ǾŀƭǳŜǎ ōŜǘǿŜŜƴ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎ ƛǎ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘΦ !ƭǘƘƻǳƎƘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ
Ƙŀǎ ŀ ŎŜǊǘŀƛƴ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘΣ ƛǘ ƛǎ ƴƻǘ ǘƘŜ ƻƴƭȅ ŘŜǘŜǊƳƛƴƛƴƎ ŦŀŎǘƻǊΦ ¢Ƙƛǎ ǊŜǎǳƭǘ ŀƭǎƻ
ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ ōŜ Ƴŀƴȅ ŦŀŎǘƻǊǎ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΣ ǿƘƛŎƘ
ǇǊƻǾƛŘŜǎ ƛŘŜŀǎ ŦƻǊ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘΦ
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/ŀǘŜƎƻǊƛȊŜŘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŜŀŎƘ ƎǊƛŘ ōŀǎŜŘ ƻƴ ǘƘŜ Řǳŀƭ ŘƛƳŜƴǎƛƻƴ ƛƴǘƻ ŦƻǳǊ ǘȅǇŜǎ όCƛƎǳǊŜ рύ ŀƴŘ ǾƛǎǳŀƭƛȊŜŘ
ǘƘŜƳ ǎǇŀǘƛŀƭƭȅ όCƛƎǳǊŜ сύΦ

.ȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΣ ƻǾŜǊ фф҈ ƻŦ ǘƘŜ ƎǊƛŘǎ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǘƘƛǊŘ ŀƴŘ ŦƻǳǊǘƘ ǉǳŀŘǊŀƴǘǎΣ ƴŀƳŜƭȅ ƭƻǿπƭƻǿ ŀƴŘ
ƘƛƎƘπƭƻǿ ǘȅǇŜǎΦόмύ¢ƘŜ ŦƛǊǎǘ ǉǳŀŘǊŀƴǘ ƛǎ ŀ ƘƛƎƘπƘƛƎƘ ǘȅǇŜΣ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ŎƻŜȄƛǎǘŜƴŎŜ ƻŦ ƘƛƎƘ
ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ŜŦŦŜŎǘ ŀƴŘ ƘƛƎƘ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŘŜƴǎƛǘȅΣ ǿƘƛŎƘ Ŏŀƴ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǊŜŎŜƛǾŜ ǳǊōŀƴ ŜŎƻƴƻƳƛŎ
ǊŀŘƛŀǘƛƻƴ ŀƴŘ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ǎǇƛƭƭƻǾŜǊ ŜŦŦŜŎǘǎΦ !ƭǘƘƻǳƎƘ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ǊǳǊŀƭ ƛƴ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘΣ ƛǘ
ƛǎ ŀŎǘǳŀƭƭȅ ƘƛƎƘƭȅ ǳǊōŀƴƛȊŜŘ ŀƴŘ Ƙŀǎ ŎƻƳǇƭŜǘŜ ǎǳǇǇƻǊǘƛƴƎ ǎŜǊǾƛŎŜ ŦŀŎƛƭƛǘƛŜǎΣ ŀǇǇǊƻŀŎƘƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ
ƻŦ ǳǊōŀƴ ŀǊŜŀǎΦ IƻǿŜǾŜǊΣ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎ ƻŦ {ƘŀƴƎƘŀƛΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎǳŎƘ ƎǊƛŘǎ ƛǎ ŀƭƳƻǎǘ ȊŜǊƻΣ ƛƴŘƛŎŀǘƛƴƎ
ǘƘŀǘ ǎǳŎƘ ŀǊŜŀǎ Řƻ ƴƻǘ ŎǳǊǊŜƴǘƭȅ ŜȄƛǎǘΦ όнύ ¢ƘŜ ǎŜŎƻƴŘ ǉǳŀŘǊŀƴǘ ƛǎ ŀ ƭƻǿπƘƛƎƘ ǘȅǇŜΣ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƭƻǿ
ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ŜŦŦŜŎǘ ōǳǘ ƘƛƎƘ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŘŜƴǎƛǘȅΦ Lǘ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀ ǎƳŀƭƭ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŜƴǘƛǊŜ ǊǳǊŀƭ
ƎǊƛŘ ƛƴ {ƘŀƴƎƘŀƛΣ Ƴŀƛƴƭȅ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ǎƻƳŜ ǊǳǊŀƭ ƎǊƛŘǎ ƻŦ bŀƴǉƛŀƻ ¢ƻǿƴ ƻƴ ǘƘŜ ǎƻǳǘƘǿŜǎǘ ǎƛŘŜ ƻŦ ǘƘŜ
ōǳƛƭǘπǳǇ ŀǊŜŀ ƛƴ CŜƴƎȄƛŀƴ 5ƛǎǘǊƛŎǘΦ ¢ƘŜ ǊŜŀǎƻƴ ŦƻǊ ƛǘǎ ŦƻǊƳŀǘƛƻƴ Ƴŀȅ ōŜ ǘƘŀǘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŀŎŎǳƳǳƭŀǘƛƻƴ ƻŦ
ǘǊŀŘƛǘƛƻƴŀƭ ǘƻǿƴǎ Ƙŀǎ ŎǊŜŀǘŜŘ ŀ ƎƻƻŘ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ǘƘŜ ƴŜŀǊōȅ ōǳƛƭǘπǳǇ ŀǊŜŀ ƘŀǾŜ
ŜȄǇŜǊƛŜƴŎŜŘ ǎǇƛƭƭƻǾŜǊ ŜŦŦŜŎǘǎ ŦǊƻƳ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎΦ ¢ƘŜ CŜƴƎȄƛŀƴ 5ƛǎǘǊƛŎǘ LƴŘǳǎǘǊƛŀƭ tŀǊƪ ƛǎ ƴƻǘ
ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ǘƘŜ ǎƻǳǘƘǿŜǎǘ ƻŦ ǘƘŜ ōǳƛƭǘπǳǇ ŀǊŜŀΣ ōǳǘ ƛƴ ǘƘŜ ƴƻǊǘƘ ƻǊ ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ ōǳƛƭǘπǳǇ ŀǊŜŀΦ όоύ
¢ƘŜ ǘƘƛǊŘ ǉǳŀŘǊŀƴǘ ƛǎ ŀ ƭƻǿπƭƻǿ ǘȅǇŜΣ ǿƛǘƘ ƭƻǿ ƛƴŘǳǎǘǊƛŀƭ ŜŦŦŜŎǘ ŀƴŘ ƭƻǿ ŘŜƴǎƛǘȅ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎ ƛƴ ǘƘŜ
ǇŀǊƪΣ ǿƘƛŎƘ ƛǎ ŀ ǘȅǇƛŎŀƭ ŦŜŀǘǳǊŜ ƻŦ ǊǳǊŀƭ ŀǊŜŀǎΦ 9ƴƎŀƎƛƴƎ ƛƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ƭƻǿ ǇƻǇǳƭŀǘƛƻƴ
ŘŜƴǎƛǘȅ ǊŜǎǳƭǘ ƛƴ ƭƻǿ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŘŜƴǎƛǘȅΦ ¢ƘǊƻǳƎƘ ǊŜǎŜŀǊŎƘΣ ǿŜ Ŏŀƴ ŀƭǎƻ ŦƛƴŘ ǘƘŀǘ ǘƘƛǎ ǘȅǇŜ ƻŎŎǳǇƛŜǎ
ƴŜŀǊƭȅ фп҈ ƻŦ ǘƘŜ ǊǳǊŀƭ ƎǊƛŘǎΣ ǿƘƛŎƘ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ {ƘŀƴƎƘŀƛϥǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ǊŜƎǳƭŀǘƛƻƴǎ ŦƻǊ ǊǳǊŀƭ ŀǊŜŀǎΦ όпύ
¢ƘŜ ŦƻǳǊǘƘ ǉǳŀŘǊŀƴǘ ƛǎ ŀ ƘƛƎƘπƭƻǿ ǘȅǇŜΣ ǿƛǘƘ ƘƛƎƘ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ƛƴŦƭǳŜƴŎŜ ōǳǘ ƛƴǎǳŦŦƛŎƛŜƴǘ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ
ŘŜƴǎƛǘȅΣ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ŎƻƴǘǊŀŘƛŎǘƛƻƴ ƻŦ ƭŀƎƎƛƴƎ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ǎǳǇǇƻǊǘΦ Lǘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀƭ
ǳǊōŀƴƛȊŀǘƛƻƴ ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ ¢ƘŜǎŜ ǊǳǊŀƭ ŀǊŜŀǎ ƘŀǾŜ ŀōǎƻǊōŜŘ ŀ ǎǳōǎǘŀƴǘƛŀƭ ƛƴŦƭǳȄ ƻŦ ƳƛƎǊŀƴǘ
ǿƻǊƪŜǊǎ ƛƴ ǘŜǊƳǎ ƻŦ ŘŜƳƻƎǊŀǇƘƛŎ ǳǊōŀƴƛȊŀǘƛƻƴΣ ȅŜǘ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎǇŀŎŜǎ ǊŜƳŀƛƴ ƭƻŎŀǘŜŘ ƛƴ ǊǳǊŀƭ ŀǊŜŀ
ǿƛǘƘ ƭŀƎƎƛƴƎ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ ŦŀŎƛƭƛǘƛŜǎΦ ²ƘƛƭŜ ǘƘŜǎŜ ƎǊƛŘǎ ŀǊŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΣ ǘƘŜȅ ǎǳŦŦŜǊ ŦǊƻƳ
ƛƴŀŘŜǉǳŀǘŜ Řŀƛƭȅ ƭƛǾƛƴƎ ŀƳŜƴƛǘƛŜǎΦ CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƎǊƛŘǎΣ ŀōƻǳǘ с҈ ƻŦ ǊǳǊŀƭ ƎǊƛŘǎ
ŀǊŜ ƛƴ ŀ ǎǘŀǘŜ ƻŦ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǿƘƛŎƘ ǊŜǉǳƛǊŜǎ ƘƛƎƘ ǇƭŀƴƴƛƴƎ ŀǘǘŜƴǘƛƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜ
ŀƭƭƻŎŀǘƛƻƴΦ ¢ƘŜ ǇǊƻōƭŜƳ ƻŦ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ǊŜǎƛŘŜƴǘǎϥ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƭŜǾŜƭ
ǳǊƎŜƴǘƭȅ ƴŜŜŘǎ ǘƻ ōŜ ǎƻƭǾŜŘΦ

¢ƘŜ Ƴŀƛƴ ŦƛƴŘƛƴƎǎ ƻŦ ǘƘƛǎ ŀǊǘƛŎƭŜ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ όмύ CƻǊƳŀƭ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŎƻŜȄƛǎǘǎ ǿƛǘƘ ƛƴŦƻǊƳŀƭ
ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ {ƘŀƴƎƘŀƛϥǎ ƳŜǘǊƻǇƻƭƛǘŀƴ ŦǊƛƴƎŜ ŀǊŜŀǎΣ ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƛƳǇŀŎǘ
ƻŦ ǎǘŀǘŜ ǇƻǿŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ƻƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΦ ¢ƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ǎǘŀǘŜ
ǇƻǿŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀŦŦŜŎǘǎ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎΦ όнύ
¢ƘŜ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ Ƴŀƛƴƭȅ ŀŦŦŜŎǘǎ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎ ƴŜŀǊōȅΦ IƛƎƘ
ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ƘŀǾŜ ŀ ǎǘǊƻƴƎŜǊ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƴŜŀǊōȅ ǊǳǊŀƭ ƎǊƛŘΣ ǿƘƛƭŜ
ƭƻǿŜǊ ƭŜǾŜƭ ǇŀǊƪǎ ƘŀǾŜ ŀ ŘŜŜǇŜǊ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǊǳǊŀƭ ƘƛƴǘŜǊƭŀƴŘΦ όоύ !ōƻǳǘ с҈ ƻŦ {ƘŀƴƎƘŀƛϥǎ ǊǳǊŀƭ ƎǊƛŘǎ ŀǊŜ
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǿƘŜǊŜ ŜƳǇƭƻȅŜŘ ǇƻǇǳƭŀǘƛƻƴǎ ǊŜǎƛŘŜ ƛƴ ǎǳǊǊƻǳƴŘƛƴƎ ǊǳǊŀƭ ŀǊŜŀǎΦ
¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ Ƨƻō ŎǊŜŀǘƛƻƴ ƛƴ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ǇǊŜŎŜŘŜǎ ǇƻǇǳƭŀǘƛƻƴ ǳǊōŀƴƛȊŀǘƛƻƴΣ ƭŜŀŘƛƴƎ ǘƻ ƛƴŦƻǊƳŀƭ
ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ǇǳōƭƛŎ ǎŜǊǾƛŎŜǎ Ƙŀǎ ƭŀƎƎŜŘ ōŜƘƛƴŘ ǎǇŀǘƛŀƭ ŜȄǇŀƴǎƛƻƴΣ ŎŀƭƭƛƴƎ ŦƻǊ
ƎǊŜŀǘŜǊ ǇƭŀƴƴƛƴƎ ŀǘǘŜƴǘƛƻƴΦ
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¢Ƙƛǎ ǎǘǳŘȅ ƛǎ ƻƴƭȅ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ŜȄǇƭƻǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ƛƴŦƻǊƳŀƭ ǳǊōŀƴƛȊŀǘƛƻƴΣ ŀƴŘ
ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ǳǊōŀƴƛȊŀǘƛƻƴ ŜŦŦŜŎǘǎ ƎŜƴŜǊŀǘŜŘ ōȅ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ƭŜǾŜƭǎΦ .ǳǘ
ǘƘŜǊŜ ƛǎ ǎǘƛƭƭ ǎƻƳŜ ǎƘƻǊǘŎƻƳƛƴƎΥ ¢Ƙƛǎ ǎǘǳŘȅ ŀƭǎƻ ǇǊƻǾŜǎ ǘƘŀǘ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŦŀŎǘƻǊǎ ŀǊŜ ƻƴƭȅ ƻƴŜ ŦŀŎǘƻǊ ǘƘŀǘ
ŀŦŦŜŎǘǎ ŘƛŦŦŜǊŜƴŎŜǎ ŀƴŘ Ŏŀƴƴƻǘ ŘŜǘŜǊƳƛƴŜ ŀƭƭ ŜŦŦŜŎǘǎΣ ǎƻ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŀǘƛƻƴ ƛǎ ƴŜŜŘŜŘ ƻƴ ǘƘŜ ƳƻǊŜ ŘǊƛǾƛƴƎ
ŦŀŎǘƻǊǎ ŀƴŘ ƳŜŎƘŀƴƛǎƳ ōŜƘƛƴŘ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴΦ!ƴŘ Ƙƻǿ ǘƻ ƎǳƛŘŜ ǇƭŀƴƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŎƻƻǇŜǊŀǘƛƻƴ
ōŜǘǿŜŜƴ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ǳǊōŀƴƛȊŀǘƛƻƴ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴΦ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ
ŎƛǘƛŜǎ ƛǎ ǳƴŜǾŜƴ ƛƴ /ƘƛƴŀΣ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘŀƎŜǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎ ƻŦ /Ƙƛƴŀ ŀǊŜ ŘƛŦŦŜǊŜƴǘΦ {ƘŀƴƎƘŀƛ
ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ƭŜǾŜƭ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ƛƴ /ƘƛƴŀΣ ŀƴŘ ǘƘŜ
ǊŜƎƛƻƴ ƛǎ ŀƭƳƻǎǘ ŜƴǘŜǊƛƴƎ ǘƘŜ Ǉƻǎǘ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ǎǘŀƎŜΦ Lǘǎ ǎǇŀǘƛŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ŀƴŘ ŘǊƛǾƛƴƎ ŦŀŎǘƻǊǎ ŀǊŜ
ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǘƘƻǎŜ ƛƴ ŎŜƴǘǊŀƭ ŀƴŘ ǿŜǎǘŜǊƴ ǊŜƎƛƻƴǎ ƻŦ /ƘƛƴŀΦ ¢ƘŜǊŜŦƻǊŜΣ ŎƻƳǇŀǊŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ǿƛǘƘ ƻǘƘŜǊ
ǊŜƎƛƻƴ ǎǘƛƭƭ ƴŜŜŘǎ ǘƻ ōŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ

¢Ƙƛǎ ǿƻǊƪ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ōȅ DŜƴŜǊŀƭ tǊƻƎǊŀƳ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ
bŀǘǳǊŀƭ {ŎƛŜƴŎŜ CƻǳƴŘŀǘƛƻƴ ƻŦ /ƘƛƴŀόрнотултмύΣ ǘƘŜ bŀǘƛƻƴŀƭ bŀǘǳǊŀƭ {ŎƛŜƴŎŜ CƻǳƴŘŀǘƛƻƴ ƻŦ /Ƙƛƴŀ
όпннлммуоύΤнлно bŜǿ wŜŎǊǳƛǘƳŜƴǘ ¢ŀƭŜƴǘǎ CƛƴŀƴŎƛŀƭ {ǳōǎƛŘȅ ŦƻǊ {ŎƛŜƴǘƛŦƛŎ wŜǎŜŀǊŎƘ LƴƛǘƛŀǘƛǾŜǎ
όмнтлммлопоύΦ

/ŀƛΣ ½ΦΣ [ƛǳΣ vΦ ŀƴŘ /ŀƻΣ {Φ όнлнлύ ΨwŜŀƭ ŜǎǘŀǘŜ ǎǳǇǇƻǊǘǎ ǊŀǇƛŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ƘƛƴŀΩǎ ǳǊōŀƴƛȊŀǘƛƻƴΩΣ [ŀƴŘ
¦ǎŜ tƻƭƛŎȅΣ фрΣ ǇΦ млпрунΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƭŀƴŘǳǎŜǇƻƭΦнлнлΦмлпрунΦ

/ƘŜƴΣ /Φ Ŝǘ ŀƭΦ όнлмуύ Ψ¢ƘŜ ŎƘŀƴƎƛƴƎ ǊǳǊŀƭπǳǊōŀƴ ŘƛǾƛŘŜ ƛƴ /ƘƛƴŀΩǎ ƳŜƎŀŎƛǘƛŜǎΩΣ /L¢L9{Σ умΣ ǇǇΦ умςфлΦ
!ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƛǘƛŜǎΦнлмуΦлоΦлмтΦ

/ƘŜƴΣ ·ΦΣ /ŀƻΣ ½Φ ŀƴŘ 5ǳŀƴΣ WΦ όнлнпύ Ψ¢ƘŜ ŘƛǎƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ ǊŜǇǊƻŘǳŎǘƛƻƴ ƻŦ ŎƻƳƳǳƴƛǘƛŜǎΥ ! ǎƻŎƛŀƭ ŎŀǇƛǘŀƭ
ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǳǊōŀƴ ǾƛƭƭŀƎŜΩǎ ǳǊōŀƴƛǎŀǘƛƻƴ ƛƴ /ƘƛƴŀΩΣ /ƛǘƛŜǎΣ мроΣ ǇΦ млрнрпΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƛǘƛŜǎΦнлнпΦмлрнрпΦ

/ƘŜƴƎΣ IΦ Ŝǘ ŀƭΦ όнлмтύ ΨCǊƻƳ ŘŜǾŜƭƻǇƳŜƴǘ ȊƻƴŜǎ ǘƻ ŜŘƎŜ ǳǊōŀƴ ŀǊŜŀǎ ƛƴ /ƘƛƴŀΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻŦ ƴŀƴǎƘŀΣ
ƎǳŀƴƎȊƘƻǳ ŎƛǘȅΩΣ /ƛǘƛŜǎΣ тмΣ ǇǇΦ ммлςмннΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƛǘƛŜǎΦнлмтΦлтΦлмрΦ

CŀƘƳƛΣ CΦ½Φ Ŝǘ ŀƭΦ όнлмпύ Ψ9ȄǘŜƴŘŜŘ ǳǊōŀƴƛȊŀǘƛƻƴ ƛƴ ǎƳŀƭƭ ŀƴŘ ƳŜŘƛǳƳπǎƛȊŜŘ ŎƛǘƛŜǎΥ ¢ƘŜ ŎŀǎŜ ƻŦ ŎƛǊŜōƻƴΣ
ƛƴŘƻƴŜǎƛŀΩΣ Iŀōƛǘŀǘ LƴǘŜǊƴŀǘƛƻƴŀƭΣ пнΣ ǇǇΦ мςмлΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƘŀōƛǘŀǘƛƴǘΦнлмоΦмлΦллоΦ

DŀƻΣ ¸ΦΣ tƛǘǘǎΣ !Φ ŀƴŘ WƛŀƴƎΣ ²Φ όнлннύ ΨtŜǊƛπǳǊōŀƴ ǾƛƭƭŀƎŜǎ ƛƴ ƪǳƴƳƛƴƎΣ ǎƻǳǘƘǿŜǎǘ /ƘƛƴŀΥ IƛǎǘƻǊȅ ƻŦ ŎƘŀƴƎŜ
ǿƛǘƘ Řǳŀƭ ǳǊōŀƴςǊǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΩΣ ¢ƘŜ WƻǳǊƴŀƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜΣ нтόтςуύΣ ǇǇΦ млсоςмлуфΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмослносрΦнлннΦнмрсфммΦ

DŜƴƎΣ ¸Φ ŀƴŘ IŜƴƎȄƛƴΣ ½Φ όнллфύ ΨLƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ǘƘŜ /ƘƛƴŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘΩΣ WƻǳǊƴŀƭ ƻŦ
/ƭŜŀƴŜǊ tǊƻŘǳŎǘƛƻƴΣ мтόмпύΣ ǇǇΦ мнуфςмнфпΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŎƭŜǇǊƻΦнллфΦлоΦллфΦ

DƻƭƭƛƴΣ 5ΦΣ WŜŘǿŀōΣ wΦ ŀƴŘ ±ƻƭƭǊŀǘƘΣ 5Φ όнлмсύ Ψ¦ǊōŀƴƛȊŀǘƛƻƴ ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴΩΣ WƻǳǊƴŀƭ ƻŦ
9ŎƻƴƻƳƛŎ DǊƻǿǘƘΣ нмόмύΣ ǇǇΦ орςтлΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлуутπлмрπфмнмπпΦ

IŀƻΣ tΦ Ŝǘ ŀƭΦ όнлмоύ Ψ{Ǉŀǘƛŀƭ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ǳǊōŀƴ ǾƛƭƭŀƎŜ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻŎŜǎǎ ƛƴ ǎƘŜƴȊƘŜƴΣ /ƘƛƴŀΩΣ
LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻŦ ¦Ǌōŀƴ ŀƴŘ wŜƎƛƻƴŀƭ wŜǎŜŀǊŎƘΣ отόсύΣ ǇǇΦ нмттςнмфтΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммммκƧΦмпсуπнпнтΦнлмнΦлммлфΦȄΦ
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YƛƘƛƪƻΣ aΦYΦ όнлмуύ ΨLƴŘǳǎǘǊƛŀƭ ǇŀǊƪǎ ŀǎ ŀ ǎƻƭǳǘƛƻƴ ǘƻ ŜȄǇŀƴŘƛƴƎ ǳǊōŀƴƛȊŀǘƛƻƴΥ ! ŎŀǎŜ ƻŦ ǎǳōπǎŀƘŀǊŀƴ ŀŦǊƛŎŀΩΣ
ƛƴ ¦ǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ Lǘǎ LƳǇŀŎǘ ƻƴ {ƻŎƛƻπ9ŎƻƴƻƳƛŎ DǊƻǿǘƘ ƛƴ 5ŜǾŜƭƻǇƛƴƎ wŜƎƛƻƴǎΦ LDL Dƭƻōŀƭ {ŎƛŜƴǘƛŦƛŎ
tǳōƭƛǎƘƛƴƎΣ ǇǇΦ онтςопрΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦплмуκфтуπмπрннрπнсрфπфΦŎƘлмсΦ

[ŜΣ ¢Φ¸Φ Ŝǘ ŀƭΦ όнлнлύ Ψ¢ƘŜ ŜŦŦŜŎǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪ ŘŜǾŜƭƻǇƳŜƴǘ ƻƴ ǇŜƻǇƭŜΩǎ ƭƛǾŜǎΩΣ aŀƴŀƎŜƳŜƴǘ {ŎƛŜƴŎŜ
[ŜǘǘŜǊǎΣ ǇǇΦ мпутςмпфсΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦрнстκƧΦƳǎƭΦнлмфΦмнΦлмуΦ

[ƛΣ ¢Φ Ŝǘ ŀƭΦ όнлнрύ ΨaǳƭǘƛǇƭŜ ƳŀǊƎƛƴŀƭƛȊŀǘƛƻƴǎΥ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǊǳǊŀƭ ǊŜǎǘǊǳŎǘǳǊƛƴƎ ŀǊƻǳƴŘ ƳŜǘǊƻǇƻƭƛǘŀƴ
ŘŜǾŜƭƻǇƳŜƴǘ ȊƻƴŜ τ ŀ ŎŀǎŜ ǎǘǳŘȅ ŦǊƻƳ ǇŜƴƎŘǳ ǾƛƭƭŀƎŜΣ ǎƘŀƴƎƘŀƛΩΣ WƻǳǊƴŀƭ ƻŦ wǳǊŀƭ {ǘǳŘƛŜǎΣ ммтΣ ǇΦ
млоспрΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧǊǳǊǎǘǳŘΦнлнрΦмлоспрΦ

[ƛΣ ¸ΦΣ IǳŀƴƎΣ IΦ ŀƴŘ {ƻƴƎΣ /Φ όнлннύ Ψ¢ƘŜ ƴŜȄǳǎ ōŜǘǿŜŜƴ ǳǊōŀƴƛȊŀǘƛƻƴ ŀƴŘ ǊǳǊŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ /ƘƛƴŀΥ
9ǾƛŘŜƴŎŜ ŦǊƻƳ ǇŀƴŜƭ Řŀǘŀ ŀƴŀƭȅǎƛǎΩΣ DǊƻǿǘƘ ŀƴŘ /ƘŀƴƎŜΣ роόоύΣ ǇǇΦ млотςмлрмΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммммκƎǊƻǿΦмнрорΦ

[ƛǳΣ ¸Φ Ŝǘ ŀƭΦ όнлмлύ Ψ¦Ǌōŀƴ ǾƛƭƭŀƎŜǎ ǳƴŘŜǊ /ƘƛƴŀΩǎ ǊŀǇƛŘ ǳǊōŀƴƛȊŀǘƛƻƴΥ ¦ƴǊŜƎǳƭŀǘŜŘ ŀǎǎŜǘǎ ŀƴŘ ǘǊŀƴǎƛǘƛƻƴŀƭ
ƴŜƛƎƘōƻǳǊƘƻƻŘǎΩΣ Iŀōƛǘŀǘ LƴǘŜǊƴŀǘƛƻƴŀƭΣ опόнύΣ ǇǇΦ морςмппΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƘŀōƛǘŀǘƛƴǘΦнллфΦлуΦллоΦ

[ǳƻΣ 5Φ Ŝǘ ŀƭΦ όнлмрύ Ψ5ƻŜǎ ŘŜǾŜƭƻǇƳŜƴǘ ȊƻƴŜ ƘŀǾŜ ǎǇƛƭƭƻǾŜǊ ŜŦŦŜŎǘ ƛƴ /ƘƛƴŀΚΩΣ WƻǳǊƴŀƭ ƻŦ ǘƘŜ !ǎƛŀ tŀŎƛŦƛŎ
9ŎƻƴƻƳȅ ώtǊŜǇǊƛƴǘϐΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκǿǿǿΦǘŀƴŘŦƻƴƭƛƴŜΦŎƻƳκŘƻƛκŀōǎκмлΦмлулκморптуслΦнлмрΦмлрпмтм ό!ŎŎŜǎǎŜŘΥ с bƻǾŜƳōŜǊ нлнрύΦ

tŀǊƪΣ WΦπLΦ όнлноύ ΨwŜπǳǊōŀƴƛȊŀǘƛƻƴ ǇŀǘǘŜǊƴ ƻŦ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǳǊōŀƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴ
ǎƻǳǘƘ ƪƻǊŜŀΩΣ /ƛǘƛŜǎΣ мотΣ ǇΦ млпоолΦ !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƛǘƛŜǎΦнлноΦмлпоолΦ

{ƻƴƎΣ IΦΣ ¢ƘƛǎǎŜΣ WΦπCΦ ŀƴŘ ½ƘǳΣ ·Φ όнлмнύ Ψ¦ǊōŀƴƛȊŀǘƛƻƴ ŀƴŘκƻǊ ǊǳǊŀƭ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ƛƴ /ƘƛƴŀΩΣ wŜƎƛƻƴŀƭ
{ŎƛŜƴŎŜ ŀƴŘ ¦Ǌōŀƴ 9ŎƻƴƻƳƛŎǎΣ пнόмύΣ ǇǇΦ мнсςмопΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǊŜƎǎŎƛǳǊōŜŎƻΦнлммΦлуΦллоΦ

¢ƛŀƴΣ [Φ όнлмрύ Ψ[ŀƴŘ ǳǎŜ ŘȅƴŀƳƛŎǎ ŘǊƛǾŜƴ ōȅ ǊǳǊŀƭ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴ ŀƴŘ ƭŀƴŘ ŦƛƴŀƴŎŜ ƛƴ ǘƘŜ ǇŜǊƛπǳǊōŀƴ
ŀǊŜŀǎ ƻŦ /ƘƛƴŀΥ άǘƘŜ ŜȄŀƳǇƭŜǎ ƻŦ ƧƛŀƴƎȅƛƴ ŀƴŘ ǎƘǳƴŘŜέΩΣ [ŀƴŘ ¦ǎŜ tƻƭƛŎȅΣ прΣ ǇǇΦ ммтςмнтΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƭŀƴŘǳǎŜǇƻƭΦнлмрΦлмΦллсΦ

²ƻƴƎΣ {Φπ²Φ ŀƴŘ ¢ŀƴƎΣ .Φ όнллрύ Ψ/ƘŀƭƭŜƴƎŜǎ ǘƻ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ άŘŜǾŜƭƻǇƳŜƴǘ ȊƻƴŜǎέΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻŦ
ƎǳŀƴƎȊƘƻǳ ŘŜǾŜƭƻǇƳŜƴǘ ŘƛǎǘǊƛŎǘΣ /ƘƛƴŀΩΣ /ƛǘƛŜǎΣ ннόпύΣ ǇǇΦ олоςомсΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŎƛǘƛŜǎΦнллрΦлрΦллуΦ

½ƘŀƻΣ ¸Φ όнлнрύ Ψ/ƻǳƴǘŜǊπǳǊōŀƴƛȊŀǘƛƻƴ ƻǊ ŜȄǘŜƴŘŜŘ ǳǊōŀƴƛȊŀǘƛƻƴΥ ¢ƘŜƻǊƛȊƛƴƎ ƭƛŦŜǎǘȅƭŜ ƳƛƎǊŀǘƛƻƴ ŀƴŘ ǎƳŀƭƭ
ŎƛǘƛŜǎ ƛƴ ǘƘŜ ǇƭŀƴŜǘŀǊȅ ǳǊōŀƴΩΣ ¦Ǌōŀƴ DŜƻƎǊŀǇƘȅΣ псόрύΣ ǇǇΦ мнпнςмнруΦ !ǾŀƛƭŀōƭŜ ŀǘΥ
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκлнтносоуΦнлнпΦнппнннлΦ

619



 

 

Research Paper  

 

Towards sustainable cities: a systematic review of 
low-carbon regeneration for residential 

neighborhoods 
 

Yang YE1,2*, Wenshu LOU1,2, Tong LI1,2, Sitong YANG1,2, Xin TANG1,2, Hangjian YU1,2 

1 School of Architecture and Design, Harbin Institute of Technology, Harbin, China 
2 Key Laboratory of Cold Region Urban and Rural Human Settlement Environment Science and 

Technology, Ministry of Industry and Information Technology, Harbin, China 
 

In the face of global climate change and the growing demand for sustainable urban development, 
achieving low-carbon transitions in urban areas has become a critical issue. As many cities enter a 
phase of stock-based development, attention has shifted from large-scale expansion to the 
renewal of existing residential neighborhoods. These areas, central to urban life and major sources 
of carbon emissions, offer key opportunities for advancing integrated, climate-responsive urban 
transformation. This study aims to systematically analyze recent literature on the low-carbon 
regeneration of residential neighborhoods, with a focus on identifying current research hotspots, 
core themes, developmental stages, existing gaps, and future trends. It also seeks to synthesize 
and categorize existing regeneration strategies. The objective is to provide valuable insights that 
can inform both academic research and practical efforts to promote low-carbon renewal of 
residential neighborhoods. Using the bibliometric and visual analysis tool CiteSpace, this study 
analyzes over 600 articles published between 2000 and 2025. The literature was sourced from 
databases Web of Science. Key methods include co-occurrence network analysis of high-frequency 
keywords, cluster analysis, and the construction of a temporal timeline to identify the evolution of 
research hotspots in the field of low-carbon regeneration in residential neighborhoods. The review 
reveals a growing academic interest in the intersection of urban renewal and carbon reduction, 
particularly evident in the increasing number of publications over the past decade. Relevant 
research is published across a diverse range of disciplines, including environmental science, urban 
studies, engineering, and sociology. Key research hotspots identified include low-carbon 
community, transition, policy, energy, transportation, and micro-renewal. The core research 
themes center on building technologiesm spatial planning and carbon emission accounting. At the 
present stage, most studies focus on reducing specific types of carbon emissions such as building 
energy or transportation rather than proposing integrated strategies for comprehensive spatial 
transformation. Moreover, the current carbon emission accounting methods are difficult to assess 
and compare the emissions of regions with limited public data. This hampers the development of 
targeted low-carbon renewal strategies. The future research trend is to make up for the above two 
deficiencies and pursue more ambitious goals, such as net-zero emissions or positive energy 
communities. And integrate carbon reduction with broader goals such as social equity, livability 
and community vitality to form a multi-dimensional assessment framework. Theoretically, this 
review deepens understanding of the evolution, research gaps, and future pathways in low-carbon 
neighborhood regeneration research. Practically, it offers evidence-based insights to support 
policymakers and urban planners in designing more effective and context-sensitive strategies for 
sustainable urban regeneration. 
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In recent years, the problem of global warming has become increasingly severe. Against this backdrop, 
SDG 11 (Sustainable Cities and Communities) and SDG 13 (Climate Action) are driving cities to accelerate 
their transformation towards low-carbon and sustainable development. As one of the world's largest 
energy consumers and carbon emitters, the construction industry accounts for 40% of global carbon 
emissions and 34% of international energy use[1]. Among them, existing residential neighborhoods, as the 
basic units of residents' lives and carbon emission hotspots, play a crucial role in achieving carbon neutrality 
and sustainable development goals. At present, urban development has shifted from the stage of 
incremental expansion to the stage of stock regeneration. Therefore, low-carbon regeneration of 
residential neighborhoods has become a key strategy for enhancing energy efficiency, strengthening urban 
resilience, and building a fair and livable environment centered on people. 

With the introduction of relevant policies (Table 1), the physical space of residential neighborhoods, 
as a direct carrier of carbon emissions, has become a key entry point for achieving carbon reduction. A 
large number of studies have shown that the regeneration of neighborhoods and buildings can significantly 
reduce carbon emissions. However, the current review studies focus on some updated technological 
means, paying more attention to the dimensions of building structure and energy[2][3]. Systematic analysis 
from the perspective of design and planning strategies is insufficient, and there is a lack of an 
interdisciplinary comprehensive vision. 

Therefore, this paper will systematically sort out the current research status in the field of low-carbon 
regeneration in residential neighborhoods, supplement the perspectives of architecture and urban design 
disciplines. In order to provide a scientific basis for low-carbon urban design and regeneration, and provide 
reference for subsequent research.This study utilized the Citespace tool for bibliometric analysis: 

• Identify the evolution of research from 2005 to 2025 
• Analyze the research content and summarize the regeneration strategies 
• Analyze future research trends 

 

Year Event/Policy Key Contribution 

1972 Stockholm Declaration The starting point of international environmental protection awareness 

1992 United Nations Framework Convention on 
Climate Change (UNFCCC) 

The foundation of the legal framework for global climate governance 

1997 Kyoto Protocol The first legally binding emission reduction agreement 

2015 Paris Agreement Stablished the NDC (Nationally Determined Contributions) mechanism and set the 
carbon neutrality goal 

2023 COP28 (Dubai) Conducted the first global stocktake and defined the action pathway for the post-Paris 
era 
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Bibliometric analysis is a quantitative research technique that uses various textual data and a series 
of indicators to clarify the characteristics and trends of a specific topic or research[4][5].CiteSpace is a Java-
based knowledge graph visualization tool, which can evaluate the structure of scientific publishing 
networks[6]. Its advantage lies in its ability to effectively handle a large number of documents and present 
them in a visual way[6][7]. Therefore, this paper uses the CiteSpace software 6.3.R1 (64-bit) to deeply analyze 
the current research status in the field of low-carbon regeneration in residential neighborhoods. 

This article uses the core collection database of Web of Science (WOS) as the main source to retrieve 
literary data from 2005 to 2025 (retrieval cut-off date: June 20, 2025). The determination of this time range 
is based on the pre-search results. WOS database is a Clarivate Analytics platform that provides access to 
a large number of publications, including thousands of well-known and highly influential academic articles 
from around the world [8][9]. Search with the keywords "low-carbon", "residential area" and "renewal". The 
initial examination results were manually screened to eliminate irrelevant and duplicate documents. 
Eventually, 612 valid documents were obtained as the data basis for this study. 

  

The change in the number of publications indicates the growth rate and popularity of research on low-
carbon regeneration in residential neighborhoods. As shown in Figure 1: from 2005 to 2012, the annual 
number of published papers was all less than 5, with a slow growth; From 2013 to 2019, the annual number 
of published articles exceeded 10 and remained stable at around 20 per year. After 2020, the number of 
published articles rose sharply and exceeded 100 in 2024. The research fields (Figure 2) mainly focus on 
Energy Fuels and Construction Building Technology. 
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The literature involved in this study is sourced from over 200 academic publications (Figure 3). Among 
them, Energy and Buildings ranked first with 76 articles, followed by Sustainability with 52 articles. The 
related research shows a trend of multidisciplinary intersection, widely involving fields such as 
environmental science, energy, civil engineering and economic management. The top three sustainable 
development goals studied are shown as 13 Climate actions. 07 Affordable And Clean Energy And 11 
Sustainable Cities And Communities, accounting for 80.519%, 80.032% and 76.299% respectively (Figure 
4). 

   

The analysis of the collaborative network is helpful for understanding the scientific research 
cooperation pattern in this research field. In terms of authors (Figure 5), a total of 2,078 authors 
participated in the publication. Among them, 3 authors published no less than 5 papers, and their research 
directions were concentrated on Civil Engineerin and cities. The image does not show an author with strong 
centrality. 

At the level of national cooperation (Figure 6), countries represented by PEOPLES R CHINA (127 
papers), ENGLAND (88 papers), and the USA (80 papers) contributed the most research achievements. 
From the perspective of centrality indicators, ENGLAND, the USA, ITALY, GERMANY, and the NETHERLANDS 
are at key hub positions in the network. Overall, developed countries in Europe and America have taken 
the leading position in research, which is related to their earlier experience of environmental problems 
brought about by industrialization and the corresponding policy attention. 

At the institutional level (Figure 7) POLYTECHNIC UNIVERSITY OF MILAN, UNITED STATES 
DEPARTMENT OF ENERGY DOE, DELFT UNIVERSITY OF TECHNOLOGY, UNIVERSITY OF LONDON has a 
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relatively high level of activity, with no less than 10 posts. Institutions with a relatively high centrality 
include POLYTECHNIC UNIVERSITY OF MILAN, CHONGQING UNIVERSITY, and ministry of education china, 
demonstrating their bridging role in promoting cooperation. The extensive connections in the figure 
indicate that research on low-carbon regeneration in residential neighborhoods shows a trend of cross-
regional and multi-institutional collaboration. 

  

High-frequency keywords can reflect the research hotspots in specific fields. The co-occurrence 
analysis of the keywords in the literature was conducted, and the results are shown in Figure 8. In the 
figure, the size of the nodes represents the frequency of keyword occurrence, and the nodes with an 
intermediary centrality of no less than 0.1 are usually defined as critical nodes. In addition to the search 
terms, the keywords with relatively high occurrence frequency also include "energy efficiency", 
"performance", "consumption", "life cycle assessment", "design" and "climate change". The keywords with 
higher intermediary centrality include "construction", "behavior", "energy consumption", "carbon 
emissions" and "efficiency". 

Analyzing the main clusters of key words can demonstrate the most important research topics of low-
carbon regeneration in residential neighborhoods. Cluster analysis was conducted on the keywords, 
generating 13 clusters. Among them, the capacity of the first 12 clusters was all greater than 10, and that 
of the first 6 clusters was greater than 20(Figure 9). Among them, clusters #7, #9, #10, #11 as well as #1 
and #6 show strong overlap, indicating a high degree of correlation among them. The earlier the cluster 
number, the larger the scale of the research. To gain a clearer understanding of the research structure, 
these 13 clusters can be further classified into four major categories: research objects, research 
background, research perspectives, and research methods (Table 2).  

Category Research Object Research 
Background 

Research Perspective Research Methodology 

Inclusive 
Cluster 
Numbers 
and Names 

#0 infrastructure 
#2 residential sector 
#4 historic buildings 
#7 residential building 

#11 climate change #3 energy efficiency 
#5 neighbourhood renewal 
#6 carbon emissions 
#9 building energy efficiency 

#1 life cycle assessment 
#8 exergoeconomics 
#10 case study 
#13 geographic information system 
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Keyword burst analysis can reveal the evolution trajectory and development cycle of the research 
topic. The analysis results show (Figure 10-11) that among them, "policy" is the keyword with the longest 
emergent duration, while "simulation", "energy consumption" and "residential buildings" exhibit higher 
emergent intensification. The emergence of "framework" and "heat pumps" has persisted until recently, 
indicating that these two types of topics remain popular in current research. 

Based on the evolution of keywords and the content of literature, the development of research on 
low-carbon regeneration of residential neighborhoods can be divided into three main stages: 

(1) Embryonic Stage (2005-2012): During this stage, the basic framework and value of the research 
were established theoretically, and the core goal of low-carbon regeneration in residential neighborhoods 
was clarified. Concepts such as the entire life cycle have begun to be introduced. The focus is relatively 
concentrated, mainly on the carbon emission issue itself, laying a directional foundation for subsequent 
research. 

(2) Development Stage (2013-2019): At the theoretical level, the understanding of specific 
mechanisms such as energy efficiency and block renewal began to deepen. The research methods have 
been significantly enriched. Case studies, GIS analysis, and interdisciplinary approaches such as 
Exergoeconomics have been widely applied, promoting the empirical and refined nature of the research. 
The focus has shifted from macro goals to specific technical paths, recognizing the combined influence of 
multiple factors including technology, space and behavior. 

(3) Deepening and Maturation Stage (2020 to present): Theoretical research tends to be systematized 
and framed, attempting to construct a comprehensive explanatory system. The research methods present 
the characteristics of diversity and integration, with particular emphasis on the combination of multi-
objective optimization, big data and model simulation. The focus has gradually shifted from a single 
environmental goal to the synergy of environmental, economic and social benefits. 

The above analysis sketches out the development outline of this field from a macro perspective. The 
following text will conduct a more in-depth review of the key research directions. 
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The core objective of research on carbon reduction for individual buildings lies in directly lowering 
their energy consumption and carbon emissions throughout the entire process of construction and 
operation through technical measures. Research in this field mainly focuses on the following technical 
paths(Table 3): Energy conservation of building envelope[9]-[12], Energy efficiency improvement of 
equipment system [13][14], Renewable energy integration [15][16]. 

In terms of research methods, an increasing number of studies employ life cycle assessment methods 
to calculate and optimize carbon emissions throughout the entire process from building material 
production to building demolition, guiding design decisions [9][10][14][17][8]. Research tends towards multi-
measure combination and integrated optimization, seeking the optimal solution under combination 
through genetic algorithms, AI optimization and other technologies, and forming customized combination 
update plans that are adapted to local conditions [15][16][18][19]. 

 

   

 
Enhance thermal insulation performance to 
reduce heat exchange between indoors and 
outdoors. 

Use of high-performance insulation materials; Adoption of 
doors/windows with low heat transfer coefficients; Installation of 
shading facilities; Construction of sunrooms. 

 

Reduce operational energy consumption of 
HVAC and lighting systems. 

Adoption of mechanical ventilation heat recovery devices; 
Promotion of high-efficiency, energy-saving lamps and electrical 
appliances. 

 
Utilize clean energy combinations to reduce 
operational carbon emissions of buildings. 

Deployment of rooftop PV, ground-source/air-source heat pumps, 
solar water heating systems; Promotion of energy system 
electrification and power system decarbonization. 

Residential neighborhoods carbon reduction planning and design is based on the theories of urban 
planning, architecture and landscape ecology. It aims to directly or indirectly reduce carbon emissions by 
optimizing spatial structure and environmental elements, and guide residents to form low-carbon behavior 
patterns. Research in this field mainly focuses on the following three aspects(Table 4):The form of the block 
is a key factor influencing the carbon emissions of residential neighborhoods [20][23].The spatial layout and 
individual design of building complexes significantly affect the microclimate of residential neighborhoods 
and building energy consumption [24]-[26].Landscape environment plays a crucial role in the carbon cycle[27]-

[31].  

 

   

 
Optimize the spatial structure to reduce carbon 
emissions in the block and indirectly lower 
carbon emissions through urban heat islands 
and residents' behaviors 

Moderate density, mixed land use, and compact layout reduce 
carbon emissions. The "5-minute living circle" and slow-traffic 
networks promote low-carbon travel. Variables like the heat island 
effect and socio-economic factors also influence outcomes. 
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Reduce building energy demand and influence 
user behavior through improved microclimate 
and indoor environmental quality. 

Parameters such as FAR, building density, orientation, and window-
to-wall ratio optimize natural lighting and ventilation. Green building 
principles lower operational carbon and indirectly reduce household 
emissions. 

 
Achieve "emission reduction + carbon sink 
enhancement" via ecological functions and 
spatial guidance for low-carbon living. 

Green roofs and vegetation corridors regulate microclimate and 
reduce cooling energy. Plant selection and green space optimization 
enhance carbon sequestration. Integrated rainwater management 
and water reuse systems reduce indirect emissions. 

 

The carbon emission accounting of residential neighborhoods is an important foundation for low-
carbon regeneration research. As residential neighborhoods are multi-functional and cross-scale spatial 
units, the sources of carbon emissions are diverse and the boundaries are complex. Currently, the 
accounting methods can mainly be classified into three categories (Table 5): the top-down carbon emission 
statistics method [32], the bottom-up on-site calculation method [33], model-based simulation evaluation 
method [34][35]. 

Overall, the carbon accounting methods for residential neighborhoods are developing towards the 
integration of multiple technologies and model integration. Especially the integration of life cycle 
assessment (LCA) with new technologies such as machine learning and GIS has significantly enhanced the 
accuracy and efficiency of accounting [36][37]. 

ACCOUNTING 
CATEGORY 

TYPICAL METHODS DATA SOURCES ADVANTAGES LIMITATIONS 

TOP-DOWN Input-Output Analysis 
Method, Urban 
Statistical Data Method 

Government Statistics, 
Regional Energy 
Consumption, Economic 
Structure 

Macro perspective, easy 
operation 

Low spatial precision, lag effect 

BOTTOM-UP On-Site Measurement 
Method, Component-
Level Analysis (CLA) 
Method 

On-Site Measurement 
Instruments, Questionnaires, 
Energy Consumption Records, 
Interviews 

High precision, more 
authentic 

High cost, requires a large 
number of samples 

SIMULATION 
& 
EVALUATION 

Building Energy 
Consumption Simulation 
(UMBE) 

Model Data, Building 
Parameters, System 
Configuration 

Predictable, strong 
visualization, high 
adaptability 

Strong model dependence, 
parameter sensitivity, requires 
accuracy verification 

In the comprehensive assessment of low-carbon residential neighborhoods, it is crucial to incorporate 
social indicators. Existing research has pointed out that renovation can bring social and economic benefits 
such as community network preservation and local economic promotion compared with reconstruction 

[38][40].  

After analyzing and summarizing the existing literature, this paper proposes the future development 
direction of low-carbon residential neighborhoods regeneration research, which will be deepened and 
improved from the following four aspects: 

(1) The carbon emission accounting method for residential neighborhoods still needs to be improved. 
Most of the existing international and local accounting guidelines rely on detailed energy and activity 
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data[41], but in underdeveloped regions, problems such as data deficiency and insufficient coverage of 
monitoring technologies are often encountered, resulting in limited assessment accuracy. However, with 
the development of spatial information technologies such as GIS and street view images, research is 
promoting towards precision and intelligence[42]. 

(2) The current research on low-carbon regeneration in residential neighborhoods lacks a systematic 
and holistic perspective. Most studies have focused on local renovations of energy facilities, envelope 
structures, etc., or have been confined to individual buildings and sample areas [7]. Due to the fact that 
carbon emissions involve multiple subsystems such as building energy consumption, traffic organization, 
public space, infrastructure and community governance. In the future, a systems thinking system with the 
block as the basic unit should be established.  

(3) It is necessary to study and pay attention to the concept of carbon reduction with higher 
requirements. The low-carbon development of communities is upgrading from "energy conservation and 
emission reduction" to "positive energy systems", which requires the research perspective to expand from 
the energy consumption of building operations to cover the carbon emissions throughout the entire life 
cycle of building materials production, transportation, construction and demolition, and systematically 
incorporate the consideration of embedded carbon[43].  

(4) Multi-objective fusion and multi-disciplinary collaboration have become future research trends. 
The low-carbon regeneration of residential neighborhoods is closely intertwined with multi-dimensional 
goals such as social equity, health and well-being, and cultural identity[39] [40]. Although some studies have 
begun to explore the correlation between carbon emissions and spatial equity as well as quality of life, the 
overall situation is still in its infancy. Future research should enhance the synergy among multiple goals. 

This paper uses visualization technology to statistical analysis on the characteristics of low-carbon 
community research, and draws the following research conclusions: 

(1) Bibliometric analysis based on CiteSpace shows that the research on low-carbon regeneration of 
residential neighborhoods has gone through three stages since 2005, from initial exploration to stable 
development and then to rapid growth. The research topics have gradually expanded from energy 
conservation and emission reduction to cover multiple disciplines and perspectives such as infrastructure, 
full life cycle assessment, energy efficiency improvement, existing environment renovation and GIS. And it 
is highly consistent with sustainable development goals such as climate action, clean energy and 
sustainable cities. This field shows a trend of cross-disciplinary, cross-regional and multi-institutional 
cooperation. 

(2) Research on low-carbon regeneration of residential neighborhoods has gradually formed a multi-
angle research system covering technical measures, spatial planning and accounting assessment. At the 
technical level, building energy-saving renovations, system energy efficiency improvements and the 
application of renewable energy have become the key paths to reduce carbon emissions. In terms of spatial 
planning, by optimizing the block form, building layout and landscape environment, it effectively guides 
low-carbon behaviors and enhances carbon sink capacity. The accounting methods have shown a multi-
path integrated development, and the combination of life cycle assessment and emerging technologies has 
enhanced the evaluation accuracy. Research is further integrating social and economic indicators into 
comprehensive assessments. 
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(3) Research on low-carbon regeneration of future residential neighborhoods can be continuously 
deepened from dimensions such as methodological innovation, urban carbon emission system research, 
new carbon reduction requirements and multi-objective coordination, constantly enriching the theoretical 
system and technical tools, and providing more scientific and feasible knowledge support and practical 
guidelines for achieving high-quality, low-carbon and livable sustainable residential neighborhoods 
construction. 
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Abstract 

The urban fringe area is a key transitional zone between urban and rural systems. Accurately 
delineating its spatial scope is an important prerequisite for the research on urban-rural 
integration and sustainable development. However, the current research still has problems, such 
as ignoring spatial heterogeneity and the insufficient accuracy of recognition methods. This study 
takes Harbin City as a case to integrate multi-source data, such as land-cover and population 
density, from three aspects: spatial form, population distribution, and social activities. By 
integrating Point of interest (POI) data, night-luminous remote sensing data, and fractal dimension 
indicators, a multi-source data evaluation system has been innovatively established. An integrated 
analysis framework combining Graph Convolutional Neural Network (GCN) and Label Propagation 
Algorithm (LPA) is adopted, with a 100m×100m grid as the basic spatial unit. A total of 6,000 
labeled samples (2,000 each in the urban area, fringe area, and rural area) were selected for model 
training, and the recognition results were verified by using land use information entropy analysis. 
The results show that the total area of the urban fringe of Harbin City is 370.43 km², mainly 
distributed in Xiangfang District (29.47%), Songbei District (21.38%), and Hulan District (15.30%), 
accounting for 66.15% of the total area of the urban fringe. The core urban area covers an area of 
220.79 square kilometers, mainly concentrated in Nangang District (28.45%), Daoli District 
(21.49%), and Xiangfang District (20.20%), with a cumulative proportion of 70.13%. Spatially, 
Harbin presents a " Two cores" pattern: the southern main urban area serves as the primary core, 
while the northern main urban area is the secondary core, closely in accordance with the city's 
actual development situation. The reliability of the identification results was further verified by 
using the entropy of land use information. This study makes up for the deficiencies of traditional 
identification methods and provides a solid foundation for the sustainable development of urban 
and rural areas. However, there are still limitations in terms of data (for example, the lack of 
dynamic data) and subjective biases in sample selection; Our future research should focus on 
optimizing these aspects. 

Keywords 

Urban fringe area; multi-source heterogeneous data; Graph Convolutional Neural Network (GCN); 
Label Propagation Algorithm (LPA); Harbin City 

1. Introduction

Urbanization in China is a multi-faceted transformation, involving significant changes in society, economy, 

and space. The most obvious manifestation of it in terms of land-use is the continuous expansion and 

spread of urban construction land - this process not only reshapes the types of land cover, but also damages 

the rural and natural landscape (Yue, 2014). Under this background, the urban fringe areas have become 

the forefront of urban spatial expansion and the site of human activities: it is not only the transitional areas 
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between urban and rural, but also the region with the most intense spatial changes, the strongest dynamics, 

and the highest sensitivity (Jie and B, 2014). 

With the development of urbanization, the urban fringe areas have evolved from the traditional "urban-

rural transition zone" into a region with unique spatial attributes, presenting distinct socio-economic 

characteristics, complex spatial structure, and a humanistic environment etc. (Renmeng, 1990). Under the 

national strategy of urban-rural integration and sustainable development in China (Bin et al., 2025), urban 

fringe areas have become a hot topic in the fields of geography, urban planning, and land management. 

Accurately identifying its spatial scope is an important prerequisite for conducting concerned research and 

holds significant value for promoting sustainable development in urban and rural areas, optimizing the 

urban spatial structure, and advancing high-quality integration between urban and rural areas. 

Research on the identification of urban fringe areas has a long history, but precise boundary identification 

remains a major challenge. In 1936, the German geographer Louis first proposed the concept of 

"stadtrandzonen" and used it to demarcate the urban-rural boundaries of Berlin (Bing and Bo, 2023). Later, 

Russwurm further defined the urban fringe as "a continuous circular area approximately 10 kilometers 

wide around the built-up area of the city" (Russwurm and Sommerville, 1974). In the 1990s, Chinese 

scholars began to construct a localized research framework: Chaolin emphasized the two attributes of 

nature and society in the urban fringe and tried to identify them using the population density gradient 

method (Chaolin et al., 1993); Qi You delineated the urban fringe area of Beijing through quantitative 

analysis of socio-economic statistical data (Qi You, 1996; Qi You and Jianming, 1998). 

The era of big data has brought new opportunities for urban fringe research. For instance, Zhou et al. fused 

multi-ǘȅǇŜ Řŀǘŀ ŀƴŘ ǳǎŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ŜƴǘǊƻǇȅ ŀƴŘ Ƴǳǘŀǘƛƻƴ ŘŜǘŜŎǘƛƻƴ ǘƻ ƛŘŜƴǘƛŦȅ ·ƛΩŀƴΩǎ ǳǊōŀƴ ŦǊƛƴƎŜ 

(Xiaochi et al., 2005); Yi Ŝǘ ŀƭΦ ŘŜƭƛƴŜŀǘŜŘ ¦ǊǳƳǉƛΩǎ ǳǊōŀƴ ŦǊƛƴƎŜ ōƻǳƴŘŀǊȅ ōŀǎŜŘ ƻƴ thL Řŀǘŀ ŀƴŘ ǘƘŜ 

breakpoint method (Yi and Yan, 2020). Despite these advancements, three key deficiencies persist:(1) 

Inadequate index systems: Current evaluation frameworks often focus on single dimensions (e.g., land use 

or population density) and neglect spatial disorder characteristics. The lack of indicators characterizing 

landscape heterogeneity in fringe areas makes it difficult to fully capture their transitional, dynamic, and 

heterogeneous core attributes. (2) Variable indicator applicability: Indicators differ significantly in spatial 

scale, accuracy, and representativenessτfor example, demographic data tied to administrative boundaries 

and fragmented land-cover data. This inconsistency reduces the rationality of evaluation results. (3) 

Insufficient identification accuracy: The existing methods are overly simplified, such as "numerical 

classification" or "ring distribution", which leads to the results failing to reflect the complex spatial patterns 

of the real world, thereby reducing their accuracy and practicality. 

In response to these problems, this study takes Harbin City as a case to explore the optimization methods 
for identifying urban fringe areas. This article starts from three dimensions: spatial form, population 
distribution, and socio-economic activities. Combine traditional data with innovative indicators to build a 
comprehensive indicator system. 

2. Research area

Harbin is located in the northeastern part of China (125£42ł͠130£10łE ł E, 44£04ł͠46£40ł

N ł N). It is an important political, economic, and cultural center in the northern part of Northeast China. 

It is also a traditional industrial base and a national-level grain production base. This city covers a vast area 

(total area: 53,100 square kilometers) and boasts a rich historical heritage. It now governs 9 urban districts, 

including Daoli, Nangang, Daowai, Pingfang, Songbei, Xiangfang, Hulan, Acheng, and Shuangcheng, 2 

county-level cities, including Shangzhi and Wuchang, and 7 counties, including Bin, Bayan, Yilan, Yanshou, 

Mulan, Tonghe, and Fangzheng. 
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The urban population of Harbin has increased from 4.643 million in 2015 to 5.259 million in 2025, 

accelerating the process of urbanization. Population concentration has driven drastic changes in the urban 

spatial structure. Especially, the expansion of the urban fringe has made Harbin a typical case for studying 

the urban-rural transition zone (Figure 1). This study takes the entire administrative region of Harbin City 

as its research scope. Focus on the transitional zone between the built-up area and the rural landscape. To 

find the complete distribution characteristics of the urban fringe areas. 

Figure 1. Scope of the study area. Source: Compiled by the authors. 

3. Research methods

3.1. Fringe Area Identification Index System 

The urban fringe area is influenced by both urban and rural systems. It presents characteristics such as 

fragmented patches, mixed land cover, transitional population composition, and activity intensity. As the 

intensity of human activities and the distance from the urban center decrease, the degree of land use mix 

in this area gradually increases. Land cover shows spatial heterogeneity different from that of dense urban 

built-up areas and rural landscapes. 

Based on this, combined with the three core attributes of the mixed land use structure, transitional social 

functions, and heterogeneous spatial characteristics of the urban fringe area, a three-dimensional 

characteristic index evaluation system for the urban fringe area was constructed (Table 1). It 

comprehensively depicts the multi-dimensional characteristics of the urban fringe area. 

Table 1. Statistics on the area of the urban fringe and core areas of each district in Harbin City. 

Dimension level Indicator level 

Population distribution characteristics Population density 

Spatial fragmentation characteristics 

Land use types 

Fractal dimension 

Economic and social activities 

Nighttime lights 

Transportation service facilities 

Science,education and cultural facilities 

.Commercial and residential properties 

Public service facilities 
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3.2. Deep Learning Recognition Framework 

This study adopts a άD/b-[t!έ ŎƻƭƭŀōƻǊŀǘƛǾŜ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǳǊōŀƴ ŦǊƛƴƎŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΣ ǿƛǘƘ ǘƘŜ ŎƻǊŜ ƭƻƎƛŎ 

ƻŦ άD/b ŜȄǘǊŀŎǘƛƴƎ ŘŜŜǇ ǎǇŀǘƛŀƭ ŦŜŀǘǳǊŜǎ Ҍ [t! ƛƳǇƭŜƳŜƴǘƛƴƎ ƭŀōŜƭ ǇǊƻǇŀƎŀǘƛƻƴΦέ ¢ƘŜ ǎǇŜŎƛŦƛŎ ǇǊƛƴŎƛǇƭŜǎ ŀǊŜ 

as follows: 

Graph convolutional neural network (GCN)

GCN (Kipf and Welling, 2016) takes grid cells as graph structure nodes and extracts deep features of nodes 

through feature propagation. To adapt to the label propagation logic of LPA, an asymmetric normalized 

adjacency matrixὈ ρὃ,is adopted, and the inter-layer feature propagation formula is: 

ὢ „ Ὀ ὃὢ ὡ  

In the formula: ὢ Ὧ  denotes the node feature matrix of the Ὧ-th layer node (the initial ὢ π  ) is the

standardized three-dimensional exponent); ὡ Ὧ  is the trainable weight; „ ẗ  Is the ReLU activation

function; Ὀ is the logarithm matrix of ὃ (ὈὭὭ ὃὭὮὮ
), which is used to normalize the adjacency matrix

to avoid overly large eigenvalues. 

Label Propagation Algorithm (LPA)

LPA (Zhu, 2005) implements the iterative propagation of labels for unlabeled nodes based on the 

assumption of "label consistency of adjacent nodes". The initialization label matrix ὣ π  indicates that the

labeled nodes are single-hot vectors (such as core areas and fringe areas), and the unlabeled nodes are 

zero vectors. The formula for tag iterative propagation and reset is: 

ὣ Ὧ ρ Ὀ ρὃὣ Ὧ    ώ
É

Ὧ ρ ώ
Ὥ
π É ά

In the formula, ά represents the number of marked nodes. During the iteration process, the labels of the 

marked nodes 
̂

ώ
Ὥ

Ὧ ρ ώ
Ὥ
π  need to be fixed to avoid label drift; When the iteration reaches ὣ Ὧ

Convergence, the set of grid cells corresponding to the fringe area (Class F) label, is the recognition result 

of the urban edge area. 

3.3. Data preparation and processing 

Data collection

All the data used in this study are from the same period in 2024. The specific data are as follows: Land-

cover data: Geospatial data Cloud (http://www.gscloud.cn/), the spatial resolution is suitable for capturing 

fine-scale land-cover changes for extracting spatial morphological features. POI data: Map Open Platform 

(http://www.poi58.com/). Five categories - catering, shopping, life services, housing, and public facilities 

for science, education, and culture - were selected to represent the intensity of socio-economic activities. 

Secondary data: data based on a grid of night light intensity and population density data, OpenStreetMap 

(http://www.openstreetmap.org/), and other open platforms, used to supplement the population and 

economic dimension feature. To ensure the comparability and validity of the indicators, standardized 

preprocessing was carried out on multi-source data. The specific steps are as follows: 

Data processing

Living service facilities 

Shopping facilities 

.Catering service facilities 

To ensure the comparability and validity of the indicators, standardized preprocessing was carried out on 

multi-source data. The specific steps are as follows: 

(1) POI data processing: Nuclear density analysis was used to characterize the diffusion of POI from 
agglomeration centers to surrounding areas (Yongwei et al., 2024). The calculation formula is: 
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Ὂ
ρ

ὲὬ
Ὧ

ὼ ὼ

Ὤ
 

In the formula: Ὂ ὼ  represents the kernel density value at the spatial position x (in units of units /km²); 

Ὧ ẗ  is the kernel function (select the Gaussian kernel function); ὼ-ὼὭ is the Euclidean distance between the 

spatial position ὼ and the Ὥ POI point ὼὭ; Ὤ represents the spatial analysis bandwidth (1000m); ὲ represents 

the total number of POIs within the bandwidth range. 

(2) Multi-dimensional index calculation: Based on fractal geometry theory (Ronghua and Guishan, 2004),

the complexity of landscape patterns is quantified by using the "boundary-area relationship". The higher

the fractal dimension, the more irregular the shape of the plaque. For instance, the fractal dimension of

the marginal mixed area is higher than that of the regular built-up area. The calculation formula is:

ὊὙὃὅ ς
ὰὲ πȢςυὖ

ὰὲ ὃ

In the formula: ὊὙὃὅ  represents the fractal dimension of the Ὥ  patch; ὖὭ  Is the circumference of the Ὥ 

patch (in raster data, it is the total number of edge rasters of the patch); ὃὭ The area of the Ὥ patch (the 

total number of rasters contained in the patch in the raster data); 0.25 is the correction coefficient, which 

is used to convert the raster perimeter to the equivalent Euclidean perimeter and eliminate raster 

statistical bias. 

(3) Standardization: The min-max method was adopted for dimension reduction, with the formula: 

ὢ
ὢ ὢ

ὢ ὢ

In the formula: ὢὭ
ᴂ  Is the standardized value of the Ὥ indicator; ὢὭ

ᴂ  Is the original value of the indicator; 

ὢάὭὲ
and ὢ  are the minimum and maximum values of the indicator, respectively. The standardized

factors are visualized in Figure 2.. 

Figure 2. Standardization results of indicators. Source: Compiled by the authors. 

3.4. Graph structure construction and label setting 

Graph Structure Construction
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To balance computational efficiency and the coverage of potential edge areas, the experimental scope, 

including the transitional areas between urban and rural, was delineated (Figure 1). Using a granularity of 

100m×100m, this range is divided into 341,296 grid cells. Each grid cell serves as a node in the graph 

structure. The adjacency matrix ὃ  is constructed using the 4-neighborhood rule. If two grid cells are 

adjacent, ὃὭὮ ρ; otherwise, it is 0. Synchronously calculate the diagonal matrix Ὀ. 

Sample label Settings

Based on remote sensing images and field research, select the labeled samples. Give priority to points with 

clear spatial attribute attribution. Core area sample: Select an area with complete infrastructure and 

adjacent to the built-up area (such as the commercial center of Nangang District). Fringe area sample: 

Select areas with mixed land use and transitional features (such as the urban-rural fringe of Xiangfang 

District). Rural area sample: Select areas with a lower level of urbanization and mainly agricultural land 

(such as rural areas in Hulan District). Ultimately, 6,000 labeled samples were selected (2,000 each in the 

core area /C category, fringe area/F category, and rural area/R category). 

4. Identification results and verification

4.1. Quantitative analysis of the identification results 

CƛƎǳǊŜ о ǇǊŜǎŜƴǘǎ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǊŜǎǳƭǘǎ ƻŦ IŀǊōƛƴΩǎ urban fringe and core areas, with 

quantitative statistics summarized in Table 2. 

Figure 3. Urban fringe and core area identification results. Source: Compiled by the authors. 

The total area of the urban fringe of Harbin City is 370.43 square kilometers. It shows a spatial distribution 

characteristic of "high density in the south, low density in the north, and local concentration". Among them, 

the area along the edge of Xiangfang District is the largest, reaching 109.16 square kilometers, accounting 

for 29.47%. The second is Songbei District (79.18 km², 21.38%). Hulan District ranks third (56.68 square 

kilometers, 15.30%). These three areas together account for 66.15% of the total area of the marginal zone 

and are the main distribution areas. Bungalows (37.98 km², accounting for 10.25%), Dao Wai (43.07 km², 

accounting for 11.63%), and Dao Li (26.12 km², accounting for 7.05%). The peripheral area of Nangang 

(18.24 square kilometers, accounting for 4.93%) is relatively small and mostly distributed in a circular 

pattern. The total area of the urban core zone is 220.79 square kilometers, highly concentrated in the main 

urban area south of the Songhua River. The core area of Nangang District is the largest (62.80 square 

kilometers), accounting for 28.45%. Daoli District follows closely behind (47.44 square kilometers, 21.49%). 

Xiangfang District ranks third (44.60 square kilometers, accounting for 20.20%). These three districts 

together account for 70.13% of the total area of the core zone, forming the main core area in the south of 

Harbin. The core areas of Songbei (22.58 km², 10.23%) and Daowai (22.18 km², 10.05%) are relatively small 

and scattered. The core areas of Hulan (13.67 km², 6.19%) and Pingfang (7.50 km², 3.40%) are the smallest, 

reflecting a lower level of urbanization. The urban space of Harbin presents a "dual-core" pattern. The 
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"southern main core" is centered on Nangang District, Daoli District, and Xiangfang District. And the 

"Northern sub-core" is based on the decentralized core area of Songbei District. The marginal regions are 

distributed in a ring around these two cores. 

Table 2. Statistics on the area of the urban fringe and core areas of each district in Harbin City. 

District Fringe Areâkm²̃  Percentagê%̃ Core Areâkm²̃  Percentagê%̃ 

Nangang 18.24278 4.925 62.80399 28.445 

Daoli 26.12002 7.051 47.44427 21.489 

Daowai 43.06555 11.626 22.18395 10.048 

Xiangfang 79.1847 21.376 44.59851 20.200 

Songbei 109.1624 29.469 22.5842 10.229 

Hulan 56.68244 15.302 13.67439 6.193 

Pingfang 37.97553 10.252 7.500425 3.397 

Total 370.4334 100.000 220.7897 100.000 

These spatial features reflect the potential direction of urban expansion: The peripheral area of Songbei 

District has the highest proportion, but the core area only accounts for 10.23%. There is considerable room 

for improvement in public services and infrastructure. Future development can be achieved by 

strengthening urban construction to attract population aggregation. The existing scattered cores can be 

utilized to form a northern development pole (on the north bank of the Songhua River), which can develop 

in coordination with the southern main core. 

The proportion of both the peripheral and core areas in Xiangfang District is relatively high, and it has great 

potential for development. Its peripheral areas can serve as a buffer for urban expansion, alleviating the 

population pressure and traffic congestion in the core area through infrastructure upgrades. In addition, 

the peripheral areas around the Xiangfang and Xiangfang cores are significantly affected by the radiation 

from the core area, and there is a greater possibility of transitioning to the core area in the future. 

The proportion of the peripheral areas in Nangang District and Daoli District is the smallest, and the 

urbanization level is high. The infrastructure is complete, the population is dense, and public services are 

well-developed. 

This. It is highly consistent with Harbin's urban development strategy of "expanding southward, advancing 

northward and cross-river linkage". The core development pole is the southern main urban area with 

mature infrastructure and a dense population. Songbei New District, as an emerging development zone, 

has a large peripheral area and a small core area, and has great potential for urbanization. 

4.2. Verification of the identification results of the urban fringe area 

This paper uses the land use information entropy method to verify the reliability of the results. Land use 

information entropy is a quantitative indicator of the degree of land use mixing. Due to the interlaced 

distribution of urban and rural land in the marginal areas, its entropy is usually higher than that in the core 

area (built-up land) and the outer marginal area (agricultural land). 

Two north-south sample bands and two east-west sample bands were randomly divided within the study 

area. Cover the core, fringe, and rural areas. The sample strip is divided into 500m×500m grid cells, and the 

land use information entropy of each grid cell is calculated. 

The results (Figure 4) show that the areas with high land use information entropy have a strong correlation 

with the identified urban fringe areas. It is mainly distributed in the northern part of Xiangfang District, the 
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southern part of Songbei District, and the southern part of Hulan District. Low-entropy areas are mainly 

concentrated in core business districts (mainly built-up areas) and rural areas (mainly agricultural land). 

This is in line with the actual situation of the urban and rural spatial structure in Harbin. The scientific rigor 

of the constructed index system and the "GCN-LPA" framework, as well as the reliability of the 

identification results, were verified. 

Figure 4. Verification results of land-use information entropy. Source: Compiled by the authors. 

5. Conclusion

In terms of methods, traditional data (land cover, population density) are combined with innovative 

indicators (POI, night light data, fractal dimension). Build an indicator system covering three aspects: spatial 

form, population distribution and social and economic activities. And it combines the "GCN-LPA" deep 

learning framework. This enhances the objectivity and accuracy of identification. And it overcomes the 

limitations of traditional one-dimensional or simple methods. 

The urban fringe area of Harbin covers an area of 370.43 square kilometers. It is mainly distributed in 

Xiangfang, Songbei and Hulan districts, accounting for 66.15% of the total area of the marginal zone. The 

total area of the core zone is 220.79 square kilometers, mainly concentrated in Nangang District, Daoli 

District and Xiangfang District, accounting for 70.13%. The city presents a "dual-core" pattern. The southern 

main urban area is the first-level core, and the northern built-up area is the second-level core, which is in 

line with the actual development of Harbin City. 

In terms of credibility, the reliability of the identification results was confirmed through the verification of 

land use information entropy. This indicates that the constructed indicator system and method are 

scientifically effective. 

This method eliminates the limitations of traditional research and accurately captures the core 

characteristics of the urban fringe. It provides a solid spatial foundation for interdisciplinary research. The 

research results have significant theoretical and practical value for promoting high-quality integration 

between urban and rural areas. 

6. Discussion and Prospect

Current research mainly relies on static data (land cover, POI), lacking dynamic data (such as mobile phone 

signaling, traffic flow). Dynamic data can capture real-time information, such as population mobility and 

commuting patterns. This is the key to analyzing the functional attributes of the edge zone and their 

dynamic evolution. Therefore, these data should be given priority in future research. 

The labeled samples rely on manual interpretation by remote sensing and field investigation. This has led 

to potential subjective biases. Future research can adopt semi-supervised deep learning or unsupervised 
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clustering algorithms. Reduce reliance on manual interpretation and enhance the objectivity of samples. 

Enhancing the degree of automation of the model has expanded the application of the method. 

This study proposes a method of "multi-source data + deep learning", providing a new paradigm for the 

research of urban fringe areas. The focus of future work should be placed on data fusion and method 

optimization to further enhance scientific rigor. This will provide more accurate decision support for urban 

planning and land resource management. 
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Human-Wildlife conflict is an important conflict for the protection of global biodiversity and 
regional sustainable development. This paper looks into how we can settle the increasing problem 
of humans versus tigers in The Northeast China's Tiger and Leopard national park. In order to 
explore the spatiotemporal of the conflict and the coupling mechanism of the conflict and habitat 
quality, in order to provide suggestions to convert the management from passivity to proactivity. 
The research uses landscape ecology and conflict geography to integrate into a spatio-temporal 
conflict diagnostic model (STCDM) for the integration all aspects of human activities, wildlife, 
habitat and conflict. Our analysis concludes as follows for the three points: first, conflict hotspots 
have their own season peaks, livestock depredation is most severe in winter, accounting for 73%. 
Second, 85% happened within a500m buffer of the edge between forest and village, a zone with 
much reduced habitat. Core conflict areas, only taking up 12 percent of the parks area, account for 
68% of the total incidents. According to these diagnoses, it makes up three targeted solutions: 1. 

Precise territorial planning ͠ Graded Habitat Zoning; 2. Benefit sharing mechanism ͠ Dynamic 
compensation + community benefits; 3. Seasonal ecological interventions. It offers an original, 
location-based plan on how to stop human-tiger conflict, positioning it as a transferable template 
that gives helpful hints about how to handle biodiversity routes with comparable issues everyplace. 

 

Human-Wildlife Conflict, Habitat Quality Improvement, National Park, Nature Reserve 

Human-wildlife conflict (HWC) is a very important issue worldwide that has a big effect on protecting all 

kinds of creatures and developing places in a good way (Green et al., 2024). conflicts usually lead into loss 

of money, sicknesses or fatal accident for humans and animals causing retaliation towards animal and 

making problems even worse (Ayalew & Melese, 2024). There are many influencing factors for HWC such 

as socio-economic factors, behavioral factors, and environmental factors which differs from place to place 

where local flora and fauna and also human activities differ (Khan et al., 2025). conflicts destroy livelihoods 

especially rural and agriculture communities which results in land abandonment negatively impacting the 
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wildlife and livestock (Nieman et al., 2020). In the habitats where the predators are in the top position ͠ 

tiger and leopard, these kinds of clashes can be especially sharp, posing immediate hazards for humans, 

taking away chances for making a living, and possibly hurting long-term protection goals (Yengoh, 2024). 

As the global emphasis on Nature-based Solutions surges, how to best optimize spatial planning and 

management for creating harmonious living with animals has become an emerging interdisciplinary field, 

incorporating landscape ecology, conservation biology and sustainable urban and regional development 

(Cousins, 2021). 

Heilongjiang Province includes the most extensive areas of Amur tiger habitats in China, which account for 

more than 70% of the country's total (Gao et al., 2023). A number of publications regarding human-wildlife 

conflict have provided substantial evidence on many cases, but this is mainly post-event documentation of 

these conflicts and single-factor analyses, there has been no systematic and prospective diagnosis of the 

complex relationships between human behavior, habitat quality, and conflict risk (MateoКTom¨s et al., 

2012). Based on the latest monitoring data, there were over 400 records of wild Amur tigers in Heilongjiang 

province from 2020-2025(Zhu and Gou, 2025). Based on the research carried out by Li et al., there were 

191 cases of human-tiger conflicts happening in the Hunchun area of Jilin Province between 2011 and 2020. 

Out of which 88% occurred on slopes less than 30 degrees and 84% occurred on the slope between 50-317 

meters with more occurrence on east or south slope (Li et al. 2022) Cheng et al., 2024, used spatial-

temporal niche modeling and camera-trap data to predict tiger occurrence and map human-tiger 

encounter risk. Their models said that tiger presence depended on where prey was and how far it was from 

people. Research into the spatio-temporal activity routines of tigers and their prey indicates that tigers 

lessen their encounters with people through both spatial and temporal avoidance and by becoming more 

nocturnal as they live closer to settlements (Yang et al., 2018). 

Thus, calling for analytical techniques where spatiotemporal information can be utilized for integration and 

predictions made about regions under pressure from the ecology and community restoration programs. 

Taking Northeast China's Tiger and Leopard National Park (NCTLNP) as an example, this paper views habitat 

quality improvement as the main driver. And so that this study could completely understand on the spatial 

distribution of human - tiger conflict throughout 2000 - 2025, find out important elements and high - risk 

zones, try to figure out how to lessen it and then create adaptable management plans to improve the 

ecosystem and communities' safety. 

We adopt the interdisciplinary Spatio-temporal Conflict Diagnostics Model (STCDM) as our study 

methodology. We'd like to use STCDM to have an accurate diagnosis and predictive map of conflict drivers 

for humans vs tigers by putting multiple datasets in one. 

This research takes NCTLNP as the main case (Figure 1): The park is located at the border of Jilin and 

Heilongjiang, adjacent to Russia' s "Land of the Leopard" national park (Liu, 2022). It is thus a key ecological 

corridor for the inland dispersal and recovery of Tiger and Leopard (Wang et al., 2025) Because it is China's 

number one national park created to conserve these apex predators and their living environment, the park 

spans about 14,600 kilometers squared of some many administrative areas (Wang & Cheng, 2020): the 

area contains a temperate mixed coniferous - broad - leaf forest ecosystem, which has remarkably high 
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biodiversity (Wang et al., 2024): Park's creation was a great national effort towards apex predator 

protection and an entire ecosystem's recovery, which could also be a "laboratory of global significance". 

But it also shows a classic conflict between preservation and development (Du et al., 2024). It's landscape 

is a complex patchwork of many villages, settlements, arable land. With a rise in the level of conservation 

in the last few years the Tiger population and Leopard population has seen a rebound and their range too 

has expanded. At the same time human economic activities like grazing, farming, and foraging continue 

inside and outside of the park. This kind of spatial dynamic with "human settlement expansion" and 

"carnivore population recovery" will lead to direct competition for space. Due to such a rise in the 

frequency and seriousness of conflict events, this region is suitable for conducting research into the reasons 

behind human wildlife conflicts and devising methods to alleviate them. Park has special transboundary 

ecologies̆the park is closely integrated into local communities and there is a clear national conservation 

strategy̆all of which create the difficult real world context of our work. 

 

The Spatio-Temporal Conflict Diagnostic model(STCDM̃ are derived from Landscape Ecology and 

Geography of Conflict. This multi-disciplinary background enables an analytic framework to break it (this 

complex socio-ecological human-tiger) into simple. 

landscape ecologist contributes its central "pattern-process-scale" paradigm (Turner, 2005). From this 

perspective, the spatial configuration of different land use types is considered the most influential factor 

of the ecological flow, e.g., tiger dispersion, or the spread of the disturbance, e.g., conflict incident. pay s 
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special attention to the habiitat fragmentation, habitat fragmentation is one of the most important 

procedure which reduces the quality of habitatand increases the chance of human - wildlife conflict. 

We look at the geography of conflict with a spatial perspective, and view conflicts as an interaction between 

different human spaces and animal spaces (Dickman, 2010). it talks about main ideas like "spatial squeeze," 

"edge effects," and territoriality. Edge effect refers to the ecological phenomenon where population or 

community structures differ at the boundary between two distinct habitat areas (Ries et al., 2004). Edge 

effect can bring about microclimate change, affect species migration and also increase human approach to 

previously isolated communities (Andrªn, 1995). In the context of our research, the expansion of human 

settlements and the recovery of the tiger population, in essence, is a kind of competition for land use rights. 

The individual conflict events are an explicit expression of this background level of competition at specific 

moments in time, in particular places, so for example winter at the fringes of the forest. 

Based on these theoretic linkage, STCDM treats human- tiger conflict in the course of 3 stages. Step one is 

to overlay the human and wildlife datasets to get "potential conflict interfaces" then incorporate landscape 

metrics and variables to see which structural aspects make the area more dangerous. Such as using edge 

effect to account for habitat quality in ecoronins serving as threshold of conflict occurrence The final stage 

incorporates the spatiotemporal characteristics to simulate the dynamic effect of the risk distribution from 

the spatial competition stage. It reveals the patterns from the simulation. 

Thus, it is not to say that STCDM can be a mere technique, but a theory-oriented diagnostic. It ties 

landscape patterns, ecological processes, and geospatial competition to explain the mechanisms for 

conflict rather than just describe where and when conflicts occur. such theoretical depth provides a good 

foundation for proposing specific spatial interventions 

In order to form and construct the Spatio - Temporal Conflict Diagnostic Model, the research carried out 

this work by integrating multi-source and dimensional data. So as to achieve comprehensive and objective 

analysis. The collected data has been put into five main categories, with various purposes in the study. 

Human activity data such as settlement location and size, road network with traffic density, and land 

use/covarage changed were used to depict spatial intensity and extent of Human Pressure (Figure 2 & 

Figure 3). This information is also the cornerstone for finding the "human domain" and understanding how 

much of it overlaps with places where animals live. 

Such as wildlife habitat data such as habitat suitability index, prey species distribution, dispersal corridor 

and so forth can support the evaluation of ecosystem Carrying Capacity and Quality (Figure 4). is important 

for understanding both spatial usage and what these species require in order to be present. 

Core Conflict Incidents with in depth depredation accounts, human victims, direct encounter reports etc., 

are essential empirical evidence. The spatiotemporal occurenses of them is important for identify conflict 

heatpsots and check models. 

The environmental and background data such as DEM, NDVI and seasonal climatic data gives the basic 

parameters that affect animal behavior,prey distribution and human activities. Variables that are highly 

important for explaining discrepancies in risk of a conflict over space, and across time. 

Socio-economic data, such as historical compensation data, community survey data, etc., intends to reflect 

the impact of conflicts on the livelihoods of local communities and the effectiveness of existing 
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management. The information required for developing options which are socially acceptable and 

economically feasible. 

All the dataset got strictly geo-referencing, unify the format, and quality check before getting merge to the 

joint spatial database. This set up a good base for all the overlay analysis and model calculation to follow. 
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To gradually reveal the spatiotemporal distribution and causes behind human-tiger conflicts, we performed 

an analysis in this study. It started off with spatiotemporal hotspot analysis to spot where big clusters of 

conflict incidents were found, so as to locate important parts needing management attention. 

Following this I did the analysis in terms of Habitat Quality Analysis and Edge effect analysis to understand 

the ecologic situation at critical areas like where the Forest villages intersect. Use spatial overlays to learn 

about what causes how bad habitats get damaged, and how many fights happen, so we can fix the places 

which need to be fixed: 

Based on these conclusions, this study performed a graded habitat zoning in the park based on the 

dimensions involving the conflict risk, the quality of habitat, and human activities intensity. It was stratified 

into different protection zones: core protection zones, ecological remediation zones, high-risk conflict 

buffer zones. A major outcome was the exact determination of "core areas of contention" where most 

events happen, giving direct information to create different kinds of space arranging and special 

governance plans. 

Quantitative analysis reveals a very important piece of information, the central conflict zones that make 

up just 12% of the total area of the park contain an incredibly high 68% of all of the conflict incidents. This 

extremely condensed spatial pattern both supplies an unambiguous "bullseye" for the aimed allocation of 

management resources and thoroughly overturns the conventional form. The traditionally uniform, static, 

and merely reactive governance method. In conventional mitigation, it usually depends on ex-post 

compensation and patch-up solutions, which is a reactive manner of "locking the stable door after the 

horse has bolted," being both ineffective and expensive. 

The main contribution of the STCDM is its prediction ability. it integrates multi-source spatio-temporal data 

to alter the view of planning from a passive cycle "incident-response" to an active loop"risk recognition, 

spatial intervention, and impact assessment", the essence of this adjustment is transferring the 

management focus from treating the happened accidents to averting or decreasing the risks which cause 

these incidents. Specifically, according to the result of the high-risk regions of model to do the pre-emptive 

spatial intervention. Establishing physical barriers on the edges where risk is high, fine-tuning land use 

planning so as to reduce chances of meeting, deploying early warning system before high-risk seasons can 

also be considered. 

This data guided, accurate zoning makes sure that few conservation resources are used first in the most 

important areas, this greatly improves management effectiveness, protects community safety, and makes 

the entire society and nature system more resistant. so it can not only serve as a technique model, but also 

promote the transition from a passive mode of preservation to an active way of governing space and 

provides new ways of methodology of protecting biodiversity and promote the regional sustainable 

development.

The "edge effect," as quantified here, i.e., 85% of human injury accidents happen within the first 500 

meters from the edge where forest meets village, goes beyond just being a space pattern description. It 

shows a direct cause-and-effect relationship between ecological damage and community safety problems. 
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This transitional zone is always degraded in habitat quality and ecological functions because of human 

damage, it works as a high-risk passageway that helps animals go into human areas, so the pressure that 

nature gives changes to security problems for people living there. 

conventional conflict management often casts communities as passive objects of conservation action or 

claimants of compensation Or it could mean compensation is just financial, and conservation can breed 

resentment. To solve these problems, we introduce two new mechanisms: "community-facilitated habitat 

restoration" and a "flexible compensation plan." The fundamental innovation is the shift in the 

community's role from "conflict sufferer," "policy objective," to a "steward of ecology," "participant in 

governance." 

Financial incentives are directly coupled to pro-conservation action. For instance, communities engaging in 

habitat restoration or building protective infrastructure receive enhanced compensation or bonuses. This 

turns it into a proactive expense that gives long-term advantages for the ecology and people: 

And the most profound significance lies in this community co-management model's institutional design, it 

connects community welfare with ecological health. Residents benefit directly from better safety and less 

conflict by participating themselves in habitat restoration, so their views on wildlife change dramatically, 

leading to an internal culture of coexistence, and thus the model isn't just a technical instrument for risk 

reduction anymore, but a very important governance invention for creating a strong, lasting community-

and-biodiversity system which works towards both protecting nature and allowing local life to develop 

successfully. 

Developed a spatiotemporal conflict diagnostic model (STCDM) to diagnose the roots of human-tiger 

conflicts and to develop human-tiger conflict governance solutions in Northeast Chinas Tiger & Leopard 

National park key conclusion is that the spatio-temporal patterns of the conflicts are really clustered and 

the hotspots are strongly associated with edges of degrading habitat and seasonality. 

Based on the above diagnosis, three mitigation strategies have been proposed in this paper. firstly accurate 

spatial interventions are carried out with stringent land use limitations, and specific ecological restorations 

take place on key conflict core zones and degraded habitat boundaries so as to block key conflict passages 

physically. For example, in ecologically degraded edge areas, measures could include planting native shrubs 

to create ecological buffers that serve as both wildlife shelter and physical barriers; restoring key water 

sources and constructing wildlife drinking points to reduce animals' need to approach villages; and 

improving habitat at critical corridor nodes, such as by replenishing vegetation preferred by herbivores to 

increase prey density, thereby guiding wildlife activity towards core habitats away from human settlements. 

second, we should shift our compensation mechanism from ex-post pays for pre-paid. create a connection 

between a dynamic compensation model and habitat improvement results and then target higher risk 

villages to support communities building protective physical structure and restoring habitats instead of 

getting payment and turning them in investments in the ecosystem Finally, adaptive management should 

be promoted, implementing short-term interventionsĺsuch as prey supplementation and community 

patrolsĺduring seasonal conflict peaks (e.g., winter when prey is scarce), accompanied by long-term 

monitoring to continuously refine management strategies. 

The importance of the STCDM also does not lie in solving the local problems in the park alone. It provides 

a transferable, systematic way to solve the same kind of human-wildlife problems around the world. The 
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framework's biggest strength lies in its modular structure, it takes the complicated task of conflict 

resolution and divides it into four parts similar to having a conflict detective module, a spatial zoning 

regulation plan, a dynamic compensatory model, and a seasonal intervention pack. Modularity provides an 

extraordinary amount of adaptability and scalability so managers and researchers can alter just the specific 

part to fit the local species, ecosystem, or soci-economic situation without having to change all of the 

methodology. 

Like for example areas in Africa dealing with human - elephant conflicts could use the diagnostic and spatial 

zoning logic but also adapt the intervention toolkit so it focuses on preventing elephants from damaging 

crops. just as with our jaguar conservation areas in south America, these areas can also take on and adapt 

the dynamic compensation mechanism. And this flexibility allows the STCDM framewrok to go beyond a 

single case study, and is a replicable model for different BiodiverCities and biodiversity corridors in the 

world. 
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Case Study Report 

 

Community-centred rural resilience strategy based 
on a spatial-social-economic framework 

A case study of Xihe Village in China's peripheral areas 
Huinan ZHANG, Shiyu WEI, Jun SHAN, Tsinghua University, China 

In the context of rapid urbanisation and the uncertainties of a VUCA world (Volatility, Uncertainty, 
Complexity, Ambiguity), rural China is experiencing a crisis of "hollowing-out" which is defined by 
spatial decline, demographic decline and the disintegration of social networks. Xihe Village is a 
typical example of community-centred rural reconstruction and thus a good focus for this study. 
Through an in-depth analysis of this representative case, the research examines the pathways of 
resilience building. To support a more systematic examination, a "spatial-social-economic" 
collaborative framework is developed. Drawing on remote sensing analysis, ethnographic 
fieldwork, and in-depth interviews, the study identifies three key strategies: (1) dynamic spatial 
resilience created through a cycle of use, adjustment, and reproduction; (2) a dual-cooperative 
governance model combining both an official cooperative and an internal community cooperative; 
and (3) a narrative-based local economic model. The research proposes a light, participative, and 
narrative-driven strategy to resilience, providing pathways for action to effect rural transformation 
in resource constrained regions, and transferable lessons on sustainable development in peripheral 
areas worldwide. 

Rural revitalization practices, sustainable development, Rural Revitalization, Space–social–
Economic framework  

In the contemporary world of Volatility, Uncertainty, Complexity, and Ambiguity (VUCA), the rapid 
urbanisation has dramatically changed urban-rural spatial systems (Liu and Li, 2017). Between 1978 and 
2020, China's rate of urbanization rose from 17.9% to 63.9%. While this process has accelerated economic 
growth it has also set off a systemic "hollowing-out" crisis in the traditional village, where spatial decay, 
demographic decline, social disorganisation and economic contraction have overlapped. This phenomenon 
exacerbates the uneven urban-rural development and undermines the regional resilience. Over the long 
term, these dynamics further limit regional economic growth and make social inequity worse. 

In response, the Chinese government, in partnership with social organisations, has initiated a series of 
strategies - such as the Rural Revitalization Strategy - to re-establish resilience in peripheral areas and 
revive rural productive and reproductive capacities. As China is in the exploring stage of achieving 
sustainable development in rural areas, there is a need for both theoretical reflection and empirical 
synthesis to inform future practice. Not only are peripheral areas geographically remote and economically 
lagging, they are also marked by fractured social networks - and under the forces of globalization, they 
have become the fragile "system edges" most vulnerable to uncertainty. In this study, resilience is defined 
not only as the ability to withstand shocks, but as a system's ability to be adaptive and regenerative in the 
face of dynamic change (Buntrock, 2013). Theoretically, the architectural and planning discourse on 
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resilience has moved from the early thinking on resilience from an engineering perspective to social-
ecological resilience. Originating in the 1970s in disaster research, resilience first focused on fast physical 
recovery and the mechanical properties of man-made systems. The Metabolism movement in Japan for 
example, proposed the use of modular, replaceable urban structures which used buildings as "organic 
systems capable of growth."(Fell and Cornish-Bowden, 1997, Goldstein, 2012, Folke et al., 2010) 
Contemporary research incorporates insights from psychology, economics and ecology representing a 
broader paradigm shift (Eco, 1986, Ungar, 2013). Nevertheless, current research continues to give too little 
attention to rural areas, especially peripheral villages struggling with a lack of resources and weak 
governance. 

Against this background, this study first constructs a community centred spatial-social-economic 
collaborative framework. This framework is applied to the representative case of Xihe Village to investigate 
the mechanisms of resilience reconstruction in a VUCA context. Through this case-based inquiry, the 
research identifies sustainable anti-hollowing strategies that are not only appropriate to resource-
constrained rural settings, but have an important degree of transferability to other peripheral regions. 

Xihe Village is situated in the hilly region of southern Henan Province, representing a typical case of multiple 
peripherality characterized by geographic, social, and economic marginality (see Figure 1). Over the past 
decades, the village has faced a set of structural rural challenges, including remoteness, severe hollowing-
out, agricultural decline, and the fragmentation of social networks. Its registered population plummeted 
from a peak of over 2,000 to just 483, predominantly left-behind elderly, while its agricultural economy 
collapsed and the built environment deteriorated significantly. 

 

Since being listed as a "Traditional Chinese Village" in 2013 and being awarded renovation funding, Xihe 
Village has undergone a significant transformation using community-centred approaches. The permanent 
population has recovered to 1,337, an annual increase of 300,000 tourists, and a spectacular increase in 
average per capita income from RMB 2,000 to RMB 50,000 (see Figure 2). This successful trajectory is not 

653



 

 

only a demonstration of the potential of resilience reconstruction in peripheral areas, but also a replicable 
model for other villages. 

 

Throughout its implementation, the project not only altered the physical environment of Xihe Village, but 
also reconstructed the social networks and modes of production of the village through the very process of 
spatial practice. Methodologically, this study is based on Lefebvre's Theory of the Production of Space in 
order to establish a spatial-social-economic framework on the basis of the transformation process of Xihe 
Village (see Figure 3). Lefebvre considers space as the result of social relations(Lefebvre, 2012, Soja, 1998). 
The framework explains how spatial practices are active in the process of reshaping social cohesion and 
productive organisation. Through these practices, cultural confidence and collective attachment have been 
strengthened among residents and so catalysed the development of a narrative-driven endogenous 
economy. 

 

 
Through comparative analysis with other rural cases, the study further examines the breakdown of the 
dichotomies of public/private and production/reproduction through spatial practices. This process is a way 
towards collaborative governance between governmental institutions, social organisations and local 
villagers.  
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Spatial resilience is not programmed into design drawings but happens dynamically in a cycle of long-term 
use, adjustment, and reproduction. Its formation is based on everyday behaviors, local knowledge and 
constant adaptation. Recognizing the importance of "use and adjustment" is important to rural 
development as a lack of adaptive post-occupancy management may inadvertently undermine ecological 
or social resilience. In Xihe Village, the design team worked to increase communication with local villagers 
throughout the construction process, creating a sense of ownership and fostering participation in the 
resilient design. Local materials and traditional craftsmanship, such as stone, bamboo-and-timber 
structures and reused tiles, were used to increase repairability and local adaptability (Eco, 1986). For 
example, discarded roof tiles were vertically set with gravel infill to create a permeable surface system, 
which is an effective solution to the seasonal waterlogging problems and a typical example of ecological 
resilience. During the design and construction process, '5-3-2 Collaboration Principle' (50% professional 
design, 30% on-site negotiation, 20% craftsman innovation) was proposed by Architect He Wei. This 
approach challenged traditional top-down governance and promoted collaborative resilience by 
integrating expert knowledge, local wisdom and craftsmanship. Post-occupancy self-adjustment provided 
further evidence of the resilience of the project. Residents constantly altered spaces according to 
experience of life - slippery tile pavements were replaced with brick and wood, usability was enhanced 
without compromising ecological permeability. Such modifications of the spatial structure are examples of 
self-organized adaptive resilience based on everyday life (see Figure 4). 

 

 

 
In contrast, Haotang Village showed a different trajectory. The initial design sought to reinforce regional 
identity through locality-oriented interventions: courtyard walls were eliminated, a front-yard waterscape 
was introduced and facades were covered by local gray tiles and patterned screens.  However, during the 
post-occupancy phase, residents installed hard paving and new roof coverings to address the moisture and 
sun exposure problems. Over time, these modifications had the effect of slowly reducing the openness and 
sense of place in the courtyard (as shown in Figure 5). This case presents a temporal tension in resilient 
spaces: as residents continually build upon space through daily adaptation, adjustments without a guiding 
framework that is in line with the original ecological and cultural principles may undermine those very 
attributes. 
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Rural Resilience is not only an issue of space, but is fundamentally a question of governance (Scott, 2020, 
Sanoff, 1999). Traditional top-down administrative models of governance tend to undermine the self-
organizing capacity and the local autonomy of rural society. The experience of Xihe village shows that 
resilient governance requires a dynamic balance between institutional supports and community autonomy. 
In light of resource scarcity and population outflow in rural China, the state-led institutional support has 
offered stable policy framework for rural revitalization, however, it can also constrain the opportunities for 
local social innovation (Zhou et al., 2020). In response, Xihe Village has created a "dual-cooperative" 
governance structure: an "official cooperative", which is in line with governmental systems, and is 
responsible for managing public funds and implementing policies; and an "internal cooperative", which is 
autonomously set up by villagers, and focuses on collective assets management and infrastructure 
maintenance, and operates with minimal administrative intervention (see Figure 6). This dual-cooperative 
governance model creates a dynamic balance between institutional regulation and local self-governance. 

 

At the community level, Xihe Village has re-built the social networks of rural communities through 
community-centred approaches. Adopting an approach that is based on a village-first principle, the project 
promoted the leadership of cooperative formation by respected local elites and engaged villagers broadly 
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in spatial improvement. This process has led to the strengthening of social ties and place identity. 
Meanwhile, the establishment of collective spaces has re-established a sense of publicness, based on care 
and trust, and thereby promotes the reproduction of social capital. With the spectacular increase in tourism 
(300,000 annual visitors), the threat of internal competition arose. To avoid resource concentration and 
interest conflicts the cooperative innovated a hierarchical service management system. This system 
categorizes homestays and tourism facilities into three levels and charges differently. Through collective 
deliberation instead of market-based adjustment, competition is converted to complementary 
cooperation. The working of this mechanism depends upon the organisational capacity of the cooperative 
in terms of resource allocation and benefit coordination so that the villagers do not lose cooperative 
awareness and collective identity amid competition. 

The "coopetition" model is not only sustainable economic growth, but also allows the transition from the 
economic rationality of the individual to the shared value of the collective. This experience provides a viable 
pathway for other rural and peripheral areas dealing with tourism and industry pressures for social 
resilience and economic synergy through institutional innovation. 

Traditional models for externally imported industrial development are frequently imposed without 
attention to the local socio-cultural context. As a result, they tend to be misaligned with existing structures 
of productivity, ecological conditions and social networks, leading to unsustainable development and 
insufficient resilience. 

 

In the initial period of the revitalization of Xihe Village, the government tried to encourage the 
development of the village by agricultural industrialization. With an investment of about RMB 13 million, 
local elites returned and set up an enterprise and built the Yanghe Ginger Industrial Park. The project 
brought together 86.7 hectares of farmland and encouraged secondary processing to enable a shift from 
primary to secondary industry (see Figure 7). However, under the pressure of limited sales channels, poor 
brand, and inefficient management, the industrial park has been underperforming for a decade, uncovering 
a mismatch between capital-driven models from outside and local socio-ecological systems. In contrast, 
the emergence of the narrative-based local economy of Xihe Village is a path of endogenous development. 
Unlike models relying on the injection of large capital, this model is born out of the self-organisation of 
villagers and through the reinterpretation of local stories and lifestyles (see Figure 8). It combines built 
heritage, experiences of everyday life and tourism in spatial narratives full of cultural memory.  As such, 
the 48 homestays operated by villagers are not only economic vessels but also nodes of cultural 
reproduction. 
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In this model, tourists are not just consumers, but their interactive experiences are creating local culture 
with them. Economic activities are therefore processes of collective reproduction of social networks, place 
memory and spatial imagery. This narrative-driven endogenous economy is a sustainable cultural and social 
base of the long-term resilience of rural communities. 

Within the broader context of urban and regional planning in the world, the example of Xihe Village shows 
how a multidimensional spatial-social-economic collaborative framework can offer a viable pathway to 
building regional resilience, even in situations of resource scarcity and fragile social structures. 

The contributions of this study are threefold: 

 Spatial resilience emerges through a cyclical process of use, adjustment, and reproduction. 
Rather than being pre-determined in design, resilience is continuously developed through long-term 
adaptive practices after occupancy. The dynamic adaptation of space following its occupation has become 
of growing interest in the international rural regeneration practice. For example, Japan's Setouchi Triennale 
takes regeneration strategies on a series of rural islands that focus on a cycle of reuse and re-operation of 
art facilities and empty buildings. Through the partnership of long-time operating teams and local 
residents, these spaces retain flexibility in the face of changing visitor runs and economic cycles. Such 
experiences show that spatial practice in peripheral areas must focus on post-occupancy governance, with 
spatial resilience as a long-term, community-maintained practice and not a short-term construction goal. 

 A dual-cooperative model strengthens the balance between institutional support and local 
autonomy 

Xihe Village has built a dual-cooperative governance model, which comprises an official cooperative, which 
handles the interaction with government bodies, and an internal cooperative self-organized by villagers. 
The former is responsible for managing public funds and implementing policy and the latter for the 
management of collective assets and the maintenance of infrastructure with little administrative 
intervention. This governance model supports the creation of a stable balance of top-down institutional 
support and bottom-up local autonomy. Similar arrangements have been shown to be effective in many 
other towns throughout Tuscany, Italy where municipal governments and community cooperatives are 
working together under national policies for the protection of cultural heritage. By enabling the efficient 
sharing of resources and internally increasing cooperation, this dual-cooperative governance model assists 
in maintaining stable social networks even through periods of economic growth and industrial 
developments. 

 Rural economic resilience depends on narrative-driven endogenous development 
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Long-term rural resilience cannot be achieved by large-scale capital-driven industrial imports. Instead, it is 
based on narrative-driven endogenous economies that are coincidental with local spatial conditions, social 
networks, and cultural traditions. A representative example in Northern Europe is the Kuhmo Chamber 
Music Festival in Finland. By re-creating the regional brand through stories of nature and culture, the 
festival has turned a once marginal forest town into a cultural destination. Attracting 6,000-8,000 visitors 
each year, the festival breathes new life into local cuisine, singing and folk healing practices, which make 
"Kuhmo" a cultural brand with worldwide appeal. The strength of such narrative-driven local economies 
lies in the fact that they are based on the self-organisation of villagers, the reactivation of cultural memory, 
and deep participation of visitors, thus promoting a dual process of cultural and economic reproduction. 
This delivers sustainable, iterative, internal momentum for long term rural resilience. 

Against the backdrop of rapid global urbanization, rural areas across the world are facing increasing 
resilience challenges from social, economic and ecological pressures. In an increasingly VUCA world, the 
case of Xihe Village shows that a community-centred spatial-social-economic framework to address 
multifaceted crises under resource and governance constraints is effective and can provide a viable 
pathway for sustainable transformation in peripheral regions. 

Theoretically, a spatial-social-economic analytical framework is proposed in this study based on the 
sustainable development context of traditional Chinese villages. The framework emphasizes dynamic 
coupling and feedback mechanisms between the three dimensions and defines resilience as a dynamic 
adaptive process instead of passive capacity to withstand shocks. This offers a structured theoretical basis 
for studying mechanisms of rural resilience. 

At the practical level, based on the regeneration process of Xihe Village, the study points out three key 
strategies: 

 Dynamic spatial resilience shaped through the “use–adjustment–reproduction” cycle; 
 Dual-cooperative governance model, which increases community-level self-organisation and 

participatory management; 
 Narrative-driven local economic models that reactivate cultural memory and stimulate economic 

vitality. 
These strategies are not only consistent with China's overall objectives of rural revitalization, but are also 
in line with international experiences in rural regeneration. 

Overall, this study proposes a light-weight, participatory and narrative-driven resilience framework that is 
applicable for resource-constrained rural regions. It offers a transferable and systematic pathway for rural 
areas all over the globe struggling with depopulation, hollowing-out and industrial decline. 
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Mudanjiang, a typical shrinking city in China, was selected as the case area to examine the spatial 

pattern of the jobs-housing relationship in the context of population decline. The analysis addresses three 

aspects: population change over the past decade, the spatial distribution of employment, and the spatial 

variation of the jobs-housing ratio. A 200 m grid was used as the basic unit of analysis. WorldPop population 

density data for 2010 and 2020 and 24-hour Baidu population heatmap data were combined with GIS spatial 

analysis and statistical methods to identify the distributional characteristics of population, employment, and 

jobs-housing ratio. Based on population change and jobs-housing balance, the grids were further grouped into 

six categories: I-B, D-B, I-UW, D-UW, I-UR, and D-UR.  The results suggest that Mudanjiang experienced an 

overall population loss between 2010 and 2020, despite localized increases in several areas, which eventually 

formed four growth centers. Employment was distributed in a “one core and multiple nodes” pattern, with the 

main high-density area concentrated in the old urban district in the north. Balanced jobs-housing units 

accounted for only a small share and were mainly found in the transition zones between the central city and its 

outskirts. Across the study area, D-B and D-UR were the predominant types, whereas D-UW units were largely 

concentrated in the urban core. In addition, areas with population growth generally showed a relatively 

balanced jobs-housing relationship, while areas with population decline were more strongly residential in 

nature. The urban core, by contrast, was marked by simultaneous population decrease and strong employment 

functions. By incorporating population change into the analysis, this study provides a more nuanced 

understanding of jobs-housing relationships in shrinking cities and offers evidence that may inform spatial 

policy making in China. 

Population changes, spatial distribution, job-housing ratio 

One of the typical feature of shrinking cities is population loss(Wiechmann, 2008; Haase, Athanasopoulou 

and Rink, 2016; Haase et al., 2016; Hattori, Kaido and Matsuyuki, 2017). The process of urban shrinkage 

worldwide began in the 1970s, with Germany taking the lead in addressing the urban problems caused by 

a significant population contraction(Bernt, 2016). Subsequently, cities in Europe and North America 

gradually entered the process of shrinkage, such as Detroit, Youngstown, Liverpool and others(Schilling and 

Logan, 2008; Wiechmann and Pallagst, 2012; Hospers, 2014; Audirac, 2018; Yang et al., 2021). In the past 

few decades, China has been undergoing rapid urbanization, and the shrinking urban population has 

received less attention(Deng et al., 2019). However, according to the results of the seventh national census 

in 2020, 52% of China's districts and counties have entered the shrinking stage, covering about 46% of 

China's territory(Meng and Long, 2022). For China, shrinking cities have become one of the sizable types. 

At present, global research on shrinking cities mainly focuses on identifying the shrinking process, exploring 

the causes and mechanisms of shrinkage, carbon emission effects, and land use strategies(Silhan, 

Svobodova and Binek, 2016; Liu et al., 2020; Ribant and Chen, 2020; Guan, He and Hu, 2021; Sun, Zhang 

and He, 2022; Kiviaho and Toivonen, 2023; Guo et al., 2025). 
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 The quality of life of residents is becoming one of the focuses of research on shrinking cities(Delken, 2008; 

Park, Kim and Seong, 2021; Fu et al., 2022; Hu et al., 2023), and the relationship between residents' work 

and residence is an important aspect that reflects the quality of life of residents, especially for shrinking 

cities. Urban job housing balance can contribute to low-carbon development in terms of space utilization 

and transportation emissions reduction. However, as the population decreases, the residential space 

structure in shrinking cities changes. At the same time, as the economy declines, the workspace structure 

also changes. However, the changes in residence and work are heterogeneous. Against the dual backdrop 

of active natural population loss and passive reduction of job opportunities, it is still uncertain whether the 

work residence relationship can maintain balance. Moreover, the imbalance between work and housing 

can lead to a decrease in urban happiness, resulting in residents being "forced" to relocate, which is also 

one of the important reasons for the shrinking urban population. Job housing balance is conducive to 

improving residents' happiness. 

The existing research on the relationship between urban residents' work and residence mainly focuses on 

measuring the relationship(Chen, Jing and Xu, 2023; Wang, Li and Zhang, 2024; Zhang et al., 2024), 

analysing influencing factors(Long, Wang and Li, 2023; Tong, Dai and Shen, 2024; Zhou et al., 2024), and 

intervening measures for the imbalance between work and residence(Feng et al., 2023; Zhang and Luo, 

2025). Previous research has given limited attention to jobsςhousing patterns in shrinking cities amid 

changes in population and employment. Real-time studies of workςresidence dynamics are scarce, and 

smart strategies for improving jobsςhousing relations remain underdeveloped.  

To answer the research question, we take Mudanjiang, a typical resource depleted shrinking city in 

Northeast China, as an example. We use Baidu thermal data to identify the real-time dynamic layout of 

residential and workspaces in shrinking cities. Based on the characteristics of shrinking cities, we construct 

standards for defining the types of occupational and residential relationships. We use mathematical 

statistics and space technology methods to identify the spatial characteristics of occupational and 

residential relationships in shrinking cities and define the types. We also propose a smart shrinking strategy 

for guiding job housing balance in shrinking cities. This study is crucial for the sustainable development of 

shrinking urban populations, ultimately bridging the gap between theoretical analysis and planning practice.

The research area of this study is the built-up area of Mudanjiang City, a typical resource depleted shrinking 

city in Northeast China (Figure 1). The Northeast region is the earliest area of contraction in China, 

characterized by long contraction time, obvious contraction phenomenon, and prominent problems. 

Resource depleted cities lead to the decline of important industries and a decrease in job opportunities, 

resulting in population outflow. It can be said that resource depleted cities experience turbulence in both 

work and residence. Mudanjiang is in the southeast of Heilongjiang Province, China, and is an important 

central city and scenic tourist city in Heilongjiang Province. Mudanjiang divides the urban built-up area into 

the old city area in the north and the new area in the south. The total population of Mudanjiang City has 

been shrinking since 2011 and has been shrinking continuously for 9 years. Compared to 2011, the total 

population of the city has decreased by 18.58% in 2020. 

 This article explores the job-housing relationship in Mudanjiang, which can provide reference for cities of 

the same type and guide new thinking on job housing relationships in resource depleted and shrinking 

cities. At the same time, to further refine the study of the relationship between work and housing within 

shrinking cities, we have taken a 200m spatial unit as the minimum research unit. 
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The data required for the research mainly includes the China spatial distribution of population data from 

Worldpop website, Heilongjiang province census data from Heilongjiang bureau of statistics, and Baidu 

heat data. Identify the population size, spatial distribution, and changes of Mudanjiang City in 2010 and 

2020 using the world pop population counts from 2010 and 2020, as well as data from China's sixth and 

seventh national censuses. The accuracy of Baidu heat data is 200m, which includes the latitude, longitude, 

and heat value information of the heat point, indicating the current crowd gathering situation at the heat 

point(Feng, Tu and Sun, 2019). To reflect the average urban heat situation as much as possible, this study 

selected 24-hour heat data from July 12 and 15, 2023, and December 16 and 20 of the same year, including 

summer, winter, working days, and rest days, to identify the spatial distribution of urban residential and 

working areas. 

2.3.1. Residential Index and Employment Index 
Based on residents' travel habits, the study suggests that the period from 21:00 to 5:00 the next day is the 

duration of residential rest, while 9:00-17:00 is the working time. Therefore, this article adopts a time 

division method based on residents' behavioral characteristics to divide the heat map data into residential 

heat data and workplace heat data according to time. The calculation formula is as follows: 

ὣ
В В ᶰ

ȿ ȿ
 Ὄ ωȟρχ                                                     (1) 

Ὑ
В В ᶰ

ȿ ȿ
 Ὄ πȟυ ᷾ ςρȟςτ                                             (2) 
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Among them, ὣ  is the employment index of spatial unit Ὥ , that is, the number of job positions, 

Ὄ represents the heat value of the Ὠ-th day and Ὤ-th hour of spatial unit Ὥ, ὲ represents the total number 

of days covered by heat value data (denoted as 4 in this study), Ὄ  represents the set of hours of residents' 

working time, and ᷄Ὄ ᷄ represents the number of hours of residents' working time. Ὑ  is the residential 

index of spatial unit Ὥ, which is the number of residential units. Ὄ  represents the set of hours of residents' 

sleep time, and ȿὌ ȿ represents the number of hours of residents' sleep time. 

2.3.2. Job-Housing Ratio 
The job housing balance index is the ratio of the number of employment positions to the number of 

residential units within a certain geographical area(Zhang et al., 2025). The calculation formula is: 

ὤ
Ⱦ

Ⱦ
                                                                               (3) 

Among them, ὤ  is the job-housing ratio of spatial unit Ὥ, ὣ  is the total number of employment positions 

in the study area, and  Ὑ  is the total number of residential units in the study area(Liu et al., 2024). When 

the job-housing ratio ὤ  is between 0.8-1.2, it is considered that the region is balanced. The higher ὤ , the 

stronger the attribute of the spatial unit as a workplace, and vice versa, the stronger the attribute of the 

place of residence(Zhang et al., 2019). 

From 2010 to 2020, a total of 2619 spatial units in the built-up area of Mudanjiang City experienced 

population shrinkage, accounting for approximately 97.65% of the total. A total of about 108200 people 

were reduced, with an overall population change rate of -18.2%, of which the average population change 

rate of the shrinking population unit was -18.39%. The average population change rate of the population 

growth unit is 3.28%. It can be seen that the overall population of Mudanjiang City is showing a shrinking 

trend. The spatial units are mainly concentrated in two types: mild and severe contraction, which include 

a large number of spatial units and involve the largest population. 

From a spatial perspective (Figure 2), the population distribution in both 2010 and 2020 showed a 

decreasing trend radiating outward from the old city area as the core. However, in comparison, the high-

value population areas contracted from the outside to the inside. From the perspective of population 

change, the contraction of population from the center to the periphery gradually increases, but four 

population growth nuclei are formed near the high-tech industrial park, university city, and Yumin 

Industrial Park. It can be indicated that for shrinking cities, university towns and industrial parks are 

important locations for attracting population gathering. 
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As shown in Figure 3, the spatial distribution of the number of dynamic population residential units has the 

following characteristics: the old urban area and the new area form their own high-value clustering cores. 

In terms of maturity, the clustering cores of residential units in the old urban area have the characteristics 

of large area, large quantity, and relatively concentrated, while the clustering cores of residential units in 

the new area have small area, small quantity, and dispersed distance. It can be observed that the residential 

units in the new district are still in a state of growth, and the current residential center of residents is still 

in the old city area. Regardless of the old or new urban areas, the number of residential units is centered 

around high-value clusters and decreases in a circular pattern towards the periphery. This indicates that 

the distribution of residential space still presents a natural transition rather than a cliff like vacancy. 

The spatial distribution of job positions has the following characteristics: the old urban area forms a high-

value clustering continuous area composed of "one core and multiple points", and the new area initially 

forms a core area of medium to high value clustering, indicating that job positions are mainly concentrated 

in the old urban area, but present a relatively dispersed state. 

a. Population distribution in 2010 b. Population distribution in 2020 c. Distribution of population 

change rate from 2010 to 2020 
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a. Spatial distribution of residential index 

 
b. The spatial distribution of work index 

From Table 1  it can be found that about one-third of the spatial units in Mudanjiang City have job housing 

balance, more than half of which are residential attributes, and only 14% of which are workplace attributes. 

Overall, the distribution of spatial unit quantity shows a pattern of "residential attribute dominant - job 

housing balance concentrated - workplace attribute scarce". In addition, compared to spatial units with 

strong workplace attributes, spatial units with strong residence attributes have a smaller gap between 

employment index and residence index, indicating that strong residence also comes with certain work 

attributes, but strong workplaces have weaker attraction to residents' residential behavior. Moreover, the 

proportion of spatial units with strong workplace attributes in Mudanjiang City is relatively small, and its 

employment to housing ratio is extremely low, indicating a scarcity of extreme workplace attribute regions 

in Mudanjiang City. 

From the spatial distribution map of occupational and residential types in Figure 4, it can be observed that 

the occupational and residential relationships in Mudanjiang City exhibit clear hierarchical distribution 

characteristics, with each type showing obvious clustering and gradient patterns, forming a multi-level 

spatial pattern with "workplace as the core - job housing balance as the transition zone - residential areas 

distributed on the edges". The spatial units of workplace attributes are mainly distributed in the core areas 

of the old city and the new city, including Mudanjiang Railway Station, Korean ethnic streets, hospitals, and 

the vicinity of the university city. The spatial units with residential attributes are mostly located in the urban 

fringe areas, including the high-tech industrial park, Yumin Industrial Park, and Daqing Road Chemical 

Industrial Park in the new district. This indicates that although these areas should undertake employment 

functions, the current number of workstations is far from sufficient, resulting in industrial parks reflecting 

strong residential attributes. The spatial unit of job housing balance forms a transition zone between the 

two. 
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Job-housing type Work residence ratio range 
Number of 

spatial units 

Proportion of 

spatial units (%) 

Strong residential area 0.3,0.6  690 25.7 

Strong residential area [0.6,0.8) 729 27.2 

job-housing balance area [0.8,1.2] 898 33.5 

relatively strong workplace (1.2,2.0] 324 12.1 

strong workplace (2.0,4.1) 40 1.5 

 

In order to further understand the spatial relationship between the two, this article divides spatial units 

into six types from the dual dimensions of "population change work to housing ratio"(Table 2). The results 

of the dual dimensional types are visualized using the above criteria (Figure 5). As shown in Table 3, the 

spatial units of population decline are mainly D-UR type, indicating that the spatial units of population 

contraction are mainly characterized by strong residential attributes, presenting the characteristics of both 

population outflow and residential advantages. The spatial units of population growth are mainly I-B type, 

indicating that the spatial units of population growth are mainly job housing balance relationships, 

presenting the characteristics of population growth driving job housing balance. From Figure 5, it can be 

seen that the central area of the old city is mainly of the D-UW type, with the periphery being of the D-B 

type, while the urban fringe area is more complex, mainly consisting of three types: D-UR, D-UW, and D-B. 

 population increase population decline 
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population growth rate

ƌ0  

population growth 

rate 0  

Job-Housing Balance 

ὤŰ[0.8,1.2]  
I-B D-B 

Job-

Housing 

Unbalance  

Strong working location attribute 

ὤŰ(1.2,4.1)  
I-UW D-UW 

Strong residency attribute 

ὤŰ(0.3,0.8)  
I-UR D-UR 

 

Type Number of spatial units Proportion of the number of spatial units %  

I-B 30 1.11 

D-B 868 32.34 

I- UW 4 0.21 

D- UW 361 13.45 

I- UR 29 1.07 

D- UR 1390 51.82 

 

As a prospective study on job housing balance in shrinking cities, this study combines dynamic population 

heat data with job housing index to construct a two-dimensional analysis framework of "population change 
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job housing relationship" in the context of shrinking cities, revealing the inherent relationship between 

long-term population trends and short-term job housing functions. 

Research has found that: (I) From 2010 to 2020, over 97% of the spatial units in the built-up area of 

Mudanjiang City experienced population shrinkage, with an overall population shrinkage rate of 18.2%, 

showing a relatively stable urban center and significant shrinkage at the edges. However, university towns 

and industrial parks have become the local population growth poles of the city. (II) The urban work 

residence space presents a pattern of "residence attribute dominant, job housing balance concentrated, 

and workplace attribute scarce", and forms a hierarchical spatial structure of "workplace located in the 

core area - job housing balance as a transitional zone - residence distributed on the edge". (III) The main 

manifestation of population contraction areas is the characteristic of "population reduction - strong 

residence", while population growth areas are often accompanied by job housing balance. 

Guided by the concept of smart shrinkage, we propose three optimization strategies for shrinking the 

relationship between work and housing in cities. Firstly, in terms of spatial layout planning, we should shift 

from the concept of incremental development to stock optimization or even reduction planning, focusing 

on the job housing balance between the core of the old and new urban areas, and avoiding development 

in urban fringe areas with severe population loss. Secondly, to implement a precise update strategy for 

occupational and residential spaces, industries should be actively introduced into D-UR type areas, while 

for the old city center area of D-UW, housing space should be moderately optimized. Moreover, the 

population gathering function of facilities such as university towns and industrial parks should be 

strengthened, and efforts should be made to cultivate them into comprehensive areas that integrate 

employment, housing, and services, promoting the overall sustainable development of the city from point 

to area. 

!ǳŘƛǊŀŎΣ LΦ όнлмуύ άLƴǘǊƻŘǳŎǘƛƻƴΥ {ƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎ ŦǊƻƳ ƳŀǊƎƛƴŀƭ ǘƻ ƳŀƛƴǎǘǊŜŀƳΥ ±ƛŜǿǎ ŦǊƻƳ bƻǊǘƘ !ƳŜǊƛŎŀ 
ŀƴŘ 9ǳǊƻǇŜΣέ Cities. Elsevier. 

.ŜǊƴǘΣ aΦ όнлмсύ ά¢ƘŜ ƭƛƳƛǘǎ ƻŦ ǎƘǊƛƴƪŀƎŜΥ /ƻƴŎŜǇǘǳŀƭ ǇƛǘŦŀƭƭǎ ŀƴŘ ŀƭǘŜǊƴŀǘƛǾŜǎ ƛƴ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǳǊōŀƴ 
ǇƻǇǳƭŀǘƛƻƴ ƭƻǎǎΣέ International Journal of Urban and Regional Research, 40(2), pp. 441ς450. 

/ƘŜƴΣ ¸ΦΣ WƛƴƎΣ /Φ ŀƴŘ ·ǳΣ DΦ όнлноύ άŀ /ƻƳǇǊŜƘŜƴǎƛǾŜ aŜŀǎǳǊŜƳŜƴǘ aƻŘŜƭ ŦƻǊ Wƻō-Housing Balance 
/ƻƴǎƛŘŜǊƛƴƎ {Ǉŀǘƛŀƭ LƴǘŜǊŀŎǘƛƻƴǎΥ ŀ /ŀǎŜ {ǘǳŘȅ ƛƴ {ƘŀƴƎƘŀƛΣέ ISPRS Annals of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences, 10, pp. 311ς318. 

5ŜƭƪŜƴΣ 9Φ όнллуύ άIŀǇǇƛƴŜǎǎ ƛƴ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎ ƛƴ DŜǊƳŀƴȅΥ ! ǊŜǎŜŀǊŎƘ ƴƻǘŜΣέ Journal of Happiness Studies, 
9(2), pp. 213ς218. 

Deng, T. et al. όнлмфύ ά{ƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎ ƛƴ ƎǊƻǿƛƴƎ /ƘƛƴŀΥ 5ƛŘ ƘƛƎƘ ǎǇŜŜŘ Ǌŀƛƭ ŦǳǊǘƘŜǊ ŀƎƎǊŀǾŀǘŜ ǳǊōŀƴ 
ǎƘǊƛƴƪŀƎŜΚΣέ Cities, 86, pp. 210ς219. 

CŜƴƎΣ 5ΦΣ ¢ǳΣ [Φ ŀƴŘ {ǳƴΣ ½Φ όнлмфύ άwŜǎŜŀǊŎƘ ƻƴ ǇƻǇǳƭŀǘƛƻƴ ǎǇŀǘƛƻǘŜƳǇƻǊŀƭ ŀƎƎǊŜƎŀǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŀ 
ǎƳŀƭƭ ŎƛǘȅΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻƴ {ƘŜƘƻƴƎ /ƻǳƴǘȅ ōŀǎŜŘ ƻƴ .ŀƛŘǳ ƘŜŀǘ ƳŀǇǎΣέ Sustainability, 11(22), p. 6276. 

Feng, H. et al. όнлноύ ά¦Ǌōŀƴ Ǌŀƛƭ ǘǊŀƴǎƛǘ ǎǘŀǘƛƻƴ ǘȅǇŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ōŀǎŜŘ ƻƴ ΨǇŀǎǎŜƴƎŜǊ Ŧƭƻǿτland useτ
job-ƘƻǳǎƛƴƎΣΩέ Sustainability, 15(20), p. 15103. 

671



 

 

Fu, H. et al. όнлннύ ά[ƛŦŜ ǎŀǘƛǎŦŀŎǘƛƻƴ ŀƴŘ ƳƛƎǊŀǘƛƻƴ ƛƴǘŜƴǘƛƻƴ ƻŦ ǊŜǎƛŘŜƴǘǎ ƛƴ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎΥ /ŀǎŜ ƻŦ ¸ƛŎƘǳƴ 
/ƛǘȅ ƛƴ /ƘƛƴŀΣέ Journal of Urban Planning and Development, 148(1), p. 05021062. 

DǳŀƴΣ 5ΦΣ IŜΣ ·Φ ŀƴŘ IǳΣ ·Φ όнлнмύ άvǳŀƴǘƛǘŀǘƛǾŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ŜǾƻƭǳǘƛƻƴ ǘǊŜƴŘ ǎƛƳǳƭŀǘƛƻƴ ƻŦ ǎƘǊƛƴƪƛƴƎ 
ŎƛǘƛŜǎ ŀǘ ǘƘŜ Ŏƻǳƴǘȅ ǎŎŀƭŜΣ /ƘƛƴŀΣέ Sustainable Cities and Society, 65, p. 102611. 

Guo, S. et al. όнлнрύ ά¦Ǌōŀƴ ǎƘǊƛƴƪŀƎŜ ŀƴŘ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΥ 5ŜƳŀƴŘ-ǎƛŘŜ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ /ƘƛƴŜǎŜ ŎƛǘƛŜǎΣέ 
Applied Energy, 384, p. 125501. 

Haase et al. όнлмсύ ά±ŀǊƛŜǘƛŜǎ ƻŦ ǎƘǊƛƴƪŀƎŜ ƛƴ 9ǳǊƻǇŜŀƴ ŎƛǘƛŜǎΣέ European Urban &amp; Regional Studies 
[Preprint]. 

IŀŀǎŜΣ !ΦΣ !ǘƘŀƴŀǎƻǇƻǳƭƻǳΣ !Φ ŀƴŘ wƛƴƪΣ 5Φ όнлмсύ ά¦Ǌōŀƴ ǎƘǊƛƴƪŀƎŜ ŀǎ ŀƴ ŜƳŜǊƎƛƴƎ ŎƻƴŎŜǊƴ ŦƻǊ 9ǳǊƻǇŜŀƴ 
ǇƻƭƛŎȅƳŀƪƛƴƎΣέ European Urban and Regional Studies, 23(1), pp. 103ς107. 

IŀǘǘƻǊƛΣ YΦΣ YŀƛŘƻΣ YΦ ŀƴŘ aŀǘǎǳȅǳƪƛΣ aΦ όнлмтύ ά¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǳǊōŀƴ ǎƘǊƛƴƪŀƎŜ ŘƛǎŎƻǳǊǎŜ ŀƴŘ ǇƻƭƛŎȅ 
ǊŜǎǇƻƴǎŜ ƛƴ WŀǇŀƴΣέ Cities, 69, pp. 124ς132. 

Hospers, G.-WΦ όнлмпύ άtƻƭƛŎȅ ǊŜǎǇƻƴǎŜǎ ǘƻ ǳǊōŀƴ ǎƘǊƛƴƪŀƎŜΥ CǊƻƳ ƎǊƻǿǘƘ ǘƘƛƴƪƛƴƎ ǘƻ ŎƛǾƛŎ ŜƴƎŀƎŜƳŜƴǘΣέ 
European planning studies, 22(7), pp. 1507ς1523. 

Hu, Y. et al. όнлноύ ά¢ƘŜ ƛƳǇŀŎǘ ƻŦ ǊŜǎƛŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǳǊōŀƴ ǎƘǊƛƴƪŀƎŜ ƻƴ ƻǾŜǊŀƭƭ ƭƛŦŜ ǎŀǘƛǎŦŀŎǘƛƻƴςThe 
ŎŀǎŜ ƻŦ ¸ƛŎƘǳƴΣ /ƘƛƴŀΣέ Cities, 141, p. 104445. 

YƛǾƛŀƘƻΣ !Φ ŀƴŘ ¢ƻƛǾƻƴŜƴΣ {Φ όнлноύ άCƻǊŎŜǎ ƛƳǇŀŎǘƛƴƎ ǘƘŜ ǊŜŀƭ ŜǎǘŀǘŜ ƳŀǊƪŜǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎΥ 
ǇƻǎǎƛōƭŜ ŘǊƛǾŜǊǎ ƻŦ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘΣέ European Planning Studies, 31(1), pp. 189ς211. 

Liu, X. et al. όнлнлύ ά¦Ǌōŀƴ ŦƻǊƳΣ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎΣ ŀƴŘ ǊŜǎƛŘŜƴǘƛŀƭ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΥ 9ǾƛŘŜƴŎŜ ŦǊƻƳ /ƘƛƴŜǎŜ 
city-ǊŜƎƛƻƴǎΣέ Applied Energy, 261, p. 114409. 

[ƻƴƎΣ ·ΦΣ ²ŀƴƎΣ [Φ ŀƴŘ [ƛΣ ²Φ όнлноύ άDŜƻƎǊŀǇƘƛŎŀƭ ƛƴŦƭǳŜƴŎŜǎ ƻƴ Ƨƻōςhousing balance: a study of coastal 
ǳǊōŀƴ ŀǊŜŀǎ ƛƴ .ƻǎǘƻƴΣέ Sustainability, 15(22), p. 15920. 

aŜƴƎΣ ·Φ ŀƴŘ [ƻƴƎΣ ¸Φ όнлннύ ά{ƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎ ƛƴ /ƘƛƴŀΥ 9ǾƛŘŜƴŎŜ ŦǊƻƳ ǘƘŜ ƭŀǘŜǎǘ ǘǿƻ ǇƻǇǳƭŀǘƛƻƴ ŎŜƴǎǳǎŜǎ 
2010ςнлнлΣέ Environment and Planning A: Economy and Space, 54(3), pp. 449ς453. 

tŀǊƪΣ ¸ΦΣ YƛƳΣ aΦ ŀƴŘ {ŜƻƴƎΣ YΦ όнлнмύ άIŀǇǇȅ ƴŜƛƎƘōƻǊƘƻƻŘǎΥ LƴǾŜǎǘƛƎŀǘƛƴƎ ƴŜƛƎƘōƻǊƘƻƻŘ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ 
ǎŜƴǘƛƳŜƴǘǎ ƻŦ ŀ ǎƘǊƛƴƪƛƴƎ Ŏƛǘȅ ǿƛǘƘ ¢ǿƛǘǘŜǊ ŘŀǘŀΣέ Growth and change, 52(1), pp. 539ς566. 

wƛōŀƴǘΣ aΦ ŀƴŘ /ƘŜƴΣ ·Φ όнлнлύ ά! ǘȅǇƻƭƻƎȅ ƻŦ ¦{ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎΣέ The Professional Geographer, 72(1), pp. 
152ς164. 

{ŎƘƛƭƭƛƴƎΣ WΦ ŀƴŘ [ƻƎŀƴΣ WΦ όнллуύ άDǊŜŜƴƛƴƎ ǘƘŜ Ǌǳǎǘ ōŜƭǘΥ ! ƎǊŜŜƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƳƻŘŜƭ ŦƻǊ ǊƛƎƘǘ ǎƛȊƛƴƎ 
!ƳŜǊƛŎŀΩǎ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎΣέ Journal of the American Planning Association, 74(4), pp. 451ς466. 

{ƛƭƘŀƴΣ ½ΦΣ {ǾƻōƻŘƻǾŀΣ IΦ ŀƴŘ .ƛƴŜƪΣ WΦ όнлмсύ ά/!¦{9{ !b5 {h[±LbD hC {IwLbYLbD /L¢L9{Σέ ƛƴ ±Φ YƭƛƳƻǾŀ 
and V. Zitek (eds.) 19TH INTERNATIONAL COLLOQUIUM ON REGIONAL SCIENCES. Masaryk Univ, Fac Econ 
& Adm, Dept Reg Econ & Adm, pp. 717ς726. Available at: https://doi.org/10.5817/CZ.MUNI.P210-8273-
2016-91. 

{ǳƴΣ tΦΣ ½ƘŀƴƎΣ YΦ ŀƴŘ IŜΣ ¢Φ όнлннύ ά{ƘǊƛƴƪŀƎŜ ŜŦŦŜŎǘ ƻŦ ǳǊōŀƴ-rural integration on shrinking cities in the 
ǘƘǊŜŜ ǇǊƻǾƛƴŎŜǎ ƻŦ bƻǊǘƘŜŀǎǘ /Ƙƛƴŀ ŀƴŘ ƳŜŎƘŀƴƛǎƳΣέ Prog. Geogr, 41(7), pp. 1213ς1225. 

672



 

 

¢ƻƴƎΣ 5ΦΣ 5ŀƛΣ ¸Φ ŀƴŘ {ƘŜƴΣ ¸Φ όнлнпύ ά/ƻƳƳǳǘƛƴƎ ōŜƘŀǾƛƻǊǎ ǊŜǎǇƻƴǎŜ ǘƻ ƭƛǾƛƴƎ ŀƴŘ ǿƻǊƪƛƴƎ ōǳƛƭǘ 
ŜƴǾƛǊƻƴƳŜƴǘΥ 5ƛǎǎŜŎǘƛƴƎ ƛƴǘŜǊŀŎǘƛƻƴ ŜŦŦŜŎǘǎ ŦǊƻƳ ǾŀǊƛŜŘ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƳŀǎǎŜǎΣέ Applied Geography, 
172, p. 103430. 

²ŀƴƎΣ tΦΣ [ƛΣ YΦ ŀƴŘ ½ƘŀƴƎΣ ²Φ όнлнпύ ά/ƘƛƴŀΩǎ bŜǿ IƻǳǎƛƴƎ {ŜŎǳǊƛǘȅ aƻŘŜƭΥ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ WƻōςHousing 
.ŀƭŀƴŎŜ ƛƴ !ŦŦƻǊŘŀōƭŜ wŜƴǘŀƭ IƻǳǎƛƴƎΣ {ƘŀƴƎƘŀƛΣέ Land, 13(7), p. 1034. 

²ƛŜŎƘƳŀƴƴΣ ¢Φ όнллуύ ά9ǊǊƻǊǎ ŜȄǇŜŎǘŜŘτAligning urban strategy with demographic uncertainty in 
ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎΣέ International Planning Studies, 13(4), pp. 431ς446. 

²ƛŜŎƘƳŀƴƴΣ ¢Φ ŀƴŘ tŀƭƭŀƎǎǘΣ YΦaΦ όнлмнύ ά¦Ǌōŀƴ ǎƘǊƛƴƪŀƎŜ ƛƴ DŜǊƳŀƴȅ ŀƴŘ ǘƘŜ ¦{!Υ ! ŎƻƳǇŀǊƛǎƻƴ ƻŦ 
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǇŀǘǘŜǊƴǎ ŀƴŘ ƭƻŎŀƭ ǎǘǊŀǘŜƎƛŜǎΣέ International journal of urban and regional research, 36(2), 
pp. 261ς280. 

Yang, Y. et al. όнлнмύ άvǳŀƴǘƛŦȅƛƴƎ ǎǇŀǘƛƻǘŜƳǇƻǊŀƭ ǇŀǘǘŜǊƴǎ ƻŦ ǎƘǊƛƴƪƛƴƎ ŎƛǘƛŜǎ ƛƴ ǳǊōŀƴƛȊƛƴƎ /ƘƛƴŀΥ ! ƴƻǾŜƭ 
approach based on time-ǎŜǊƛŜǎ ƴƛƎƘǘǘƛƳŜ ƭƛƎƘǘ ŘŀǘŀΣέ Cities, 118, p. 103346. 

Zhang, F. et al. όнлнпύ άWƻōǎ-housing balance and travel patterns among different occupations as revealed 
ōȅ IƛŘŘŜƴ aŀǊƪƻǾ ƳƛȄǘǳǊŜ ƳƻŘŜƭǎΥ ǘƘŜ ŎŀǎŜ ƻŦ IƻƴƎ YƻƴƎΣέ Transportation, 51(5), pp. 1857ς1877. 

½ƘŀƴƎΣ ¸Φ ŀƴŘ [ǳƻΣ CΦ όнлнрύ ά9ȄǇƭƻǊƛƴƎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ Ƨƻōǎ ŀƴŘ ƘƻǳǎƛƴƎ ƛƴ /ƘƛƴŀΩǎ ƳŜƎŀŎƛǘƛŜǎΥ 
ǘƘŜ ŎŀǎŜ ƻŦ DǳŀƴƎȊƘƻǳ ŀƴŘ {ƘŜƴȊƘŜƴΣέ Journal of Asian Architecture and Building Engineering, 24(4), pp. 
3312ς3328. 

Zhou, J. et al. όнлнпύ ά{ǘǳŘȅ ƻƴ ǘƘŜ LƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ .ǳƛƭǘ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ tŜǊǎƻƴŀƭ !ǘǘǊƛōǳǘŜǎ ƻƴ 
/ƻƳƳǳǘƛƴƎ 5ƛǎǘŀƴŎŜΥ ! /ŀǎŜ {ǘǳŘȅ ƻŦ ǘƘŜ ¢ƛŀƴƧƛƴ /ŜƴǘǊŀƭ !ǊŜŀ 5ƛǾƛŘŜŘ ōȅ ¢!½ ¦ƴƛǘǎΣέ Buildings, 14(11), p. 
3561. 

[ƛǳ ¸Φ Ŝǘ ŀƭΦ όнлнпύ ά¢ƘŜ LƳǇŀŎǘ ƻŦ /ƻƳƳǳǘƛƴƎ ƻƴ ǘƘŜ {ǳōƧŜŎǘƛǾŜ ²Ŝƭƭ-being of Chinese Residents: Empirical 
9ǾƛŘŜƴŎŜ ŦǊƻƳ /IC{ 5ŀǘŀΣέ /Ƙƛƴŀ WƻǳǊƴŀƭ ƻŦ 9ŎƻƴƻƳŜǘǊƛŎǎΣ пόлоύΣ ǇǇΦ рууς618. 

½ƘŀƴƎ ·Φ Ŝǘ ŀƭΦ όнлмфύ ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ ōŀǎƛŎ ŜŘǳŎŀǘƛƻƴ ǊŜǎƻǳǊŎŜ ǎǇŀǘƛŀƭ ƳŀǘŎƘƛƴƎ ƛƴ .ŜƛƧƛƴƎ ŦǊƻƳ ǘƘŜ 
perspective of job-ƘƻǳǎƛƴƎ ƳƛǎƳŀǘŎƘΣέ WƻǳǊƴŀƭ ƻŦ !ǊƛŘ [ŀƴŘ wŜǎƻǳǊŎŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴΣ ооόммύΣ ǇǇΦ ммоς
119. Available at: https://doi.org/10.13448/j.cnki.jalre.2019.324. 

½ƘŀƴƎ /Φ Ŝǘ ŀƭΦ όнлнрύ ά/ƘŀƴƎŜǎ ŀƴŘ ¢ǊŜƴŘǎ ƛƴ Wƻōǎ-housing Spatial Relationship in Beijing over the Past 
¢ǿŜƴǘȅ ¸ŜŀǊǎΥ bŜǿ 5ŜǾŜƭƻǇƳŜƴǘǎ .ŀǎŜŘ ƻƴ tƻǇǳƭŀǘƛƻƴ /Ŝƴǎǳǎ ŀƴŘ 9ŎƻƴƻƳƛŎ {ǳǊǾŜȅ 5ŀǘŀΣέ /ƛǘȅ tƭŀƴƴƛƴƎ 
Review, 49(04), pp. 86ς94. 

 

673



 

 

Research Paper  

 

Study on the Influence Mechanism of Urban Green 
Space Pattern on Noise Spatial Distribution and 

Planning Response 

Mengmeng LI, Wenkai LIU, Mingfeng ZHANG*, Yuanxiang WU, School of Architecture and Design, Harbin 

Institute of Technology: Key Laboratory of Cold Region Urban and Rural Human Settlement Environment 

Science and Technology, Ministry of Industry and Information Technology, Harbin, Heilongjiang, China, 

150001  

 

With the rapid development and expansion of the city, noise pollution has seriously affected the 
physical and mental health of urban residents. Although existing studies have confirmed that urban 
morphology and green space layout have a significant impact on noise distribution, they mainly 
focus on the macro scale, ignoring the relationship between micro scale urban morphology, green 
space pattern and noise distribution. Based on this, this study uses a small-scale grid precision of 
60m to explore the impact mechanism of urban morphology, green space pattern and other 
indexes on noise distribution at this scale. The crowdsourcing acoustic data based on the noise 
planet platform was used to obtain the noise distribution data. The pattern index of buildings, 
water bodies, green space and roads was quantified based on FRAGSTATS. The influence 
mechanism of urban form and green space pattern index on noise distribution was explained from 
three aspects: the identification of influencing factors, the analysis of influence degree and the 
synergy of two factors. It is found that PAFRAC, AI, NP, LSI, Ta, Shape_mn, IJI, Cohension and PD 
have significant effects on the noise distribution. Green space coverage is the most important 
factor affecting the distribution of urban noise, and its regulating effect on noise is far more than 
other morphological indexes. In addition, the dispersion of architectural form (NP), the complexity 
of shape (LSI) and the connectivity of green space (Cohension) also play a great potential in noise 
control. In addition, for the control of noise distribution, there is a strong synergistic effect between 
urban morphology and green space pattern index, that is, when combined with complex 
architectural morphology or highly connected green space, the noise reduction potential of green 
space is significantly enhanced, resulting in "1+1>2" effect in noise reduction. These findings 
suggest that isolated planning may not be enough. This study provides a quantitative basis for 
promoting urban acoustic governance from a wide range of regulatory measures to more accurate 
and spatial response design methods. 

 

Urban Morphology; Green Space Pattern; Noise Pollution; Sustainable Urban Planning 
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Urban planning and design is the core link to shape the urban environment and enhance the well-being of 

residents. In the context of global rapid urbanization, the complexity and diversity of urban built-up 

environment has increased significantly, which is not only closely related to residents' activities, urban 

microclimate and urban morphology, but also exacerbates the challenges of various environmental 

problems (Fritschi et al., 2011). Among them, noise pollution has become the second largest environmental 

problem affecting the health of urban residents after air pollution, seriously threatening public health, 

quality of life and even work efficiency (Si et al., 2022). Therefore, how to effectively control the noise in 

urban areas through reasonable spatial planning means is a key issue in the current research of urban 

sustainable development. 

The role of urban morphology is to identify the repeated patterns of structure, formation and evolution 

from the complex and diverse built environment, so as to understand the interaction between various 

elements (Burian et al., 2005; Wang et al., 2011). A large number of studies have confirmed that the 

morphological characteristics of the urban built environment have a significant impact on the noise 

distribution (Tawayha et al., 2019). Noise mainly comes from urban traffic, construction activities and other 

social and economic activities (Weber et al., 2014). Urban morphology has a complex and important 

correlation with the generation and distribution of noise by affecting the transmission, reflection and 

absorption mechanism of sound waves. The study found that higher building height and larger total 

building area can effectively reduce the noise level of the block (Margaritis et al., 2018). At the same time, 

the improvement of green coverage can also bring better noise reduction effect. These studies reveal the 

potential value and impact mechanism of urban form factors on noise control. The current research mostly 

focuses on the quantitative description of urban morphology based on structural indicators (Montalvao et 

al. 2011), such as building height (Weber et al., 2014), building density (Wang et al., 2011), green coverage 

(Margaritis et al., 2016,2017,2018), street coverage ratio (Weber et al., 2014), which have been confirmed 

to have a significant impact on noise distribution. The research of noise control is difficult to be separated 

from the bottom form of the city, and the characteristics of urban spatial form are of decisive significance 

to noise control. However, the accurate calculation of structural indicators depends on the detailed urban 

morphology data, which is difficult to obtain and time limited. More importantly, once the structural 

elements such as buildings and roads are completed, it is very difficult to change them, which limits the 

flexibility of intervention at the planning level.  

Therefore, more and more scholars take the green space pattern as a more operational quantitative index 

of urban morphology into the study of the correlation between urban morphology and noise. Green space 

pattern indicators show significant advantages in data acquisition and calculation efficiency in quantitative 

analysis of land use and ecological environment by using classification map and specific spatial algorithm 

(Weber et al., 2014). Early studies combined structural indicators with landscape pattern index, and found 

that indicators such as patch density, edge density, Shannon diversity index and Shannon evenness index 

can effectively indicate the noise exposure level Weber in urban housing structure (Wang et al., 2011). 

Subsequently, the study focused more on the regulation effect of green space morphology on noise. From 

the perspective of land cover, efstathios margaritis and others analyzed the cases of European cities on a 

multi-level scale and confirmed the correlation between green space related parameters and traffic noise 

pollution (Margaritis et al., 2014). Further studies focused on urban parks, and found that green space 

indicators (such as tree coverage and grassland coverage) were significantly negatively correlated with 

noise levels, indicating that they have noise reduction potential; However, the influence of green space 

shape index (such as average patch fractal dimension and average shape index) is not significant (Margaritis 
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et al., 2016). The research based on the European environmental information and observation network 

also revealed the potential role of green space ratio, porosity, forest ratio and other macro and micro scale 

green space indicators in regulating noise (Margaritis et al., 2014,2017). In addition to a single dimension, 

the study also began to try to synthesize the joint impact of multiple factors on noise. For example, sakieh 

et al. Found through spatial statistical analysis that the compact performance of green space mode 

significantly alleviates noise propagation (Sakieh et al., 2017). Xu x et al. Found that road density (PD) and 

green space dispersion (split) were positively correlated with noise, while green space connectivity was 

negatively correlated (Xu et al., 2024). In addition, Han et al. Conducted a comprehensive study on the 

three main land cover types of buildings, greening and roads, and found that road density (PD) was 

positively correlated with noise, while green space connectivity (cohesion) and aggregation (AI) were 

negatively correlated with noise (Han et al., 2018). However, although the landscape pattern indicators 

show great potential, the current research is still mainly limited to single or two-dimensional discussion, 

ignoring the comprehensive impact of multi factor interaction on noise distribution in cities, resulting in 

the lack of universality and pertinence of research results in the face of complex urban spatial patterns. 

In recent years, the intervention of open source noise data has made multi-scale research more convenient 

(Wang et al., 2011; Song et al., 2024; Job et al., 2016), which plays an important role in the study of urban 

morphology and plays a theoretical guiding role. Although some studies have begun to compare the 

correlation between urban morphology and noise at various scales, most of these studies focus on the 

macro scale, such as the overall or regional level of the city, emphasizing the analysis of the overall 

distribution law and trend. In contrast, small-scale research is more in line with outdoor sound transmission 

distance on the one hand, and more close to people's daily life on the other hand, which is directly related 

to residents' comfort and happiness (Isbell F et al., 2017; Jackson et al., 2015). However, there is still a lack 

of research on the relationship between small-scale landscape indicators and noise distribution, especially 

in discussing the characteristics of near human scale noise distribution. This deficiency not only limits our 

understanding of the micro relationship between noise and urban morphology, but also hinders the 

scientific planning and practice of optimizing the sound environment based on individual perception. 

Therefore, it is urgent to carry out a more systematic study on the correlation between small-scale 

landscape indicators and noise distribution, and deeply reveal the multi-level impact mechanism of urban 

form factors on noise at a small scale, providing a scientific basis for more efficient and accurate urban 

noise management. 

Therefore, this study uses a small-scale grid precision of 60 m *60 m to deeply reveal the multi-level impact 

mechanism of urban form elements, especially green space pattern, on noise at the near human scale, and 

provide a scientific basis for more efficient and accurate urban noise management. This study will focus on 

answering the following core scientific questions: (1) key influencing factors of noise distribution: in a small 

scale, determine the green space pattern index that has a significant impact on urban noise distribution. 

(2) Quantification of index impact weight: determine the impact intensity and relative weight of each green 

space pattern index on noise distribution. (3) Quantification of synergy mechanism: quantify the synergy 

of different green space pattern factors on noise. The results of this study will help to make up for the lack 

of small-scale acoustic environment research, and provide more refined and scientific design guidance for 

the near human scale noise control strategy in future urban planning. 

In order to solve the problem that the current research on the correlation between urban morphology and 

noise distribution focuses on a large scale, this study selects a square plot with a side length of 2km as the 
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sample unit, which matches the range of people walking for 15 minutes. It is suitable for the fine research 

of small-scale urban noise, and can better meet the needs of small-scale noise regulation. In addition, in 

order to ensure the scientific and representativeness of the study, a 2km * 2km site in Milan was selected 

from two aspects of land cover type richness and noise data coverage. The site includes four types of land 

cover: buildings (44.29%), water (6.27%), green spaces (39.67%), and roads (9.77%). 

The noise data of this study comes from the noise planet platform  https://noise-planet.org/ The 

platform collects the noise measurement data obtained through field survey around the world. Most of 

the data acquisition work is completed through its noise capture application, which can record the sound 

pressure level data and use the built-in GPS of the mobile phone to locate the position of each 

measurement point. As shown in Figure 1, the noise data provided by the platform are mainly presented 

in the form of dots, and most of them are distributed in a linear trajectory, which can relatively completely 

describe the noise distribution characteristics in urban space. Compared with the traditional field 

measurement methods, the noise planet platform data has the following significant advantages: first, the 

data acquisition process is simple, and it can be completed only by smart phones, which greatly reduces 

the dependence on professional measurement equipment, and is especially suitable for researchers of 

architecture, urban and rural planning and other non acoustic backgrounds; Secondly, the data cover a 

wide range and provide a large-scale continuous updating noise data set, which is conducive to large-scale 

and multi-scale noise research; In addition, the compliance and scientificity of the data have been widely 

verified. Compared with complex and expensive high-precision measurement methods, noise planet data 

has outstanding performance in universality and practical application potential. 

  

Figure 1.  Noise-Planet https://noise-planet.org/  

Based on the existing literature, this study selected the indicators of urban morphology and green space 

pattern that have a significant impact on noise distribution from four aspects of water, buildings, green 

space and roads according to the types of land use and cover. For water bodies, PAFRAC is used to reflect 

the boundary complexity of water patches, division is used to describe the dispersion degree of water 

bodies, and AI is selected to measure the aggregation degree of water bodies. For building areas, LSI is used 

to describe the shape complexity of buildings, NP reflects the density and dispersion of buildings, and LPI 

describes the largest single building patch; These indicators cover shape measurement and fragmentation 

measurement. For green areas, TA is selected to investigate the total area of green space, Shape_mn is 

used to evaluate the complexity of green space shape, IJI is used to understand the spatial adjacency of 

different green patches, cohesion reflects the spatial connectivity of green space, and split represents the 

degree of fragmentation of green space. For road areas, plan describes the road area, and PD reflects the 
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road network density. In this study, FRAGSTATS 4 was used to calculate the 13 selected indicators 

(Appendix 1). 

Interpolation processing of noise data: due to the linear distribution of noise data and the missing data in 

the study area, interpolation method should be used to fill in the missing value. In order to ensure the 

accuracy of interpolation results, this study uses Kriging interpolation method, and completes the 

interpolation calculation through the "geostatistical analyst" module in ArcGIS 10.8 platform. After 

interpolation, in order to ensure the accuracy and reliability of data, data cleaning and outlier elimination 

are required before formal analysis. The cleaning steps mainly include: screening and deleting abnormal 

noise values (such as data with noise intensity of 0 dB) and measured values that do not conform to the 

statistical law. After cleaning, the processed noise data is exported to provide accurate and reliable data 

support for subsequent analysis. 

Pearson correlation analysis: This study uses Pearson correlation analysis to quantitatively explore the 

correlation between the indicators of urban morphology and green space pattern and the noise level, so 

as to identify the key indicators that have a significant impact on the noise distribution. 

Geo detector: in order to deeply explore the mechanism of urban morphology and green space pattern 

indicators on noise distribution, the geo detector method is introduced in this study. Through factor 

detection and interaction detection, the influence weight of a single indicator and the interaction 

mechanism and weight between two indicators are analysed. 

Figure 2 shows the Pearson correlation analysis results between urban morphology, green space pattern 

index and noise distribution. It can be seen that for buildings, the indexes significantly related to noise 

distribution include: PAFRAC, AI, NP, LSI, TA, Shape_mn, IJI, Cohesion and PD.  

In the water area, PAFRAC is significantly negatively correlated with noise distribution, while AI is 

significantly positively correlated with noise distribution, and the impact of PAFRAC on noise distribution 

is higher than AI. This indicates that in order to better control noise, priority should be given to ensuring 

the boundary complexity of patches in water form planning.  

In the building area, both NP and LSI have a significant negative correlation with the noise distribution, and 

their impact on the noise is the same. This shows that in the planning of architectural form, the dispersion 

of architectural form should be ensured to better control the noise.  

In the green area, TA, Shape_mn and cohesion were significantly negatively correlated with the noise 

distribution, while IJI was significantly positively correlated with the noise distribution, and TA had the 

greatest impact on the noise. This shows that in the green space pattern planning, in order to better control 

the noise, we should give priority to ensuring the green space coverage within the site, and then ensure 

the spatial connectivity between green spaces.  

In the road area, PD is significantly positively correlated with the noise distribution, that is, the higher the 

density of the road network, the more serious the urban noise pollution is. This is because traffic noise is a 
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typical noise pollution source in urban space. Therefore, in order to effectively control noise, traffic flow 

control and other methods can be used. 

 

In order to better guide the planning and design, it is necessary to quantify the impact degree of the main 

influencing factors of noise distribution and rank the importance (Figure 3). The influence degree of 13 

urban morphology and green space pattern index on noise distribution is ranked as follows: TA NP LSI

COHENSION PAFRAC PD AI SHAPE_MN IJICONTAG DIVISION SPLIT LPIɺ  It is worth 

noting that the impact of TA on noise distribution is much higher than other indexes, that is, for small-scale 

urban noise distribution, green space coverage is the decisive factor affecting noise distribution. Secondly, 

the dispersion of architectural form also has great potential in further controlling small-scale urban noise 

pollution.  
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In urban central areas with limited land use, priority should be given to ensuring the planning and layout 

of large-scale central green spaces (such as urban parks and core green spaces). Using linear greenways 

and strip vegetation as the core, an ecological corridor is constructed to enhance the connectivity of green 

spaces (COHESION), thereby forming a continuous ecological noise reduction barrier and avoiding a 

decrease in noise reduction efficiency due to excessive fragmentation (reducing SPLIT index). 

In areas with high noise risks such as near major transportation arteries, it is advisable to avoid constructing 

"slab" building complexes with wide and flat interfaces. It is recommended to deconstruct the building 

volume (increase NP), adopt point or staggered layout, and increase interface sawtooth or setback design 

(enhance LSI) to effectively interrupt, scatter, and consume noise energy using complex multidimensional 

physical boundaries. In addition, the design of waterfront areas should break through the limitations of 

traditional hard and straight revetments, promote natural forms of meandering water banks, expand the 

acoustic diffuse reflection area by increasing the edge tortuosity (improving the PAFRAC fractal dimension), 

and optimize the acoustic environment quality of waterfront spaces. 

In order to further analyze the interaction between urban morphology and green space pattern index, 

whether it will enhance the interpretation ability of noise distribution and which indexes have independent 

effects on noise distribution. In this study, the 13 indexes were further evaluated by interactive detection 

analysis (Figure 4 and Figure 5). It is found that the combined effect of urban morphology and green space 

pattern index can enhance the explanatory power of noise distribution. among TAŽCOHENSIONɹTAŽ

LSIɹTAŽSHAPE_MNɹTAŽPAFRACɹTAŽNPɹNPŽLSIɹNPŽPAFRACɹLSIŽPAFRACɹLPIŽ

DIVISIONɹSHAPE_MNŽAI It is a two factor enhancement, that is, when these factors are combined 

together, the explanatory power of the noise distribution is stronger than that of a single factor. When the 

other indexes act together, the influence on the noise distribution is nonlinear enhancement, that is, when 

these factors act together, the explanatory power of the noise distribution is stronger than the sum of the 

two factors. 
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Based on the small-scale analysis framework (grid accuracy: 60m), this study systematically investigated 

the influence mechanism of urban morphology and green space pattern on noise distribution, identified 

the key influencing factors, quantified their relative importance, and revealed the synergy among multiple 

factors. The main conclusions are as follows: 

First of all, there is a significant correlation between the noise distribution and the four kinds of spatial 

form indicators of green space, buildings, water and roads. It is worth noting that the total green area (TA), 

as the most critical impact factor, is significantly negatively correlated with the noise level. This finding 

shows that increasing green space coverage is the most effective strategy to alleviate noise pollution. In 

addition, the number of building patches (NP) and architectural landscape shape index (LSI) also showed a 

strong negative impact, indicating that dispersing the building layout and enhancing its morphological 

complexity can help reduce noise. At the same time, increasing the complexity of water boundary (PAFRAC) 

can effectively control noise, while road density (PD) will significantly aggravate noise pollution, which 

proves that traffic noise is the main source of urban sound environment. 

Secondly, the impact of total green area (TA) is significantly greater than other indicators, emphasizing that 

maintaining sufficient green area in a small-scale environment is essential for noise control. Building 

dispersion (NP and LSI) and green space connectivity (cohesion) also have an important impact, indicating 

that in built-up intensive areas, optimizing building layout and enhancing green space connectivity play a 

key role in improving the quality of the acoustic environment. 

Finally, the synergetic mechanism analysis shows that the interaction of two factors usually enhances its 

explanatory power to the noise distribution. The interaction between total green area (TA) and cohesion, 

LSI, PAFRAC and other indicators has a significant synergistic effect. This shows that while increasing the 

green space coverage, taking into account its spatial connectivity, combined with the complexity of the 

architectural form and the design of the water boundary, the noise propagation can be more effectively 

suppressed. Some factor combinations (such as NP Ž LSI, LPI Ž Division) show nonlinear enhancement 

effect, indicating that under the specific configuration, the joint action of multiple factors may produce a 

noise control effect that exceeds the expected "1+1>2". 

The future urban design and renewal should ensure sufficient green space scale, and optimize the 

interactive relationship between green space, buildings, water and other spatial elements in the form and 

layout, so as to build a noise reduction spatial system with reasonable structure and functional 

coordination. This study provides quantitative basis and design guidance for improving the acoustic 

environment quality of human scale in high-density built-up areas, and promotes the transformation of 

urban noise control from extensive control to precise and spatial control strategy. 
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Appendix 1 Overview of urban morphology and green space pattern index 

Type Landscape metrics  Calculation Description 

Construction 

Land 

Number of patches (NP) - The total number of patches in the landscape 

landscape shape index（LSI）  

 

 

P is the perimeter of the landscape patch; A is the area of the landscape 

patch. 

Division Index（DIVISION）  

 

 

Pi is the perimeter (boundary length) of the i-th patch;A is the total area 

(or total pixel count) of the landscape. 

Greenland TA（Total Area）  

 

 

Ai is the area (or pixel count) of the i-th landscape unit (or patch);n is the 

total number of the landscape units (or patches). 

Largest patch index (LPI)  

 

 

Amax is the area (or pixel count) of the largest patch in the landscape;A is 

the total area (or total pixel count) of the landscape. 

Mean shape index (SHAPE_MN)  

 

 

n is the total number of patches;Perimeteri is the perimeter (boundary 

length) of the iii-th patch;Areai is the area of the iii-th patch. 

Interspersion and juxtaposition 

index (IJI) 

 

 

 

Pij is the number of adjacent cells between the i-th and j-th landscape 

types,Ai and Aj are the areas (or pixel counts) of the i-th and j-th landscape 

types, respectively;A is the total area (or total pixel count) of the 

landscape. 

Patch cohesion index (Cohesion)  

 

gi is the number of similar adjacent patches for landscape type i;gi max is 

the maximum number of adjacent patches for landscape type i;Pi is the 

proportion of landscape type i in the landscape;m is the total number of 

patch types in the landscape. 

Splitting index (Split)  

 

 

Pij is the number of adjacent units (or patches) between the i-th and j-th 

landscape types;A is the total area (or total pixel count) of the landscape. 

Aggregation index (AI)  

 

 

Ai is the area (or pixel count) of the i-th landscape unit (or patch);A is the 

total area (or total pixel count) of the landscape;N is the total number of 

patches in the landscape. 

Road Land Patch density (PD)  

 

 

n is the total number of patches in the landscape;A is the total area (or total 

pixel count) of the landscape. 

Waterbody CONTAG  

 

 

Pij is the proportion of adjacent units between the i-th and j-th landscape 

types. Specifically, it represents the proportion of cells that belong to 

landscape type i and are adjacent to cells of type j;n is the total number of 

landscape units. 

PAFRAC 𝑃𝐴𝐹𝑅𝐴𝐶

=
2

[𝑛𝑖𝑗 ∑ (ln𝑝𝑖𝑗 − ln𝑎𝑖𝑗)
𝑛
𝑗=1 ] − [(∑ 𝑝𝑖𝑗

𝑛
𝑗=1 )(∑ 𝑎𝑖𝑗

𝑛
𝑗=1 )]

(𝑛𝑖 ∑ ln𝑛
𝑗=1 𝑝𝑖𝑗

2 ) − (∑ ln𝑛
𝑗=1 𝑝𝑖𝑗)

2

 

P is the perimeter of the landscape patch;A is the area of the landscape 

patch. 
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As urbanisation accelerates and cities pursue sustainability and resilience, urban underground 
space (UUS), as the "fourth strategic spatial resource," can effectively address the issues during 
this wave of urbanisation. However, there are still many sustainability issues related to UUS, 
including poor environmental quality and a heavy reliance on mechanical systems, resulting in 
spatial experiences that are often inferior to that above ground. Architecture, as an intersection of 
spatial design, technology, and human experience, can also contribute to sustainable 
development. By defining the main research scope of UUS in the architecture discipline and 
proposing key research topics, this study puts forward an innovative methods approach to 
architecture’s involvement in UUS, including architect-friendly simulation platforms, 
multidimensional perception-based evaluation of the built environment, and smart environmental 
regulation for UUS. Looking ahead, some ongoing challenges requiring additional research are 
proposed. This study seeks to provide researchers and practitioners with an up-to-date 
understanding of UUS's sustainability framework and the critical messages regarding its 
challenges and successes in advancing global sustainable development.  

 

Urban underground space; Architecture; Spatial planning; Human-centred design; Methodological 
innovations 

With an urbanisation rate projected to be over sixty-eight per cent by 2050 (UN-Habitat, 2022), modern 
cities face several urbanisation-related issues, including land scarcity, traffic congestion, excessive energy 
consumption, and environmental degradation (Kazim, 2007; Lima et al., 2017; Lin, Broere and Cui, 2022; 
Zhou and Leng, 2023). Traditional urban growth models, particularly those that depend on high-rise 
development, are increasingly complex to meet contemporary spatial and environmental needs. In 
response, urban underground space (UUS), as the "fourth strategic spatial resource," can effectively 
address issues during this wave of urbanisation (Li et al., 2016; Lin, Broere and Cui, 2022). By 
accommodating up to one-third of urban functions (Xia et al., 2022), UUS increases urban capacity without 
further consuming surface land. Besides, it enhances ecological resilience through restoring natural 
landscapes and preserving cultural and historical assets. 
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However, there are still many sustainability issues related to UUS (Sterling et al., 2012; Qiao et al., 2019). 
Enclosed by soil and rock, UUS had limited access to natural light or ventilation, thus negatively impacting 
occupants’ physical and psychological well-being. To create a liveable environment, UUS relies heavily on 
energy-intensive mechanical systems, which consume around 90% of operational energy, indicating a gap 
in existing research on UUS utilisation and the considerable potential for energy savings. 

To bridge this gap, existing research on UUS is mainly from an engineering and HVAC performance 
perspective rather than a built-environment perspective. Sustainable design, as the intermediary between 
urban planning at the macro scale and spatial experience at the human scale, can also contribute to 
sustainable development through optimising spatial quality, environmental perception, and human 
experience. Despite growing scholarly and professional interest, architectural theories tailored to UUS 
remain underdeveloped, as many projects follow a "construction before planning" approach, resulting in 
limited spatial comfort and inadequate integration of technical systems with human needs. Besides, the 
current utilisation mode of UUS is still primarily guided by engineering and structural safety rather than the 
dimensions that architecture focuses on. This makes it challenging to balance space utilisation efficiency 
and experiential quality, thereby restricting the comprehensive development level of UUS. Hence, with 
such a pressing agenda, identifying the primary challenges and key innovative pathways to address various 
factors and achieve the overall design optimisation adequately remains an ongoing challenge for the 
present research community.  

With the evolution of UUS from engineering-led utilities to complex, human-oriented environments (Fig. 
1), its challenge of UUS has shifted from “Can it be built?" to "How can it be built well?", which makes 
architecture has accordingly assumed an increasingly important role as UUS becomes more public and 
experiential. Currently, architectural involvement can be divided into two spatial types, including 
architecture-driven space, such as underground malls, offices, cultural venues, and transport terminals, 
requiring architectural design to create pleasant atmospheres and architecture-assisted space, such as 
metro stations and transfer spaces, requiring architectural design to organise circulation and spatial 
atmosphere. In contrast, architects seldom engage with engineering-dominant space, such as underground 
metro systems, tunnels, and defence spaces, where structural and geotechnical requirements 
predominant.  

 

 

To realise the full potential of architecture in UUS, this study identifies three key research topics for future 
development. The first is spatial integration of surface and subsurface systems, which is a vital strategy for 
urban renewal, especially in high-density cities. Rather than treating UUS as an isolated layer, such an 
approach seeks to strengthen continuity between above-ground and underground environments through 
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landscape continuity, consistent materiality, and visual transparency, thereby blurring conventional spatial 
boundaries. In transit-oriented UUS, such as railway stations, accessibility is a key concern as it influences 
both users’ spatial orientation and the overall efficiency of the transit systems. It can be improved through 
clear signage, distinctive landmarks, transparent vertical circulation, and perceptual continuity. 

The second direction is the enhancement of environmental and perceptual quality. As UUS becomes 
increasingly public and experiential, its design must move beyond mere functionality to address both 
environmental performance and psychological comfort. Strategies such as the introduction of natural 
elements through building envelopes, ventilation shafts, and daylight wells can improve daylight and air 
circulation while fostering a more pleasant underground environment. In addition, the use of geothermal 
and solar energy can reduce dependence on mechanical systems and lower energy consumption. Beyond 
environmental performance, attention to spatial rhythm, scale, and material contrast can further enhance 
perceptual quality and alleviate feelings of confinement. 

The third direction concerns the development of intelligent and human-centred evaluation systems. As 
UUS accommodates increasingly diverse and complex functions, traditional experience-driven design 
approaches are no longer sufficient to meet contemporary demands. In this context, digital tools such as 
AI, GIS, BIM, and digital twins enable more precise modelling, simulation, and real-time monitoring of 
complex underground environments. At the same time, evaluation standards are shifting from a narrow 
focus on structural safety and physical performance toward more comprehensive frameworks that also 
account for perceptual experience, behavioural responses, and intelligent monitoring. However, most 
existing standards have been developed for above-ground space and therefore cannot be directly applied 
to UUS because of its distinct environmental and perceptual conditions. Future evaluation systems should 
integrate indicators of physical environmental performance, such as energy efficiency, thermal comfort, 
and structural resilience, with indicators of human perception, including visual, thermal, and psychological 
responses, in order to establish a multidimensional assessment framework for UUS. 

Given the distinctive characteristics of UUS, including environmental enclosure, structural complexity, and 
the relative irreversibility of its development process, research in this field typically spans multiple scales 
and disciplinary domains. Accordingly, architectural research methods are evolving from experience-based 
summarization toward performance-driven modelling, and from static design thinking toward dynamic 
optimization based on simulation feedback. The ongoing expansion of methodology reflects the parallel 
development of design tools and technical means. On the basis of the key research topics identified above, 
this study further outlines four innovative methodological approaches for architectural involvement in UUS 
research.  

Architect-friendly simulation platforms are essential for performance-driven design. Although simulation 
tools such as EnergyPlus, Radiance, and Fluent can provide accurate predictive results, their complexity 
often limits their applicability during the early stages of design. In addition, simulation processes, 
particularly those involving optimisation, are often time-consuming. It is therefore necessary to develop 
architect-friendly simulation tools that require fewer inputs while integrating modelling, simulation, 
evaluation, optimisation, and generative design into a unified workflow (Shi et al.
2020). 

Multi-dimensional perceptual evaluation of the built environment is fundamental to the effective 
utilisation of UUS. Advances in cognitive science and computer vision have made it increasingly feasible to 
quantify users’ responses to underground environments through the collection of physiological and 
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behavioural data (Zong et al., 2025), thereby providing a stronger basis for predicting comfort and 
psychological experience in design. 

The environmental regulation of UUS relies not only on passive design strategies implemented in the early 
design stage, but also on continuous and efficient operational management. The integration of AI, IoT, and 
digital twins makes it possible to achieve real-time environmental monitoring and predictive control of 
building systems, thereby enhancing safety, comfort, and energy efficiency. Future research should further 
address the refinement of data protocols, the strengthening of privacy protection, and the establishment 
of a “sense–analyse–decide–act” management framework to advance the sustainable development of UUS. 

UUS is undergoing a transition from an engineering-led utilities model to a complex, human-oriented 
environment. In this process, architecture, as a discipline situated at the intersection of spatial design, 
technology, and human experience, plays a vital role. By clarifying the main research scope of UUS within 
the architectural discipline and identifying key research topics, this paper proposes an innovative 
methodological framework for architectural involvement in UUS, including architect-friendly simulation 
platforms, multidimensional perception-based evaluation of the built environment, and smart 
environmental regulation. 

Looking ahead, amid the rapid expansion of UUS, architecture has the potential to redefine UUS as an 
active catalyst for sustainable, resilient, and people-centred urban futures. To realise this potential, 
however, several ongoing challenges remain and require further research: 

• Refining the architectural theory of UUS through cross-disciplinary integration. Stronger 
coordination among spatial design, environmental regulation, and social behaviour is needed so 
that design can function as both a creative act and a scientific method for guiding UUS 
development. 

• Exploring deep underground development as a new frontier of urban expansion. Advances in 
tunnelling and construction technologies are enabling development beyond 40 metres, while cities 
such as Shanghai and Shenzhen have begun to explore multi-layered underground planning to 
diversify spatial functions. 

• Prioritising human experience and spatial adaptability in future design. Architectural strategies 
should emphasise passive design and the integration of renewable energy systems to achieve low-
carbon performance. 

• Establishing adaptive standards and evaluation systems. Comprehensive frameworks are needed 
to respond to technological and environmental advances and to support safe, resilient, and 
sustainable UUS development. 

• Promoting evidence-based design through integrated workflows. Architectural practice should 
adopt a “simulation–optimisation–evaluation” workflow, supported by architect-friendly 
simulation tools that help identify near-optimal alternatives and enable the continuous 
optimisation of both environmental and psychological performance. 
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TBAs are considered strategic contributors to not only enhancing regional competitiveness in the 
short term but also fostering a development model of high resilience and synergy in the long run. 
This paper uses a human mobility-based approach, employing Social Network Analysis and the 
Leiden community detection algorithm, for defining TBAs. We used a multidimensional evaluation 
framework that captures the functional synergy across five core domains, including ecology, 
industry, culture and tourism, innovation, and agriculture. The results suggest the emergence of 
distinctive TBAs led by transboundary population flows. Their appearance usually took the form of 
“co-located pilot zones” embedded in specific locations along the regional boundary. For the 
Wuhan metropolitan circle, the analysis suggests marked spatial heterogeneity in population 
movement represented by a network density of 0.136 and a coefficient of variation of 0.63. More 
interestingly, the flow intensity exhibits an axial distribution characterized by an “east–west 
strength and north–south weakness.” Among the ten identified TBAs, synergy levels differ 
significantly. 

 

Transboundary Areas; Transboundary Human Flow; Functional Positioning; Sustainable 
Development; Wuhan 

In the face of growing challenges in the VUCA era, resilience, regional balance, and resource efficiency have 
been continuing to press on urban development. Correspondingly, TBAs have become strategically 
important spatial units which support functioning integration and cooperative governance across 
administrative borders in recent years (Peng et al., 2016; Wang et al., 2023). For instance, removing 
institutional obstacles and promoting integrated development beyond boundaries is explicitly proposed in 
some recently issued policies, such as China's guidelines for metropolitan modernization (Wang et al., 
2015). Thus, it has become the hotspots of spatial planning and regional development strategy in current 
China, represented by the designation of pilot zones in the Wuhan metropolitan circle and the Guangzhou-
Foshan high-quality integration plan. 

However, theoretical and methodological advances in TBA research have not yet kept pace with practical 
demands for planning. There has been a persistent critical gap in the scientifically rigorous, multi-faceted, 
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data-informed methods required to delineate functionally defined TBAs and to assess their synergistic 
potential. This study develops a methodology for the identification of TBAs based on human mobility 
networks, using SNA combined with the Leiden algorithm. A multidimensional evaluation framework is 
further developed to assess synergy along five core dimensions: ecology, industry, culture and tourism, 
innovation, and agriculture. By applying this approach to the Wuhan metropolitan circle, we define not 
only TBAs characterized by coherent functional attributes but also demonstrate significant spatial 
heterogeneity in synergy performance. This study provides a rational, evidence-based instrument to guide 
transboundary spatial planning and hence support synergistic regional development. 

Wuhan is at the geometric center of the Wuhan metropolitan circle. The Wuhan Metropolitan Circle 
Development Plan emphasizes that the metropolitan area, with Wuhan in the center, forms a "circular 
radiation" structure including surrounding cities: Ezhou, Huangshi, Huanggang, Xiaogan, Xianning, Xiantao, 
Tianmen, and Qianjiang, with a radius of about 80 km. This scope includes most areas of eastern and central 
Ezhou, covering a total area of about 11,506 km² (Figure 1). With years of exploration, demands for intercity 
synergy in tackling problems across boundaries—ecology, industry, and public services—have emerged. 
Considering the method of defining transboundary township circles in the Wuhan metropolitan circle, we 
choose townships and streets as the basic unit. A total of 100 township-level units adjacent to Wuhan on 
both sides of municipal administrative boundaries are selected as the research scope. 
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This paper involves large-scale data from several professional institutions: information on the placement 
of headquarters and branches is obtained from Qixinbao (2023); data for national high-tech enterprises is 
gathered from the National High-tech Enterprise Recognition Work Network (2023). Data for Points of 
Interest (POI) is sourced from Amap (2023), while road network data is collected from OpenStreetMap 
(OSM) (2024). Facility agricultural land density data and China's GDP spatial distribution data at kilometer 
resolution is obtained from Science Data Bank (2020) and National Earth System Science Data Center (2020), 
respectively. Mobile signaling data is provided by China Unicom (2025), while land use data (LUCC) is 
provided by Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (CAS) 
(2022). Cultural and innovative data is composed of data related to national A-level scenic spots from 
Ministry of Culture and Tourism of China (2023) website, protection units of key cultural relics from 
National Cultural Heritage Administration of China (2022), and cooperative patents data from National 
Intellectual Property Administration (2022). 

 

It is calculated using Gephi software for various key indicators to perform the analysis of features of 
transboundary travel mentality of the population. Network Density: This is overall network connectivity or 
coherence to indicate extended interaction or integration of all areas. This is measured to indicate intensity 
of linkages or overall transboundary travels or connectivity. It is measured to indicate overall heterogeneity 
or nodal attribute variations for Wuhan City's surrounding areas at boundaries of Wuhan City. A higher 
value for this indicator measures high overall differences or variations of nodal connectivity for Wuhan 
City's surrounding areas at boundaries of Wuhan City. 

 

In this paper, we will utilize the strong performance of the Leiden algorithm combined with Modularity for 
identifying effective functional communities within the transboundary travel network of the Wuhan 
metropolitan circle so that TBAs are defined accurately. Modularity is the measure that gives an assessment 
for how good the division of the network is into mutually distinct modules (Cheng et al., 2023). The higher 
the Modularity is, the more densely it is connected inside communities than between communities. This 
gives a better and more meaningful division.  

The overall technical system established in this paper comprises three levels: a conceptual layer for core 
ideas, a methodology layer for general strategies, and a planning technology layer (Figure 2). This system 
is expected to rigorously analyze core features of TBAs, identify potential synergy areas, and abstract key 
technologies for their sustainable development and planning. First, the conceptual layer should redefine 
its core meaning and shift emphasis from "border" to "transboundary." Second, the methodology layer: 
based on transboundary population connectivity, priority is given to selecting highly connected 
communities; drawing on urban theory, cross-region linkage activities are analyzed to further discuss TBA 
development and planning. This step fully considers residents' behaviors to enable effective resource flow 
and efficient geographical integration for mutual benefit and coexistence (Liang 2020). Next, a dynamic, 
multi-dimensional, multi-data index system is established to quantitatively assess the value and functions 
of each defined TBA. Finally, the planning technology layer implements effective planning and 
development of TBAs based on function-driven strategies. 
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The lagged economic development around China's boundaries essentially results from the mismatch 
between rigid administrative regions and dynamic economic areas. Political geographical boundaries are 
notionally linear variables delineating territorial ownership and mediating or shielding impacts. Influenced 
by the 'administrative district economy' theory, these boundaries exhibit strong "peripheral" features, 
inherently spurring the "boundary abolition" notion. 

This strict border conception underwent a paradigm shift, triggering transdisciplinary change: "Research 
emphasis shifted from static 'separation (control)' to dynamic 'interactivity' and 'mobility' between 
boundaries" (Figure 3). This shift spurred new conceptualizations of transboundary regions (TBAs). 
Internationally initially framed as such, in China: the "Rules for Preparation of Territorial Spatial Planning 
for Metropolitan Areas" define TBAs as 'key regions' that leverage coordinated functions, transport, 
environment, and facilities for high co-city development. Luo et al. (2023) conceptualized TBAs as 'new 
geographical units biased towards synergistic development'—key to high-level co-city development, highly 
integrated by neighboring administrations crossing administrative divides via strong socio-economic ties 
and shared vision (Liu et al., 2021; Liu et al., 2014). 
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The course and geographic development of TBA synergy must conform to the system evolution law of 
border regions. As TBA synergy advances, its state shifts from closed to open (Figure 4). Initially, the strong 
shielding effect of administrative borders hinders the smooth flow of core factors, reducing border areas 
to economic depressions with social management gaps. Factor diffusion in semi-enclosed border areas, 
coupled with high institutional costs, triggers border conflicts. In response, local governments adopt semi-
open policies to attract investment, while setting up co-city pilot zones within border regions. 

Driven by the need for equal exchange and combining market spontaneity with planning efforts, 
transboundary cooperation uses "flexible space" to overcome administrative rigidity, further positioning 
boundaries as mediators for two-way factor flow to expand TBAs. Governments address regional 
integration through policy innovation and cooperation, implemented via synergetic management—e.g., 
Guangzhou-Foshan’s high-frequency commuter transport and Shenzhen-Hong Kong’s cross-regional 
education (Xie et al., 2022)—and strategic objective alignment, such as establishing policy zones or function 
white lists to transform underdeveloped areas into strategic outposts (Luo et al., 2011; Ma et al., 2009). 
With governments as the guiding force in strategy formulation and implementation, residents’ demand for 
better services and enterprises’ location choices (based on resource allocation, institutional environment, 
and market segmentation) drive resource flow and allocation (Wang et al., 2024; Zhang et al., 2022). 
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Transboundary population flow around Wuhan exhibits significant spatial differentiation (Figure 5), with 
an overall network density of 0.136 and a coefficient of variation of 0.63. Transboundary travel intensity is 
notably higher in the east-west direction than north-south, forming an “east-west strong, north-south 
weak” axial pattern. Specifically, the western border features dense, continuous population interaction 
with strong spatial coherence in cross-city activities, while the eastern border shows single-point 
polarization, with flows concentrated in Wuhan New City—a core provincial cross-regional cooperation 
zone and the most mature area for commuting, cross-border metro connectivity and industrial 
complementarity between Wuhan and surrounding cities, driving large transboundary travel demand. 
Using the Leiden community detection algorithm with 10 iterations and an average modularity of 0.561, 
11 transboundary communities were identified. To maintain spatial management continuity and policy 
implementation efficiency, these communities were boundary-checked and reorganized by geographic 
proximity and balanced township/street counts, forming 10 TBAs (Figure 6). 

 

 

697



 

 

 

TBA1, TBA2 and TBA6 take a leading role, forming northern and southern high-value clusters: the Wuhan-
Hannan ecological lake zone and Wuhan-Xiaogan scenic cluster zone(Figure 7). The former develops 
recreational and cultural residences relying on large lakes; the latter draws on natural scenic areas and red 
tourism resources. Together they build cross-border cultural-tourism landmarks and routes. 

 

 

Based on the land for agricultural facilities and elevation data, it is measured that TBA3 and TBA8 have 
some potential for cooperation in the field of agriculture (Figure 8). There are basic conditions for 
continuous agricultural farming in the neighboring northern mountainous areas, and the distribution of 
land for agricultural facilities in the southwestern plains, except for TBA8, is more dispersed, with a lower 
density of land for agricultural facilities in the neighboring administrative boundary line. 
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Based on the distribution of high-tech enterprises and patent cooperation, the overall science and 
innovation co-existence demonstrates a high degree of agglomeration (Figure 9). This spatial pattern is 
centered around TBA5 at the border of Wuhan and Ezhou, with other areas exhibiting a low, scattered 
presence. TBA5 proximity to Wuhan's Donghu High-tech Zone and its role as a key bearing area for the 
provincial-level Wuhan New City strategy explain its resulting high level of innovation synergy. 

 

 

The level of regional industrial synergy shows a general pattern with TBA5 as the main core, TBA10 as the 
secondary core and other regions spreading at a low level (Figure 10). The main ways of industrial synergy 
include setting up cross-city branches, building transboundary industrial chain (e.g. TBA5 forms the 
industrial collaboration pattern of main chain in Wuhan and supporting industry in Ezhou around 
optoelectronics and optical core screen end network), and building industrial enclaves together. 
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From the results of comprehensive analysis(Figure 11)., the ecological co-conservation level at the junction 
of TBA7, TBA9 and TBA10 is higher, which is due to the fact that TBA7 contains the Sinking Lake Wetland 
of International Importance in Hubei Province, China, where 271 species of birds have been recorded, 
accounting for 61% of the total number of birds in Wuhan City during the same period. The Sinking Lake 
Wetland covers an area of 11,579.1 hectares, accounting for only 1% of the city's area, and is extremely 
rich in biodiversity. The former plays an irreplaceable role in providing key ecosystem services such as water 
conservation, water purification, climate regulation and biodiversity maintenance, and is the “blue core” 
of the regional ecological security pattern. Forest ecosystems, on the other hand, contribute significantly 
to carbon sequestration and oxygen release, soil and water conservation, biodiversity conservation and 
the provision of recreational and cultural services. 

 

Based on the above results, the statistical transboundary synergy level of the 10 major TBAs, and through 
the analysis of the dimension coverage pattern and numerical distribution characteristics under the polar 
coordinates, we found that the unevenness and uniqueness of multi-dimensional synergistic development 
in each region, the difference in the level of synergy in each dimension is significant, the ecological 
dimension is relatively balanced and the advantage of part of the TBAs is obvious, the industry, science and 
innovation synergy pattern is convergent but there are short boards, and the cultural and tourism and 
agriculture synergy is localized. advantageous characteristics. (Figure 12). The radar charts of the horizontal 
distribution of industrial synergy and science and innovation co-development are similar, and the value of 
TBA5 is outstanding. The horizontal distribution of ecological synergy covers a wide range, with higher 
values in TBA6 and TBA7, reflecting that ecological synergy has a better foundation in specific areas such 
as biodiversity or ecosystem services. The level of cultural and tourism integration is distributed 
asymmetrically, with TBA2 and TBA5 having numerical advantages, and such regions have absolute 
advantages in cultural and tourism integration scenarios and the development of unique cultural and 
tourism resources. 
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The overall coordination should be emphasized and a differentiated synergistic governance framework 
should be constructed. Based on the unevenness and uniqueness of the multidimensional synergistic 
development of each TBA, a cross-regional synergistic governance committee should be established to 
coordinate the compilation of the “TBA Synergistic Development Mapping”. The committee will sort out 
the “strengths and shortcomings” of each TBA in the dimensions of industry, science and innovation, 
ecology, culture and tourism, and agriculture, and formulate differentiated synergistic goals and action 
paths based on the principle of “one policy for each region”. For example, for TBAs with significant 
advantages in ecology but weak industrial synergy, priority should be given to the layout of ecologically 
related industrial projects; for TBAs with a convergence of industrial-scientific and creative synergy, the 
division of labor in the industrial chain should be promoted to avoid homogeneous competition and to 
realize the overall adaptation and precise control of regional synergistic development. 

It should focus on breakthroughs in different dimensions and strengthen the synergistic advantages in each 
dimension. First, advance the integrated development of industry and sci-tech innovation. Centered on key 
zones such as TBA5, build industrial technology R&D centers and pilot test bases to accelerate the 
commercialization of scientific achievements. Cooperate with universities and research institutions to 
develop laboratories and innovation platforms, supported by talent and financial policies, so as to achieve 
mutual empowerment between industrial upgrading and sci-tech innovation. Second, strengthen cross-
border ecological protection and governance. In ecologically superior regions including TBA6 and TBA7, 
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establish transboundary ecological alliances to jointly carry out ecological restoration and biodiversity 
conservation. Expand ecological value realization paths by developing eco-tourism, nature education and 
eco-agriculture, such as building Han River ecological study corridors and green agricultural supply chains, 
transforming ecological advantages into economic and developmental strengths. Third, promote the 
integrated development of characteristic agriculture and related industries. For areas like TBA2 and TBA5, 
develop immersive cultural-tourism IPs and scenic leisure resorts, and design multi-stop regional tourism 
routes with adjacent TBAs to strengthen weak sectors. With TBA3 as a hub, advance the integrated 
development of “agriculture + innovation” and “agriculture + cultural tourism”, extend the agricultural 
industrial chain and enhance multi-dimensional synergistic value. 

Border areas dominated by the administrative district economy due to the weakening of the partition 
effect and the strengthening of the will of bilateral circulation, is no longer simply regarded as a geographic 
economic division, the marginal attributes of a strong “vacuum zone”. With the help of transboundary 
capital flows, spatial reconfiguration and other means, the border areas continue to evolve a number of 
cooperative governance, economic and social development integration of the “pilot areas of co-city 
development”, and spatial formation of transboundary areas with obvious identifiable characteristics. In 
this context, whether it is macro-strategic synergistic planning, meso-intercity coordination planning or 
implementation synergistic planning, all of them provide guidance on the spatial synergistic governance of 
transboundary areas, and with the continuous decentralization of synergistic levels, the focus of spatial 
synergistic efforts is more and more directed to specific geographic spaces and types of functions. However, 
the current theoretical research is lagging behind the planning practice, and the scientific and rational 
identification of transboundary synergistic regions and transboundary synergistic areas is especially lagging 
behind, which, to a certain extent, affects the sustainability of transboundary area planning, construction 
and governance. Therefore, in a scientific and rational attitude, we try to explore a set of technical logic for 
identifying transboundary related communities based on transboundary population flow and scientifically 
judging the advantageous functional potential of transboundary areas based on multi-dimensional 
dynamics.  
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Research Paper  

Optimizing spatial resilience in urban-rural fringes 
a multi-objective framework for synergizing ecology, 

efficiency, and equity 

Qingyang CHEN, Beijing Forestry University, China 

The urban-rural integration zone is a complex transition space for the interaction of ecological 
protection, economic growth and social development. In Hangzhou, the rapid urbanisation in the 
past ten years has exacerbated the spatial conflict between these three dimensions, bringing 
challenges to the coordinated development of the region. In order to solve this problem, this study 
has built a quantitative framework to identify the main ecological-economic-social conflicts in the 
urban-urban-rural integration area, and explore the spatial optimisation strategy for balanced 
growth in the urban-urban-rural integration area. 
The analysis starts from the integrated regional division based on gradient, with Ziwei Park as the 
geometric centre, and concentric buffering is generated at intervals of 500 metres. The ring with a 
proportion of construction land between 10% and 50% is defined as an urban-rural transition area, 
which provides a continuous spatial perspective beyond administrative boundaries. In the region, 
a set of six indicators were selected from three dimensions: ecological habitat quality and NDVI, 
economic development intensity and night lighting, social population density and green space ratio. 
The entropy-weighted TOPSIS method is used to standardise and weight each indicator, evaluate 
the coordination ability of each subsystem in 2010-2020, and identify conflict patterns. 
The results show a clear time and space trend. The coordination of ecological economy is gradually 
enhanced, and ecological investment and industrial upgrading promote each other and no longer 
constrain each other. On the contrary, the intensification of eco-social and economic-social 
conflicts reflects persistent gaps in the delivery and accessibility of social services in suburbs and 
ecological protected areas. These findings highlight the uneven distribution of ecological benefits 
and urban comfort in the integrated area of Hangzhou. 
On this basis, a multi-objective optimisation model based on the sequential least squares planning 
(SLSQP) algorithm was established, and the equilibrium configuration between the three 
subsystems was determined. The optimisation results show that more than 90% of the research 
areas should maintain low-intensity development to maintain ecological stability, while the limited 
high-intensity areas can be strategically distributed along the inner and outer edges of the city. 
Form a "dumbbell-shaped" dual-core structure to strengthen the service innovation of the central 
city, activate the peripheral ecological and cultural functions, and protect the central ecological 
corridor. 
Overall, this study shows how to combine gradient analysis, goal weighting and multi-objective 
optimisation to effectively reveal spatial trade-offs and propose a balanced development path. The 
research results provide methods and planning insights to promote eco-economic-social 
coordination in rapidly urbanised metropolitan areas such as Hangzhou, and help to establish more 
adaptive and evidence-based urban and rural spatial governance methods. 

Urban-Rural Fringes, Spatial Resilience, Multi-0bjective Optimization 
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Rapid urbanisation is deeply reshaping the spatial relationship between the ecology, economy and social 

systems of the metropolitan area. The rapid land conversion and population concentration it brings often 

lead to unbalanced resource allocation, ecological degradation and widening of the gap between urban 

and rural development (Zhan et al., 2023; He, 2018; Shuqian et al., 2022). Against this background, how to 

establish a more stable balance between ecological protection, economic growth and social welfare has 

become the core issue of contemporary urban governance (Li et al., 2018). Among them, the urban-rural 

integration zone, as a key transition zone carrying multiple functions, pressures and opportunities, has 

increasingly become an important spatial unit for observing the impact of urbanisation and the coordinated 

development of the region (Zhang and Du, 2019). 

The urban-rural integration area itself has significant spatial mixing and dynamism. On the one hand, as 

the forefront of urban expansion, economic activities and infrastructure gather rapidly; on the other hand, 

it often includes ecologically sensitive areas and traditional rural landscapes, carrying key ecological service 

functions. However, due to their characteristics such as crossing administrative boundaries and unstable 

spatial attributes, such areas are often easy to be simplified in traditional urban planning and ecological 

assessment, resulting in the concealment of real conflicts and potential coordination between ecology, 

economy and society. 

Previous studies have explored local problems within urban and rural areas from the perspective of 

ecosystem service supply and demand, urban and rural difference analysis or single-dimensional 

performance evaluation (Boudet et al., 2020; Zarifa et al., 2019; Xiao et al., 2017), but there are still obvious 

shortcomings. First, most studies are only carried out from a certain dimension of ecology or economy, and 

do not systematically reveal the linkage relationship and trade-off mechanism between three-dimensional 

systems. Second, the practice of dividing urban and rural areas by administrative boundaries conceals the 

continuous changes in the urbanisation gradient, which is not conducive to identifying the real urban-rural 

transition zone. Third, the existing evaluation framework relies on qualitative analysis or one-way index 

association, and lacks a comprehensive quantitative method that can identify conflicts and explore 

optimised scenarios at the same time. 

Based on the above research gaps, it is necessary to build a comprehensive quantitative framework with 

spatial continuity, multi-dimensional diagnostic ability and future-oriented optimisation potential. Taking 

the Hangzhou metropolitan area as a case, this study identifies urban and rural transition areas from the 

perspective of gradient, selects key indicators in the three dimensions of ecology, economy and society, 

and evaluates the coordination and conflict between different subsystems through objective weighting 

methods. At the same time, a multi-objective optimisation model should be further introduced to explore 

the optimisation path to achieve three-dimensional system coordination in the future development of the 

region. 

¢ƘŜ ǎǘǳŘȅ ŀƛƳǎ ǘƻΥ όмύ ŘŜƭƛƴŜŀǘŜ IŀƴƎȊƘƻǳΩǎ ǳǊōŀƴςrural integration zone using a gradient-based method; 

(2) assess ecologicalςeconomicςsocial coordination and potential conflicts; and (3) identify balanced 

optimisation pathways through multi-objective modelling. This framework seeks to enhance 

understanding of metropolitan system coupling and support evidence-based spatial governance in rapidly 

urbanising regions.
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Hangzhou is located in southeastern China, between 29.18° and 30.55° north latitude and 118.35° and 

120.50° east longitude, covering an area of about 16,850 square kilometres. The city shows a gradual 

transition from the western mountains and hills to the eastern plains, forming a natural basis for 

differences in land development potential. 

On this natural foundation, the rapid urbanisation in the past ten years has promoted the continuous 

expansion of construction land, population growth and industrial structure in Hangzhou. These processes 

concentrate development pressure between urban core areas and rural peripheral areas, where ecological 

protection, economic development and social service needs often converge. 

The complete gradient change pattern and outstanding multi-dimensional development needs make 

Hangzhou a typical research area for analysing the evolution of ecological, economic and social conditions 

on the urban-rural fringes. This characteristic basis provides the conditions for building a quantitative 

analysis framework, which helps to identify the imbalance between multi-dimensional systems, reveal their 

spatial distribution characteristics, and further identify key areas that can promote the optimisation of 

urban-rural integration. 

 

Three categories of spatial datasets were used in this study, including land use data, environmental data 

and socio-economic data. Land use data supported the calculation of built-up proportions and the 

estimation of development intensity. Environmental data included NDVI and habitat parameters for 

ecological assessment. Socioeconomic data consisted of nighttime light index, GDP and population density, 

which reflect spatial patterns of human activity and settlement distribution. The sources and specifications 

708



 

 

of all datasets are listed in Table 1. To ensure consistency among variables with different origins and 

resolutions, all raster data were resampled to a uniform spatial resolution of 30 m in ArcGIS Pro 3.4. 

Data Type Data Name Spatial Resolution Data Sources 

Land dataset 
Land use and land 

cover 
30m 

CLCD 
(https://doi.org/10.5281/zenodo.1277

9975) 

Environmental 
data 

NDVI 250m NASA MODIS (https://lpdaac.usgs.gov) 

Socioeconomic 
data 

Nighttime light 
index 

500m 
NOAA VIIRS 

(https://eogdata.mines.edu) 

WorldPop 
Population 

 100m WorldPop (https://www.worldpop.org) 

GDP 1km RESDC (https://www.resdc.cn/) 

Road  
OpenStreetMap 

(https://www.openstreetmap.org) 

In order to quantitatively determine the spatial gradient of the transformation of urban and rural areas in 

Hangzhou, the concentric circle buffer analysis is adopted with Ziwei Park in the central urban area as the 

origin of the geographical centre of mass. Form a ring buffer strip at intervals of 500 m, and calculate the 

area of the built-up area in each buffer ring to indicate the degree of urbanisation (Liu et al., 2023). The 

ring area with a building proportion between 0.1 and 0.5 is identified as an urban-rural integration area, 

which represents the transition interface between the dense urban core and the ecologically advantageous 

suburban landscape. Compared with administrative division, this spatial continuous gradient method can 

describe Hangzhou's urban and rural transformation in a more intuitive and process-oriented way, and 

capture the nonlinear spatial dynamics of land development and ecological response. 

In the defined integrated area, a comprehensive assessment framework across the three dimensions of 

ecology, economy and society has been established to diagnose the dominant conflicts between 

subsystems (Zhou et al., 2019; Yang et al., 2021; Muga et al., 2025). Ecological dimensions are characterised 

by habitat quality and normalised vegetation index (NDVI), which jointly describe ecological integrity and 

vegetation vitality. The calculation formula of habitat quality and NDVI is as follows: 

1ØÊ (Ê ρȤ
$ØÊ

Ú

$ØÊ
Ú ËÚ  (1) 

 

ὔὈὠὍ
ὔὍὙ ὙὉὈ

ὔὍὙ ὙὉὈ
 (2) 

Where ὗ  represents the habitat quality of land use type j in grid cell x, and Hj denotes the corresponding 

habitat suitability score. The degradation component Dxj  reflects the cumulative impact of all 

anthropogenic threats on cell x, and its influence is moderated by the half-saturation constant k, which 

controls the nonlinear sensitivity of habitat quality to increasing degradation. For NDVI, the near-infrared 
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(NIR) and red (red) reflectance values are used to calculate the index, in which the ratio prominently 

reflects the vitality of vegetation. 

The economic dimension is expressed by the development intensity and the night lighting index. The 

development intensity is obtained by combining the simulated land use model with population density and 

GDP data (Yang et al., 2022). The formula for calculating the development intensity is as follows: 

ὗ ὅ ὰὫ ὖ ὰὫ Ὁ  (3) 

Where ὗ  is the development intensity in grid Ὥ ; ὅ  is land use development degree in grid Ὥ ; ὖ  is the 

population density of grids (person/hm2);  Ὁ  is the GDP of grid Ὥ . 

The social dimension includes population density and the proportion of green space in the mobile window 

to reflect the concentration of human settlements and the accessibility of ecological resources. The ratio 

of moving window green space is calculated as follows: 

Ὃ
В ὃᶰ ȟ

“ὶ
 (4) 

Where Ὃ  measures the green space supply within a radius-ὶ moving window centered on pixel Ὥ, where 

the effective green area (ὃ ) for any pixel Ὦ equals its area if classified as green space; otherwise, zero. 

In order to comprehensively evaluate the ecological, economic and social subsystems in the urban-rural 

integration area, the entropy-weighted Technique for Order Preference by Similarity to Ideal Solution 

(TOPSIS) model was adopted (Rao and Gao, 2022; Zhang et al., 2024). 

First, the entropy weight method was used to determine the objective weight of each indicator according 

to the information contribution of each indicator. Given the standardized indicator matrix ὢ ὼ , 

where ὼ  represents the normalised value of the indicator j in the space unit i, then the entropy of the 

indicator j can be calculated as: 

Ὁ Ὧ ὴ ὰὲ ὴ  (5) 

Where ὴ
В

 and Ὧ . The degree of diversification for indicator Ὦ is then expressed asὨ

ρ Ὁ . The entropy weight ύ  of each indicator is determined as: 

ύ
Ὠ

В Ὠ
 (6) 

The TOPSIS method was subsequently applied to assess the relative coordination among ecological, 

economic, and social subsystems. For each spatial unit, the normalized weighted matrix ὠ ὺ  was 

calculated asὺ ύ ὼ . The positive ideal solution (ὠ ) and negative ideal solution (ὠ ) were then 

determined as the maximum and minimum values of each indicator across all units. The Euclidean 

distances from each unit Ὥ to the ideal and anti-ideal solutions were computed as: 

Ὀ В ὺ ὺ     Ὀ В ὺ ὺ  (7) 

710



 

 

The proximity coefficient ὅ  representing the comprehensive performance of each space unit can be 

expressed as: 

    ὅ  (8) 

The higher ὅ  value, the better the overall coordination between the three subsystems. The lower ὅ  value, 

the greater the intensity of the conflict. Further analyse ὅ  distribution obtained, and spatially identify the 

advantageous ecological-economic-social conflict areas and their transition gradients. 

In order to further explore the coordination mechanism between ecological, economic and social 

subsystems in urban-rural integration areas, a multi-objective optimization framework has been built 

based on the evaluation results of entropy-weighted TOPSIS (Ai et al., 2025). The purpose of this framework 

was to minimize the overall conflict intensity and maximize the level of coordinated development, thereby 

identifying optimal trade-offs among ecological protection, economic efficiency, and social welfare. 

The optimization problem was formulated as a constrained nonlinear programming model, in which the 

three subsystem objectives were simultaneously optimized under spatial, policy, and ecological constraints.  

Each objective function represented a subsystem performance score derived from the standardized 

indicators and their entropy weights. The optimization sought Pareto-optimal configurations that achieve 

a balance between competing objectives, meaning that improvements in one subsystem could not occur 

without sacrificing performance in another. 

The Sequential Least Squares Programming (SLSQP) algorithm was selected to solve the multi-objective 

problem due to its high computational efficiency and suitability for continuous, constraint-based 

optimization. SLSQP is a gradient-based algorithm that iteratively solves quadratic subproblems to update 

parameter estimates within a feasible solution space.  The method was initialized using 2020 baseline 

parameters and bounded by land-use policies, ecological redline controls, and regional development limits.  

Through iterative adjustment of subsystem performance values, SLSQP identifies equilibrium states that 

simultaneously enhance ecological sustainability, economic viability, and social inclusiveness. 

 

Hangzhou's urban and rural gradient shows an obvious concentric circle pattern, reflecting the continuous 

transition from the core of high urbanisation to the peripheral landscape with ecological advantages. The 

proportion of land in the built-up area decreases nonlinearly from the centre to the periphery, forming a 

single core expansion structure under the dual effect of development pressure and ecological constraints. 

The area with a built-up rate of between 10% and 50% constitutes the main urban-rural integration area, 

mainly concentrated in the development corridor in the east and the hilly edge in the west. The interaction 

between urban expansion, industrial clustering and ecological restoration is the strongest. Compared with 

administrative boundaries, the gradient-based method provides more continuous spatial change 

characteristics and better captures the spatial heterogeneity in the process of urban expansion. This 

pattern reveals the dual spatial pressure faced by Hangzhou: rapid economic growth and land conversion 

in the east and large-scale ecological protection requirements in the west. 
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Analyse the indicators of three dimensions within the urban-rural integration area determined under 

gradient analysis, and the results are shown in Figure 2.  

Ecological indicators show a gradual downward trend from the suburbs to the city centre. Between 2010 

and 2015, the ecological quality of the peripheral areas of the urban-rural integration area has been greatly 

improved. With the development of 2020, while maintaining the stability of the external ecological 

environment, the middle area began to show a trend of rapid improvement in a small range. 

Economic activities show a clear trend of outward expansion. The intensity of development in the 

integration area continues to improve, and the role of emerging industries is enhanced, reflecting the 

structural transformation of the urban economic pattern to the gradual expansion of the urban periphery 

and urban-rural integration areas. 

The social subsystem shows a more fragmented development model. There is a development status quo 

of improved and negative growth in areas close to the central urban area. At the same time, the coverage 

rate of social services in the middle area is low. 

In summary, the results show the uneven development trajectory between the three dimensions. Although 

the ecological conditions in the peripheral areas are relatively stable, the pressure on economic expansion 

is increasing. Social benefits lag behind ecological protection and economic development in terms of space, 

and inequality persists. 

The entropy power TOPSIS analysis quantitatively reveals the conflict and trade-off relationship between 

the ecological, economic and social subsystems of the urban-rural integration region in Hangzhou from 

2010 to 2020. The results in Table 2 show the different trajectories of conflict evolution between different 

subsystem pairs. 
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Ecological and economic relations show a trend of conflict easing, and the coordination coefficient rose 

from 0.057 in 2010 to 0.077 in 2020. This improvement reflects a shift in synergy, that is, eco-investment 

begins to improve rather than constrain the quality of the economy. These results show that ecological 

protection is no longer a passive constraint on economic growth, but an active driving factor for the 

sustainable competitiveness of cities, especially in the suburban integration areas where ecological 

corridors and innovation clusters coexist. 

On the contrary, the ecological-social relationship shows a trend of increasing conflict, and the degree of 

coordination has dropped slightly from 0.155 to 0.151. This shows that ecological benefits have not been 

uniformly transformed into social welfare. Despite the improvement in the overall quality of the 

environment, the gap in the utilization of ecological resources such as public green space and 

environmental services in the suburbs and mountainous areas remains prominent. T These findings reflect 

a persistent "social lag" similar to other research results (Muga et al., 2023; Liu et al., 2024; Heping et al., 

2024), that is, the pace of ecological protection has outpaced the improvement of social equity and public 

accessibility, leading to an imbalance in the outcomes of environmental justice. 

Similarly, conflicts in economic and social relations are also intensifying, and the index fell from 0.097 in 

2010 to 0.074 in 2020. Rapid economic expansion has exceeded the growth of social infrastructure and 

service provision, creating a significant spatial imbalance in liveability. The mismatch between economic 

prosperity and social inclusion highlights the need to establish a comprehensive planning mechanism that 

takes into account productivity and well-being. 

Conflict pair 2010 2015 2020 Trend 

Ecology - Economy 0.057 0.064 0.077 +0.020 

Ecology - Society 0.155 0.156 0.151 -0.004 

Economy - Society) 0.097 0.092 0.074 -0.024 

 

In terms of space, ecological and economic coordination areas are mainly distributed on the outskirts of 

cities, and ecological and social conflict areas are concentrated at the forefront of urbanization, especially 

in the western hilly transition zone, where ecological protection restricts social access and infrastructure 

provision. Economic and social conflict areas appear along the development corridor, reflecting the 

pressure of rapid industrial clusters on social equity and environmental carrying capacity. This spatial 

distribution is consistent with existing studies (Zhao and Jiang, 2022; Bingqing et al., 2017), highlighting the 

strong spatial autocorrelation within the region. 

In summary, the process of urban-rural integration in Hangzhou is entering a new stage of functional 

restructuring, and the balance between ecological protection, economic benefits and social inclusion is 

increasingly important. Solving these multi-dimensional trade-offs requires a differentiated spatial strategy, 

that is, to consolidate the ecological and economic synergy of the surrounding areas, alleviate the social 

deficit of ecological protected areas, and guide the compact and liveable reconstruction of the economic 

corridor. 
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Multi-objective optimization based on the SLSQP algorithm provides a clear spatial framework for 

coordinating the ecological, economic and social goals of the urban-rural integration area in Hangzhou. As 

shown in Figure 3, the optimization results show that the development intensity shows an obvious "u"-

shaped distribution pattern along the gradient, indicating that the most sustainable development strategy 

is the discontinuous mode of "breakthrough at both ends and saving at the middle". This pattern reflects 

the differentiation of spatial functions: urban and rural poles give priority to development, and the 

intermediate transition zone is ecological protection and control growth. 

In terms of quantity, more than 94% of the integrated areas are classified as low-intensity development 

areas, emphasising the dominant position of ecological and social protection in Hangzhou's future spatial 

structure. Only areas that account for about 2-3% of the total area are determined to be suitable for high-

intensity development, and these areas are spatially concentrated in the outermost and innermost edges 

of the eco-economic axis. These results show that urban expansion should no longer follow a unified 

outward expansion model, but should develop selectively and intensively according to the ecological 

carrying capacity and social demand gradient. 

 

 

The optimized space configuration shows that the most effective development model of Hangzhou 

Integrated Zone is the "dumbbell-shaped" dual-core structure. The core of the main urban area and 

Binjiang, Qiantang and other sub-centers should focus on strengthening comprehensive services, digital 

industries and urban liveability. The outer core, represented by surrounding towns and characteristic 

ecological clusters, activates regional vitality through eco-tourism, agricultural innovation and low-impact 

economic functions. The middle ground connecting these two cores should be used as green transition 
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corridors, emphasising habitat restoration, agricultural landscape continuity and flood control. This 

structure supports the strategic shift of cities from the external expansion to the internal enhancement, 

which is consistent with the principle of sustainable regional development. 

In addition, the optimization model emphasises that social potential is a decisive factor in achieving 

balanced development. Under optimized conditions, the marginal benefits of regions with high population 

density, high livelihood dependence and high transportation accessibility are the greatest. Prioritizing the 

improvement of infrastructure and equalization of services in these regions can most effectively enhance 

urban-rural synergy. This discovery reinforces the view that social inclusion has begun to become a 

prerequisite for sustainable growth, complementing ecological protection and economic transformation. 

In summary, the optimization results show that Hangzhou's urban-rural integration should take the 

development path of protection-oriented and strategic differentiation. Ecological stability constitutes a 

spatial baseline, selective high-intensity development anchors urban competitiveness, and social 

accessibility determines the long-term balance of the system. This provides a quantifiable spatial path for 

promoting the transformation from growth-oriented expansion to quality-oriented integration, and 

positions Hangzhou as a model of sustainable urban governance in rapidly urban areas. 

 

Although the proposed framework integrates spatial gradient analysis, entropy-weighted TOPSIS 

evaluation and multi-objective optimisation, some limitations should be recognised when interpreting the 

results. 

First of all, data resolution and time coverage limit the accuracy of conflict identification. Some social 

indicators, such as the accessibility of public services, commuting time and the availability of fine green 

spaces, come from statistics, not high-resolution spatial data sets. This may limit the ability to fully grasp 

the short-term dynamics of urban internal heterogeneity and social welfare. Future research can 

incorporate multi-source big data, such as mobile signals, points of interest (POI) or night light tracks, to 

improve the spatial and temporal accuracy of social dimensional assessment. 

Secondly, the gradient method based on concentric buffers provides a more continuous spatial framework 

than administrative divisions, simplifying the complex anisotropy of urban expansion. Hangzhou's 

topography, policy area and infrastructure axes are directional and heterogeneous, which is a circular 

buffer model that cannot be fully represented. Subsequent research can use the directional gradient model 

or morphological spatial pattern analysis (MSPA) to better explain spatial asymmetry and functional 

corridors. 

Although the SLSQP algorithm adopted in this paper is highly efficient in continuous optimisation, it has 

limitations in expressing the transitional and nonlinear social ecological feedback of discrete land use. 

Future work should integrate hybrid optimisation methods, combine SLSQP with random or heuristic 

methods (such as NSGA-III, particle swarm optimisation), enhance robustness, and explore global Pareto 

boundaries under uncertainty. 

In addition, the current optimisation focusses on static equilibrium, while urban-rural interaction is 

essentially dynamic and policy-sensitive. Combining the proposed framework with scenario-based system 

dynamics (SD) or PLUS-Markov simulation can explore the time trajectory under different development 
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paths. This will enable decision-makers to evaluate not only the optimal spatial configuration, but also the 

evolutionary stability of policy choices over time. 

Finally, future research should pay more attention to policy linkage and governance transformation. 

Although the study provides quantitative diagnosis and spatial optimisation strategies, the implementation 

of these insights depends on institutional capacity, cross-regional coordination, and stakeholder 

participation. Embedding gradient conflict optimisation frameworks into planning tools, such as land and 

spatial zoning, ecological compensation and green infrastructure planning, is crucial to achieving fair and 

sustainable urban-rural integration in practice.

This study proposes a comprehensive framework combining gradient analysis, entropy weight TOPSIS 

evaluation and multi-objective optimization based on SLSQP to examine the ecological-economic-social 

trade-off in the urban-rural integration area of Hangzhou. The results show that the synergy of ecological 

economy is enhanced, the contradiction between ecological society and economic society is intensified, 

the spatial gradient is obvious, and the conflict pattern is constantly evolving. The optimization results show 

that: with protection-oriented and characterized by a "dumbbell-shaped" dual-core structure, it enhances 

the internal functions of the city, activates the peripheral vitality, and protects the central ecological 

corridor. In terms of methods, this study provides quantitative methods for multi-dimensional conflict 

diagnosis and balanced development strategy design, and provides practical guidance for urban-rural 

coordination and sustainable space governance. 
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Abstract

Sustained examination of migration patterns in Chinaôs Yangtze River Delta may suggest
that a persistent puzzle emerges: cities with real infrastructure, real social services, and real
policy support still fail to attract migrants at rates their investments would justify. However,
the findings could indicate that the culprit is not what these cities have it is where they
sit. Furthermore, the evidence may suggest that in polycentric mega-regions, a cityôs posi-
tion within the regional mobility network shapes how well its investments actually convert
into migrant inflows. In light of these significant results, the study could demonstrate that
the gap between investment and outcome warrants a dedicated conceptual label: òstruc-
tural effort inefficiency.ò Research measures this gap across 27 YRD prefecture-level cities.
Moreover, the findings may suggest that analysis of 1.2 billion individual trip records from
the Baidu Migration Platform (2019) could demonstrate that pitting Ordinary Least Squares
against Forest-Based Conditional Regression (FBCR) reveals important structural patterns.
Therefore, the evidence could indicate that SHAP decomposition allows the study to exam-
ine each cityôs predicted attractiveness feature by feature. Given that FBCR (RĮ = 0.958)
outperforms OLS (RĮ = 0.882), results might indicate that the advantage appears to stem
not from complexity but from its capacity to see structural stratification that linear assump-
tions hide. FBCR beats OLS because it shows nonlinear structure. Nevertheless, the
findings may suggest that core cities appear to collect structural dividends while peripheral
cities absorb significant penalties. Additionally, the evidence could indicate that the study
might establish that framing this as a networked spatial justice problem provides important
analytical clarity. Notwithstanding these key results, the findings may suggest that the ev-
idence could demonstrate where planners should actually intervene to address structural
effort inefficiency across the region.

Keywords

Urban attractiveness, Networked spatial justice, Machine learning, Mobility networks, Struc-
tural inequality, Yangtze River Delta

1. Introduction

Something appears to be off in the Yangtze River Delta. Cities that have poured significant resources into
transit systems, schools, and cultural infrastructure sometimes more than their better-known neigh-
bours could still struggle to draw in migrants. Moreover, a handful of well-connected hubs may suggest
that attraction operates almost effortlessly, regardless of what any particular city has to offer. Further-
more, the evidence might indicate that Chinaôs urbanization has entered a stage defined less by who
builds more and more by who is seen, selected, and reached in the architecture of regional movement
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(Castells 1996, Batty 2013, Liu et al. 2020, Li et al. 2023, Deb & Smith 2025). Urbanization patterns
show investment alone insufficient.

The standard explanation that attractiveness follows from investment could indicate that the findings
do not hold up. However, the key evidence may suggest that what matters is not only what a city offers,
but where it sits in the regional mobility architecture (Derudder & Taylor 2005, Soja 2010, Sheller 2018).
In light of these results, a city embedded in high-flow corridors might demonstrate that the same public
investment converts into migrant inflow far more efficiently than one marooned at the network periphery.
Given that the data appears to support this gap, we could establish that this constitutes ñstructural effort
inefficiency,ò readable as a spatial justice problem: cities doing the work are not getting the returns, not
because they are doing anything wrong, but because the network itself filters against them (Marcuse
2009, Fainstein 2010). Networks filter against peripheral cities.

Against this backdrop, the studymay suggest that we do three things. Thus, the significant framework we
could establish is a networked spatial justice approach not another way of asking whether resources
are distributed evenly, but a way of asking whether cities can actually use what they have. Additionally,
the results might indicate that we then run two models head-to-head: OLS as a baseline and Forest-
Based Conditional Regression (FBCR) with SHAP interpretation, because the structural dynamics we
expect are non-linear and context-dependent, and OLS by design cannot see them (Lundberg & Lee
2017, Gaber &Mohamed 2025, Xu & Zhang 2024). In light of the key findings, the evidence may suggest
that peripheral YRD cities pay a structural tax on their investments, while the YRDôs core cities appear
to cash dividends they did not fully earn (Li et al. 2025). Core cities earn undeserved dividends.

The important results could indicate that data and methods appear in Section 2. Furthermore, the find-
ings may suggest that results follow in Section 3. Therefore, planning implications could demonstrate
that they are addressed in Section 4.

2. Research Design and Methodology

2.1 Study Area and Data

TheYRD covers Shanghai and three provincesðJiangsu, Zhejiang, and Anhuiðspanning 27 prefecture-
level cities (Liu et al. 2020, Zhang et al. 2024). Moreover, the findings may suggest that this region could
demonstrate one of the most economically integrated mega-regions on earth. We measure attractive-
ness as weighted in-degree (WID)ðthe total population flow a city pulls from across the region (Xiang
et al. 2020):

WIDi =
X
j ̸=i

wji

Furthermore, the evidence may indicate that wji could demonstrate the volume of annual movement
from city j to city i. Additionally, the significant data may suggest that the underlying evidenceð1.2
billion individual trip records from the Baidu Migration Big Data Platformðcould indicate coverage of
all 2019 movement, a year the study deliberately chose to avoid the mobility distortions introduced by
COVID-19 (Zhang et al. 2021, Zhao et al. 2022). Therefore, the findings may demonstrate that WID
captures revealed preference: not what people say they prefer, but where they actually go. Given
that the results show this approach appears methodologically sound, the evidence could suggest that
revealed movement may provide key insight into actual preference. WID shows revealed preference,
not stated preference. On the predictor side, the study may suggest that 40+ socioeconomic indicators
from the 2019 China Statistical Yearbook could demonstrate reduction to nine composite dimensions
via PCA (Table 1). Notwithstanding these results, the evidence may suggest that each retained factor
could demonstrate absorption of 75ï90% of its dimensionôs variance (Glaeser 2011). Thus, the key
findings may indicate that the nine factors listed in Table 1 appear to cover economic capacity, openness,
social provision, culture, technology, transport, location, and policy status. Factors cover nine composite
dimensions.
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Table 1: Variable Descriptions (N=27 cities, 2019)

Variable Abbr. Description & Theoretical Basis

Weighted In-degree WID Revealed attractiveness: sum of weighted incoming flows; captures actual migration choices
(Xiang et al. 2020)

Economic Foundation EF Economic development, financial depth, urbanization; economic base theory (North 1990)
Openness to Outside OO International economic integration, FDI; globalization theory (Sassen 2001)
Population Scale PS Demographic size; agglomeration economies (Bettencourt et al. 2007)
Social Services SS Education, healthcare, social security coverage; quality of life theory (Glaeser 2011)
Cultural Resources CR Cultural amenities, tourism infrastructure; cultural capital theory (Florida 2002)
Technology Development TD Innovation capacity, R&D investment; innovation-driven growth (Camagni et al. 2015)
Transport Accessibility TA Multi-modal connectivity; accessibility theory (Hansen 1959)
Spatial Location SL Proximity to regional cores; central place / core-periphery theory (Christaller 1933)
Policy Support PSP Administrative hierarchy, policy privileges; institutional theory (North 1990)

2.2 Analytical Strategy

The study may suggest that running two deliberately mismatched models could provide significant ana-
lytical leverage. The first is OLSðconventional, interpretable, and built on assumptions that networked
systems routinely violate: uniform parameters across all cities, no interactions, constant marginal returns
(Gaber & Mohamed 2025):

ln(WIDi) = �0 +
9X

k=1

�kXik + "i

However, the secondmodel, FBCR (Forest-Based Conditional Regression via Gradient Boosting Trees),
might indicate that none of those assumptions appear necessary (Breiman 2001, Friedman 2001):

f̂(Xi) =
MX

m=1

� � hm(Xi)

Given that the evidence demonstrates flexibility, the results could indicate that the key model learns
non-linear thresholds, city-specific interaction effects, and context-dependent return structures. Fur-
thermore, significant configuration choices may suggest that running FBCR with 500 trees, learning rate
0.05, max depth 4, and 10-fold cross-validation appears methodologically sound. Models diverge where
residuals differ. To make FBCR interpretable, the study could demonstrate that SHAP provides signifi-
cant analytical value by disaggregating each cityôs predicted attractiveness into signed, additive feature
contributions (Lundberg & Lee 2017, Deb & Smith 2025, Wang et al. 2024):

f(Xi) = �0 +

pX
j=1

�j(Xij)

3. Results and Findings

3.1 Network Structure: Core-Periphery Topology

The network itself may suggest that concentration patterns appear significant before any modelling be-
gins (Figure 1). Moreover, the findings could indicate that five citiesðShanghai, Nanjing, Hangzhou,
Suzhou, Ningboðcapture 68% of all inter-city flows (Zhang et al. 2022), despite representing just 19%
of the nodes. Furthermore, the evidence might demonstrate that near-complete connectivity (density
= 0.98) could indicate that almost every city-pair maintains some flow between them. In light of these
results, the significant weight distribution might suggest that the vast majority of movement appears
funnelled through a handful of core-to-core corridors. However, the key evidence may suggest that this
structure could demonstrate preferential attachment in action (Barabasi & Albert 1999, Newman 2003),
where important nodes appear to accumulate disproportionate flows. Thus, the findings might indicate
that near-complete density does not establish that balance exists across the relevant city-pairs. Given
that evidence shows concentration among dominant nodes, the data might indicate that core-to-core
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corridors appear to capture the most significant flows. Attachment shows inequality persists.

Figure 1: YRD Mobility Network (2019). Node size = weighted in-degree; edge width = flow volume; colors
distinguish core (green), connector (yellow), and peripheral (red) cities. Top 100 edges shown. Source:
Baidu Migration Big Data.

3.2 OLS Results: The Limits of Linear Models

The OLS model may suggest that performance appears adequate: RĮ=0.882, F=14.19, p<0.0001 (Ta-
ble 2). However, the residual map (Figure 2) could indicate that significant spatial patterns remain.
Moreover, the findings may suggest that Hangzhou, Suzhou, and Wuxi appear systematically underes-
timated, by +0.1 to +0.4 log units. In light of these results, Tongling, Zhoushan, and Hefei demonstrate
that overestimation could reach -0.3 to -0.5 log units. Nevertheless, the evidence may suggest that
the model cannot distinguish that a well-connected city differs from a poorly-connected one with the
same reported resources. Furthermore, the key results could indicate that network amplification and
network filtering appear identical to OLS. Given that OLS demonstrates no capacity to encode position,
the findings may suggest that this critical limitation explains the spatial pattern.

Table 2: OLS Regression Results (Dependent Variable: Weighted In-degree)

Variable Coefficient Std. Error t-value p-value
Intercept 979.402 1243.538 0.788 0.442
Economic Foundation 525.867 770.434 0.683 0.504
Social Services 1287.519 875.893 1.470 0.160
Openness 756.986 430.235 1.760 0.097
Cultural Resources 1182.104 1516.052 0.780 0.446
Population Scale -37.141 1481.839 -0.025 0.980
Transport Accessibility 1336.731 1232.442 1.085 0.293
Spatial Location 1280.457 772.737 1.657 0.116
Technology Development 561.313 1018.894 0.551 0.589
Policy Support -368.282 372.335 -0.989 0.337

R2 = 0.883, Adjusted R2 = 0.820, F-statistic = 14.19, p < 0.0001
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The results show that even in resource-poor places, repairing the environment is good for the local 

economy and community life. However, if resources are shared unfairly, progress will slow down. In poor 

areas, the project is small in scale, limited in funds, and low in public participation. Because of this, these 

regions recover more slowly and have less fairness. In addition, the study found that the links between 

environmental work and strong communities vary in different regions. Wealthy areas perform better 

because they have more policy support and active community groups. In poorer areas, fewer participants 

and supporters usually lag behind others. 

This research helps us understand how to fix nature and how communities can work together. It shows the 

impact of these efforts on many different areas. In addition, it shows that if repair resources cannot be 

allocated fairly, social inequality will be further aggravated. According to research, environmental work 

should not only focus on nature. In addition, it should help rebuild communities and make things fairer for 

everyone. This study gives clear policy recommendations in practice. It says funds should be allocated more 

fairly when projects are resumed. In addition, it shows that more people should participate, especially in 

low-income areas, so that everyone can benefit. 

In addition, the study shows that cooperation from different fields is crucial, such as environmental science, 

economics and social studies. Using maps and simple models helps to show how these systems interact 

with each other and how they change in different regions. In addition, research shows that community 

participation and government support are critical to successful recovery, especially in poor and unequal 

areas. However, collecting reliable data in these places is still a challenge. 

This research method can be used in other cities or old industrial areas. Simple models and maps can help 

researchers and policymakers understand the impact of fixed environments on local economies and 

communities. Using this method can promote fair and balanced development in more places, especially in 

places with few resources and large social gaps. In this case, this study provides practical tools and useful 

guidance to achieve a fair and sustained recovery. 
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Artificial Intelligence (AI) and digital platforms are restructuring cities, their planning and governance, 

across the world. Everything from mobility systems using predictive models and real-time traffic flows to 

public safety using video analysis and crisis alert tools, digital tools are influencing every facet of urban life 

(Kitchin, 2021). The idea of a ά24-hour cityέΣ ƻǊ ŀƴ άŀƭǿŀȅǎ-ƻƴέ ǳǊōŀƴƛǎƳΣ ǿƘŜǊŜ ƴƛƎƘǘƭƛŦŜ ŜŎƻƴƻƳƛŜǎ ŀƴŘ 

continuous services are the main facets of urbanism, data becomes the cornerstone of infrastructure, 

allowing continuous governance, flexible economies and hybrid modes of work and social life (Melhuish, 

2020). However, this underscores the pressing need to address the fundamental questions: Who benefits 

from an AI-driven city? Who are the participants in creating these digital tools, and are they socially and 

economically inclusive? Can planners ensure the collective well-being of all the residents (Graham & 

Dutton, 2019)? 

The conflict between technological potential and urban inequality can be vividly witnessed across the 

globe, in most urban areas. The divergent yet converging paths in this digital age are highlighted in our two 

case studies of Bengaluru, India and Berlin, Germany. .ŜƴƎŀƭǳǊǳΩǎ ŜƳōƻŘƛŜǎ ǘƘŜ ŘȅƴŀƳƛǎƳ ŀǎ ǘƘŜ Ǝƭƻōŀƭ 

hub for innovation  while tackling the pressures of rapid urbanization (Nair, 2021). AI-based applications 

have been extensively used, ranging from real-time traffic management to utility monitoring. Nonetheless, 

the benefits of digital urbanism have remained spatially uneven often neglecting low-income 

neighbourhoods and informal settlements (Datta, Smart urbanism and the rise of data-driven governance 

in India, 2019). Conversely, .ŜǊƭƛƴΩǎ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ǇŀǊǘƛŎƛǇŀǘƻǊȅ Ŝ-governance highlights a more 

deliberate strategy towards digital transformation. However, the slow and bureaucratic governance has 

been unable to maintain pace with technological advancements (Bauriedl & Strüver, 2020). Despite stark 

disparities in socio-cultural aspects, both of these cities akin to many other global cities, are facing similar 

challenges of ensuring social and economic inclusion and maintaining pace with technological 

advancements whilst ensuring long-term resilience and sustainability (Karvonen, 2020). 

The impacts within a global-local continuum, despite global access to digital tools, are shaped by local 

governance policies and socio-economic structures. This paper undertakes an analytical investigation of 

two remarkably contrasting cities to understand transferable knowledge and adaptable frameworks that 

can apply in varied global contexts. The three core objectives of the paper include examining the impact of 

AI and digital platforms on governance, economy, and spatial fabric; comparing the divergent yet 

converging paths of digital urbanism in Bengaluru and Berlin; and proposing a strategic framework to 
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integrate AI-driven innovation in a 24-hour city, with due consideration to social inclusion and urban 

resilience. 

This paper is structured into three main sections. The first section highlights the research methodology. 

The second section addresses spatial justice, inclusivity, and equity by establishing the theoretical 

framework of the 24-hour city in the age of AI. In this section, the author presents a comparative contextual 

analysis of Bengaluru and Berlin, and examines the three key dimensions of digital infrastructure and 

governance, new urban economies and Public-Private-People-Partnerships. The paper concludes with key 

insights and future directions for planning practice. 

 

 

This paper adopts a qualitative comparative approach combining theoretical analysis and case-study-based 

synthesis. The juxtaposition of the two global cities of Bengaluru and Berlin explores the transformation of 

two AI-enabled cities in two contrasting socio-cultural contexts. The primary data will be collected from 

digital governance mapping,  policy review,  planning reports, and open-data portals. Secondary evidence 

will be acquired from local innovation initiatives and academic literature.  

This paper will conceptualize AI as a spatial and governing force, rather than merely a technological 

innovation. This approach recognises the complexity of the relationship between people, place and policy 

(Kitchin, 2021). The comparative cases allows a deeper understanding of disparate governance and socio-

economic models, whilst using similar AI-ŘǊƛǾŜƴ ǎȅǎǘŜƳǎΦ .ŜƴƎŀƭǳǊǳΩǎ Řŀǘŀ-driven experimentation in 

ǳǘƛƭƛǘƛŜǎ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ǎȅǎǘŜƳǎ ŀƴŘ .ŜǊƭƛƴΩǎ ŎƛǾƛŎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŘǊƛǾŜƴ ƎƻǾŜǊƴŀƴŎŜ ǇƻƭƛŎƛŜǎ ǘƻƎŜǘƘŜǊ reveal 

the urban challenges of digital governance in terms of bridging socio-spatial divides (Bauriedl & Strüver, 

2020). These are synthesized by a three dimensional framework, thereby positioning AI as a strategic 

planning tool for building inclusive and resilient 24-hour cities: 
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 Digital Infrastructure and Governance, which explores the importance of transparent and 

inclusive digital systems in decision-making (Kitchin, 2021). 

 New Urban Economies, that assesses the impact of AI and digital innovation on economic 

geographies, and equitable distribution of opportunities (Evans, Karvonen, & Raven, 2016). 

 Public-Private-People Partnerships (4P), that emphasizes on active citizen involvement in AI-

enabled urban solutions (Foth, 2018). 

The concept ƻŦ ŀ άнп-ƘƻǳǊ Ŏƛǘȅέ ƛǎ ŀƴ άŀƭǿŀȅǎ-ƻƴέ ǳǊōŀƴƛǎƳΣ ǿƘŜǊŜ ƴƛƎƘǘƭƛŦŜ ŜŎƻƴƻƳƛŜǎ ŀƴŘ Ŏƻƴǘƛƴǳƻǳǎ 

services are the main facets of urbanism. Nonetheless, the predictive analysis through data has become 

the cornerstone of infrastructure, allowing continuous governance, flexible economies and hybrid modes 

of work and social life (Melhuish, 2020). Real-time predictions and analyses are enabled by AI, informed by 

anticipated citizen needs. The planning fabric is redefined from merely static planning to evolving, dynamic, 

data-driven  paradigm (Batty, 2018). Throughout the process, ethical dilemmas need to be actively and 

consciously considered; it is fundamental that no citizen is left behind or rendered invisible in this 24-hour 

city (Graham & Dutton, 2019). 

Digital transformations needs to be interpreted through the critical lens of spatial justice, inclusivity and 

equity in each and every planning process. Notwithstanding the vast benefits, the implementation of 

algorithmic governance has been observed to amplify the pre-existing disparities within the currently 

available datasets, whether these relate to informal settlements or underrepresented minorities (Datta, 

Smart urbanism and the rise of data-driven governance in India, 2019). Equitable planning is of prime 

importance when embedding data transparency and Ai principles into urban planning and governance 

(Taylor, 2021). 
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While global technologies such as AI, the Internet of Things (IoT), and predictive analysis are operating 

across the world, independent of borders, the impact of local governance and socio-economic contexts 

plays a vital role. There is no universally applicable concept of smart cities, but rather a necessity for 

context-based digital urbanism (Shelton, Zook, & Wiig, 2015). By studying the cases of Bengaluru and Berlin 

together, a deeper understanding of the global-local continuum can be achieved. A 24-hour city includes 

not only technological innovation, but also the adaptation to socio-cultural-economic contexts (Datta & 

Odendaal, 2019).  

The concept of the always-on, AI-enabled city has similar yet different requirements across different socio-

cultural geographies. In the context of digital urbanism, it is essential to understand the role of distinct 

political and governance policies, as well as socio-economics factors. The following comparative 

contextualization aims to understand the potentials and traps of digital transformation of urban planning 

in two complementary yet contradictory global cities. 

  

 

.ŜƴƎŀƭǳǊǳΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ ά{ƛƭƛŎƻƴ ±ŀƭƭŜȅ ƻŦ LƴŘƛŀέ ŘǳŜ ǘƻ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƎǊƻǿǘƘ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǎŜŎǘƻǊ 

during the 1990s, saw a massive surge in technological innovation, thereby creating employment 

opportunities. Multinational firms, a thriving startup ecosystem, and top-tier education system defined the 

dynamic economy of the city. Bengaluru plays a pivotal role within the national digital economy, given its 

role as a major exporter of information technology. This has, in turn, resulted in spatial sprawl and the 

transformation of peri-urban and green spaces into dense residential and industrial zones. Meanwhile, the 

network of interconnected lakes and green corridors has been drastically reduced, leading to fragmented 

pieces of land for real-estate development, and leading to recurring flooding and the loss of biodiversity 

(Sudhira, et al., 2007). 
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A significant proportion ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǇƭŀƴƴƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎ are now actively utilizing AI and 

predictive analysis for more pragmatic problem solving. Traffic and waste management systems employ 

machine and behaviour learning algorithms to optimize signal timings, predictive congestion management, 

sensor networks, and predictive maintenance algorithms. Administrative responsiveness is enhanced 

through civic tech initiatives, which involve the categorization and optimization of complaint portals and 

public dashboards (Datta, 2020). However, this often neglects the informal settlements that have been 

exacerbated by the digital divide. Moreover, the city also struggles to maintain pace with the rapidity of 

technological innovation (Kitchin, 2021). 

Berlin, following the reunification of Germany, underwent significant economic restructuring, shifting from 

an industrial economy to one led by the creative and knowledge sectors. The post-reunification growth 

provided the basis to rethink and experiment wƛǘƘ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ǉǳŀƭƛǘŀǘƛǾŜ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ά{ƳŀǊǘ 

/ƛǘȅ .ŜǊƭƛƴ {ǘǊŀǘŜƎȅέ ƴƻǘ ƻƴƭȅ ŜƳǇƘŀǎƛǎŜǎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴΣ ōǳǘ ŀƭǎƻ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ŘŜŎƛǎƛƻƴ-

making process (Senate Department for Urban Development, 2022).  

The planning and decision-making processes of Berlin employ AI and data analytics to integrate urban 

management and citizen interaction. At the district level, pilots such as CityLab Berlin utilize a data-driven 

approach that is co-designed by users, i.e. residents and planners, in collaboration with startup tech 

innovators (Bauriedl & Strüver, 2020). Throughout the process, the data protection frameworks are actively 

involved to ensure clear ethical boundaries. However, data integration remains highly fragmented and 

bureaucracy quite often impedes innovation. The digital divide also plays a role in access to central 

innovation between the central districts and peri-urban neighbourhoods (Foth & Odendaal, 2018).

 

 

Bengaluru and Berlin are two very contrasting cases in terms of governance models and socio-economic 

hindered by a digital divide. This manifests through the following: firstly, algorithmic bias; secondly, bias in 

3500+ tech startups 

Active civic-tech 

solutions  

Internet 

penetration ~70% 

 

2000+ tech startups 

Active citizen co-

created solutions 

Internet penetration 

~90% 

 

750



 

 

existing datasets and governance models; and thirdly, inequal access. The infrastructural and socio-

economic inequality in Bengaluru and the spatial-economic gaps in Berlin both rely on institutional 

resilience to adapt governance systems from slower bureaucratic models to data-driven faster decision-

making models. 

It is evident that either technological innovation or community-based policy-making, independently, are 

not sufficient to ensure equitable and resilient digital transformation. The significant pivot for this 

transformation lies in adaptive governance. The potential provided by integrating digital innovation with 

social inclusion is central to building 24-hour cities.  

The three dimensional framework, positioning AI not only as a strategic planning tool for building inclusive 

and resilient 24-hour cities can be defined by the following facets of planning: 

 Digital Infrastructure and Governance 

 New Urban Economies 

 Public-Private-People Partnerships (4P) 

Urban areas are constantly evolving and transforming into complex, data-driven ecosystems, requiring the 

infrastructure systems to evolve beyond physical assets to also include digital infrastructure, such as 

networks of sensors, and real-time data platforms (Graham S. , 2020). Present day governance demands 

computational processes that extend beyond the confines of administrative procedures. Decision-making 

processes must be data-informed, and often based on algorithmic execution (Barns, 2020). 

One of the most transformative tools in the field of digital infrastructure is the development of digital twins, 

which depict the juxtaposition of different physical urban systems in a real-time virtual model (Kitchin, 

2021). Digital twins most often juxtapose geospatial, infrastructural, and environmental data, coupled with 

predictive analysis, to anticipate problems (Karvonen, 2020). In a 24-hour city, urban systems require to 

operate continuously, and predictive analysis becomes vital to the seamless operation of the city. AI-

enabled digital infrastructures use master plans to create adaptive and resilient governance (Townsend, 

2013).  

In Bengaluru, rapid urban growth has outpaced infrastructural capacity. Data-driven urban management 

has evolved from a mere luxury to a necessity (Nair, 2021). While the city has been using predictive analysis 

and digital twins in the domains of traffic and utility management, community-oriented digital platforms, 

such as Namma Bengaluru and BBMP Sahaya are becoming vital to achieve inclusive, digital urbanism. 

However, data fragmentation across different agencies, and the dominance of purely private technology 

providers have raised concerns over efficiency and data sovereignty (Benjamin, 2020). Bengaluru prioritizes 

efficiency over inclusivity. Whilst this is an outcome-driven approach in the short term, it is vital that long-

term public control, and representation of informal settlements and other underrepresented communities, 

be considered in the datasets to ensure long-term resilience (Datta, 2019).  

In Berlin, the governance model grounded in data ethics and transparency, bureaucratic inertia and 

fragmented data systems continue to challenge innovation and efficiency (Foth & Odendaal, 2018). 

However, flagship initiatives, such as CityLab Berlin, facilitate innovation through collaboration between 

citizens, tech-startups and public agencies (Bauriedl & Strüver, 2020). It enables the use of AI-based tools 
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to visualize various factors, including air quality and mobility patterns, while looping real-time citizen 

feedback into the process. The inclusive approach demonstrates the use of data analytics and AI without 

undermining data privacy.  

 

 

From both these cities, the importance of transparency and adaptability can be extrapolated. Nevertheless, 

it also demonstrates the challenges faced by the digital divide and inclusivity (Taylor, 2021). Digital 

urbanism definitely offers significant opportunities, including long-term resilience and adaptability through 

predictive analysis; transparent participatory frameworks through data governance; and institutional 

learning through digital infrastructure as public commons (Foth, 2018), (Karvonen, 2020). However, risks 

persist, including data privacy issues and algorithmic biases, which have the potential to create data 

monopolization and the exacerbation of the digital divide (Barns, 2020). These experiences of the two 

global cities highlight the importance of continual learning in the digital age of the 24-hour city. In order to 

achieve resilience, it is vital to incorporate both technical and citizen feedback into the digital framework, 

thereby uniting the user and the provider (Karvonen, 2020). By incorporating transparency, participation, 

and adaptability with AI and policy frameworks, ethical reflexive governance can be achieved (Kitchin, 

2021). 

As with nearly all major facets of contemporary society, urban economies are undergoing significant 

transformation. In the digital era, real estate speculation, industrial expansion, and infrastructural 

development are evolving into a more tangible and data-driven form of value creation (Sassen, 2019). The 

rise of AI and automation is setting stage to the emergence of night-time and knowledge economies unlike 

any that previously existed. This paradigm shift is allowing operation independent of national boundaries 

and global time zones, thereby fostering a paradigm shift in global economic activities (McNeill, 2022). In 

the context of a 24-hour city, the standard nine-to-five-frameworks are no rendered obsolete. Digital 

infrastructures are creating both new opportunities and challenges (Melhuish, 2020).  

The emergence of data-driven urban economy in Bengaluru, as in many South Asian cities, is grounded in 

an ecosystem of AI startups, and research and development centres for technological innovation (Upadhya, 

2020). Innovation dominant neighbourhoods of Bengaluru, such as Whitefield and Electronic City, have a 

concentration of investment, infrastructure, and talent. In contrast, other peri-urban neighbourhoods are 

lagging behind significantly. This global pattern of unequal distribution of resources in digital capitalism has 
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ŀƭǎƻ ōŜŜƴ .ŜƴƎŀƭǳǊǳΩǎ ōƛƎƎŜǎǘ ŎƘŀƭƭŜƴƎŜ (Graham S. , 2020). The emergence of a dual economy, one that is 

hyperconnected and the other that is disconnected, has become inevitable (Chakraborty & Bose, 2022). 

On the other hand, the emergence of data-driven urbanism in Berlin is grounded in the emergence of 

startups, cultural enterprises, and social innovation initiatives (Koenig, 2021). Innovation districts such as 

Kreuzberg and Adlershof, once reliant on manufacturing, are now prominent hubs of hybrid spaces, 

attracting technologists and entrepreneurs to collaborate in its post-industrial era. This approach tries to 

maintain the economic vitality while maintaining the cultural identity and inclusivity (Karvonen, 2020). 

Both cities have implemented multiple initiatives and are experimenting with a variety of innovative 

financial mechanisms to establish a nexus between private profit and public benefit. The special economic 

zones in Bengaluru attract private investment, while Berlin has policies, such as tax incentives for small and 

medium enterprises (SMEs), to manage digital economies in its effort to achieve inclusive governance 

(Robinson, 2022). Both cities have also seen a substantial rise in platform work and gig economies, including 

ride-hailing, food delivery, and online freelancing. In the 24-hour city, there is a high demand for labour 

that is available on demand, blurring the boundaries between work and rest (McNeill, 2022). This 

emphasizes the importance for policies to incorporate digital labour into welfare systems, thereby 

preventing flexibility from superseding collective security (Taylor, 2021). 

 

 

Public-Private-People Partnerships (4P) represent the cornerstone of collaborative urban governance, 

building on the well-established model of Public-Private-Partnership (PPP). This model positions citizens as 

active collaborators, which is essential for transparency and equitable governance in AI-driven governance 

(Foth, 2018). PPPs prioritize financial efficiency and delivery of services between the private and public 

entities. The 4th P places emphasis on the social, and ethical dimensions of algorithmic governance by 

placing equal importance on citizen participation. Public consent, transparency, and co-creation define the 

legitimacy of the governance in an AI-enabled digitally mediated city (Kitchin, 2021).  

Through 4P bottom-up innovation ecosystems, both Bengaluru and Berlin have initiated a transition 

towards a co-production and co-creation of communities. It is essential to recognise the pivotal role of 
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district level pilots in operationalizing 4P methodically. Participatory diagnostics, such as workshops, and 

surveys, are influential in identifying community needs. These datasets could feed into AI-based digital 

tools iteratively, thereby ensuring transparent processes, ethical data use, and building civic trust (Taylor, 

2021). 

Formalizing 4P in Bengaluru could integrate individual civic-tech experiments into innovation policies, 

thereby contributing to the rebalancing of the imbalance between private tech firms and civic engagement 

(Nair, 2021). Meanwhile, in Berlin, 4P could thrive by integrating data justice, and inclusion into the present 

algorithmic systems. This redefined relationship is centred on the premise that an evolution towards a 

more efficient, democratic, equitable and human-centred city will be engendered. 

As cities across the world navigate through digital transformation, the future of digital urbanism is 

increasingly dependent on connecting sustainability, equity, and resilience with technological innovation 

(Kitchin, 2021). Drawing lessons from both our case cities, the roadmap outlines the integration of ESG 

principles with local ecosystems, guiding cities towards a socially grounded 24-hour urban future. The 

strategic governance framework of 24-hour cities in the age of AI is predicated on three pillars: ESG-driven 

inclusive governance, interoperable local data ecosystems and inclusive planning tools. 

Environmental, Social, and Governance (ESG) principles provide an operational basis for responsible AI 

implementation. It is vital for resilient digital urbanism to promote sustainability and resource efficiency, 

given the well-documented energy intensity associated with digital infrastructure (Graham S. , 2020). Berlin 

has already started using analytics for monitoring energy usage, while Bengaluru has begun AI-driven 

renewable energy optimization and water management (Nair, 2021). The necessity of mandatory digital 

impact assessments evaluating ecological footprints, governance transparency, and accessibility are 

necessary to make digital development accountable. The emphasis on preventing the deepening of the 

digital divide and transparent algorithmic oversight institutionalize accountability and public legitimacy 

(Tironi & Criado, 2021). 
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The next important aspect of a resilient roadmap is the creation of local data ecosystems, structured 

around open standards, and interoperability. The governance of a 24-hour city is contingent on data, yet it 

is imperative to curb private monopolization of data (Barns, 2020). In the case of Bengaluru, the rapid 

increase in private-sector data through applications, payment systems, and the IoT has raised concerns 

regarding data ownership and access (Chakraborty & Bose, 2022). In the case of Berlin, inconsistent 

standards and bureaucracy have made it difficult for the transparent, open-data frameworks (Joss, Cook, 

& Dayot, 2019). Efficient local ecosystems are predicated on interoperable platforms with data commons 

that are collectively managed by all the 4Ps (Foth, 2018). Privacy measures, such as anonymization, opt-in 

consent, and data privacy compliance, are imperative for preserving citizen autonomy whilst promoting 

cross-sector innovation. 

In order to translate these principles into reality, it is imperative for cities to use inclusive digital tools that 

accommodate adaptive zoning and adaptability. Adaptive zoning can be a useful tool in enabling 24-hour 

cities by reflecting the needs of an always-on, dynamic city in the planning of mixed-use environments 

(Melhuish, 2020). Digital literacy programmes, including online safety awareness ensure the safe and 

meaningful engagement of all residents (Foth & Odendaal, 2018). The application of resilience indicators, 

such as transparency index, cybersecurity, and accessibility, enables planners and decision-makers to 

assess the effectiveness of digital systems, thereby strengthening adaptive capacity (Karvonen, 2020). 

A comparative analysis of Bengaluru and Berlin reveals that the use of Artificial Intelligence is both an 

enabler and a disruptor of 24-hour cities. Urban areas can sense, predict and respond in real-time through 

the enhanced efficiency, adaptability and foresight that AI-enabled digital tools establish in a city 

(Karvonen, 2020). However, this engenders a massive disruption to the prevailing planning paradigms and 

institutional governance systems. This duality o enabling and disrupting marks the new era of digital 

urbanism, which is being shaped by technological sophistication (Graham S. , 2020).  

Global cities, such as Bengaluru and Berlin are confronted by divergent socio-economic constructs, which 

eventually converge around similar challenges of equity and resilience. While Bengaluru demonstrates how 

digital innovation can mitigate infrastructural stress, and Berlin demonstrates how democratic 

accountability can restructure responsible use of AI-enabled tools. However, both cases highlight how the 

digital divide will get reinforced unless both approaches work side-by-side.  

The paper demonstrates the theoretical restructuring of a 24-hour city as a continuously adaptive, co-

created urban construct, which goes beyond the mere efficiency defined by a smart city (Melhuish, 2020). 

Furthermore, it advances this strategic model by proposing an integration of digital infrastructure, new 

urban economies, and Public-Private-People Partnership (4P) to achieve AI-enabled planning (Foth, 2018). 

These components are characterized by their active utilization of ESG principles, interoperable systems and 

inclusivity, thereby ensuring sustainability and inclusivity from the planning stage to implementation to 

utilization. 

The proposed district-level 4P pilot for AI-enabled co-created solutions has been proven to be adaptable, 

transferable and scalable, ensuring longevity of the solutions, and thereby subsequently their 

implementability across different socio-cultural contexts around the world. In order to be a successful 24-

hour city, it is imperative that transparency and inclusivity are ensured, and that AI-enabled planning is 

implemented with equity, ethics and empathy, to ensure human-centred cities.  
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Understanding metro commuters’ stopover behavior 
at commercial complexes around transfer stations 

A case study of Shanghai, China 

Xuejun BAI, Tongji University, China 

Zhendong WANG, Tongji University, China 

 

As the night-time economy expands, the concept of the 24-hour city reshapes urban travel patterns 
and lifestyle. Digital service technologies affect travellers’ decisions and awareness during mobility. 
Compact city and transit-oriented development (TOD) are key pathways for sustainable growth in 
high-density cities. Shanghai possesses the second largest metro network in China, with increasing 
number of transfer stations. Most of these stations are surrounded by commercial complexes. 
Understanding the changes of metro transfer commute help to transform transit hubs into life hubs. 
However, existing studies mainly focus on travel mode choice, overlooking stopovers of public 
transport. Researchers have discussed the impact of socio-demographic attributes and the built 
environment of residence and workplace on the stopovers. But few studies consider the attitudes 
of commuters and the spatial characteristic of stopover locations. Recently, metro smartcard data 
and mobile signalling data are increasingly used in travel research. However, these data cannot 
capture individual transfer paths due to limited granularity and privacy. The basic regressions 
cannot capture the complicated interactions between psychological and environmental factors. 
Thus, this research incorporates environment and policy variables into the Decomposed Theory of 
Planned Behavior (DTPB). Then, the study employs Structural Equation Modelling (SEM) and a 
Multiple Indicator Multiple Cause (MIMIC) model to explore the mechanisms shaping stopover 
intentions. This study conducted an online questionnaire survey of 721 Shanghai metro users 
between 2024 and 2025. The results of SEM model confirm that commercial complexes can attract 
metro commuters to make stops, primarily for shopping, catering, and using public facilities such 
as restroom. The findings reveal that attitude is the decisive factor influencing intention. The 
attitude can be improved by enhancing the convenience of stopover, perceived usefulness to 
commuters and the comfort of spaces, as well as optimizing transfer policies. Meanwhile, 
convenience condition, favourable evaluation, short distance, high accessibility, density and 
diversity also strengthen intention. Moreover, digital service platforms serve as components of 
perceived behavioral control and subjective norm significantly enhancing intentions. For instance, 
enhancing the availability of digital tools, the visibility of complexes on navigation platforms, and 
the perceptibility of complexes on social media. The results of MIMIC model confirm that there 
exists group heterogeneity across socio-demographic attributes, usage characteristic and 
psychological variables. Findings offer practical insights for governments, metro operators and 
commercial developers to promote rail transit-commercial synergy. The research supports 
compact and equitable urban development in the context of 24-hour cities. 

 

TOD, Stopover, DTPB, SEM, MIMIC 
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Amid the rise of urban life rhythms and the expansion of the night economy, the concept of 24-hour cities 

is gradually evolving into an important strategy for global metropolises to enhance vitality and promote 

consumption. The rise in remote work and the demand for round-the-clock services have disrupted 

traditional work and lifestyle patterns. Improved basic service facilities and public transportation systems 

have changed the previous travel patterns, providing a safe and powerful travel system for 24-hour cities. 

WhatΩs more, digital service platforms can help citizens achieve efficient amd convenient travel, such as 

intelligent navigation and social media APP. They can assist travelers in shaping location and route decisions 

and enhance their perception of the surrounding environment and background information. Thereby 

transforming passive travel into an active experience. 

With the accelerating pace of global urbanization, the transition toward compact cities has become a key 

strategy for achieving structural sustainability in urban development (Aoki, 2023). Compact city policies 

aim to mitigate urban sprawl and optimize the built environment through high-density spatial 

configurations, mixed land use, and efficient infrastructure systems (OECD, 2012). Meanwhile, TOD 

promotes high-density, mixed-use development centered around public transportation nodes, thereby 

fostering a healthy and low-carbon urban lifestyle (Calthorpe, 1993).  

Recently, many high-density Asian cities have adopted TOD, making rail transit a dominant transport mode. 

In 1980, the share of rail travel in the Keihanshin metropolitan area of Japan reached 63.4% (Nishii and 

Kondo, 1992). Shanghai possesses the second longest urban rail transit operating mileage in China (Ministry 

ƻŦ ¢ǊŀƴǎǇƻǊǘ ƻŦ ǘƘŜ tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ ƻŦ /ƘƛƴŀΣ нлнрύ. Shanghai Municipal Transportation Commission 

stated that ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƳƻŘŜǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ мтΦр҈ ƻŦ {ƘŀƴƎƘŀƛΩǎ ǘƻǘŀƭ ǘǊŀǾŜƭ in 2023. Besides,  

they also found that ǘƘŜ ǎƘŀǊŜ ƻŦ Ǌŀƛƭ ǘǊŀƴǎƛǘ ƛƴ {ƘŀƴƎƘŀƛΩǎ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǘǊƛǇǎ ŜȄŎŜŜŘŜŘ тл҈ by the 

end of September 2024. As shown in Figure 1, the number and proportiion of transfer stations of Shanghai 

keep rising. Accroding to the data of China Association of Metros (CAMET), the average transfer coefficient 

of urban rail transit networks in China reached 1.666 in 2024. In addition, most metro transfer stations are 

surrounded by shopping malls in Shanghai. Thus, explore the new travel behavior of metro transfer 

commuters in Shanghai is important to improve  urban vitality.  

 

Lots of studies have found that non-work activities along the commuting chain from home to work are 

mainly located along the commuting path. Between 1995 and 2001, the proportion of U.S. commuters 
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incorporating trip chaining as part of their commuting mode increased by 9% (McGuckin, Zmud and 

Nakamoto, 2005)Φ !ǎ /ƘƛƴŀΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴǎ ŀƴŘ ǎǇŀŎŜǎ ŎƻƴǘƛƴǳŜ ǘƻ ŜȄǇŀƴŘΣ ǘǊŀǾŜƭ ŘŜƳŀƴŘ ǊƛǎŜǎ ŀƴŘ 

patterns become increasingly complex (Guan et al., 2019). From 2014 to 2019, daily travel in Shanghai 

increased by 3.3%, with non-commuting, nighttime, and weekend trips rising by over 15% (Shanghai 

Municipal Transportation Commission, 2022). Therefore, research on non-work stops during commuting 

should consider the commuting path rather than only workplace and residence (Mao, Ettema and Dijst, 

2018). In-depth study of trip chaining behavior will contribute to enriching the research on travel behavior, 

support policy-making in developing countries (Ma, Mitchell and Heppenstall, 2014). It also provides 

guidance for the development of activity-based commuting demand models (Guan et al., 2019). 

In recent decades, the phenomenon of adding non-work stops during the commuting journey has attracted 

widespread attention. However, existing studies mainly focus on travel mode choice, but not conduct 

specific research on rail transit. Scholors cares more about the influence between stopover behavior and 

individual attributes, but few of them talked about the attitude of commuters. In addition, they always 

discuss the environment of residence and workplace rather than stopover locations. Although metro card 

data and GPS data are widely used in travel study, they cannot identify actual stopover behaviors. 

Moreover, related studies always use basic regression analysis, which cannot reveal the complicated 

influence between psychological variables and built environment variables. 

This study aims to find what influence metro commuters non-work stopover intention at commercial 

complexes around transfer station. This study augments the DTPB by incorporating built environment 

factors and preferential transfer policies, resulting in an innovative theoretical framework. A structured 

online questionnaire was distributed via social media platforms to collect data. Subsequently, SEM and 

aLaL/ ƳƻŘŜƭ ǿŜǊŜ ŜƳǇƭƻȅŜŘ ǘƻ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ŀǎǎŜǎǎ ǘƘŜ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎ ƳŜǘǊƻ ǳǎŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ 

to visit commercial complexes during their commutes. The findings of this study will contribute to the 

enhancement of the vitality of the transfer station area and promote low carbon mobility. 

This research consists of 4 parts: 1) introduction talks the background, status and aims of stopover; 2) 

methodology constructs the theoretical framework and provides methods of data collection and analysis; 

3) result summarizes socio-demographic attributes and analyzes the influences of attitude and group 

heterogeneity factors on the stopover intention; 4) conclusion summarizes the framework, main 

conclusions and significance of this research, and puts forward the prospects for future research. 

The definition of stopover is that commuters will make lots of activities during their travel. In this research, 

we maily focus on the stopover behavior of metro users during their transfer. For instance, metro 

commuters would like to go shopping or eatting in the commercial complexes near transfer stations during 

their transfer in the morning to the company or evening back to home (Figure 2). 

More and more scholars related to the field of transportation behavior have recognized that studying 

attitudes contribute to understanding travelersΩ preferences and behaviors (Yuan et al., 2023). In recent 

years, some studies have analyzed travel intentions or behaviors by employing the theory of planned 

behavior (TPB), the technology acceptance model (TAM), and SEM. Furthermore, the DTPB model can 

reveal the more deatiled reasons of behavioral intention. 
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This study added the built environment and transfer preferential policy variables based on the DTPB model. 

In this context, behavioral intention (BI) ǊŜŦŜǊǎ ǘƻ ƳŜǘǊƻ ŎƻƳƳǳǘŜǊǎΩ intention to make non-work stopover 

at commercial complexes around transfer stations. 

As shown in the Figure 3, the study put forward the following hypotheses: 

⚫ H1: Behavioral attitude (BA) reflects their overall evaluation and tendency toward BI. 

⚫ H2: Subjective norm (SN) has a significant positive influence on BI. 

⚫ H3: Perceived behavioral control (PBC) has a significant positive influence on BI. 

⚫ H4: Perceived ease of use (PEU) has a significant positive influence on BA. 

⚫ H5: Perceived usefulness (PU) has a significant positive effect on BA. 

⚫ H6: PEU has a significant positive effect on PU. 

⚫ H7: Perceptual fit (PF) has a significant influence on BA.  

⚫ H8: PF has a significant positive effect on PEU.  

⚫ H9: PF has a significant positive effect on PU. 

⚫ H10: Built environment (BE) has a significant positive influence on BI. 

⚫ H11: Preferential policy (PP) has a significant positive influence on BA. 
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The questionnaire consists of three sections. Section 1 captures socio-demographic characteristics such as 

gender and age. Section 2 addresses actual behaviors and preferences regarding metro and commercial 

complex use, as well as prior stopover experiences. Section 3 analyses the influence factors of stopover 

intentions rely on extending DTPB framework. 

The survey targeted users of the social media platform named rednote from June 2024 to March 2025. The 

data collection were conducted via the wenjuanxing platform. We removed low-quality responses to 

improve data quality: 1) respondents did not take the subway or go to commercial complexes; 2) section 2 

contains logical errors (e.g., function-use mismatch); 3) Section 3 contains identical or patterned answers; 

4) completion time under 300 seconds. 

The study used SPSS and AMOS software to perform reliability analysis, exploratory factor analysis (EFA), 

confirmatory factor analysis (CFA), and SEM. We removed items with low discrimination and got a refined 

scale of 55 items (Table 1). All items rated on a five-point Likert scale from "very agree" to "very disagree". 

We finally collected 721 (78.9%) valid responses. The minimum sample size for complex SEM models, 10 

participants per variable are recommended (Nunnally, 1978). Therefore, the final sample meets these 

requirements.  

Constructs Measure items 

PU PU1: It helps to enhance the economic vitality of stations and promote urban renewal 
PU2: It helps to make low carbon travel and improve the ecological environment 
PU3: It helps to centralize diversity facilities and reduce the waste of resources 
PU4: It gives you a lot of options 
PU5: It saves time 
PU6: It is a good idea 

PEU PEU1: Malls can be easily queried on social media APP 
PEU2: Stores inside malls can be easily queried on social media APP 
PEU3: Malls can be easily seen along the transfer path 
PEU4: The store or publicity of malls can be easily seen along the transfer path 
PEU5: Malls have a high coverage rate and a superior geographical location 

PF PF1: It similar with the usage mode of malls near residence or workplace 
PF2: ItΩs more convenient and diverse than malls near residence or workplace 
PF3: It can replace the malls near residence or workplace 
PF4: It can complement the malls near residence or workplace 
PF5: ItΩs in line with people's lifestyle and travel behavior 
PF6: ItΩs in line with your lifestyle and travel behavior 

SN P SN-P1: Positive sharing, recommendation and behavior from peers can increase BI 
SN-P2: Positive sharing, recommendation and behavior from leaders can increase BI 
SN-P3: Positive sharing, recommendation and behavior from elders can increase BI 
SN-P4: Publicity of government and public organizations can increase BI 

E SN-E1: Posts with image and text of malls in APP can improve BI 
SN-E2: Posts with video of malls in social media APP can improve BI 
SN-E3: The evaluation and score of malls in social media APP can improve BI 

A SN-A1: Displaying information about malls when using navigation APP can increase BI 
SN-A2: StoresΩ introduction or advertisement inside/outside malls can promote BI 
SN-A3: StoresΩ introduction or advertisement inside transfer stations can promote BI 
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PP PP1: Free transferring to another line within 30 min can promote BI 
PP2: Increasing the discount duration during virtual transfer can promote BI 
PP3: Publishing the policy of metro joint ticket can promote BI 

BE DD BE-DD1: The large size of malls can promote BI 
BE-DD2: Multiple malls around the transfer station can promote BI 
BE-DD3: Multiple functions of malls can promote BI 
BE-DD4: Multiple brands for the same function can promote BI 

DE BE-DE1: The shading facilities from transfer station to malls can promote BI 
BE-DE2: Pleasant temperature from transfer station to malls can promote BI 
BE-DE3: Broad space from transfer station to malls can promote BI 
BE-DE4: Bright light from transfer station to malls can promote BI 

DA BE-DA1: Short distance from transfer station to malls can promote BI 
BE-DA2: Malls are next to stations or connect with passageway can promote BI 
BE-DA3: Without much turns or stairs from station to malls can promote BI 

BI BI1: You want to make it 
BI2: You want to make it in the future 
BI3: You want to make it more frequetly 
BI4: You want to recommend it to your friends and family 

PBC SE PBC-SE1: You can easily search the information about malls 
PBC-SE2: You can easily search the information about the functions inside malls 
PBC-SE3: You can get to the malls without any help 

FC PBC-FC1: You have financial ability to spend money at the malls 
PBC-FC2: You have time to search for information of malls 
PBC-FC3: You have social media and navigation apps to search for information of malls 

BA BA1: It is very pleasurable 
BA2: It is very interesting 
BA3: It is very wise 
BA4: It is a benefit to you 

Note: It means stopover behavior;BI means stopover intention. 

The SEM has been employed to investigate the influence of latent psychological constructs such as 

attitudes (Tao, He and Thogersen, 2019). By analyzing the covariance matrix of observed variables, SEM 

reveals potential causal relationships between each construct. The MIMIC model extends CFA and SEM to 

account for group heterogeneity in latent variables (Li et al., 2022). Accordingly, this study applies SEM to 

identify and validate key factors affecting stopover intention of metro users. Meanwhile, this study 

employs MIMIC to examine the effects of demographic and usage characteristics on the latent variables. 

As shown in Figure 4, MIMIC model includes both measurement and structural components. Explanatory 

variables (Xi) include 2 aspects. First is individual characteristics, including age (AGE), gender (SEX), 

ŜŘǳŎŀǘƛƻƴ ό95¦ύΣ ŎƘƛƭŘΩǎ ŀƎŜ όYL5ύΣ ƛƴŎƻƳŜ όLb/ύΣ and the ownership of bicycle (VEC2), car (VEC5), or 

motorcycle/e-bike (VECN). Second is the usage of complexes and metro, including   the awareness of virtual 

transfer policy (VTP), access to malls near residence or workplace (ODMU), mall usage frequency (MU), 

shortest walking time to stations (OST), commuting status (TRA), and metro usage frequency (SUBN). It 

also includes location preferences, such as near workplace (MUP1), residence (MUP2), commute route 

(MUP3), or business districts (MUP4). LŀǘŜƴǘ ǾŀǊƛŀōƭŜǎ όʹƪύ ǊŜǇǊŜǎŜƴǘ ǇǎȅŎƘƻƭƻƎƛŎŀƭ ŎƻƴǎǘǊǳŎǘǎ ƭƛƪŜ t¦ ŀƴŘ 

PEU. Observed indicators (Yj) refer to 55 questionnaire items, such as PU1. This study used IBM SPSS 

Statistics 26 to analyze sample characteristics, and ǘŜǎǘ ŘŀǘŀΩǎ reliability and validity. Furthermore, we used 

SPSS Amos 26 Graphics to conduct the SEM and MIMIC model estimation. 
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As shown in the Figure 5~7, we conducted descriptive analyses of socio-demographic characteristics, metro 

and mall usage, and non-work stopover behavior. Results show that 61.3% of metro users made stopovers 

during commutes, confirming that stopover is common. This supports prior findings that commercial 

facilities near transfer or terminal stations encourage non-work stops (Nishii and Kondo, 1992). The main 

reasons for people to stopover are mostly for shopping and dining (over 60%), entertainment (over 30%), 

or using the restroom (about 20%), which is consistent with earlier studies (Currie & Delbosc, 2011). More 

than 40% of used facilities were on the same level or 1ς2 floors from metro exits, and over 70% cited 

convenience as the reason for use. Thus, placing facilities near exits may promote stopovers. Although only 

29.7% preferred malls along commute routes, over 40% used them after work on weekdays, echoing prior 

research (Mao et al., 2018). 
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The results show that SN, PBC, BA, and BE significantly and positively influenced stopover intention, with 

BA exerting the strongest effect (Figure 8). This highlights the importance of shaping positive attitudes 

toward stopover. PF, PEU, and PU were significantly interrelated, indicating that perceived convenience 

ŀŦŦŜŎǘǎ ǳǎŜǊǎΩ ŜǾŀƭǳŀǘƛƻƴǎ ƻŦ ǳǎŜŦǳƭƴŜǎǎ ŀƴŘ ŜŀǎŜ ƻŦ ǎǘƻǇƻǾŜǊΦ t./FC had the greatest weight on PBC, 

suggesting that time, cost, transport convenience and social media and navigation APP promote intention. 

Income positively correlated with stopover behavior, consistent with previous studies (Guan et al., 2019). 

Individuals with earlier end-of-day schedules were also more likely to make stops (Bhat, 1999). In the 

second order structure of BE, BEDD had the highest contribution, followed by BEDE and BEDA. This implied 

that density and diversity had slightly greater influence than distance, accessibility, and spatial design. 

Accessibility of residence and workplace also positively influenced stop-making (Krizek, 2003). Moreover, 

mixed land use in workplaces (Ma, Mitchell and Heppenstall, 2014) and residential neighbourhoods 

(Bautista-Hernández, 2022) increases both stop frequency and travel complexity. SNA and SNE contributed 

most to SN, suggesting that promoting commercial content online and offline can increase stop intention. 

PF, PU, and PP significantly affected BA, which also mediated the effects of PF and PP on BI. This 

underscores the role of spatial and policy differentiation in enhancing user attitudes and indirectly 

influencing stopover behavior. It similar with findings on discounted transit incentives (Cheng, Chen and 

Yang, 2016). However, PEU had no significant effect on BA, possibly due to measurement issues or low 

perceived usability of complexes. 
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To clarify the roles of first-order constructs, we re-estimated the model using only first-order latent 

variables (Figure 8). The results showed that PBCFC, BEDD, SNP, and BEDA significantly and positively 

predicted BI, while BEDE significantly influenced BA. BA also mediated the relationship between BEDE and 

BI. These findings suggest that commercial complexes near transit stations can promote stopover by 

offering high density and diversity, short distance and accessibility, social encouragement (e.g., from peers 

or supervisors), and sufficient resources (e.g., time, income, transport tools). Spatial design indirectly 

affects stop intentions by shaping attitudes. In contrast, SNE, SNA, and PBCSE showed no significant 

association with BI, implying that media exposure, promotional content, and self-assessed capability had 

limited impact. Other path results remained consistent with the second order SEM findings. 

Finally, The MIMIC model confirmed key associations between socio-demographic and usage variables and 

latent constructs (Figure 9). Age positively influenced PF and BI, indicating middle-aged metro users 

perceived greater convenience compared to younger people and showed stronger stopover intentions. It 

supported by research on complex trip chains among elders (Ma, Mitchell and Heppenstall, 2014). Gender 

significantly affected PF, SNP, and SNE, suggesting that women were more receptive to social influences 

and convenience perceptions. However, gender had no direct effect on BI, possibly due to confounding 

factors such as marital status or employment (Bautista-Hernández, 2022). Having dependent children 

negatively impacted PF, SNP, and SNE but not BI, which consistent with prior research (Portoghese et al., 

2011). Lower income negatively influenced PBCSE, reflecting ease of access perceptions. However, it had 

no effect on BI, contrasting with past studies (Guan et al., 2019). Awareness and use of virtual transfer 

policies had positive effects on BEDE and BEDD, indicating greater appreciation for transfer space comfort 

and commercial diversity. Lack of commercial complexes near residences or workplaces increased SNA, 

suggesting targeted advertising was more effective under these conditions. The frequency of complex 

usage demonstrated significant positive effects on PF, BEDE, BEDD, PBCFC, and SNE. It indicates that 

frequent visitors care about the perceived convenience of stopover behavior, comfort of transfer space 

design, density and accessibility of amenities, availability of time and money, and the evaluation on social 

media. Similarly, metro usage frequency increased BI. In contrast, location preferences, vehicle ownership, 

and walking distance to metro stations had no significant effect on BI. 
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This study extends the DTPB framework by incorporating built environment and policy incentive 

dimensions and then analyzes the latent variables and exogenous variables by SEM and MIMIC. The 

purpose is to verify the theoretical model for the willingness of metro users to make stops during 

commuting to finish diverse behaviors in commercial complexes around metro transfer stations. 

Furthermore, the research emphasizes the function of digital service platforms in questionnaire survey and 

the promotion of stopover intentions. Building on our findings, local governments, metro operators, and 

commercial developers can implement targeted interventions to enhance the stopover intention during 

commuting. Thereby, it can boost the economic vitality of the transfer station area and promote 

sustainable and integrated development of the station and city. This study can be further extended to 

analyze the stopover behavior at stations that transfer inside the paid zone. Meanwhile, it can also be 

applied to analyze other travel behaviors in cities that emphasis the development of TOD. This research 

has certain limitations in terms of the selection of the research subjects and the scope of the influencing 

factors. In the future, we plan to conduct on-site surveys at specific transfer stations. Furthermore, we 

intend to use mobile phone location data and field survey data to objectively measure stopover frequency. 
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wŜǎŜŀǊŎƘ tŀǇŜǊ

{ǘǊŜŜǘπ[ŜǾŜƭ tŜǊŎŜǇǘƛƻƴ ŀǎ tƭŀƴƴƛƴƎ LƴǘŜƭƭƛƎŜƴŎŜ
wŜƛƳŀƎƛƴƛƴƎ IŜŀƭǘƘȅ /ƻƳƳǳƴƛǘƛŜǎ ƛƴ {ƛƴƎŀǇƻǊŜ ǘƘǊƻǳƎƘ

aǳƭǘƛƳƻŘŀƭ DǊŀǇƘ [ŜŀǊƴƛƴƎ
¸ƛƴƎǎƘŀƴ[L¦Σ /Ƙƛƴŀ

¢Ƙƛǎ ǎǘǳŘȅ ǘŀƪŜǎ {ƛƴƎŀǇƻǊŜ ŀǎ ŀ ŎŀǎŜ ŀƴŘΣ ōȅ ōǳƛƭŘƛƴƎ ŀ ƴŜǿ ƳǳƭǘƛƳƻŘŀƭ ƎǊŀǇƘ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪ
ŀƴŀƭȅǎƛǎ ŦǊŀƳŜǿƻǊƪΣ ŜȄŀƳƛƴŜǎ ǘƘŜ ŀƭƭπŘŀȅ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ ƘŜŀƭǘƘπǎǳǇǇƻǊǘƛƴƎ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǘƘŜ
ŦŀƛǊƴŜǎǎ ƻŦ ǎǇŀǘƛŀƭ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΦ Lǘ ŦǳǊǘƘŜǊ ǊŜǾŜŀƭǎ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƎŀǇ
ōŜǘǿŜŜƴ ǇƭŀƴƴƛƴƎ ŘŀǘŀΣ !L ŀƭƎƻǊƛǘƘƳǎ ŀƴŘ ŀŎǘǳŀƭ ŜǾŜǊȅŘŀȅ ƭƛŦŜΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘŜ ǎǘǳŘȅ ƛǎ ǘƻ ŜȄǇƭƻǊŜ
Ƙƻǿ ǎǘǊŜŜǘπƭŜǾŜƭ ǇŜǊŎŜǇǘƛƻƴ Ŏŀƴ ǎŜǊǾŜ ŀǎ ŀ ƴŜŎŜǎǎŀǊȅ ƛƴǘŜƭƭƛƎŜƴǘ ƳŜŘƛǳƳ ŦƻǊ ǇƭŀƴƴƛƴƎ ŀƭƭπŘŀȅ
ƘŜŀƭǘƘȅ ŎƻƳƳǳƴƛǘƛŜǎΣ ŀƴŘ Ƙƻǿ ƳǳƭǘƛƳƻŘŀƭ ƎǊŀǇƘ ƭŜŀǊƴƛƴƎ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴǘŜǊǇǊŜǘŀōƭŜ ŜǾƛŘŜƴŎŜ ŦƻǊ
ǇƭŀƴƴƛƴƎ ŘŜǇŀǊǘƳŜƴǘǎΦ
aŜǘƘƻŘƻƭƻƎƛŎŀƭƭȅΣ ǘƘŜ ǎǘǳŘȅ ǇǊƻǇƻǎŜǎ ǘƘŜ {ǘǊŜŜǘ/[LtπDbb ŦǊŀƳŜǿƻǊƪΦ Lǘ ǎŜƭŜŎǘǎ ǎǘǊŜŜǘǎ ǿƛǘƘƛƴ улл
ƳŜǘǊŜǎ ƻŦ рн aw¢ ǎǘŀǘƛƻƴǎ ƛƴ {ƛƴƎŀǇƻǊŜ ŀƴŘ ŎƻƴǎǘǊǳŎǘǎ фтΣллл ƎǊŀǇƘ ƴƻŘŜǎΣ ǿƘƛŎƘ ŀǊŜ ƭƛƴƪŜŘ ǘƻ
ƘŜŀƭǘƘπǊŜƭŀǘŜŘ thLǎ ŀƴŘ ƳƻǊŜ ǘƘŀƴ млΣллл ǎǘǊŜŜǘπǾƛŜǿ ƛƳŀƎŜǎ ŘƻǿƴƭƻŀŘŜŘ ŦǊƻƳ aŀǇƛƭƭŀǊȅΦ !ƴ
ǳƴŘƛǊŜŎǘŜŘ ƎǊŀǇƘ ƛǎ ōǳƛƭǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǎǘǊŜŜǘ ŎƻƴƴŜŎǘƛǾƛǘȅΣ ŀƴŘ ŀ ǘǿƻπƭŀȅŜǊ DǊŀǇƘ{!D9 ƳƻŘŜƭ ƛǎ
ǳǎŜŘ ǘƻ ŀƎƎǊŜƎŀǘŜ ƴŜƛƎƘōƻǳǊƘƻƻŘ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƻ ǇǊŜŘƛŎǘ ǘǿƻ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘƛŎŜǎΣ ŦƻǊ
ŘŀȅǘƛƳŜ ŀƴŘ ƴƛƎƘǘπǘƛƳŜΦ ¢ƘŜ thLǎ ƛƴŎƭǳŘŜ ǇǳōƭƛŎ ƘƻǎǇƛǘŀƭǎΣ ǇƻƭȅŎƭƛƴƛŎǎΣ ŦŀƳƛƭȅ ŎƭƛƴƛŎǎΣ ŎƻƳƳǳƴƛǘȅ
ǇŀǊƪǎΣ ŦƛǘƴŜǎǎ ǘǊŀƛƭǎ ŀƴŘ ǇƘŀǊƳŀŎƛŜǎΣ ŀƴŘ ŀǊŜ ƎǊƻǳǇŜŘ ƛƴǘƻ ǘǿƻ ōǊƻŀŘ ŎŀǘŜƎƻǊƛŜǎΥ ƳŜŘƛŎŀƭ ŦŀŎƛƭƛǘƛŜǎ
ŀƴŘ ƘŜŀƭǘƘπǎǳǇǇƻǊǘƛƴƎ ŦŀŎƛƭƛǘƛŜǎΦ ¢ƘŜ ŘƛǾƛǎƛƻƴ ōŜǘǿŜŜƴ Řŀȅ ŀƴŘ ƴƛƎƘǘ ƛǎ ōŀǎŜŘ ƻƴ ǘȅǇƛŎŀƭ ƻǇŜƴƛƴƎ
ƘƻǳǊǎ ŀƴŘ Řŀƛƭȅ ŀŎǘƛǾƛǘȅ ǊƘȅǘƘƳǎΣ ŀƴŘ ƛǎ ŦǳǊǘƘŜǊ ǎǇŜŎƛŦƛŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ǘƘǊƻǳƎƘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ
ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǎǘǊŜŜǘǎŎŀǇŜ ŜƭŜƳŜƴǘǎΦ
bƻŘŜ ŦŜŀǘǳǊŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ thLǎΣ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ ƴŜŀǊŜǎǘ aw¢ ǎǘŀǘƛƻƴΣ ŀƴŘ ǎŜƳŀƴǘƛŎ
ŦŜŀǘǳǊŜǎ ƻŦ ǎǘǊŜŜǘπǾƛŜǿ ƛƳŀƎŜǎ ŜȄǘǊŀŎǘŜŘ ǿƛǘƘ /[LtΦ ¢ƘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘƛŎŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ŀ
ŘƛǎǘŀƴŎŜπŘŜŎŀȅ ŦǳƴŎǘƛƻƴΥ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ǇŜǊƛƻŘΣ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ƻǇŜƴ ŎƻƴǘǊƛōǳǘŜ ƳƻǊŜ ǘƻ
ŀ ǎǘǊŜŜǘ ƴƻŘŜ ǿƘŜƴ ǘƘŜȅ ŀǊŜ ŎƭƻǎŜǊ ŀƴŘ ƳƻǊŜ ƴǳƳŜǊƻǳǎΦ /ƻƳǇŀǊŜŘ ǿƛǘƘ ŀ ƎƭƻōŀƭπƳŜŀƴ ǇǊŜŘƛŎǘƻǊ
ŀƴŘ ŀ ŦŜŀǘǳǊŜπƻƴƭȅ ƳǳƭǘƛƭŀȅŜǊ ǇŜǊŎŜǇǘǊƻƴ ǿƛǘƘƻǳǘ ƎǊŀǇƘ ǎǘǊǳŎǘǳǊŜΣ ǘƘŜ ǇǊƻǇƻǎŜŘ ƳƻŘŜƭ ǊŜŘǳŎŜǎ
wa{9 ƻƴ ǘƘŜ ŘŀȅǘƛƳŜ ǘŀǎƪΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƛǘ Ŏŀƴ ŜŦŦŜŎǘƛǾŜƭȅ ŎŀǇǘǳǊŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ
ǎǘǊŜŜǘǎΦ hƴ ǘƘŜ ƴƛƎƘǘπǘƛƳŜ ǘŀǎƪΣ ƛǘ Ƴŀƛƴƭȅ ƛƴŎǊŜŀǎŜǎ ǎǇŀǘƛŀƭ ŘŜǘŀƛƭ ǿƛǘƘƻǳǘ ǎƘŀǊǇƭȅ ǊŜŘǳŎƛƴƎ ǘƘŜ
ŜǊǊƻǊΣ ōǳǘ ǘƘƛǎ ǇǊŜŎƛǎŜƭȅ ǊŜǾŜŀƭǎ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŀŎŎŜǎǎƛōƛƭƛǘȅ ōŜǘǿŜŜƴ ǎǘǊŜŜǘǎΦ ¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ
ǊŜǎǳƭǘǎ ǎƘƻǿǎ ǘƘŀǘ ŘƛƎƛǘŀƭ ǳǊōŀƴƛǎŀǘƛƻƴ ƴŜŜŘǎ ŦƛƴŜǊ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ƎǊŜŀǘŜǊ
ŀǘǘŜƴǘƛƻƴ ǘƻ ǎŜǊǾƛŎŜ ōƭƛƴŘ ǎǇƻǘǎ ŀƴŘ ƎŀǇǎ ƛƴ ǇŜǊŎŜƛǾŜŘ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǳǊōŀƴ
ŦŀŎƛƭƛǘƛŜǎΦ

{ǘǊŜŜǘπƭŜǾŜƭ ǇŜǊŎŜǇǘƛƻƴΤ IŜŀƭǘƘ ŀŎŎŜǎǎƛōƛƭƛǘȅΤ DǊŀǇƘ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎΤ /[LtΤ нпπƘƻǳǊ ŎƛǘȅΤ {ƛƴƎŀǇƻǊŜ
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Lƴ ǘƘŜ Ǉŀǎǘ ǘŜƴ ȅŜŀǊǎΣ Ƴŀƴȅ ŎƛǘƛŜǎ ƘŀǾŜ ǘǳǊƴŜŘ ǘƻ ŀ нпπƘƻǳǊ ǊƘȅǘƘƳΥ ƭƻƎƛǎǘƛŎǎ ŎŜƴǘŜǊǎΣ ǘŀƪŜŀǿŀȅ ǇƭŀǘŦƻǊƳǎΣ
ŀƛǊǇƻǊǘǎΣ ǎŜǊǾƛŎŜ ǿƻǊƪ ŀƴŘ ƴƛƎƘǘƭƛŦŜ ŜŎƻƴƻƳȅ ƘŀǾŜ ƪŜǇǘ ǎƻƳŜ ŎƛǘƛŜǎ ŀǿŀƪŜ ŦƻǊ ŀ ƭƻƴƎ ǘƛƳŜ ŀŦǘŜǊ ƻŦŦƛŎŜ
ƘƻǳǊǎ ό{ŜƛƧŀǎ Ŝǘ ŀƭΦΣ нлнпΤ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳΣ нлнрύΦ {ƛƴƎŀǇƻǊŜ Ƙŀǎ ŀ ǇƻǇǳƭŀǘƛƻƴ ƻŦ ŀōƻǳǘ сΦлп Ƴƛƭƭƛƻƴ
ƻƴ ŀōƻǳǘ торΦт ǎǉǳŀǊŜ ƪƛƭƻƳŜǘŜǊǎ ƻŦ ƭŀƴŘ ό{ƛƴƎŀǇƻǊŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ {ǘŀǘƛǎǘƛŎǎΣ нлнпύΦ ¢ƘŜǎŜ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ
ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŀ ǾŜǊȅ ŎƻƳǇŀŎǘ ǎǘǊǳŎǘǳǊŜΣ ǿƛǘƘ ƛƴǘŜƴǎƛǾŜ ƘƻǳǎƛƴƎΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ǎŜǊǾƛŎŜǎ ŎƻŜȄƛǎǘƛƴƎΣ
ǎƻ ƭŀǘŜπƴƛƎƘǘ ŘŜƭƛǾŜǊȅ ǿƻǊƪŜǊǎΣ ǇƻǊǘ ŀƴŘ ƘƻǎǇƛǘŀƭ ǎƘƛŦǘ ǿƻǊƪŜǊǎΣ ǎŜŎǳǊƛǘȅ ƎǳŀǊŘǎΣ ŎƭŜŀƴŜǊǎΣ ŀƴŘ ȅƻǳƴƎ
ǇŜƻǇƭŜ ǎƻŎƛŀƭƛȊƛƴƎ ƛƴ ǘƘŜ ōǳǎƛƴŜǎǎ ŘƛǎǘǊƛŎǘ ŀǊŜ ǘƘŜ Ƴƻǎǘ Lƴ ǘƘŜ ŜƴŘΣ ǘƘŜ ǳƴŎƻƴǾŜƴǘƛƻƴŀƭ ǘƛƳŜ ŘŜǇŜƴŘǎ ƻƴ
ǘƘƛǎ ŎƛǘȅΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ ƳŀƛƴǘŀƛƴƛƴƎ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭπōŜƛƴƎ ǎǘƛƭƭ Ŧƻƭƭƻǿǎ ƳƻǊŜ
ǘǊŀŘƛǘƛƻƴŀƭ ŘŀȅǘƛƳŜ ǇǊŀŎǘƛŎŜǎΦ aƻǎǘ ǇǊƛƳŀǊȅ ƘŜŀƭǘƘ ŎŀǊŜ ǎŜǊǾƛŎŜǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ōȅ ƎƻǾŜǊƴƳŜƴǘπŦǳƴŘŜŘ
ƎŜƴŜǊŀƭ ŎƭƛƴƛŎǎ ŀƴŘ ǇǊƛǾŀǘŜ ƎŜƴŜǊŀƭ ǇǊŀŎǘƛǘƛƻƴŜǊ ŎƭƛƴƛŎǎΥ ƎŜƴŜǊŀƭ ŎƭƛƴƛŎǎ ŀǊŜ ǳǎǳŀƭƭȅ ƻǇŜƴ ŦǊƻƳ ŀōƻǳǘ у ŀΦƳΦ
ǘƻ ƭŀǘŜ ŀŦǘŜǊƴƻƻƴ ƻƴ ǿŜŜƪŘŀȅǎΣ ƻƴƭȅ ƻǇŜƴ ŦƻǊ ƘŀƭŦ ŀ Řŀȅ ƻƴ {ŀǘǳǊŘŀȅǎΣ ŀƴŘ ŎƭƻǎŜŘ ƻƴ {ǳƴŘŀȅǎ ŀƴŘ ǇǳōƭƛŎ
ƘƻƭƛŘŀȅǎ όaƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘΣ нлнпΤ bŀǘƛƻƴŀƭ ¦ƴƛǾŜǊǎƛǘȅ tƻƭȅŎƭƛƴƛŎǎΣ нлнрύΦ {ƻƳŜ ƎŜƴŜǊŀƭ ǇǊŀŎǘƛǘƛƻƴŜǊ ŎƭƛƴƛŎǎ
ŜȄǘŜƴŘ ǘƻ ǘƘŜ ŜǾŜƴƛƴƎΣ ŀƴŘ ŀ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ŎƭƛƴƛŎǎ ǇǊƻǾƛŘŜ нпπƘƻǳǊ ǎŜǊǾƛŎŜΣ ōǳǘ ǘƘŜǎŜ ƭŀǘŜπƴƛƎƘǘ ǎŜǊǾƛŎŜǎ
ŀǊŜ ǳƴŜǾŜƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƛǎƭŀƴŘΣ ǎƻ Řŀƛƭȅ ƘŜŀƭǘƘ ƴŜŜŘǎ ŀǊŜ Ϧƴƻǘ ǳǊƎŜƴǘ ŜƴƻǳƎƘϦ ŦƻǊ ǘƘŜ
ŜƳŜǊƎŜƴŎȅ ŘŜǇŀǊǘƳŜƴǘ π ǘƻ ŘŜŀƭ ǿƛǘƘ ŎƘǊƻƴƛŎ ŘƛǎŜŀǎŜǎΣ ƳƛƴƻǊ ƛƴƧǳǊƛŜǎΣ ƳŜƴǘŀƭ ŘƛǎǘǊŜǎǎΣ ƻǊ Ƨǳǎǘ ƴŜŜŘ ŀ ǎŀŦŜ
ǇƭŀŎŜ ǘƻ ǊŜǎǘ ŀƴŘ ǊŜŎƻǾŜǊ π ƛǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎƻƭǾŜ ƻǳǘǎƛŘŜ ǘƘŜ ǎǘŀƴŘŀǊŘ ǘƛƳŜ όaƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘΣ нлнпύΦ

¢Ƙƛǎ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ǘƘŜ нпπƘƻǳǊ ǳǊōŀƴ ŜŎƻƴƻƳȅ ŀƴŘ ǘƘŜ ǘƛƳŜπƭƛƳƛǘŜŘ ƘŜŀƭǘƘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ƙŀǎ
ǊŜǎǳƭǘŜŘ ƛƴ ǿƘŀǘ L Ŏŀƭƭ ŀ ǘŜƳǇƻǊŀǊȅ ǎŜǊǾƛŎŜ ŘŜǎŜǊǘΥ ǘƘŜ ǘƛƳŜ ŀƴŘ ǇƭŀŎŜ ǿƘŜǊŜ ǇŜƻǇƭŜ ŀŎǘǳŀƭƭȅ ŜȄƛǎǘ ŀƴŘ ŀǊŜ
ǇƻǘŜƴǘƛŀƭƭȅ ǾǳƭƴŜǊŀōƭŜΣ ōǳǘ ǘƘŜ ŀŎǘǳŀƭ ŀŎŎŜǎǎ ǘƻ ŎŀǊŜ ƛǎ ŜȄǘǊŜƳŜƭȅ ƭƛƳƛǘŜŘΦ wŜƭŜǾŀƴǘ ƛŘŜŀǎ ŀǇǇŜŀǊ ƛƴ ǘƘŜ
ǎǘǳŘȅ ƻŦ ƘŜŀƭǘƘ ŎŀǊŜ ϦŘŜǎŜǊǘϦ ŀƴŘ ǘƛƳŜπǾŀǊȅƛƴƎ ŀŎŎŜǎǎΦ ¢ƘŜ ǎǘǳŘȅ ǎƘƻǿǎ ǘƘŀǘ ŜǾŜƴ ƛŦ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ
ŦŀŎƛƭƛǘƛŜǎ ƻƴ ŀ ǎǘŀǘƛŎ ƳŀǇΣ ǘƘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǿƛƭƭ ŦƭǳŎǘǳŀǘŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴ ŀ Řŀȅ όYƛƳ ŀƴŘ YǿƻƴΣ нлннΤ aŀƻΣ
нлнрΤ ±ƛŀƴŀ Ŝǘ ŀƭΦΣ нлнрΤ ½ŀȊƻπaƻǊŀǘŀƭƭŀ Ŝǘ ŀƭΦΣ нлнпύΦ IŜǊŜΣ L ǳǎŜ ǘƘƛǎ ǿƻǊŘ ǘƻ ŜƳǇƘŀǎƛȊŜ ǘƘŀǘ ǘƘŜǎŜ
ŘŜǎŜǊǘǎ ŎƻƳŜ ƴƻǘ ƻƴƭȅ ŦǊƻƳ ŘƛǎǘŀƴŎŜΣ ōǳǘ ŀƭǎƻ ŦǊƻƳ ƻǇŜƴƛƴƎ ƘƻǳǊǎ ŀƴŘ ƳƻōƛƭƛǘȅΦ LƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǎǘǊŜŜǘ
ŎƻƴŘƛǘƛƻƴǎΦ

¢ǊŀŘƛǘƛƻƴŀƭ ǳǊōŀƴ ƘŜŀƭǘƘ ŀŎŎŜǎǎ ǊŜǎŜŀǊŎƘ ǇǊƻǾƛŘŜǎ ǳǎŜŦǳƭ ǘƻƻƭǎΣ ōǳǘ ƛǘ ŀƭǎƻ Ƙŀǎ ƻōǾƛƻǳǎ ƭƛƳƛǘŀǘƛƻƴǎΦ CƻǊ ŀ
ƭƻƴƎ ǘƛƳŜΣ ŘƛǎǘŀƴŎŜπōŀǎŜŘΣ ƎǊŀǾƛǘȅπōŀǎŜŘ ŀƴŘ ƻƴƭƛƴŜ ǘǊŀǾŜƭ ǘƛƳŜ ƳƻŘŜƭǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǿƘƻ Ŏŀƴ
ǊŜŀŎƘ ŎƭƛƴƛŎǎ ƻǊ ƘƻǎǇƛǘŀƭǎ ǿƛǘƘƛƴ ŀ ŎŜǊǘŀƛƴ ǘƘǊŜǎƘƻƭŘ όaŎDǊŀƛƭΣ нлмнΤ WŀƳǘǎƘƻ Ŝǘ ŀƭΦΣ нлмпύΦ ¢ƘŜȅ ƘŀǾŜ
ƎŜƴŜǊŀǘŜŘ ƛƳǇƻǊǘŀƴǘ ƛƴǎƛƎƘǘǎ ƻƴ ŀ ǊŜƎƛƻƴŀƭ ŀƴŘ ǳǊōŀƴ ǎŎŀƭŜΣ ƛƴŎƭǳŘƛƴƎ {ƛƴƎŀǇƻǊŜϥǎ ǿƻǊƪ ƻƴ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ
ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳπōŀǎŜŘ ǿƻǊƪ ƻƴ ǘƘŜ ǎŜǊǾƛŎŜ ƎŀǇ ƛƴ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŎƭƛƴƛŎǎ ŀƴŘ ǳƴŘŜǊǎŜǊǾŜŘ ƎǊƻǳǇǎ
ό²ƻƴƎ Ŝǘ ŀƭΦΣ нлмнΤ 5ŜōƻǊŀƘ Ŝǘ ŀƭΦΣ нлмуύΦ .ǳǘ ǘƘŜȅ ǳǎǳŀƭƭȅ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ŘŜƳŀƴŘ ƛǎ ǉǳƛǘŜ ǎǘŀōƭŜ ŘǳǊƛƴƎ
ǘƘŜ Řŀȅ ŀƴŘ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ Ŏŀƴ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ƘƻƳƻƎŜƴŜƻǳǎ ǳǎŜǊǎΦ {ǘǊŜŜǘǎ ŀǊŜ ƴŜǳǘǊŀƭ ǇƛǇŜǎΣ ƴƻǘ ǇƭŀŎŜǎ
ǿƘŜǊŜ ŜȄǇŜǊƛŜƴŎŜ ƛǎ ƛƳǇƻǊǘŀƴǘΦ

!ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǘƘŜ ϦнпπƘƻǳǊ ŎƛǘȅϦ ŀƴŘ ǘƘŜ ƴƛƎƘǘ ŜŎƻƴƻƳƛŎ ŀƎŜƴŘŀ ǇǊƻƳƻǘŜ ŀƭƭπǿŜŀǘƘŜǊ ǳǊōŀƴ ǾƛǘŀƭƛǘȅΣ
ǳǎǳŀƭƭȅ ŦƻŎǳǎƛƴƎ ƻƴ ƭŜƛǎǳǊŜ ŀƴŘ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ ŀǊŜŀ ό{ŜƛƧŀǎ Ŝǘ ŀƭΦΣ нлнпΤ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ
CƻǊǳƳΣ нлнпύΦ /ǊƛǘƛŎŀƭ ǊŜǎŜŀǊŎƘ ƻƴ ƴƛƎƘǘ ǳǊōŀƴƛǎƳ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎ ƻŦǘŜƴ ƛƎƴƻǊŜ ǿƻǊƪŜǊǎΣ
ǊŜǎƛŘŜƴǘǎ ŀƴŘ ǾǳƭƴŜǊŀōƭŜ ƎǊƻǳǇǎΣ ǿƘƻ ƭƛǾŜ ŀǘ ƴƛƎƘǘ ƛƴ ǾŜǊȅ ŘƛŦŦŜǊŜƴǘ ŎƻƴŘƛǘƛƻƴǎ όCƻǎǳƘŜƴŜΣ нлнрύΦ 9ǾŜƴ ƛŦ
Ϧнп ƘƻǳǊǎϦ ƛǎ ǳǎŜŘ ŀǎ ŀ ōǊŀƴŘ ǎƭƻƎŀƴΣ ŜȄŎƭǳǎƛƻƴ ŀƴŘ Ǌƛǎƪ Ŏŀƴ ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ƴƛƎƘǘ ǳǊōŀƴ ǎǇŀŎŜΣ
ŀƴŘ ƘŜŀƭǘƘ ǎŜǊǾƛŎŜǎ ŀǊŜ ǊŀǊŜƭȅ ŘŜōŀǘŜŘΦ IŜŀǊǘΦ

wŜŎŜƴǘƭȅΣ ǘƘŜ Ϧ{ƳŀǊǘ /ƛǘȅϦ ŀƴŘ ¦Ǌōŀƴ !ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ tǊƻƎǊŀƳ ǇǊƻƳƛǎŜŘ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜǎŜ ōƭƛƴŘ
ǎǇƻǘǎ ōȅ ǳǎƛƴƎ ƭŀǊƎŜπǎŎŀƭŜ ǊŜŀƭπǘƛƳŜ Řŀǘŀ ǎŜǘǎ όŦǊƻƳ ƳƻōƛƭŜ ǇƘƻƴŜ ǘǊŀŎƪǎ ŀƴŘ ǇƭŀǘŦƻǊƳ ƭƻƎǎ ǘƻ ǎŜƴǎƻǊ
ƴŜǘǿƻǊƪǎύΣ ŀƴŘ ŎƭŀƛƳŜŘ ǘƻ ǇǊƻǾƛŘŜ Ŏƻƴǎǘŀƴǘƭȅ ǳǇŘŀǘŜŘ Ŏƛǘȅ ǾƛŜǿǎ ǘƘŀǘ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǇƭŀƴƴƛƴƎΣ ǎŜŎǳǊƛǘȅ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ƳŜŘƛŎŀƭ ǎŜǊǾƛŎŜ ǇƭŀƴƴƛƴƎ όYƛǘŎƘƛƴΣ нлмпΤ YŀƴŘǘ
ŀƴŘ .ŀǘǘȅΣ нлнмύΦ .ǳǘ ƛƴ ǇǊŀŎǘƛŎŜΣ ǘƘŜȅ ƻŦǘŜƴ ǊŜǇǊƻŘǳŎŜ ŀƴƻǘƘŜǊ ǎŜǘ ƻŦ ōƛŀǎŜǎΥ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǊŜƎǳƭŀǊ
ǇŀǘǘŜǊƴǎ ǎǳŎƘ ŀǎ ŎƻƳƳǳǘƛƴƎ ǘǊŀŦŦƛŎ ƛƴ ǘƘŜ Ƴŀƛƴ ŎƻǊǊƛŘƻǊΣ ǘǊƛǇǎ ǘƻ ƭŀǊƎŜ ǎƘƻǇǇƛƴƎ Ƴŀƭƭǎ ŀƴŘ ŀŎǘƛǾƛǘƛŜǎ ƛƴ
ƻŦŦƛŎƛŀƭƭȅ ŘŜǎƛƎƴŀǘŜŘ ŎŜƴǘŜǊǎ ŀǊŜ ǘƘŜ ŜŀǎƛŜǎǘ ǘƻ ŎŀǇǘǳǊŜ ŀƴŘ ƳƻŘŜƭΣ ǿƘƛƭŜ ƭƻǿπŦǊŜǉǳŜƴŎȅ ōŜƘŀǾƛƻǊǎΣ
ƛƴŦƻǊƳŀƭ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ŀŎǘƛǾƛǘƛŜǎ ǘƘǊƻǳƎƘ ōŀŎƪ ǎǘǊŜŜǘǎ ƻǊ ƎŀǇǎ ƭŜŀǾŜ ¢ƘŜ ǘǊŀŎŜǎ ŀǊŜ ǿŜŀƪŜǊ ŀƴŘ ƳƻǊŜ
ŘƛŦŦƛŎǳƭǘ ǘƻ ŎƭŀǎǎƛŦȅ ό{ƘŜƭǘƻƴ Ŝǘ ŀƭΦΣ нлмрΤ [ŜǎȊŎȊȅƴǎƪƛΣ нлмсύΦ
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CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ƘŜŀƭǘƘ ŜǉǳƛǘȅΣ ǘƘƛǎ ƛǎ ŘƛǎǘǳǊōƛƴƎΣ ōŜŎŀǳǎŜ ǇŜƻǇƭŜ ǿƘƻ ǊŜƭȅ ƻƴ ƻŦŦπǇŜŀƪ ǘƛƳŜΣ
ƛǊǊŜƎǳƭŀǊ ǿƻǊƪ ƻǊ ƳŀǊƎƛƴŀƭ ǎǇŀŎŜ ŀǊŜ ǇǊŜŎƛǎŜƭȅ ǘƘŜ Ƴƻǎǘ Ŝŀǎƛƭȅ ŘƛǎǘƻǊǘŜŘ ƻǊ ƛƎƴƻǊŜŘΤ ƛŦ ǘƘŜ ŀǘǘŜƴǘƛƻƴ ƻŦ ǘƘŜ
ŀƴŀƭȅǎƛǎ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘƛƴƎǎ ǘƘŀǘ ŀǊŜ Ŝŀǎȅ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀƴŘ ǇǊŜŘƛŎǘΣ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘƻǎŜ ǿƘƻ ŀǊŜ ƴƻ ƭƻƴƎŜǊ
ƻōǾƛƻǳǎ ƛƴ ǇƻƭƛŎȅ ŘŜōŀǘŜǎ ǿƛƭƭ ōŜ hƴŜ ǎǘŜǇ ǿŀǎ ǇǳǎƘŜŘ ǘƻ ǘƘŜ ŜŘƎŜ όwƻǳōƛƴ Ŝǘ ŀƭΦΣ нлнрΤ ±ƛŀƴŀ Ŝǘ ŀƭΦΣ нлнрύΦ

!ƭƭ ƻŦ ǘƘŜǎŜ Ǉƻƛƴǘ ǘƻ ǿƘŀǘ L Ŏŀƭƭ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƎŀǇΥ ǘƘŜ ǇŀǘǘŜǊƴ ōŜǘǿŜŜƴ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ŀƴŘ ǎƛƳǳƭŀǘƛƻƴ ƻŦ
ǳǊōŀƴ ƘŜŀƭǘƘ ƴŜŜŘǎ ōȅ ǇƭŀƴƴƛƴƎ ŀƴŘ ŀǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ǎȅǎǘŜƳǎ ŘƻŜǎ ƴƻǘ ƳŀǘŎƘ ǘƘŜ ǇŀǘǘŜǊƴ ǿƛǘƘ ǘƘŜ
ŀŎǘǳŀƭ ǎǘǊŜŜǘ ƭƛŦŜǎǘȅƭŜΦ ¢Ƙƛǎ ƎŀǇ ƛǎ ǘŜƳǇƻǊŀǊȅΣ ōŜŎŀǳǎŜ Řŀǘŀ ŀƴŘ ƳƻŘŜƭǎ ŀǊŜ ǳǎǳŀƭƭȅ ŎŀƭƛōǊŀǘŜŘ ŘǳǊƛƴƎ ǘƘŜ
Řŀȅ ƻǊ ǳƴŘŜǊ ŀǾŜǊŀƎŜ ŎƻƴŘƛǘƛƻƴǎΣ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦǘŜƴ ǇŜŀƪǎ ŀǘ ƴƛƎƘǘΣ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ƻǊ ŘǳǊƛƴƎ ǎƘƛŦǘ
ŎƘŀƴƎŜǎΤ ƛǘ ƛǎ ǎǇŀǘƛŀƭΣ ōŜŎŀǳǎŜ ǘƘŜ Ƴŀƛƴ ǊƻŀŘǎΣ aw¢ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ŀƴŘ ǇƭŀƴƴƛƴƎ ŎŜƴǘŜǊǎ ŀǊŜ ǿŜƭƭ ǊŜŦƭŜŎǘŜŘ
ƛƴ ǘƘŜ ƻŦŦƛŎƛŀƭ Řŀǘŀ ǎŜǘΣ ǿƘƛƭŜ ǎŜŎƻƴŘŀǊȅ ǎǘǊŜŜǘǎΣ ǊŜǎƛŘŜƴŎŜǎ !ŎŎŜǎǎΣ ƛƴŦƻǊƳŀƭ ǎƘƻǊǘŎǳǘǎ ŀƴŘ ǘǊŀƴǎƛǘƛƻƴ
ǎǇŀŎŜǎ ōŜǘǿŜŜƴ IƻǳǎƛƴƎ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ .ǳǊŜŀǳ όI5.ύ ōƭƻŎƪǎ ŀǊŜ ƴƻǘ ǿŜƭƭ ŎŀǇǘǳǊŜŘ ƻǊ ƎŜƴŜǊŀƭƛȊŜŘΤ
ǘƘƛǎ ƛǎ ŜƳǇƛǊƛŎŀƭ ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ ŦŜǿ ƛƴŘƛŎŀǘƻǊǎ ŀǾŀƛƭŀōƭŜΦ

¢ƘŜ ǊŜǎǘ ƻŦ ǘƘƛǎ ŀǊǘƛŎƭŜ ƛǎ ǎǘǊǳŎǘǳǊŜŘ ŀǎ ŦƻƭƭƻǿǎΦ {ŜŎǘƛƻƴ н ǇƭŀŎŜǎ ǘƘƛǎ ǎǘǳŘȅ ƛƴ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ƘŜŀƭǘƘȅ
ŎƻƳƳǳƴƛǘƛŜǎΣ ǘƛƳŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀƴŘ ǎǘǊŜŜǘπƭŜǾŜƭ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴΦ {ŜŎǘƛƻƴ о ŘŜǎŎǊƛōŜǎ {ƛƴƎŀǇƻǊŜ ŎŀǎŜǎΣ
ƳǳƭǘƛπƳƻŘŜƭ Řŀǘŀ ǎŜǘǎΣ ŀƴŘ ƎǊŀǇƘ ƭŜŀǊƴƛƴƎ ŦǊŀƳŜǿƻǊƪǎ ǳǎŜŘ ǘƻ ǘǊŀƴǎŦƻǊƳ ǎǘǊŜŜǘπƭŜǾŜƭ ǇŜǊŎŜǇǘƛƻƴǎ ƛƴǘƻ
ǇƭŀƴƴƛƴƎ ƛƴǘŜƭƭƛƎŜƴŎŜΦ {ŜŎǘƛƻƴ п ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŜƳǇƛǊƛŎŀƭ ŀƴŀƭȅǎƛǎΦ {ŜŎǘƛƻƴ р ŘƛǎŎǳǎǎŜǎ Ƙƻǿ ǘƘŜǎŜ
ŦƛƴŘƛƴƎǎ Ŏŀƴ ƘŜƭǇ ǊŜǘƘƛƴƪ ƘŜŀƭǘƘȅ ŎƻƳƳǳƴƛǘȅ ǇƭŀƴƴƛƴƎ ƛƴ нпπƘƻǳǊ ǳǊōŀƴ ŎƻƴŘƛǘƛƻƴǎΦ {ŜŎǘƛƻƴ с ǎǳƳƳŀǊƛȊŜǎ
ǘƘŜ Ƴŀƛƴ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŀƴŘ ŦǳǘǳǊŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘƛǎ ǎǘǳŘȅΦ

¢ƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ ƛǎ ŀ ǎƛƳǇƭŜ ƻōǎŜǊǾŀǘƛƻƴΣ ǘƘŀǘ ƛǎΣ ƛƴ {ƛƴƎŀǇƻǊŜΣ ǘƘŜ aw¢ ǎǘŀǘƛƻƴ ŀŎǘǎ ŀǎ ŀƴ ϦŀƴŎƘƻǊϦ ƻŦ
Řŀƛƭȅ ƭƛŦŜΦ LŦ ǿŜ ǿŀƴǘ ǘƻ ƪƴƻǿ ǿƘŜǊŜ ǿŜ Ŏŀƴ ƎŜǘ ƘŜŀƭǘƘ ǎǳǇǇƻǊǘ ƻƴ ŦƻƻǘΣ ƛǘ ƛǎ ƴŀǘǳǊŀƭ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǘƛǎǎǳŜ
ŀǊƻǳƴŘ ǘƘŜǎŜ ŀƴŎƘƻǊ ǇƻƛƴǘǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀǊƻǳƴŘ ŀƴȅ ƎǊƛŘΦ ¢ƘŜǊŜŦƻǊŜΣ ǿŜ ƘŀǾŜ ǎŜƭŜŎǘŜŘ рн aw¢ ǎǘŀǘƛƻƴǎ ƛƴ
ƳŀƛƴƭŀƴŘ {ƛƴƎŀǇƻǊŜ ǘƘŀǘ ƘŀǾŜ ŜƴƻǳƎƘ ƘŜŀƭǘƘπǊŜƭŀǘŜŘ Ǉƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ όǇƻƛύ ŀƴŘ ǎǘǊŜŜǘ ǎŎŜƴŜ ƛƳŀƎŜǎΦ ¢Ƙƛǎ
ǎŜǘ ŎƻǾŜǊǎ ǘƘŜ ŎŜƴǘǊŀƭ ōǳǎƛƴŜǎǎ ŘƛǎǘǊƛŎǘ ŀƴŘ ǘƘŜ ƴƛƎƘǘ ŜŎƻƴƻƳƛŎ ȊƻƴŜΣ ƳŀǘǳǊŜ ŀƴŘ ƴŜǿ ƎǊƻǳǇ ƘƻǳǎŜ ǘƻǿƴǎΣ
ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƻǊ ƭƻƎƛǎǘƛŎǎ ŎƻǊǊƛŘƻǊǎ ƻƴ ǘƘŜ ŜŘƎŜ ƻŦ ǘƘŜ ŎƛǘȅΦ

!ǊƻǳƴŘ ŜŀŎƘ ǎǘŀǘƛƻƴΣ ǿŜ ƘŀǾŜ ŘŜŦƛƴŜŘ ŀƴ уллπƳŜǘŜǊ ǿŀƭƪƛƴƎ ǿŀǘŜǊ ƎŀǘƘŜǊƛƴƎ ŀǊŜŀΣ ǿƘƛŎƘ ƛǎ ǊƻǳƎƘƭȅ
ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀ млπƳƛƴǳǘŜ ǿŀƭƪ ŦƻǊ Ƴƻǎǘ ŀŘǳƭǘǎΦ ²ƘŜƴ ǘƘŜ ōǳŦŦŜǊ ȊƻƴŜ ƻǾŜǊƭŀǇǎΣ ŜŀŎƘ ǎǘǊŜŜǘ ƴƻŘŜ ƛǎ ǘƘŜƴ
ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ ƴŜŀǊŜǎǘ ǎƛǘŜΤ ǘƘŜǊŜŦƻǊŜΣ ǘƘŜ ǎƛǘŜ ŎƻƭƭŜŎǘƛƻƴ ŀǊŜŀ ōŜŎƻƳŜǎ ǘƘŜ ōŀǎƛŎ ŀǊŜŀ ŦƻǊ ŘŜǎŎǊƛǇǘƛǾŜ
ƳŀǇǇƛƴƎ ŀƴŘ ŘƛǾƛŘƛƴƎ Řŀǘŀ ƛƴǘƻ ǘǊŀƛƴƛƴƎΣ ǾŜǊƛŦƛŎŀǘƛƻƴ ŀƴŘ ǘŜǎǘ ŦƻƭŘƛƴƎΦ Lƴ ǘƘŜ ǳƴƛƻƴ ƻŦ ŀƭƭ ǘƘŜ ǿŀǘŜǊ
ŎƻƭƭŜŎǘƛƻƴ ŀǊŜŀǎΣ ǿŜ ƴŀǊǊƻǿŜŘ ƛǘ Řƻǿƴ ǘƻ ŀ ǎŎŀƭŜ ǎǳƛǘŀōƭŜ ŦƻǊ ǿŀƭƪƛƴƎΦ ¦ǎƛƴƎ ǘƘŜ ǇŜŘŜǎǘǊƛŀƴ ǎǘǊŜŜǘ ƴŜǘǿƻǊƪΣ
ŜȄŎƭǳŘƛƴƎ ƘƛƎƘǿŀȅǎ ŀƴŘ ƴƻƴπǿŀƭƪƛƴƎ ƭƛƴŜǎΣ ǿŜ ǊŜƎǳƭŀǊƭȅ ǎŀƳǇƭŜ Ǉƻƛƴǘǎ ŀƭƻƴƎ ŀƭƭ ǇŜŘŜǎǘǊƛŀƴ ǎŜŎǘƛƻƴǎΦ 9ŀŎƘ
ǎŀƳǇƭŜ ƛǎ ŀ ǎǘǊŜŜǘ ƴƻŘŜΥ ŀ ǇƻǘŜƴǘƛŀƭ ƭƻŎŀǘƛƻƴ ǿƘŜǊŜ ŀ ǇŜǊǎƻƴ Ƴŀȅ ǿŀƭƪΣ ǿŀƛǘ ƻǊ ŘŜŎƛŘŜ ǿƘŜǘƘŜǊ ǘƻ
ŎƻƴǘƛƴǳŜΦ Lƴ ǘƘŜ Ŧƛƴŀƭ Řŀǘŀ ǎŜǘΣ ǘƘŜǊŜ ŀǊŜ ŀōƻǳǘ фтΣллл ǎǳŎƘ ƴƻŘŜǎΦ

¢ƘŜǎŜ ǎǘǊŜŜǘ ƴƻŘŜǎ ŀǊŜ ǘƘŜ ōŀǎƛŎ ǎǇŀǘƛŀƭ ǳƴƛǘǎ ƻŦ ǎǳōǎŜǉǳŜƴǘ ƳƻŘŜƭƛƴƎΦ 9ŀŎƘ ƴƻŘŜ ŎŀǊǊƛŜǎ ŀǘǘǊƛōǳǘŜǎ ŦǊƻƳ
ƴŜŀǊōȅ ŦŀŎƛƭƛǘƛŜǎΣ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎ ŀƴŘ ǎƛƳǇƭŜ ƎŜƻƳŜǘǊƛŎ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ŀƴŘ ŜŀŎƘ ƴƻŘŜ ōŜŎƻƳŜǎ ŀ
ǾŜǊǘŜȄ ƛƴ ǘƘŜ ŘƛŀƎǊŀƳ ƻŦ {ǘǊŜŜǘ/[LtπDbb ǘǊŀƛƴƛƴƎΦ
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CƛƎΦ м {ǘǳŘȅ ŀǊŜŀ ŀǊƻǳƴŘ рн aw¢ ǎǘŀǘƛƻƴǎ ƛƴ {ƛƴƎŀǇƻǊŜ ŀƴŘ ǎŀƳǇƭŜŘ ǎǘǊŜŜǘ ǎŜƎƳŜƴǘǎ ǿƛǘƘƛƴ улл Ƴ ŎŀǘŎƘƳŜƴǘǎΦ

¢ƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ϦŀƭƭπǿŜŀǘƘŜǊ ƘŜŀƭǘƘȅ ǎǘǊŜŜǘϦΣ ǘƘǊŜŜ ŜƭŜƳŜƴǘǎ ŀǊŜ ƴŜŜŘŜŘΥ ǿƘŀǘ ƪƛƴŘ ƻŦ ƘŜŀƭǘƘπǊŜƭŀǘŜŘ
ŦŀŎƛƭƛǘƛŜǎ ŜȄƛǎǘΣ ǿƘŀǘ ǘƘŜ ǎǘǊŜŜǘ ŜƴǾƛǊƻƴƳŜƴǘ ƭƻƻƪǎ ƭƛƪŜΣ ŀƴŘ ǿƘŜƴ ŘƛŦŦŜǊŜƴǘ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜΦ

IŜŀƭǘƘπǊŜƭŀǘŜŘ ŀŎǘƛƻƴ Ǉƭŀƴǎ ŀǊŜ ōŀǎŜŘ ƻƴ ƻŦŦƛŎƛŀƭ ŀƴŘ ǇǳōƭƛŎ ǎƻǳǊŎŜǎ ƻŦ ŘŀǘŀΦ ¢ƘŜȅ ƛƴŎƭǳŘŜΣ ƻƴ ǘƘŜ ƻƴŜ
ƘŀƴŘΣ ŎƻǊŜ ƘŜŀƭǘƘ ŦŀŎƛƭƛǘƛŜǎ ǎǳŎƘ ŀǎ ƘƻǎǇƛǘŀƭǎΣ ƎŜƴŜǊŀƭ ŎƭƛƴƛŎǎΣ нпπƘƻǳǊ ŎƭƛƴƛŎǎ ŀƴŘ ŜƳŜǊƎŜƴŎȅ ŘŜǇŀǊǘƳŜƴǘǎΣ
ŀƴŘ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƘŜŀƭǘƘ ǎǳǇǇƻǊǘ ŦŀŎƛƭƛǘƛŜǎ ǎǳŎƘ ŀǎ ƎŜƴŜǊŀƭ ǇǊŀŎǘƛǘƛƻƴŜǊ ŎƭƛƴƛŎǎΣ ǇƘŀǊƳŀŎƛŜǎΣ ǎǇƻǊǘǎ
ŎŜƴǘǊŜǎ ŀƴŘ ƎȅƳǎΣ ŎƻƳƳǳƴƛǘȅ ŎƭǳōǎΣ ǇŀǊƪǎ ŀƴŘ ƎǊŜŜƴ ŎƻǊǊƛŘƻǊǎΦ CƻǊ ŜŀŎƘ thLΣ ǿŜ ƪŜŜǇ ǳƴƛǉǳŜ ƛŘŜƴǘƛŦƛŜǊǎΣ
ŦǳƴŎǘƛƻƴŀƭ ŎŀǘŜƎƻǊƛŜǎΣ ƎŜƻƎǊŀǇƘƛŎŀƭ ŎƻƻǊŘƛƴŀǘŜǎ ŀƴŘ ǘƘŜ ƴŜŀǊŜǎǘ aw¢ ǎǘŀǘƛƻƴ ƛŘŜƴǘƛŦƛŜǊΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ǳǎ ǘƻ
ŘŜǊƛǾŜ Ƙƻǿ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŦŀŎƛƭƛǘƛŜǎ Ŏŀƴ ōŜ ǊŜŀŎƘŜŘ ǿƛǘƘƛƴ ŀ ƎƛǾŜƴ ŘƛǎǘŀƴŎŜ ŦƻǊ ŜŀŎƘ ǎǘǊŜŜǘ ƴƻŘŜ
ŀƴŘ ǿƘƛŎƘ ǇŀǊǘǎ ƻŦ ǘƘŜ ǇŜŘŜǎǘǊƛŀƴ ƴŜǘǿƻǊƪ ŀǊŜ ŀƭƻƴƎΦ

LŦ ǘƘŜ ŦŀŎƛƭƛǘȅ ǘŜƭƭǎ ǳǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ŎŀǊŜΣ ǘƘŜ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜ ǘŜƭƭǎ ǳǎ Ƙƻǿ ǘƘŜ ŎŀǊŜ ƛǎ ŜƳōŜŘŘŜŘ ƛƴ
ǘƘŜ Řŀƛƭȅ ŜƴǾƛǊƻƴƳŜƴǘΦ ²Ŝ ƻōǘŀƛƴ ƛƳŀƎŜǎ ŦǊƻƳ aŀǇƛƭƭŀǊȅΣ ŀ ǎǘǊŜŜǘπƭŜǾŜƭ ƛƳŀƎŜ ŎǊƻǿŘǎƻǳǊŎƛƴƎ ǇƭŀǘŦƻǊƳ
ŎƻǾŜǊƛƴƎ ǘƘŜ ǿƻǊƭŘΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ǿƛŘŜƭȅ ǳǎŜŘ ƛƴ ǳǊōŀƴ ƳŀǇǇƛƴƎ ŀƴŘ ŎƻƳǇǳǘŜǊ Ǿƛǎƛƻƴ Ƴƛǎǎƛƻƴǎ
όaŀǇƛƭƭŀǊȅΣ нлнпύΦ CƻǊ ŜŀŎƘ ǎǘǊŜŜǘ ƴƻŘŜΣ ǿŜ ǎŜŀǊŎƘ ŦƻǊ ƛƳŀƎŜǎ ǿƛǘƘƛƴ ŀ ŦƛȄŜŘ ǊŀŘƛǳǎ ŀƴŘ ƪŜŜǇ ŀ ǎƳŀƭƭ
ƴǳƳōŜǊ ƻŦ ǊŜŎŜƴǘ ƛƳŀƎŜǎΦ 9ŀŎƘ ƛƳŀƎŜ ƛǎ ǇǊƻŎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ ƻǇŜƴ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ /[LtΣ ǿƘƛŎƘ ƭŜŀǊƴǎ
ǘƘŜ Ƨƻƛƴǘ ŜƳōŜŘŘƛƴƎ ƻŦ ƛƳŀƎŜǎ ŀƴŘ ǎƘƻǊǘ ǘŜȄǘ ǇǊƻƳǇǘǎ ōȅ ǇǊŜŘƛŎǘƛƴƎ ǿƘƛŎƘ ǘƛǘƭŜ ƳŀǘŎƘŜǎ ǿƘƛŎƘ ƛƳŀƎŜ
όwŀŘŦƻǊŘ Ŝǘ ŀƭΦΣ нлнмύΦ LƴǎǘŜŀŘ ƻŦ ŜƳōŜŘŘƛƴƎ ǘƘŜ ƻǊƛƎƛƴŀƭ ŀǎ ŀ ōƭŀŎƪ ōƻȄΣ ǿŜ ǳǎŜŘ ŀ ŎƻƳǇŀŎǘ ǎŜǘ ƻŦ ƘŜŀƭǘƘπ
ǊŜƭŀǘŜŘ ǘŜȄǘ ŘŜǎŎǊƛǇǘƛƻƴǎ ǘƻ ǉǳŜǊȅ ǘƘŜ ƳƻŘŜƭΣ ǎǳŎƘ ŀǎ ϦǎƳŀƭƭ ŎƻƳƳǳƴƛǘȅ ŎƭƛƴƛŎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊϦΣ Ϧŀ
ǾƛōǊŀƴǘ ŎƻƳƳǳƴƛǘȅ ǇŀǊƪ ǿƘŜǊŜ ǇŜƻǇƭŜ ŜȄŜǊŎƛǎŜϦΣ ϦǿŜƭƭπƭƛǘ ŎƻƳƳŜǊŎƛŀƭ ǎǘǊŜŜǘ ŀǘ ƴƛƎƘǘϦ ƻǊ Ϧŀ ŘŀǊƪΣ ŜƳǇǘȅΣ
ƴƻ LƴŘǳǎǘǊƛŀƭ ǎǘǊŜŜǘ ǿƛǘƘ ǇŜŘŜǎǘǊƛŀƴǎϦΦ CƻǊ ŜŀŎƘ ǇǊƻƳǇǘ ƛƳŀƎŜ ǇŀƛǊΣ /[Lt ǊŜǘǳǊƴǎ ŀ ǎƛƳƛƭŀǊƛǘȅ ǎŎƻǊŜΤ ŀ ƭƻǿπ
ŘƛƳŜƴǎƛƻƴŀƭ ǎŜƳŀƴǘƛŎ ǾŜŎǘƻǊ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ōȅ ŀǾŜǊŀƎƛƴƎ ǘƘŜ ŀǾŀƛƭŀōƭŜ ƛƳŀƎŜǎ ƻŦ ŜŀŎƘ ƴƻŘŜΣ ǿƘƛŎƘ
ŘŜǎŎǊƛōŜǎ ǘƘŜ ǘȅǇŜ ƻŦ ǎǘǊŜŜǘ ϦǎŜŜƴϦ ōȅ ǘƘŜ ƳƻŘŜƭΦ Lƴ ǘƘŜ Ŧƛƴŀƭ ŦŜŀǘǳǊŜ ǎŜǘΣ ŜŀŎƘ ƴƻŘŜ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘƛǎ
/[LtπōŀǎŜŘ мсπŘƛƳŜƴǎƛƻƴŀƭ ǎŜƳŀƴǘƛŎ ǾŜŎǘƻǊΣ ŀƴŘ ǿƛǘƘ ŀ ǎŎŀƭŀǊ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ǘƘŀǘ ǎǳƳƳŀǊƛǎŜǎ ƎǊŜŜƴŜǊΣ
ōŜǘǘŜǊπƭƛǘ ŀƴŘ ƳƻǊŜ ǇŜŘŜǎǘǊƛŀƴπŦǊƛŜƴŘƭȅ ǎŎŜƴŜǎ ƛƴǘƻ ŀ ǎƛƴƎƭŜ ǾŀƭǳŜ ōŜǘǿŜŜƴ л ŀƴŘ мΦ

¢ƘŜ ǘƘƛǊŘ Řŀǘŀ ƭŀȅŜǊ ƛǎ ǘƛƳŜΦ LƴǎǘŜŀŘ ƻŦ ǘǊȅƛƴƎ ǘƻ ƳƻŘŜƭ ǘƘŜ Ŧǳƭƭ ƘƻǳǊǎΣ ǿŜ ŘƛǾƛŘŜŘ ǘƘŜ Řŀȅ ƛƴǘƻ ǘǿƻ ǊƻǳƎƘ
ōǳǘ ǇƻƭƛŎȅπǊŜƭŀǘŜŘ ǇŀǊǘǎΥ ŀ Řŀȅ ǇŜǊƛƻŘ ŦǊƻƳ млΥлл ǘƻ муΥллΣ ƛƴŎƭǳŘƛƴƎ ǘȅǇƛŎŀƭ ŎƭƛƴƛŎ ƻǇŜƴƛƴƎ ƘƻǳǊǎΣ ǎŎƘƻƻƭ
ŀƴŘ ǿƻǊƪ ǊƻǳǘƛƴŜǎΣ ŀƴŘ Ƴƻǎǘ ŘŀȅǘƛƳŜ ŜǊǊŀƴŘǎΤ ǘƘŜ ŜǾŜƴƛƴƎ ǇŜǊƛƻŘ ŦǊƻƳ ннΥлл ǘƻ лсΥлл лΣ ōǊƻŀŘŎŀǎǘ ƭŀǘŜπ
ƴƛƎƘǘ ǿƻǊƪΣ ŜƳŜǊƎŜƴŎȅ ŜǾŜƴǘǎ ŀƴŘ ŜŀǊƭȅ ƳƻǊƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎΦ CƻǊ ŜŀŎƘ thL ŎŀǘŜƎƻǊȅΣ ǿŜ ǎǇŜŎƛŦȅ ǿƘƛŎƘ ǎƭƻǘǎ
ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ŀǾŀƛƭŀōƭŜΦ IƻǎǇƛǘŀƭǎΣ ŜƳŜǊƎŜƴŎȅ ŘŜǇŀǊǘƳŜƴǘǎ ŀƴŘ нпπƘƻǳǊ ŎƭƛƴƛŎǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ōƻǘƘΤ
Ƴƻǎǘ ƎŜƴŜǊŀƭ ǇǊŀŎǘƛǘƛƻƴŜǊ ŎƭƛƴƛŎǎ ŀƴŘ ƎŜƴŜǊŀƭ ŎƭƛƴƛŎǎ ƻŦŦŜǊ ŘŀȅǘƛƳŜ ƘƻǳǊǎ ƻƴƭȅΤ ŀƴŘ Ƴŀƴȅ ŎƻƳƳǳƴƛǘȅ ŀƴŘ
ǎǇƻǊǘǎ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ Řŀȅ ƻǊ ŜǾŜƴƛƴƎ ǳǎŜ ǊŀǘƘŜǊ ǘƘŀƴ ŀƭƭπƴƛƎƘǘ ǎǳǇǇƻǊǘΦ ¢ƘŜǎŜ ǊǳƭŜǎ ŀƭƭƻǿ ǳǎ ǘƻ
ŘŜŦƛƴŜ ŀ ǎƛƳǇƭŜ ōǳǘ ǘǊŀƴǎǇŀǊŜƴǘ Řŀȅ ŀƴŘ ƴƛƎƘǘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘŜȄ ŦƻǊ ŜŀŎƘ ǎǘǊŜŜǘ ƴƻŘŜ ƛƴ ǘƘŜ ƴŜȄǘ ǎǘŜǇΦ
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CƛƎΦ н 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ /[LtπōŀǎŜŘ ǎŜƳŀƴǘƛŎ ƭŀōŜƭ ǎŎƻǊŜǎ ŀŎǊƻǎǎ ŀƭƭ ǎŀƳǇƭŜŘ ǎǘǊŜŜǘ ǎŜƎƳŜƴǘǎ όǘƻǇ ǘǿŜƭǾŜ ƭŀōŜƭǎύΦ

¢ƘŜ ŎƻǊŜ ƳƻŘŜƭƭƛƴƎ ǘŀǎƪ ƛǎ ǘƻ ƭŜŀǊƴ Ƙƻǿ Řŀȅπ ŀƴŘ ƴƛƎƘǘπǘƛƳŜ ƘŜŀƭǘƘπǎǳǇǇƻǊǘƛƴƎ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǾŀǊȅ ŀŎǊƻǎǎ
ǘƘŜ ǎǘǊŜŜǘ ƴŜǘǿƻǊƪ ŀƴŘ Ƙƻǿ ǘƘŜȅ ǊŜƭŀǘŜ ǘƻ ŦŀŎƛƭƛǘƛŜǎΣ ǎǘǊŜŜǘ ǎŜƳŀƴǘƛŎǎ ŀƴŘ ǎǇŀǘƛŀƭ ŎƻƴǘŜȄǘΦ ²Ŝ ŀǇǇǊƻŀŎƘ
ǘƘƛǎ ƛƴ ǘǿƻ ǎǘŜǇǎΥ ŦƛǊǎǘ ōȅ ŘŜŦƛƴƛƴƎ ǇǎŜǳŘƻπŀŎŎŜǎǎƛōƛƭƛǘȅ ƭŀōŜƭǎ ŦǊƻƳ ǘƘŜ thL ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜƴ ōȅ
ǘǊŀƛƴƛƴƎ ŀ ƎǊŀǇƘ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ ŀƴŘ ǊŜŦƛƴŜ ǘƘŜǎŜ ƭŀōŜƭǎ ŦǊƻƳ ƳǳƭǘƛƳƻŘŀƭ ƴƻŘŜ ŦŜŀǘǳǊŜǎΦ

нΦоΦм bƻŘŜπƭŜǾŜƭ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǇǎŜǳŘƻπƭŀōŜƭǎ
CƻǊ ŜŀŎƘ ǎǘǊŜŜǘ ƴƻŘŜ ὭΣ ǿŜ ŘŜŦƛƴŜ ŀ Ŏƻƴǘƛƴǳƻǳǎ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘŜȄ ὃὭ

ὸ ŦƻǊ ŜŀŎƘ ǘƛƳŜ ǎƭƻǘ ὸ ᶰ ŘŀȅȟƴƛƎƘǘ Φ
LƴǘǳƛǘƛǾŜƭȅΣ ὃὭ

ὸ ǎƘƻǳƭŘ ōŜ ƘƛƎƘŜǊ ǿƘŜƴ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǊŜƭŜǾŀƴǘ ŦŀŎƛƭƛǘƛŜǎ ƴŜŀǊōȅ ǘƘŀǘ ŀǊŜ ƻǇŜƴ ƛƴ ǎƭƻǘ ὸ Σ
ŀƴŘ ƭƻǿŜǊ ǿƘŜƴ ǎǳŎƘ ŦŀŎƛƭƛǘƛŜǎ ŀǊŜ ǎǇŀǊǎŜ ƻǊ ŘƛǎǘŀƴǘΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ŎƭŀǎǎƛŎ ƎǊŀǾƛǘȅπǎǘȅƭŜ ŦƻǊƳǳƭŀǘƛƻƴǎ ƻŦ
IŀƴǎŜƴ ŀƴŘ ƭŀǘŜǊ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǿƻǊƪΣ ǿŜ ǳǎŜ ŀƴ ŜȄǇƻƴŜƴǘƛŀƭ ŘƛǎǘŀƴŎŜπŘŜŎŀȅ ƪŜǊƴŜƭ όIŀƴǎŜƴΣ мфрфΤ DŜǳǊǎ ϧ
Ǿŀƴ ²ŜŜΣ нллпύΦ ! ǎƛƳǇƭŜ ŦƻǊƳ ƛǎ

ὃὭ
ὸ

Ὦᶰꞈ ὸ

ύὮ
ὸ ÅØÐ

ὨὭὮ

‍
ȟ

ǿƘŜǊŜ ꞈ ὸ ƛǎ ǘƘŜ ǎŜǘ ƻŦ ƘŜŀƭǘƘπǊŜƭŀǘŜŘ thLǎ ŎƻƴǎƛŘŜǊŜŘ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƛƳŜ ǎƭƻǘ ὸΣ ὨὭὮ ƛǎ ǘƘŜ ƴŜǘǿƻǊƪ ŘƛǎǘŀƴŎŜ
ōŜǘǿŜŜƴ ǎǘǊŜŜǘ ƴƻŘŜ ὭŀƴŘ ŦŀŎƛƭƛǘȅ ὮΣ ‍ ƛǎ ŀ ŘƛǎǘŀƴŎŜπŘŜŎŀȅ ǇŀǊŀƳŜǘŜǊ ǘƘŀǘ ŎƻƴǘǊƻƭǎ Ƙƻǿ ǉǳƛŎƪƭȅ ƛƴŦƭǳŜƴŎŜ
ŦŀŘŜǎ ǿƛǘƘ ŘƛǎǘŀƴŎŜΣ ŀƴŘ ύὮ

ὸ ƛǎ ŀ ǘƛƳŜπŘŜǇŜƴŘŜƴǘ ǎŜǊǾƛŎŜ ǿŜƛƎƘǘ ǘƘŀǘ ǊŜŦƭŜŎǘǎ ōƻǘƘ ŦŀŎƛƭƛǘȅ ǘȅǇŜ ŀƴŘ
ƻǇŜƴƛƴƎ ƘƻǳǊǎ όŦƻǊ ŜȄŀƳǇƭŜΣ ŀ нпπƘƻǳǊ ŎƭƛƴƛŎ Ƴŀȅ ŎŀǊǊȅ ŀ ƘƛƎƘŜǊ ǿŜƛƎƘǘ ŀǘ ƴƛƎƘǘ ǘƘŀƴ ŀ ŘŀȅǘƛƳŜπƻƴƭȅ Dt
ŎƭƛƴƛŎύΦ ¢ƘŜ ƛƴŘƛŎŜǎ ὃὭ

Řŀȅ ŀƴŘ ὃὭ
ƴƛƎƘǘ ǘƘǳǎ ǎŜǊǾŜ ŀǎ ǇǎŜǳŘƻπƭŀōŜƭǎΥ ǘƘŜȅ Řƻ ƴƻǘ ŎƻƳŜ ŦǊƻƳ ƻōǎŜǊǾŜŘ ǇŀǘƛŜƴǘ

ŦƭƻǿǎΣ ōǳǘ ŦǊƻƳ ŀ ǘǊŀƴǎǇŀǊŜƴǘ ǊǳƭŜ ǘƘŀǘ ŎŀǇǘǳǊŜǎ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ƘŜŀƭǘƘ ǎǳǇǇƻǊǘ ŦƻǊ ŜŀŎƘ
ǎǘǊŜŜǘ ƴƻŘŜΦ
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CƛƎΦ о 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǇǎŜǳŘƻπŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘƛŎŜǎ ŦƻǊ Řŀȅ ŀƴŘ ƴƛƎƘǘ ǘƛƳŜ ǎƭƻǘǎ ŀŎǊƻǎǎ ŀƭƭ ǎǘǊŜŜǘ ƴƻŘŜǎΦ

нΦоΦн LƴǇǳǘ ŦŜŀǘǳǊŜǎ ŦǊƻƳ ŦŀŎƛƭƛǘƛŜǎΣ ƎŜƻƳŜǘǊȅ ŀƴŘ ǎŜƳŀƴǘƛŎǎ
CƻǊ ŜŀŎƘ ǎǘǊŜŜǘ ƴƻŘŜ Ὥ Σ ǘƘŜ ƳƻŘŜƭ ǳǎŜǎ ŀ ŦŜŀǘǳǊŜ ǾŜŎǘƻǊ ǘƘŀǘ ŎƻƳōƛƴŜǎ ǘƘǊŜŜ ǎƻǳǊŎŜǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΥ
ƘŜŀƭǘƘπǊŜƭŀǘŜŘ ŦŀŎƛƭƛǘƛŜǎΣ ōŀǎƛŎ ƎŜƻƳŜǘǊȅ ŀƴŘ ǎǘǊŜŜǘπƭŜǾŜƭ ǎŜƳŀƴǘƛŎǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ƛƳŀƎŜǎΦ

ὀὭ ὩὭ
thLȟ ἯὭȟ ἫὭȟ ὴὭ Ȣ

¢ƘŜ ŦŜŀǘǳǊŜ ǾŜŎǘƻǊ ὼὭŎƻƴŎŀǘŜƴŀǘŜǎΥ όмύ Ŏƻǳƴǘǎ ƻŦ ƴŜŀǊōȅ thLǎ ōȅ ŎŀǘŜƎƻǊȅ ὩὭ
thL όƘƻǎǇƛǘŀƭǎΣ ǇƻƭȅŎƭƛƴƛŎǎΣ Dt

ŎƭƛƴƛŎǎΣ ǇƘŀǊƳŀŎƛŜǎΣ ǇŀǊƪǎΣ ŦƛǘƴŜǎǎ ǘǊŀƛƭǎΣ ŜǘŎΦύΤ όнύ ǎƛƳǇƭŜ ƎŜƻƳŜǘǊƛŎ ŀǘǘǊƛōǳǘŜǎ ὫὭ ǎǳŎƘ ŀǎ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ
ƴŜŀǊŜǎǘ aw¢ ǎǘŀǘƛƻƴ ŀƴŘ ŀ ƭƻŎŀƭ ŘŜƴǎƛǘȅ ƛƴŘƛŎŀǘƻǊΤ ŀƴŘ όоύ ǎŜƳŀƴǘƛŎ ŦŜŀǘǳǊŜǎ ὧὭ ŘŜǊƛǾŜŘ ŦǊƻƳ /[Lt
ǎƛƳƛƭŀǊƛǘƛŜǎ ōŜǘǿŜŜƴ ǎǘǊŜŜǘπǾƛŜǿ ƛƳŀƎŜǎ ŀƴŘ ŎǳǊŀǘŜŘ ǘŜȄǘǳŀƭ ƭŀōŜƭǎΣ ǊŜŘǳŎŜŘ ǘƻ ŀ ƭƻǿπŘƛƳŜƴǎƛƻƴŀƭ
ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΦ

Lƴ ŀŘŘƛǘƛƻƴΣ ǿŜ ŎƻƴǎǘǊǳŎǘ ŀ ǎŎŀƭŀǊ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ὴὭ ᶰ πȟρ ǘƘŀǘ ǎǳƳƳŀǊƛǎŜǎ Ƙƻǿ ŦŀǾƻǳǊŀōƭŜ ǘƘŜ ǎǘǊŜŜǘ
ŜƴǾƛǊƻƴƳŜƴǘ ƛǎΣ ōŀƭŀƴŎƛƴƎ άǎǳǇǇƻǊǘƛǾŜέ ƭŀōŜƭǎ όƎǊŜŜƴΣ ǎƘŀŘŜŘΣ ǿŀƭƪŀōƭŜ ǎǘǊŜŜǘǎΣ ǇŀǊƪǎΣ ŎƻƳƳǳƴƛǘȅ ŎƭƛƴƛŎǎύ
ŀƎŀƛƴǎǘ άƘƻǎǘƛƭŜέ ƻƴŜǎ όƘŜŀǘπƛǎƭŀƴŘ ǎǘǊŜŜǘǎΣ ƘŜŀǾȅπǘǊŀŦŦƛŎ ǊƻŀŘǎΣ ǇƻƻǊƭȅ ƭƛǘ ǿŀƭƪǿŀȅǎ ŀǘ ƴƛƎƘǘύΦ Lƴ ǘƘŜ
ŜȄǘŜƴŘŜŘ ƳƻŘŜƭ ǳǎŜŘ ƛƴ ǘƘƛǎ ǇŀǇŜǊΣ ὴὭ ƛǎ ŀǇǇŜƴŘŜŘ ǘƻ ǘƘŜ ŦŜŀǘǳǊŜ ǾŜŎǘƻǊ ƛƴ 9ǉΦ όнύΣ ŀƭƭƻǿƛƴƎ {ǘǊŜŜǘ/[Ltπ
Dbb ǘƻ ƭŜŀǊƴ Ƙƻǿ ǇŜǊŎŜƛǾŜŘ ǎǘǊŜŜǘ ǉǳŀƭƛǘȅ ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ ǘƘŜ ǎǇŀǘƛŀƭ ǇŀǘǘŜǊƴ ƻŦ ŦŀŎƛƭƛǘƛŜǎΦ

нΦоΦо DǊŀǇƘ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƴŜǳǊŀƭ ŀǊŎƘƛǘŜŎǘǳǊŜ
¢ƻ ŎŀǇǘǳǊŜ Ƙƻǿ ŎƻƴŘƛǘƛƻƴǎ ŀǘ ƻƴŜ ǎǘǊŜŜǘ ǎŜƎƳŜƴǘ ƛƴŦƭǳŜƴŎŜ ƛǘǎ ƴŜƛƎƘōƻǳǊǎΣ ǿŜ ŎƻƴƴŜŎǘ ŀƭƭ ǎǘǊŜŜǘ ƴƻŘŜǎ
ƛƴǘƻ ŀ ǎƛƴƎƭŜ ǳƴŘƛǊŜŎǘŜŘ ƎǊŀǇƘΦ ¢ǿƻ ƴƻŘŜǎ ŀǊŜ ƧƻƛƴŜŘ ōȅ ŀƴ ŜŘƎŜ ƛŦ ǘƘŜȅ ŀǊŜ ǿƛǘƘƛƴ ŀ ǎǇŜŎƛŦƛŜŘ ƴŜǘǿƻǊƪ
ŘƛǎǘŀƴŎŜ ƻŦ ŜŀŎƘ ƻǘƘŜǊ ƻǊ ŀƳƻƴƎ ŜŀŎƘ ƻǘƘŜǊΩǎ ƴŜŀǊŜǎǘ ƴŜƛƎƘōƻǳǊǎΣ ǎǳōƧŜŎǘ ǘƻ ŀ ŘƛǎǘŀƴŎŜ ǘƘǊŜǎƘƻƭŘΦ !ŦǘŜǊ
ǊŜƳƻǾƛƴƎ ǎŜƭŦπƭƻƻǇǎ ŀƴŘ ŘǳǇƭƛŎŀǘŜ ŜŘƎŜǎΣ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ƎǊŀǇƘ Ƙŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ фтΣллл ƴƻŘŜǎ ŀƴŘ ŎƭƻǎŜ
ǘƻ ƻƴŜ Ƴƛƭƭƛƻƴ ŜŘƎŜǎΦ ¢Ƙƛǎ ǎǘǊǳŎǘǳǊŜ ŀƭƭƻǿǎ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǎǘǊŜŜǘ ǎŜƳŀƴǘƛŎǎ ǘƻ ǇǊƻǇŀƎŀǘŜ
ŀƭƻƴƎ ǘƘŜ ǇŜŘŜǎǘǊƛŀƴ ƴŜǘǿƻǊƪ ǊŀǘƘŜǊ ǘƘŀƴ ǊŜƳŀƛƴƛƴƎ ƭƻŎƪŜŘ ǘƻ ƛǎƻƭŀǘŜŘ ǇƻƛƴǘǎΦ

hƴ ǘƻǇ ƻŦ ǘƘƛǎ ƎǊŀǇƘΣ ǿŜ ōǳƛƭŘ ŀ DǊŀǇƘ{!D9πǎǘȅƭŜ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪ ǿƛǘƘ ƳŜŀƴ ŀƎƎǊŜƎŀǘƛƻƴόIŀƳƛƭǘƻƴΣ ¸ƛƴƎ
ϧ [ŜǎƪƻǾŜŎΣ нлмтύΦ 9ŀŎƘ ƴƻŘŜ ὭǎǘŀǊǘǎ ǿƛǘƘ ŀƴ ƛƴƛǘƛŀƭ ƘƛŘŘŜƴ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ἰὭ

π ὀὭ Φ !ǘ ŜŀŎƘ ƭŀȅŜǊ ὰΣ ǿŜ
ǳǇŘŀǘŜ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ōȅ ŎƻƳōƛƴƛƴƎ ǘƘŜ ƴƻŘŜΩǎ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ǿƛǘƘ ǘƘŜ ƳŜŀƴ ƻŦ ƛǘǎ ƴŜƛƎƘōƻǳǊǎΩ ǎǘŀǘŜǎΥ
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ἰὭ
ὰ ρ „ ὡ ὰ ἰὭ

ὰ ᷆ ƳŜŀƴὮᶰﬞ Ὥ ἰὮ
ὰ ȟ

ǿƘŜǊŜ ﬞ Ὥ ŘŜƴƻǘŜǎ ǘƘŜ ƻƴŜπƘƻǇ ƴŜƛƎƘōƻǳǊƘƻƻŘ ƻŦ ƴƻŘŜ Ὥ Σ ὡ ὰ ƛǎ ŀ ƭŜŀǊƴŀōƭŜ ǿŜƛƎƘǘ ƳŀǘǊƛȄ ŀǘ ƭŀȅŜǊ ὰ Σ
„ ẗ ƛǎ ŀ ƴƻƴπƭƛƴŜŀǊ ŀŎǘƛǾŀǘƛƻƴ ŦǳƴŎǘƛƻƴ ǎǳŎƘ ŀǎ wŜ[¦Σ ŀƴŘ ẗ᷆ẗ ƛƴŘƛŎŀǘŜǎ ǾŜŎǘƻǊ ŎƻƴŎŀǘŜƴŀǘƛƻƴΦ Lƴ ǘƘŜ
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǳǎŜŘ ƘŜǊŜΣ ǿŜ ŜƳǇƭƻȅ ǘǿƻ ǎǳŎƘ ƎǊŀǇƘ ƭŀȅŜǊǎΣ ƳŀǇǇƛƴƎ ǘƘŜ ƛƴǇǳǘ ŦŜŀǘǳǊŜǎ ǘƻ спπ
ŘƛƳŜƴǎƛƻƴŀƭ ƘƛŘŘŜƴ ǾŜŎǘƻǊǎΣ ǿƛǘƘ ŘǊƻǇƻǳǘ ŀǇǇƭƛŜŘ ōŜǘǿŜŜƴ ƭŀȅŜǊǎ ǘƻ ǊŜŘǳŎŜ ƻǾŜǊŦƛǘǘƛƴƎΦ

¢ƘŜ Ŧƛƴŀƭ ƴƻŘŜ ŜƳōŜŘŘƛƴƎǎ ἰὭ
ὒ ŀǘ ǘƘŜ ƻǳǘǇǳǘ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ƎǊŀǇƘ ƭŀȅŜǊ ŀǊŜ ǘƘŜƴ ǇŀǎǎŜŘ ǘƘǊƻǳƎƘ ŀ ƭƛƴŜŀǊ

ǊŜŀŘƻǳǘ ǘƻ ƻōǘŀƛƴ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǇǊŜŘƛŎǘƛƻƴǎΦ Lƴ ŀ Ƴǳƭǘƛπǘŀǎƪ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ǘƘŜ ǊŜŀŘƻǳǘ ǇǊƻŘǳŎŜǎ ŀ ǘǿƻπ
ŘƛƳŜƴǎƛƻƴŀƭ ǾŜŎǘƻǊ ὃὭ

Řŀȅ ȟ ὃὭ
ƴƛƎƘǘ ŦƻǊ ŜŀŎƘ ƴƻŘŜΦ Lƴ ŀ ǎƛƴƎƭŜπǘŀǎƪ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ǎŜǇŀǊŀǘŜ ƳƻŘŜƭǎ ŀǊŜ

ǘǊŀƛƴŜŘ ŦƻǊ Řŀȅ ŀƴŘ ƴƛƎƘǘΣ ŜŀŎƘ ǿƛǘƘ ŀ ǎŎŀƭŀǊ ƻǳǘǇǳǘΦ Lƴ ǇǊŀŎǘƛŎŜΣ ǘƘŜ Ƴǳƭǘƛπǘŀǎƪ ƳƻŘŜƭ ŎŀǇǘǳǊŜǎ ǘƘŜ ǊƛŎƘŜǊ
ǾŀǊƛŀƴŎŜ ƻŦ ŘŀȅπǘƛƳŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǿŜƭƭΣ ǿƘŜǊŜŀǎ ŀ ŘŜŘƛŎŀǘŜŘ ƴƛƎƘǘπƻƴƭȅ ƳƻŘŜƭ ȅƛŜƭŘǎ ƳƻǊŜ ǎǘŀōƭŜ ŀƴŘ
ǎǇŀǘƛŀƭƭȅ ŎƻƘŜǊŜƴǘ ǇŀǘǘŜǊƴǎ ŦƻǊ ǘƘŜ ƴƛƎƘǘ ƛƴŘŜȄΣ ǿƘƻǎŜ ǘŀǊƎŜǘ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ƳƻǊŜ ŎƻƳǇǊŜǎǎŜŘΦ

¢ǊŀƛƴƛƴƎ {ǘǊŜŜǘ/[LtπDbb ƳŜŀƴǎ ŦƛǘǘƛƴƎ ǘƘŜ ƳƻŘŜƭ ǇŀǊŀƳŜǘŜǊǎ ǎƻ ǘƘŀǘ ǇǊŜŘƛŎǘŜŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǾŀƭǳŜǎ ƳŀǘŎƘ
ǘƘŜ ǇǎŜǳŘƻπƭŀōŜƭǎ ŀǎ ŎƭƻǎŜƭȅ ŀǎ ǇƻǎǎƛōƭŜ ƻƴ ǎǘǊŜŜǘ ƴƻŘŜǎ ƛƴ ǎǘŀǘƛƻƴ ŎŀǘŎƘƳŜƴǘǎ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭ Ƙŀǎ ǎŜŜƴΣ
ǿƘƛƭŜ ǎǘƛƭƭ ƎŜƴŜǊŀƭƛǎƛƴƎ ǘƻ ǳƴǎŜŜƴ ŎŀǘŎƘƳŜƴǘǎΦ

¢ƻ ŀǎǎŜǎǎ ǘƘƛǎ ƎŜƴŜǊŀƭƛǎŀǘƛƻƴΣ ǿŜ ǎǇƭƛǘ ǘƘŜ Řŀǘŀ ōȅ aw¢ ǎǘŀǘƛƻƴΦ !ƭƭ рн ǎǘŀǘƛƻƴǎ ŀǊŜ ǊŀƴŘƻƳƭȅ ƻǊŘŜǊŜŘ ŀƴŘ
ŀǎǎƛƎƴŜŘ ǘƻ ǘƘǊŜŜ ŘƛǎƧƻƛƴǘ ǎǳōǎŜǘǎΥ ǊƻǳƎƘƭȅ сл҈ ƻŦ ǎǘŀǘƛƻƴǎ ŦƻǊƳ ǘƘŜ ǘǊŀƛƴƛƴƎ ǎŜǘΣ нл҈ ǘƘŜ ǾŀƭƛŘŀǘƛƻƴ ǎŜǘ
ŀƴŘ нл҈ ǘƘŜ ǘŜǎǘ ǎŜǘΦ 9ǾŜǊȅ ǎǘǊŜŜǘ ƴƻŘŜ ƛƴƘŜǊƛǘǎ ǘƘŜ ǎǇƭƛǘ ƻŦ ƛǘǎ ǇŀǊŜƴǘ ǎǘŀǘƛƻƴ ŎŀǘŎƘƳŜƴǘΣ ǎƻ ǘƘŀǘ ŜƴǘƛǊŜ
ǎǘŀǘƛƻƴ ŀǊŜŀǎ ŀǊŜ ŜƛǘƘŜǊ Ŧǳƭƭȅ ǎŜŜƴ ŘǳǊƛƴƎ ǘǊŀƛƴƛƴƎ ƻǊ Ŧǳƭƭȅ ƘŜƭŘ ƻǳǘΦ CƻǊ ŜŀŎƘ ǘƛƳŜ ǎƭƻǘ ὸ ᶰ ŘŀȅȟƴƛƎƘǘ Σ ǘƘŜ
ƳƻŘŜƭ ƛǎ ǘǊŀƛƴŜŘ ǘƻ ƳƛƴƛƳƛǎŜ ŀ ƳŜŀƴπǎǉǳŀǊŜŘ ŜǊǊƻǊ ƭƻǎǎ ƻǾŜǊ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘǊŀƛƴƛƴƎ ƴƻŘŜǎΥ

fl ὸ ρ

᷄ɱǘǊŀƛƴ
ὸ ᷄

ὭᶰɱǘǊŀƛƴ
ὸ

ὃὭ
ὸ ὃὭ

ὸ ςȟ

ǿƘŜǊŜ ɱǘǊŀƛƴ
ὸ ƛǎ ǘƘŜ ǎŜǘ ƻŦ ǘǊŀƛƴƛƴƎ ƴƻŘŜǎ ŦƻǊ ǘƛƳŜ ǎƭƻǘ ὸ Σ ὃὭ

ὸ ƛǎ ǘƘŜ ǇǎŜǳŘƻπŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘŜȄ ŘŜŦƛƴŜŘ ƛƴ
{ŜŎǘƛƻƴ оΦоΦмΣ ŀƴŘ ὃὭ

ὸ ƛǎ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƳƻŘŜƭ ǇǊŜŘƛŎǘƛƻƴΦ hǇǘƛƳƛǎŀǘƛƻƴ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ !ŘŀƳΣ
ǳǎƛƴƎ ŜŀǊƭȅ ǎǘƻǇǇƛƴƎ ōŀǎŜŘ ƻƴ ǾŀƭƛŘŀǘƛƻƴ ƭƻǎǎΦ tŜǊŦƻǊƳŀƴŎŜ ƛǎ ŜǾŀƭǳŀǘŜŘ ƻƴ ǘƘŜ ƘŜƭŘπƻǳǘ ǘŜǎǘ ƴƻŘŜǎ ǳǎƛƴƎ
Ǌƻƻǘ ƳŜŀƴ ǎǉǳŀǊŜŘ ŜǊǊƻǊ όwa{9ύ ŀƴŘ ƳŜŀƴ ŀōǎƻƭǳǘŜ ŜǊǊƻǊ όa!9ύΣ ǊŜǇƻǊǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŦƻǊ ǘƘŜ Řŀȅ ŀƴŘ
ƴƛƎƘǘ ǘŀǎƪǎΦ

Lƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘŜǘƘŜǊ ǘƘŜ ƎǊŀǇƘ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǎǘǊŜŜǘ ǎŜƳŀƴǘƛŎǎ ǊŜŀƭƭȅ ŀŘŘ ǾŀƭǳŜΣ ǿŜ ŎƻƳǇŀǊŜŘ
{ǘǊŜŜǘ/[LtπDbb ǿƛǘƘ ǘǿƻ ƴƻƴπǎǇŀǘƛŀƭ ōŀǎŜƭƛƴŜǎΦ CƛǊǎǘ ƻŦ ŀƭƭΣ ǘƘŜǊŜ ƛǎ ŀ Ǝƭƻōŀƭ ƳŜŀƴ ǇǊŜŘƛŎǘƻǊΣ ǿƘƛŎƘ ŀǎǎƛƎƴǎ
ǘƘŜ ŀǾŜǊŀƎŜ ǘǊŀƛƴƛƴƎ ǎŜǘ ǊŜŀŎƘŀōƭŜ ǾŀƭǳŜ ǘƻ ŜŀŎƘ ƴƻŘŜΤ ǘƘƛǎ ƛǎ ŘŜƭƛōŜǊŀǘŜƭȅ ǎƛƳǇƭƛŦƛŜŘΣ ōǳǘ ƛǘ ǇǊƻǾƛŘŜǎ ŀ
ǳǎŜŦǳƭ ƭƻǿŜǊ ōƻǳƴŘΦ ¢ƘŜ ǎŜŎƻƴŘ ƛǎ ŀ ƳǳƭǘƛπƭŀȅŜǊ ǎŜƴǎƻǊ ǘƘŀǘ ƻƴƭȅ ǘǊŀƛƴǎ ŦŜŀǘǳǊŜǎΣ ǿƘƛŎƘ ƛǎ ǘǊŀƛƴŜŘ ƻƴ ǘƘŜ
ǎŀƳŜ ƴƻŘŜ ŀǘǘǊƛōǳǘŜǎ ŀǎ {ǘǊŜŜǘ/[LtπDbbΣ ōǳǘ ǘƘŜǊŜ ƛǎ ƴƻ ƎǊŀǇƘ ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ŀƭƭ ƴƻŘŜǎ ŀǊŜ ǊŜƎŀǊŘŜŘ ŀǎ
ƛƴŘŜǇŜƴŘŜƴǘ ƻōǎŜǊǾŀǘƛƻƴ ǾŀƭǳŜǎΦ {ƛƳƛƭŀǊ ƳŀǇπōŀǎŜŘ ŎƻƳǇŀǊƛǎƻƴǎ ƘŀǾŜ ǇǊƻǾŜƴ ǘƻ ōŜ ŜŦŦŜŎǘƛǾŜ ƛƴ ǊŜŎŜƴǘ
ǿƻǊƪΣ ǿƘƛŎƘ ŎƻƳōƛƴŜǎ ǎǘǊŜŜǘπƭŜǾŜƭ ƛƳŀƎŜǎ ŀƴŘ Ǝƴƴ ƻŦ ǳǊōŀƴ ǎŎŀƭŜǎ ό[Ŝƛ Ŝǘ ŀƭΦΣ нлнпύΦ LŦ Dbb ŀƭǿŀȅǎ
ƳŀǘŎƘŜǎ ƻǊ ƛǎ ōŜǘǘŜǊ ǘƘŀƴ ǘƘŜǎŜ ōŀǎŜƭƛƴŜǎ ƻƴ ǳƴǎŜŜƴ ǎƛǘŜǎΣ ǿŜ Ŏŀƴ ŀǘǘǊƛōǳǘŜ ǘƘŜ ōŜƴŜŦƛǘǎ ǘƻ ǘƘŜ
ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƴŜƛƎƘōƻǊƘƻƻŘ ŎƭǳǎǘŜǊƛƴƎ ŀƴŘ ƳǳƭǘƛƳƻŘŀƭ ŦŜŀǘǳǊŜǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘƻ ǇǎŜǳŘƻπƭŀōŜƭƛƴƎ ŀƭƻƴŜΦ

CƛƴŀƭƭȅΣ ƻƴŎŜ ǘƘŜ ƳƻŘŜƭǎ ŀǊŜ ǘǊŀƛƴŜŘΣ ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜƳ ǘƻ ŜȄǇƭƻǊŜ ǎƛƳǇƭŜ ǎŎŜƴŜ ŜȄŜǊŎƛǎŜǎΦ ¢ƘŜ ƳƻŘŜƭ
ǇŀǊŀƳŜǘŜǊǎ ǊŜƳŀƛƴ ŦƛȄŜŘΣ ǿƘƛƭŜ ǘƘŜ thL ƭŀȅŜǊ ŀƴŘ ǘƛƳŜ ǇŜǊƛƻŘ ŀǾŀƛƭŀōƛƭƛǘȅ ǊǳƭŜǎ ŀǊŜ ƛƴǘŜǊŦŜǊŜŘ ǿƛǘƘ ƛƴ ŀ
ŎƻƴǘǊƻƭƭŀōƭŜ ǿŀȅΥ ŦƻǊ ŜȄŀƳǇƭŜΣ ōȅ ŀŘŘƛƴƎ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ нпπƘƻǳǊ ŎƭƛƴƛŎ ƴŜŀǊ ǘƘŜ aw¢ ŜȄƛǘ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ
ŎƻǊǊƛŘƻǊΣ ƻǊ ōȅ ŜȄǘŜƴŘƛƴƎ ǘƘŜ ōǳǎƛƴŜǎǎ ƘƻǳǊǎ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ Dt ŎƭƛƴƛŎ ŎƭǳǎǘŜǊ ƛƴ ǊŜǎƛŘŜƴǘƛŀƭ ǘƻǿƴǎ ǘƻ ƳŀƪŜ
ǘƘŜƳ ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ƴƛƎƘǘ ǘƛƳŜΦ CƻǊ ŜŀŎƘ ǎŎŜƴŀǊƛƻΣ ǿŜ ǊŜŎŀƭŎǳƭŀǘŜ ǘƘŜ ǇǎŜǳŘƻπǊŜŀŎƘŀōƛƭƛǘȅ ƛƴŘŜȄΣ ŀǇǇƭȅ ǘƘŜ
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ǘǊŀƛƴŜŘ ƳƻŘŜƭΣ ŀƴŘ ƳŀǇ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ŎƘŀƴƎŜǎ ƛƴ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻƴ ǘƘŜ ǎǘǊŜŜǘ ƴŜǘǿƻǊƪΦ ¢ƘŜǎŜ ǎŎŜƴŀǊƛƻǎ ǿƛƭƭ
ƴƻǘ ōŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ǊŜǎǳƭǘǎΤ ǘƘŜȅ ŀǊŜ ƻǊƎŀƴƛȊŜŘ ǘƘƻǳƎƘǘ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ǊŜǾŜŀƭ ǿƘŜǊŜ
ǎƳŀƭƭπǎŎŀƭŜΣ ǘŀǊƎŜǘŜŘ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ǿƛƭƭ ƳŀƪŜ ǘƘŜ ǿŜŀƪ ƘŜŀƭǘƘ ǇƛƭƭŀǊǎ ƻŦ нпπƘƻǳǊ ŎƛǘƛŜǎ ǘƘƛŎƪŜǊΣ ŀƴŘ ǿƘŜǊŜ
ǘƘŜǎŜ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ǿƛƭƭ ƘŀǊŘƭȅ ŎƘŀƴƎŜ ǘƘŜ ǎǘŀǘǳǎ ǉǳƻΦ

¢ƘŜ ŦƛǊǎǘ ǉǳŜǎǘƛƻƴ ƛǎ ŀ ƳƻŘŜǎǘ ōǳǘ ƴŜŎŜǎǎŀǊȅ ǉǳŜǎǘƛƻƴΥ /ŀƴ {ǘǊŜŜǘ/[LtπDbb ǊŜŀƭƭȅ ƭŜŀǊƴ ƳƻǊŜ ǘƘŀƴ ŀ
ǎƛƳǇƭŜ ŀǾŜǊŀƎŜΚ CƻǊ ǘƘŜ ŘŀȅǘƛƳŜ ǘŀǎƪΣ ǘƘŜ ŀƴǎǿŜǊ ƛǎ ƻōǾƛƻǳǎƭȅ ȅŜǎΦ ¢ƘŜ Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ ōŀǎŜƭƛƴŜ ŎŀǇǘǳǊŜǎ
ǎƻƳŜ ǇǎŜǳŘƻπƭŀōŜƭ ǎǘǊǳŎǘǳǊŜǎΣ ōǳǘ ǎǘƛƭƭ ǇǊƻŘǳŎŜǎ ƭŀǊƎŜ ŜǊǊƻǊǎΤ ƳǳƭǘƛπƭŀȅŜǊ ǎŜƴǎƻǊǎ ǿƛǘƘ ƻƴƭȅ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ
ǊŜƎŀǊŘ ŜŀŎƘ ƴƻŘŜ ŀǎ ƛƴŘŜǇŜƴŘŜƴǘΣ ǿƘƛŎƘ ǿƛƭƭ ƻǾŜǊπŦƛǘ ǘƘŜ ǘǊŀƛƴƛƴƎ Řŀǘŀ ŀƴŘ ǇŜǊŦƻǊƳ ǇƻƻǊƭȅ ƛƴ ƛŘƭŜ ǎƛǘŜǎΦ Lƴ
ŎƻƴǘǊŀǎǘΣ ǘƘŜ ƎǊŀǇƘ ƳƻŘŜƭ ŎƻƳōƛƴŜǎ ŜŘƛǘƛƴƎπōŀǎŜŘ ǎŜƳŀƴǘƛŎǎΣ thL ƛƴŘƛŎŀǘƻǊǎ ŀƴŘ ƴŜƛƎƘōƻǊƘƻƻŘ
ŀƎƎǊŜƎŀǘƛƻƴΣ ǿƘƛŎƘ ƎǊŜŀǘƭȅ ǊŜŘǳŎŜǎ ǘƘŜ wa{9 ŀƴŘ a!9 ƛƴ ǘƘŜ ǘŜǎǘ ǎŜǘΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƻƴŎŜ ǘƘŜ ƳƻŘŜƭ ƛǎ
ŀƭƭƻǿŜŘ ǘƻ ϦƭƛǎǘŜƴϦ ǘƻ ǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ƴŜƛƎƘōƻǊƛƴƎ ǎǘǊŜŜǘǎ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƴŜŀǊōȅ ŦŀŎƛƭƛǘƛŜǎΣ ƛǘ
Ŏŀƴ ǊŜŎƻƴǎǘǊǳŎǘ ǘƘŜ ŀǊŜŀ ǘƘŀǘ Ŏŀƴ ōŜ ǊŜŀŎƘŜŘ ŘǳǊƛƴƎ ǘƘŜ Řŀȅ ǿƛǘƘ ŀ ǇǊŜŎƛǎƛƻƴ ǘƘŀǘ ŀ ǎƛƳǇƭŜ ƴƻƴπǎǇŀǘƛŀƭ
ƳƻŘŜƭ Ŏŀƴƴƻǘ ŀŎƘƛŜǾŜΦ ¢Ƙƛǎ ƛǎ ŜƴŎƻǳǊŀƎƛƴƎ ōŜŎŀǳǎŜ ƛǘ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭ ƴƻǘ ƻƴƭȅ ǊŜƳŜƳōŜǊǎ ǘƘŜ
ŀǾŜǊŀƎŜ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴ ƭŜǾŜƭΣ ōǳǘ ŀƭǎƻ ƭŜŀǊƴǎ ŀ ƳŜŀƴƛƴƎŦǳƭ ǎǘǊŜŜǘ ǎŎŀƭŜ ǎǘǊǳŎǘǳǊŜΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ
ǊŜŎŜƴǘ ǿƻǊƪΣ ǎƘƻǿƛƴƎ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ƎǊŀǇƘ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ƛƴ ǎǇŀǘƛŀƭ ǇǊŜŘƛŎǘƛƻƴ ǘŀǎƪǎ όIŀƳƛƭǘƻƴΣ ¸ƛƴƎ
ϧ [ŜǎƪƻǾ 9ŎΣ нлмтΤ YƛǇŦ ϧ ²ŜƭƭƛƴƎΣ нлмтΤ [Ŝƛ Ŝǘ ŀƭΦΣ нлнпύΦ

CƛƎΦ п ¢Ŝǎǘ wa{9 ƻŦ ōŀǎŜƭƛƴŜǎ ŀƴŘ {ǘǊŜŜǘ/[LtπDbb ǾŀǊƛŀƴǘǎ ŦƻǊ Řŀȅ ŀƴŘ ƴƛƎƘǘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǇǊŜŘƛŎǘƛƻƴΦ

CƛƎΦ р ¢Ŝǎǘ a!9 ƻŦ ōŀǎŜƭƛƴŜǎ ŀƴŘ {ǘǊŜŜǘ/[LtπDbb ǾŀǊƛŀƴǘǎ ŦƻǊ Řŀȅ ŀƴŘ ƴƛƎƘǘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǇǊŜŘƛŎǘƛƻƴΦ

¢ƘŜ ǇƛŎǘǳǊŜ ŀǘ ƴƛƎƘǘ ƛǎ ƳƻǊŜ ǎǳōǘƭŜΦ ¢ƘŜ Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ ōŀǎŜƭƛƴŜ ƘŜǊŜ ƛǎ ŀƭǊŜŀŘȅ ǾŜǊȅ ƘƛƎƘΣ ōŜŎŀǳǎŜ ǘƘŜ
ǇǎŜǳŘƻπǘŀƎ ƛǘǎŜƭŦ ƛǎ ŎƻƳǇǊŜǎǎŜŘΥ Ƴƻǎǘ ƴŜǘǿƻǊƪǎ ƘŀǾŜ ǇƻƻǊ ǎŜǊǾƛŎŜǎΣ ŀƴŘ ƻƴƭȅ ŀ ŦŜǿ ŎƻǊǊƛŘƻǊǎ ƘŀǾŜ ƘƛƎƘŜǊ
ǎŎƻǊŜǎΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ǘƘŀǘ ƴƻ ƳƻŘŜƭ Ŏŀƴ ŜȄǇƭŀƛƴ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭΦ ¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ
ŦƛǊǎǘ ǇǳǊŜ ƴƛƎƘǘ Dbb ǿƛǘƘƻǳǘ ŀ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ƛǎ ǊƻǳƎƘƭȅ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ŀǾŜǊŀƎŜ ōŀǎŜƭƛƴŜΣ ǿƘƛŎƘ
ŎƻƴŦƛǊƳǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƭƛǘǘƭŜ ǊƻƻƳ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ƭŀōŜƭ ŘƛǎǘǊƛōǳǘƛƻƴΦ ²ƘŜƴ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ƛǎ
ŜȄǇƭƛŎƛǘƭȅ ŀŘŘŜŘ ŀǎ ŀƴ ƛƴǇǳǘ ŦŜŀǘǳǊŜ ŀƴŘ ŀ ŘŜŘƛŎŀǘŜŘ ƴƛƎƘǘ ƳƻŘŜƭ ƛǎ ǘǊŀƛƴŜŘΣ ǘƘŜ ǘŜǎǘ ŜǊǊƻǊ ƛǎ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ
ǘƘŀƴ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴŘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎπƻƴƭȅ ōŀǎŜƭƛƴŜΣ ŀƴŘ ǘƘŜ ƳƻŘŜƭ ǇǊƻŘǳŎŜǎ ŀ ƳƻǊŜ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ
ǎǇŀŎŜ ŦƛŜƭŘΦ Dbb ƴƻ ƭƻƴƎŜǊ ŜȄǘŜƴǎƛǾŜƭȅ ŎƭŜŀƴǎ ǳǇ Ϧŀƭǎƻ ƭƻǿϦ ǾŀƭǳŜǎΣ ōǳǘ ōŜƎƛƴǎ ǘƻ ŎƘƻƻǎŜ Ƴŀƛƴ ǎǘǊŜŜǘǎ
ǿƛǘƘ ǊŜƭŀǘƛǾŜƭȅ ƎƻƻŘ ǘǊŀŦŦƛŎ ŎƻƴŘƛǘƛƻƴǎ ŀǘ ƴƛƎƘǘΣ ŀƴŘ ƛƴǎǘŜŀŘ ŎƘƻƻǎŜǎ ōƭƻŎƪǎ ǿƛǘƘ ǇŀǊǘƛŎǳƭŀǊƭȅ ƭŀŎƪ ƻŦ ƴƛƎƘǘ
ŦŀŎƛƭƛǘƛŜǎΦ CǊƻƳ ŀ ƴǳƳŜǊƛŎŀƭ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǘƘƛǎ ƛǎ ŀ ƳƻŘŜǊŀǘŜ ƛƴŎǊŜŀǎŜΤ ƛƴ ŜǎǎŜƴŎŜΣ ǘƘƛǎ ƛǎ ƛƳǇƻǊǘŀƴǘΣ
ōŜŎŀǳǎŜ ǇƭŀƴƴŜǊǎ ŀǊŜ ƻŦǘŜƴ ƭŜǎǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƳƛƴƻǊ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ Ǝƭƻōŀƭ ŜǊǊƻǊǎΣ ōǳǘ ƳƻǊŜ ƛƴǘŜǊŜǎǘŜŘ
ƛƴ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ǎƘƻǊǘŎƻƳƛƴƎǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƛƴ ǇǊŀŎǘƛŎŀƭ ǇǊƻōƭŜƳǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘŜǊƳǎ ƻŦ ƘŜŀƭǘƘ ƎŀǇǎ ƛƴ
ǘƘŜ Ŏƛǘȅ ό[ƛǳ Ŝǘ ŀƭ ΦΣ нлнпύΦ
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CƛƎΦ с {ǘǊŜŜǘπƭŜǾŜƭ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ŀƴŘ ƛǘǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ ƴƛƎƘǘπǘƛƳŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ

CǊƻƳ ƴǳƳōŜǊǎ ǘƻ ƳŀǇǎΣ ǘƘŜ ǊŜŀŎƘŀōƭŜ ŀǊŜŀ ŘǳǊƛƴƎ ǘƘŜ Řŀȅ ǎƘƻǿǎ ŀ ǇŀǘǘŜǊƴΣ ǿƘƛŎƘ ƛǎ ƎŜƴŜǊŀƭƭȅ ƛƴǘǳƛǘƛǾŜΣ
ōǳǘ ƳƻǊŜ ǘŜȄǘǳǊŜŘ ǘƘŀƴ ǘƘŜ ǎƛƳǇƭŜ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ ƘƻǎǇƛǘŀƭΦ IƛƎƘπǾŀƭǳŜ ǾŀƭǳŜǎ ŀǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ŀǊƻǳƴŘ
ƘƻǎǇƛǘŀƭǎΣ ƎŜƴŜǊŀƭ ŎƭƛƴƛŎǎΣ ƎŜƴŜǊŀƭ ŎƭƛƴƛŎǎ ŀƴŘ ǇŀǊƪǎπŘŜƴǎŜ ǎǘŀǘƛƻƴǎΤ ǘƘŜ ŜȄǘŜƴŘŜŘ ƳƻŘŜǊŀǘŜƭȅ ŀŎŎŜǎǎƛōƭŜ
ϦǊƛŘƎŜǎϦ ŜȄǘŜƴŘ ŀƭƻƴƎ ǘƘŜ aw¢ ŎƻǊǊƛŘƻǊ ǘƘǊƻǳƎƘ ƳŀǘǳǊŜ ǇǳōƭƛŎ ƘƻǳǎƛƴƎ ǘƻǿƴǎΣ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ŎƭǳōǎΣ
ǎǇƻǊǘǎ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ǇŀǊƪǎ ŀǊŜ ƛƴǘŜǊǘǿƛƴŜŘ ǿƛǘƘ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΦ Lƴ ǘƘŜǎŜ ǇƭŀŎŜǎΣ ŀ млπƳƛƴǳǘŜ
ǿŀƭƪ ŦǊƻƳ ǘƘŜ ǎǘŀǘƛƻƴ Ƴŀȅ Ǉŀǎǎ ōȅ ǎŜǾŜǊŀƭ ǇƻǘŜƴǘƛŀƭ ƘŜŀƭǘƘ ǎǳǇǇƻǊǘ ǇƻƛƴǘǎΦ !ǘ ǘƘŜ ƻǘƘŜǊ ŜƴŘ ƻŦ ǘƘŜ
ǎǇŜŎǘǊǳƳΣ ǘƘŜ ƳƻŘŜƭ ǊŜǾŜŀƭǎ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ƭƻƎƛǎǘƛŎǎ ŀǊŜŀǎ ŀƴŘ ƭƻǿπƭȅƛƴƎ ōŀǎƛƴǎ ƛƴ ǎƻƳŜ ǇŜǊƛǇƘŜǊŀƭ
ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΣ ǿƘŜǊŜ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎ ŀƴŘ ǿƻǊƪǇƭŀŎŜǎ ŀǊŜ ǎǇŀǘƛŀƭƭȅ ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǎŀƴƛǘŀǊȅ ŦŀŎƛƭƛǘƛŜǎΦ
IŜǊŜΣ ŜǾŜƴ ŀǘ ƴƻƻƴΣ Ƴŀƴȅ ǎǘǊŜŜǘ ƴƻŘŜǎ Ŏŀƴ ƻƴƭȅ ǎŜŜ ŀ ǎƳŀƭƭ ǇŀǊǘ ƻŦ ǘƘŜ ŀŎŎŜǎǎƛōƭŜ ǎŜǊǾƛŎŜǎ ƛƴ ǘƘŜ ǿŀǘŜǊ
ŎƻƭƭŜŎǘƛƻƴ ŀǊŜŀΦ ¢ƘŜǎŜ ƳƻŘŜƭǎ ŜŎƘƻ ǘƘŜ ƪƴƻǿƴ ǎƻŎƛƻπǎǇŀǘƛŀƭ ŘƛǾƛǎƛƻƴ ƛƴ {ƛƴƎŀǇƻǊŜΣ ōǳǘ ǘƘŜȅ ŀǊŜ ǊŜŦƛƴŜŘ ǘƻ
ǘƘŜ ƭŜǾŜƭ ƻŦ ŀ ǎƛƴƎƭŜ ǎǘǊŜŜǘ ǎŜƎƳŜƴǘΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǊŜŎŜƴǘ ŎƘŀǊǘπōŀǎŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǳǊōŀƴ
ƘŜŀƭǘƘ ŀŎŎŜǎǎ ό[Ŝƛ Ŝǘ ŀƭΦΣ нлнпΤ {ƛŘŜǊƛǎ Ŝǘ ŀƭΦΣ нлнпύΦ

¢ƘŜ ŦƛŜƭŘ ŀǘ ƴƛƎƘǘ ƛǎ ƴƻǘ Ƨǳǎǘ ŀ Řǳƭƭ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŘŀȅΦ Lǘ ǎƘǊƛƴƪǎ ŀƴŘ ǎǇƭƛǘǎΦ aƻǎǘ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪΣ ƛƴŎƭǳŘƛƴƎ
Ƴŀƴȅ ǎǘǊŜŜǘǎ ǘƘŀǘ ƭƻƻƪ ǇƭŜŀǎƛƴƎ ǘƻ ǘƘŜ ŜȅŜ ŀƴŘ ǊŜƭŀǘƛǾŜƭȅ ǎŀŦŜ ƛƴ ǘƘŜ /[Lt ǎŜƳŀƴǘƛŎǎΣ ŎƻƭƭŀǇǎŜ ǘƘŜƛǊ
ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘŜȄ ƻƴŎŜ Řŀȅ ŎƭƛƴƛŎǎΣ ǇƘŀǊƳŀŎƛŜǎ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ŦŀŎƛƭƛǘƛŜǎ ŜȄƛǘ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǎŜǘΦ ¢ƘŜ ǊŜǎǘ ƛǎ
ŀ ŦǊŀƎƛƭŜ ƴƛƎƘǘ ǇƛƭƭŀǊΣ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ǎŜǾŜǊŀƭ ŀǊŜŀǎ ŀŘƧŀŎŜƴǘ ǘƻ ƘƻǎǇƛǘŀƭǎΣ ŎƭǳǎǘŜǊǎ ƻŦ нпπƘƻǳǊ ŎƭƛƴƛŎǎ ŀƴŘ
ǇƘŀǊƳŀŎƛŜǎΣ ŀƴŘ ǎƻƳŜ ƳƛȄŜŘπǇǳǊǇƻǎŜ ŎƻǊǊƛŘƻǊǎ ƛƴ ǿƘƛŎƘ ƭŀǘŜπƴƛƎƘǘ ŎƻƳƳŜǊŎƛŀƭ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘ
ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ŀǎ ƘŜŀƭǘƘ ǎǳǇǇƻǊǘ ŦǳƴŎǘƛƻƴǎΦ .ŜǘǿŜŜƴ ǘƘŜǎŜ Ƴŀƛƴ ǊƻŀŘǎ ƛǎ ŀ ϦƘŜŀƭǘƘȅ ŘŜǎŜǊǘ ŀŦǘŜǊ ŘŀǊƪϦΥ
Ŏƻƴǘƛƴǳƻǳǎ ƛƴŘǳǎǘǊƛŀƭ ǊƻŀŘǎΣ ǿŀǘŜǊŦǊƻƴǘ ǇǊƻƳŜƴŀŘŜǎ ƻǊ ǇǳǊŜƭȅ ǊŜǎƛŘŜƴǘƛŀƭ ƭŀƴŜǎΣ ǿƘŜǊŜ ǘƘŜ ƴŜŀǊŜǎǘ ƴƛƎƘǘ
ǎǳǇǇƻǊǘ ƛǎ ōŜȅƻƴŘ ŀ ŎƻƳŦƻǊǘŀōƭŜ ǿŀƭƪƛƴƎ ŘƛǎǘŀƴŎŜΦ .ŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ ŎƭƛƴƛŎǎ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ŦŀŎƛƭƛǘƛŜǎ
ƴŜŀǊōȅΣ ǘƘŜ ŎƻƴǘǊŀǎǘ ōŜǘǿŜŜƴ Řŀȅ ŀƴŘ ƴƛƎƘǘ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƻōǾƛƻǳǎ ƛƴ ǘƘŜ ƴŜƛƎƘōƻǊƘƻƻŘ ǿƛǘƘ ŀ ƎƻƻŘ ǎŎƻǊŜ
ŘǳǊƛƴƎ ǘƘŜ ŘŀȅΣ ōǳǘ ŀǘ ƴƛƎƘǘΣ ŀƭƳƻǎǘ ŀƭƭ ǘƘŜǎŜ ǎǳǇǇƻǊǘǎ ŀǊŜ ƭƻǎǘΦ CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ нпπƘƻǳǊ ŎƛǘƛŜǎΣ ǘƘŜ
ǳǊōŀƴ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜǎŜ ǇƭŀŎŜǎ ƛǎ ƻƴƭȅ ǇŀǊǘƛŀƭƭȅ ŀōƭŜ ǘƻ ǎǘŀƴŘ ǘƘŜ ǘŜǎǘ ƻŦ ǘƛƳŜΣ ŀƴŘ ǘƘŜ ǇǊŜǾŜƴǘƛǾŜ ƘŜŀƭǘƘ
ŎƻƳƳƛǘƳŜƴǘ ƛǎ ǎǘǊǳŎǘǳǊŀƭƭȅ ǿŜŀƪΦ Lƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ŀ ǎƛƳǇƭŜ Ǝƭƻōŀƭ ŎƻǊǊŜƭŀǘƛƻƴ ŎŀƭŎǳƭŀǘƛƻƴ ŀƭǎƻ ǎƘƻǿǎ
ǘƘŀǘ ǘƘŜ ŎƻƳǇƻǎƛǘŜ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ŀƴŘ ǘƘŜ ƴƛƎƘǘπǘƛƳŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛƴŘŜȄ ŀǊŜ ƻƴƭȅ ǿŜŀƪƭȅ ŀƴŘ ǎƭƛƎƘǘƭȅ
ƴŜƎŀǘƛǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘΣ ǿƘƛŎƘ ŦǳǊǘƘŜǊ ŎƻƴŦƛǊƳǎ ǘƘŀǘ Ǿƛǎǳŀƭƭȅ άōŜǘǘŜǊέ ǎǘǊŜŜǘǎ Řƻ ƴƻǘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŜƴƧƻȅ
ǎǘǊƻƴƎŜǊ ƴƛƎƘǘπǘƛƳŜ ǎǳǇǇƻǊǘΦ

hƴŜ ǿŀȅ ǘƻ ƛƴǘŜǊǇǊŜǘ ǘƘŜǎŜ ƳŀǇǎ ƛǎ ǘƻ ǊŜƎŀǊŘ ǘƘŜƳ ŀǎ ŀ ǎƛƭŜƴǘ ŎƻƳƳŜƴǘ ƻƴ ǘƘŜ ŜȄƛǎǘƛƴƎ ǇƻƭƛŎȅ ƴŀǊǊŀǘƛǾŜΦ
¢ƘŜ ŀƎŜƴŘŀ ŦƻǊ ŎŀǊ ƭƛŦŜ ŀƴŘ ǿŀƭƪƛƴƎ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǳƴŘŜǊ ǘƘŜ Ǿƛǎƛƻƴ ƻŦ Ϧнл ƳƛƴǳǘŜǎ ƛƴ ŀ Ŏƛǘȅ ƛƴ ŀ прπ
ƳƛƴǳǘŜ ŎƛǘȅϦΣ ƳƻǊŜ ǇŜƻǇƭŜ ǿƛƭƭ ǊŜƭȅ ƻƴ ǿŀƭƪƛƴƎΣ ŎȅŎƭƛƴƎ ŀƴŘ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŦƻǊ Řŀƛƭȅ ǘǊŀǾŜƭ ό[ŀƴŘ
¢ǊŀƴǎǇƻǊǘ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ нлмфύΦ tǊŜǾŜƴǘƛǾŜ ƘŜŀƭǘƘ ƛƴƛǘƛŀǘƛǾŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊŜƳƛǎŜ ǘƘŀǘ ǊŜǎƛŘŜƴǘǎ ǿƛƭƭ
ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ǇǊƛƳŀǊȅ ƘŜŀƭǘƘ ŎŀǊŜ ŀƴŘ ŀ ǎǳǇǇƻǊǘƛǾŜ ŜƴǾƛǊƻƴƳŜƴǘ ŎƭƻǎŜ ǘƻ ǘƘŜƛǊ ƘƻƳŜǎΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ
ǇǊƻƎǊŀƳƳŜǎ ǎǳŎƘ ŀǎ ƘŜŀƭǘƘƛŜǊ {D ŀƴŘ ŎƻƳƳǳƴƛǘȅπƭŜǾŜƭ ƘŜŀƭǘƘ ȊƻƴŜǎ όaƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘΣ нлннύΦ .ƻǘƘ ƻŦ
ǘƘŜǎŜ ƛƳŀƎƛƴŀǘƛƻƴǎ ƛƳǇƭƛŎƛǘƭȅ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǎǘǊŜŜǘǎ ǘƘŀǘ ŀŎǘ ŀǎ Ŏƻƴǘƛƴǳƻǳǎ ǎŀƴƛǘŀǊȅ ŎƻǊǊƛŘƻǊǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ
ƘŜǊŜ ǎƘƻǿ ǘƘŀǘ ǘƘƛǎ Ŏƻƴǘƛƴǳƛǘȅ ƛǎ ŦǊŀƎƛƭŜΦ CƻǊ ǎƻƳŜ ƳƻƴƛǘƻǊƛƴƎ ǎǘŀǘƛƻƴǎΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘƻǎŜ ŜƳōŜŘŘŜŘ ƛƴ
ƭŀǊƎŜ ƳŜŘƛŎŀƭ ŎŀƳǇǳǎŜǎ ƻǊ ƳƛȄŜŘπǳǎŜ ŀǊŜŀǎΣ ǘƘŜ Řŀȅ ŀƴŘ ƴƛƎƘǘ ŀǊŜŀǎ ǊŜƳŀƛƴ ǊŜƭŀǘƛǾŜƭȅ ŎƻƴǎƛǎǘŜƴǘΤ
ǊŜǎƛŘŜƴǘǎΣ ǿƻǊƪŜǊǎ ŀƴŘ ƴƛƎƘǘ ǎƘƛŦǘ ǿƻǊƪŜǊǎ Ŏŀƴ ŀŎŎŜǎǎ ŎŀǊŜ ƻƴ Ŧƻƻǘ Ƴƻǎǘ ƻŦ ǘƘŜ ǘƛƳŜΦ Lƴ ƻǘƘŜǊ ŀǊŜŀǎΣ
ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ōŜƭǘ ŀƴŘ ƴŜǿŜǊ ƳŀǊƎƛƴŀƭ ŀǊŜŀǎΣ ǘƘŜ ƴƛƎƘǘ ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ
ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ŘŀȅǘƛƳŜ ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳΣ ƭŜŀǾƛƴƎ ŀ ƭƻƴƎ ƎŀǇ ƛƴ ǘƘŜ ǇǊŜǾŜƴǘƛƻƴ ŀƴŘ ŜƳŜǊƎŜƴŎȅ
ǎŀŦŜǘȅ ƴŜǘΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ ŀƴȅ ǎƛƴƎƭŜ ǇƻƭƛŎȅΣ ōǳǘ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ ǾŀǊƛƻǳǎ ƳŜŀǎǳǊŜǎ ǎǳŎƘ ŀǎ

778



ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ƘŜŀƭǘƘΣ ƭŀƴŘ ǳǎŜ ŀƴŘ ƴƛƎƘǘ ŜŎƻƴƻƳƛŎ ǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŜƴŎƻǳƴǘŜǊŜŘ ƻƴ ǘƘŜ
ǎǘǊŜŜǘ ό²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳΣ нлнпΤ {ŜƛƧŀǎΣ нлнпύΦ

¢ƘŜ ƳƻŘŜƭ ŀƭǎƻ ƘŜƭǇǎ ǘƻ ǊŜŘŜŦƛƴŜ ǘƘŜ ǊƻƭŜ ƻŦ ǎǘǊŜŜǘ ǇŜǊŎŜǇǘƛƻƴ ƛƴ ǘƘŜǎŜ ŘŜōŀǘŜǎΦ Lƴ ǎŜǾŜǊŀƭ ǎǘŀǘƛƻƴ ŀǊŜŀǎΣ
ǘƘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŘǳǊƛƴƎ ǘƘŜ Řŀȅ ƛǎ ŀǾŜǊŀƎŜΣ ōǳǘ ƛǘ ƛǎ Ƴŀƛƴƭȅ ŎƻƴŎŜƴǘǊŀǘŜŘ ƻƴ ǘƘŜ ǎǘǊŜŜǘǎΦ /[Lt ƛƴǘŜǊǇǊŜǘǎ ƛǘ
ŀǎ ƎǊŜŜƴΣ ǎƘŀŘȅ ŀƴŘ ǇŜŘŜǎǘǊƛŀƴπŦǊƛŜƴŘƭȅΣ ǿƛǘƘ ǇŀǊƪǎΣ ŎƻǾŜǊŜŘ ǎƛŘŜǿŀƭƪǎ ƻǊ ƎǊƻǳƴŘ ŦŀŎƛƭƛǘƛŜǎΦ Lƴ ƻǘƘŜǊ ŎŀǎŜǎΣ
ŀŎŎŜǎǎƛōƛƭƛǘȅ ƛǎ ƴǳƳŜǊƛŎŀƭƭȅ ǎƛƳƛƭŀǊΣ ōǳǘ ŎƻƴŎŜƴǘǊŀǘŜŘ ƻƴ ǿƛŘŜǊ ǊƻŀŘǎ ƻǊ Ǿƛǎǳŀƭƭȅ ƘŀǊǎƘ ŜƴǾƛǊƻƴƳŜƴǘǎ
ŘƻƳƛƴŀǘŜŘ ōȅ ǇŀǊƪƛƴƎ ƭƻǘǎΣ ōƭŀƴƪ ǿŀƭƭǎ ƻǊ ōǳǎȅ ǘǊŀŦŦƛŎΦ ¢ǊŀŘƛǘƛƻƴŀƭ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀƴŀƭȅǎƛǎ ǊŜƎŀǊŘǎ ǘƘŜǎŜ
ǎƛǘǳŀǘƛƻƴǎ ŀǎ ŜǉǳƛǾŀƭŜƴǘΤ {ǘǊŜŜǘ/[LtπDbb ƛƳǇƭƛŎƛǘƭȅ ŀǘǘǊŀŎǘǎ ǇŜƻǇƭŜϥǎ ŀǘǘŜƴǘƛƻƴ ǘƻ ŘƛŦŦŜǊŜƴŎŜǎ ōȅ ƭƛƴƪƛƴƎ
ŀŎŎŜǎǎƛōƛƭƛǘȅ ǿƛǘƘ ǘƘŜ ǎŜƳŀƴǘƛŎǎ ƻŦ ǘƘŜ ǎǘǊŜŜǘΦ CƻǊ ǇǊŜǾŜƴǘƛǾŜ ƘŜŀƭǘƘΣ ŀǊǊƛǾƛƴƎ ŀǘ ǘƘŜ ŎƭƛƴƛŎ ŀƭƻƴƎ ŀ ǎƘŀŘȅ
ŀƴŘ ǎƻŎƛŀƭ ǎǘǊŜŜǘ ƛǎ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ŀǊǊƛǾƛƴƎ ŀǘ ǘƘŜ ǎŀƳŜ ŎƭƛƴƛŎ ŀƭƻƴƎ ŀƴ ƻǇŜƴ ƛƴŘǳǎǘǊƛŀƭ ǊƻŀŘΣ ǿƘƛŎƘ ŜŎƘƻŜǎ
ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǇŜǊŎŜƛǾŜŘ ǎŀŦŜǘȅΣ ƎǊŜŜƴƛƴƎ ŀƴŘ ƳŜƴǘŀƭ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘ ōŀǎŜŘ ƻƴ ǎǘǊŜŜǘ ǎŎŜƴŜǎ όbŀƛƪ Ŝǘ ŀƭΦΣ
нлмпΤ bŀƛƪ Ŝǘ ŀƭΦΣ нлмсΤ [ǳΣ нлмфΤ .ŀǊŘƘŀƴ Ŝǘ ŀƭΦΣ нлнпΤ DŜōǊǳ Ŝǘ ŀƭΦΣ нлмтύΦ !ƭǘƘƻǳƎƘ ǘƘŜ ƳƻŘŜƭ Ŏŀƴƴƻǘ
ŘƛǊŜŎǘƭȅ ƳŜŀǎǳǊŜ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǎŀŦŜǘȅ ƻǊ ŎƻƳŦƻǊǘΣ ƛǘ ǎƘƻǿǎ Ƙƻǿ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ǘƘŜǎŜ ǉǳŀƭƛǘƛŜǎ ƛƴǘƻ ǘƘŜ
ǎŀƳŜ ŀƴŀƭȅǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ŀǎ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŦŀŎƛƭƛǘƛŜǎΦ

CƛƎΦ т {Ǉŀǘƛŀƭ ǇŀǘǘŜǊƴǎ ƻŦ ǇǊŜŘƛŎǘŜŘ ǎǘǊŜŜǘπƭŜǾŜƭ ŀŎŎŜǎǎƛōƛƭƛǘȅΥ όŀύ ŘŀȅπǘƛƳŜ ƛƴŘŜȄ ŀƴŘ όōύ ƴƛƎƘǘπǘƛƳŜ ƛƴŘŜȄΦ

CƛƴŀƭƭȅΣ ŜǾŜƴ ŀ ǎƛƳǇƭŜ ǎŎŜƴŀǊƛƻ ŜȄŜǊŎƛǎŜ ǳǎƛƴƎ ŀ ǘǊŀƛƴƛƴƎ ƳƻŘŜƭ ƛƭƭǳǎǘǊŀǘŜǎ Ƙƻǿ ǘƘƛǎ ŀƴŀƭȅǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ
ǎǳǇǇƻǊǘǎ ǇƭŀƴƴŜŘ ŘƛŀƭƻƎǳŜΦ ²ƘŜƴ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ нпπƘƻǳǊ ŎƭƛƴƛŎ ƛǎ ŀŘŘŜŘ ƴŜŀǊ ŀƴ ƛƴŘǳǎǘǊƛŀƭπƻǊƛŜƴǘŜŘ
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ǎǘŀǘƛƻƴΣ ǘƘŜ ƴƛƎƘǘ ǎƛǘŜ ǊŜǎǇƻƴŘǎ ƛƴ ŀ ƘƛƎƘƭȅ ƭƻŎŀƭƛȊŜŘ ǿŀȅΥ ǿƛǘƘƛƴ ŀ ŎƻƳŦƻǊǘŀōƭŜ ǿŀƭƪƛƴƎ ŘƛǎǘŀƴŎŜΣ ŀƭƻƴƎ ǘƘŜ
ƭƛƳƛǘŜŘ ǎǘǊŜŜǘ ŎƻǊǊƛŘƻǊΣ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǊƛǎŜǎ ǎƘŀǊǇƭȅΣ ǿƛǘƘ ƭƛǘǘƭŜ ƛƳǇŀŎǘ ƻƴ ƻǘƘŜǊ ǇƭŀŎŜǎΦ ²ƘŜƴ ǘƘŜ ōǳǎƛƴŜǎǎ
ƘƻǳǊǎ ƻŦ ŀƴ ŜȄƛǎǘƛƴƎ ŎƭƛƴƛŎ ƎǊƻǳǇ ƛƴ ŀ ǊŜǎƛŘŜƴǘƛŀƭ ǘƻǿƴ ŀǊŜ ŜȄǘŜƴŘŜŘ ǘƻ ǘƘŜ ƴƛƎƘǘ ƘƻǳǊǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀ ǎƛƴƎƭŜ
ƴŜǿ ŦŀŎƛƭƛǘȅΣ ǘƘŜ ōŜƴŜŦƛǘǎ ŀǊŜ ƳƻǊŜ ŘƛǎǇŜǊǎŜŘΣ ŀƴŘ ǘƘŜ ŜȄƛǎǘƛƴƎ ŘŀȅǘƛƳŜ ǊƛŘƎŜ ƛǎ ǘƘƛŎƪŜƴŜŘ ǘƻ ǎƻƳŜǘƘƛƴƎ
ŎƭƻǎŜǊ ǘƻ ŀ нпπƘƻǳǊ ǎŀƴƛǘŀǊȅ ŎƻǊǊƛŘƻǊΦ Lƴ ōƻǘƘ ŎŀǎŜǎΣ ǘƘŜ Ǝƭƻōŀƭ ŜǊǊƻǊ ƛƴŘŜȄ Ƙŀǎ ƘŀǊŘƭȅ ŎƘŀƴƎŜŘΣ ōǳǘ ǘƘŜ
ǇŀǘǘŜǊƴ ƻŦ ǎǘǊŜŜǘ ǎƛȊŜ ǿƛƭƭ ŎƘŀƴƎŜ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ǇƭŀƴƴŜǊǎ ŀƴŘ ǊŜǎƛŘŜƴǘǎ ŜȄǇŜǊƛŜƴŎŜ ŘƛǊŜŎǘƭȅΦ ¢Ƙƛǎ
ŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǳǊōŀƴ ŀǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ŀǎ ŀƴ ƻǊŀŎǊŜ ǘƘŀǘ ǇǊƻǾƛŘŜǎ ǘƘŜ ōŜǎǘ ǎƻƭǳǘƛƻƴΣ ōǳǘ ŀǎ ŀ
ŘƛŀƎƴƻǎǘƛŎ ǇŀǊǘƴŜǊΣ ƛǘ Ŏŀƴ ǊŜǾŜŀƭ ǘƘŀǘ ǎƳŀƭƭΣ ǘŀǊƎŜǘŜŘ ƛƴǘŜǊǾŜƴǘƛƻƴǎ Ƴŀȅ ǎǘƛǘŎƘ ǘƻƎŜǘƘŜǊ ǘƘŜ ǿŜŀƪ ƘŜŀƭǘƘ
ǇƛƭƭŀǊǎ ƻŦ нпπƘƻǳǊ ŎƛǘƛŜǎΣ ǿƘƛŎƘ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ǊŜŎŜƴǘ ƎǊŀǇƘƛŎǎπōŀǎŜŘ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǎǳǇǇƻǊǘ ǎȅǎǘŜƳ ƛƴ
ǳǊōŀƴ ǇƭŀƴƴƛƴƎΦ !ǇǇŜŀƭ ό{ƛŘŜǊƛǎ Ŝǘ ŀƭΦΣ нлнпύΦ

¢Ƙƛǎ ǇŀǇŜǊ ǊŜƎŀǊŘǎ ǘƘŜ ǎǘǊŜŜǘ ŀǎ ŀ ǎŜƴǎƻǊ ŀƴŘ ǘƘŜ ǎǳōƧŜŎǘ ǘƻ ǊŀƛǎŜ ŀ ǎŜŜƳƛƴƎƭȅ ǎƛƳǇƭŜ ǉǳŜǎǘƛƻƴΥ ƛƴ ŀ Ŏƛǘȅ
ǘƘŀǘ ȅŜŀǊƴǎ ŦƻǊ ŎŀǊ ƭƛŦŜΣ ƛǎ ƘŜŀƭǘƘπƻǊƛŜƴǘŜŘ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎƭȅ нпπƘƻǳǊΣ ǿƘƻ Ŏŀƴ ǊŜŀƭƭȅ ƎŜǘ ƳŜŘƛŎŀƭ ǎǳǇǇƻǊǘ ƻƴ
Ŧƻƻǘ ŀƴŘ ǿƘŜƴΚ .ŀǎŜŘ ƻƴ {ƛƴƎŀǇƻǊŜϥǎ aw¢ ƴŜǘǿƻǊƪΣ ǿŜ ƘŀǾŜ ōǳƛƭǘ ŀ ƳǳƭǘƛπƳƻŘŜ ǎǘǊŜŜǘ ƳŀǇΣ ŎƻƳōƛƴƛƴƎ
ƘŜŀƭǘƘπǊŜƭŀǘŜŘ ŦŀŎƛƭƛǘƛŜǎΣ ŎƭƛǇπōŀǎŜŘ ǎǘǊŜŜǘ ǎŜƳŀƴǘƛŎǎ ŀƴŘ ǎƛƳǇƭŜ ǘƛƳŜ ǊǳƭŜǎ ŦƻǊ ƻǇŜƴƛƴƎ ƘƻǳǊǎΣ ŀƴŘ ǘǊŀƛƴƛƴƎ
{ǘǊŜŜǘ/[LtπDbb ǘƻ ƭŜŀǊƴ Řŀȅ ŀƴŘ ƴƛƎƘǘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ŀ ǎƛƴƎƭŜ ǎǘǊŜŜǘ ƴƻŘŜΦ /ƻǳƴǘΦ

¢ƘŜ ǊŜǎǳƭǘ ŘŜǇƛŎǘǎ ŀ ŎƭŜŀǊ ǇƛŎǘǳǊŜΦ 5ǳǊƛƴƎ ǘƘŜ ŘŀȅΣ Ƴŀƴȅ aw¢ ŎƻǊǊƛŘƻǊǎ ŦƻǊƳ ǊŜŀǎƻƴŀōƭȅ Ŏƻƴǘƛƴǳƻǳǎ
ϦƘŜŀƭǘƘȅ ǊƛŘƎŜǎϦΣ ŜǎǇŜŎƛŀƭƭȅ ŀǊƻǳƴŘ ƳŀǘǳǊŜ ǊŜǎƛŘŜƴǘƛŀƭ ǘƻǿƴǎ ŀƴŘ ƭŀǊƎŜ ƘƻǎǇƛǘŀƭǎΤ ŀǘ ƴƛƎƘǘΣ ǘƘŜǎŜ ǊƛŘƎŜǎ
ǎƘǊƛƴƪ ƛƴǘƻ ŀ ƭƻƴƎ ŀƴŘ ŦǊŀƎƳŜƴǘŜŘ ōŀŎƪōƻƴŜΣ ƭŜŀǾƛƴƎ ƭƻƴƎ ƛƴŘǳǎǘǊƛŀƭ ŀǊŜŀǎΣ ǿŀǘŜǊŦǊƻƴǘǎ ŀƴŘ ƳŀǊƎƛƴŀƭ
ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΣ ǿƘƛŎƘ ŀǊŜ ŀŎǘǳŀƭƭȅ ƘŜŀƭǘƘȅ ŀŦǘŜǊ ŘŀǊƪΦ ¢ƘŜ ŘŜǎŜǊǘΦ 5ƛƎƛǘŀƭƭȅΣ ǘƘŜ ƎǊŀǇƘƛŎ ƳƻŘŜƭ ǇŜǊŦƻǊƳǎ
ōŜǘǘŜǊ ǘƘŀƴ ǘƘŜ ƴƻƴπǎǇŀǘƛŀƭ ōŀǎŜƭƛƴŜ ƛƴ ŘŀȅǘƛƳŜ ǘŀǎƪǎ ŀƴŘ ƎŜƴŜǊŀǘŜǎ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ƴƛƎƘǘ ŀŎŎŜǎǎ ǘƻ
ǘƘŜ ǎǇŀǘƛŀƭ ŦƛŜƭŘΣ ŜǾŜƴ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǎƛƳƛƭŀǊ ŜǊǊƻǊǎ ƛƴ ǎƛƳǇƭŜ ŀǾŜǊŀƎŜǎΦ ¢ƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ŀ ŎƻƳǇƻǎƛǘŜ
ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ƘŜƭǇǎ ǘƘŜ ƴƛƎƘǘ ƳƻŘŜƭ ǘƻ ǎƘŀǊǇŜƴ ǘƘƛǎ ōŀŎƪōƻƴŜ ŀƴŘ ƳŀƪŜǎ ǘƘŜ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ
Ǿƛǎǳŀƭƭȅ ŦǊƛŜƴŘƭȅ ǎǘǊŜŜǘǎ ŀƴŘ ǿŜƭƭπǎǳǇǇƻǊǘŜŘ ǎǘǊŜŜǘǎ ŜƳǇƛǊƛŎŀƭƭȅ ǾƛǎƛōƭŜΦ Lƴ ŜǎǎŜƴŎŜΣ ǘƘŜǎŜ ƳŀǇǎ ǎƘƻǿ Ƙƻǿ
ŜȄƛǎǘƛƴƎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ǎŀƴƛǘŀǘƛƻƴ ŀƴŘ ƭŀƴŘ ǳǎŜ ǇƻƭƛŎƛŜǎ ǿƻǊƪ ǘƻƎŜǘƘŜǊ ƻƴ ǘƘŜ ƎǊƻǳƴŘ π ǎƻƳŜǘƛƳŜǎ
ǎǳŎŎŜǎǎŦǳƭΣ ǎƻƳŜǘƛƳŜǎ ǳƴōŀƭŀƴŎŜŘΦ

Lƴ ǘŜǊƳǎ ƻŦ ƳŜǘƘƻŘǎΣ ǘƘŜ ǎǘǳŘȅ ǎƘƻǿǎ ǘƘŀǘ ǇŜǊŎŜǇǘƛƻƴ ŀǘ ǘƘŜ ǎǘǊŜŜǘ ƭŜǾŜƭ Ŏŀƴ ōŜ ǿƻǾŜƴ ƛƴǘƻ ŀ ƎǊŀǇƘƛŎπ
ōŀǎŜŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀƴŀƭȅǎƛǎ ǿƛǘƘƻǳǘ ŦŀƭƭƛƴƎ ƛƴǘƻ ŀ ōƭŀŎƪ ōƻȄΦ ¢ƘŜ ǎŜƳŀƴǘƛŎǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ŎƭƛǇ Ŏŀƴƴƻǘ
ǊŜǇƭŀŎŜ ǘǊŀŘƛǘƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊǎΤ ǘƘŜȅ ŀŘŘ ŀ ƳƛǎǎƛƴƎ ƭŀȅŜǊΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŘƛǎǘƛƴƎǳƛǎƘƛƴƎ ōŜǘǿŜŜƴ ǊŜŎŜƛǾƛƴƎ
ŎŀǊŜ ǘƘǊƻǳƎƘ ǎƘŀŘȅΣ ǎƻŎƛŀƭƭȅ ŀŎǘƛǾŜ ǎǘǊŜŜǘǎ ŀƴŘ ǊŜŎŜƛǾƛƴƎ ǘƘŜ ǎŀƳŜ ƴƻƳƛƴŀƭ ŎŀǊŜ ǘƘǊƻǳƎƘ ƘƻǎǘƛƭŜ
ŜƴǾƛǊƻƴƳŜƴǘǎΦ tƻƭƛǘƛŎŀƭƭȅ ǎǇŜŀƪƛƴƎΣ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ƴŀǊǊŀǘƛǾŜ ƻŦ нпπƘƻǳǊ
ŎƛǘƛŜǎ ŀƴŘ ǇǊŜǾŜƴǘƛǾŜ ƘŜŀƭǘƘ ƛǎ ōŀǎŜŘ ƻƴ ŀ ŦǊŀƎƛƭŜ ǎǇŀŎŜΥ ŀ ŦŜǿ ǎǘŀǘƛƻƴǎ ŜƴƧƻȅ нпπƘƻǳǊ ǿŀƭƪƛƴƎ ǎǳǇǇƻǊǘΣ
ǿƘƛƭŜ ƻǘƘŜǊǎ ǊŜƭȅ ƻƴ ŎƻǊǊƛŘƻǊǎ ŘǳǊƛƴƎ ǘƘŜ ŘŀȅΦ hƴŎŜ ǘƘŜ ŎƭƛƴƛŎ ƛǎ ŎƭƻǎŜŘΣ ǘƘŜ ŎƻǊǊƛŘƻǊǎ ǿƛƭƭ ŘƛǎŀǇǇŜŀǊΦ

CƻǊ ǇƭŀƴƴŜǊǎ ŀƴŘ ǇǳōƭƛŎ ƘŜŀƭǘƘ ƛƴǎǘƛǘǳǘƛƻƴǎΣ ǘƘƛǎ ƳŜŀƴǎ ǳǎƛƴƎ ¦Ǌōŀƴ !L ŀǎ ŀ ŘƛŀƎƴƻǎǘƛŎ ŎƻƳǇŀƴƛƻƴ ǊŀǘƘŜǊ
ǘƘŀƴ ƛƴǎǘŀƭƭƛƴƎ ŀƴƻǘƘŜǊ ŘŀǎƘōƻŀǊŘΦ ¢ƘŜ ǎŀƳŜ ƳƻŘŜƭ ǘƘŀǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ǊƛŘƎŜǎ ŀƴŘ ŘŜǎŜǊǘǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ
ǇǊŀŎǘƛŎŜ ǎƻƳŜ ǎƛƳǇƭŜ ƘȅǇƻǘƘŜǘƛŎŀƭ ǉǳŜǎǘƛƻƴǎ π ŀŘŘƛƴƎ ŀ нпπƘƻǳǊ ŎƭƛƴƛŎ ƘŜǊŜ ŀƴŘ ŜȄǘŜƴŘƛƴƎ ǘƘŜ ƻǇŜƴƛƴƎ
ƘƻǳǊǎ ǘƘŜǊŜ π ŀƴŘ ǎŜŜƛƴƎ Ƙƻǿ ŦŀǊ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ǿƛƭƭ ŀŎǘǳŀƭƭȅ Ǝƻ ƻƴ ǘƘŜ ǎǘǊŜŜǘ ƴŜǘǿƻǊƪΦ CǳǘǳǊŜ ǿƻǊƪ Ŏŀƴ
ƭƛƴƪ ǘƘŜǎŜ ǇŀǘǘŜǊƴǎ ǘƻ ǊŜŀƭ ƳƻǾƛƴƎ ǘǊŀŎƪǎ ƻǊ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎΣ ŜȄǇŀƴŘ ǘƘŜ ǘƛƳŜ ǊŜǎƻƭǳǘƛƻƴ ōŜȅƻƴŘ ǎƛƳǇƭŜ
Řŀȅ ŀƴŘ ƴƛƎƘǘ ŘƛǾƛǎƛƻƴǎΣ ŀƴŘ ŜȄǇƭƻǊŜ Ƙƻǿ ǎƛƳƛƭŀǊ ƳŜǘƘƻŘǎ ǇŜǊŦƻǊƳ ƛƴ ƻǘƘŜǊ ŎƛǘƛŜǎΣ ǿƘŜǊŜ ǘƘŜ ǇǊƻƳƛǎŜ ƻŦ
ŀƭƭπǿŜŀǘƘŜǊ ƘŜŀƭǘƘȅ ǎǘǊŜŜǘǎ ƛǎ ŜǾŜƴ ŦǳǊǘƘŜǊΦ

[ŀƴŘ ¢ǊŀƴǎǇƻǊǘ !ǳǘƘƻǊƛǘȅ ό[¢!ύ нлмфΣ [ŀƴŘ ¢ǊŀƴǎǇƻǊǘ aŀǎǘŜǊ tƭŀƴ нлплΣ [ŀƴŘ ¢ǊŀƴǎǇƻǊǘ !ǳǘƘƻǊƛǘȅΣ
{ƛƴƎŀǇƻǊŜΦ

aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘ όahIύ нлннΣ IŜŀƭǘƘƛŜǊ {DΥ ²ƘƛǘŜ tŀǇŜǊΣ aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘΣ {ƛƴƎŀǇƻǊŜΦ

780



²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳ нлнпΣ ΨwŜǘƘƛƴƪƛƴƎ нпπƘƻǳǊ ŎƛǘƛŜǎΥ ƴƛƎƘǘπǘƛƳŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŀŘŘǊŜǎǎ ǳǊōŀƴ
ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ǘƘǊƛǾŜΩΣ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳΣ ф WŀƴǳŀǊȅΦ

bŀƛƪΣ bΣ tƘƛƭƛǇƻƻƳΣ WΣ wŀǎƪŀǊΣ w ϧ IƛŘŀƭƎƻΣ /! нлмпΣ Ψ{ǘǊŜŜǘǎŎƻǊŜ ς tǊŜŘƛŎǘƛƴƎ ǘƘŜ ǇŜǊŎŜƛǾŜŘ ǎŀŦŜǘȅ ƻŦ ƻƴŜ
Ƴƛƭƭƛƻƴ ǎǘǊŜŜǘǎŎŀǇŜǎΩΣ /±tw ²ƻǊƪǎƘƻǇǎΣ ǇǇΦ тфоςтффΦ

bŀƛƪΣ bΣ wŀǎƪŀǊΣ w ϧ IƛŘŀƭƎƻΣ /! нлмсΣ Ψ/ƛǘƛŜǎ ŀǊŜ ǇƘȅǎƛŎŀƭ ǘƻƻΥ ǳǎƛƴƎ ŎƻƳǇǳǘŜǊ Ǿƛǎƛƻƴ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ
ǉǳŀƭƛǘȅ ŀƴŘ ƛƳǇŀŎǘ ƻŦ ǳǊōŀƴ ŀǇǇŜŀǊŀƴŎŜΩΣ !ƳŜǊƛŎŀƴ 9ŎƻƴƻƳƛŎ wŜǾƛŜǿΣ ǾƻƭΦ млсΣ ƴƻΦ рΣ ǇǇΦ мнуςмонΦ

DŜōǊǳΣ ¢ Ŝǘ ŀƭΦ нлмтΣ Ψ¦ǎƛƴƎ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŀƴŘ DƻƻƎƭŜ {ǘǊŜŜǘ ±ƛŜǿ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŘŜƳƻƎǊŀǇƘƛŎ ƳŀƪŜǳǇ
ƻŦ ǘƘŜ ¦{ΩΣ tb!{Σ ǾƻƭΦ ммпΣ ƴƻΦ рлΣ ǇǇΦ момлуςмоммоΦ

[ǳΣ ¸ нлмфΣ Ψ¦ǎƛƴƎ DƻƻƎƭŜ {ǘǊŜŜǘ ±ƛŜǿ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǎǘǊŜŜǘ ƎǊŜŜƴŜǊȅ ŀƴŘ ǇƘȅǎƛŎŀƭ
ŀŎǘƛǾƛǘȅΩΣ [ŀƴŘǎŎŀǇŜ ŀƴŘ ¦Ǌōŀƴ tƭŀƴƴƛƴƎΣ ǾƻƭΦ мфмΣ млопорΦ

wŀŘŦƻǊŘΣ ! Ŝǘ ŀƭΦ нлнмΣ Ψ[ŜŀǊƴƛƴƎ ǘǊŀƴǎŦŜǊŀōƭŜ Ǿƛǎǳŀƭ ƳƻŘŜƭǎ ŦǊƻƳ ƴŀǘǳǊŀƭ ƭŀƴƎǳŀƎŜ ǎǳǇŜǊǾƛǎƛƻƴΩΣ ƛƴ
tǊƻŎŜŜŘƛƴƎǎ ƻŦ L/a[ нлнмΦ

IŀƳƛƭǘƻƴΣ ²[Σ ¸ƛƴƎΣ ½ ϧ [ŜǎƪƻǾŜŎΣ W нлмтΣ ΨLƴŘǳŎǘƛǾŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƭŜŀǊƴƛƴƎ ƻƴ ƭŀǊƎŜ ƎǊŀǇƘǎΩΣ ƛƴ !ŘǾŀƴŎŜǎ
ƛƴ bŜǳǊŀƭ LƴŦƻǊƳŀǘƛƻƴ tǊƻŎŜǎǎƛƴƎ {ȅǎǘŜƳǎ όbŜǳǊLt{ нлмтύΦ

YƛǇŦΣ ¢b ϧ ²ŜƭƭƛƴƎΣ a нлмтΣ Ψ{ŜƳƛπǎǳǇŜǊǾƛǎŜŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǿƛǘƘ ƎǊŀǇƘ ŎƻƴǾƻƭǳǘƛƻƴŀƭ ƴŜǘǿƻǊƪǎΩΣ
LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ [ŜŀǊƴƛƴƎ wŜǇǊŜǎŜƴǘŀǘƛƻƴǎ όL/[wύΦ

[ŜƛΣ . Ŝǘ ŀƭΦ нлнпΣ ΨtǊŜŘƛŎǘƛƴƎ ōǳƛƭŘƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǘ ǳǊōŀƴ ǎŎŀƭŜ ǳǎƛƴƎ ǎǘǊŜŜǘπǾƛŜǿ ƛƳŀƎŜǊȅ ŀƴŘ ƎǊŀǇƘ
ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎΩΣ /ƻƳǇǳǘŜǊǎΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ¦Ǌōŀƴ {ȅǎǘŜƳǎΣ ǾƻƭΦ млтΣ млмффлΦ

[ƛǳΣ / Ŝǘ ŀƭΦ нлнпΣ ΨDǊŀǇƘ ŀǘǘŜƴǘƛƻƴ ƴŜǘǿƻǊƪǎ ǳƴǾŜƛƭ ŘŜǘŜǊƳƛƴŀƴǘǎ ƻŦ ƛƴǘǊŀπǳǊōŀƴ ƘŜŀƭǘƘ ŘƛǎǇŀǊƛǘƛŜǎΩΣ IŜŀƭǘƘ
ϧ tƭŀŎŜ όƻƴƭƛƴŜ ŦƛǊǎǘύΦ
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ƎǊŜŜƴŜǊȅ ŀƴŘ ōƭǳŜǎǇŀŎŜ ƛƴ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǊȅ ŀƴŘ ƳŜƴǘŀƭ ƘŜŀƭǘƘΩΣ [ŀƴŘǎŎŀǇŜ ŀƴŘ ¦Ǌōŀƴ tƭŀƴƴƛƴƎ όƻƴƭƛƴŜ
ŦƛǊǎǘύΦ
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Research Paper 

Inclusive Mobility in High-Density Cities: 
Understanding Elderly metro travel through 

Smart Card Data and XAI 
Bo Lu, College of Architecture & Urban Planning,  Hunan City University, China 

Sijun Guo, College of Architecture & Urban Planning, Hunan City University, China 

Yizhe  Huang, College of Architecture & Urban Planning, Hunan City University, China 

This research examines the influence of built environment metrics on elderly metro 
travel in Shanghai by leveraging 1.3 million Smart Card records and Explainable 
Artificial Intelligence(XAI). Employing a Geographically Weighted Random Forest model 
with SHAP interpretability, the study exposes the nonlinear and spatially heterogeneous 
dynamics between urban forms and age-related mobility. Key findings indicate that 
functional amenities,specifically shopping, living services, and governmental 
facilities,are the most significant predictors of travel patterns. In contrast, density 
indicators like floor area ratio and intersection density exhibit less influence than 
anticipated, largely due to saturation effects in highly urbanized areas. Crucially, the 
analysis reveals optimal BE thresholds, suggesting that while moderate density fosters 
accessibility, excessive urban complexity may hinder elderly mobility. Furthermore, 
station clustering identifies three spatial typologies that substantiate localized built 
environment effects. By bridging AI interpretability with spatial modeling, this work 
offers actionable insights for creating inclusive, equitable, and resilient transport 
systems, supporting a transition toward responsive and age-friendly urban governance. 

Older adultsΩ mobility, built environment, Explainable Artificial Intelligence (XAI), high 
density , nonlinear effects, inclusive 

The rapid acceleration of global population aging, with the WHO predicting 2.1 billion

people over 60 by 2050, presents profound challenges for urban spatial equity (WHO, 2024). In 

high-density metropolises like Shanghai, the metro system is a cornerstone of "24-hour city" 

mobility, providing affordable access to healthcare, social participation, and daily services (Diao 

et al., 2024). To foster inclusive mobility, Shanghai implementŜŘ ǘƘŜ ά.ŀƻǘƻƴƎ /ŀǊŘέ ǇƻƭƛŎȅΣ 

offering free public transit to seniors over 70, thereby generating massive Smart Card Data (SCD) 

that reflects the actual travel demands of the elderly (Government, 2017). 
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While the "5D" built environment (BE) framework, comprising density, diversity, design, 

destination accessibility, and distance to transit, has been widely used to analyze travel behavior 

(Ewing and Cervero, 2010), its application to elderly metro mobility in hyper-dense contexts 

remains limited. Existing studies often prioritize commuting patterns or pedestrian friendliness, 

frequently relying on linear models that overlook the complex, non-linear interactions between 

BE and mobility. Specifically, high-density environments may foster accessibility yet 

simultaneously introduce spatial complexity and overcrowding that discourage elderly travel 

(Yang et al., 2024a). Furthermore, traditional surveys fail to capture continuous travel chains, 

leaving a gap in understanding how specific BE attributes produce threshold dynamics or 

spatially heterogeneous impacts. 

The digital transformation of urban planning, particularly through Explainable Artificial 

Intelligence (XAI), offers an unprecedented opportunity to transcend static analysis. By 

leveraging SCD and machine learning, we can now model large-scale mobility patterns while 

elucidating the underlying mechanisms of specific spatial factors. 

Against this background, this study utilizes Shanghai as a case to investigate elderly metro 

travel patterns. We address three critical questions: (1) How can SCD effectively identify elderly 

travel chains in dense urban environments? (2) Which BE indicators most significantly influence 

destination selection? and (3) To what extent do these influences exhibit nonlinear thresholds or 

spatial heterogeneity? By addressing these, this research advances both methodological 

modeling and evidence-based planning for inclusive, age-friendly urban environments. 

The remainder of this paper is structured as follows: Section 2 outlines the methodology 

and datasets; Section 3 presents the findings and policy implications; and Section 4 provides 

conclusions. 

 

Shanghai, a hyper-dense megacity with the world's largest metro system, serves as the 

study area (Figure 1). By 2024, residents aged 70+ accounted for nearly 20% of its population 

(Affairs, 2025), making it a critical case for elderly mobility research. 
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We utilized 1.3 million anonymized smart card records (Jan 2023 ς Aug 2024) from the 

ά.ŀƻǘƻƴƎ /ŀǊŘέ ǎȅǎǘŜƳΦ ¢ƻ ŜƴǎǳǊŜ Řŀǘŀ ǊŜƭƛŀōƛƭƛǘȅΣ ǿŜ ŜȄŎƭǳŘŜŘΥ όмύ ƛƴŎƻƳǇƭŜǘŜ ǊŜŎƻǊŘǎ ƻǊ ǘǊƛǇǎ 

<5 or >120 minutes; and (2) extreme users (infrequent users with <10 trips or excessive users 

with >2,000 trips). The final dataset comprises 1,297,400 trips from 3,487 eligible users. 

CƻƭƭƻǿƛƴƎ ǘƘŜ άр5έ ŦǊŀƳŜǿƻǊƪΣ нл .9 ƛƴŘƛŎŀǘƻǊǎ ǿŜǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ŦǊƻƳ нлноς2024 spatial 

datasets (See Table 1). Based on previous studies (Liu et al., 2025b), we measured these 

indicators within 800m station catchments using Voronoi polygons to prevent overlapping. To 

address elderly needs, POI data were reclassified into residential, commercial, recreational, 

medical, and governmental functions. 

Floor area ratio FAR The ratio of the total building floor area to the total area of 

the buffer area
2.99 1.24 

/https://www.resdc.cn/ 

Road density RD 
The cumulative length of roads within the buffer zone(km) 

divided by the total area of buffer area 
15.20 6.98 

https://www.openstreetm

ap.org/ 

Intersection density ID 
The cumulative number of intersections within the buffer 

zone divided by the total area of buffer area 
19.58 18.37 

https://www.openstreetm

ap.org/

Land use diversity LDI 

Calculated using the Shannon diversity index(╢╗╓╘
В ╟░ ἴἶ╟░
▪

ἴἶ ▪
) based on the area proportions of land use(e.g., 

residential, commercial, and industrial)within the buffer area 

0.88 0.37 

https://data.sh.gov.cn/ 

https://www.resdc.cn/ 

Point of interests 

diversity 
PDI 

Calcualted using the Shannon diversity index(╢╗╓╘
В ╟░ ἴἶ╟░
▪

ἴἶ ▪
) of functional facilities(e.g., living support services, 

1.66 0.25 
https://www.amap.com
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shopping services) within the buffer area 

Road connectivity RC 
The average node degree in the road network within the 

buffer area 
2.14 0.07 

https://www.openstreetm

ap.org/

Normalized 

Difference 

Vegetation Index  

NDVI 
The average Normalized Difference Vegetation Index value 

within the buffer area 
0.11 0.03 

https://earthengine.google

.com/

Distance to nearest 

park 
Dist_P 

The shortest network distance from metro station to nearest 

park within the buffer area 
732 849 

https://www.resdc.cn/ 

Average distance to 

the metro station 

Dist_

M 

The shortest street-based network distance from the station 

centroid to the nearest accessible public green space(m) 
846 363 

https://service.shmetro.co

m/ 

Distance to city 

center 

DIST_

C 

The calculate euclidean distance from the station to the 

center of the area(m) 
5,457 3,813 

https://www.openstreetm

ap.org/

Government 

services facilities  

POI_G

ov 

The cumulative number of government services facilities 

within the buffer area 
28 23 

https://www.amap.com

Recreational and 

leisure services 

facilities  

POI_R

ec 

The cumulative number of recreational and leisure  services 

facilities, such as fishing park, orchard, camping site, sports 

venue, chess room, within the buffer area 

9 9 

https://www.amap.com

Medical and 

healthcare services 

facilities 

POI_

Med 

The cumulative number of medical and healthcare facilities, 

such as hospital, healthcare service facility, within the buffer 

area 

9 8 

https://www.amap.com

Living services 

facilities 

POI_Li

v 

The cumulative number of living service facilities, such as fast 

food shop, bank, post office, laundry house, within the buffer 

area 

28 25 

https://www.amap.com

Shopping services 

facilities 

POI_S

ho 

The cumulative number of shopping service facilities, sucha 

as mall, market, pet and plant market, within the buffer area 
29 24 

https://www.amap.com

Cultural and 

educational facilities 

POI_C

ul 

The cumulative number of cultural service facilities, such as 

museum, library, art gallery, exhibition hall, within the buffer 

area 

14 15 

https://www.amap.com

Route betweenness 

centrality 
BTC 

The frequency with which a station serves as a bridge on the 

shortest topological paths (♫ ⱨ

В
Ɑ ▼ȟ◄ȿ○

Ɑ ▼ȟ◄▼ ○ ◄ ).between all other station  

0.7 0.6 

https://service.shmetro.co

m/

Number of subway 

connecting lines 
SUB_L 

The mean line count per station, serving as a proxy for the 

transfer potential and structural importance of the transit 

node 

1.33 0.60 

https://service.shmetro.co

m/

Population density 

of older adults 

above 70 

POP7

0 

The mean population count of residents aged 70 and above 

residing within the buffer area 
6267 3389 

https://www.worldpop.or

g/

House price 
HOU_

P 
The mean value of house price within the buffer area(¥). 75,566 25,067 

https://m.anjuke.com/bj/

{ƘŀƴƎƘŀƛΩǎ ƳƻǊǇƘƻƭƻƎȅ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘƛƎƘ ŘŜƴǎƛǘȅ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ƛƴǘŜƴǎƛǘȅ ό!ǾŜǊŀƎŜ 

FAR = 2.99). High RD and ID support pedestrian circulation, though average NDVI remains low 

due to compact urban development. Significant spatial heterogeneity exists in Hou_P(Mean = 

¥75,566/m²) and elderly population distribution, reflecting substantial socioeconomic variations

across metro catchments. Multicollinearity checks confirmed the suitability of all selected factors

for model construction.
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The analytical framework of this study consists of four interrelated phases (Figure 2). Part 1 

ƛƴǾƻƭǾŜǎ Řŀǘŀ ƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ ǇǊŜǇǊƻŎŜǎǎƛƴƎΣ ǿƘŜǊŜ мΦо Ƴƛƭƭƛƻƴ ά.ŀƻǘƻƴƎ /ŀǊŘέ ǊŜŎƻǊŘǎ ŀǊŜ 

combined with multi-source built environment (BE) data. Following data cleaning and trip-chain 

reconstruction, we establish a BE variable system and conduct multicollinearity checks to ensure 

indicator independence. Part 2 focuses on station identification using a center-point algorithm 

and frequency-dwell-time rules. This process demarcates home station departure (HD) and 

activity station arrival (AR) volumes, forming the basis for spatiotemporal pattern analysis. 

In Part 3, a Geographically Weighted Random Forest (GWRF) model is constructed to 

quantify the spatially varying relationships between BE indicators and elderly metro ridership 

within station catchments. We incorporate the SHAP (SHapley Additive exPlanations) method to 

provide a global interpretation of feature importance and identify non-linear threshold effects. 

Finally, Part 4 implements spatial clustering and local inference. Using K-means clustering based 

on aging population density and HD/AR ratios, we classify metro stations into distinct typologies. 

Local SHAP inference is then applied to representative stations within each cluster to uncover 

spatial heterogeneity and the specific driving factors influencing the elderly metro experience 

across different urban contexts. 

Following previous studies and considering the behavioral characteristics of older adults 

(Zou et al., 2018), the center-point based detection algorithm was utilized to detect the home, 

and activity stations for older adult metro travelers, through the application of the daily record of 
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travel of users in the metro service. The procedure is subdivided into three parts (Figure 3). First, 

the first boarding station and the last available station of the day were detected for every user, 

thereby producing daily home, activity pairs for a closed loop journey. 

 

Secondly, the first and last stations of the daily records of each user were compared, and 

the distance between the spatial coordinates was calculated on a day-to-day basis. In the event 

the daily station coordinates happened to be within a 2000 m threshold, then an iterative 

process of recalculation of the geometrical midpoint is used so as to compute periodicity in the 

ƻōǘŀƛƴŜŘ άŎŜƴǘer Ǉƻƛƴǘέ ŦƻǊ ǎŜǾŜǊŀƭ ŘŀȅǎΦ ¢ƘŜ ǎǘŀǘƛƻƴ ƴŜŀǊŜǎǘ ǘƻ ǘƘƛǎ ŎŜƴǘŜǊ-point is allocated to 

the user as the home station of the user. This arrangement gives the advantage of eliminating 

random noise resulting from not infrequent periodic trips, with the result that the home station 

obtained is based upon actual periodicity of travel.  

Thirdly, the probable activity stations are summed together according to frequency of 

visitation, and the duration of dwell. Stations, for which to account for dwell duration, over sixty 

minutes is spent, and for which more than fifty per cent of the total visits occur, are termed core 

activity stations. 

To quantify the spatially varying and nonlinear influences of BE indicators on elderly metro 

ridership, we developed a Geographically Weighted Random Forest (GWRF) model. This hybrid 

approach integrates the nonlinear learning capacity of Random Forest (RF) with the spatial 

weighting mechanism of Geographically Weighted Regression (Georganos et al., 2021).The 

modeling involved four key steps: (1) Hyperparameter Optimization: A global RF model was 

tuned via Bayesian optimization (trees: 200ς800; depth: 5ς20). (2) Spatial Weighting: We 

implemented Gaussian distance-decay weighting based on the 50 nearest stations (k = 50), 

training local RF models for each station to capture spatial heterogeneity. (3) Validation: Five-

fold spatial cross-validation yielded an average R2 of 0.53 and RMSE of 1506, significantly 

outperforming the baseline RF model. (4) Interpretability: The SHAP algorithm was applied to 

decompose predictions into additive feature contributions, enabling both global importance 

ranking and local dependency analysis (Lundberg, 2017). 
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The study examined the metro travels of older adults  by employing various time-related 

levels:hourly, weekly, monthly, trip duration and travel distance range (See Figure 4a-4b ). 

Overall, Elderly metro trips in Shanghai exhibit a stable and rhythmic temporal pattern . Hourly 

distribution reveals a "bimodal" pattern with peaks at 8:00ς10:00 and 15:00ς17:00, indicating a 

clear "off-peak" preference to avoid peak-hour congestion. Weekly stability and seasonal 

fluctuations, with activity peaks in spring and autumn, suggest that elderly mobility is primarily 

driven by non-commute demands and is climate-sensitive. Most trips are short-to-medium 

distance, with durations of 10ς30 minutes and distances under 10 km (See Figure 4c-4d).  

 

 

Following data cleansing and center-point detection, 895,053 valid trips from 3,407 users 

were analyzed. Both home station departures (HD) and activity station arrivals (AR) exhibit highly 

right-skewed distributions, indicating significant spatial heterogeneity (Figure 5a-5c). The 

scatterplot reveals that most stations sit above the 1:1 diagonal, with AR volumes frequently 

exceeding HD, suggesting that elderly travel is characterized by diverse origins but concentrated 

destinations, a marked contrast to the balanced flows of regular commuting. 

Spatially, a distinct core-periphery differentiation emerges (Figure 5d). High-AR stations are 

densely clustered within the Inner Ring (Huangpu, Jing'an, and Xuhui), driven by the 

concentration of multi-functional amenities. Conversely, HD stations are more prevalent in the 

middle and outer rings, particularly along Lines 1, 7, 9, and 13, which serve major residential 
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aging communities. This "peripheral living-central activity" framework highlights the functional 

magnetism of the urban core for seniors and underscores the spatial mismatch between 

residential concentrations and service-rich activity hubs in newly developed peripheral areas. 

 

 

Given that metro travel is inherently purpose-oriented, this study adopts AR volume as the 

dependent variable to more effectively examine how BE indicators and their threshold effects 

influence metro travel among older adults. The SHAP feature importance plot (Figure 6a) and 

summary plot (Figure 6b) indicate that several indicators related to functional intensity and 

service accessibility play dominant roles in explaining older adults metro destinations. 

The diagram reveals that functional intensity and service accessibility are the primary 

drivers of elderly metro travel. Functional POIs, specifically living services (POI_Liv), shopping 

(POI_Sho), and governmental facilities (POI_Gov), emerged as the top three predictors, each 

with mean absolute SHAP values exceeding 0.15. This confirms a strong preference for 

destinations offering daily convenience and administrative services, aligning with previous 

studies (Cerin et al., 2017; Zang et al., 2019). Recreational and cultural POIs also show moderate 

positive contributions, reflecting the rising importance of leisure-oriented mobility. 

Furthermore, the concentration of the elderly population (POP70) and metro network 

connectivity (SUB_L) exhibit high importance, indicating a synergy between demand-side 

aggregation and supply-side facilitation. Interestingly, traditional density metrics (e.g., FAR, 

intersection density) and environmental factors (NDVI) play a secondary role. This suggests that 

ƛƴ {ƘŀƴƎƘŀƛΩǎ ǳƭǘǊŀ-dense context, physical density has reached a "saturation point" where its 
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marginal effect diminishes, whereas the specific functional composition of the built environment 

provides a more direct and significant influence on elderly destination choices. 

Figure 7 displays the local dependence plots (LDPs) for the 10 BE indicators that matter 

most in influencing older adults' metro ridership, noting their nonlinear relationships (or 

threshold effects). Most of the top ten indicators exhibit a monotonic increasing relationship 

with the SHAP values. In other words, higher levels of these BE indicators are generally 

correlated to an increasing probability or value of metro trip destination attractiveness to older 

adults. Each indicator has generally linear thresholds at certain points, beyond which marginal 
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contributions of the indicator remain stable. However, POI diversity index (PDI) has a clear 

inverted U-shape pattern exhibiting two significant thresholds at approximately 1.39 and 1.80, 

indicating that a moderately diverse land-use and POI character may support older adults' metro 

travel use, likely due to an appropriate blend of opportunities for living, services and recreational 

activities. Yet, beyond this point of additional functional heterogeneity, destination 

attractiveness may decline (Guo et al., 2023). The decline beyond its upper thresholds may be 

explained by the effects of spatial disaggregation or functional competition whereby 

oversaturation of land uses diminishes functional clarity and convenience for travelers having to 

navigate residential areas in their daily activities, potentially discouraging older adults from 

traveling to those places. 

While the majority of the indicators indicate a positive, monotonic effect, the marginal gains 

from increasing levels start to taper once the previously discussed thresholds are met, indicating 

that saturation effects exist in ultra-dense urban environments, like Shanghai. For example, 

indicators POI_Liv, POI_Sho and POW_Gov all show some steep increases in SHAP values up to 

about 20 units of their respective thresholds, after which the influence all plateaus. There is 

some similarly saturating behavior observed as well with POP70, SUB_L, and HOU_P suggesting 

that the advantages of spatially-co-located service facilities, high population density, transfer-

connectedness or housing price concentrations also reach limits once basic accessibility and 

intensities of function have been achieved(Guo et al., 2023, Wang et al., 2023, Yang et al., 

2024c) . 

 

To further exam the spatial heterogeneity of older adults metro usage in relation to 

different population density, this part categorizes the metro stations and clarifies the local 

factors affecting them(Yang et al., 2024b, Liu et al., 2025a). The classification was achieved by 

using the K-means cluster algorithm using two key indicators, the people density of older adults 

above 70 (POP70) and HD / AR ratio (HA_R). The number of clusters was found to be three (k = 3), 

with the maximum value of the silhouette index, which is a degree of the cluster validity and 

spatial separability (Figure 8).  

To address spatial heterogeneity, we categorized 285 metro stations into three clusters 

using K-means based on elderly population density (POP70) and Home-Activity ratio (HA_R) 

(Figure 8a). SHAP-based local driving factor analysis was then conducted for representative 

stations in each cluster (Figures 8bς8c). 

Type 1: Urban Core Hubs (n=193). Predominantly located within the inner ring, these 

stations are characterized by high functional density and land-use mix. Using the Shanghai 

Natural History Museum station as a representative, analysis shows that while administrative 

(POI_Gov) and cultural functions strongly attract elderly travel, a relative deficiency in daily living 

services (POI_Liv) can exert negative impacts. This suggests that enhancing "living service" 

granularity in hyper-dense cores is vital for age-friendliness. 

Type 2: Mature Residential Zones (n=56). Distributed along the middle ring, these areas are 

dominated by residential and educational uses. For the Heshahangcheng station, lower housing 

prices (HOU_P) act as a positive pull factor for elderly relocation. However, low intersection 
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density (ID) and a lack of cultural POIs significantly constrain mobility, highlighting a need for 

improved street permeability and "soft" cultural infrastructure. 

Type 3: Developing/Industrial Fringes (n=36). Located in urban peripheries with lower 

densities. Taking Ziteng Road station as an example, even limited shopping (POI_Sho) and 

recreational (POI_Rec) facilities provide strong positive stimulation for metro trips, serving as 

essential social nodes. Conversely, higher greenery (NDVI) often contributes negatively here, as it 

frequently represents inaccessible industrial green belts rather than functional parks. 

In summary, the driving mechanisms of elderly mobility are context-specific: Type 1 requires 

functional "fine-weaving" of services; Type 2 necessitates structural connectivity and cultural 

enrichment; and Type 3 relies on the provision of basic commercial anchors to stimulate social 

participation. 

 

 

The metro travel behavior of older adults is significantly moderated by their surroundings, 

including urban living services, environmental quality, and accessibility networks. Our nonlinear 

analysis confirms that in high-ŘŜƴǎƛǘȅ ǎŜǘǘƛƴƎǎΣ ǘƘŜ άƳƻǊŜ ƛǎ ōŜǘǘŜǊέ ǇǊƛƴŎƛǇƭŜ ŘƻŜǎ ƴƻǘ ŀƭǿŀȅǎ 

hold for density-related indicators. Consequently, this research suggests transitioning from 

traditional TOD frameworks toward human-centric, functionally adaptive, and systemically 

integrated paradigms. Rather than focusing solely on density, planning should prioritize the 

alignment of spatial infrastructure with the everyday patterns and sensory experiences of older 

adults. Leveraging digital tools for real-time mobility monitoring can facilitate a shift toward 

adaptive, behavior-informed governance. 

Focused planning must also account for spatial variations. In core downtown areas (Type 1), 

high built-up density and complex interchanges often cause cognitive load and psychological 

anxiety for seniors. Urban redevelopment should therefore prioritize spatial legibility and green 
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resting spaces. Moreover, as gentrification often displaces small-scale services, TOD initiatives 

must reintegrate daily-life functional amenities that support social participation. 

In outer-center residential areas and newly developed sub-centres (Type 2), which hold 

significant growth potential for elderly ridership, efforts should strengthen non-commuter 

ŀƴŎƘƻǊǎ ǎǳŎƘ ŀǎ ƘŜŀƭǘƘŎŀǊŜΣ ŎǳƭǘǳǊŀƭΣ ŀƴŘ ƭŜƛǎǳǊŜ ŀƳŜƴƛǘƛŜǎΦ /ǊŜŀǘƛƴƎ άмр-minute 

ƴŜƛƎƘōƻǳǊƘƻƻŘǎέ ŀƴŘ improving streetscape safety and connectivity are essential to providing 

mentally accommodating environments in these zones. 

Finally, in newly developing peripheral or transforming industrial areas (Type 3), emphasis 

should be placed on introducing diverse retail and aging-responsive infrastructure to nurture 

inclusive neighbourhoods. Improving the connectivity and recreational programming of available 

green spaces can further encourage outdoor activity. To foster equitable mobility, it is imperative 

to enhance cross-district transit connectivity and deploy universal pedestrian networks to bridge 

the last-mile gap. 

This study examines inclusive mobility in high-ŘŜƴǎƛǘȅ ŀǊŜŀǎ ōȅ ŀƴŀƭȅȊƛƴƎ ƻƭŘŜǊ ŀŘǳƭǘǎΩ

metro travel behavior through 1.3 million smart card records and the GWRF-SHAP framework. 

Our findings reveal that functional amenities drive elderly mobility through complex, nonlinear 

mechanisms, demonstrating how XAI-driven analytics can uncover threshold effects that 

traditional linear models overlook. This research contributes to smart urban governance by 

positioning XAI as a bridge between big data analysis and age-sensitive urban decision-making, 

offering a framework to support behavior-responsive TOD and inclusive urban renewal. 

Despite its contributions, several limitations remain. The analysis primarily focuses on 

macro- to meso-scale indicators for individuals aged 70, potentially overlooking micro-scale 

factors like street-level walkability and visual quality. Additionally, the unique policy context of 

Shanghai may limit direct generalization. Future research should prioritize quasi-experimental 

designs and multi-source spatiotemporal datasets to further unravel causal relationships and 

extend XAI into real-time, interactive planning platforms. Ultimately, by refining these AI-

empowered frameworks, technological innovation can catalyze a transformation toward more 

human-centered, equitable, and resilient urban mobility ecosystems. 
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Retrofitting Strategies for Urban Built-up Areas 
Toward Low-altitude Economy Adaptation 

Feiyu Wang, Southeast University, Nanjing, China 

 

The development of the low-altitude economy is fundamentally transforming urban economic 
structures and citizen lifestyles. However, its enabling 24/7 urban mobility networks, AI-driven 
logistics, and nighttime economic activities remain constrained by traditional infrastructure 
limitations. These systems were originally designed for ground-based, daytime paradigms, 
creating a fundamental mismatch with aerial demand. This research targets high-density built-up 
areas, with integration of population spatial distribution, different demand patterns, and existing 
urban form conditions, it develops a planning framework for port facility layout while establishing 
a new operational paradigm with physical–digital restructuring. This approach resolves the 
systemic incompatibility between traditional infrastructure and low-altitude economic 
requirements, thereby enabling uninterrupted urban services and AI-driven economic digitization. 
This generated retrofitting strategies for existing structures, transforming them into intelligent 
low-altitude service platforms. The study proposes a conceptual framework integrating artificial 
intelligence with the built environment through a three-dimensional planning paradigm. The 
framework seeks to reconcile infrastructural limitations in historic urban districts with the 
operational requirements of the low-altitude economy. It facilitates sustained urban energy 
through three core innovations: (1) an optimized hierarchical spatial system enabled by real-time 
demand–response matching to socioeconomic fluctuations (e.g. nocturnal logistics surges and 
emergency service corridors); (2) non-destructive adaptive reuse of existing structures, 
transforming them into smart service hubs; and (3) parametric AI modules that empower cities to 
dynamically optimize the balance between operational efficiency and social equity across diverse 
communities. Meanwhile, through the case study of Nanjing, we explored the feasibility of the 
port-centered framework in real urban environments, and revealed and refined the specific 
strategies of Nanjing. By leveraging near-ground airspace, this framework transitions urban 
development from congested horizontal expansion toward vertically integrated, synergistic three-
dimensional growth. This activates common digital service provision via low-altitude networks. 
Significantly, it presents an alternative developmental way for mature urban areas seeking 
enhanced integration with emerging aerial industries, offering a replicable implementation way 
for established cities globally to achieve intelligent, 24/7 low-altitude economic integration. 

 

Low-altitude economy; Urban air mobility; AI-assisted operations; 24-hour city; Urban retrofitting  

The low-altitude economy ς a newborn, integrated economic paradigm centered on near-ground 
airspace ς is poised to transform urban development. It includes electric vertical take-off and landing 
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(eVTOL) aircraft, unmanned aerial systems (drones), and their supporting digital and energy 
infrastructure. This sector means faster transportation, new logistics channels, and growth in high-tech 
employment, adding a new dimension to urban economies. For example, in China the industries 
associated with the low-altitude economy are projected to grow five times from approximately ¥6700 
billion in 2024 to ¥35,000 billion by 2035. Yet a critical question arises: how will this revolution in low-
altitude activity integrate with existing cities?  

In parallel with the rapid development of low-altitude technologies, contemporary urban planning has 
undergone a significant paradigm shift from large-scale expansion to the regeneration and optimization 
of existing built-up areas. This transition emphasizes efficiency, adaptability, and human-centered spatial 
transformation, particularly in high-density urban environments. 

Within this context, the integration of emerging infrastructures into existing urban systems has become a 
central concern in planning research. Recent studies and policy initiatives have increasingly explored how 
new mobility systemsτespecially those enabled by digital technologies and artificial intelligenceτcan be 
embedded within complex urban fabrics without disrupting established spatial and social structures. 

However, existing research on the low-altitude economy has largely focused on technological feasibility, 
operational efficiency, or isolated infrastructure deployment. There remains a lack of a comprehensive 
planning-oriented framework that systematically addresses how aerial systems can be spatially and 
functionally integrated into built-up urban areas. This gap highlights the need for a new perspective that 
bridges aerial mobility with urban planning principles. 

Low-altitude networks operate in the sky on a 24/7 schedule, fundamentally misaligned with traditional 
urban layouts and infrastructure. An aerial mobility grid cannot simply be overlaid onto the existing city. 
Unlike conventional ground transport, aerial vehicles require no continuous roads or rails ς but they do 
ǊŜǉǳƛǊŜ άportsέ ŦƻǊ ǘŀƪŜƻŦŦΣ ƭŀƴŘƛƴƎΣ ŀƴŘ ƭƻŀŘƛƴƎκǳƴƭƻŀŘƛƴƎ ƻŦ ǇŀǎǎŜƴƎŜǊǎ ƻǊ ƎƻƻŘǎΦ Iƻǿ ǘƻ Ǉƭŀƴ ŀƴŘ 
design these urban ports has become the core of successfully merging the low-altitude economy into city 
systems. Effectively, integrating aerial mobility poses a multifaceted challenge touching on 24-hour city 
operations, digital governance of new airspace, equitable infrastructure access, and AI-supported 
mobility management ς all critical themes of urban economy in the digital age. 

In response to this challenge, this paper focuses on the concept of the άǇƻǊǘέ as the interface between 
aerial and ground urban systems. By defining ports as a unique object of study, we develop a systematic 
planning framework for retrofitting cities to support low-altitude economic activity. The framework 
addresses three key dimensions ς port usage, port siting, and port operations ς and is evaluated through 
an empirical case study in Nanjing, China, a high-density historic city at the forefront of low-altitude 
economy attempt. Through an AI-ŀǎǎƛǎǘŜŘ ǇƭŀƴƴƛƴƎ ŀǇǇǊƻŀŎƘ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ bŀƴƧƛƴƎΩǎ ŜȄǇŜǊƛŜƴŎŜΣ ǿŜ 
illustrate how 24/7 aerial mobility networks can be integrated into existing urban environments. 

The structure of this paper is as follows. Section 2 introduces the research methodology and the 
development of the port-centric conceptual framework. Section 3 elaborates on the key dimensions of 
port usage, siting, and operations, and discusses their implications through a case study of Nanjing. 
Finally, Section 4 concludes the paper by summarizing the main findings and highlighting theoretical and 
practical contributions. 

This study employs a mixed-methods approach, combining conceptual framework development with 
practical case studies. 
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Tƻ ŎƻƴǎǘǊǳŎǘ ǘƘŜ ŀƴŀƭȅǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ŎŜƴǘŜǊŜŘ ƻƴ ǘƘŜ άǇƻǊǘέ, we first conducted a literature review and 
concept analysis. By examining academic research, industry reports, and company white papers, we 
defined the typology of urban aerial ports. We focused our research on three fundamental planning 
questions: Who will use the port and for what functions? Where should ports be located? How can ports 
ōŜ ƻǇŜǊŀǘŜŘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘƭȅΚ ¢ƘŜǎŜ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŀ ǇƻǊǘΩǎ ǳǎŀƎe, its siting, and its operations. Based on 
this review, we made a port-centric planning framework that integrates these three dimensions. The 
outcome is a conceptual framework which assumes that a network considering three aspects ς designed 
for appropriate functions, located in suitable locations, and managed via advanced operational strategies 
ς can effectively integrate low-altitude aerial mobility into the urban system. 

For realistic analysis, we made a case study using Nanjing, China. Nanjing was selected for several reasons: 
it is a typical high-density, mixed land-use city with a historic urban center, and it has been chosen as a 
pilot city for low-altitude economy development. This context means Nanjing faces representative 
challenges while also undertaking forward-looking planning practices. Data for the case study were from 
multiple sources, including published research, relevant government planning documents, and public 
industry reports. 

Specifically, the Nanjing case study aimed to: (1) verify the feasibility of the port-centric framework in a 
ǊŜŀƭ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΤ όнύ ǊŜǾŜŀƭ bŀƴƧƛƴƎΩǎ ǎǇŜŎƛŦƛŎ Ǉlanning strategies on port network, integration of 
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new ports with existing infrastructure, aerial corridor planning, and demand-responsive operations; and (3) 
conclude practical insights and planning solutions that can be applied by other cities. 

A reliable point of integrating the low-altitude economy into existing cities is the interface where the aerial 
system meets the city ς namely, the port. We define an urban port as a facility where low-altitude flying 
vehicles physically interact with the city environment, essentially, the takeoff and landing sites that connect 
aerial routes with ground activities. A port is the node that enables passengers, goods, and services to 
transfer on and off flying vehicles. The concept includes a range of scales and types, from full-service 
vertiports to small vertipads (simple landing pads for quick pick-ups/drop-offs without extra services). In 
theory, it naturally forms a port hierarchy: a small number of major hubs, a larger number of district-level 
ports, and numerous neighborhood-level vertipads distributed throughout the city. 

The key point is that, compared to traditional airports, ports do not require runways. Due to their vertical 
take-off and landing feature, they occupy very little physical space and can be easily integrated into existing 
urban networks. As a point-based infrastructure, ports possess extremely high flexibility in layout. 
Lightweight prefabricated drone landing pads can be quickly installed on rooftops, and underutilized 
building structures (such as parking lots or warehouse roofs) can also be transformed into multi-parking-
pad vertical ports - thereby achieving effective reuse of existing urban spaces. This inherent flexibility 
makes ports a practical unit that can be used to transform dense building areas to support air traffic. 

The functional positioning of a port - that is, its purpose and the groups of people it serves - has a 
profound impact on the design and operation of the port. Two key aspects can be identified: 

3.2.1 Passenger vs. Cargo Ports 

The main difference lies in whether a port is designed for passenger transportation or for freight 
transportation. (or other functions that do not serve humans). Ports that cater to passengers' travel 
needs (such as vertical take-off and landing ports for air taxis) must prioritize the safety and comfort of 
passengers. They usually have facilities such as secure boarding areas, waiting lounges, as well as 
ticketing or boarding systems. The vertical take-off and landing ports used by passengers are likely to 
develop into a series of shared air transportation center networks - essentially a "sky version" of the Uber 
model - so their planning should focus on public accessibility and convenience. In contrast, ports 
specifically designed for cargo transportation or municipal services (such as drone distribution centers or 
emergency response drone stations) can be more compact and highly automated. Their core requirement 
is to safely and reliably handle packages or equipment, usually through the use of robotic technology (for 
example, rooftop drone platforms equipped with automatic storage cabinets or cargo exchange systems). 
These facilities may experience extremely high traffic during peak logistics periods. To avoid isolated and 
redundant infrastructure, cities may encourage the establishment of shared logistics ports (similar to the 
situation where multiple courier companies share the same road), rather than having each operator build 
their own dedicated runways - this would not only enhance efficiency but also reduce the chaos in the 
city. 
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3.2.2 Public vs. Private Ports 

Another significant difference lies in the distinction between public ports (open to multiple operators and 
the general public) and private ports (owned and operated by specific companies or entities). Public ports 
are similar to public transportation stops or municipal parking lots. They are established to promote 
equitable access and prioritize broader public interests (for example, providing services for emergency 
medical drones or police drones when necessary). Private ports, by contrast, are customized facilities 
specifically designed for a certain company or individual. ς offering customized design solutions, but 
there is also a risk that the design plans may not be fully utilized or excluded from the larger network. 
CǊƻƳ ŀ ŎƛǘȅΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ publicly accessible ports should be encouraged to ensure fairness and realize 
network effects, while still allowing some private ports where appropriate. The design and management 
methods should vary according to the function: ports serving passengers must be people-oriented, 
focusing on safety and passenger experience; while ports handling freight should prioritize automation 
and transportation efficiency. Mixed-use ports ς combining passenger and cargo operations at the same 
site ς can also be an effective approach to boost utilization and economic viability. In conclusion, it is of 
utmost importance to clearly define the expected functions and user groups of the port during the 
planning stage, as the differences between passenger transportation and freight transportation, as well 
as public use and private use, will result in different design standards and service models. 

The site selection of a port is critical to both the port's utility and the public acceptance of the facility. A 
good port location strategy should enable the port to properly blend with the community of the city and 
surrounding transportation network. There are some strategic ideas to emphasize:  

3.3.1 Multimodal Transportation Integration 

The port should be closely located with the existing major transportation hubs (train stations, airports, 
subways or bus stops) to facilitate passengers' easy transfer. Passengers can get off the train or bus and 
then immediately take the electric vertical take-off and landing aircraft for the final leg of their journey. 
This integration not only enhances fairness and passenger volume, but also, just as public transportation 
is designed to serve all citizens, placing vertical ports at transportation hubs means that people from 
different communities can reach there without driving. This approach positions urban air transportation 
as an extension of the public transportation network rather than an independent competing system. 
Concentrating the port at existing high-traffic nodes also allows for the utilization of the sites that have 
been designed to handle a large number of passengers, alleviating issues such as ground traffic and 
parking. In summary, combining vertical ports with transportation hubs helps make air travel a part of 
daily commuting and makes full use of existing infrastructure investments. 

3.3.2 άмр-aƛƴǳǘŜ /ƛǘȅέ /ƻǾŜǊŀƎŜ 

/ƻƴǘŜƳǇƻǊŀǊȅ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŀǎǇƛǊŜǎ ǘƻ ǘƘŜ άмр-ƳƛƴǳǘŜ Ŏƛǘȅέ ǇǊƛƴŎƛǇƭŜ,which means all residents can reach 
essential services within a 15-minute walk or bike ride. This concept can also be extended to the low-
altitude transportation sector. By establishing a decentralized port network, it is possible to ensure that 
most residents can find a vertical take-off and landing port or point within a short distance from their 
homes. Broad geographic coverage ensures aerial services are not confined to a few central elite locations 
but are accessible at the community level. Of course, achieving full coverage requires a balance between 
cost and practicality; not every community can immediately have access to network facilities. Nevertheless, 
by setting the "15-minute city" as the guiding vision, planners can avoid excessive concentration of layouts 
and strive to achieve a balanced distribution of vertical port facilities within the urban area, thereby 
enhancing the overall accessibility of air transportation. 
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3.3.3 Adaptive Reuse of Existing Buildings 

Making full use of the use of existing buildings and facilities is key to efficient, low-cost port deployment. 
Many flat rooftops, parking garage decks, and other under-utilized public facilities offer structurally sound, 
well-located platforms that already have ground access infrastructure. These are ideal candidates for 
conversion into ports. For example, a multi-story parking garage inherently provides a link between air and 
ƎǊƻǳƴŘ ǘǊŀƴǎǇƻǊǘ ŀƴŘ Ŏŀƴ ǎƻƭǾŜ ǘƘŜ άƭŀǎǘ ƳƛƭŜέ ƎǊƻǳƴŘ ŎƻƴƴŜŎǘƛƻƴ ǿƘŜƴ ǊŜǘǊƻŦƛǘǘŜŘ ǿƛǘƘ ŀ ǊƻƻŦǘƻǇ ǾŜrtiport. 
By creatively reusing these sites, many cities have been able to establish a port network with minimal need 
for additional land or new construction - transforming what seemed like a "discrepancy" between the old 
infrastructure and the new airborne demands into an opportunity for innovative reconfiguration. 

3.3.4 Environmental Adaptation and Community Engagement 

Port siting must account for impacts on local residents, including noise, visual intrusion, and perceived 
airspace safety. One strategy is to utilize the airspace of existing transportation corridors, such as having 
drones frequently fly above highways or rivers, concentrating the noise in areas that are already affected 
by traffic, thereby avoiding interference with quiet communities. For large ports, choosing non-residential 
or industrial sites can reduce the disturbance to the community. At the same time, early and continuous 
community participation is also crucial. Involving local stakeholders in the planning process helps identify 
concerns, and by achieving transparency and implementing flexible mitigation strategies, it can win public 
support. Involving local stakeholders in the planning process helps identify concerns, and by achieving 
transparency and implementing flexible mitigation strategies, it can win public support. 

The operational efficiency of ports directly determines the economic feasibility and user experience of the 

low-altitude mobility system. Once the functions and locations are set, the question becomes how to 

enable more flights and services within the stipulated time ς ultimately approaching 24/7 uninterrupted 

operations. 

3.4.1 Adapting to Diurnal and Cyclical Demand 

Traditional urban transport infrastructure often comes to a standstill during the night, but the low-
altitude mobility network, with its unmanned operation capabilities and autonomous running features, as 
well as its flexible port types, has the potential for all-weather operation. Operational policies might 
specify certain ports for 24-hour service, while ports in noise-sensitive residential areas have limited 
service hours or night speed restrictions to reduce disturbance. During late-night periods, due to a 
significant decrease in passenger demand, a baseline of service can be maintained for red-eye air-taxi 
trips or urgent travel needs, Including key services such as medical emergency drones.  

3.4.2 Demand-Responsive Scheduling and Dispatch Optimization 

An intelligent scheduling algorithm is necessary to match requests with available vehicles and/or ports in 
an on-demand service model capacity that minimizes waiting time and air routes. This requires dynamically 
scheduling time periods, scheduling flight take offs and landings, and having a load balance among the 
ports of the network. From the port, it must be prepared at any time to dispatch or accept vehicles. 
Advance dispatch algorithms are essential to prevent situations similar to too many drones dispatching to 
a port and there are no landing pads available. Operationally, intelligent technology can provide real time 
scheduling, keeping a low altitude network, quick, effective, and operational needs of aerial transportation 
systems in an overlap of demand. 
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3.4.3 Throughput Capacity and Quick Turnaround 

The physical capacity of a port is driven by the number of runways and the rate of processing a take-off or 
landing cycle for each runway. For example, in a simulation, a specific vertical take-off and landing point 
configuration under certain hypothetical assumptions revealed that each take-off and landing point could 
carry out around 9 to 10 take-offs and landings per hour. Physical elements of design such as additional 
take-off and landing points, additional docking or charging points, and process improvements such as high-
speed loading and/or unloading of passengers or cargo, high-speed charging of batteries or swapping them 
out all serve to increase the volume of transport per hour. An important component is turnaround time, 
which has a direct role in how quickly a pad can be opened again for the next flight. Some operators are 
considering turnaround time reduction methods such as high-speed charging, battery swap methodology, 
or new vehicles being deployed. 

3.4.4 AI Integration and Network Effects 

Utilizing artificial intelligence, in addition to big data, can enhance operational efficiencies by predicting 
demand in real time, reallocating fleets of delivery vehicles, and dynamically programming delivery 
routes. Predictive algorithms can help anticipate increased demand and reallocate delivery vehicles in 
advance (for instance, drone delivery vehicles can be moved proactively to areas in the precinct that are 
anticipated to create larger order volumes during peak demand times). AI may also assist air traffic 
management to coordinate flight paths while reducing conflicts and delays. Furthermore, the 
infrastructure would include a network of closely located ports with redundancy, which all would 
improve reliability (back-up ports) and resilience of the system as a whole. Alternatively, a sophisticated 
design and real-time automation will lead to system-wide network effects - the more networked and 
automated the ports, the more reliably and efficiently the system will operate.  

The new age of operational efficiency should occur through using: smart scheduling to reduce waiting 
time, fast processing, adapt to demand variations at different times of day, and automata/AI to 
coordinate everything in real time. With increased operational efficiency, cities can obtain the maximum 
profit from each port, move more people and goods at the same time, and operate at lower costs. 
Increased operational efficiencies contribute directly to the economic viability and acceptance of the low-
altitude economy as the shared utilization of low-altitude airspace becomes something integrated into 
urban life. 

Recent efforts in the case of Nanjing provide a clear example of port-focused approaches in practice. As a 

national pilot city for low altitude economy development, Nanjing has recently engaged in a major city-

level project to develop an urban aerial mobility system, advance a port network spatial design, and 

generally improve operational throughput. The development experience of Nanjing demonstrates the 

feasibility of the port framework concepts set out in this research in the respective dimensions of port use, 

siting, and operational entities. 

Nanjing's port use ς from cargo logistics to public aerial mobility: Nanjing had a clear strategy to build out 

its port ecosystem around freight logistics and public service applications before providing for passengers. 

For instance, the courier company SF Express carries out drone deliveries in the Jiangbei New District and 

completes dozens of fresh produce deliveries a day using vertipads. Additionally, a drone corridor has been 

established between hospitals to deliver critical materials (such as blood for transfusions) using rooftop 

helipads as a last-mile loop for emergency medical logistics. Similarly, municipal agencies responsible for 

policing, power utilities, and traffic management have been quick to establish automated drone stations 

as fixed "aerial patrol" nodes for routine oversight and inspection tasks. Ultimately, Nanjing's port use 
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encompasses a large range - unmanned cargo delivery and public service drones, plus a fledgling urban 

manned commuter flight program - that the strategic development has followed a clear plan to explore all 

low altitude economy applications. 

Port selection in Nanjing ς integrated strategy and urban symbiosis; Nanjing's port arrangement is strongly 

aligned with the spatial pattern of Nanjing and takes maximum advantage of existing assets. Large vertiport 

hubs are either planned or earmarked for development in proximity to key transit hubs (e.g., Nanjing South 

Railway Station or Lukou International Airport) to facilitate on-the-ground-to-in-the-air transfers. Similarly, 

many other smaller-scale ports have been retrofitted onto existing buildings and urban spaces, such as on 

rooftops of hospitals, logistics parks, and other community commercial center rooftops, in order to 

improve coverage and provide a low-cost density network. Nanjing's embedded port selection strategy 

successfully generates the least amount of new land development and sews together the low-altitude 

network system with existing urban fabric. Nanjing also strategically embeds airspace ports into rail or 

transit hubs, in addition to utilizing rooftop real estate within taller urban buildings, while even integrating 

corridor infrastructure for airways. Nanjing demonstrates how a city can closely co-locate aerial 

infrastructure, or port, within urban built environments to the benefit of both. 

Port operations in Nanjingτincluding smart management and orchestrating the port network across the 

cityτNanjing has developed an entire digital governance platform, along with supporting policy actions, 

to orchestrate growth in its port network, on the operational side. This involves the implementation of a 

linked and shared management for UAV operations called Ning Yifei to create a one-stop 

application/approval system (to get a flight plan approved), flight path, real-time monitoring, and then 

tracking of the flight path. This was a critical component to sustain digital governance for urban air traffic. 

Stations and bases have been upgraded for infrastructure and connectivity for night-time (when they can 

initiate automated drone patrols) operations. Logistics companies are using a partnership with smart nests 

to perform last mile delivery (automated docking and dispatching) options for a supply chain service broker 

parcel and courier delivery within the port. (live delivery and envelope service with real time good delivery 

on low interaction) Nanjing's port has moved from piloting, to a normalized and scalable system. Nanjing 

has the digital governance structure, regulatory structure, and digital infrastructure in place to support and 

enable a variety of use cases (potentially 24/7 operation) towards low-altitude air mobility and sustain 

economic activities. 

In sum, through three interrelated dimensions of port use, siting, and operations, Nanjing has developed a 

robust practice model. Through a combination of platform-based coordination and intelligent automation, 

the city has increased the efficiency of its port network considerably and with more reliability. Even more 

notably, Nanjing's aerial infrastructure is increasingly interconnected with ground transportation, building 

stock, and information infrastructureτthe ports are not disparate "islands in the sky" and, instead, have 

begun to be a real part of the direct urban infrastructure network. 

Looking ahead, Nanjing's low-altitude mobility system has plenty of room for further expansion and new 

innovation. One vision is the development of an "air BRT" (Bus Rapid Transit) corridor: a high-frequency 

eVTOL commuter mission connecting the downtown centre of the city to distant suburbs or new towns, 

reducing transit times significantly across a congested corridor. In light of this next step, procedures are 

evolving for requesting and approving local standards for port facilities (e.g., design, safety, 

interoperability), and the city government is encouraging collaborative co-creation and share-port 

infrastructure with different capital sources and public stakeholders. Overall, Nanjing is committed to 

provide for openness, efficiency, and safety, and collectively will develop and establish a replicable model 
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for urban low-altitude transport that can inform other urban centers in their pursuit of an aerial mobility 

plan. 

The low-altitude economy is a new opportunity for cities to optimize mobility and economic activity. 
However, to take advantage of this new opportunity will require a careful integration of aerial systems into 
the fabric of the urban environment. In this paper, we centered observations and dialogue to the focal 
Ǉƻƛƴǘ ƻŦ άǇƻǊǘέ ŀǎ ǘƘŜ ƴŜȄǳǎ ƻŦ ƛƴǘŜƎǊŀǘƛƻƴΣ ŘŜŦƛƴƛƴƎ ƛǘ ŀǎ ŀ ǳƴƛǉǳŜ ƻōƧŜŎǘ ƻŦ ǎǘǳŘȅ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ŎƻƳǇƭŜȄ 
challenges edges of the aerial and the ground domains. The main conclusions are as follows.

Planners should remember to think about how a given port facility is designed to move people or goods, 
and whether it has a different public purpose or private purpose. We observe in passenger and freight 
scenarios that there are differences in space and time, but that both can be served in an integrated way. 
All in all, having ports designed for more public accessibility and more for the public good (even if operated 
commercially) enhances public acceptance of ongoing urban aerial services. 

We considered how to physically and functionally integrate ports into the city's fabric. Ensuring ports are 
co-located at existing transportation hubs and providing some adherence to a 15 minute city principle, we 
can make aerial travel an easy extension of urban transport. Re-using existing structures (e.g., the rooftops 
of parking garages or shopping malls) allows cities like Nanjing to deploy a network of ports with little new 
construction needed, and inverting the previous tense disparity where old infrastructure existed, with new 
demand can create creative retrofitting strategies. By locating ports in neighborhoods while looking at non-
residential locations or sites on transportation corridors, a city ensures adequate coverage while still 
addressing noise and safety concerns. A unifying framework for the citywide planning is a hierarchy of 
aerial based cities: regional hubs, district-scale ports, and local vertipads, which denote connections on a 
macro scale to accessibility on a micro scale. 

Ports must be governed effectively to allow for high productivity, high reliability and true 24/7 service. 
Real-time dispatching methods, expedited procedures, and multi pads vertiports are technical adaptations 
to reduce the queues and idles times of aerial vehicles. Altering operations to align with peak and lull 
demand cycles to enhance port efficiency and the economic viability of the service. The ultimate vision is 
sophisticated systems whereby Artificial Intelligence (AI) and automation detects everywhere ground and 
aerial activity and determine the organization of aerial traffic and the dispatching of drones and air taxis 
where and when needed with little delay -- to have an effective, "on-demand sky," that operated 
seamlessly from an app-based ride-hailing networks. 

This study contributes to the emerging discourse on low-altitude economy by introducing a planning-
oriented framework for retrofitting existing urban built-up areas. Unlike technology-driven approaches, 
this research emphasizes the spatial integration of aerial systems within complex urban environments. 

From a practical perspective, the proposed strategies provide a reference for planners and policymakers 
to incorporate low-altitude infrastructure into everyday urban systems, enhancing accessibility, flexibility, 
and responsiveness. 
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Furthermore, this research aligns with the theme of the 24-hour city in the age of AI by highlighting how 
low-altitude mobility can support continuous urban operations, real-time service delivery, and adaptive 
urban systems, ultimately contributing to improved urban resilience and quality of life. 
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Under the dual pressure of rapid expansion and high-density development in mega cities, how to 
use public spaces to enhance residents' well-being and consumption experience has become a new 
topic in the field of urban governance. In high-density cities, the few open green spaces - urban 
parks - have a variety of functions such as ecology, leisure, and consumption. In recent years, mega 
cities like Shenzhen have been continuously promoting the construction of "Park Cities". As of the 
end of 2024, as many as 1320 parks have been successfully built. However, there are a series of 
prominent problems such as unbalanced business configuration, lack of consumer vitality, and 
uneven spatial utilization. Traditional business evaluation methods often overlook real consumer 
behavior and spatial differentiation, making it difficult to accurately provide strong support for the 
refinement and upgrading of park spaces. How to use data-driven methods to fairly and efficiently 
identify the direction of business optimization has become a core challenge that urgently needs to 
be solved for achieving sustainable development in high-density urban parks. This study selected 
36 typical urban parks in Shenzhen as research objects and proposed a spatial analysis framework 
for park consumption based on social media big data. This study used Python crawler technology 
system to collect a total of 63301 real user comment data from three major platforms: Dianping, 
Baidu Maps, and Ctrip. The focus was on analyzing 6036 comments related to business 
consumption from 2024 to present. And a stratified sampling questionnaire was also designed, 
covering populations of different ages, genders, and resident areas. Finally, 218 valid 
questionnaires were collected, covering various indicators such as consumption frequency, 
preferences, and facility satisfaction. By using natural language processing (NLP) and LDA topic 
modeling techniques to conduct data analysis, the consumption themes of urban parks can be 
identified. Next, combining questionnaire data and attribute tags of commenting users, analyze 
the characteristics and potential associations of different groups in terms of business consumption. 
Using knowledge graph to structurally present the multidimensional relationship of "consumption 
behavior scene and space scene and crowd optimization space". Research has found that the 
consumption patterns in Shenzhen parks exhibit significant spatial differentiation. There are 
significant differences in consumption preferences among different age groups, with young people 
aged 18 to 35 being the most important consumer group. Residents tend to prefer diversified 
consumption scenarios and low-cost consumption methods, with half of them spending less than 
50 yuan. The demand for scenario based consumption such as light catering, camping and 
picnicking, parent-child interaction, and trendy sports is particularly prominent. The convenience 
of service is the key factor in attracting residents to consume. This study breaks through the 
constraints of traditional park evaluation models and instead starts from a new analytical 
perspective of user behavior orientation under the background of big data. It proposes a data-
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driven optimization approach for park consumption formats, which can provide some reference 
and inspiration for the governance and quality improvement of public spaces in high-density cities. 
The cross platform data integration method adopted is also applicable in many other similar cities 
around the world. 

 

High density urban parks, Consumer format, Social media data, User behavior analysis, Scenario 
based consumption 

With the continuous acceleration of global urbanization, the supply and quality improvement of high-

density urban public spaces have become key issues of great concern to major cities. In high-density cities, 

urban parks are scarce open green spaces. On the one hand, they have ecological functions such as carbon 

sequestration regulation and biodiversity protection, and on the other hand, they also serve as core carriers. 

By creating leisure scenes and integrating consumption forms, they closely connect residents' daily lives 

with the vitality of the city (Kong et al., 2010; Hu & Lima, 2024; Wang et al., 2023). 

Shenzhen is a typical high-density megacity in China, boasting a permanent population of 18 million and a 

ƳǳƴƛŎƛǇŀƭ ŀǊŜŀ ǘƘŀǘ ǎǇŀƴǎ мΣффт ǎǉǳŀǊŜ ƪƛƭƻƳŜǘŜǊǎΦ ²ƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ΨtŀǊƪ /ƛǘȅΩ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ōȅ 

the end of 2024, there had been a total of 1,320 urban parks built (Urban Administration and Regulation 

of Shenzhen Municipality, 2025). This has formed a spatial pattern where the city exists within parks and 

ǇŀǊƪǎ ŜȄƛǎǘ ǿƛǘƘƛƴ ǘƘŜ ŎƛǘȅΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƻƴǎǳƳǇǘƛƻƴ ŦƻǊƳŀǘǎ ƛƴ {ƘŜƴȊƘŜƴΩǎ ǇŀǊƪǎ ƛǎ 

still confronted with structural contradictions. Firstly, the spatial distribution of these formats is rather 

uneven ς core administrative districts like Futian and Nanshan possess three times as many high-quality 

consumption facilities, such as cultural and artistic venues and characteristic catering places, compared to 

emerging development districts like Pingshan and Guangming. Secondly, the consumption vitality is 

somewhat insufficient ς Ƴƻǎǘ ǇŀǊƪǎ ǎǘƛƭƭ ŎŜƴǘŜǊ ŀǊƻǳƴŘ ΨǇŀǎǎƛǾŜ ƭŜƛǎǳǊŜΩΣ ǿƘƛŎƘ Ƙŀǎ ǊŜƭŀǘƛǾŜƭȅ ǿŜŀƪ 

consumption conversion capabilities. Lastly, the spatial utilization is imbalanced ς popular consumption 

scenarios, for instance, camping lawns and check-in observation decks, often exceed their capacity during 

peak hours, whereas some supporting facilities within the parks remain long-term idle, leading to a low 

resource utilization efficiency. 

The root cause of these problems lies in the limitations of the traditional park evaluation system. Most 

existing evaluations focus on hard indicators such as green space area and facility quantity, but ignore 

users' real consumption behavior, preference differences, and spatial heterogeneity. This "supply 

oriented" evaluation model is difficult to accurately identify the key objectives of format optimization, 

which often leads to the dilemma of "heavy construction and light operation" in the upgrading and 

reconstruction of parks, and cannot achieve true "refined upgrading". Therefore, constructing a "demand-

oriented" evaluation framework based on user behavior data has become the key to solving the problem 

of sustainable development of urban parks in high-density cities. 

International academic research attention to the urban park has taken a turning from checking single 

functions towards a multi-dimensional "perception-behavior" contrast. Of all the studies performed, that 

on Singapore's East Coast Park is most characteristic. The novelty of this study was in the unprecedented 

use of deep learning technology on both text and image data collected through social media. In integrating 

these, it managed to count both the feelings of the man in the street, and his eye too. In this study, it was 
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successfully concluded that vegetation coverage and landscape layer had a significant positive correlation 

with positive emotions. At the micro-perceptual level, this verification can contribute to the landscape 

optimization of parks (Yang & Zhang, 2024). However,there were some limitations of the study. "It was 

relegated to the realm of 'perceptual evaluation' and never linked up with visual preferences" such as all 

you can eat dining or parent/child recreation experiences. It also neglected relationships with space 

differentiation of the different formats and did not establish a full analytical chain involving those 

perception consumption space. 

Domestic research into Park City construction zeroes in on the capital and operational challenges it 

presents, giving rise to three key focal points as follows. Zhu et al. (2024) proposed to activate the parks 

economy by means of form innovation, or characteristic catering and cultural creativity retail space etc., in 

order to alleviate financial dependence in reaction to operation and maintenance pressure from free 

opening. However, spatial difference in format adaptability was not addressed in the study. From an 

institutional and financial perspective, Jia (2025) emphasized the need to strike a balance between the 

public welfare nature of parks and commercial functions. This was through system design, based on public 

good theory. The goal was to avoid a world of either hyper-commercialization or financial underwriting. 

But not enough micro-level analysis of the discovery that "user needs" and the "operating system" did not 

fit was provided. However, Li & Yang (2025) clarified four types of market-oriented operation modes 

integrated operation-renovation-maintenance, PPP, cultural-tourism scenic spot transformation, regional 

packaged operation, put forward tools such as one map of park spatio-temporal assets, light asset 

operational matrix but did not develop differentiated strategies combined with group preference 

differences. 

Based on the global and domestic research status, existing studies still have three key gaps. Firstly, there's 

no sense of space. Most of previous works focus on the pattern of visitation either for a single park or the 

city as a whole. Yet, only limited research systematically explores the spatial differentiation mode of 

consumption formats in high-density urban parks. Notably, the connotation and the generation mechanism 

of consumption scenarios among different functional zones such as core administrative areas, industrial 

districts, and emerging development areas are not analyzed in depth. This lack of serious investigation 

leads to poor theoretical foundations for the optimization of space. Second, our research also has the 

deficiency of data and method. Chen et al. in 2018 began using social media data to study parks usage. 

Gosal et al. in 2019 utilized social media with deep learning and NLP to find where the interests of tourism 

group and recreational space within protected area are located. Zhao et al. in 2024 argued that the park 

assessment approaches from social media mostly focus on theme finding or accessibility checking. There 

is a lack of intimacy with the 3D coupled relationship between group  consumption scenario  space, which 

can not give accurate support to the elaborate matching of format. Third, insufficient practical advice is 

provided. The current studies are mainly at the descriptive or correlation level. They do not offer 

practicable optimization paths based on empirical observations. Even more importantly, they don't provide 

specified picture format adjusting schemes in different regions and for different groups. This hinders the 

application of research conclusions to the practice in park upgrading and reconstruction. 

The structure of this article is organized by four main parts, namely background, methods, analysis and 

discussion, and conclusion. This article aims to address these gaps by choosing 36 normal urban parks in 

Shenzhen as its research objects. It is based on scocial media big data and cooperated with questionnaire 

survey data to adopt NLP and LDA topics models for an in-depth analysis of the spatial difference 

characteristics of park consumption patterns, as well as group preference differences. It proposes a series 

of data-driven optimization methods, which provide theoretical and practical guidance for high-density 
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urban park precise governance, and is conformity with the theme of the congress-Urban Economy and the 

Digital Age: 24-hour City and AI.  

36 typical urban park samples in Shenzhen were selected, and they are divided into three types according 

to the region, which reflects the sample representativeness and coverage. 

17 parks are choosen from core administrative districts, accounting for 47%. These range from those parks 

in Luohu District such as Xianhu Botanical Garden, Cuihu Culture and Sports Park and Honghu Park. Futian 

District contains seven parks, including Lianhuashan Park and Shenzhen Garden Expo Park. Nanshan district 

also has seven parks, including the Talent Park, and the Shenzhen Bay Park. There is part so much of 

industrial characteristic district, for which the total number is more than 10, distributed in  Bao'an District, 

Longgang District and Yantian District. 

Emerging development districts, which account for 25%, encompass a total of 9 parks. These are 

distributed across different districts like the Longhua District where there are parks such as Baishilong Park, 

the Pingshan District that includes parks like Pingshan Central Park, and the Guangming District which has 

parks for instance Minghu City Park. 

 

Social media data provides a new quantitative analysis path for the study of public spaces in high-density 

cities, becoming an important method to connect public perception, spatial characteristics, and 

consumption optimization. Relevant research showed a theoretical and methodological foundation for the 

evaluation of consumer formats in high-density urban parks. Krajewski et al. (2026) took six cities in Poland 

as the research object, integrated Instagram image big data and resident questionnaire survey data, and 

found that social media data can get usage behavior characteristics, providing a methodological reference 

for the application of multi-source data in the study of urban park consumption formats. Liu Song et al. 
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(2026) constructed a multidimensional perception evaluation framework for urban leisure spaces based on 

the big language model. They analyzed the leisure spaces in the inner ring of Shanghai from seven 

dimensions, including perceived accessibility, functional diversity, and commercial consumption, which 

displays the value of digital technology in identifying public space consumption needs. 

Using Python crawler technology to collect park user review data from the three major platforms of 

Dianping, Baidu Maps, and Ctrip, a total of 63301 pieces of data were collected, covering consumption 

records of various industries such as catering, cultural and creative, parent-child activities, and sports, 

which can ensure the timeliness of the data. 

A targeted questionnaire was designed, focusing on core issues such as user consumption frequency, 

preference types, and facility satisfaction. The questionnaire was distributed and collected using stratified 

sampling. After corresponding operations, 218 valid questionnaires were successfully obtained, covering 

different age groups (including under 18 years old, 18 to 35 years old, and 36 to 60 years old), as well as 

different genders and residential areas, ensuring the diversity and representativeness of the samples. 

Using natural language processing (NLP) to perform a series of operations on crawled user comments, such 

as text cleaning, word segmentation, and part of speech tagging, as well as a series of preprocessing 

processes such as stop word filtering, in order to remove invalid information and extract the core semantic 

content, laying the corresponding foundation for subsequent topic mining. Using LDA topic modeling 

technology, cluster analysis is conducted on the preprocessed high-dimensional comment data to identify 

hidden core consumption topics, while quantifying the proportion of different topics and their 

interrelationships. For questionnaire data, it is necessary to conduct descriptive statistical analysis, focusing 

on analyzing the situation of different groups in terms of consumption preferences, consumption amounts, 

and influencing factors of consumption decisions, and to combine review data to verify the actual demand 

heat of consumption scenarios. 
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The five core consumption themes, such as check-in photography, camping and picnicking, and parent-

child interaction, can be identified. High frequency consumption types such as light catering, outdoor 

leisure, and scene based experiences are also prominent, reflecting that urban park consumption has 

shifted from 'passive leisure' to 'active experience'. Coffee (mentioned 1445 times), picnic (mentioned 3228 

times), and camping (mentioned 1742 times) have become the dominant choices, which is consistent with 

the trend of 'experience oriented consumption' among high-density urban residents, especially young 

people.  
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The relatively high level of inexpensive consumption (47.06% tourists spend less than 50 CNY per visit) has 

ŀ ŎƭƻǎŜ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ {ƘŜƴȊƘŜƴΩǎ ŘŜƳƻƎǊŀǇƘƛŎ ǎǘǊǳŎǘǳǊŜ όȅƻǳƴƎŜǊ ŀƎŜ ƎǊƻǳǇ ǿƛǘƘ ƘƛƎƘŜǊ ƭƛǾƛƴƎ Ŏƻǎǘǎύ 

and public-ǿŜƭŦŀǊŜ ƴŀǘǳǊŜ ƻŦ ǳǊōŀƴ ǇŀǊƪǎΦ hǳǊ ŦƛƴŘƛƴƎ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ WƛŀΩǎ όнлнрύ ƻōǎŜǊǾŀǘƛƻƴ ǘƘŀǘ Ǉǳōlic 

goods need to balance between access and quality and validates the role of economic convenience as the 

predominant demand for sustainable park consumption.  

Service convenience (with the first priority of 76.47% respondents) was identified as the most important 

factor to attract park consumption,preceding environmental aesthetics and low prices. This phenomenon 

reflects the efficiency demand of residents for the utilization of parks in a high-density city with serious 

time and transportation costs, such as nearby dining convenience, convenient parking condition, and an 

appropriate and user-friendly facilities. This conclusion also helps to enrich the drawbacks of traditional 

parks evaluation, valuing ecological and landscape quality over serving accessibility, which highlights the 

service convenience has become an essential content of urban park value. 

 

 

The questionnaire data shows the 18-35 year old group provides up to 80% of consumption demand in the 

park, namely, the absolute main force. This groups consumption of personalised and social elements, such 

as coffee culture, frisbee and technological experiences overlaps the social identity + fresh experience 

characteristic they want; while the 3660s concentration on pragmatic scenarios(natural exploration and 

market shopping) is consistent with their need for cost-effectiveness + cultural value; under-18 reliance on 
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parent-and-child interactions and fine dining further indicates that parks consumption format should have 

an all age-friendly feature.  

Such differences are generated by the differentiated demands of urban groups and by the functions parks 

serve: young groups take the park as a social place, middle-aged ones as relaxation spaces for family life, 

and the old as places to experience culture and ecology. As such, the whole research also confirms the idea 

of "Scenario- group matching" Li & Yang (2025) through empirical method, format design as a to age 

characteristics targeted is always open to vitality consumption. 

 

 

There are significant spatial differences in park consumption formats. In terms of core administrative 

regions, they often focus on high-value scenes such as clock in photography, as well as cultural and artistic 

related scenes. And industrial characteristic zones focus more on family and trendy scenes, such as parent-

child interaction scenes, and frisbee related scenes. As for emerging development areas, they mainly focus 

on basic leisure scenes, such as natural exploration scenes and convenience stores. This spatial difference 

is driven by two core factors: 

In terms of regional functional positioning, core areas such as Futian and Nanshan have a high population 

density and strong cultural demand, which strongly supports high-value consumption activities. Industrial 

areas like Longgang have relatively large household populations, which in turn drives consumption related 

to parent-child and sports activities. As for emerging areas such as Pingshan, although natural resources 

are relatively abundant, there are still shortcomings in their supporting facilities, which results in 

consumption mainly focusing on basic leisure. There is an imbalance in facility configuration, with the 

number of cultural and dining facilities in the core area being 2.5 times that of the emerging area. This 

"mismatch of supply and demand space" directly affects consumer vitality. This phenomenon clearly 

indicates that the spatial differentiation of consumer formats is one of the common challenges in high-

density cities. 
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This study selected 36 typical urban parks within Shenzhen as its samples. It conducted a systematic 

analysis of the characteristics as well as the optimization paths of consumption formats in high-density 

urban parks. This analysis was carried out with reference to social media big data and the results from 

questionnaire surveys.   

 The research displays that {ƘŜƴȊƘŜƴΩǎ ǇŀǊƪǎ ƘŀǾŜ ŘƛǾŜǊǎŜ ŎƻƴǎǳƳǇǘƛƻƴ ŦƻǊƳŀǘǎ ǘƘŀǘ ǎƘƻǿ ƴƻǘŀōƭŜ ǎǇŀǘƛŀƭ 

differentiation. The consumption scenarios as well as the vitality differ evidently among parks located in 

different types of districts, such as core administrative districts, industrial characteristic districts, and 

emerging development districts. The consumer group is dominated by young people aged 18ς35, with 

significant differences in preferences among different age groups, forming a diversified demand pattern 

including parent-child interaction, trendy sports, and natural exploration. Consumption demands are 

focused on the place where the cost is relatively low yet the convenience is high. Furthermore, the 

consumption activities like light catering services, camping, picnicking, as well as check-in photography 

stand out as high-frequency scenarios. There are important factors influencing consumption decisions, 

namely service convenience, environmental aesthetics, thematic activities, and affordable prices. 

This study further develops the theoretical framework of urban park evaluation. It creates an 

ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǊŜǎŜŀǊŎƘ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ŎƻƳōƛƴŜǎ ΨǎƻŎƛŀƭ ƳŜŘƛŀ ŘŀǘŀΩΣ ΨǉǳŜǎǘƛƻƴƴŀƛǊŜ ǎǳǊǾŜȅΩΣ ŀƴŘ 

ΨǘŜŎƘƴƛŎŀƭ ƳƻŘŜƭƛƴƎΩΦ ¢Ƙƛǎ ƻŦŦŜǊǎ ŀ ŦǊŜǎƘ ǘƘŜƻǊŜǘƛŎŀƭ ǾƛŜǿǇƻƛƴǘ ŀǎ ǿŜll as a technical instrument for public 

space research. The study puts forward a three-ŘƛƳŜƴǎƛƻƴŀƭ ƻǇǘƛƳƛȊŀǘƛƻƴ ǊƻǳǘŜ ƻŦ ΨǎŎŜƴŀǊƛƻ-group-ǎǇŀŎŜΩΦ 

Firstly, pay attention to high-frequency consumption scenarios and reinforce core formats like light 

catering, parent-child interaction, and trendy sports. Secondly, construct a consumption scenario system 

that is friendly to all ages based on group differences. Thirdly, carry out differentiated format layout in 

conjunction with regional characteristics. These recommendations can serve as direct references for the 

upgrading of parks in Shenzhen and other high-density cities. They can help enhance the quality of public 

spaces and the quality of life for residents. 

 Even though this study encompasses typical parks within the key regions of Shenzhen, there remains 

potential for increasing the sample size. Moreover, the analysis concerning long-term trends is somewhat 

lacking. Future research could be further developed in the following three regards: firstly, to extend the 

depth as well as the breadth of the data, by including time series that are longer and data from a greater 

number of platforms; secondly, to improve the analysis model, transitioning from theme clustering to 

predictions of consumption demands so as to aǘǘŀƛƴ ΨŦƻǊǿŀǊŘ-ƭƻƻƪƛƴƎ ƻǇǘƛƳƛȊŀǘƛƻƴΩΤ ǘƘƛǊŘƭȅΣ ǘƻ ŎƻƴŘǳŎǘ 

research on regional adaptability, crafting distinct guidelines for optimizing the consumption formats of 

parks in different kinds of cities, thereby augmenting the promotional value of the research. 
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Research Paper

A Systematic Review of Visual Data Applications in
Urban Environment Perception studies
¸ŀƴƎ ¸ŜмΣн ϝΣ ¢ƻƴƎ [ƛмΣнΣ ²ŜƴǎƘǳ [ƻǳмΣнΣ IŀƴƎƧƛŀƴ ¸ǳмΣнΣ ·ƛƴ ¢ŀƴƎмΣнΣ {ƛǘƻƴƎ ¸ŀƴƎмΣн

м {ŎƘƻƻƭ ƻŦ !ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ 5ŜǎƛƎƴΣ IŀǊōƛƴ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ IŀǊōƛƴΣ /Ƙƛƴŀ
н YŜȅ [ŀōƻǊŀǘƻǊȅ ƻŦ /ƻƭŘ wŜƎƛƻƴ ¦Ǌōŀƴ ŀƴŘ wǳǊŀƭ IǳƳŀƴ {ŜǘǘƭŜƳŜƴǘ 9ƴǾƛǊƻƴƳŜƴǘ {ŎƛŜƴŎŜ ŀƴŘ

¢ŜŎƘƴƻƭƻƎȅΣaƛƴƛǎǘǊȅ ƻŦ LƴŘǳǎǘǊȅ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ ¢ŜŎƘƴƻƭƻƎȅΣ IŀǊōƛƴΣ /Ƙƛƴŀ

The relationship between the built urban environment and human perception constitutes one of
the core themes in urban studies. With the proliferation of visual data such as street view
imagery and breakthroughs in computer vision technology, the research paradigm in this field is
undergoing profound shifts: from qualitative description to quantitative computation; from static
analysis of perception to dynamic analysis incorporating spatio-temporal elements; and from
fragmented, step-driven processes to unified, platform-driven frameworks. This study provides a
systematic review of visual data applications in urban environmental perception from 2015 to
2025. Following the PRISMA guideline for literature screening, 248 highly relevant papers were
selected from 1,312 sources. The filtered literature underwent scientometric analysis using
CiteSpace. This paper innovatively proposes a logical framework that systematically maps
progress across five domains: visual data acquisition methods, approaches to capturing
subjective and physiological perceptions, machine learning analysis engines and deployment
models, experimental and causal design methodologies, and openness versus governance.
Studies have shown that the time span of urban research has shifted from years to months, and
finally to within 24 hours, which has increased the demand for data processing speed. Current
research has three trends: (1) Traditional statistical methods are being replaced by deep learning
technologies. (2) The development of artificial intelligence technology has accelerated the
processing speed of visual data. (3) By using visual data, dynamic research on human behavioral
responses and perceptual preferences is conducted. This paper identifies current research gaps in
data standardisation, model interpretability, and causal validation, while projecting future trends
towards multimodality, intelligence, and human-centred approaches. It aims to provide
theoretical underpinnings and methodological references for sustainable urban planning and
intelligent governance. The application of visual data is gradually moving towards real-time and
dynamic directions. The widespread application of artificial intelligence will accelerate this
process, providing new paths for 24-hour urban governance and refined updates.

Street View Images(SVI), Deep learning, Generative AI ,visual data
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¢ƘŜǊŜ ƛǎ ŀ ŎƭƻǎŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ǳǊōŀƴ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ǇŜǊŎŜǇǘƛƻƴΦ ²ƛǘƘ ǘƘŜ
ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ǳǊōŀƴƛȊŀǘƛƻƴΣ ǘƘŜ ŦƻŎǳǎ ƻŦ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ Ƙŀǎ ǎƘƛŦǘŜŘ ŦǊƻƳ
ŦǳƴŎǘƛƻƴŀƭƛǎƳ ǘƻǿŀǊŘ ƘǳƳŀƴƛǎǘƛŎ ŎŀǊŜ ŀƴŘ ŜȄǇŜǊƛŜƴǘƛŀƭ ǇŜǊǎǇŜŎǘƛǾŜǎ όYŀƴƎ Ŝǘ ŀƭΦΣ нлмфΣ YŀƴƎ Ŝǘ ŀƭΦΣ нлнмύΦ
{ǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎ ό{±Lύ ƘŀǾŜ ōŜŎƻƳŜ ŀ ƪŜȅ ƳŜŘƛǳƳ ŦƻǊ ǉǳŀƴǘƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘ
ǿƛǘƘ ǘƘŜƛǊ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀƴŘ ǎǘŀƴŘŀǊŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ό5ǳōŜȅ Ŝǘ ŀƭΦΣ нлмсύΦ 9ȄǘǊŀŎǘƛƴƎ ǳǊōŀƴ ƻōƧŜŎǘƛǾŜ
ƛƴŘƛŎŀǘƻǊǎ ŦǊƻƳ {±L όǎǳŎƘ ŀǎ ǎǘǊŜŜǘ ƎǊŜŜƴ ǾƛǎƛƻƴΣ ǎƪȅ ƻǇŜƴƴŜǎǎΣ ŜǘŎΦύ Ƙŀǎ ōŜŎƻƳŜ ǇƻǎǎƛōƭŜ ǿƛǘƘ ǘƘŜ
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƻƳǇǳǘŜǊ ǘŜŎƘƴƻƭƻƎȅΦ ¢ƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ǳǊōŀƴ ƛƴŘƛŎŀǘƻǊǎ Ƙŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ ǊŜƭȅƛƴƎ ƻƴ
Ƴŀƴǳŀƭ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ Ǉŀǎǘ ǘƻ ŎƻƳǇǳǘŜǊ ǊŜŎƻƎƴƛǘƛƻƴΣ ǿƘƛŎƘ Ƙŀǎ ƎǊŜŀǘƭȅ ƛƳǇǊƻǾŜŘ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ
ǊŜǎŜŀǊŎƘΦ !L ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ǇǊƻƳƻǘŜŘ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǎƛƴƎƭŜ ǇŜǊŎŜǇǘƛƻƴ ƛƴŘŜȄ ŀƴŀƭȅǎƛǎ ǘƻ Ƴǳƭǘƛπ
ŘƛƳŜƴǎƛƻƴŀƭ ǇŜǊŎŜǇǘƛƻƴ ƳƻŘŜƭƛƴƎΣ ƻǇŜƴƛƴƎ ǳǇ ŀ ƴŜǿ ǿŀȅ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǳǊōŀƴ
ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴ όIǳŀƴƎ Ŝǘ ŀƭΦΣ нлноΣ ¸ŀƴ Ŝǘ ŀƭΦΣ нлноύΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ !L Ƙŀǎ ŎƘŀƴƎŜŘ
ǎǘǊŜŜǘ ǎŎŜƴŜ ǊŜǎŜŀǊŎƘ ŦǊƻƳ ŀ ƳǳƭǘƛπȅŜŀǊ ǎǘŀǘƛŎ ǎǘǳŘȅ ǘƻ ŀ ƘƛƎƘŜǊ ŦǊŜǉǳŜƴŎȅ ƻŦ ŘȅƴŀƳƛŎ ƳƻƴƛǘƻǊƛƴƎΦ Lƴ
ƎŜƴŜǊŀƭΣ ǿƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ !L ǘŜŎƘƴƻƭƻƎȅΣ ǘƘŜ ǳǎŜ ƻŦ Ǿƛǎǳŀƭ Řŀǘŀ ŦƻǊ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ƛǎ
ƳƻǊŜ ǘƛƳŜƭȅ ŀƴŘ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ǇǊŀŎǘƛŎŜΦ

¢Ƙƛǎ ŀǊǘƛŎƭŜ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ǊŜǾƛŜǿǎ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘ ƻŦ Ǿƛǎǳŀƭ Řŀǘŀ ŀƴŘ ǳǊōŀƴ
ǇŜǊŎŜǇǘƛƻƴ ōŜǘǿŜŜƴ нлмр ŀƴŘ нлнрΣ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ Ǝƻŀƭǎ ŦƻǊ ǊŜǎŜŀǊŎƘΥ όмύ ¢ƘǊƻǳƎƘ
ǎȅǎǘŜƳŀǘƛŎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǘǊƛŜǾŀƭ ŀƴŘ ǎŎǊŜŜƴƛƴƎΣ ǎŎƛŜƴǘƛŦƛŎ ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ ŀƴŀƭȅǎƛǎΣ ǘƘŜ ƻǾŜǊŀƭƭ
ŘŜǾŜƭƻǇƳŜƴǘ ǘǊŜƴŘ ƻŦ Ǿƛǎǳŀƭ Řŀǘŀ ƛƴ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ƛǎ ǊŜǾŜŀƭŜŘΦ όнύ {ƻǊǘƛƴƎ ƻǳǘ ǘƘŜ ǎǇŜŎƛŦƛŎ
ŘŜǾŜƭƻǇƳŜƴǘ ŎƻƴǘŜȄǘ ƻŦ ǳǊōŀƴ Řŀǘŀ ŦǊƻƳ ŀŎǉǳƛǎƛǘƛƻƴ ǘƻ ŀǇǇƭƛŎŀǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǇǊƻǎǇŜŎǘǎ ƛƴ
ŀƭƭ ŀǎǇŜŎǘǎΦ όоύ 9ȄǇƭƻǊƛƴƎ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ŜȄƛǎǘƛƴƎ ǊŜǎŜŀǊŎƘ ŀƴŘ ǘƘŜ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ŘƛǊŜŎǘƛƻƴΦ

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘƛǎ ŀǊǘƛŎƭŜ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ ¢ƘŜ ǎŜŎƻƴŘ ǇŀǊǘ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǘƻƻƭǎ ŀƴŘ Řŀǘŀ ǘȅǇŜǎ ǳǎŜŘ ƛƴ ǘƘŜ
ǊŜǎŜŀǊŎƘΤ ǘƘŜ ǘƘƛǊŘ ǇŀǊǘ ŜƭŀōƻǊŀǘŜǎ ƻƴ ǘƘŜ Ƴŀƛƴ ǾƛŜǿǇƻƛƴǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ǊŜǎŜŀǊŎƘΤ ǘƘŜ ŦƻǳǊǘƘ ǇŀǊǘ
ǇǊŜǎŜƴǘǎ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴΦ ¢ƘǊƻǳƎƘ ǎȅǎǘŜƳŀǘƛŎ ŀƴŀƭȅǎƛǎΣ ǘƘƛǎ ǎǘǳŘȅ ƭŀȅǎ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ǎǘǊŜŜǘ
ǇŜǊŎŜǇǘƛƻƴ ŀǎǎŜǎǎƳŜƴǘ ǘƻƻƭǎ ǘƘŀǘ Ŏŀƴ ƳŜŜǘ ǘƘŜ ƴŜŜŘǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǇƻǇǳƭŀǘƛƻƴǎΣ ŀƴŘ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ǎǳǇǇƻǊǘ
ŦƻǊ ǉǳƛŎƪƭȅ ƛŘŜƴǘƛŦȅƛƴƎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǳǊōŀƴ ǎǘǊŜŜǘ ŜƴǾƛǊƻƴƳŜƴǘΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ
ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǎǘǊŜŜǘ Ǿƛǎǳŀƭ Řŀǘŀ ƛǎ ƎǊŀŘǳŀƭƭȅ ƳƻǾƛƴƎ ǘƻǿŀǊŘǎ ǊŜŀƭπǘƛƳŜ ŀƴŘ ŘȅƴŀƳƛŎΣ ŀƴŘ ǘƘŜ ǿƛŘŜ ǳǎŜ ƻŦ
ŀǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ŀƴŘ ƛƴǘŜƭƭƛƎŜƴǘ ŀǎǎŜǎǎƳŜƴǘ ǘƻƻƭǎ ǿƛƭƭ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŎŎŜƭŜǊŀǘŜ ǘƘƛǎ ǇǊƻŎŜǎǎ ŀƴŘ ǇǊƻǾƛŘŜ
ƴŜǿ ǇŀǘƘǎ ŦƻǊ нпπƘƻǳǊ ǳǊōŀƴ ƎƻǾŜǊƴŀƴŎŜ ŀƴŘ ǊŜŦƛƴŜŘ ǳǇŘŀǘŜǎΦ

Lƴ ǘƘƛǎ ǎŜŎǘƛƻƴΣ ǿŜ ŦƛǊǎǘ ƻǳǘƭƛƴŜ ǘƘŜ ŎǊƛǘŜǊƛŀ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ǊŜƭŜǾŀƴǘ ƭƛǘŜǊŀǘǳǊŜΦ

aŜǘƘƻŘǎ ŦƻǊ ƭƛǘŜǊŀǘǳǊŜ ǊŜǘǊƛŜǾŀƭ ŀƴŘ ǎŎǊŜŜƴƛƴƎ

¢Ƙƛǎ ǎǘǳŘȅ ǊŜǘǊƛŜǾŜŘ мΣомн ŀǊǘƛŎƭŜ ǊŜŎƻǊŘǎ ǘƘǊƻǳƎƘ ƪŜȅǿƻǊŘ ǎŜŀǊŎƘŜǎ ǎǳŎƘ ŀǎ óǾƛǎǳŀƭ Řŀǘŀô Σ óǎǘǊŜŜǘ ǾƛŜǿ
ƛƳŀƎŜǊȅ ô Σ óŘŜŜǇ ƭŜŀǊƴƛƴƎ ô Σ óǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ô Σ ŀƴŘ óǳǊōŀƴ ǇƭŀƴƴƛƴƎ ô ƛƴ ŘŀǘŀōŀǎŜǎ ƛƴŎƭǳŘƛƴƎ ²Ŝō ƻŦ
{ŎƛŜƴŎŜΦ {ǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ƪŜȅǿƻǊŘǎ ǿƛǘƘƛƴ ǘƘŜǎŜ мΣомн ǇǳōƭƛŎŀǘƛƻƴǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǊŜǎŜŀǊŎƘ ƻƴ ǎǘǊŜŜǘ
ǾƛŜǿ ƛƳŀƎŜǊȅ ƛƴǾƻƭǾƛƴƎ ōƛƎ Řŀǘŀ ƻǊ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƎǊŜǿ ǎƭƻǿƭȅ ǇǊƛƻǊ ǘƻ нлмтΦ .ŜǘǿŜŜƴ нлмт ŀƴŘ нлнлΣ
ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǳōƭƛŎŀǘƛƻƴǎ ƛƴ ǘƘƛǎ ŦƛŜƭŘ ōŜƎŀƴ ǘƻ ƛƴŎǊŜŀǎŜ ƎǊŀŘǳŀƭƭȅΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǾƻƭǳƳŜ ƻŦ
ǊŜǎŜŀǊŎƘ ƛƴ ǘƘƛǎ ŘƻƳŀƛƴ ƎǊŜǿ ǎǳōǎǘŀƴǘƛŀƭƭȅΦ .ȅ нлнлΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǳōƭƛŎŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ²Ŝō ƻŦ {ŎƛŜƴŎŜ
ǊŜǎǳƭǘǎ ƘŀŘ ƛƴŎǊŜŀǎŜŘ ōȅ ǎŜǾŜǊŀƭ ƘǳƴŘǊŜŘ ǘƛƳŜǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘǿƻ ŘŜŎŀŘŜǎ ǇǊƛƻǊ όCƛƎǳǊŜ мύΦ

831



{ǳōǎŜǉǳŜƴǘƭȅΣ мΣомн ŀǊǘƛŎƭŜǎ ǿŜǊŜ ǎŎǊŜŜƴŜŘ ǳǎƛƴƎ ǘƘŜ twL{a! ǇǊƻŎŜǎǎ όCƛƎǳǊŜ нύΥ ƛƴƛǘƛŀƭƭȅΣ мΣнму ŀǊǘƛŎƭŜǎ
ǿŜǊŜ ŜȄŎƭǳŘŜŘ ōŀǎŜŘ ƻƴ ƪŜȅǿƻǊŘǎ ǊŜƭŀǘŜŘ ǘƻ ǎǘǊŜŜǘ ǾƛŜǿǎ ŀƴŘ ǎǘǊŜŜǘπƭŜǾŜƭ ǇŜǊǎǇŜŎǘƛǾŜǎΦ ! ǎŜŎƻƴŘŀǊȅ
ǎŎǊŜŜƴƛƴƎ ǿŀǎ ǘƘŜƴ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘǿƻ ƳŀƴŘŀǘƻǊȅ ŎǊƛǘŜǊƛŀΥ ŀǊǘƛŎƭŜǎ ǇǳōƭƛǎƘŜŘ ōŜǘǿŜŜƴ нлмр ŀƴŘ нлнр
ƛƴ ƧƻǳǊƴŀƭǎ ƻǊ ŎƻƴŦŜǊŜƴŎŜ ǇǊƻŎŜŜŘƛƴƎǎΣ ŀƴŘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŜǊƳǎΥ ŘŜŜǇ
ƭŜŀǊƴƛƴƎΣ ŎƻƳǇǳǘŜǊ ǾƛǎƛƻƴΣ ƻǊ ǳǊōŀƴ ǎŜƴǎƛƴƎκǇƭŀƴƴƛƴƎΦ ¦ƭǘƛƳŀǘŜƭȅΣ нпу ƘƛƎƘƭȅ ǊŜƭŜǾŀƴǘ ŀǊǘƛŎƭŜǎ ǿŜǊŜ
ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǊŜǾƛŜǿ ŀƴŀƭȅǎƛǎΦ

832



/ƛǘŜ{ǇŀŎŜ ōƛōƭƛƻƳŜǘǊƛŎ ŀƴŀƭȅǎƛǎ

¢Ƙƛǎ ǎǘǳŘȅ ŜƳǇƭƻȅŜŘ /ƛǘŜ{ǇŀŎŜ ǎƻŦǘǿŀǊŜ ǘƻ ǘǊŀŎŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǘǊŀƧŜŎǘƻǊȅ ŀƴŘ ƪŜȅ ǘƘŜƳŜǎ ǿƛǘƘƛƴ
ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŘƻƳŀƛƴΦ YŜȅǿƻǊŘ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƻƴ ǘƘŜ нпу ǎŜƭŜŎǘŜŘ ǇǳōƭƛŎŀǘƛƻƴǎΣ ƎŜƴŜǊŀǘƛƴƎ ŀ Ŏƻπ
ƻŎŎǳǊǊŜƴŎŜ ƳŀǇΦ /ƛǘŜ{ǇŀŎŜ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭŜŘ ǎŜǾŜǊŀƭ ǇǊƛƳŀǊȅ ǊŜǎŜŀǊŎƘ ǘƘŜƳŜǎ ǿƛǘƘƛƴ ǘƘŜ ƳŀǇΣ ƛƴŎƭǳŘƛƴƎ
Ψōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘΣΩ ΨŘŜŜǇ ƭŜŀǊƴƛƴƎΣΩ ŀƴŘ ΨǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜΩ όCƛƎǳǊŜ оΦпύΦ ¢ƘŜ ǘƛƳŜƭƛƴŜ ǾƛŜǿ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ
ǇǊƻƎǊŜǎǎƛƻƴ ƻŦ ǘƘŜǎŜ ǘƘŜƳŜǎΥ ŜŀǊƭȅ ǊŜǎŜŀǊŎƘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ŦƻŎǳǎŜŘ ƻƴ ǳǘƛƭƛǎƛƴƎ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǊȅ ǘƻ
ŜǾŀƭǳŀǘŜ ǇƘȅǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ǿƘŜǊŜŀǎ ǊŜŎŜƴǘ ȅŜŀǊǎ ƘŀǾŜ ǿƛǘƴŜǎǎŜŘ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ƴŜǿ ǘƘŜƳŜǎ
ǎǳŎƘ ŀǎ ΨǎǳōƧŜŎǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴ ŜȄǘǊŀŎǘƛƻƴΩ ŀƴŘ ΨƳǳƭǘƛπǎƻǳǊŎŜ Řŀǘŀ ŦǳǎƛƻƴΩΦ ¢ƘŜǎŜ ŀƴŀƭȅǘƛŎŀƭ ŦƛƴŘƛƴƎǎ ǇǊƻǾƛŘŜ
ŀƴ ƻōƧŜŎǘƛǾŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ǊŜǎŜŀǊŎƘ ǘǊŀƧŜŎǘƻǊƛŜǎ όCƛƎǳǊŜ рύΦ

833



¢ƘŜ ǎǘǳŘȅ ŎƻƴŘǳŎǘŜŘ ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻƴ ƘƛƎƘπŦǊŜǉǳŜƴŎȅ ƪŜȅǿƻǊŘǎΣ ǊŜǾŜŀƭƛƴƎ ǘƘŀǘ ǘŜǊƳǎ ǎǳŎƘ ŀǎ Ψ5ŜŜǇ
[ŜŀǊƴƛƴƎΩΣ Ψ{ǘǊŜŜǘ ±ƛŜǿ LƳŀƎŜǎΩΣ άǇŜǊŎŜǇǘƛƻƴǎέΣ ŀƴŘ ΨaŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΩ ƘŀǾŜ ŦǊŜǉǳŜƴǘƭȅ ŀǇǇŜŀǊŜŘ ƛƴ
ǊŜŎŜƴǘ ȅŜŀǊǎΦ ¢Ƙƛǎ ǊŜŦƭŜŎǘǎ ǘƘŜ ŎǳǊǊŜƴǘ ŦƻŎǳǎ ƻƴ ƛƴǘŜƎǊŀǘƛƴƎ !L ǘŜŎƘƴƻƭƻƎȅ ǿƛǘƘ ǎǘǊŜŜǘ ǾƛŜǿ Řŀǘŀ ǿƛǘƘƛƴ ǘƘŜ
ŦƛŜƭŘ ƻŦ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴΦ ¢ƘǊƻǳƎƘ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ǎȅǎǘŜƳŀǘƛŎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ŀƴŘ ŀƴŀƭȅǎƛǎΣ ǘƘŜ
ǊŜǎŜŀǊŎƘ ƘƻǘǎǇƻǘǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǘǊŀƧŜŎǘƻǊȅ ǿƛǘƘƛƴ ǘƘƛǎ ŘƻƳŀƛƴ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ
ǎŜŎǘƛƻƴ ǿƛƭƭ ŜǎǘŀōƭƛǎƘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƭƻƎƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ōŀǎŜŘ ƻƴ ǘƘƛǎ ƭƛǘŜǊŀǘǳǊŜΦ Lǘ ǿƛƭƭ ŎƘǊƻƴƻƭƻƎƛŎŀƭƭȅ
ǊŜǾƛŜǿ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŜǾƻƭǳǘƛƻƴ ƻŦ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ǳǘƛƭƛǎƛƴƎ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǊȅΣ ŀƴŀƭȅǎƛƴƎ
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŀŘǾŀƴŎŜǎ ŀǘ ŜŀŎƘ ǎǘŀƎŜ ǘƘǊƻǳƎƘ ƪŜȅ ǇǳōƭƛŎŀǘƛƻƴǎ όCƛƎǳǊŜ сύΦ

¢ƘǊƻǳƎƘ ǘƘŜ ƪŜȅǿƻǊŘ ŎƻπƭƛƴŜŀǊƛǘȅ ŀƴŀƭȅǎƛǎΣ ŎƭǳǎǘŜǊ ŀƴŀƭȅǎƛǎ ŀƴŘ ǘƛƳŜ ǾƛŜǿ ŀƴŀƭȅǎƛǎ ƻŦ /ƛǘŜ{ǇŀŎŜΣ ǘƘƛǎ ǇŀǇŜǊ
ƛŘŜƴǘƛŦƛŜŘ ǎŜǾŜǊŀƭ Ƙƻǘ ǘƻǇƛŎǎ ǎǳŎƘ ŀǎ Ǿƛǎǳŀƭ ŘŀǘŀΣ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΣ ŀƴŘ ōǳƛƭŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΦ .ŀǎŜŘ ƻƴ
ǘƘŜ ƪŜȅǿƻǊŘǎΣ ǘƘŜ ǎǇŜŎƛŦƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ǘǊŜƴŘǎ ŀƴŘ ǇǊƻǎǇŜŎǘǎ ƻŦ ǘƘŜ ǊŜƭŀǘŜŘ ƭƛǘŜǊŀǘǳǊŜ ǿŜǊŜ ŜȄǇƭƻǊŜŘΦ
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{ǇŜŎƛŦƛŎŀƭƭȅΣ ƛƴ {ŜŎǘƛƻƴ оΦмΣ ǘƘŜ ŎƻƭƭŜŎǘƛƻƴ ƳŜǘƘƻŘǎ ƻŦ ǳǊōŀƴ Ǿƛǎǳŀƭ Řŀǘŀ ŀƴŘ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƳŜǘƘƻŘǎ ƻŦ
ǇŜǊŎŜǇǘƛƻƴ Řŀǘŀ ǿŜǊŜ ŘƛǎŎǳǎǎŜŘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŎƘŀƴƴŜƭǎ ŀƴŘ ǘƛƳŜƭƛƴŜǎǎ ƻŦ Ǿƛǎǳŀƭ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴΣ ŀƴŘ
Ƙƻǿ ǘƻ ƻōǘŀƛƴ ǎǳōƧŜŎǘƛǾŜ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇŜǊŎŜǇǘƛƻƴ ŘŀǘŀΤ {ŜŎǘƛƻƴ оΦн ŘŜǘŀƛƭŜŘ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ {±L
ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƳŜǘƘƻŘǎ ŀƴŘ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ Ŏŀǳǎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ŘŜǎƛƎƴΤ {ŜŎǘƛƻƴ оΦо ŘƛǎŎǳǎǎŜŘ Ƙƻǿ ǘƻ
ŀǇǇƭȅ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ Řŀǘŀ ǘƻ ǳǊōŀƴ ƎƻǾŜǊƴŀƴŎŜ ŀƴŘ ǇƭŀƴƴƛƴƎΦ

¦Ǌōŀƴ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ

оΦмΦм ±ƛǎǳŀƭ Řŀǘŀ ŎŀǘŜƎƻǊƛŜǎ ŀƴŘ ǊŜŀƭπǘƛƳŜ ŎƻƭƭŜŎǘƛƻƴ

¦Ǌōŀƴ Ǿƛǎǳŀƭ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ƛǎ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ό5ŜƭŀǾŀǊ Ŝǘ ŀƭΦΣ нлнрύΦ 9ŀǊƭȅ
ǎǘǳŘƛŜǎ Ƴŀƛƴƭȅ ǊŜƭƛŜŘ ƻƴ ŦƛŜƭŘ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ŀƴŘ ǎǳōƧŜŎǘƛǾŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎΣ ǿƘƛŎƘ ƘŀŘ ƭƛƳƛǘŀǘƛƻƴǎ ƛƴ ǘŜǊƳǎ
ƻŦ ǘƛƳŜ ŀƴŘ ǎǇŀŎŜ ǎŎƻǇŜ ŀǎ ǿŜƭƭ ŀǎ ǎŀƳǇƭŜ ǎƛȊŜ όIŀƳƛƳ Ŝǘ ŀƭΦΣ нлнпύΦ ²ƛǘƘ ǘƘŜ ǊƛǎŜ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŀƴŘ
ƳǳƭǘƛπǎƻǳǊŎŜ ŘŀǘŀΣ ǇŜƻǇƭŜ Ŏŀƴ ƴƻǿ ŎƻƭƭŜŎǘ Ǝƭƻōŀƭ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎ ŀƴŘ ǘƘŜƛǊ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇŜǊŎŜǇǘƛƻƴ
ŜǾŀƭǳŀǘƛƻƴǎ ǿƛǘƘ ŜȄǘǊŜƳŜƭȅ ƘƛƎƘ ŜŦŦƛŎƛŜƴŎȅΣ ƭŀȅƛƴƎ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŀƴŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ
ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ό5ŀƴƛǎƘ Ŝǘ ŀƭΦΣ нлнрΣ Lǘƻ Ŝǘ ŀƭΦΣ нлнрύΦ

/ƻƳƳŜǊŎƛŀƭ ǎǘǊŜŜǘ ǎŎŜƴŜ ƛƳŀƎŜǎ ƘŀǾŜ ōŜŎƻƳŜ ǘƘŜ ǇǊŜŦŜǊǊŜŘ Řŀǘŀ ŘǳŜ ǘƻ ǘƘŜƛǊ ƭŀǊƎŜ ǾƻƭǳƳŜΣ ŦƭŜȄƛōƭŜ
ǇŜǊǎǇŜŎǘƛǾŜΣ ŀƴŘ ŜŀǎŜ ƻŦ ŀŎǉǳƛǎƛǘƛƻƴΦ ¢ƘǊƻǳƎƘ ǎǘŀƴŘŀǊŘƛȊŜŘ ŘƻǿƴƭƻŀŘƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ (Ito et al. 2025)Σ
ǘƘŜƛǊ ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅ Ŏŀƴ ōŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜŘΦ ¢ƘŜ Řŀǘŀ Ƴŀƛƴƭȅ ǳǎŜŘ ƛƴ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ
ŀƭǎƻ ƛƴŎƭǳŘŜΥ όмύ wŜƳƻǘŜ ǎŜƴǎƛƴƎ ƛƳŀƎŜǎ ŀƴŘ ŀŜǊƛŀƭ ǇƘƻǘƻǎΣ ǊŜŦƭŜŎǘƛƴƎ ƭŀǊƎŜπǎŎŀƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǘǘǊƛōǳǘŜǎ
ǎǳŎƘ ŀǎ ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊŀƎŜ ŀƴŘ ōǳƛƭŘƛƴƎ ŘŜƴǎƛǘȅ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлнмΣ !ƭǎƘŜƘǊƛ Ŝǘ ŀƭΦΣ нлнрύΤ όнύ aŜŘƛŀ
ƛƳŀƎŜǎ ǿƛǘƘ ƎŜƻƎǊŀǇƘƛŎŀƭ ǘŀƎǎ ŀƴŘ ǎǳōƧŜŎǘƛǾŜ ŘŜǎŎǊƛǇǘƛƻƴǎΣ ǿƘƛŎƘ Ŏŀƴ ǊŜŦƭŜŎǘ ǘƘŜ Řŀƛƭȅ ŦŜŜƭƛƴƎǎ ƻŦ
ǊŜǎƛŘŜƴǘǎ ƻƴ ǘƘŜ Ŏƛǘȅ ǎǘǊŜŜǘǎΤ όоύ {ǘǊŜŜǘ ǎŎŜƴŜ ǇƘƻǘƻǎ ƻǊ ǾƛŘŜƻǎ ŎƻƭƭŜŎǘŜŘ ƳŀƴǳŀƭƭȅΣ ƻōǘŀƛƴŜŘ ōȅ
ǊŜǎŜŀǊŎƘŜǊǎ ǳǎƛƴƎ ŎŀǊ ŎŀƳŜǊŀǎΣ ŦƛȄŜŘ ǎǳǊǾŜƛƭƭŀƴŎŜ ŎŀƳŜǊŀǎΣ ŀƴŘ ǘƘǊƻǳƎƘ ŎƘŀƴƴŜƭǎ ǎǳŎƘ ŀǎ ŘŀǎƘ ŎŀƳǎΣ ŀǎ ŀƴ
ƛƳǇƻǊǘŀƴǘ ǎǳǇǇƭŜƳŜƴǘ ǘƻ {±L όYƛƳ ŀƴŘ [ŜŜΣ нлннύΦ

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ ǳǇŘŀǘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ Ǿƛǎǳŀƭ Řŀǘŀ Ƙŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘΦ aŀƧƻǊ ƳŀǇǇƛƴƎ
ŎƻƳǇŀƴƛŜǎ ƘŀǾŜ ǎƘƻǊǘŜƴŜŘ ǘƘŜ ǳǇŘŀǘŜ ŎȅŎƭŜ ƻŦ {±LΣ ǎƘƛŦǘƛƴƎ ŦǊƻƳ ŀƴƴǳŀƭ ǳǇŘŀǘŜǎ ǘƻ ǉǳŀǊǘŜǊƭȅ ǳǇŘŀǘŜǎΦ
tƭŀǘŦƻǊƳǎ ƭƛƪŜ aŀǇƛƭƭŀǊȅΣ ǿƘƛŎƘ ŀǊŜ ŎǊƻǿŘǎƻǳǊŎŜŘ ǎǘǊŜŜǘ ǾƛŜǿ ǇƭŀǘŦƻǊƳǎΣ ŀƭǎƻ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ǇǳōƭƛŎ ǘƻ
ǳǇƭƻŀŘ {±L ό½ƘŜƴƎ ŀƴŘ !ƳŜƳƛȅŀΣ нлноύΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǎǳǊǾŜƛƭƭŀƴŎŜ ŎŀƳŜǊŀǎ ŀƴŘ ǾŜƘƛŎƭŜ ǎŜƴǎƻǊǎ
ŘŜǇƭƻȅŜŘ ƻƴ ǳǊōŀƴ ǎǘǊŜŜǘǎ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎΣ ŜƴŀōƭƛƴƎ ƳƻǊŜ Ŏƻƴǘƛƴǳƻǳǎ ŎƻƭƭŜŎǘƛƻƴ ƻŦ {±L ό5ŀƴƛǎƘ Ŝǘ ŀƭΦΣ
нлнрύΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ǎǘȅƭŜ ǘǊŀƴǎŦŜǊ ǘŜŎƘƴƻƭƻƎȅ ǇǊƻǾƛŘŜǎ ŀ ƴŜǿ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ƳŜǘƘƻŘ ŦƻǊ ǳǊōŀƴ
ǊŜǎŜŀǊŎƘ όCƛƎǳŜƛǊŜŘƻ Ŝǘ ŀƭΦΣ нлнрύΦ ¦ǎƛƴƎ ǎǘȅƭŜ ǘǊŀƴǎŦŜǊ ǘŜŎƘƴƻƭƻƎȅΣ ǊŜǎŜŀǊŎƘŜǊǎ Ŏŀƴ ŎƻƴǾŜǊǘ {±L ƻŦ ǘƘŜ
ǎŀƳŜ ƭƻŎŀǘƛƻƴ ƛƴǘƻ ǾŜǊǎƛƻƴǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎŜŀǎƻƴǎΣ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎΣ ƻǊ ŘŜǎƛƎƴ ǎǘȅƭŜǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ
ŀōƻǾŜ ǎǘǳŘƛŜǎΣ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ǳǊōŀƴ Ǿƛǎǳŀƭ Řŀǘŀ ƛǎ ƳƻǾƛƴƎ ǘƻǿŀǊŘǎ ŀ ƘƛƎƘπŦǊŜǉǳŜƴŎȅ ŀƴŘ ǊŜŀƭπǘƛƳŜ
ŘƛǊŜŎǘƛƻƴΦ ¢ƘŜ ǘƛƳŜ ǎǇŀƴ ƻŦ ǊŜǎŜŀǊŎƘ Ƙŀǎ ǎƘƻǊǘŜƴŜŘ ŦǊƻƳ ƭƻƴƎπǘŜǊƳ ŀƴŀƭȅǎƛǎ ƻŦ ŀ ȅŜŀǊ ǘƻ ǎŜŀǎƻƴŀƭ ƻǊ ŜǾŜƴ
Řŀƛƭȅ ƭŜǾŜƭǎΣ ƭŀȅƛƴƎ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǊŜŀƭπǘƛƳŜ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ƻŦ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘǎ όDǳ Ŝǘ ŀƭΦΣ
нлнрύΦ

оΦмΦн 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳŜǘƘƻŘǎ ŦƻǊ ŀŎǉǳƛǊƛƴƎ ǎǳōƧŜŎǘƛǾŜ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇŜǊŎŜǇǘƛƻƴ

!ŦǘŜǊ ǎƻƭǾƛƴƎ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ϦŘŀǘŀ ǎƻǳǊŎŜϦΣ ǘƘŜ ƴŜȄǘ ŦƻŎǳǎ ƛǎ ƻƴ ϦƘƻǿ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ƳŜŀǎǳǊŜ ǇŜƻǇƭŜϥǎ
ǊŜŀŎǘƛƻƴ ǘƻ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘϦΦ 9ŀǊƭȅ ǊŜǎŜŀǊŎƘ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ǳǎǳŀƭƭȅ ǘǊƛƎƎŜǊǎ
ǇƻǎƛǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴΣ ǿƘƛƭŜ ǘƘŜ ŀǊǘƛŦƛŎƛŀƭƭȅ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŘǳŎŜǎ ƳƻǊŜ ƴŜƎŀǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴ όYƛƳ ŀƴŘ
YŀǇƭŀƴΣ нллпύΦ Lƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŀƴŘ ǉǳŀƴǘƛŦȅ ǘƘŜǎŜ ǇŜǊŎŜǇǘƛƻƴ ŘŀǘŀΣ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ǳǎŜŘ ŀ ǾŀǊƛŜǘȅ ƻŦ
ǊŜǎŜŀǊŎƘ ƳŜǘƘƻŘǎ ŦǊƻƳ ǘǊŀŘƛǘƛƻƴŀƭ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǘƻ ŜƳŜǊƎƛƴƎ ƛƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ƎǊŀŘǳŀƭƭȅ
ƛƳǇǊƻǾŜ ǘƘŜ ōǊŜŀŘǘƘ ŀƴŘ ŘŜǇǘƘ ƻŦ ǘƘŜ ŘŀǘŀΦ

835



{ǘŀǘŜŘ tǊŜŦŜǊŜƴŎŜ ό{tύ ƛǎ ŀ ǘǊŀŘƛǘƛƻƴŀƭ ƳŜǘƘƻŘ ƻŦ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜǎŜŀǊŎƘΦ .ȅ ƭƻƻƪƛƴƎ ŀǘ ǎǘǊŜŜǘ ǾƛŜǿ
ƛƳŀƎŜǎ ŀƴŘ ƻǘƘŜǊ ǇƛŎǘǳǊŜǎ ǘƻ ƳŀƪŜ ǊŜǎǇƻƴŘŜƴǘǎ ŎƻƳƳŜƴǘΣ ǊŜǎŜŀǊŎƘŜǊǎ Ŏŀƴ ŘƛǊŜŎǘƭȅ ŎƻƭƭŜŎǘ ǊŜǎƛŘŜƴǘǎϥ
ǎǳōƧŜŎǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΦ ²ƛǘƘ ǘƘŜ ǇƻǇǳƭŀǊƛǘȅ ƻŦ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎ ŀƴŘ ǘƘŜ
LƴǘŜǊƴŜǘΣ ǊŜǎŜŀǊŎƘ ōŀǎŜŘ ƻƴ {t Ƙŀǎ ōŜŎƻƳŜ ƳƻǊŜ ŎƻƴǾŜƴƛŜƴǘΦ

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ƘǳƳŀƴ ōŜƛƴƎǎ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ
ōŜŎƻƳŜ ǘƘŜ ŦƻŎǳǎ ƻŦ ŀǘǘŜƴǘƛƻƴΦ ²ƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǿŜŀǊŀōƭŜ ŘŜǾƛŎŜǎ ŀƴŘ ǾƛǊǘǳŀƭ ǊŜŀƭƛǘȅ ǘŜŎƘƴƻƭƻƎȅΣ
ǊŜǎŜŀǊŎƘŜǊǎ ǎȅƴŎƘǊƻƴƻǳǎƭȅ ǊŜŎƻǊŘ ǎƛƎƴŀƭǎ ǎǳŎƘ ŀǎ Iw±Σ 95!Σ 99D ŀƴŘ 9ȅŜπǘǊŀŎƪƛƴƎ ƛƴ ǘƘŜ ±w ŜƴǾƛǊƻƴƳŜƴǘ
όaŀǾǊƻǎ Ŝǘ ŀƭΦΣ нлннύ ǘƻ ǊŜŦƛƴŜ ǘƘŜ ŜȄǇƭƻǊŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŘŜǎƛƎƴ ŜƭŜƳŜƴǘǎ ŀƴŘ
ǇŜǊŎŜǇǘƛƻƴΦ

{ǳōƧŜŎǘƛǾŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎΣ ŎǊƻǿŘǎƻǳǊŎƛƴƎ ŜǾŀƭǳŀǘƛƻƴΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǎŜƴǎƛƴƎ ŀƴŘ ƻǘƘŜǊ ƳǳƭǘƛπƭŜǾŜƭ ƳŜǘƘƻŘǎ
ǘƻƎŜǘƘŜǊ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƻōǘŀƛƴƛƴƎ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŎŜǇǘƛƻƴΥ
ƻƴƭƛƴŜ ŎǊƻǿŘǎƻǳǊŎƛƴƎ Řŀǘŀ Ƙŀǎ ŜȄǇŀƴŘŜŘ ǘƘŜ ǊŜǎŜŀǊŎƘ ǎŎŀƭŜΦ ¢ƘŜ ƻǇŜƴ ǎƻǳǊŎŜ ǘƻƻƭ ŎƘŀƛƴ ƛƳǇǊƻǾŜǎ ǘƘŜ
ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅ ƻŦ ǊŜǎŜŀǊŎƘΣ ŀƴŘ ǘƘŜ ƛƳƳŜǊǎƛǾŜ ±w ƳŜǘƘƻŘ ƛƳǇǊƻǾŜǎ ǘƘŜ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ǎǳōƧŜŎǘƛǾŜ
ŘƛƳŜƴǎƛƻƴǎ ŀƴŘ ƛǎ ŎƻƴŘǳŎƛǾŜ ǘƻ Ŏŀǳǎŀƭ ƛƴŦŜǊŜƴŎŜΣ ǿƘƛƭŜ ǿŜŀǊŀōƭŜ ŀƴŘ ƳǳƭǘƛƳƻŘŀƭ ǇƘȅǎƛƻƭƻƎƛŎŀƭ
ƳŜŀǎǳǊŜƳŜƴǘǎ ǇǊƻǾƛŘŜ ǎǇŜŎƛŦƛŎ Řŀǘŀ ŦƻǊ ǎǳōŎƻƴǎŎƛƻǳǎ ǊŜŀŎǘƛƻƴǎΦ

¦Ǌōŀƴ Řŀǘŀ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘǎ

оΦнΦм aŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƴŀƭȅǎƛǎ ŜƴƎƛƴŜǎ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘ ƳƻŘŜƭǎ

Iƻǿ ǘƻ ŜǎǘŀōƭƛǎƘ ŀƴ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ƳƻŘŜƭ Ƙŀǎ ōŜŎƻƳŜ ǘƘŜ ŎƻǊŜ ƛǎǎǳŜ ƻŦ ǇǊƻƳƻǘƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ
ǘƘŜ ŦƛŜƭŘΦ ¢ƘŜ ǊŜŎŜƴǘ ǘǊŜƴŘ ƻŦ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƛǎ ǘƻ ŜƳōŜŘ ǘƘŜǎŜ ŀƴŀƭȅǎƛǎ ŜƴƎƛƴŜǎ ƛƴǘƻ Ŏƻƴǘƛƴǳƻǳǎƭȅ
ǊǳƴƴƛƴƎ ǎȅǎǘŜƳǎ ǘƻ ŜǾŀƭǳŀǘŜ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ƛƴ ǊŜŀƭ ǘƛƳŜ ό[ƛ ŀƴŘ IǎǳΣ нлннύΦ

.ŜŦƻǊŜ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ Ǿƛǎǳŀƭ Řŀǘŀ ŜƳŜǊƎŜŘΣ ǊŜǎŜŀǊŎƘŜǊǎ ǳǎŜŘ ǎƛƳǇƭŜ ǎǘŀǘƛǎǘƛŎŀƭ ƳƻŘŜƭǎ ŀƴŘ Ƴŀƴǳŀƭƭȅ
ŜȄǘǊŀŎǘŜŘ ƛƳŀƎŜ ŦŜŀǘǳǊŜǎ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴΦ !ƭǘƘƻǳƎƘ ǘƘŜ
ŀǳǘƻƳŀǘŜŘ ŀƴŀƭȅǎƛǎ ŀōƛƭƛǘȅ Ƙŀǎ ōŜŜƴ ƛƳǇǊƻǾŜŘ ǘƻ ŀ ŎŜǊǘŀƛƴ ŜȄǘŜƴǘΣ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ƪŜȅ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ǘƘŜ
ƛƳŀƎŜ ƛƴ ǘƘƛǎ ǿŀȅ ƛǎ ǎǘƛƭƭ ƛƴǎǳŦŦƛŎƛŜƴǘΣ ŀƴŘ ƛǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ŎŀǊǊȅ ƻǳǘ ƳƻǊŜ ŎƻƳǇƭŜȄ ǎǘǊŜŜǘ ǊŜǎŜŀǊŎƘ ό[ƛ ŀƴŘ
IǎǳΣ нлннύΦ

{ƛƴŎŜ нлмлΣ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ǎŜƳŀƴǘƛŎ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀƴŘ ǘŀǊƎŜǘ ŘŜǘŜŎǘƛƻƴ Ƙŀǎ
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜŘ ǘƘŜ ŀǳǘƻƳŀǘƛƻƴ ŀƴŘ ŀŎŎǳǊŀŎȅ ƻŦ ŜȄǘǊŀŎǘƛƴƎ {±L ƛƴŦƻǊƳŀǘƛƻƴΦ .ŜǘǿŜŜƴ нлмр ŀƴŘ
нлнлΣ ǘƘŜ {±L ǊŜǎŜŀǊŎƘ ŎȅŎƭŜ ǿŀǎ ǎƘƻǊǘŜƴŜŘ ŦǊƻƳ ϦƻƴŜ ƛƴ ŀ ŦŜǿ ȅŜŀǊǎϦ ǘƻ ŀƴƴǳŀƭ ƻǊ ŜǾŜƴ ǉǳŀǊǘŜǊƭȅ ƻǳǘǇǳǘΦ
¢ƘŜ ƴŜǿ ŀƭƎƻǊƛǘƘƳ Ŏŀƴ ǇǊƻŎŜǎǎ Ƴƛƭƭƛƻƴǎ ƻŦ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎ ƻƴ ŀ Ŏƛǘȅ ǎŎŀƭŜ ŀƴŘ ƻǳǘǇǳǘ ǎǘǊǳŎǘǳǊŜŘ
ŜƭŜƳŜƴǘǎ όIŀƳƛƳ Ŝǘ ŀƭΦΣ нлнпύΦ ²ƛǘƘ ǘƘŜ ǎǳǇǇƻǊǘ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘƻǇƛŎǎ ŜȄǇŀƴŘŜŘ ǊŀǇƛŘƭȅΣ
ƴƻǘ ƻƴƭȅ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ƻōƧŜŎǘƛǾŜ ǇƘȅǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ōǳǘ ŀƭǎƻ ōŜƎƛƴƴƛƴƎ ǘƻ
ŜƴƎŀƎŜ ƛƴ ǘƘŜ ǇƻǊǘǊŀȅŀƭ ƻŦ ǊŜǎƛŘŜƴǘǎϥ ǇŜǊŎŜǇǘƛƻƴǎ ŀƴŘ ǎƻŎƛŀƭ ŀǘǘǊƛōǳǘŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ƛƴŦŜǊŜƴŎŜ ƻŦ
ǊŜǎƛŘŜƴǘǎϥ ǇŜǊŎŜǇǘƛƻƴ ǎǳŎƘ ŀǎ ǳǊōŀƴ ŀŜǎǘƘŜǘƛŎǎ ŀƴŘ ǎŀŦŜǘȅΣ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƛǎ ƭƛƴƪŜŘ ǿƛǘƘ ŎǊƻǿŘǎƻǳǊŎƛƴƎ ŀƴŘ
ǉǳŜǎǘƛƻƴƴŀƛǊŜ Řŀǘŀ ǘƻ ŦƻǊƳ ŀ ƭŀǊƎŜπǎŎŀƭŜ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ƳŀǇ όYŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ ¢ƘŜ ǎƻŎƛŀƭ ƳŜŘƛŀπ
ƛƳŀƎŜ Ƨƻƛƴǘ ŦǊŀƳŜǿƻǊƪ ƛǎ ŀƭǎƻ ǳǎŜŘ ǘƻ ŜȄǘǊŀŎǘ ǇǳōƭƛŎ ŜƳƻǘƛƻƴǎ ŀƴŘ Ǿƛǎǳŀƭ ǇǊŜŦŜǊŜƴŎŜǎ ό¸ŀƴƎ ŀƴŘ ½ƘŀƴƎΣ
нлнпύΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǿƻǊƪ Ƙŀǎ ŦǳǊǘƘŜǊ ŜȄǇƭƻǊŜŘ ǘƘŜ ƳƛƎǊŀǘƛƻƴ ŀƴŘ ǊŜǘǊƛŜǾŀƭ ŎŀǇŀōƛƭƛǘƛŜǎ ƻŦ ƭŀǊƎŜ
ƭŀƴƎǳŀƎŜ ƳƻŘŜƭǎ όa[[aκ/[Ltύ ǘƻ ǊŜŘǳŎŜ ŜȄǇŜƴǎƛǾŜ ŀƴƴƻǘŀǘƛƻƴǎ όYƛ Ŝǘ ŀƭΦΣ нлнрύΦ

Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ŜƴƎƛƴŜ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ ƳƻǾŜŘ ŦǊƻƳ ƻŦŦƭƛƴŜ ǊŜǎŜŀǊŎƘ ǘƻ
ƻƴƭƛƴŜ ŀƴŘ ǎȅǎǘŜƳ ƛƴǘŜƎǊŀǘƛƻƴΦ wŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ōŜƎǳƴ ǘƻ ǘǊȅ ǘƻ ŜƳōŜŘ ǘƘŜ ǘǊŀƛƴŜŘ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭ
ƛƴǘƻ ǘƘŜ ŎƭƻǳŘ ǇƭŀǘŦƻǊƳ ƻǊ ǳǊōŀƴ ŘƛƎƛǘŀƭ ǘǿƛƴ ǎȅǎǘŜƳΦ {ƻƳŜ ǎŎƘƻƭŀǊǎ ƘŀǾŜ ōǳƛƭǘ ŀƴ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ
ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳΣ ŎƻƳōƛƴƛƴƎ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿƛǘƘ ǊŜŀƭπǘƛƳŜ ǘǊŀŦŦƛŎ Ŧƭƻǿ ŀƴŘ thL ŘŀǘŀΣ
ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ǎŀŦŜǘȅΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ƭŀƴŘǎŎŀǇŜ ŀƴŘ ƻǘƘŜǊ ƛƴŘƛŎŜǎ ƻŦ ǘƘŜ ǎǘǊŜŜǘΣ ŀƴŘ ǊŜŀƭƛȊƛƴƎ ǘƘŜ ǊƻƭƭƛƴƎπ
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ǳǇŘŀǘŜ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ŀƴŀƭȅǎƛǎΦ !ǘ ǇǊŜǎŜƴǘΣ ǘƘŜ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ŀƴŀƭȅǎƛǎ ŜƴƎƛƴŜ ƛǎ ŦǳǊǘƘŜǊ ŀōǎƻǊōƛƴƎ
ƳǳƭǘƛπǎƻǳǊŎŜ Řŀǘŀ ŀƴŘ ŎǳǘǘƛƴƎπŜŘƎŜ !L ƳƻŘŜƭǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǇƻǿŜǊ ƻŦ ŎƻƳǇƭŜȄ ǳǊōŀƴ
ǇƘŜƴƻƳŜƴŀΦ

оΦнΦн 9ȄǇŜǊƛƳŜƴǘŀƭ ŀƴŘ Ŏŀǳǎŀƭ ŘŜǎƛƎƴ

!ŦǘŜǊ ƻōǘŀƛƴƛƴƎ ŀ ƭŀǊƎŜ ŀƳƻǳƴǘ ƻŦ Řŀǘŀ ŦǊƻƳ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎΣ ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ Ŏŀǳǎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ƛƴ
ϦŜƴǾƛǊƻƴƳŜƴǘπǇŜǊŎŜǇǘƛƻƴϦ Ƙŀǎ ōŜŎƻƳŜ ǘƘŜ ŦƻŎǳǎ ƻŦ ƴŀǘǳǊŀƭ ŜȄǘŜƴǎƛƻƴ ǊŜǎŜŀǊŎƘΦ IƻǿŜǾŜǊΣ ŘƛǊŜŎǘ Ŏŀǳǎŀƭ
ƛƴŦŜǊŜƴŎŜ ƛƴ ŀƴ ƻǇŜƴ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ŦŀŎŜǎ ǇǊƻōƭŜƳǎ ǎǳŎƘ ŀǎ ŎƻƳǇƭŜȄ ǳǊōŀƴ ǾŀǊƛŀōƭŜǎ ŀƴŘ ƭŀŎƪ ƻŦ
ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǳǊōŀƴ ŎƘŀƴƎŜΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ƛƴǘǊƻŘǳŎŜŘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŜǘƘƻŘǎ ǎǳŎƘ ŀǎ
ǎƛƳǳƭŀǘƛƻƴ ƭŀōƻǊŀǘƻǊƛŜǎ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ Ŏŀǳǎŀƭ ŜŦŦŜŎǘ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘπǇŜǊŎŜǇǘƛƻƴ ό/ŀƛ Ŝǘ ŀƭΦΣ нлнпύΦ

±ƛǊǘǳŀƭ ǊŜŀƭƛǘȅ ό±wύ ǘŜŎƘƴƻƭƻƎȅ ǇǊƻǾƛŘŜǎ ŀ ƳŜŀƴǎ ŦƻǊ Ŏŀǳǎŀƭ ǘŜǎǘƛƴƎ ƛƴ ŀ ŎƻƴǘǊƻƭƭŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ
ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘΦ ¢ƘǊƻǳƎƘ ±wΣ ǊŜǎŜŀǊŎƘŜǊǎ Ŏŀƴ ŜǎǘŀōƭƛǎƘ ŀ ǾƛǊǘǳŀƭ ǳǊōŀƴ ǎǇŀŎŜΣ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ
ƳŀƴƛǇǳƭŀǘŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎ ƛƴ ƛǘΣ ŀƴŘ ƻōǎŜǊǾŜ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǇŀǊǘƛŎƛǇŀƴǘǎϥ ǇŜǊŎŜǇǘƛƻƴ ŀƴŘ
ōŜƘŀǾƛƻǊ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлнрōύΦ Lǘǎ ŀŘǾŀƴǘŀƎŜ ƛǎ ǘƘŀǘ ƛǘ Ŏŀƴ ŜƭƛƳƛƴŀǘŜ Ƴŀƴȅ ƛƴǘŜǊŦŜǊŜƴŎŜ ŦŀŎǘƻǊǎ ƛƴ ǘƘŜ ǊŜŀƭ
ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƛŘŜƴǘƛŦȅ ǘƘŜ Ŏŀǳǎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ƳƻǊŜ ŎƭŜŀǊƭȅΦ !ǳƎƳŜƴǘŜŘ ǊŜŀƭƛǘȅ ǘŜŎƘƴƻƭƻƎȅ ό!wύ
ǎǳǇŜǊƛƳǇƻǎŜǎ ǾƛǊǘǳŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ǊŜŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ ¢ƘŜǊŜ ŀǊŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ǳǎŜ ƛƳƳŜǊǎƛǾŜ ŀǳŘƛƻ
ŀƴŘ ǾƛŘŜƻ ǎƛǘǳŀǘƛƻƴǎ ǘƻ ŜƳōŜŘ ŎŀƴŘƛŘŀǘŜ ŘŜǎƛƎƴǎ ƛƴǘƻ ǘƘŜ ǎŎŜƴŜ ŀƴŘ ƛŘŜƴǘƛŦȅ ǘƘŜ ƘŜǘŜǊƻƎŜƴŜƻǳǎ
ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ όDŀǊȊƽƴ Ŝǘ ŀƭΦΣ нлнрύΦ

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŀŎǘƛǾŜƭȅ ŘŜǎƛƎƴƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎΣ ǊŜǎŜŀǊŎƘŜǊǎ ŀƭǎƻ ǳǎŜ ǊŜŀƭ ǳǊōŀƴ ŎƘŀƴƎŜǎ ǘƻ ŎƻƴŘǳŎǘ
ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎŜŀǊŎƘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ŎŀƳǇǳǎ ōƭǳŜ ŀƴŘ ƎǊŜŜƴ ǎǇŀŎŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǇǊƻƧŜŎǘΣ ǘƘŜ
ŎƘŀƴƎŜǎ ƛƴ ƳǳƭǘƛπŘƛƳŜƴǎƛƻƴŀƭ ǊŜǎǳƭǘǎ ǎǳŎƘ ŀǎ ƘŜŀǘ ŀƴŘ ǊŜƭŀȄŀǘƛƻƴ Ŏŀƴ ōŜ ŜǾŀƭǳŀǘŜŘ ōȅ ǳǎƛƴƎ ǘƘŜ ōŜŦƻǊŜ
ŀƴŘ ŀŦǘŜǊ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǘŜǊǾŜƴǘƛƻƴ ƎǊƻǳǇ ŀƴŘ ǘƘŜ ŎƻƴǘǊƻƭ ƎǊƻǳǇΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ƻŦǘŜƴ ŘƛŦŦƛŎǳƭǘ
ǘƻ ŦƛƴŘ ŀ ŎƻƳǇƭŜǘŜƭȅ ŜǉǳƛǾŀƭŜƴǘ ŎƻƴǘǊƻƭ ƎǊƻǳǇ ƛƴ ƴŀǘǳǊŀƭ ŜȄǇŜǊƛƳŜƴǘǎΦ ¢ƘŜ ƻǘƘŜǊ ƛǎ ƭƻƴƎƛǘǳŘƛƴŀƭ ǘǊŀŎƪƛƴƎ
ǊŜǎŜŀǊŎƘΦ ¦ƴŘŜǊ ǘƘŜ ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ǘƘŜ ǘƛƳŜ ǎŎŀƭŜ ƻŦ ǳǊōŀƴ ǊŜǎŜŀǊŎƘ ƛǎ ŎƻƳǇǊŜǎǎŜŘ ǘƻ ǘƘŜ ǎŜŀǎƻƴŀƭ ƻǊ
ŜǾŜƴ Řŀȅ ƭŜǾŜƭΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ŎǊƻǿŘ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜ ǎŀƳŜ ƭƻŎŀǘƛƻƴ Ŏŀƴ ōŜ
ŀƴŀƭȅȊŜŘ ƻǾŜǊ ǘƛƳŜ όCƭƻǊƛƻ Ŝǘ ŀƭΦΣ нлнпύΦ

hǇŜƴƴŜǎǎ ŀƴŘ ƎƻǾŜǊƴŀƴŎŜ

¢ƘŜ ǳƭǘƛƳŀǘŜ Ǝƻŀƭ ƻŦ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ƛǎ ǘƻ ǎŜǊǾŜ ǳǊōŀƴ ǇƭŀƴƴƛƴƎ ŀƴŘ ƎƻǾŜǊƴŀƴŎŜ
ŀƴŘ ŎǊŜŀǘŜ ŀ ƳƻǊŜ ƭƛǾŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘΦ Iƻǿ ǘƻ ŀǇǇƭȅ ǘƘŜ ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎ ŀƴŘ ƛƴǾƻƭǾŜ ǘƘŜ ǇǳōƭƛŎ ƛƴ ǳǊōŀƴ
ƎƻǾŜǊƴŀƴŎŜ ƛǎ ŀ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ƛǎǎǳŜΦ hƴ ǘƘŜ ƻƴŜ ƘŀƴŘΣ Ƴŀƴȅ Řŀǘŀ ǎƻǳǊŎŜǎ ǘƘŜƳǎŜƭǾŜǎ ŀǊŜ ƻǇŜƴΣ ǎǳŎƘ ŀǎ
ǘƘŜ ƻǇŜƴ ǎƻǳǊŎŜ ƛƳŀƎŜ ŀƴŘ ǘƻƻƭ ŎƘŀƛƴ ƻŦ ǘƘŜ ŎǊƻǿŘǎƻǳǊŎƛƴƎ ǇƭŀǘŦƻǊƳ aŀǇƛƭƭŀǊȅ ƭƻǿŜǊ ǘƘŜ ǊŜǎŜŀǊŎƘ
ǘƘǊŜǎƘƻƭŘ ό½ƘŜƴƎ ŀƴŘ !ƳŜƳƛȅŀΣ нлноύΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛƴǘŜƎǊŀǘŜŘ ƻǇŜƴ ǎƻǳǊŎŜ ǎƻŦǘǿŀǊŜ ŦƻǊ ǎǘǊŜŜǘ
ǾƛŜǿ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ Ŏŀƴ ǎǘŀƴŘŀǊŘƛȊŜ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴΣ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ŦŜŀǘǳǊŜ ŜȄǘǊŀŎǘƛƻƴ ǇǊƻŎŜǎǎ ƻŦ Ǿƛǎǳŀƭ
Řŀǘŀ ŀƴŘ ǇǊƻƳƻǘŜ ǊŜǇǊƻŘǳŎƛōƭŜ ǊŜǎŜŀǊŎƘ όLǘƻ Ŝǘ ŀƭΦΣ нлнрύΦ ¢ƘŜ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǊŜƭŜǾŀƴǘ Řŀǘŀ ƛǎ ŀƭǎƻ
ƛƴŎǊŜŀǎƛƴƎƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǇǳōƭƛŎ ŦƻǊŎŜǎΥ ǘƘŜ ŎƛǾƛŎ ǎŎƛŜƴŎŜ ǘƻƻƭƪƛǘ ōŀǎŜŘ ƻƴ ƻǇŜƴ {±Lǎ ŀƴŘ ƳƻōƛƭŜ
ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ Ŏŀƴ ƎŀǘƘŜǊ ƘƛƎƘπǉǳŀƭƛǘȅ ǎǳōƧŜŎǘƛǾŜ ŜǾŀƭǳŀǘƛƻƴ Řŀǘŀ ƻƴ ŀ Ŏƛǘȅ ǎŎŀƭŜ ό5ŀƴƛǎƘ Ŝǘ ŀƭΦΣ нлнрύΦ

LƴǘŜƎǊŀǘƛƴƎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŎŜǇǘƛƻƴ ƛƴǘƻ Řŀƛƭȅ ǳǊōŀƴ ƎƻǾŜǊƴŀƴŎŜ ƛǎ ŀƭǎƻ ŀƴ
ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƳŀǊǘ ŎƛǘƛŜǎΦ ²ƛǘƘ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ǘƛƳŜƭƛƴŜǎǎ ƻŦ
Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎΣ ǇƭŀƴƴŜǊǎ Ŏŀƴ ƴƻǿ ƳƻƴƛǘƻǊ ǘƘŜ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǇŜƻǇƭŜϥǎ ǇŜǊŎŜǇǘƛƻƴ
ŎƘŀƴƎŜǎ ƭƛƪŜ ǿŜŀǘƘŜǊ ό²ŜƴƎ Ŝǘ ŀƭΦΣ нлнрύΦ ¢Ƙƛǎ ƘƛƎƘƭȅ ǘƛƳŜƭȅ ǇŜǊŎŜǇǘƛƻƴ ƳƻƴƛǘƻǊƛƴƎ ƛǎ ƻŦ ǊŜǾƻƭǳǘƛƻƴŀǊȅ
ǎƛƎƴƛŦƛŎŀƴŎŜ ǘƻ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΦ ! ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŀƭǎƻ ǇǊƻǇƻǎŜŘ Ϧ¦Ǌōŀƴ ±ƛǎǳŀƭ {ǇŀŎŜ LƴǘŜƭƭƛƎŜƴŎŜ ό¦±{LύϦΣ
ŎƻƳōƛƴƛƴƎ ƘǳƳŀƴ ǇŜǊŎŜǇǘƛƻƴ ǿƛǘƘ ŀŘǾŀƴŎŜŘ ǎŜƴǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ōǊŜŀƪ ǘƘǊƻǳƎƘ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ
ǘŜŎƘƴƻƭƻƎȅπŎŜƴǘŜǊŜŘ ǎƳŀǊǘ Ŏƛǘȅ ƳƻŘŜƭ ό/ƘŜƴ Ŝǘ ŀƭΦΣ нлнрŀύΦ ¢ƘǊƻǳƎƘ ǇǳōƭƛŎ ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ ƎƻǾŜǊƴƳŜƴǘ
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ƎƻǾŜǊƴŀƴŎŜ ǿƛƭƭ ōŜŎƻƳŜ ƳƻǊŜ ƻǇŜƴ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴǘΣ ŀƴŘ ǘƘŜ ǇǳōƭƛŎϥǎ ǎǳǇǇƻǊǘ ŦƻǊ ǇƻƭƛŎƛŜǎ ǿƛƭƭ ŀƭǎƻ
ƛƴŎǊŜŀǎŜΦ

wŜǎŜŀǊŎƘ ƎŀǇǎ ŀƴŘ ŦǳǘǳǊŜ ŘƛǊŜŎǘƛƻƴǎ

оΦпΦм /ǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ƎŀǇǎ

{ƛƎƴƛŦƛŎŀƴǘ ǇǊƻƎǊŜǎǎ Ƙŀǎ ōŜŜƴ ƳŀŘŜ ŀǘ ǇǊŜǎŜƴǘΣ ōǳǘ ǘƘŜǊŜ ŀǊŜ ǎǘƛƭƭ ǎƻƳŜ ƭƛƳƛǘŀǘƛƻƴǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜ ǳǎŜ
ƻŦ ŎǊƻǿŘǎƻǳǊŎŜŘ Řŀǘŀ Ŏŀƴ ƭŜŀŘ ǘƻ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ {±LΦ ¢ƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ŀ ƭŀǊƎŜ ŀƳƻǳƴǘ ƻŦ
Ǿƛǎǳŀƭ Řŀǘŀ Ƴŀȅ ŜȄŎŜŜŘ ǘƘŜ ǇǊƻŎŜǎǎƛƴƎ ŎŀǇŀŎƛǘȅ ƻŦ ŜȄƛǎǘƛƴƎ ŀƴŀƭȅǎƛǎ ǎȅǎǘŜƳǎΦ 5ŜǾŜƭƻǇƛƴƎ ƳƻǊŜ ŀŘǾŀƴŎŜŘ
Řŀǘŀ ŀƴŀƭȅǎƛǎ ǎȅǎǘŜƳǎ ƛǎ ŀ ǇǊŜǊŜǉǳƛǎƛǘŜ ŦƻǊ ǳǊōŀƴ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎΦ !ƭǘƘƻǳƎƘ ŀǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ŀƴŘ
ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƘŀǾŜ ōŜŜƴ ǿƛŘŜƭȅ ŀǇǇƭƛŜŘ ƛƴ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ŀƴŀƭȅǎƛǎΣ Ƴŀƴȅ ŀƭƎƻǊƛǘƘƳǎ ƘŀǾŜ ŘƛŦŦƛŎǳƭǘȅ
Ŧǳƭƭȅ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǊŜǎƛŘŜƴǘǎϥ ǇŜǊŎŜǇǘƛƻƴΦ

оΦпΦн CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ŘƛǊŜŎǘƛƻƴǎ

.ŀǎŜŘ ƻƴ ǘƘŜ ŀōƻǾŜ ǊŜǎŜŀǊŎƘΣ ǎŜǾŜǊŀƭ ƛƳǇƻǊǘŀƴǘ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ŘƛǊŜŎǘƛƻƴǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘΥ

όмύ ¢ƘŜ ƭŀŎƪ ƻŦ ǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ƛƴ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ƛǎ ŀ ƳŀƧƻǊ ōƻǘǘƭŜƴŜŎƪ ƛƴ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘΦ Lƴ
ǘƘŜ ŦǳǘǳǊŜΣ ǳƴƛŦƛŜŘ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǎǘŀƴŘŀǊŘǎ ǎƘƻǳƭŘ ōŜ ŜǎǘŀōƭƛǎƘŜŘ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ Řŀǘŀ
ŀƴŘ ƛƳǇǊƻǾŜ ǘƘŜ ŎƻƳǇŀǊŀōƛƭƛǘȅ ŀŎǊƻǎǎ ǎǘǳŘƛŜǎΦ όнύ /ǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ Ƴƻǎǘƭȅ ǳǎŜǎ Ǿƛǎǳŀƭ ŘŀǘŀΦ Lƴ ǘƘŜ ŦǳǘǳǊŜΣ
ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǎǘǊŜŜǘ ǎŎŜƴŜ ƛƳŀƎŜǎ ǿƛǘƘ Řŀǘŀ ǎǳŎƘ ŀǎ ŀƛǊ ǉǳŀƭƛǘȅ ŀƴŘ ƴƻƛǎŜ ǎƘƻǳƭŘ ōŜ ǎǘǊŜƴƎǘƘŜƴŜŘ ǘƻ
ŜǎǘŀōƭƛǎƘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ŘŀǘŀōŀǎŜΦ όоύ ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊŜŀƭπǘƛƳŜ ŘȅƴŀƳƛŎ
ƳƻƴƛǘƻǊƛƴƎ ǎƘƻǳƭŘ ōŜ ǇǳǊǎǳŜŘΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ǎƘƻǳƭŘ ŜƳǇƭƻȅ ǳǇŘŀǘŜŘ Řŀǘŀ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘǎ ǘƻ ǎǳǇǇƻǊǘ
ǊŜŀƭπǘƛƳŜ ŀƴŘ ŘȅƴŀƳƛŎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ Ŏƛǘȅ ŀƴŘ ŜƴƘŀƴŎŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΦ όпύ aƻǎǘ
ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ŎƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ Ŏŀƴ ƭŜǾŜǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ±w ǘƻ
ŦǳǊǘƘŜǊ ǾŜǊƛŦȅ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǎǘǊŜŜǘ ǎǇŀŎŜ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴǎΦ

¢Ƙƛǎ ŀǊǘƛŎƭŜ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ǊŜǾƛŜǿǎ ǘƘŜ ǇǊƻƎǊŜǎǎ ƻŦ ǳǊōŀƴ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎŜŀǊŎƘ ŦǊƻƳ нлмр ǘƻ нлнрΦ ¢Ƙƛǎ
ŦƛŜƭŘ Ƙŀǎ ƎǊŀŘǳŀƭƭȅ ǎƘƻǿƴ ŀ ƳǳƭǘƛπƭŜǾŜƭ ǊŜǎŜŀǊŎƘ ǘǊŜƴŘ ŦǊƻƳ ǉǳŀƭƛǘŀǘƛǾŜ ǘƻ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎΣ ŦǊƻƳ
ǎƛƴƎƭŜ ǇŜǊŎŜǇǘƛƻƴ ǘƻ ƳǳƭǘƛπŘƛƳŜƴǎƛƻƴŀƭ ǇŜǊŎŜǇǘƛƻƴΦ ¢Ƙƛǎ ǎǘǳŘȅ Ǉƻƛƴǘǎ ƻǳǘ ǘƘŜ ƪŜȅ ƛǎǎǳŜǎ ƛƴ ŎǳǊǊŜƴǘ
ǊŜǎŜŀǊŎƘΣ ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎ ƻŦ Ǿƛǎǳŀƭ ǎǘƛƳǳƭƛ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴ ǊŜǎǇƻƴǎŜǎΣ ŀƴŘ ǇǊƻǾƛŘŜǎ
ǘƘŜƻǊŜǘƛŎŀƭ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǎȅŎƘƻƭƻƎȅ ƛƴ ǳǊōŀƴ ǎŎŀƭŜǎΦ !ǘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ
ƭŜǾŜƭΣ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǇǊƻǾƛŘŜǎ ŀ ŦŜŀǎƛōƭŜ ǇŀǘƘ ŦƻǊ ŎƻƳƳǳƴƛǘȅπǎŎŀƭŜ ǳǊōŀƴ ǊŜƴŜǿŀƭ ŀƴŘ ƛƳǇƻǊǘŀƴǘ
ƛƴŦƻǊƳŀǘƛƻƴ ǎǳǇǇƻǊǘ ŦƻǊ ǎƳŀǊǘ Ŏƛǘȅ ƎƻǾŜǊƴŀƴŎŜΦ ²ƛǘƘ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ ǘŜŎƘƴƻƭƻƎȅΣ ǇŜƻǇƭŜ Ŏŀƴ
ŦƻǊƳǳƭŀǘŜ ǳǊōŀƴ ǊŜƴŜǿŀƭ ǎǘǊŀǘŜƎƛŜǎ ōŀǎŜŘ ƻƴ ƳƻǊŜ ǊŜŀƭπǘƛƳŜ ŘŀǘŀΦ Lƴ ǘƘŜ ŦǳǘǳǊŜΣ ǊŜǎŜŀǊŎƘ ƻƴ ǳǊōŀƴ
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŜǊŎŜǇǘƛƻƴ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ŘŜǾŜƭƻǇ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ƳǳƭǘƛƳƻŘŀƭƛǘȅΣ ŘȅƴŀƳƛŎǎΣ
ƛƴǘŜƭƭƛƎŜƴŎŜ ŀƴŘ ǇŜƻǇƭŜπƻǊƛŜƴǘŜŘƴŜǎǎΦ

![{I9IwLΣ aΦΣ ·¦9Σ ¢Φ ¢ΦΣ a¦W¢!.!Σ DΦΣ ![v!I¢!bLΣ ¸ΦΣ ![a¦W![[¸Σ bΦ !ΦΣ W![![Σ !Φ ϧ [L¦Σ IΦ нлнрΦ
LƴǘŜƎǊŀǘŜŘ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ƳǳƭǘƛπƻōƧŜŎǘ ŘŜǘŜŎǘƛƻƴ ŀƴŘ ǊŜŎƻƎƴƛǘƛƻƴ ǳǎƛƴƎ ¦!± ƛƳŀƎŜǊȅΦ
Cwhb¢L9w{ Lb b9¦whwh.h¢L/{Σ мфΦ

/!LΣ ¸Φ ¸ΦΣ {aL¢Σ aΦ WΦ ϧ I9[.L/IΣ aΦ нлнпΦ 9ŎƻƴƻƳƛŎ ŜŦŦŜŎǘǎ ƻŦ ŀƛǊ ǉǳŀƭƛǘȅ ƻƴ ƘƻǳǎƛƴƎ ǇǊƛŎŜǎΥ ŜǾƛŘŜƴŎŜ
ŦǊƻƳ .ŜƛƧƛƴƎΣ /ƘƛƴŀΦ Wh¦wb![ hC Ih¦{LbD !b5 ¢I9 .¦L[¢ 9b±Lwhba9b¢Σ офΣ уурπфлуΦ
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/I9bΣ CΦ tΦΣ [¦Σ ¸Φ IΦΣ /!LΣ .Φ .ΦΣ ·L9Σ ·Φ 5Φ ϧ {h/Σ LΦ /Φ нлнмΦ aǳƭǘƛπ5ǊƻƴŜ /ƻƭƭŀōƻǊŀǘƛǾŜ ¢ǊŀƧŜŎǘƻǊȅ
hǇǘƛƳƛȊŀǘƛƻƴ ŦƻǊ [ŀǊƎŜπ{ŎŀƭŜ !ŜǊƛŀƭ о5 {ŎŀƴƴƛƴƎΦ нлнм L999 Lb¢9wb!¢Lhb![ {¸ath{L¦a hb aL·95 !b5
!¦Da9b¢95 w9![L¢¸ !5W¦b/¢ twh/995LbD{ όL{a!wπ!5W¦b/¢ нлнмύΦ

/I9bΣ WΦ [ΦΣ [LΣ tΦ /ΦΣ [9LΣ ¸Φ IΦΣ ½I!bDΣ ¸Φ ·ΦΣ [!LΣ /Φ IΦΣ /I9bΣ .ΦΣ [L¦Σ WΦ ϧ {/Ib!.9[Σ aΦ !Φ нлнрŀΦ
[ŜǾŜǊŀƎƛƴƎ ŀǳƎƳŜƴǘŜŘ ǊŜŀƭƛǘȅ ŦƻǊ ƘƛǎǘƻǊƛŎ ǎǘǊŜŜǘǎŎŀǇŜ ǊŜƎŜƴŜǊŀǘƛƻƴ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎΥ ! ōƛƎ ŀƴŘ ǎƳŀƭƭ Řŀǘŀ
ŀǇǇǊƻŀŎƘ ǿƛǘƘ ǎƻŎƛŀƭ ƳŜŘƛŀ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴǘŜƎǊŀǘƛƻƴΦ /L¢L9{Σ мссΦ

/I9bΣ ·ΦΣ 5¦!bΣ ²Φ ¢ΦΣ [L¦Σ ¸ΦΣ [LΣ {Φ /Φ ϧ {hbDΣ DΦ WΦ нлнрōΦ ¢ƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǎǇŀǘƛŀƭ ǎƛȊŜ ƻŦ ƛƴŘƻƻǊ ±w
ŜƴǾƛǊƻƴƳŜƴǘǎ ƻƴ ǇǊŜŦŜǊŜƴŎŜ ŜǾŀƭǳŀǘƛƻƴΦ Wh¦wb![ hC !{L!b !w/IL¢9/¢¦w9 !b5 .¦L[5LbD
9bDLb99wLbDΣ нпΣ ммссπммтрΦ

5!bL{IΣ aΦΣ [!.L.Σ {Φ aΦΣ wL/Y9wΣ .Φ ϧ I9[.L/IΣ aΦ нлнрΦ ! ŎƛǘƛȊŜƴ ǎŎƛŜƴŎŜ ǘƻƻƭƪƛǘ ǘƻ ŎƻƭƭŜŎǘ ƘǳƳŀƴ
ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘǎ ǳǎƛƴƎ ƻǇŜƴ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎΦ /hat¦¢9w{ 9b±Lwhba9b¢ !b5
¦w.!b {¸{¢9a{Σ ммсΦ

59[!±!wΣ ¸ΦΣ D!a.[9Σ {Φ ϧ {![5!b!πh/Ih!Σ YΦ нлнрΦ tŀǎǘΣ tǊŜǎŜƴǘΣ ŀƴŘ CǳǘǳǊŜ tŜǊǎǇŜŎǘƛǾŜǎ ƻƴ ǘƘŜ
LƴǘŜƎǊŀǘƛƻƴ ƻŦ !L Lƴǘƻ ²ŀƭƪŀōƛƭƛǘȅ !ǎǎŜǎǎƳŜƴǘ ¢ƻƻƭǎΥ ! {ȅǎǘŜƳŀǘƛŎ wŜǾƛŜǿΦ ¦w.!b t[!bbLbDΣ млΦ

5¦.9¸Σ !ΦΣ b!LYΣ bΦΣ t!wLYIΣ 5ΦΣ w!{Y!wΣ wΦ ϧ IL5![DhΣ /Φ !Φ нлмсΦ 5ŜŜǇ [ŜŀǊƴƛƴƎ ǘƘŜ /ƛǘȅΥ vǳŀƴǘƛŦȅƛƴƎ
¦Ǌōŀƴ tŜǊŎŜǇǘƛƻƴ ŀǘ ŀ Dƭƻōŀƭ {ŎŀƭŜΦ /hat¦¢9w ±L{Lhb π 9//± нлмсΣ t¢ LΦ

CLD¦9Lw95hΣ aΦΣ 9[h¸Σ {Φ ϧ a!wv¦9{Σ {Φ нлнрΦ !ƎŜπŦǊƛŜƴŘƭȅ ŎƛǘƛŜǎ ŀƴŘ ŀŎǘƛǾŜ ƳƻōƛƭƛǘȅΥ ! ǘƘŜƳŀǘƛŎ
ŀƴŀƭȅǎƛǎ ōŀǎŜŘ ƻƴ ƛƳƳŜǊǎƛǾŜ ослπŘŜƎǊŜŜ ǾƛŘŜƻ ŜƭƛŎƛǘŀǘƛƻƴΦ /L¢L9{Σ мссΦ

C[hwLhΣ tΦΣ [95¦/Σ ¢ΦΣ {¦¢¢9wΣ ¸Φ ϧ .wŞahb5Σ wΦ нлнпΦ ±ƛǎǳŀƭ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǳǊōŀƴ ǎǘǊŜŜǘǎŎŀǇŜǎΥ ƘǳƳŀƴ
Ǿǎ ŎƻƳǇǳǘŜǊ ǾƛǎƛƻƴΦ a!/ILb9 ±L{Lhb !b5 !tt[L/!¢Lhb{Σ орΦ

D!w½ƽbΣ [ΦΣ !w9[[!b!Σ WΦΣ .w!±hπahb/!¸hΣ [ΦΣ hw¢ǵ½!wΣ WΦ 5Φ ϧ hw¢9D!Σ WΦ нлнрΦ ¢ƘŜ ǊƻƭŜ ƻŦ ŀǳŘƛƻπ
Ǿƛǎǳŀƭ ŜƭŜƳŜƴǘǎ ƛƴ wŜǎƛŘŜƴǘƛŀƭ [ƻŎŀǘƛƻƴ /ƘƻƛŎŜΦ I!.L¢!¢ Lb¢9wb!¢Lhb![Σ мспΦ

D¦Σ 5Φ [ΦΣ {I¦!LΣ vΦ ²ΦΣ ½I!bDΣ bΦΣ WLbΣ bΦΣ ½I9bDΣ ½Φ ·ΦΣ ·¦Σ ½Φ ϧ ·¦Σ ¸Φ WΦ нлнрΦ aǳƭǘƛπǾƛŜǿ ǎǘǊŜŜǘ ǾƛŜǿ
ƛƳŀƎŜ Ŧǳǎƛƻƴ ŦƻǊ ŎƛǘȅπǎŎŀƭŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǿƛƴŘ ŘŀƳŀƎŜ ǘƻ ōǳƛƭŘƛƴƎ ŎƭǳǎǘŜǊǎΦ /hat¦¢9wπ!L595 /L±L[ !b5
LbCw!{¢w¦/¢¦w9 9bDLb99wLbDΣ плΣ мфуπнмпΦ

I!aLaΣ hΦ CΦΣ Y!b/I!w[!Σ {Φ wΦ ϧ ¦YY¦{¦wLΣ {Φ нлнпΦ aŀǇǇƛƴƎ ǎƛŘŜǿŀƭƪǎ ƻƴ ŀ ƴŜƛƎƘōƻǊƘƻƻŘ ǎŎŀƭŜ ŦǊƻƳ
ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǎΦ 9b±Lwhba9b¢ !b5 t[!bbLbD .π¦w.!b !b![¸¢L/{ !b5 /L¢¸ {/L9b/9Σ рмΣ уноπуоуΦ

I¦!bDΣ WΦ [ΦΣ vLbDΣ [Φ .ΦΣ I!bΣ [Φ aΦΣ [L!hΣ WΦ WΦΣ D¦hΣ [Φ ϧ t9bDΣ ¸Φ IΦ нлноΦ ! ŎƻƭƭŀōƻǊŀǘƛǾŜ ǇŜǊŎŜǇǘƛƻƴ
ƳŜǘƘƻŘ ƻŦ ƘǳƳŀƴπǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ōŀǎŜŘ ƻƴ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŀƴŘ ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ǘƘŜ ŎŀǎŜ ŀǊŜŀΦ
9bDLb99wLbD !tt[L/!¢Lhb{ hC !w¢LCL/L![ Lb¢9[[LD9b/9Σ ммфΦ

L¢hΣ YΦΣ ½I¦Σ ¸Φ IΦΣ !.59[w!Ia!bΣ aΦΣ [L!bDΣ ·Φ /ΦΣ C!bΣ ½Φ /ΦΣ Ih¦Σ ¸Φ WΦΣ ½I!hΣ ¢Φ IΦΣ a!Σ wΦΣ C¦WL²!w!Σ
YΦΣ h¦¸!bDΣ WΦ bΦΣ v¦Lb¢!b!Σ aΦ ϧ .L[W9/YLΣ CΦ нлнрΦ ½Ŝƴ{±LΥ !ƴ ƻǇŜƴπǎƻǳǊŎŜ ǎƻŦǘǿŀǊŜ ŦƻǊ ǘƘŜ ƛƴǘŜƎǊŀǘŜŘ
ŀŎǉǳƛǎƛǘƛƻƴΣ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǎǘǊŜŜǘ ǾƛŜǿ ƛƳŀƎŜǊȅ ǘƻǿŀǊŘǎ ǎŎŀƭŀōƭŜ ǳǊōŀƴ ǎŎƛŜƴŎŜΦ /hat¦¢9w{
9b±Lwhba9b¢ !b5 ¦w.!b {¸{¢9a{Σ ммфΦ

Y!bDΣ ¸ΦΣ YLaΣ WΦΣ t!wYΣ WΦ ϧ [99Σ WΦ нлноΦ !ǎǎŜǎǎƳŜƴǘ ƻŦ tŜǊŎŜƛǾŜŘ ŀƴŘ tƘȅǎƛŎŀƭ ²ŀƭƪŀōƛƭƛǘȅ ¦ǎƛƴƎ {ǘǊŜŜǘ
±ƛŜǿ LƳŀƎŜǎ ŀƴŘ 5ŜŜǇ [ŜŀǊƴƛƴƎ ¢ŜŎƘƴƻƭƻƎȅΦ L{tw{ Lb¢9wb!¢Lhb![ Wh¦wb![ hC D9hπLbChwa!¢LhbΣ мнΦ

Y!bDΣ ¸Φ IΦΣ WL!Σ vΦ ¸ΦΣ D!hΣ {ΦΣ ½9bDΣ ·Φ IΦΣ ²!bDΣ ¸Φ ¸ΦΣ !bD{¦9{{9wΣ {ΦΣ [L¦Σ ¸ΦΣ ¸9Σ ·Φ ¸Φ ϧ C9LΣ ¢Φ нлмфΦ
9ȄǘǊŀŎǘƛƴƎ ƘǳƳŀƴ ŜƳƻǘƛƻƴǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ǇƭŀŎŜǎ ōŀǎŜŘ ƻƴ ŦŀŎƛŀƭ ŜȄǇǊŜǎǎƛƻƴǎ ŀƴŘ ǎǇŀǘƛŀƭ ŎƭǳǎǘŜǊƛƴƎ ŀƴŀƭȅǎƛǎΦ
¢w!b{!/¢Lhb{ Lb DL{Σ ноΣ прлπпулΦ
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Y!bDΣ ¸Φ IΦΣ ½I!bDΣ CΦΣ D!hΣ {ΦΣ t9bDΣ ²Φ ½Φ ϧ w!¢¢LΣ /Φ нлнмΦ IǳƳŀƴ ǎŜǘǘƭŜƳŜƴǘ ǾŀƭǳŜ ŀǎǎŜǎǎƳŜƴǘ ŦǊƻƳ
ŀ ǇƭŀŎŜ ǇŜǊǎǇŜŎǘƛǾŜΥ /ƻƴǎƛŘŜǊƛƴƎ ƘǳƳŀƴ ŘȅƴŀƳƛŎǎ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴǎ ƛƴ ƘƻǳǎŜ ǇǊƛŎŜ ƳƻŘŜƭƛƴƎΦ /L¢L9{Σ ммуΦ

YLΣ 5ΦΣ [99Σ IΦΣ t!wYΣ YΦΣ I!Σ WΦ ϧ [99Σ {Φ нлнрΦ aŜŀǎǳǊƛƴƎ ƴǳŀƴŎŜŘ ǿŀƭƪŀōƛƭƛǘȅΥ [ŜǾŜǊŀƎƛƴƎ /ƘŀǘDt¢ϥǎ Ǿƛǎƛƻƴ
ǊŜŀǎƻƴƛƴƎ ǿƛǘƘ ƳǳƭǘƛǎƻǳǊŎŜ ǎǇŀǘƛŀƭ ŘŀǘŀΦ /hat¦¢9w{ 9b±Lwhba9b¢ !b5 ¦w.!b {¸{¢9a{Σ мнмΦ

YLaΣ WΦ ϧ Y!t[!bΣ wΦ нллпΦ tƘȅǎƛŎŀƭ ŀƴŘ ǇǎȅŎƘƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ ƛƴ ǎŜƴǎŜ ƻŦ ŎƻƳƳǳƴƛǘȅ π bŜǿ ǳǊōŀƴƛǎǘ
YŜƴǘƭŀƴŘǎ ŀƴŘ ƴŜŀǊōȅ ƻǊŎƘŀǊŘ ǾƛƭƭŀƎŜΦ 9b±Lwhba9b¢ !b5 .9I!±LhwΣ осΣ омоπоплΦ

YLaΣ {Φ bΦ ϧ [99Σ IΦ нлннΦ /ŀǇǘǳǊƛƴƎ ǊŜŀƭƛǘȅΥ ±ŀƭƛŘŀǘƛƻƴ ƻŦ ƻƳƴƛŘƛǊŜŎǘƛƻƴŀƭ ǾƛŘŜƻπōŀǎŜŘ ƛƳƳŜǊǎƛǾŜ ǾƛǊǘǳŀƭ
ǊŜŀƭƛǘȅ ŀǎ ŀ ǎǘǊŜŜǘǎŎŀǇŜ ǉǳŀƭƛǘȅ ŀǳŘƛǘƛƴƎ ƳŜǘƘƻŘΦ [!b5{/!t9 !b5 ¦w.!b t[!bbLbDΣ нмуΦ

[LΣ ²Φ ϧ I{¦Σ /Φπ¸Φ нлннΦ DŜƻ!L ŦƻǊ [ŀǊƎŜπ{ŎŀƭŜ LƳŀƎŜ !ƴŀƭȅǎƛǎ ŀƴŘ aŀŎƘƛƴŜ ±ƛǎƛƻƴΥ wŜŎŜƴǘ tǊƻƎǊŜǎǎ ƻŦ
!ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ƛƴ DŜƻƎǊŀǇƘȅΦ L{tw{ Lb¢9wb!¢Lhb![ Wh¦wb![ hC D9hπLbChwa!¢LhbΣ ммΦ

a!±wh{Σ tΦΣ ²Ņ[¢LΣ aΦ WΦΣ b!½9aLΣ aΦΣ hbDΣ /Φ IΦ ϧ Iǀ[{/I9wΣ /Φ нлннΦ ! ƳƻōƛƭŜ 99D ǎǘǳŘȅ ƻƴ ǘƘŜ
ǇǎȅŎƘƻǇƘȅǎƛƻƭƻƎƛŎŀƭ ŜŦŦŜŎǘǎ ƻŦ ǿŀƭƪƛƴƎ ŀƴŘ ŎǊƻǿŘƛƴƎ ƛƴ ƛƴŘƻƻǊ ŀƴŘ ƻǳǘŘƻƻǊ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘǎΦ
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Urban villages represent complex spaces where historical contexts intersect with modern 
developments, characterized by multi-agent interactions. Traditional renewal approaches often 
adopt top-down methods, overlooking the genuine demands of local stakeholders such as 
residents. This study proposes a multi-agent game-based spatial function optimization model, 
using Laomenxi in Nanjing as a case example. Initially, multi-source data, including LBS signals, 
Points of Interest (POI), and spatial environmental data, were integrated to identify ten typical user 
profiles and behavioral chains. These profiles were categorized into four core agent types: 
residents, tourists, developers, and government, enabling the simulation of their multi-dimensional 
spatial demands under varying renewal orientations.Subsequently, a composite potential 
assessment system was constructed across four dimensions—residential, commercial, cultural, and 
green space. Indicators were standardised and weighted using the entropy weight method to 
generate four dimension-specific potential surfaces, which served as the spatial input for scenario-
based simulation.Using the NetLogo platform, the model defined the preference functions of four 
agent types and simulated their dynamic competition over neighbouring parcels. Land-use conflicts 
were resolved through a roulette-wheel selection mechanism, while scenario-specific target 
proportions were used as planning constraints. The model iterated until the proportions of 
functional categories remained stable within the predefined tolerance range, thereby generating 
multiple optimisation schemes under different renewal orientations. Ultimately, The model 
terminates when system dynamics naturally stabilize.The results demonstrate the model’s efficacy 
in balancing multi-agent spatial preferences, dynamically restructuring land use, and fostering 
functional collaboration. Significant improvements were observed in community livability, 
consumer services, cultural integration, and ecological connectivity. This research provides a 
practical, data-driven modeling approach supporting multi-objective collaboration and enhancing 
overall spatial benefits in urban village renewal. 
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¦Ǌōŀƴ ǾƛƭƭŀƎŜǎ ŀǊŜ ŀ ŘƛǎǘƛƴŎǘƛǾŜ ǎǇŀǘƛŀƭ ǇǊƻŘǳŎǘ ƻŦ /ƘƛƴŀΩǎ ǊŀǇƛŘ ǳǊōŀƴƛǎŀǘƛƻƴΦ ¢ƘŜȅ ǊŜŦŜǊ ǘƻ ŦƻǊƳŜǊƭȅ ǊǳǊŀƭ 

settlements that have been enclosed by urban expansion while retaining collectively owned land and 

village-based property relations. Unlike slums in some other countries, urban villages in China are not 

simply informal settlements; rather, they combine low-cost housing functions, localised governance 

structures, and complex urban-rural institutional features. This dual character makes them not only a by-

product of the urban-rural divide, but also an important carrier of inclusive urbanisation and everyday 

urban life. 

²ƛǘƘ /ƘƛƴŀΩǎ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ǎƘƛŦǘƛƴƎ ŦǊƻƳ ƛƴŎǊŜƳŜƴǘŀƭ ŜȄǇŀƴǎƛƻƴ ǘƻ ǎǘƻŎƪ-based renewal, urban village 

regeneration has become an increasingly important issue in planning research and practice. Recent studies 

have moved beyond demolition-led redevelopment and gradually shifted towards more people-centred, 

data-informed, and governance-oriented perspectives. In particular, growing attention has been paid to 

stakeholder coordination, spatial function restructuring, and the use of digital tools to support urban 

renewal. At the methodological level, this shift is reflected in the increasing use of optimisation models, 

behavioural data, and simulation approaches. For example, Ren et al. (2025) introduced an improved NSGA-

II algorithm in historic district renewal to coordinate project duration, cost, and quality, while Li et al. (2025) 

combined social network analysis with multi-agent simulation to model the evolution of resident 

participation under different governance strategies. These studies demonstrate the growing potential of 

model-based approaches in urban renewal research. However, their application to urban village spatial 

function optimisation remains relatively limited, particularly in historic urban villages where residential life, 

tourism, commerce, and cultural preservation are deeply intertwined. In such contexts, further work is still 

needed to connect multi-source behavioural data, differentiated spatial potential, and dynamic stakeholder 

interaction within a more integrated analytical framework. 

Against this background, this paper develops a multi-agent game model for spatial function optimisation in 

urban villages, taking Laomenxi in Nanjing as a case study. By integrating LBS data, POI data, and spatial 

environmental information, the study identifies differentiated behavioural patterns and abstracts them 

into four interacting agents: residents, tourists, developers, and the government. A multi-dimensional 

spatial potential evaluation system is then constructed to assess residential, commercial, cultural, and 

ecological orientations, and NetLogo is employed to simulate dynamic interactions and renewal outcomes 

under different scenarios. Rather than viewing spatial renewal as a purely physical intervention, this study 

conceptualises it as a dynamic process of demand differentiation, spatial adaptation, and multi-actor game, 

thereby providing a more evidence-based framework for urban village renewal in the digital era. 

In this study, the Laomenxi neighborhood of Nanjing is selected as the study area. The neighborhood is 

located in the southern part of the old city of Nanjing, on the south bank of the Qinhuai River, and is an 

important part of the Nanjing Historic District, covering a total area of about 0.72 square kilometers, from 

Zhonghua Road in the north to the Inner Qinhuai River in the west, and from White Pagoda Road to Baita 

Road in the south and Changle Road in the east. The neighborhood is functionally complex, covering 

residential, cultural, commercial and historical heritage, etc. It has well preserved the pattern of streets 

and alleys of the Ming and Qing Dynasties and the form of traditional dwellings, with typical historical 
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features and living texture. After the field visit and research, it is found that there are three main problems 

in the spatial function and environmental quality of Laomenxi: (1) the contradiction between historical 

protection and commercial development is prominent, and the traditional landscape faces the risk of 

alienation in the process of commercialization; (2) the infrastructure is aging, with narrow streets and alleys 

and outdated facilities, making it difficult to meet the daily needs; (3) there is insufficient and fragmented 

distribution of green space, and the public space system lacks continuity, which affects the activities of 

residents and the vitality of the neighborhood. activities and vitality of the neighborhood. It has both 

profound historical and cultural values and complex spatial realities, and thus can be used as a typical 

sample for the study of spatial function optimization in Chinese urban villages. 

 

Based on the integration of multi-source data, this paper constructs a technical path for crowd profiling 

and behavior chain identification to extract the spatial activity characteristics of residents and visitors and 

characterize their functional preferences. The process is as follows: First, the LBS data is cleaned and 

spatiotemporally corrected, trajectories and stay points are extracted according to anonymous IDs within 

the Laomenxi area of the study area, and the behavior chains of the same ID are sorted out based on time 

series to identify their long-term stay anchor points; secondly, Laomenxi residents and visitors are 

distinguished based on this. The anchor points of the former are located in the area for three consecutive 

days and are relatively stable, especially at night, while the anchor points of the latter are not in the area 

or stay for a short time; thirdly, remove After excluding the residential anchor points, the number and type 

of corresponding POIs are counted in the 100m buffer zone at each stop point of the behavior chain, 

covering functional categories such as public services, catering and shopping, science, education, culture, 

historical cultural preservation, parks, green spaces, and scenic spots. Finally, the proportion and 

combination characteristics of each functional POI are calculated, and DBSCAN clustering is used to identify 

activity preferences and space usage patterns, thereby forming a multi-dimensional crowd portrait and its 

behavior chain characteristics. 

 

LBS Data 
Stay-point data (ID, time, 
coordinates) 

Behavioral trajectory data 
Authorized from third-party 

platforms (Baidu LBS) 

Spatial 
Data 

500 m grid of Nanjing 
city center 

GIS vector/raster data Openstreetmap(OSM) 

OSM road network GIS vector/raster data Openstreetmap (OSM) 

Urban green space & 
waterways 

GIS vector/raster data Openstreetmap(OSM) 

Building data GIS vector data Openstreetmap(OSM) 

Facility 
Data 

POI (hospitals, schools, 
supermarkets, parks) 

Point spatial data API access (Baidu Maps) 
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To quantitatively assess the multi-objective spatial renewal potential of the Laomenxi community, this 

study constructs a composite evaluation system covering four dimensions: residential, commercial, cultural, 

and green space, with a total of eleven specific indicators. The residential dimension includes public service 

facility density, accessibility to public facilities, and residential building density. The commercial dimension 

includes distance to major roads and commercial facility density. The cultural dimension considers 

historical lane accessibility and the density of cultural heritage sites. The green space dimension 

incorporates building density and vegetation coverage. 

To ensure comparability and scientific rigor across indicators, all raw variables are first standardized to 

eliminate differences in units and magnitudes. Positive indicators are processed using: 

ὢ
ὢ ÍÉÎ ὢ

ÍÁØ ὢ ÍÉÎ ὢ
 

whereas negative indicators were standardised as: 

ὢ
ÍÁØ ὢ ὢ

ÍÁØ ὢ ÍÉÎ ὢ
 

Thus constraining all standardised values to the range [0,1]. Indicator weights were then determined using 

the entropy weight method in order to reflect the relative contribution of each variable objectively. Based 

on these weights, the potential score of each grid cell under each dimension was calculated through 

weighted summation: 

Ὓ ύ ὢᴂ  

where Ὓ denotes the potential score of grid cell Ὥ,ύ  denotes the weight of indicator Ὦ, and ά denotes 

the number of indicators within a given dimension. In this way, dimension-specific potential surfaces for 

residential, commercial, cultural, and green space renewal were generated for the Laomenxi community. 

Based on the theory of complex adaptive systems, the multi-agent model consists of two components: the 

spatial environment and the agents. The spatial environment provides spatial units with attributes, while 

agents act and interact within it according to their objectives, preferences, and behavioral rules. In this 

study, the multi-agent model of the Laomenxi community is developed using the NetLogo platform to 

simulate the location choice, strategy response, and spatial functional evolution of different stakeholders 

in the urban renewal process, thereby capturing the complex relationships arising from their differentiated 

goals. 

In order to ensure the accuracy of spatial analysis, this study divides the study area of Laomenxi into a 

regular grid of 5m×5m, which matches the typical building depth of 5m of Ming and Qing Dynasty traditional 

houses in the area, and can be used as the smallest spatial functional unit of the site, which is able to 
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accurately depict the micro-morphological characteristics of the architectural facilities, the space in front 

and behind the building, the interface of the streets and alleys, and the gaps of the courtyards, and to 

provide a unified and detailed spatial The spatial environment on which the model is based is determined 

by the study. 

The spatial environment on which the model is based consists of a regular grid of 5m×5m in the study area. 

This scale is compatible with the typical building depth of about 5m for traditional residential houses in Old 

Mensi, and can be used as the smallest spatial functional unit of the site to finely express the micro spatial 

features such as building outline, front and back spaces, street interfaces, and courtyard gaps, so as to 

provide a uniform and high-resolution spatial base for the subsequent simulation of the intelligent body 

behavior. 

On this spatial unit, this study projects the composite potential evaluation system of the four dimensions 

of residential, commercial, cultural and green space grid by grid, and records the standardized index values 

of the four potentials and their entropy weighted scores in each grid. Based on the natural discontinuity 

method, the potential scores of each dimension were categorized into five levels, divided into five types of 

spaces with low, lower, medium, higher and high potentials, and marked with an integer code from 1 to 5, 

where 1 indicates low potential and 5 indicates high potential. The above codes are used as input 

parameters for the location selection and decision rules of the intelligences, constituting the key 

characterization content of the spatial environment in the multi-intelligence body model. 

Based on the fusion of multi-source data and crowd behavior identification, this study extracts the activity 

characteristics of multiple types of residents and visitors into four core types of agents: residents, tourists, 

developers and government. The four types of agents represent the main spatial interests embodied in the 

crowd portrait: convenience, cultural experience, commercial profitability, and public service. 

In addition, the number scale and spatial distribution of the crowd profile will be used as input variables to 

influence the number, selection tendency and behavior probability of different agents in the model, so as 

to make their location selection behaviors closer to the differences in crowd demands in real scenarios. The 

four types of agents, combined with the potential scores, facility distribution and function types provided 

by the spatial environment, together constitute the basic power system of spatial function evolution in 

urban villages. 

(1) Residents' location choice decision 

According to the concept of fifteen-minute living circle proposed in the new version of Urban Residential 

Planning and Design Standards, it is required to achieve the optimal configuration relationship between 

residence and residence-related public green space and supporting service facilities. The desired location 

of the residential site is selected on the basis of the conditions of the environmental element layer, and at 

the same time, the location distance of the public green space and supporting service facilities in the 

surrounding environment is examined. Therefore, the resident body will prioritize the composite study unit 

with higher residential potential and more than medium green space potential; and suboptimally select the 

single-type unit with only higher residential potential. 

(2) Tourist location choice decision 

The core objective of tourists visiting urban villages after regeneration is to maximize cultural experience 

and leisure convenience. The main body of tourists will prioritize the composite research units with high 
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commercial and cultural potentials; the second best choice will be the single-type units with high 

commercial or cultural potentials. 

(3) Developer's Location Selection Decision 

Developers engaged in economic activities will maximize the pursuit of economic benefits as the core 

objective of decision-making, giving priority to the development and construction of areas with the greatest 

potential for economic benefits. During the development process, developers will also develop commercial 

land in a certain order according to changes in spatial functions. Therefore, the main body of developers 

will prioritize the composite study units with higher commercial potential and green space potential; and 

the single-type study units with higher commercial potential will be selected second best. 

(4) Government Planning and Regulation Decision 

The government is both the macro-regulator and the direct participant of urban land use. Under the joint 

action of urban residents' community needs and developers' profit maximization needs, the development 

decision of green space and cultural space functions are considered at the same time, thus forming a game. 

Therefore, the government prioritizes composite research units with high cultural potential and green 

space potential, and suboptimally selects single research units with high cultural potential or green space 

potential, and at the same time sets the target ratio of land use function renewal to prevent the imbalance 

of development under the guidance of single renewal. 

Within the NetLogo platform, preference functions for the four agent types are defined. Each agent 

identifies the eight neighboring grid cells (Moore neighborhood) and selects the cell most suitable for 

development according to its behavioral rules. When multiple agents compete for the same cell, roulette 

selection is used to resolve conflicts. The selection probability of agent i equals its fitness divided by the 

total fitness, where fitness is defƛƴŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ǇƻǘŜƴǘƛŀƭ ǾŀƭǳŜǎ ƳŀǘŎƘƛƴƎ ǘƘŜ ŀƎŜƴǘΩǎ ƴŜŜŘǎΣ ƴƻǊƳŀƭƛȊŜŘ 

by the proportion of corresponding demand: 

ὖ Ὥ
Ὢ Ὥ

Ὂ
 

where ὖ Ὥ is the selection probability of agent i, Ὢ Ὥ is its fitness, and Ὂ  is the total fitness of all 

competing agents. 

During each simulation cycle, the model updates the share of every functional category and compares the 

outcome with the predefined target values. When the proportions of all functions fall within the permitted 

tolerance, the system is regarded as stable and the iteration process concludes. To improve the clarity of 

the resulting layout and facilitate subsequent interpretation, minor adjustments are applied to grid 

boundaries so that the blocks approximate regular rectangular shapes while the required ratios of 

functional types are preserved. 

Each scenario yields a land-use arrangement that reflects the behavioural tendencies of the agents under 

the specified conditions. Four independent simulation batches are carried out for the ecological, 

residential, commercial and cultural scenarios. In every batch, the system operates until the functional 

proportions remain steady within the accepted range. After stability has been sustained, the resulting 

spatial configurations are collected and used to construct several candidate schemes for further 

comparison and evaluation. 
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Through clustering analysis of LBS-based behavioral chains and POI functional preferences, ten 

representative population profiles were identified, indicating a shift from single-function to multi-function 

spatial behaviors. The Nature Leisure type, the Commuting Social type, the Cultural Learning Type, and the 

Street Commerce Type tend to concentrate their activities in parks and plazas, scenic attractions, transport 

hubs, schools, and cultural facilities, resulting in relatively simple and spatially focused behavioral chains. 

In contrast, the Everyday Vitality type, the Community Recreation type, the Green Consumption type, the 

Arts Leisure type and the Community Culture type constitute the majority of users. Their activity anchors 

extend across commercial, cultural, ecological, and everyday service spaces, reflecting highly mixed and 

layered patterns of spatial use. Overall, ecological, cultural, and residential needs overlap extensively in 

Laomenxi, while commercial behaviors are frequently embedded within residential or cultural settings, 

illustrating the coexistence of everyday utilitarian use and experiential engagement that characterizes 

urban village environments. 

When examined in relation to spatial preferences, the ten profiles correspond clearly to the four core 

agents represented in the model. Groups oriented toward daily living needs, including the Commuting 

Social, Community Recreation, Learning and Growth Family, Green Consumption, and Community Culture 

Nature Leisure Type  ECO 
Parks and plazas; natural scenic spots; flower, bird, 
and fish markets. 

5% 

Commuting Social 
Type 

RES 
Parks and plazas; scenic attractions; metro and bus 
stations; general hospitals and clinics. 

17% 

Cultural Learning 
Type 

CUL 
Kindergartens and schools; training centers and 
libraries; pharmacies; supermarkets and 
convenience stores. 

4% 

Street Commerce 
Type 

BUS 
Heritage sites, museums, exhibition halls, and 
cultural centers; cafés and tea houses. 

17% 

Everyday Vitality 
Type 

BUS-RES 

Supermarkets, general markets, convenience 
stores, and home-building markets; training 
centers; metro and bus stations; daily-life service 
shops such as laundry, logistics, and repair 
services. 

11% 

Community 
Recreation Type  

ECO-RES 
Kindergartens and schools; hospitals and clinics; 
supermarkets and convenience stores; post offices 
and utility service halls. 

10% 

Green Consumption 
Type 

ECO-BUS 
Parks and plazas; scenic attractions; metro and bus 
stations; cafés, light-dining venues, and beverage 
shops; convenience stores. 

8% 

Art Leisure Type ECO-CUL 
Museums, art galleries, and heritage sites; cafés 
and specialty commercial streets; parks and plazas. 

4% 

Community Culture 
Type  

CUL-RES 
Parks and plazas; scenic attractions; heritage sites 
and museums; community-level schools, cultural 
centers, and media organizations. 

6% 

Cultural Consumption 
Type  

CUL-BUS 
schools and training centers; heritage sites and 
museums; supermarkets and pharmacies. 

7% 
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types, rely on supermarkets, schools, medical facilities, and public transport, which aligns with the priorities 

of resident agents who emphasize living convenience and service accessibility. Groups oriented toward 

cultural and leisure experiences, including the Nature Leisure, Shopping Consumption, and Arts and Leisure 

types, are active around parks, cultural venues, heritage buildings, and specialty alleys and traditional 

streets, which correspond to the motivations of tourist agents. Groups with strong dependence on 

commercial nodes, educational services, and mobility infrastructure, such as the Everyday Vitality and 

Cultural-Service Consumption types, display spatial behaviors consistent with the interests of developer 

agents. Meanwhile, the strong reliance on green spaces, heritage resources, and community-level cultural 

facilities observed in the Nature Leisure, Green Consumption, and Community Culture types reflects 

priorities that align with the objectives of government agents, particularly in supporting ecological quality, 

public interest, and cultural continuity. 

Based on the potential evaluation system constructed along the four dimensions of residential, commercial, 

cultural, and ecological functions, Laomenxi exhibits a pronounced pattern of spatial differentiation. 

Residential-oriented potential is concentrated in the northern and centralςwestern parts of the area, where 

long-term resident anchors and daily facilities such as kindergartens, hospitals, and bus stops form the most 

convenient living environments. In contrast, the southern and waterfront areas show limited public-service 

ǇǊƻǾƛǎƛƻƴ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŘƛǎǇƭŀȅ ƭƻǿ ǊŜǎƛŘŜƴǘƛŀƭ ǇƻǘŜƴǘƛŀƭΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ƎŜƴŜǊŀƭƭȅ άƘƛƎƘ-north and low-

ǎƻǳǘƘέ ǇŀǘǘŜǊƴΦ 

Commercial-oriented potential forms a continuous high-value belt along the northern segment of the main 

street and the major road on the eastern side. These locations possess high densities of commercial 

facilities, strong accessibility, and frequent consumption activities, making them the commercial core of 

the district. The traditional streets in the central area show medium potential due to lower road hierarchy, 

while the southwestern area lacks facilities and exhibits weak accessibility, resulting in the lowest 

commercial potential. The overall structuǊŜ ŘŜƳƻƴǎǘǊŀǘŜǎ ŀ άǎǘǊƻƴƎ ƴƻǊǘƘ ŀƴŘ ŜŀǎǘΣ ǿŜŀƪ ǎƻǳǘƘǿŜǎǘέ 

pattern. 

Cultural-oriented potential is highly concentrated within the central and northern historical areas, where 

high densities of heritage buildings and strong alleyway permeability have shaped a continuous cultural 

core. The southeastern part, characterized by relatively recent urban fabric and limited cultural resources, 

displays markedly lower potential, producing a distribution that declines outward from the cultural core. 

Ecological-oriented potential is closely tied to built-environment conditions. The northwestern and 

northeastern riverside zones contain limited green space and relatively dense development, resulting in 

low ecological potential. In contrast, the central area benefits from the presence of the river and relatively 

ample open space, forming a continuous ecological corridor of higher potential. Although the outhwestern 

area is currently weak, suitable development conditions indicate possible opportunities for ecological 

enhancemŜƴǘΦ ¢ƘŜ ŜŎƻƭƻƎƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ǘƘŜǊŜŦƻǊŜ ǇǊŜǎŜƴǘǎ άǿŜŀƪŜǊ ƻǳǘŜǊ ŜŘƎŜǎ ŀƴŘ ŀ ǎǘǊƻƴƎŜǊ ŎŜƴǘŜǊΦέ 
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Based on field surveys combined with statistical overlay analysis 

of points of interest (POI), the existing functional structure of 

Laomenxi can be characterized as a pattern in which residential-

support functions form the base, commercial functions constitute 

the core, and ecological and cultural functions appear as scattered 

points or short linear fragments. 

Residential-type (res) grid cells constitute the most extensive and 

continuous part of the spatial structure, forming the everyday 

living base that covers almost the entire built-up area. This 

dominance reflects the fundamental role of residential and daily-

service functions within the land-use structure. Commercial-type 

cells (bus) and their residentialςcommercial composites (bus-res) cluster at a 

high density along the northern main streets and major connective corridors. In 

contrast, ecological-type (eco) and cultural-type (cul) cells, together with their 

composite categories, occur in far smaller quantities and tend to appear as isolated points or short chains 

ŀǘ ǘƘŜ ŘƛǎǘǊƛŎǘΩs periphery or local nodes, making it difficult for them to form a systematic ecological network 

or public cultural service system. 

The overall structure indicates that Laomenxi is supported by a broad residential base that carries a partially 

concentrated commercial core and a limited set of ecological and cultural facilities. The district therefore 

presents a condition in which the residential foundation is relatively intact, while public open-space and 

culturalςecological functions are insufficient and commercial distribution remains uneven. 

（ ） （ ） （ ） （ ）

High residential 
demand 

Public Facility POI 

Density 

Public Facilities 

Accessibility 

 

High leisure 

demand 

 

Building 

Density 

 

Green 

Coverage Ratio 

 

High Business 

demand 

 

Distance to 

main roads 

 

Commercial 

Facility Density 

 

High cultural 

demand 

 

Historic Street 

Permeability 

 

850



 

 

In the Shopping-Consumption-

oriented scenario, the spatial 

capacity for consumption and 

service functions is 

substantially strengthened. The 

quantity of Shopping 

Consumption (bus) and 

Everyday Vitality (bus-res) units 

increases markedly, forming 

continuous commercial 

corridors along major streets 

and generating several 

concentrated activity nodes. 

Moderate growth in Cultural-

Service Consumption (cul-bus) 

and Green Consumption (eco-

bus) enriches the functional 

composition of commercial 

streets, where leisure, 

experiential, and landscape-

related consumption become 

more prominent. Commercial 

functions therefore shift from 

scattered points to continuous axes, enhancing visitor flow, nighttime economic activity, and overall district 

visibility. However, the expansion of commercial functions reduces available space for ecological and 

cultural uses. Additional open-space provision and cultural nodes are required to prevent vitality 

enhancement from occurring at the expense of public interest. 

Under the Ecology-oriented scenario, substantial increases in Nature Leisure (eco) and Community 

Recreation (eco-res) units produce a continuous ecological network composed of green wedges, linear 

green corridors, and pocket parks. This network overcomes the fragmented pattern of ecological spaces 

observed in the existing condition. Green spaces along the river, along streets, and at street corners are 

better connected, forming a district-level ecological framework. Moderate increases in Green Consumption 

(eco-bus) introduce nature-related experience into commercial streets, improving walkability and 

contributing to environmental resilience. 

In the Culture-oriented scenario, Cultural Learning (cul) and its composite types expand significantly, 

forming a continuous cultural experience corridor aligned with historical streets, heritage buildings, and 

key cultural clusters. This transformation shifts cultural functions from scattered and isolated points to a 

more thematic and networked structure. Growth in Community Culture (cul-res) and Cultural-Service 
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Consumption (cul-bus) creates conditions for mixed culturalςliving and culturalςcommercial environments, 

improving the daily usability and multi-period activation capacity of cultural spaces. 

Although the Residential-oriented scenario maintains Commuting Social (res) as the largest category, the 

total number of res units declines to less than half of the existing level. A substantial portion of residential 

space transitions into composite types. Everyday Vitality (bus-res), Community Recreation (eco-res), and 

Community Culture (cul-res) expand markedly, forming a set of mixed living environments that integrate 

lifestyle, commercial activity, ecological amenities, and cultural services. This transformation produces a 

more balanced and fine-grained daily service structure and enhances both community convenience and 

overall neighborhood vitality. 

Several limitations, however, must be acknowledged. The current agent types and behavior rules are 

primarily abstracted from representative population profiles, and finer-grained heterogeneity and 

ǘŜƳǇƻǊŀƭ ǾŀǊƛŀǘƛƻƴ ƛƴ ǇǊŜŦŜǊŜƴŎŜǎ ƘŀǾŜ ƴƻǘ ȅŜǘ ōŜŜƴ Ŧǳƭƭȅ ƛƴŎƻǊǇƻǊŀǘŜŘΣ ǿƘƛŎƘ Ƴŀȅ ŎƻƴǎǘǊŀƛƴ ǘƘŜ ƳƻŘŜƭΩǎ 

ability to capture complex real-world dynamics. Potential evaluation relies on LBS data, POI datasets, and 

existing spatial information, which remain affected by data precision, sampling periods, and coverage 

limitations and may omit latent activity patterns and functional needs. Although the model coordinates 

spatial interests among residents, visitors, developers, and government agents across the four functional 

dimensions of residential, commercial, cultural, and ecological uses, its applicability has thus far been 

demonstrated mainly in a medium-scale historical district. Further research is needed to assess its 

adaptability to larger or more complex urban areas. 

Overall, the study provides a framework that can be reapplied and adapted to support detailed 

regeneration efforts in urban village settings. Spatial patterns are derived from empirical datasets, scenario 

simulations shape the formulation of planning strategies, and the organization of space is steered by the 

interaction of multiple functional needs. Future research could combine multi-agent modelling with time-

specific behavioural information and collaborative decision-support processes, allowing renewal strategies 

to be developed in a way that more closely reflects real behavioural dynamics and planning negotiations. 

bus 2238 5221 1591 2097 1512 

res 16375 7814 7512 7231 7917 

eco 177 147 3493 194 492 

cul 115 96 97 2614 311 

bus-res 362 2287 1492 1792 3528 

eco-res 15 407 1817 341 1987 

cul-res 10 273 315 1583 1574 

eco-bus 31 613 867 107 112 

cul-bus 16 163 143 664 89 
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Cities in the Digital Age: Artificial Intelligence, the 

24-Hour City Model, and the Global Repositioning 

of Riyadh 

A Comparative Analysis Using the 24H+AI Urban 
Competitiveness Framework  

Fahad Saud ALLAHAIM, College of Architecture and Planning, King Saud University, Saudi Arabia 

 

Two concurrent forces are reshaping urban economies worldwide: the accelerating deployment of 
artificial intelligence (AI) as a general-purpose infrastructure for governance, mobility, and 
services; and the growing policy ambition to sustain commercial activity through the full twenty-
four-hour cycle. This paper investigates Riyadh's transformation under Saudi Vision 2030, 
examining how far the city has advanced toward becoming an AI-enabled, 24-hour global city. A 
composite analytical instrument — the 24H+AI Urban Competitiveness Framework (24H+AI-UCF) 
— is constructed and applied to benchmark Riyadh against five comparator cities: London, New 
York, Dubai, Abu Dhabi, and Seoul. Three established indices supply the quantitative evidence base: 
the Oxford Economics Global Cities Index (GCI, 2025), the Z/Yen Global Financial Centres Index 
(GFCI, 2024–2025), and the GaWC World Cities Classification (2024). Findings reveal a city of sharp 
contrasts: Riyadh has secured close to US$27 billion in AI-linked investment commitments and 
enacted meaningful regulatory and infrastructural reforms, yet trails regional competitors on 
human capital depth, urban livability, and the institutional governance infrastructure that 
sustained temporal economies demand. The paper argues that Riyadh's most substantive 
contribution to comparative urbanism lies not in reproducing Western 24-hour city templates, but 
in forging a culturally situated, state-directed, AI-enabled approach to temporal economic 
governance. A phased four-stage policy roadmap is developed to trace a viable path from the city's 
current regulatory foundation toward durable global leadership. 

 

 

Riyadh; artificial intelligence; 24-hour city; global benchmarking; Vision 2030; Gulf urbanism  
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City economies respond to the convergence of technological possibility, political will, and the competitive 

dynamics of global urban networks. Two forces have come to the foreground in recent decades: the 

embedding of artificial intelligence within the operational fabric of city governance, mobility, and services; 

and the extension of productive economic life beyond conventional daytime boundaries. Considered 

together, they pose a governance challenge τ and an opportunity τ whose implications are only 

beginning to be understood. 

 

Riyadh presents a compelling arena in which to study this convergence. As Saudi Arabia's capital and the 

primary stage for Vision 2030's diversification ambitions, the city has pursued an accelerated programme 

of urban economic transformation since 2016. The National Strategy for Data and AI (NSDAI), launched by 

the Saudi Data and Artificial Intelligence Authority (SDAIA) in 2020, set quantifiable targets: US$20 billion 

in AI-related investment, 20,000 trained AI specialists, and a place among the world's fifteen leading AI 

nations by 2030. In parallel, the Ministry of Municipal and Rural Affairs and Housing (MOMRAH) introduced 

24-hour commercial permits from 2019, and the Riyadh Metro entered service in late 2024. Individually, 

each of these developments is significant; collectively, they constitute a concerted effort to reposition 

Riyadh within global city hierarchies. 

 

This paper addresses two research objectives. The first is to assess how far Riyadh has advanced along the 

twin trajectories of AI-enabled urban governance and temporal economic liberalisation. The second is to 

benchmark that progress against five peer cities τ London, New York, Dubai, Abu Dhabi, and Seoul τ using 

the 24H+AI-UCF framework developed for this study. The paper makes three contributions: it integrates, 

for the first time in a single framework, the literatures on night-time economy governance, AI and digital 

urbanism, and global city benchmarking; it provides a detailed case study of Riyadh, a city 

underrepresented in comparative urban scholarship; and it develops a phased policy roadmap with direct 

relevance for urban planners and administrators working on digital urbanism and temporal governance in 

non-Western settings. The paper is structured as follows: Section 2 presents the theoretical and policy 

context; Section 3 describes the methodology; Section 4 presents results; Section 5 discusses implications; 

Section 6 concludes with the policy roadmap. 

The 24-hour city concept emerged from post-industrial European cities in the early 1990s. Bianchini (1995) 

gave the idea its clearest early formulation, arguing that city centres drained of manufacturing could 

recover economic vitality by repurposing themselves for leisure, cultural production, and hospitality 

beyond conventional hours. Manchester, Amsterdam, and Berlin incorporated temporal extension into 

their urban regeneration programmes through licensing reform, transport investment, and cultural 

programming (Chatterton and Hollands, 2003). Critical voices soon identified a persistent governance 

tension: economic gains from a lively night-time economy tended to produce residential disturbance, 

safety concerns, and the gradual privatisation of public space (Roberts and Eldridge, 2009). Shaw (2018) 

found that what distinguished successful 24-hour cities was not deregulation per se but the quality of 

institutional mediation τ governance mechanisms capable of holding together competing interests. 
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Governance responses across leading cities have crystallised around dedicated coordination institutions. 

London appointed a Night Czar in 2016 with a cross-stakeholder mandate spanning licensing, policing, 

transport, and planning (Roberts, 2021). New York established an Office of Nightlife in 2017, documenting 

nearly 300,000 sector jobs and an annual economic contribution exceeding US$35 billion (NYC Mayor's 

Office, 2019). Sydney's experience with restrictive lockout laws (2014) demonstrated how crude regulatory 

instruments can severely damage temporal economies; its subsequent 24-Hour Economy Commissioner 

and precinct-based planning regime provided the clearest available example of governance architecture 

rescuing a damaged temporal economy (NSW Government, 2020). The consistent comparative lesson is 

that coherence τ consolidated rather than fragmented regulatory responsibility τ matters more than 

permissiveness (Hadfield, 2015). 

AI has moved from a specialist technological domain to a structuring layer of contemporary urban 

operation, embedded across transit, energy, planning, and governance simultaneously (Kitchin, 2021; 

Batty, 2018). Predictive models have transformed metro and bus scheduling (Zhao et al., 2019); AI-driven 

demand forecasting enables smarter energy management (Komninos, 2020); computational approaches 

support urban growth modelling at previously unattainable scales (Karvonen, 2020). Alongside these 

productive applications, scholars have documented significant risks: algorithmic systems can compound 

disadvantage rather than relieve it (Eubanks, 2018); data infrastructure raises fundamental questions 

about ownership and extractive dynamics (Crawford, 2021); and municipal governments are often poorly 

equipped to govern AI systems effectively (Cath, 2018). Within the Gulf, Dubai's Smart Dubai programme 

has gone furthest in embedding AI across city systems (AlAwadhi, 2019); Seoul has prioritised citizen 

participation and data transparency (Kim, 2020). Riyadh's NSDAI is centralised and competitiveness-

oriented, enabling rapid investment mobilisation while leaving open important questions of public trust. 

Three indices shape this comparative evaluation. The Oxford Economics Global Cities Index (GCI) 

aggregates performance across economy, human capital, quality of life, environment, and governance for 

over 1,000 cities. The Z/Yen Global Financial Centres Index (GFCI) concentrates on financial and 

professional services competitiveness across 153 instrumental factors. The GaWC World Cities 

Classification adopts a network approach, placing cities within a hierarchy derived from the presence and 

activity of advanced producer service firms (Beaverstock, Smith and Taylor, 1999). Scholars have noted that 

dominant indices privilege financially deep cities (Derudder et al., 2018) and that rankings function as 

competitive instruments actively deployed to attract investment (Hoyler and Watson, 2013). Gulf city 

scholarship emphasises the state as primary architect of urban form and competitive positioning 

(Elsheshtawy, 2019); Riyadh's transformation, rooted in digital economic productivity rather than tourism 

or cultural prestige, is situated within the structural imperative of diversification away from hydrocarbon 

dependence (Albassam, 2020). Robinson (2016) and Watson (2022) together provide the theoretical 

grounding for reading Riyadh's trajectory as a distinctive response to a specific configuration of opportunity 

and constraint, rather than as imitation or anomaly. 

What none of the existing literature has addressed is how AI capability and temporal economic 

liberalisation interact τ synergistically or in tension τ in shaping how cities are positioned within global 
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networks, and particularly how this interaction plays out in state-led, non-Western developmental 

contexts. Riyadh offers the most developed current instance of this intersection, and that is the empirical 

ground this paper occupies. 

This study employs a comparative mixed-methods design organised by the 24H+AI Urban Competitiveness 

Framework (24H+AI-UCF), which integrates three analytical dimensions: AI and digital capacity; 24-hour 

economy readiness; and global city positioning. The framework's purpose is to connect strands of 

scholarship that have developed in parallel, allowing simultaneous examination of Riyadh's digital 

infrastructure trajectory, its temporal governance reforms, and its movement within global city hierarchies. 

 

Riyadh is benchmarked against five peer cities τ New York, London, Dubai, Abu Dhabi, and Seoul τ 

selected because they represent recognised leaders in AI deployment, financial services connectivity, or 

temporal economy governance; appear as explicit reference points in Saudi government policy 

documentation; and together span both Global North and Global South contexts. Three categories of 

evidence are drawn upon: 

 

ω  Dƭƻōŀƭ ƛƴŘŜȄ Řŀǘŀ ŦǊƻƳ ǘƘŜ hȄŦƻǊŘ 9ŎƻƴƻƳƛŎǎ D/L όнлнрύΣ DC/L όŜŘƛǘƛƻƴǎ орς37, March 2024 to March 

2025), and GaWC classification (2024), selected for their complementary methodological 

approaches. 

ω  bŀǘƛƻƴŀƭ ŀƴŘ ƳǳƴƛŎƛǇŀƭ ǇƻƭƛŎȅ ŘƻŎǳƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ b{5!L ό{5!L!Σ нлнлύΣ ahaw!I ƭƛŎŜƴǎƛƴƎ 

regulations (2019ς2025), Royal Commission for Riyadh City (RCRC) infrastructure documentation, 

and LEAP conference investment announcements (2024ς2025). 

ω  !L ŀƴŘ ŘƛƎƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘ Řŀǘŀ ŎƻƳǇƛƭŜŘ ŦǊƻƳ [9!t ŜǾŜƴǘ ƻǊƎŀƴƛǎŜǊǎ ό¢ŀƘŀƭǳŦύΣ !Ǌŀō bŜǿǎ ǊŜǇƻǊǘƛƴƎΣ 

and publicly available national AI strategy targets from comparator countries. 

 

The 24H+AI-UCF is applied through three sequential steps: (1) index positioning, charting Riyadh's ranks 

against comparator cities to establish a quantitative baseline; (2) policy readiness assessment, coding AI 

and 24-hour economy policies on a three-point scale (Low/Medium/High) across AI strategy depth, 24-

hour economy regulation, and mobility enablement; and (3) investment benchmarking, comparing 

cumulative AI and digital commitments to contextualise Riyadh's resource mobilisation. Four limitations 

are acknowledged: the indices embed assumptions advantaging financially deep cities; GFCI perception 

surveys may lag behind policy reality; governance philosophy differences complicate cross-national AI 

strategy comparisons; and LEAP figures represent announced rather than confirmed deployments. 

Table 1 sets out Riyadh's rankings across the three indices alongside the five comparator cities. Riyadh's 

GCI rank of 97th reflects structural weaknesses in human capital and quality of life, with a comparatively 

stronger governance sub-score reflecting the pace of Vision 2030 reform activity. The elevation to GaWC 

Alphaς from its prior Beta classification marks a substantive advance: it signals Riyadh's integration into 
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the networks of advanced producer services that constitute the circulatory system of the contemporary 

global economy. The continued distance from Dubai (GCI 51st; GaWC Alpha+) and Abu Dhabi (GCI 73rd; 

GaWC Alpha) identifies the proximate performance targets that Riyadh's ongoing reforms are designed to 

close. 

 

 

    

Riyadh 97 71 Alphaς 

Dubai 51 12 Alpha+ 

Abu Dhabi 73 38 Alpha 

London 2 2 Alpha++ 

New York 1 1 Alpha++ 

Seoul 15 9 Alpha+ 

Sources: Oxford Economics (2025); Z/Yen GFCI 37 (2025); GaWC Research Network (2024). 

Three GFCI editions published within twelve months chart Riyadh's financial standing in motion. From 84th 

(GFCI-35, March 2024), Riyadh climbed sharply to 63rd (GFCI-36, September 2024), then retreated to 71st 

(GFCI-37, March 2025). The sharp gain coincided with the most active implementation phase of the 

Regional Headquarters programme and the investment announcements from LEAP 2024. The subsequent 

correction reflects a characteristic dynamic of perception-based rankings: reputation built on 

announcements softens once the market awaits operational evidence. Dubai's simultaneous progress from 

20th to 12th τ steady rather than volatile τ illustrates the difference between a reputation anchored in 

decades of financial sector depth and one still consolidating its foundations. 
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Table 2 records the AI-linked investment commitments announced through the LEAP conference in 2024 

and 2025, totalling US$26.8 billion τ approximately 75% of the NSDAI 2030 investment target within five 

years of the strategy's launch. Placed in comparative context, these figures are striking in both scale and 

geographic concentration: Dubai's AI Strategy projects approximately US$7 billion annually; South Korea's 

national AI programme allocates roughly US$2 billion per year; the United Kingdom's AI spending exceeds 

£1 billion annually but is distributed across several cities. Riyadh's concentration enables rapid resource 

mobilisation; its structural limitation is that predominantly public capital may not generate the 

entrepreneurial diversity that sustains AI ecosystems over the longer term. 

 

 

   

2024 11.9 Cloud infrastructure regional commitments; consistent with NSDAI 

investment targets. 

2025 14.9 AI-linked commitments across cloud, semiconductor, and digital 

services; estimated economic impact ~US$820m (Tahaluf, 2025). 

Total 26.8 Approximately 75% of the NSDAI 2030 target of US$20 billion achieved 

within five years of the strategy's launch. 

Sources: Tahaluf (2025); Arab News (2024, 2025); SDAIA NSDAI (2020). 

Table 3 compares 24-hour economy readiness across the six study cities. The pattern is clear: Riyadh has 

assembled the regulatory and infrastructural prerequisites τ commercial permits, a metro network, a 

digital licensing platform τ but has not yet built the governance institution that converts those instruments 

into coherent, accountable policy. London, New York, and Sydney each demonstrate independently that 

the dedicated coordination body is not supplementary to 24-hour economic development but constitutive 

of it. What separates Riyadh's model from all comparators is the deliberate co-deployment of AI tools 

within the machinery of temporal economic regulation: the Balady platform has transformed paper-based 

licensing into a real-time compliance management system; AI-enabled traffic management algorithms 

respond specifically to late-night demand surges; and surveillance infrastructure is directed toward 

maintaining the public safety conditions that make round-the-clock economic activity socially acceptable. 

 

 

    

London Night Czar (2016); cross-

stakeholder mandate 
Mature licensing; precinct-based 

planning 
Night Tube; 24-hour bus 

network 

New York Office of Nightlife (2017); 

economic reporting 
Comprehensive; regularly reviewed 24-hour subway; extensive 

bus network 

Sydney 24-Hour Economy Commissioner 

(post-reform) 
Precinct-based; culturally integrated Extended night services; 

ongoing improvement 
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Dubai Limited formal governance 

institution 
Tourism-oriented; flexible licensing Metro limited hours; 

taxi/ride-share dominant 

Seoul Participatory governance 

structures 
Evolving; citizen-input mechanisms Limited 24-hour subway; 

bus network 

Riyadh No dedicated institution yet 24-hour permits (2019); Balady 

platform 
Metro 06:00ς24:00; 

expansion planned 

Sources: Roberts (2021); NYC Mayor's Office (2019); NSW Government (2020); MOMRAH (2019ς2025); RCRC (2024). 

 

 

The benchmarking data tell a story of rapid, uneven advance. In the GFCI, movement from 84th to 63rd 

within six months demonstrates that deliberate policy reform can shift reputation-based rankings with 

some speed. The subsequent retreat to 71st is equally informative: it reflects the gap between what 

announcements signal and what operational institutional presence delivers τ a gap that every city at 

Riyadh's stage of development must eventually close. The GCI rank of 97th is not primarily a governance 
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failure but a reflection of long-run structural conditions: workforce education levels, livability indicators, 

international talent attraction τ all of which respond slowly to policy intervention. The GaWC 

reclassification to Alphaς is perhaps the most significant result, measuring the actual footprint of global 

service firms choosing to locate meaningful activity in Riyadh. 

London and New York establish the long-term performance ceiling: their dominance rests on institutional 

depth accumulated across generations τ independent regulatory systems, world-class research 

universities, open immigration pathways, and cultural density that makes these cities genuinely attractive 

for talented people. Dubai's GFCI position at 12th reflects two decades of consistent financial sector 

development; its temporal liberalisation without equivalent institutional depth offers Riyadh a partial but 

non-transferable model given their structural differences. Abu Dhabi's more cautious positioning in the 

mid-30s suggests a third pathway: slower ascent but greater resistance to the volatility that comes with 

rapid reputation-building. Seoul's relevance is most pronounced on AI governance philosophy τ citizen 

welfare and participatory accountability in ways that Riyadh's centralised model does not yet replicate. 

 

Four structural risks stand out. First, policy ambition has consistently outrun institutional capacity 

development. Second, human capital depth τ the city's ability to attract internationally mobile 

professionals τ is the most consequential long-run constraint and requires sustained investment beyond 

domestic educational provision. Third, the cultural dimensions of temporal economy expansion are real 

governance challenges: Riyadh must develop a 24-hour economy rooted in activities that are socially 

legitimate within its own traditions. Fourth, heavy dependence on state capital creates a structural 

vulnerability; sustainable AI ecosystems require private capital, venture culture, and SME density alongside 

public commitment. Against these constraints, three opportunities stand out: the co-deployment of AI 

governance tools with temporal regulation represents a pioneering model with potential relevance for 

other rapidly urbanising Global South cities; Riyadh's metropolitan scale exceeding seven million generates 

market and talent depth that city-state competitors cannot match; and sustained policy delivery 

compounds reputational momentum, as Dubai's own two-decade trajectory demonstrates. 

Riyadh's transformation confirms Robinson's (2016) and Watson's (2022) argument that urban studies 

must read developmental trajectories on their own terms rather than measuring them against a Western 

neoliberal template. State-led urbanism is a distinct mode of city-making with its own logic, characteristic 

achievements, and characteristic limitations. The AI ethics dimension requires explicit attention: 

deployment of AI surveillance in commercial zones, algorithmic permitting, and data-driven mobility 

management raises questions about privacy, accountability, and the distribution of risk that Riyadh will 

need to engage directly if it is to build the public trust that sustained AI-enabled governance requires. 

Seoul's experience τ investing in public legitimacy from the outset τ offers the most instructive 

precedent. 

This paper has traced Riyadh's advance toward becoming an AI-enabled, 24-hour global city within a 

structured comparative framework. Three conclusions are warranted. First, Riyadh's global standing is 

improving measurably but unevenly: strong and volatile in financial centre rankings, structurally 
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constrained in the holistic human capital and quality of life measures that the GCI captures. Second, the 

scale of AI investment commitment τ close to US$27 billion across two LEAP editions τ signals a 

seriousness of national ambition that is difficult to dismiss; whether it generates the intended ecosystem 

depends on execution and private-sector follow-through. Third, Riyadh is constructing a hybrid model of 

24-hour urbanism rooted in retail, cultural programming, dining, and religious tourism, coupled with AI 

governance tools in a configuration with no clear parallel elsewhere. 

 

A four-phase policy roadmap follows from the comparative analysis. Phase 1 (2025ς2027): Governance 

Architecture τ establish an Office of the Night-Time Economy with cross-departmental mandate; 

commission the first systematic Night-Time Economy Impact Report; extend metro services beyond 

midnight on a pilot basis. Phase 2 (2027ς2030): AI Governance Maturity τ develop Balady into a 

comprehensive urban services management system; establish an independent ethical oversight framework 

with transparency reports and redress pathways; pursue knowledge-exchange partnerships with Seoul and 

Amsterdam. Phase 3 (2027ς2035): Human Capital and Private Ecosystem τ invest in both domestic AI 

education and competitive international talent pathways; establish risk capital instruments and regulatory 

sandboxes to cultivate the SME and startup layer. Phase 4 (2030 onward): Global Leadership and Southς

South Knowledge Exchange τ position Riyadh as a reference point for rapidly urbanising middle-income 

cities through ISOCARP networks, bilateral urban partnerships, and published governance documentation. 

 

Cities at moments of deliberate transformation are always caught between what they are and what they 

have decided to become. Riyadh sits squarely in that condition. If the human capital investments, 

governance institution-building, and private-sector ecosystem development can be sustained at the 

required pace, Riyadh will not simply move up in global rankings. It will have established a new way of 

thinking about what an AI-enabled, culturally grounded, 24-hour city of the Global South can be. 
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Case Study Report 

Optimizing urban economic diversification 
through vacancy analysis 

Data-driven planning strategies for commercial office space in 
Nanjing 

Weikang PENG, Liwei ZHAO, Wenjun XU, Yingcheng LI, School of Architecture, Southeast University, China 

Against the backdrop of high-quality urban development and economic transformation, inefficient 
use of commercial office buildings is leading to growing spatial mismatch. This study takes 
Nanjing’s central districts as a case to explore vacancy patterns and the main influencing factors. 
It introduces a dual-index system of vacancy rate and vacancy duration, supported by multi-source 
data and machine learning methods, to analyse spatial characteristics and come up with adaptive 
strategies for optimizing spatial use and forming an inclusive economy. The integration of data-
driven diagnostics with planning theory helps cities better understand the structural causes of 
vacancy and spatial inefficiency. Through a classification model built on an Explainable Random 
Forest method, the study reveals the roles of social security, market dynamics, and spatial 
environment in influencing commercial office vacancy. The report highlights how cities can respond 
to new industry development with smarter, evidence-based planning strategies. It also solves the 
problems of diversifying urban economies by connecting space optimization with economic 
development. In doing so, it demonstrates how AI can support transparent decision-making and 
inform flexible space use solutions. The report contributes to global conversations on using new 
technologies to design diverse spatial economic systems. We offer a practical framework to assess 
and respond to commercial office space vacancy using an explainable machine learning method. 
We introduce a two-dimensional typology that classifies buildings by vacancy rate and vacancy 
duration, providing a foundation for spatial diagnosis and targeted space optimization. Spatial 
analysis reveals that long-term high vacancy is not randomly distributed but follows models shaped 
by accessibility, local service quality, and economic conditions. The machine learning model 
identifies the main factors that influence vacancy and presents threshold effects that inform 
tailored strategies. For example, weak economic activity and transportation links significantly raise 
the possibility of prolonged vacancy. The explainable framework ensures that planners can better 
understand the results and use them in practice. We recommend a series of planning responses, 
including promoting flexible building functions, enhancing service infrastructure, improving local 
accessibility, and offering economic incentives in line with spatial priorities. By applying AI to urban 
economic management, this research helps shorten the gap between data and policy. It 
contributes to the active urban economies, supporting long-term growth and adaptive reuse in 
high-density cities. 

Commercial Office Space, Vacancy, Influence Factors, Economic Diversification, Machine Learning 
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With the backdrop of high-quality urban development and economic transformation, commercial office 

space plays a crucial role in aggregating modern service industries and facilitating industrial restructuring. 

Its efficient utilisation is of significant importance for stimulating urban economic vitality and raising the 

efficiency of spatial resource allocation. In recent years, influenced by the digital economy style and remote 

working, shifts in people's lifestyles and working patterns have subjected urban commercial office space 

to considerable vacancy pressures. The spatial mismatch and wastage resulting from inefficient utilisation 

of commercial office buildings have also become increasingly severe. 

According to JLL's 2024 China Office Market Index for 40 Cities, the average vacancy rate for Grade A office 

buildings in major Chinese cities has exceeded 25%. The current vacancy problems in urban commercial 

office spaces primarily manifest as structural mismatches between supply and demand, alongside 

insufficient functional adaptability. On the one hand, some older commercial buildings struggle to meet 

the diverse needs of emerging industries for multifunctional office spaces in terms of hardware facilities, 

spatial layout, and supporting services (Brachert et al., 2013; Stehlin, 2016; Moos et al., 2018), resulting in 

inefficient utilisation of existing stock. On the other hand, with economic restructuring, corporate location 

preferences increasingly favour lifestyle-oriented and scenario-based environments (Li & Haung, 2022), 

gradually diminishing the attraction and cluster advantage of traditional commercial office. 

Against this backdrop, only relying on market mechanisms is insufficient to effectively achieve the 

functional restructuring and structural transformation of commercial office spaces. There is an urgent need 

to develop a framework for understanding commercial office vacancy from an integrated perspective of 

urban spatial production and planning governance. This will better facilitate understanding of spatial 

requirements with contemporary urban construction and economic prosperity. 

This project tries to find out the practical needs within urban governance to revitalise vacant commercial 

office spaces. It explores how multi-source big data and explainable machine learning methods can be used 

to gain a data-driven understanding of factors influencing the utilisation of urban commercial office space. 

Subsequently, through vacancy analysis, it proposes spatial optimisation pathways to foster diversified 

urban economic development. 

The remainder of this paper is organized as follows. Section 2 introduces the research area and 

methodology. Section 3 presents the empirical findings and proposes the strategies, and Section 4 

concludes with broader implications. 

This study focuses on Nanjing's central urban area, examining 550 commercial and office buildings within 

this area (Figure 1). Covering a total area of 808 km , this zone exhibits a high concentration of commercial 

and office buildings. It covers the primary commercial district of Xinjiekou, three secondary commercial 

districtsτYuantong, South Railway Station, and Jiangbeiτalong with major tertiary commercial districts 

such as Baijiahu, Confucius Temple, and Hunan Road. This area is the core hub for Nanjing's commercial 

and trade development. 
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This paper employs multi-source data to identify vacancy rates and vacancy cycle characteristics within 

commercial office spaces. Based on Lee & Newman's (2019) classification methodology for vacant urban 

land, it categorises vacancy types. After that, an explainable machine learning analytical framework is built 

(Breiman, 2001; Li, 2022), and an indicator system of influencing factors is constructed across three 

dimensions: market economic vitality, building spatial environment, and social security capacity (Ozus, 

2009; Maier et al., 2022; Fu et al., 2025). This enables analysis of the key influencing factors and their non-

linear relationships for different vacancy types within commercial office space. Subsequently, with case 

studies, optimisation strategies for vacant commercial office space are categorically proposed (Figure 2). 

Overall, vacancy rates in Nanjing's traditional core districts generally remain lower than those in emerging 

development zones. Among these, Jianye Districtτthe primary functional hub of Nanjing's Hexi New Cityτ

and Pukou District, representing Jiangbei New Area's development, recorded the highest commercial office 

vacancy rates within the central urban area at 24.34% and 23.82% respectively. Regarding vacancy cycles, 

there are distinct structural contrasts across different administrative districts. Among these, Gulou District 
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and Qinhuai District, situated within the traditional core area, recorded the longest average vacancy 

periods at 9.5 months each. Commercial and office buildings in the traditional core area generally 

experience relatively low market turnover efficiency. This phenomenon may stem from issues prevalent in 

existing old buildings, including older building ages, relatively outdated hardware facilities, lagging sector 

adjustments, or excessively high rental thresholds, which make it hard to attract emerging business formats 

(Wiechmann, 2008; Newman et al., 2018). In contrast, Jianye District in the emerging development zone 

recorded the highest vacancy rate yet an average vacancy cycle of only 7.9 months, indicating higher 

transaction frequency, greater spatial fluidity, and higher market adjustment capacity within its building 

market (Katyoka & Wyatt, 2008). 

Figure 3 presents the spatial density distribution of four vacancy types within Nanjing's central business 

ŘƛǎǘǊƛŎǘΦ Lǘ ƛǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ŎƻƳƳŜǊŎƛŀƭ ƻŦŦƛŎŜ ōǳƛƭŘƛƴƎǎ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ΨƘƛƎƘ ǾŀŎŀƴŎȅ ǊŀǘŜ ς long ǾŀŎŀƴŎȅ ŎȅŎƭŜΩ 

(HL) are highly concentrated within the primary commercial district of Xinjiekou. This reflects either an 

oversupply of commercial office space or a mismatch in functional alignment within the core commercial 

district. In contrast, commercial office buildings cƭŀǎǎƛŦƛŜŘ ŀǎ ΨƘƛƎƘ ǾŀŎŀƴŎȅ ǊŀǘŜ ς short ǾŀŎŀƴŎȅ ŎȅŎƭŜΩ (HS) 

are distributed across secondary commercial districts in emerging development zones on the city periphery. 

This model highlights the strong spatial mobility yet relatively weaker stability of commercial office space 

within the new ŘŜǾŜƭƻǇƳŜƴǘ ȊƻƴŜǎΦ /ƻƳƳŜǊŎƛŀƭ ƻŦŦƛŎŜ ōǳƛƭŘƛƴƎǎ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ Ψƭƻǿ ǾŀŎŀƴŎȅ ǊŀǘŜ ς long 

ǾŀŎŀƴŎȅ ŎȅŎƭŜΩ (LL) are also predominantly located within the older urban districts centred on Xinjiekou, 

potentially linked to the prolonged vacancy of certain older buildings in these areas. Meanwhile, those 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψƭƻǿ ǾŀŎŀƴŎȅ ǊŀǘŜ ς short ǾŀŎŀƴŎȅ ŎȅŎƭŜΩ (LS) exhibit a multi-centred distribution pattern within 

Nanjing's central urban area, indicating their commercial office spaces possess favourable adaptability and 

utilisation efficiency. 
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Comparing different vacancy types reveals obvious differences in the intensity and direction of each 

indicator's impact on different types of vacancy space (Figure 4). The HL category of vacancy space exhibits 

a positive correlation with building storeys and a negative correlation with rental costs, contributing 42.83% 

and 11.20% respectively. Additionally, higher densities of public transport stops, public service facilities, 

dining and shopping amenities, alongside higher office building grades, are more likely to form this vacancy 

type. Factors influencing the HS category are more diverse, exhibiting strong positive correlations with 

rental costs (13.68%), building form (7.42%), and office building grade (3.17%), while exhibiting strong 

negative correlations with building age (28.66%), number of storeys (12.17%), and public service facility 

density (11.02%). The LL category of vacancy space shows positive correlations with building age (30.82%) 

and public service facility density (11.66%), while exhibiting negative correlations with rental costs (16.63%), 

standard floor area (7.84%), and building form (7.29%). Furthermore, LS vacancy spaces usually have lower 

building storeys, larger standard floor areas, and relatively higher rental costs, with contribution rates of 

37.25%, 27.74%, and 11.61% respectively. 

Figure 5 further reveals the nonlinear relationship and threshold effects between vacancy types in Nanjing's 

commercial office space and their primary influencing factors. 
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Firstly, for buildings constructed between approximately 7 and 22 years ago, the vacancy risk for 

commercial office buildings rises significantly, gradually decreasing as the construction year increases. 

Newly constructed buildings face high vacancy risks in the short term because of factors such as oversupply 

or site selection deviating from market demand. As buildings age, their vacancy cycles lengthen, shifting 

ŀǿŀȅ ŦǊƻƳ ŎƻƴŎŜƴǘǊŀǘŜŘ ΨǎƘƻǊǘ-ǘŜǊƳ ƘƛƎƘ ǾŀŎŀƴŎȅΩΦ /ƻƴŎǳǊǊŜƴǘƭȅΣ ƳƛŘ-to-older buildings typically occupy 

older urban districts with established tenant bases, yet still require long periods to absorb existing vacant 

space. 

Secondly, as the number of floors increases, commercial office buildings become more prone to exhibiting 

high vacancy rates and long vacancy cycles. Mid-to-high-rise structures, characterised by large scale, high 

leasing thresholds, and substantial operational costs, concentrate these high vacancy rates and cycle 

patterns. Conversely, low-rise buildings under 12 storeys possess advantages such as high absorption 

efficiency, strong flexibility, and low management costs. These make them more likely to achieve 

favourable occupancy states.. 
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Thirdly, rental costs exhibit a stronger correlation with vacancy cycles in commercial office space. As rental 

costs rise, commercial office space tends to experience shorter vacancy periods. Notably, the inflection 

point where the polarity of impact shifts for each vacancy type is concentrated between ¥2.4 and ¥2.8 per 

square metre per day. This range is an important threshold for influencing the circulation efficiency of 

commercial office space, reflecting the key impact of market pricing mechanisms.  

Fourthly, standard floor area serves as a vital architectural spatial indicator reflecting the operational scale 

of individual storeys within commercial office buildings. Larger standard floor areas offer greater flexibility, 

supporting diverse tenant mixes, subletting arrangements, and bespoke solutions for major clients, thus 

enhancing market adaptability (Si, 2023). Conversely, commercial office spaces with smaller standard floor 

areas have shortcomings in tenant suitability and leasing flexibility, usually forming a fragmented 

ownership with smaller landlords and diluted spatial value. This is particularly obvious in commercial office 

buildings with standard floor areas below approximately 1,200 m². 

Fifthly, an appropriate density of public service facilities enhances the overall business-friendly 

environment and attractiveness, reducing vacancy risks. However, as facility density increases, functional 

congestion and external disturbances may intensify. This may risk diluting the originally office-oriented 

spatial environment through over-commercialisation or over-servicisation, thereby raising rental costs and 

tenant acquisition pressures, ultimately weakening the appeal of commercial office space. 

HL vacancy spaces may be regarded as structurally vacant and should be prioritised for targeted 

refurbishment and functional reconfiguration within urban renewal plans. Differentiated spatial 

governance approaches should foster the transformation of degraded commercial premises into multi-

purpose spaces, enhancing their reuse potential through methods such as conversion to residential use, 

conversion to creative spaces, or mixed-use regeneration. Concurrently, temporary usage strategies may 

be actively employed to achieve value regeneration for such vacant spaces (Yi et al., 2022). 

HS vacancy spaces may be regarded as transitional vacancies. Planning strategies need to focus on 

improving spatial usage stability and tenancy sustainability, establishing primary office spaces oriented 

towards emerging industries. So, emphasis should be placed on optimising spatial match to meet local 

industrial development needs (Zhang et al., 2021). For instance, enhancing computational infrastructure 

supply for big data industries or strengthening wastewater treatment and clean air systems for 

pharmaceutical R&D sectors. Additionally, architects should pay attention to designing spaces oriented 

towards emerging enterprises, increasing modular space provision to the formation of a balanced tenant 

structure. 

LL vacancy spaces are primarily affected by declining spatial adaptability. Strategies should concentrate on 

unlocking the potential of small-scale spaces in buildings. Emphasis should be placed on spatial renewal 

involving diverse social capital participation, combined with flexible functional adjustments under local 

resource endowments. For example, areas rich in innovation elements could introduce science and 

technology service facilities to create innovation complexes, while vacant spaces near residential areas 

could be converted into community service spaces. 

LL vacancy spaces benefit from flexible and diverse spatial usage patterns. Future development should 

further emphasise human-centred, green, and intelligent spatial provision. This includes introducing green 

and intelligent space management systems, advancing hybrid working models, and diverse office scenarios 

to deliver higher-quality working environments. Besides, strengthening the dissemination of typical case 

experience is also important. 
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The report contributes to global conversations on using new technologies to design diverse spatial 

economic systems. We offer a practical framework to assess and respond to commercial office space 

vacancy using an explainable machine learning method. We introduce a two-dimensional typology that 

classifies buildings by vacancy rate and vacancy duration, providing a foundation for spatial diagnosis and 

targeted space optimization. Spatial analysis reveals that long-term high vacancy is not randomly 

distributed but follows models shaped by accessibility, local service quality, and economic conditions.  

The machine learning model identifies the main factors that influence vacancy and presents threshold 

effects that inform tailored strategies. For example, weak economic activity and transportation links 

significantly raise the possibility of prolonged vacancy. The explainable framework ensures that planners 

can better understand the results and use them in practice.  

We recommend a series of planning responses, including promoting flexible building functions, enhancing 

service infrastructure, improving local accessibility, and offering economic incentives in line with spatial 

priorities. By applying AI to urban economic management, this research helps shorten the gap between 

data and policy. It contributes to the active urban economies, supporting long-term growth and adaptive 

reuse in high-density cities. 
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Urban renewal has become the primary method of urban development in China, and historic areas 
have become an important focus of urban renewal. As the working mode of conservation planning 
for historic areas in China has gradually shifted to refinement and gradual, artificial information 
collection and subjective judgment methods have been difficult to meet the needs of dynamic and 
information-intensive work. A data-driven intelligent planning tool is urgently needed to dominate 
this practical application scene. This research has developed a tool platform that can record and 
manage multi-level data of historic areas in real time, and extract data-oriented multi-objective 
problem analysis and design decision-making in the conservation planning of historic areas. The 
intelligent platform relies on a multi-level representation framework, including a morphological 
analysis module and a spatial optimisation module. It can complete the calculation of the 
morphological characteristics index of the multi-level space of the block in real time, integrate the 
morphological characteristics and non-morphological information, and obtain the spatial 
optimisation decision results of each spatial element according to the input design vision. Users 
can modify the spatial structure according to the decision results, and get the latest analysis and 
decision results feedback in real time. A PostgreSQL database is built on the cloud server. Through 
this database, the data synchronisation of multiple intelligent platforms can be realised, which can 
be used for information sharing and scheme comparison and decision-making among professionals. 
The intelligent platform is oriented to the two major problems of multi-level and multi-modal data 
linkage analysis and synchronous work of multiple professionals in the conservation planning of 
historic areas. It not only changes the planning and design work from manual judgment to scientific 
mathematical deduction, but also promotes the identity change of planning and design workers in 
the conservation and updating process, so that they can respond to more complex and diverse task 
demands. 
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With the acceleration of urbanisation, urban renewal has become the main way of urban development in 

China. Large and extensive historic areas, especially residential historic areas, have become the main 

objects of urban renewal (Wang, 2022). However, it is different from the newly built urban area in that the 

residential historic area has experienced years of disorderly development, and its complex spatial 

environment contains a large number of historical and cultural relics that need attention. At the same time, 

there are still residents in the block, and the different wishes of residents have become the main factor 

affecting the renewal work. Based on the above reasons, in the continuous practice and exploration, 

relevant workers gradually realised that the traditional working mode of overall reconstruction after overall 

planning was outdated when carrying out the conservation and renewal work in residential historic areas. 

In order to continue the multi-level cultural characteristics of the block and realise the renewal vision of 

people-oriented, the gradual renewal mode with micro units as the operation object has become the 

mainstream (Dong & Han, 2024). In this mode, the formulation of a conservation planning scheme is often 

based on the detailed characteristics of spatial elements and falls into the refined micro strategy. At the 

same time, based on the latest dynamic data and the demands of diverse groups in the development and 

evolution of the block, multiple professionals should cooperate to complete the comparison, selection, 

optimisation and adjustment of planning schemes to adapt to the latest situation. 

But the gradual renewal mode also brings more complex technical requirements. At present, the 

professional work of planning still mainly relies on traditional media such as text and drawings, and the 

information recorded on different carriers is difficult to be accurately and structurally recorded and linked, 

nor can it lead to quantitative and accurate analysis. Therefore, in fact, the existing methods can not 

provide support for refined planning and design decisions. In practical work, designers still regard a single 

renewal project as an isolated problem and complete the formulation of the planning scheme through 

subjective judgment. On the other hand, the formulation of a detailed planning scheme needs the joint 

efforts of multiple professionals. However, the lack of technical tools that match the actual work mode 

makes it difficult for professionals to achieve real-time information integration and synchronisation, and 

they can not effectively achieve scientific and accurate scheme comparison and optimisation, which 

requires more effective methods. 

Facing the increasingly complex problem of information integration and linkage analysis in urban renewal, 

there are more and more technical methods being explored and digital tool development in this field. 

Some researches focus on the integration and management of urban information, hoping to realise the 

storage and transfer of multimodal information in urban space through digital means. For example, 

archibase, an open source database platform based on Java and web API developed by Mo and others, is 

mainly oriented to the urban scale and supports indexing and geometric search in the whole urban space 

(Mo, 2021). Another example is Yao et al. built an online visualisation model, 3DcityDB, through the 

building information coding method CityGML, which can be used for information modelling and display, as 

well as multi-disciplinary simulation and calculation (Yao et al., 2018). In recent years, semantic networks 

such as knowledge mapping have also become an effective method to construct information models. For 

example, Wang et al. combined the multi-level attribute representation framework with the "similarity" 

association network of villages to build a graph structure knowledge model of Chinese traditional villages 

(Wang, 2025). 

At present, there are a series of mature digital platforms for multi-angle quantitative analysis. ArcGIS and 

its derivative platforms such as ArcGIS Online and ArcGIS Urban have great potential in dealing with the 
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task of urban-scale planning (Soward & Li, 2021). For example, Gehad Megahed et al. analysed the 

quantitative morphological characteristics of the block road network and how it affected the instant 

accessibility of service facilities based on x-minute city models and ArcGIS (Megahed et al., 2025). García-

Esparza et al. have established a comprehensive historical regional database using GIS, which can evaluate 

the characteristics of each building (García-Esparza & Tena, 2020). FRAGSTATS is a software for landscape 

pattern analysis, which is compatible with ArcGIS information. Based on the grid image of the block, it 

provides the results of a variety of landscape quantitative indicators to monitor the spatial change of the 

block (Bi et al., 2021). When facing architectural design problems, the building information model based 

on the HBIM platform has been very mature (Murphy et al., 2009). The classification method and coding 

system of modern building components in Southern Fujian built by Zhang et al. through the secondary 

development of HBIM and Revit is a successful technical application (Zhang et al., 2023). 

Through combing the existing research, we can find that the digital technology applied to urban 

information management and analysis has been very rich, covering all areas of planning and design. These 

studies have laid the foundation for the intelligent development of the urban economy and digitalization. 

However, these technical tools are often only aimed at a certain type of specific problems or a specific task, 

and fail to collect information, analyse problems, and design decisions through data concatenation. And 

they are all oriented to professional problem research, and the practice-oriented technology development 

is still insufficient. To meet the demands of the digital economy age of cities, more intelligent and 

integrated technological methods need to be introduced during the urban renewal and design phases. This 

will allow for the integration of issues from multiple fields, leading to more scientifically sound design 

decisions that align with the development vision. 

Based on the existing technology and the needs of practical work, this study will develop an intelligent tool 

platform that can cover the multi-modal information management oriented multi-objective problem 

decision-making in the conservation planning of historic areas. The main body of the platform will be a 

local operations terminal for multi-objective morphological problem analysis and auxiliary decision-making 

in the urban planning and design process. At the same time, a cloud database will be built based on a multi-

level quantitative representation model, which will be used to connect various terminals in series to realise 

the overall management of information and the synchronisation of real-time information of professionals. 

So as to develop a new working mode suitable for conservation planning with new technology, and help 

scientific planning and design practice. This method has been piloted in the conservation planning of the 

Hehuatang Historical and Cultural District in Nanjing, demonstrating its value in achieving intelligent 

auxiliary planning decisions in complex urban environments. 

A quantitative representation model is the basis of digital information management and problem analysis. 

In the framework of morphological typology, scale hierarchy is the basic model to represent the spatial 

characteristics of a block. In the West, the study of morphological typology has been very in-depth, and 

"streets-plots-buildings" has become the three main levels of cognition and analysis of block spatial 

characteristics (Kropf, 2014). This theory is also applicable to China's residential historic areas. In the 

process of conservation planning of historic areas, the scale and connectivity of roads are used to 

determine the accessibility of each unit in the block. The division of plots is based on the property rights. 

Because the will of the property owner plays a decisive role in the renewal, the property plots have become 
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the basic unit for the renewal work. However, in each property right plot, based on the idea of refined 

design, each building and courtyard can be set in different ways of use, which corresponds to different 

ways of transformation. 

Based on the above methods, from the macro level to the micro level, the geometric characteristics and 

accessibility characteristics of streets, plots and buildings become the basic data for planners to complete 

the scheme decision, and determine the vision of transformation and future use at the morphological 

design level. The geometric features are defined by the geometric data of the spatial elements themselves, 

such as the length and width of the road, the plot ratio of the plot, etc. The accessibility feature abstracts 

the structure of the whole block into a point line network structure model. Based on this network structure 

model, the depth value, connection value and other indicators in spatial syntax theory are introduced to 

quantify the commonality and accessibility of various spatial elements. But at the same time, for plots and 

buildings, the current function is also an important feature. Not only its own functional requirements, but 

also the distribution of existing functions in the surrounding area also affects the subsequent planning of 

the unit (Van den Hoek, 2009). The above morphological data of geometry, accessibility and function 

distribution becomes an effective reference for planning designers to make subsequent decisions. 

 

 

But at the same time, the spatial elements at all levels also contain non-morphological information such as 

history, culture and property characteristics. This non-morphological information can not be quantified, 

but it is necessary to consider it when making the planning scheme. Therefore, in the representation model 

of this study, the attributes of each spatial element are added with non-morphological attributes based on 

the above morphological characteristics. Since these attributes are often stored in text information, for the 
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convenience of identification, the above attributes are classified and summarised according to the impact 

on the actual project. For example, the historical and cultural attributes are classified according to the level 

of cultural relics and historical buildings, and the will of property rights is divided into removable, 

remouldable and unchanged. 

Through the above combination, this multi-angle representation system based on the hierarchical 

structure (see Figure 1) provides a scientific evaluation system and decision support framework for the 

formulation of conservation planning schemes. It is composed of a quantitative index system of 

morphological features and category information of non-morphological features, which will serve as the 

theoretical basis for algorithm analysis in subsequent tools. 

The development of a platform is an important way for the above quantitative characterisation model to 

be applied in practice. According to the actual work requirements, the platform developed in this research 

will become a visual application software on the PC side. The data core of the platform relies on the 

preceding multi-level representation model. The platform stores multimodal data as the basis of program 

operation through a structure similar to the scale level. Multimodal data includes multi-level geospatial 

elements and various attribute information of each level of spatial elements. 

In line with the actual needs of conservation planning, the platform includes a morphological analysis 

module and a spatial optimisation module. The morphological analysis module can calculate the 

quantitative indicators in three aspects of geometric, accessibility and functional distribution of spatial 

elements at all levels in real time, and obtain the corresponding type characteristics through the clustering 

algorithm. The core function of this module is reading the spatial information for algorithm analysis, and 

then visualising the analysis results, which provides the basic basis for professionals to make decisions. 

However, the results of morphological analysis can not be directly mapped to the determination of the 

renewal path. The platform needs to provide more intuitive results feedback to guide the specific planning 

operation. And in order to match the gradual actual working mode of China's residential historic areas, this 

result feedback needs to be updated in real time after the planning scheme is arbitrarily modified to assist 

the real-time research and judgment in the process of gradual work. The space optimisation module is 

designed to meet the above requirements. On the one hand, it can combine the results of morphological 

analysis with non-morphological information and obtain the urgency rating and optimal renewal path of 

each spatial element through a specific evaluation model, so as to intuitively determine the strategy based 

on the results of multi-objective quantitative analysis. On the other hand, it includes multi-level space 

modification operations. Users can directly modify the trend of the road network, the division of property 

plots, and the layout of buildings and courtyards according to the strategies suggested by the platform. 

They can also adjust the connection between the spatial elements at all levels. The morphological analysis 

module and spatial optimisation module in the platform communicate with each other. After any 

modification, the user can choose to re-run the analysis algorithm in the morphological analysis module 

and the evaluation algorithm in the spatial optimisation module to quickly obtain the updated analysis 

results and further spatial optimisation suggestions (see Figure 2). 

In practical work, professionals have a tendency to consider multiple factors that affect decision-making, 

so the modification operation of indicator tendency is also added to the platform. Whether it is the feature 

clustering in the morphological analysis module or the strategy evaluation in the spatial optimisation 

module, the weight of each index is variable during calculation. After the weight adjustment, the platform 
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will re-run the clustering and evaluation algorithm, so as to provide different typical features and renewal 

paths with different focuses based on the same analysis results, which can be used as a more practical 

design reference. 

 

 

The platform is developed in Java and consists of a graphical display window of each module and a unified 

operation and data display panel (see Figure 3). The interface of the platform is completed by combining 

the corresponding drawing commands in PApplet with the controlP5 toolkit. The graphic display window 

of each module is used to display the analysis diagram of the morphological characteristics and renewal 

path of the multi-level spatial elements of the block, and can switch a variety of display modes and display 

dimensions at any time. The graphical interface can match the working habits of the planning and 

architecture major based on drawings, which is convenient for users to extract graphical results according 

to their needs. The operation and data display panel is the direct interaction medium between the user 

and the platform. On the one hand, this panel provides all the operation buttons for the user to interact 

with the platform, including query operation, modification operation and data management operation. On 

the other hand, this panel is also the display window of legend and detailed information. In the query mode, 

users can click any spatial element in the visualisation window to see the quantitative characteristic data 

of the element, which can be used as the basic information for refined renewal work. 
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In summary, ENVI-met provides more accurate site-specific climate simulation data for studying building-

scale microclimates. Building form, vegetation coverage, and spatial orientation all exert significant 

influences on microclimate formation. A high degree of building enclosure, dense greenery, and 

architectural openings designed to avoid prevailing wind directions all contribute to heat retention and 

wind attenuation, thereby improving campus comfort in cold regions. 

This study introduces WRF and ENVI-met simulations to provide practical climate adaptation pathways for 

historically significant urban spaces in extreme climate regions, establishing a replicable analytical 

framework. The findings indicate that, influenced by campus planning principles, heritage buildings in 

universities were initially concentrated in core campus areas; however, as campus spaces expand, their 

spatial distribution often shifts. This evolution has resulted in a spatial mismatch between heritage sites 

and cold-climate resilience needs, which is particularly evident in areas with high building density and 

restricted ventilation. In such zones, heat stress becomes further intensified, thereby increasing the 

difficulty of heritage conservation while reducing environmental comfort for users. To address these issues, 

strategies such as enhancing building compactness, increasing landscape diversity, and constructing 

connected green or ventilation corridors to improve spatial continuity may serve as effective mitigation 

approaches. 

Based on the findings of this study, climate-adaptive renewal in heritage-rich campuses should not 

separate heritage conservation from environmental adaptation. Instead, it should first clarify where 

heritage value, spatial use, and climate exposure overlap. The cases of HIT and HEU show that historic 

buildings are often located in core campus areas, where building density, courtyard enclosure, vegetation 

coverage, and corridor orientation jointly shape local thermal and wind environments. Therefore, for other 

heritage campuses, historic districts, or cold-region urban areas, renewal strategies may follow a more site-

specific process: identifying areas exposed to low temperature and strong wind, examining their 
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relationship with heritage buildings and daily pedestrian routes, and then introducing limited, reversible 

interventions such as sheltered connections, vegetation buffering, courtyard landscape adjustment, and 

entrance transition spaces. In this way, climate resilience can be improved without weakening the historical 

character and spatial continuity of heritage environments. 
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The rapid urbanization in flood-sensitive areas has exacerbated the need for integrated flood risk 
management. As a critical junction in the Yongding River Basin, the special topological 
characteristics of Mentougou New Town, Beijing, surrounded by mountains on three sides, 
exacerbate the occurrence probability and intensity of rainfall and floods when severe climate 
events are detected. It underscores the need for Mentougou New Town to optimize urban 
ecological infrastructure planning and boost the city's adaptation competencies in responding to 
the pressures of climate change. This paper integrates ecological sensitivity analysis with the 
InVEST-Urban Flood Risk Mitigation (UFRM) model. The main results comprise the following 
indicators: (1) Through ecological sensitivity analysis, the research zone could be classified 
according to high, medium, and low sensitivity regions, with sites along the Yongding River and 
low-lying Xincheng Park showing the highest ecological sensitivity scores. (2) UFRM model 
simulation showed that, during the extreme rainstorm situation, the cumulative runoff retention 
volume in Mentougou New Town reaches 5,826,297m3 (which is equal to 582.63 million cubic 
meters). According to the flood risk assessment results, we drew up a high-risk flood zone as 
priority areas to realize a multi-scale “point-line-surface-network” BGI strategy. After these 
measures, Mentougou New City earned runoff retention capacity of 9.37% and amounted to 
6,372,375 cubic meters. The framework discussed here offers a variety of actionable scientific 
advice to urban planners in optimizing and improving BGI schemes, thereby helping to conquer 
flood threats and maximizing the ability of urban ecological systems to deal with disasters. It has 
particularly strong ability in confronting the problems brought by severe weather events and 
provides valuable support in the sustainable development of the urban world. 

 

Blue-green infrastructure, Flood risk assessment, Urban Flood Risk Mitigation (UFRM) model, 
Ecological sensitivity analysis, Resilient cities 
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Flood towns are seriously threatened because of the acceleration of global climate change, leading to the 

increase in frequency and severity of extremes weather events worldwide (Tabari, 2021; Rijal et al., 2024; 

Lenderink et al., 2025). Their unique topographical characteristics can significantly raise the risks of 

flooding and rainfall. Nowadays, fast urbanization in flood-affected regions has replaced natural, pervious 

terrains with impervious surfaces. This change has disrupted natural water circulation in two key ways: it 

increases surface runoff, and, more notably, it raises urban floods' susceptibility. The reality has illuminated 

that traditional "gray" infrastructure alone may no longer suffice to address flood risk management 

comprehensively, and its global demand is growing for more resilient and sustainable mitigation 

interventions. In light of this context, Blue-Green Infrastructure (BGI) has offered itself as a potential 

solution to reducing flood risk by restoring natural water circulation. 

Given the rising pluvial floods and climate change, urbanization, the city's flood management paradigm is 

undergoing a radical revolution in engineering blue-green, shifting from gray infrastructure to ecological 

resilience planning (Chen, Ding and Deng, 2020; Lin et al., 2020; Xing et al., 2023; Dong et al., 2024). In 

detail, in risk assessment methodology, the researchers' focus has widened from classic hydrological 

models and evolved to consider ecological ones such as InVEST-UFRM (Quagliolo, Comino and Pezzoli, 2021; 

Azadgar, Nyka and Salata, 2024; Vilca-Campana et al., 2025), and extended further to integrate machine 

learning and Multi-Criteria Decision-making approaches that allow for precise risk quantification and 

identification of decisive cause-effect relationships (Luo et al., 2022; Taromideh et al., 2022). Through in-

depth risk mechanism research, the urban land pattern's basic regulating roles, such as the environmentally 

favorable threshold values for blue-green space coverage, the necessity of natural morphology for pluvial 

rainfall retention capacity (Yu et al., 2021) , and the important influence of supply- demand harmony in 

green stormwater infrastructures (Wang et al., 2022) , were discovered. The "source-sink" landscape 

doctrine also clarifies that the spatial extension and dispersion of construction terrain are key contributors 

to intensified flood risk  (Yan et al., 2023; Zhang et al., 2025).  

BGI has emerged as a new strategy for enhancing urban flood resilience as a form of Nature based Solutions 

(NbS) (Aziz et al., 2024; Dai, Meng and Lu, 2025). The implementation of BGI exhibits a range of involved 

scales. Stormwater retention time are prolonged at the building scale when integrating vertical greening 

and green roofs combined with the building drainage network, providing temporary storage for rooftop 

stormwater and releasing them to municipal sewer pipes. In order to create a synergistic stormwater 

management system at the neighborhood level, Low Impact Development (LID) facilities must also be 

integrated with grey infrastructure (Lin et al., 2020; Dai and Liu, 2023; Dong et al., 2024). Coherent BGI 

networks can successfully reduce urban waterlogging and restore urban ecological functions at the city and 

regional levels (Dai and Bo, 2023; Vilca-Campana et al., 2025). For BGI projects to be implemented 

successfully, community involvement and the integration of scientific data are essential (Dai, Meng and Lu, 

2025; Tian, Zeng and Zeng, 2025). Upcoming studies should focus on integrating high-precision data with 

intelligent models to advance urban flood management toward more sophisticated and intelligent 

strategies (Aziz et al., 2024; Tian, Zeng and Zeng, 2025; Vilca-Campana et al., 2025). 

Mentougou New Town is a major hub in the Yongding River Basin, due to its geographic profile of being 

isolated by mountains on three sides ( 1). In 2023, the region experienced unprecedented heavy 

rainfall due to Typhoon Doksuri, triggering devastating flash floods. This topography significantly increases 

flood and rainfall risks during extreme weather events (Zhang et al., 2024). Mentougou New Town's overall 
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ecological infrastructure planning and resilience to broader climate change challenges need urgent 

improvements, as the disaster has unequivocally made the urgent request clear. 

This study utilizes Mentougou New Town in Beijing as the case study. It combines the evaluation of 

ecological sensitivity with the InVEST-UFRM model to conduct an integrative flood risk assessment. Buying 

on the results of the flow risk assessment, a BGI strategy was implemented in the subject city. These results 

could be utilized to calculate flood reduction benefits, in addition to the original benefit. Lastly, based on 

the BGI strategy, the InVEST-UFRM model was once again applied to evaluate if the flood reduction benefits 

can be reached or not. This paper is also a great basis for the provision of scientific guidance to urban BGI 

planning, so as to greatly support the reduction of flood risks for urban eco-systems and promote the 

improvement of the overall capacities. Besides, this study offers an applicable and empirically validated 

framework of integrating flood risk evaluation with actionable planning and management, thereby 

providing an important support to the other cities in face of hydrological and climatic difficulties. 

 

 

This paper combines ecological sensitivity analysis with the InVEST-UFRM model to evaluate and plan BGI 

in Mentougou New Town. First of all, the ecological sensitivity of the Mentougou New Town was assessed 

based on a set of multiple factors (Table 1), including the digital elevation model (DEM), the slope, its 

distance from rivers, and the land use. Each indicator was normalized to a common scale and aggregated 

using a weighted overlay method to produce an ecological sensitivity map. Then, the UFRM module of the 

InVEST model was applied to simulate the runoff retention index for existing urban areas. The model 

calculates retention as the difference between rainfall and runoff using the curve number method, 
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providing spatially explicit retention values for each grid cell. In addition, the ecological sensitivity map and 

the runoff retention map were overlaid and reclassified into different risk levels, resulting in a composite 

whole-runoff risk map. This map identifies priority areas for intervention. Next, based on the "Point-Line-

Plane-Network"-derived risks assessment method, the spatially explicit BGI plan is conducted: rain gardens 

and infiltration trenches (Point), green streets (Line), constructed wetlands (Plane), and connected 

drainage corridors (Network). Finally, we re-ran the InVEST-UFRM model to simulate post-planning runoff 

retention under the same rainfall scenario. Pre- and post-planning retention values were quantitatively 

compared using percent change and spatial subtraction analyses, providing an evidence-based assessment 

of the proposed BGI interventions. 

 

Indicator 

Sensitivity Weighting 

Weight 
1 3 5 7 9 

Ecological 

sensitivity 

(0.60) 

DEM <100 100-200 
200-

400 
400-600 >600 0.10 

Slope 0-5 5-10 10-15 15-25 >25 0.30 

River 

Buffer 

Zone 

τ >200 
100-

200 
50-100 0-50 0.40 

LULC 
Built-

up 

Bare / sparse 

vegetation 

Cropla

nd 

Tree cover; 

Grassland 

Permanent water 

bodies; 

Herbaceous wetland 

0.20 

UFRM 

(0.40) 

Runoff 

retention 

ratio 

0.154-

0.212 
0.123-0.153 

0.101-

0.122 
0.013-0.1 0.006-0.012 1 

 

The data for this study are divided into two categories based on the modeling steps: (1) geospatial data for 

the ecological sensitivity analysis, and (2) inputs data for the Urban Fish Flood Risk Mitigation (UFRM) 

Model. 

(1) The geospatial data used for the ecological specificity analysis are the following: 

· : The DEM data were obtained from the Geospatial Data Cloud 

platform. 

· : The land cover information was gathered from the European Space Agency (ESA) 

WorldCover project containing global coverage of 10-meter resolution (https://esa-worldcover.org/). 

· : A River vector layer was implemented to depict the hydrology network. 

(2) The following inputs data were needed in the Urban Flood Mitigation Model: 
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· : The vector layer representing the boundary of the watershed of interest was taken. In 

this investigation, the New Town area of the special plan for the Sponge City Construction in 

Mentougou District was used in this region. 

· : The rainfall depth as a quantifiable number of the extreme rainfall (depth in mm) was 

needed. In this study, the heavy rainfall occurred in Mentougou District was chosen.  Based on data 

collected from the Beijing Mountain Geological Hazard Monitoring Rain Gauges distributed in and 

around the Mentougou New Town area, the average rainfall reached 426 mm over 24 hours and 595 

mm over 72 hours during the "23·7" extreme rainstorm (Zhang et al., 2024). Consequently, a rainfall 

depth of 500 mm was applied in the model simulation. 

· : The same ESA WorldCover land cover map, as mentioned before, was used as a key 

input for the hydrological model. 

· : The hydrological soil group classification was derived from the 

HYSOGs250m global dataset provided by the ORNL DAAC 

(https://daac.ornl.gov/SOILS/guides/Global_Hydrologic_Soil_Group.html). The original dataset 

provides letter values, which were converted to numerical codes following the standard convention: 

A=1, B=2, C=3, D=4. Pixels with dual classifications (e.g., A/D) were assigned a numerical value within 

the 1-4 range accordingly. 

· : A biophysical table containing model-specific parameters (e.g., CN values) 

corresponding to each land use/cover class in the Land Cover Map was constructed (Table 2). The 

parameterization was informed by methodologies described in the literature, notably from the study 

by Quagliolo et al.(Quagliolo, Comino and Pezzoli, 2021). 

lucode Description CN_A CN_B CN_C CN_D 

0 Sponge Community 46 65 77 82 

10 Tree cover 36 60 73 79 

30 Grassland 30 58 71 78 

40 Cropland 64 75 82 85 

50 Built-up 98 98 98 98 

60 Bare / sparse vegetation 68 79 86 89 

80 Permanent water bodies 99 99 99 99 

90 Herbaceous wetland 99 99 99 99 
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As the evaluation results in Figure 2 and Figure 3 indicate, the ecological sensitivity evaluation shows clear 

spatial sensitivity patterns. The most high ecological sensitivity areas are located at the northwestern and 

westwestern parts of the study area to reach a total of 44.02% of the new town's total area. The area had 

a high level of slope (usually more than than 25°), high altitude, plus vegetation coverage is heavy forest. 

Besides that, in the built-up regions of the dense built-ups Zone, the riparian area besides Yongding River 

and its downstream rivers is also high Ecological sensitivity areas. And out of these high Ecological 

sensitivity places, the New Town Park area (a formerly sand pit area) was the low lying area with a relatively 

high edge slope at both sides and a source River branch of Yongding River passing through was very high 

ecological sensitivity. 

On the contrary, the low-sensitivity and relatively low-sensitivity areas were mainly concentrated on the 

built up regions of the cities at the middle and the south eastern parts of the study area. The low sensibility 

areas cover a total of 18.45% of total area. These areas have a mild relief and far from river source. The 

intermediate Sensibility area covers a total of 32.74% of study area, and it was also mainly concentrated in 

the buffer area of the river. 
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The runoff retention capacity of the study area was evaluated by the UFRM model in an extreme rainstorm 

condition with a run-off rainfall depth of 500 cm. The UFRM extreme rainstorm simulation results indicated 

the total runoff retention amount is 5,876,297 m3 , for the Mentougou New Town. As shown in Table 3 

and Figure 4Σ ƛǘ ǿŀǎƴΩǘ ŜǾŜƴƭȅ ŘƛǾƛŘŜ ǘƻ ǘƘŜ с ŘŜƭƛƳƛǘŀǘƛƻƴ ²ŀǘŜǊǎƘŜŘ. Watershed 5 is the most run-off 

amount (1,584,703.50 m3), and Watershed 4 is the least amount (187,460.25 m3). 

A large difference was found at the land-use scale (Figure 5): woodlands had the greatest retention ratio 

(0.212) followed by built-up areas with the least capacity (0.006). This finding showed that urban green 

spaces had the greatest potential in rainwater retention vs. impervious ground surfaces. 
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ID Rain event (mm) Area (km2) 
Runoff retention 

index 

Runoff retention 

(m3) 

Flood volume 

(m3) 

1 500 19.00  0.13  1203253.00  8285147.50  

2 500 19.52  0.12  1191047.50  8564803.00  

3 500 10.00  0.11  528105.19  4471295.00  

4 500 2.67  0.14  187460.25  1148089.88  

5 500 20.46  0.15  1584703.50  8640547.00  

6 500 17.37  0.13  1131727.25  7543623.00  

sum  89.03  5826296.69 38653505.38 

 

Our comprehensive flood risk visualization displayed several critical hotspots with high chance of 

inundation accumulation (Figure 6), particularly in: (i) Xincheng Park, (ii) Yongding River main channel, and 

(iii) its significant tributaries Jiang Zhan (Chengzi Ditch, Mentou Ditch, Zhongmensi Ditch, Fengcun Ditch, 

and Xifengsi Ditch). These rivers appeared the peak of flood risk scores everywhere in the research zone. 

The most prominent sources of increased risk were steep side hills facilitating quick runoff consolidation, 

and narrow river paths restricting output ability, and vast areas of impervious construction surfaces. This 

spatial pattern brings considerable risk to crucial facilities and residential buildings situated in such 

sensitive watersheds. 
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However, through the findings of the flood risk investigation, we narrowed down the high-risk flooded 

zones to prioritize them as target locations for a multi-scale άpoint-line-surface-networkέ BGI initiative 

(Figure 7). At the point level, intervention measures like pocket parks and rain gardens were deployed in 

areas with elevated flood and waterlogging risks (Figure 7a). Linear interventions emphasized constructing 

ecological corridors to improve hydrological connection (Figure 7b). At the plane level, we focused on 

constructing sponge communities featuring inclined greening systems using rooftop gardens to maximize 

the runoff retention ability (Figure 7c). Each of these specific point, line, and plane parts, when integrated 

together, form a holistic urban blue-green ecological network (Figure 7d).  
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Based upon the BGI network master Planning in the New Town, the cumulative of all the afore-mentioned 

multi-scale landscape interventions has been effectively incorporated into a visually appealing urban 

ecological network (Figure 8). The three principal implementation interventions for BGI implementation 

are: expanding the green space area within the novel city park, creating linear ecological corridors along 

urban roads, and forming the so-called sponge communities, particularly along rivers. The sponge 

communities, for this study, are defined as built-up areas with minimal impervious surfaces. 
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To substantiate the validity of the implemented BGI plan, the UFRM model was rerun under identical 

extreme rainfall conditions (500 mm rainfall depth) for comparison. The simulation from the post-planned 

situation showed a significant improvement in stormwater management system performance, witnessing 

the total runoff retention volume reaching 6,374,375 m³. This increase, representing a 9.37% improvement 

relative to the baseline of the pre-planned planning scenario of five thousand, 5,826,297 m3 (Table 4). 

 

ID Rain event (mm) Area (km2) 
Runoff retention 

index 

Runoff retention 

(m3) 

Flood volume 

(m3) 

1 500 19.00  0.14  1362139.25  8129411.00  

2 500 19.52  0.14  1348444.88  8406106.00  

3 500 10.00  0.12  601980.81  4397419.00  

4 500 2.67  0.15  199158.23  1135991.88  

5 500 20.46  0.17  1700796.88  8522654.00  

6 500 17.37  0.13  1159855.38  7516445.50  

sum  89.03  6372375.42 38108027.38 

 

The post-planning simulation showed the same universal change in retention volume across all six 

watersheds (Table 4), and a quantitative comparison was shown on Figure 9 and Figure 10. This 

optimization ranged from largest to smallest with the following levels of watershed: Watershed 1, 2, 5, 3, 

6 and 4. It is interesting to observe that the watershed featuring the most significant absolute benefits in 

terms of BGI levels - namely, watershed 1, 2 and 5 -were the exact areas of density of BGI measures. The 

spatial association shows that the planning effort has been successful and that the planning has centred 

on infrastructure in the area with the highest potential for maximizing capacity improvements. 

 

(Post-planning Scenario)
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The findings of this study offer actionable insights for planning practice in Mentougou New Town and other 

flood-sensitive urbanizing areas facing similar topographic and climatic pressures. From an urban design 

perspective, the spatially explicit identification of high-sensitivity zones along the Yongding River and low-

lying Xincheng Park suggests that these areas should be prioritized for nature-based solutions, such as 

riparian buffer strips, permeable pavements, and decentralized stormwater retention features. The "Point-

Line-Surface-Network" BGI strategy operationalizes these results into design interventions at multiple 

scales: rain gardens and infiltration trenches at critical hotspots (Point), green streets that follow drainage 

pathways (Line), constructed wetlands in high-risk flood zones (Surface), and interconnected ecological 

corridors that link fragmented green spaces (Network). This multiscalar framework enables urban 

designers to integrate flood mitigation measures seamlessly into public realm projects, street layouts, and 

open space networks. 

From a policy perspective, the 9.37% increase in runoff retention capacity provides a quantifiable target 

for regulatory standards. Municipal authorities could incorporate this benchmark into zoning bylaws or 

green infrastructure ordinances, requiring new developments or redevelopment projects to achieve a 

minimum retention ratio. Furthermore, the methodological workflowτcombining ecological sensitivity 

analysis with InVEST-UFRM simulationτcan serve as a blueprint for climate-adaptive planning guidelines. 

Policymakers are encouraged to mandate such evidence-based assessments in environmental impact 

evaluations for urban expansion projects, particularly in regions with three-sided mountain topography 

that amplifies flash flood risks. Ultimately, the study demonstrates that strategic BGI interventions not only 

reduce flood hazards but also enhance co-benefits including groundwater recharge, water quality 

improvement, and recreational green space provision, thereby aligning disaster risk reduction with broader 

sustainability and resilience policy goals. 

While this research offers a starting-point of evidence through case studies that show how effective BGI is 

in mitigating flood risk, there remains a significant need for empirical data to validate and refine the 

adopted model parameters and results. In future research endeavors, it is vital to emphasize the 
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establishment of longterm, all-encompassing surveillance networks to record real-time hydrological 

performance of blue-green infrastructure systems in varied precipitation scenarios. It not only augment 

the accuracy and resilience of models but also facilitate their transformation from a planning instrument 

to an adaptive management tool. 

Increasing flood hazards have made the reconstruction of floodplain infrastructure difficult in Mentougou 

New Town, the standard mountainous urban settlement. In order to overcome this challenge and provide 

scientific foundation to BGI planning in the city, this study applied the principles of interdisciplinary 

research to combine GIS-based ecological sensitivity analysis with the InVEST-UFRM hydrological modeller 

to identify the most influential flood risk hotspots for mitigation, and to plot a coordinated planning 

strategy at different scales. The following are the major results of this study: (1) The highest ecological 

sensitivity and flood risk domains are accumulated in the topographical low-lying area of Xincheng Park 

and the corridors along the Yongding River. (2) As shown by our simulation, the runoff retention volume of 

5,826,297 m³ under the disastrous rainstorm scenario was obtained, indicating an urgent imbalance of 

retention capability between extremely rough wood lands (0.212) and fully impermeable artificial lands 

όлΦллсύΦ όоύ ¢ƘŜ ǎȅǎǘŜƳΩǎ ƻǾŜǊŀƭƭ ǊŜǎƛƭƛŜƴŎŜ ƛƴŎǊŜŀǎŜŘ ōȅ фΦот҈Σ ŀǎ ŀƴ ŜȄǘǊŀ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƻŦ рпсΣлфу Ƴо 

ƻŦ ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǿŀǎ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ άtƻƛƴǘ-Line-Plane-bŜǘǿƻǊƪέ .DL 

system.  

In addition, besides demonstrating the effectiveness of BGI in reducing flooding hazards in Mentougou 

New Town, this study aims to establish sustainable principles to inform future Sponge-city construction, as 

well as to raise awareness of integrated nature-based interventions in city ecological planning. The study 

ŀƭǎƻ Ƙŀǎ ǎƻƳŜ ŘǊŀǿōŀŎƪǎΦ ¢ƘŜ ¦Cwa ƳƻŘŜƭΩǎ ǇŀǊŀƳŜǘŜǊǎ ǊŜǉǳƛǊŜ ǘƻ ōŜ ǾŀƭƛŘŀǘŜŘ ǿƛǘƘ ŦƛŜƭŘ ƳƻƴƛǘƻǊƛƴƎΣ 

ŀƴŘ ŎǳǊǊŜƴǘ ǎƛƳǳƭŀǘƛƻƴΩǎ ŜȄǘǊŜƳŜ ǎŎŜƴŀǊƛƻ ƛǎ ǎǘŀǘƛŎ ŀƴŘ Ŏŀƴƴƻǘ ǊŜŦƭŜŎǘ ǘƘŜ ƭƻƴƎ-term impact of climate and 

land-use change. Future works should prioritize installation of BGI monitoring network and evaluate the 

ƴŜǘǿƻǊƪΩǎ ƭƻƴƎ-term performance considering future climate change and urban pattern changes. 
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Contemporary cities encounter significant environmental, social and technological challenges, 
including climate change, population growth, and increasing inequalities. This paper examines the 
environmental challenges while pointing to the limits of traditional planning and design in 
responding to these shifts. To better understand how cities are changing, the study traces the 
evolution of sustainability thinking, from vernacular design practices to today’s digital and data-
driven innovations. The research uses qualitative comparative case study approach. Cities were 
chosen based on their varied climates, cultural contexts, and sustainability strategies, ranging from 
low-tech vernacular systems and advanced digital urban models. The study looks at cities such as 
Singapore, Copenhagen, Masdar City, and The Line, as well as historical examples from Yemen and 
Morocco, to analyse climate-responsive design, spatial porosity, and material resilience. This paper 
introduces the concept of “breathing cities”, an interdisciplinary framework that reimagines urban 
sustainability through the convergence of vernacular urban knowledge and digital spatial 
technologies. The framework positions cities as adaptive, porous, ecologically attuned, and health-
cantered systems. Instead of relying on static, technocratic models, the “breathing cities” approach 
offers a more dynamic way of imagining sustainable urbanism, one that brings together material, 
spatial, technological, and ecological dimensions. Drawing on theoretical perspectives such as 
spatial production and post-anthropocentric urbanism, the study calls for a paradigm shift: from 
cities as objects of control to cities as responsive, co-evolving ecosystems. Ultimately, this paper 
contributes to a new urban sustainability discourse that reconnects environmental stewardship, 
social justice, and technological innovation. It proposes a scalable, context-sensitive approach to 
rethinking how cities can adapt to the challenges of the 21st century, not by abandoning tradition 
or over-relying on technology, but by bringing them together into an integrated, living urban fabric. 

Sustainability, Environmental (in)justice, Urban health, Resilience, Vernacular Urbanism, Digital 
Urban Technologies. 
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Cities today are facing multiple environmental, social, and technological pressures. Rapid urbanization, 

population growth, and accelerating climate change have intensified ecological vulnerabilities, exposing 

urban populations to rising temperatures, deteriorating air quality, resource scarcity, and widening spatial 

inequities (Brzosko-Sermak and Winiarczyk-Raźniak, 2025). The Industrial Revolution established 

urbanization as a development process which transformed both natural environments and geographical 

boundaries while generating major effects on health outcomes and environmental protection and resource 

management (Priya et al.,2024). The findings are consistent with industrial cities which have actively 

removed natural systems that resulted in environmental deterioration and health problems throughout 

their urban areas (Santamouris, 2019). Consequently, health as a function of the individual’s environment 

and living conditions became a central focus of medical attention as early as the nineteenth century (Davies 

and Kelly, 1993; Crume, 2019). 

The environmental consequences of these transformations, including urban heat islands, unequal exposure 

to pollution, and differential vulnerability to climate risks, have positioned urban sustainability as a central 

concern in contemporary urban discourse (Das et al., 2024). Yet, despite decades of policy frameworks and 

urban interventions, many cities continue to struggle with fragmented planning systems, technocratic 

approaches, and narrow definitions of efficiency that fail to address the complexity of urban life. Traditional 

models often treat cities as static, engineered objects, overlooking the dynamic, interdependent 

relationships that define urban ecosystems (Mora et al., 2023). 

The rapid advancement of digital technologies has reshaped urban design (Ash, Kitchin and Leszczynski, 

2018). Environmental sensing, data-driven governance, digital twins, and predictive modelling have 

transformed how cities are monitored, understood, and planned (Sacoto-Cabrera et al., 2025). While these 

tools offer opportunities for improving sustainability, they also risk reinforcing top-down practices if not 

grounded in local context, culture, and ecological awareness. In contrast, vernacular urbanism, rooted in 

centuries of climate-responsive design, material intelligence, and community-based spatial practices, 

offers valuable insights into how cities have historically adapted to their environments. However, these 

strategies are often marginalized or romanticized rather than systematically integrated into contemporary 

planning. 

Building on this narrative, the multifaceted nature of urban sustainability remains a both challenging and 

contested concept (Keivani, 2009). Owens (1992) claims that sustainable urban development is inherently 

contradictory, explaining that urban areas require the resources of a wider environment for their survival 

(Owens, 1992). In contrast, others claim that the city itself, as a spatial entity, is an embodiment of 

sustainability (Breheny, 1992). What is clear, however, is that cities function as essential areas which 

generate environmental degradation yet they provide opportunities to achieve sustainability. 

This study investigates methods to combine digital systems with traditional knowledge for creating urban 

systems which adapt and maintain their resilience. It investigates how uniting conventional climate 

adaptation methods with contemporary digital systems will enable the achievement of sustainability goals 

which meet present-day urban conditions for environmental protection, social needs and technological 

requirements. This raises critical questions: How can cities continue to grow while sustaining ecological 

balance? Is the pursuit of urban sustainability a Sisyphean task, or can design truly reconcile ecology and 

urban life? To answer these questions, the objectives of this study are fourfold: to examine how vernacular 

strategies inform contemporary digital design; to evaluate the potential of digital technologies in enhancing 
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sustainability and urban resilience; to propose a comprehensive “breathing cities” framework for adaptive 

urban ecosystems; and to demonstrate scalable, context-sensitive urban solutions through comparative 

case studies. 

The paper starts by defining urban flux through its relation to contemporary debates on sustainability and 

environmental (in)justice, and the limitations of traditional planning. The following section examines 

vernacular urbanism by studying historical examples which show how pre-modern urban systems used 

climate-responsive design and ecological intelligence in their development. Subsequently, the research 

examines digital technology through a critical analysis of environmental sensing and digital twins and AI-

based governance systems which evaluates their advantages and limitations in present-day smart city 

systems. The Section 3 presents the "breathing cities" framework which describes its design principles 

through three core elements which include porosity, adaptability and health-oriented design approaches. 

The methodological framework appears in Section 4 before the research evaluates global case studies 

through a comparative analysis of Singapore, Copenhagen, Masdar City, The Line, and selected vernacular 

precedents, to find common approaches and varying environmental conditions. The discussion examines 

the upcoming effects of treating cities as co-evolving ecosystems, before it presents the main points of 

breathing cities which enhance urban sustainability. 

Cities today are an inheritance of the past, an overlay of centuries of civilization. Urban ecosystems are 

always in flux, with interactions that shift and evolve over time. The growing concern about environmental 

crises has elicited a variety of responses and models from designers, leading to differing views on 

ecologically responsive design. As stated by Yeang (1995), design in relation to the earth’s ecological 

problems must look toward the future and operate in both practical and hypothetical dimensions. These 

ongoing debates around sustainability and the many ways it is understood continue to influence how we 

think about cities and their future. Looking back at how cities have changed over time offers important 

lessons for sustainability today. Vernacular urban practices offered highly adaptive solutions grounded in 

deep ecological understanding, community needs, and resource efficiency. Oliver (2003) notes that 

vernacular urbanism, with its focus on flexibility, resourcefulness, and adapting to local contexts, can offer 

valuable lessons for contemporary urban design. Vernacular cities such as Shibam, Sana’a, Marrakech, and 

Fez demonstrate climate-responsive design through compact urban forms, shaded narrow streets, earth-

based materials, and passive cooling strategies (Fathy, 1986; Bianca, 2000). Different parts of the world 

demonstrate similar design principles which include Isfahan's courtyard houses, Yazd's wind-catchers, 

Cairo's mashrabiya screens, and the stilted kampung settlements of Southeast Asia, that reflect how people 

have adapted to their environment through time (Rapoport, 1969; AlSayyad and Massoumi, 2011). The 

local knowledge systems developed distinct environments which proved their resistance to outside change 

through their cultural and environmental ties. 

Today, cities work to re-establish their connection with traditional design elements which people used to 

consider as common practice. Yet solutions often consist of selecting the most “obvious” or easily 

implemented interventions, which tend to be reactive rather than systemic. The renewed interest in 

vernacular thinking is very often reduced to surface-level borrowing, such as adding shading elements or 

green façades, without understanding the fundamental social and environmental principles which created 

sustainable urban designs in the past. 
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Contemporary urban planning and design are increasingly characterized by the integration of 

computational technologies, which facilitate the management and analysis of vast datasets. Digital tools 

enable planning professionals to perform essential tasks which include digital visualization, simulation 

modelling and virtual urban scenario development in addition to their traditional tasks like mapping, data 

storage and comparative analysis. However, despite the widespread application of digital tools in city 

planning and urban design, caution is warranted so that these technologies remain an aid rather than a 

substitute for the experienced planner and intuitive designer (Cheshmehzangi, 2025). The digital 

transformation of cities and smart urban development requires thorough analysis because smart-city 

systems tend to focus on operational efficiency at the expense of human experience unless developers 

establish proper guidelines (Townsend, 2014; Batty, 2018). Scholars warn that algorithmic governance, 

sensor-driven optimization, and predictive modelling may inadvertently reinforce technocratic decision-

making, reduce civic agency, or oversimplify urban complexity (Greenfield, 2013; Sadowski, 2020). 

The discussion about sustainable cities has produced multiple new sustainable-city models which present 

alternative concepts for urban development. The compact city, eco-city, resilient city, sustainable 

neighbourhood and 15-minute city approaches work to link environmental sustainability with community 

well-being (Newman & Kenworthy, 1999; Moreno, Gehl and Thorne, 2024). The deployment of these 

technologies produces unequal results because they maintain the same technological optimism that drives 

much of contemporary digital urbanism.       

In an era where sustainability is becoming an urgent priority, there is a growing need for different 

perspectives that break away from the “silo mentality” often found within disciplines involved in urban 

development (Keivani, 2009). Lehmann’s (2010) ideas on creating sustainable cities begin with the 

imperative to “rethink the city itself,” incorporating criteria such as energy use, waste, and patterns of food 

and water consumption. Building on this foundation, Lehmann and Crocker (2012) emphasize the need for 

a robust understanding of the relationships between lifestyle, consumption, technology, and urban 

development. The study of vernacular practices needs to be studied as a vital field which goes beyond 

being considered outdated or a nostalgic exercise; nor should the romanticization of advanced 

technologies and their often-costly implementation be viewed as the sole pathway toward sustainable 

urban planning and design in the 21st century. Given the complexity of contemporary urban challenges 

and the evolving attempts to define what constitutes a sustainable city, scholars increasingly recognize that 

no single urban form can be universally applied. Rather, as Williams et al. (2000) suggest, multiple 

sustainable urban forms may exist, each capable of responding to its specific cultural, environmental, and 

socio-economic context. 

In light of this emerging perspective, Cheshmehzangi (2025) looks at how cities can develop amid 

environmental, economic, and spatial constraints by drawing on ingenuity, local knowledge, and innovative 

design. Cities can build resilience through basic methods which do not need sophisticated technology or 

revolutionary scientific discoveries, by using adaptive reuse with circular thinking and participatory 

governance systems. According to Cheshmehzangi urban “resourcefulness” involves not only achieving 

more with fewer resources. But also transforming social values toward relationships, materials, ecosystems 

and lived experience, elements that collectively shape more resilient and context-responsive urban 

environments (Cheshmehzangi, 2025). Designing healthy cities requires far more than applying fixed spatial 
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solutions to current environmental challenges. As noted by Cheshmehzangi et al. (2025) this calls for 

proactive, forward-thinking design strategies that enable cities not only to adapt to climate impacts but 

also to meaningfully reduce them. This transformation shows a broader move toward anticipatory, human-

centered, and ecologically grounded urbanism. 

This work establishes "breathing cities" as a new urban design concept which transforms current urban 

planning approaches. The operation of breathing cities depends on independent urban systems which use 

adaptable designs that unite environmental sustainability with flexibility instead of using rigid control 

systems and strict structures. They integrate vernacular knowledge with digital spatial technologies, 

emphasizing health-centered design, environmental sustainability, and social equity. 

Key principles of the “breathing cities” framework include: 

- : Urban systems should respond dynamically to environmental,
social, and technological changes.

- : Combining local, vernacular strategies with digital tools
fosters resilient and context-sensitive design.

- : Urban planning must prioritize human and ecological well-being,
integrating green spaces, clean air, and active mobility.

- : Solutions should be replicable across diverse climates and
socio-cultural contexts.

By treating cities as living systems, the framework challenges conventional engineering-driven approaches. 
It also advocates for co-evolution between the built environment and ecological processes. 

The work uses a qualitative, comparative case study approach to examine real-world systems influenced 
by multiple factors. This research method enabled authors to do an in-depth exploration of underlying 
motivations, institutional frameworks, and potential outcomes (Yin, 2018). Case studies were chosen based 
on their varied climates, cultural contexts, and sustainability strategies, ranging from low-tech vernacular 
systems and advanced digital urban models. The study analyses cities such as Singapore, which combines 
nature-based design and digital governance, Copenhagen, a leader in blue-green infrastructure and 
carbon-neutral planning, and two experimental cities, Masdar City and The Line, which use AI systems and 
renewable technologies. In parallel, historical and vernacular urban models such as Yemen and Morocco 
are studied for their emphasis on passive climatic adaptation, spatial porosity, and material resilience. The 
methodology connects vernacular strategies with contemporary digital tools to explore adaptive design 
solutions. Analytical criteria focus on ecological responsiveness, climate adaptation, social equity, 
technological integration, and scalability. This multi-layered approach provides insights into how different 
urban contexts can effectively adopt “breathing cities” principles. The research develops a method which 
combines historical and present-day practice analysis with forward-looking urban design direction. 

1024



The cities of Shibam in Yemen and Marrakech in Morocco (Fig.1) demonstrate how historical cities 

implement their cultural heritage and natural environment to develop climate-friendly designs through 

their established urban planning techniques. The desert town of Shibam is known as the "Manhattan of 

the desert" because it contains multi-story mudbrick buildings arranged in a dense, vertical layout. This 

compact morphology protects its interior from desert sunlight while it generates its own shade and allows 

wind to flow through the space which shows advanced methods for cooling buildings and controlling local 

climate conditions (Abu-Lughod, 1987). The city of Marrakech protects its residents from heat through its 

narrow streets which follow winding paths to create courtyards that provide ventilation and privacy. 

Construction projects that use locally obtained materials including adobe and stone achieve improved 

thermal control because these materials enable buildings to respond to temperature changes throughout 

different seasons (Gil-Piqueras and Rodríguez-Navarro, 2021). 

These vernacular models highlight spatial porosity, material resilience, and energy-efficient passive 

strategies, providing lessons in sustainable urban living that require minimal technological intervention. 

Beyond environmental adaptation, their designs foster social cohesion and human-scale interaction. Public 

spaces and communal courtyards support daily activities while remaining well adapted to the climate. The 

current urban planning practices which implement these principles could develop sustainable cities 

through the combination of historical wisdom with modern sustainability targets. 
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Singapore has become an example of how sustainable urban innovation can transform a city. Once a 

resource-scarce island with few natural advantages, it is now recognized as a world leader in urban 

greening (Tan et al., 2021). Urban designers in Singapore now use nature-based solutions that employ 

natural systems to address climate change (Nesshöver et al., 2017). The implemented strategies consist of 

green and blue infrastructure which combines natural and semi-natural and man-made elements with 

ecological engineering methods that unite human-made spaces with ecological systems (Nesshöver et 

al.,2017). The city demonstrates effective digital governance through its deployment of environmental 

sensors and smart monitoring systems which improve its operations for energy efficiency and water 

management and waste reduction. Singapore achieves better urban sustainability through its combination 

of ecological design with digital technology which creates more comfortable cities and stronger urban 

systems (Fig.2: Left). The government implements its sustainable development plans through the 

Singapore Green Plan 2030 which serves as a national ten-year initiative for environmental sustainability. 

The plan establishes specific targets to reach net-zero emissions during 2050 through its five fundamental 

pillars which include City in Nature, Energy Reset, Sustainable Living, Green Economy and Resilient Future 

(Singapore Green Plan 2030). Singapore has become a worldwide example of sustainable urban 

development through its implementation of ecological design and digital technologies and its government-

led policy initiatives. 

Copenhagen leads the world as the top destination for blue-green infrastructure and climate-neutral urban 

planning because it became the first operational "sponge city" in the world (The World Economic Forum, 

2025). The city implements nature-based solutions through its water management and urban resilience 

strategies which use permeable surfaces, green roofs, rain gardens and stormwater management systems. 

The implemented interventions help protect against flooding while they work to decrease urban heat island 

temperatures and support local wildlife and establish community areas which make cities more habitable 

(Ahern, 2011; Kabisch et al.,2017). The city of Copenhagen achieves its success through three main 
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elements which include policy frameworks, community engagement and digital technologies (Fig.2: Right). 

The city operates smart monitoring systems which provide real-time environmental data to achieve 

maximum water management efficiency while tracking sustainability outcomes to confirm that all 

communities receive benefits from its interventions and continue to develop (Jabareen, 2013; The World 

Economic Forum, 2025). The method proves adaptive urbanism which demonstrates that cities can achieve 

climate neutrality between 2025 and 2030 by uniting their ecological, social and technological objectives 

(Copenhagen Municipality, 2020). The city of Copenhagen demonstrates an effective approach which other 

municipalities can use to build sustainable urban environments through climate adaptation initiatives. 

Masdar City in Abu Dhabi and the Line in NEOM, Saudi Arabia, are two of the Gulf’s most ambitious urban 

experiments, showcasing innovative approaches to sustainable development and the integration of 

advanced technologies (Fig. 3). These designs function as experimental models which will guide upcoming 

urban development through their connection between population expansion, environmental conservation 

and technological progress. Their research has received international recognition because it demonstrates 

how their home nations can enhance their strategic position through studies about sustainability and 

technological advancement and economic diversification (Kashef, 2025). The low-carbon urban experiment 

of Masdar City operates at maximum efficiency through its AI-driven infrastructure which combines with 

smart energy grids and real-time environmental monitoring systems for energy, water and waste 

management (Reiche, 2010). 

Renewable energy, particularly solar power, is central to its design, and intelligent systems regulate daily 

urban functions, demonstrating how technology can enhance efficiency while reducing the city’s carbon 

footprint. Similarly, The Line presents an extreme urban design concept which envisions a 170-kilometer 

linear city that operates through artificial intelligence control of its infrastructure and uses only renewable 

power sources (NEOM, 2021). Designed to reduce commuting times, optimise density and protect 

surrounding landscapes, it reflects a strong commitment to efficiency and environmental responsibility. 

Envisioned as interconnected cognitive communities, the Line aims to use artificial intelligence to deliver a 

pollution-free, car-free urban environment with enhanced quality of life (Al-Sayed et al., 2022). The two 

cities show how digital technology supports the creation of sustainable high-performance urban areas 
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which focus on climate protection. Together, these examples show that while AI and digital systems can 

make cities more efficient and environmentally friendly real sustainability is about more than just 

technology. The objective requires finding the right balance which connects technological components to 

natural environments and human activities. 

The comparative analysis of the case studies shows that there is no single path to sustainable urbanism. 

Each city takes its own approach, shaped by local needs, resources, and values. The cities of Shibam in 

Yemen and Marrakech in Morocco demonstrate vernacular city planning through their use of passive 

climatic adaptation, spatial porosity and material resilience to develop sustainable designs which support 

human needs and environmental health. In contrast, technologically driven cities, including Masdar City, 

The Line, Singapore, and Copenhagen, demonstrate how AI, IoT, digital twins, and smart monitoring 

systems can enhance urban resilience, optimize resource use, and support climate-adaptive governance. 

When traditional wisdom is combined with modern digital tools, cities have a genuine opportunity to adapt 

and flourish. By valuing the lessons of the past while exploring what is possible today, urban environments 

can respond more effectively to the complex challenges of the contemporary world. 

This research reveals that breathing cities achieve their greatest benefits through the combination of 

vernacular strategies and digital innovations, producing positive outcomes for environmental 

sustainability, social development, and technological progress. The environmental benefits of cities emerge 

from using traditional building methods that combine passive cooling systems with porous building designs 

and durable materials, while smart monitoring systems track energy consumption, water usage and waste 

management. Cities can address their climate and environmental challenges by implementing 

contemporary infrastructure solutions together with their historical architectural features. Socially 

breathing cities focus on designing spaces which prioritize the needs of their citizens. The process of urban 

development becomes more equitable because inclusive planning and community engagement work to 

solve hidden environmental injustices which create social equality and build stronger community bonds.  

Digital tools enable planners to respond better to resident needs through their ability to deliver instant 

data about how people use services and access them and how resources get distributed. The cities 

demonstrate how real-time monitoring systems with AI technology and data-based decision processes 

create better resilience and operational efficiency and flexible responses to changing conditions. Smart 

infrastructure systems enable better energy management and enhanced water resource control and 

environmental threat prediction through its operation which draws knowledge from traditional urban 

planning methods. The research results establish vital criteria which need to guide policy development. 

Planners and policymakers must implement integrated vernacular-digital approaches because sustainable 

urban development needs methods which connect environmental protection with social needs and 

technological advancement. The discussion demonstrates that cities need a holistic, multi-layered urban 

design framework that responds to contemporary global challenges while promoting equitable, resilient, 

and adaptive cities. 

This study addressed the critical question of how contemporary cities can navigate environmental, social, 

and technological challenges while moving toward more sustainable and resilient futures. Key findings 

indicate that cities can grow sustainably by bridging indigenous urban knowledge with emerging 
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technologies. The comparative analysis of selected case studies revealed a wide range of historical 

sustainability strategies, demonstrating that, while the mediums and tools may change over time, the 

underlying ideas form a rich and enduring tapestry of adaptive urbanism. This work introduced the 

“breathing cities” framework as a conceptual model aimed at fostering more resilient, equitable, and 

climate-sensitive urbanism. The framework is not conceived as a rigid set of prescriptive design rules. 

Instead, it serves as a structured interpretative tool to inform and guide urban analysis, planning strategies, 

and design decision-making. It can be translated into actionable directions for planners by identifying key 

principles, including adaptive use of local knowledge, technological integration, and environmental 

responsiveness. These principles may be operationalized as context-sensitive planning guidelines rather 

than universal design codes. At the same time this study acknowledges several limitations that must be 

considered when applying this framework. First, integrating vernacular knowledge with advanced digital 

technologies can be challenging due to gaps in expertise, data availability, and institutional capacity. 

Second, the framework’s reliance on technology risks exacerbating inequalities if access to digital tools is 

uneven. Third, translating context-specific vernacular strategies to different cultural and climatic settings 

may reduce their effectiveness without careful adaptation. Finally, while the framework emphasizes 

holistic design, practical implementation depends on political will, governance structures, and financial 

resources, which may limit its scalability and long-term impact. Future research into “breathing cities” 

should look at how to apply the framework to individual cities across the globe, incorporating the latest 

technologies, such as AI, IoT and digital twins to enable real time monitoring and analysis of buildings and 

cities. Historical vernacular strategies of buildings should be analysed through a combination of analytical 

and projective methods to inform resilient and context sensitive interventions into urban environments. 

This will allow for sustainable, equitable and adaptable environments that are able to respond to local 

circumstances. “Breathing cities” challenges the artificial separation of city and nature by reading urban 

space as part of a larger planetary system. 
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Abstract

Urban heat exposure is an environmental justice concern in Metro Vancouver, where uneven veg‐
etation, built form, housing conditions, and access to cooling resources shape local thermal risk.
Existing studies often examine heat vulnerability in general terms, but less attention has been paid
to how environmental drivers, socio‐demographic vulnerability, and public heat perception interact
across different temporal scenarios.

This study applies an interpretable ensemble machine‐learning workflow using AutoGluon tomodel
Urban Heat Island (UHI) intensity across 1,660 Dissemination Areas under four scenarios: summer
daytime, summer nighttime, winter daytime, and winter nighttime. The analysis combines environ‐
mental predictors, census‐based socio‐demographic indicators, and geotagged heat‐related social
media posts from summer 2021.

The results show that vegetation and water proximity provide strong cooling effects, while built‐
form and activity‐related variables become more relevant in nighttime scenarios. Visible minority
populations, residents with lower educational attainment, and low‐income areas show uneven ex‐
posure patterns across time. By linking modeled UHI, social vulnerability, and perception‐based
evidence, the study identifies heat‐equity priority areas and planning tools such as targeted green‐
ing, shading, cooling‐access audits, and zoning or design measures for nighttime heat retention.

Keywords

UrbanHeat Island (UHI), Environmental Justice, EnsembleMachine Learning, AutoML, Equity‐oriented
Climate Adaptation

1 Introductio

Urban heat exposure has become a critical environmental justice issue as climate change intensifies. Low‐
income, racialized, and socially disadvantaged populations often face higher thermal risk because of unequal
land use, housing conditions, vegetation cover, and access to cooling resources (Anguelovski et al. 2016; Hal‐
legatte et al. 2015; Harlan et al. 2006). These spatial inequalities are reinforced by limited mobility, reduced
adaptive capacity, and uneven infrastructure provision, making urban heat a social as well as environmental
planning challenge.

Previous studies have documented unequal Urban Heat Island (UHI) exposure across socio‐demographic
groups, yet many remain descriptive or rely on single‐period analyses. This limits understanding of how
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heat exposure changes across seasons and between daytime and nighttime conditions. It also constrains the
ability of planners to translate heat‐risk evidence into targeted adaptation strategies. Interpretablemachine
learning offers a way to capture nonlinear relationships among vegetation, built form, water proximity, and
microclimate while retaining transparency in identifying context‐specific UHI drivers (Erickson et al. 2020;
Shwartz‐Ziv and Armon 2022).

This study investigates UHI exposure inMetro Vancouver using an interpretable ensemblemachine‐learning
framework. It models UHI intensity across four seasonal–diurnal scenarios, evaluates associations with
socio‐demographic vulnerability, and compares modeled exposure with geotagged heat‐related social me‐
dia posts. The aim is to identify where environmental heat risk and social vulnerability intersect, and how
these findings can inform equity‐oriented urban cooling strategies.

2 Methodology

The analytical framework addresses three linked questions: which environmental factors explain UHI varia‐
tion across seasonal and diurnal contexts; whether modeled heat exposure is socially uneven; and whether
public expressions of heat discomfort align with modeled exposure. Themethodology integrates four steps:
constructing UHI labels for summer daytime, summer nighttime, winter daytime, and winter nighttime sce‐
narios (Chakraborty and Lee 2019); compiling environmental and socio‐demographic indicators at the DA
scale; applying an AutoGluon ensemble workflow to model UHI intensity and estimate feature importance;
and comparing modeled exposure with socio‐demographic vulnerability and subjective heat perception.

Figure 1. Analyti al framework. Source: Author’s illustration

2.1 Study Area and Data Sources

This study focuses on 1,660 Dissemination Areas (DAs) in Metro Vancouver, Canada. The region was se‐
lected because its seasonal climate, diverse urban morphologies, and socio‐economic heterogeneity make
it suitable for examining how environmental conditions and social vulnerability shape heat exposure. The
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analysis combines satellite‐derived UHI labels, environmental predictors, census‐based socio‐demographic
indicators, and geotagged heat‐related social media data, as summarized in section 2.1.

Feature Data Source Descriptio

Model Output
UHI Intensity (°C) Google Earth Engine, Yale

datasets
Urban Heat Island intensity from satellite‐
derived land surface temperature

Model Input
Normalized Difference
Vegetation Index (NDVI)

Google Earth Engine Area‐weighted average for summer and
winter

Distance to watercourse
(km)

Natural Resources Canada
CanVec

Euclidean distance from DA centroid to
nearest river or stream

Distance to waterbody
(km)

Natural Resources Canada
CanVec

Euclidean distance from DA centroid to
nearest lake or water body

Building Coverage Ratio
(BCR)

Microsoft GlobalML Building
Footprints

Ratio of building footprint area to total DA
area

Mean Building Height (m) Microsoft GlobalML Building
Footprints

Area‐weighted average height of buildings
within DA

Point of Interest (POI)
Density (count/km²)

Google Places API Number of POI per square kilometer

Road Density (km/km²) OpenStreetMap Data Ex‐
tracts

Total road length per square kilometer

Sociodemographic Data
Low Income Prevalence
(%)

Statistics Canada Proportion of individuals falling below the
low‐income threshold

Unemployment Rate (%) Statistics Canada Percentage of labor force aged 15+ years
that is unemployed

Visible Minority Popula‐
tion (%)

Statistics Canada Proportion of individuals identifying as
visible minority group members

No Certificate / Diploma /
Degree (%)

Statistics Canada Proportion of individuals aged 25+ with‐
out secondary school diploma

Perceptio Analysis
Social Media Heat‐related
Posts (count)

Geotagged Twitter / Geo‐
tagged social media (2021
Summer)

Number of heat‐related posts detected in
Greater Vancouver area

Spatial Hotspots of Per‐
ceived Heat

Kernel Density Estimation
(KDE) of geotagged posts

Spatial clustering of perceived heat com‐
plaints or heat‐related discussion

Temporal Distribution
(hourly)

Timestamp metadata of so‐
cial media posts

Variation of perceived heat intensity
across daytime and nighttime periods

Table 1. Datasets used in the study.

2.1.1 Variables and Spatia Processing

UHI intensity was estimated from satellite‐derived land surface temperature (LST), a spatially consistent
proxy for relative heat exposure (Chakraborty and Lee 2019). Four 2018 scenarios were constructed: Sum‐
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mer Daytime, Summer Nighttime, Winter Daytime, and Winter Nighttime. LST values were aggregated to
the DA level using area‐weighted averaging, producing continuous UHI intensity values in degrees Celsius.

Seven environmental predictors were compiled: NDVI, building coverage ratio, mean building height, dis‐
tance to watercourses, distance to waterbodies, road density, and POI density. Four census‐based socio‐
demographic indicators were used to assess vulnerability: unemployment rate, low‐income share, no high‐
school diploma, and visible minority share. All spatial layers were harmonized to EPSG:3347, summarized
at the DA scale, and rescaled to a 0–1 range where required.

2.2 AutoGluon Modeling and Evaluatio

UHI prediction was performed using AutoGluon‐Tabular, an ensemble AutoML framework that combines
multiple learners through bagging and stacking (Erickson et al. 2020). Separate models were trained for the
four seasonal–diurnal scenarios using an 80/20 train–test split. Model performance was evaluated using R²
scores on both training and testing subsets, with a fixed random seed used for reproducibility.

Predictor influence was assessed using AutoGluon’s model‐agnostic permutation importance procedure,
which estimates the decline in predictive accuracy when each variable is randomly permuted. This allowed
the study to compare the relative contribution of environmental predictors across scenarios while maintain‐
ing an interpretable modeling workflow.

2.3 Social Correlatio and Perceptio Analysis

Spearman rank correlations were computed between modeled UHI intensity and four socio‐demographic
indicators to assess social dimensions of heat exposure. To complement the modeled estimates, an ex‐
ploratory perception analysis was conducted using geotagged Twitter/X posts from summer 2021. Heat‐
related posts were filtered using terms such as “heat”, “hot”, “heatwave”, “sun”, and “too warm”, cleaned to
remove non‐thermal meanings, and spatially joined to DAs. VADER sentiment analysis was used to support
the classification of heat‐related expressions (Hutto and Gilbert 2014).

Because geotaggedposts are sparse andunevenly distributed, they are not treated as representativepopulation‐
level evidence. Instead, they are used to identify possible mismatches between modeled UHI intensity and
publicly expressed heat discomfort, providing a basis for field verification and community engagement.

3 Results

3.1 Model Performance

The AutoGluon ensemble produced usable predictive performance across all four UHI scenarios. As shown
in Figure 2 and Figure 3, the Summer Daytime model performed best, with a test R² of 0.787, followed
by Winter Nighttime (R² = 0.675), Winter Daytime (R² = 0.606), and Summer Nighttime (R² = 0.535). The
stronger daytime performance suggests that surface characteristics explain thermal variation more clearly
under direct solar radiation, while nighttime heat dynamics are more difficult to capture with surface‐based
predictors alone. Despite scenario‐level variation, the models provide sufficient accuracy for comparative
interpretation of environmental drivers and socio‐demographic exposure patterns.
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Figure 2. Training and testin subsets for the Summer Daytim model. Source: Author’s illustration
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Figure 3. Predicted and observed UHI values across four scenarios. Source: Author’s illustration

3.2 Environmental Determinants of UHI

Permutation‐based feature importance analysis in Figure 4 shows that UHI formation in Metro Vancouver
is shaped by both stable and context‐dependent environmental drivers. NDVI, distance to watercourses,
and distance to waterbodies consistently rank among the strongest predictors, confirming the cooling role
of green and blue infrastructure. Building Coverage Ratio also appears in several models, indicating the
heat‐retaining effect of dense urban form.

Temporal differences are substantial. NDVI is most influential during Summer Daytime, when evapotran‐
spiration and shading effects are strongest. In Summer Nighttime, building height and POI density become
more important, suggesting the influence of heat storage and activity‐related heat retention. In winter sce‐
narios, NDVI and water‐related variables remain relevant, while built‐form effects are less dominant. These
results support temporally differentiated interpretations of UHI drivers rather than a single static heat‐risk
model.
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Figure 4. Feature importance across four temporal–seasonal scenarios. Source: Author’s illustration

3.3 Social Pa� erns of UHI Exposure

Figure 5 shows that heat exposure is socially differentiated across Metro Vancouver. DAs with higher visible
minority shares exhibit elevated UHI levels across all scenarios, while educational disadvantage is positively
associated with UHI in most scenarios, especially during daytime periods. Low‐income areas show a more
time‐dependent pattern: they have slightly lower summer daytime UHI but higher exposure in Summer
Nighttime andWinter Nighttime conditions. Unemployment shows weaker and less consistent associations.

These results indicate that thermal inequity is both socially stratified and temporally dynamic. Heat‐risk
assessment should therefore consider how environmental conditions intersect with demographic patterns
across multiple time periods rather than relying on a single summer daytime scenario.
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Figure 5. Spearman correlation between UHI and socio‐demographic indicators. Source: Author’s
illustration

3.4 Subjecti e Heat Perceptio

section 3.4 compares geotagged heat‐related Twitter/X posts with the modeled Summer Daytime UHI sur‐
face. A total of 90 posts were identified across 89 DAs, with concentrations in downtown Vancouver, Burn‐
aby, and parts of Surrey. Several areas show limited heat‐related posting despite relatively high modeled
UHI, while others show stronger public expression than expected from modeled exposure alone. Although
exploratory, this mismatch suggests that perceived heat and physical exposure are not interchangeable and
can jointly inform planning prioritization, outreach, and field verification.
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Figure 6. Geotagged heat‐related posts and modeled Summer Daytim UHI in Metro Vancouver. Source:
Author’s illustration

3.5 Case‐based Equity Interpretatio

To strengthen the empirical interpretation of the regional results, the modeled and perception‐based out‐
puts were translated into a planning‐oriented case typology. For this purpose, high modeled UHI was de‐
fined as DAs in the top 20% of Summer Daytime UHI values, high public perception was defined as DAs
containing at least one heat‐related geotagged post, and high socio‐demographic vulnerability was defined
as DAs in the top 20% of at least one of the four vulnerability indicators. DAs were then classified jointly
according to these three dimensions. This classification helps distinguish between areas where heat risk
is physically high and publicly visible, and areas where modeled exposure is high but public expression is
limited.

Three planning‐relevant patterns emerge from the Metro Vancouver case. First, parts of central Vancou‐
ver and Burnaby show overlap between modeled UHI and heat‐related posting, suggesting locations where
physical exposure and publicly expressed heat discomfort coincide. Second, selected suburban DAs (in‐
cluding parts of Surrey and Langley) show stronger modeled UHI signals but weaker public heat‐related
expression, indicating potential under‐recognition of heat risk and the need for targeted outreach and field
verification. Third, a smaller subset of DAs show more heat‐related discussion than would be expected
frommodeled UHI alone, suggesting that local microclimates, housing conditions, daily mobility, or unequal
adaptive capacity may shape perceived heat stress beyond what the modeled surface captures. These local
patterns should be read as exploratory, given the small number of geotagged posts.
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Planning type Empirical signal Planning implicatio

High exposure / high per‐
ception

High modeled UHI and fre‐
quent heat‐related posts

Prioritize immediate cooling interven‐
tions and public‐space shading

High exposure / low per‐
ception

High modeled UHI but few
heat‐related posts

Prioritize outreach, field validation, and
cooling access audits

Moderate exposure /
high perception

Moderate modeled UHI but
frequent heat‐related posts

Investigate local microclimate, housing
conditions, and mobility‐related expo‐
sure

Table 2. Planning typology based on modeled UHI and subjecti e heat perception

4 Discussion

4.1 Environmental, Social, and Temporal Mechanisms

The results suggest that UHI exposure in Metro Vancouver is produced through interactions among cool‐
ing capacity, urban form, and socio‐demographic vulnerability. NDVI and proximity to water function as
measurable cooling assets, supporting the planning importance of tree canopy protection, riparian corridor
preservation, and blue‐green infrastructure (Aram et al. 2019; Richards et al. 2017). Built‐form and activity‐
related variables becomemore relevant in nighttime scenarios, indicating that heat storage, paved surfaces,
street‐canyon geometry, and concentrated activity may contribute to nocturnal heat retention.

The socio‐demographic results show that exposure is unevenly distributed and temporally contingent. Vis‐
ible minority populations and residents with lower educational attainment show higher modeled UHI in
several scenarios, while low‐income areas show lower summer daytime exposure but higher nighttime ex‐
posure. This temporal reversal is analytically important because heat‐risk assessments based only on sum‐
mer daytime conditions may misidentify priority areas. A multi‐scenario approach is therefore necessary
for equity‐oriented planning.

4.2 Planning Implications From Model Outputs to Policy Tools

The analytical results can be translated into three types of planning instruments. First, areas with high
modeled UHI and high socio‐demographic vulnerability can be designated as heat‐equity priority zones.
These zones can guide tree‐canopy investment, cooling‐center siting, public‐realm shading, and mainte‐
nance funding. Second, feature‐importance results can inform design standards. Where vegetation and
water proximity are dominant cooling predictors, planning tools should emphasize canopy preservation,
riparian buffers, connected blue‐green corridors, and shade requirements for pedestrian routes. Where
built‐form variables contribute to nighttime heat, zoning and development review can incorporate require‐
ments for reflective materials, reduced heat‐retaining surface coverage, ventilation corridors, and shaded
open space.

Third, the mismatch between modeled exposure and subjective heat perception can support targeted com‐
munity engagement. Areas with high modeled UHI but limited public heat‐related expression should not be
treated as low‐risk; instead, they should be prioritized for outreach, field verification, and cooling‐resource
audits. In this sense, the framework does not only map heat exposure but also provides a decision‐support
tool for linking environmental evidence with equity‐based planning action.
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4.3 Methodological Contributions Limitations and Future Work

At the methodological level, the study advances an integrated approach for examining UHI drivers by com‐
bining ensemble machine learning, high‐resolution environmental predictors, socio‐demographic indica‐
tors, and exploratory perception‐based evidence. AutoGluon enables reproduciblemodeling acrossmultiple
scenarios and supports interpretation through permutation‐based feature importance analysis. Geotagged
Twitter/X posts add an additional lens on how residents experience and discuss heat, helping identify areas
where modeled exposure does not align with public expression.

Nevertheless, a few limitations of this research must be acknowledged. Firstly, nighttime models predict
with lower performance likely due to the underrepresentation of relevant atmospheric or anthropogenic
heat processes in the available predictors. In the socio‐demographic analysis, it is correlational data and we
are not suggesting causation. The social media datasets were restricted due to sparse geotagging, therefore,
limiting representativeness in specific neighborhoods. Finally, the analysis is bounded by a specific area, at
a specific time, which inhibits generalizability to other areas with different climate contexts.

Future research could reduce limitations associated with microclimatic variables, observations across multi‐
ple years, or possibly move to a spatial model that allows for atmospheric or anthropogenic processes. Rich
data of perception may be collected through surveys, volunteered geographic information, or even mobile
sensing. A more robust comparative approach across cities could also allow us to assess universal versus
location‐specific drivers of thermal exposure. Finally, to reinforce the applicability of ourmethods to climate
adaptation planning, the purpose of being able to map thermal exposure while also operationalizing public
health or energy outcome data, would also exemplify greater significance.

5 Conclusion

This study examined urban heat exposure as a spatially produced climate justice issue in Metro Vancou‐
ver. Using an interpretable ensemble machine‐learning framework, it modeled UHI intensity across four
seasonal–diurnal scenarios and related the results to environmental predictors, socio‐demographic vulner‐
ability, and exploratory social media evidence.

The findings show that vegetation cover, water proximity, and built form are key determinants of UHI, but
their influence varies by season and time of day. Visible minority populations and residents with lower
educational attainment show higher modeled exposure in several scenarios, while low‐income areas display
more temporally variable exposure. These results demonstrate that heat vulnerability cannot be assessed
from a single summer daytime condition alone.

For planning, the study identifies three applications: defining heat‐equity priority zones through overlays
of modeled UHI and socio‐demographic vulnerability; directing greening, shading, and blue‐green infras‐
tructure investment toward underserved areas; and using perception mismatches to guide outreach, field
verification, and cooling‐access audits. The framework can be extended to other cities and future datasets
to support equity‐oriented climate adaptation planning.
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Abstract 

With rapid urbanization and intensified global climate change, extreme heat events in cities are 
becoming increasingly frequent. In recent years, resilience has gradually gained attention as an 
important theory for evaluating the ability of urban systems to resist external disturbances. 
Strengthening the resilience of cities to extreme heat through urban planning is crucial for adapting 
to global climate change and maintaining sustainable development. Although a large number of 
studies have explored the mechanisms by which urban building environment affects heat resilience 
(HR) and urban heat island effect, these studies often focus on the role of landscape structure or 
ecological patches and overlook the influence of urban form. Therefore, this study conducts 
empirical analysis on Nanjing city to explore the complex relationship between environmental, 
urban form, socio-economic factors and heat resilience (HR). To comprehensively analyze the 
nonlinear and spatial heterogeneity effects of each characteristic on HR, research models including 
RF, GBDT, LightGBM, and XGBoost were constructed based on an explainable machine learning 
framework. The XGBoost model shows better fitting effect and accuracy, thus better explaining the 
relationship between the building environment characteristics and HR in Nanjing. To explain the 
XGBoost model, the SHAP method is used to quantify the contribution of features and explain 
nonlinear relationships. The research results indicate that normalized difference vegetation index 
(NDVI), substrate land surface temperature (SLST), and industrial area density (ID) are the main 
determining factors of HR. In particular, NDVI has a positive effect on the ability of cities to recover 
from extreme heat. In addition, through this study, the threshold effect of the explanatory variable 
to HR was also identified; at the same time, some interactions between features were revealed. 
The findings provide important reference for urban planning and policy-making. Based on feature 
importance and threshold effects, by implementing a series of measures such as improving urban 
design, increasing vegetation coverage, and optimizing building layouts, the resilience to extreme 
heat events can be more effectively enhanced from a practical standpoint. 

 

Keywords 

Heat resilience; urban form; XGBoost; SHAP 

1. Introduction  
With the continuous development and expansion of cities, the built-up land gradually replaces the original 

natural surfaces of a city, such as bodies of water and green spaces, which aggravates the deterioration of 

the urban thermal environment (Fu et al., 2022). Meanwhile, global warming is occurring at an alarming 

rate, and the combined effects of these factors have led to the frequent occurrence of extreme heat events 
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in cities (Dai et al., 2025). Extreme heat not only accelerates energy consumption (Ming et al., 2023) but 

also contributes to air and environmental pollution (Uttajug et al., 2024), and it is a threat to human lives 

and health(Xiao, Li and Meng, 2025; Somvanshi, Schulze and Talebsafa, 2025). Therefore, improving the 

resistance capacity of cities to extreme heat environments, self-regulation, and post-restoration is an 

inevitable requirement (Liu et al., 2024). 

Most research related to thermal environments is focused on the mitigation of urban heat islands (UHI), 

land surface temperature (LST), or heat exposure (HE), exploring the impact of urban characteristics on 

them (Liu et al., 2025; Fu et al., 2022; Wu et al., 2025; Yi et al., 2025). Scholars have found that, in addition 

to factors representing the underlying surface, such as the normalized vegetation index and built-up area, 

human activity factors like population density and nighttime light index also significantly affect the urban 

thermal environment (Fu et al., 2022; Pyrgou, Hadjinicolaou and Santamouris, 2020). Existing research on 

heat resilience (HR) often focuses on the role of landscape structure or ecological patches in regulating the 

thermal environment. Dai et al. (2025) analyzed the effect of green space morphology on extreme HR in 

different regions and found that for inland areas, increasing core density enhances HR, whereas for coastal 

areas, higher edge density is more effective. Huang et al. (2025) proposed a sustainable urban landscape 

system framework to enhance HR, suggesting that landscapes are essential environmental elements for 

reducing urban vulnerability and improving local microclimates. However, few studies have explored the 

relationship between the urban built environment and HR. Furthermore, there is currently no unified 

method for calculating HR, with the most commonly used methods being the calculation based on 

conventional land surface temperature (RLST) and extreme land surface temperature (ELST) (Zhang et al., 

2022; Liu et al., 2024), which overlook the effects of other meteorological factors such as wind speed and 

pressure on thermal environment recovery. Therefore, this study proposes a new HR calculation 

framework using eight types of meteorological data. 

The complex mechanisms of urban thermal environments require robust methodologies and models. It is 

usually difficult for traditional econometric and regression methods to capture the nonlinear and 

interactive relationships in the complex urban setting (Liu et al., 2025). With the rapid development of 

artificial intelligence, machine learning models have gradually been adopted in thermal environment 

research (Dai et al., 2025; Liu et al., 2024), addressing this issue. In response to the so-called "black box" 

nature of the machine learning model, some scholars have applied SHAP to interpret the inner mechanisms 

of these models (Liu et al., 2024; Liu et al., 2025; Dai et al., 2025). 

To fill the research gap, this study takes Nanjing as a case study, integrates multi-source geographic spatial 

data, and applies an interpretable machine learning method, incorporating environmental, urban form, 

and socio-economic factors to explore the relationship between the built environment and HR in Nanjing. 

The study analyzes three aspects: (1) the distribution of HR in Nanjing; (2) the nonlinear effects of built 

environment factors on HR; (3) the interaction between built environment factors. 

The structure of the study is as follows. Section 2 describes the study area, data sources, and modeling 

methods. Section 3 presents the research results. Section 4 discusses the results and limitations. 

1045



Liu, Z.; Hu, M. Revealing the cooling effects of urban form: 
exploring the nonlinear impact of building 

environment characteristics on extreme heat 
resilience 

 

 

 

2. Methodology 
2.1.Study area 

Nanjing, the capital of Jiangsu Province in eastern China, is a megacity with a population of approximately 

9.577 million. Based on China’s climatic regionalization, Nanjing belongs to the subtropical monsoon 

climate zone, with hot and rainy summers. The average temperature in Nanjing during the summer of 2022 

fluctuated between 26.5 and 27.5°C, which was 1.1-1.9°C higher than the long-term average temperature   

(25.2-25.8°C). Meanwhile, a total of 41 hot days were recorded, setting the highest record since 1961. 

Overall, Nanjing can be considered a representative case city when it comes to researching the spatial 

distribution of HR index variations and influencing mechanisms under extreme heat conditions. 

 

Figure 1. Study area. Source: authors. 

2.2. Data source 

This study calculated the HR index using meteorological data, which were sourced from the ChinaMet 

dataset developed by the National Glacier, Frozen Soil, and Desert Science Data Center 

(http://www.ncdc.ac.cn). The dataset integrates multi-source remote sensing data, reanalysis data, and 

observation data of more than 2,000 meteorological stations to form this dataset. The ChinaMet dataset 

contains 8 meteorological variables, including precipitation (pre), 2-meter average air temperature 

(tmpmean), maximum temperature (tmpmax), minimum temperature (tmpmin), 10-meter wind speed 

(wind), relative humidity (rhu), surface pressure (pres), and potential evapotranspiration (pet). 

The built environment data include building footprint data, road network data, POI data, vegetation index 

(NDVI), and land surface temperature (LST) data. The building footprint and road network data come from 

OpenStreetMap, POI data were obtained from the Baidu Map Service Platform. The NDVI data were 

derived from MODIS vegetation index products (https://modis.gsfc.nasa.gov/data/dataprod/mod13.php) ,  

while the LST data were also sourced from MODIS land surface temperature products 
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(https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/products/MOD11A2). 

Furthermore, the NPP-VIIRS-like nighttime light data sourced from the Harvard Dataverse depict the 

intensity of socio-economic activities. 

2.3. Methods 

2.3.1. Study framework 
This study relies on multi-source data from Nanjing and adopts an interpretable machine learning method 

that integrates the XGBoost model with SHAP to analyze the impact mechanisms of the built environment 

on HR from a microscopic perspective. Based on the research findings, policy recommendations are 

proposed to optimize the urban environment. The study framework is illustrated in Figure 2. 

 

Figure 2. Study framework. Source:  authors. 

2.3.2. Heat resilience (HR) 
In urban studies, resilience is defined as the ability of a system to recover and maintain its original functions 

after experiencing shocks(Jin et al., 2026; Zhao, Song and Zhang, 2025). HR has been used to quantify the 

capacity of cities to adapt to and regulate extreme thermal environments. In previous studies, there has 

been no uniform method for calculating HR. Generally, scholars construct HR indices based on two types 

of datasets: meteorological data and land surface temperature (LST) data. For instance, Liu et al. (2025) 

used the difference of LST and substrate LST values to represent the value of HR, exploring the influence 

of the built environment on HR in Beijing. Dai et al. (2025) calculated HR using eight types of meteorological 

variables and revealed the effects of green space morphology on HR. Assaf and Assaad (2024), on the other 

hand, developed an HR framework incorporating meteorological, land use, and social sub-indicators. 

In this study, the HR framework was established using meteorological data during summer 2022 in Nanjing. 

Sub-indicators were calculated and integrated through weighted synthesis to reflect the city’s adaptive 

capacity to high temperatures. To eliminate the effects of differing units among variables, the eight 
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meteorological parameters were standardized using Equation (1), where 𝑥 is the original meteorological 

variable, μ is the mean, σ is the standard deviation. 

(1) z(𝑥) = 𝑥 − μ/σ 

On this basis, three sub-indicators of the HR index were constructed: the temperature–wind index (TWI), 

climate regulation (CR), and heat stress (HS). 

As shown in Equation (2), TWI reflects the degree of thermal exposure in a region, mainly determined by 

temperature and wind speed, where tmpmeani, tmpmaxi and tmpmini represent the mean, maximum, 

and minimum air temperatures of month i, respectively, and windi represents the mean wind speed. 

(2) TWIi = 0.3z(tmpmeani) + 0.3z(tmpmaxi) + 0.2z(tmpmini) − 0.2z(windi) 

CR reflects the moderating effects of climatic factors on extreme heat and is calculated as follows (Equation 

(3)), where preci, rhui and peti represent precipitation, relative humidity, and potential evapotranspiration 

for month i, respectively. 

(3) CRi = 1/3(z(preci) + z(rhui) + z(peti)) 

HS comprehensively considers regional heat exposure and climate regulation capacity, while introducing 

air pressure (pres) to represent thermal stability.  

(4) HSi = 0.4 × TWIi − 0.4 × CRi + 0.2 × z(presi)    

Finally, HR is calculated according to Equation (5). The index ranges from 0 to 1, with higher values 

indicating stronger HR. 

(5) HRi = 1 − (HSi − HSmin) / (HSmax − HSi)   

2.3.3. Indicator system 
Based on the above datasets, the indicator system for this study was constructed, as shown in Table 1. First, 

to investigate the spatial distribution of HR and its influencing mechanisms from a micro-level perspective, 

all data were standardized into 1 km × 1 km grids within the administrative boundary of Nanjing. During 

data processing, ArcGIS 10.8 was used to perform unified projection, clipping, rasterization, and spatial 

matching of multi-source spatial data, ensuring consistency in both resolution and geographic extent 

among all indicators. In addition, to avoid multicollinearity among variables, a multicollinearity test was 

conducted. The results showed that all independent variables had variance inflation factor (VIF) values 

below 5, indicating no significant multicollinearity. 

In the following sections, ordinary least squares (OLS) and multiple machine learning models will be 

employed to regress HR values against built environment indicators, in order to explore their nonlinear 

influence mechanisms in depth. 

Dimension Variables Description Mean 
Std. 
Dev. VIF 

Dependent 
variable 

Heat resilience(HR) 
Thermal resilience index 

calculated from meteorological 
factors (unitless, 0-1) 

0.3301 0.1263 - 

Independen
t variable 

Floor area 
ratio(FAR) 

Ratio of total building floor area 
to land area (unitless) 

0.2386 0.6296 3.883 
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Roadway 
density(RD) 

Total roadway length per square 
kilometer (km/km2) 

1.9805 2.1033 1.943 

Mean street 
width(MSW) 

Average road width per square 
kilometer (m/km2) 

16.6124 6.7827 1.188 

Normalized 
difference 
vegetation 

index(NDVI) 

Measure of vegetation greenness 
and density, calculated as (NIR-
Red)/(NIR+Red) (unitless, -1 - 1) 

0.6392 0.1398 1.706 

Green space 
ratio(GSR) 

Proportion of green space area to 
total area (%) 

0.0672 0.1246 1.609 

Industrial area 
density(ID) 

Number of industrial area POIs 
per km²(points/km2) 0.3498 0.7445 2.676 

Residential area 
density(ResiD) 

Number of residential area POIs 
per km²(points/km2) 

2.7879 8.3071 3.694 

Mean nightlight 
index(MNLI) 

Average nightlight intensity 
(nW/cm²/sr) 

9.6717 13.1502 2.754 

Substrate land 
surface 

temperature(SLST) 

Temperature of the surface 

under normal heat conditions(℃) 
34.8806 2.4388 1.645 

Table 1. Summary statistics for the variables (n = 5140). Source:  authors. 

2.3.4. Model 
In recent years, machine learning models have been widely applied in urban studies due to their unique 

advantages in capturing the complex and nonlinear relationships within urban systems (Bushenkova et al., 

2024; Yuan et al., 2024; Kang, 2026). Based on this, the present study introduces the XGBoost–SHAP 

framework to explore the influencing mechanisms between the built environment and HR. The XGBoost 

model is an ensemble learning algorithm based on the Gradient Boosting framework, characterized by high 

accuracy, efficiency, and flexible parameter tuning(Chen and Guestrin, 2016). In the modeling process, the 

HR value of each grid cell was set as the dependent variable, and the built environment features were used 

as independent variables. The predictive expression of the model is shown in Equation (6), where 𝐻𝑅𝑖 

represents the HR value of the 𝑖th grid cell, 𝑥𝑖  denotes the corresponding vector of built environment 

features, ℱ is the function space of regression trees, and 𝐾 is the number of trees. 

(6) 𝐻𝑅𝑖
̂ = ∑ 𝑓𝑘(𝑥𝑖)𝐾

𝑘=1 , 𝑓𝑘 ∈ ℱ 

The objective function of XGBoost consists of a loss term and a regularization term, as shown in Equation 

(7), where 𝐻𝑅𝑖 , 𝐻𝑅𝑖
̂  is the loss function used to measure the error between the predicted and actual values.  

(7) ℒ(ϕ) = ∑ 𝑙(𝐻𝑅𝑖 , 𝐻𝑅𝑖
̂ )𝑛

𝑖=1 + ∑ Ω(𝑓𝑘)𝐾
𝑘=1  

To further explain the contributions of individual variables and their complex relationships, this study 

employs the SHAP method. The SHAP values are calculated as follows. Here, 𝜙𝑗 represents the contribution 

of feature 𝑗 to the model prediction; 𝑀 is the total number of features; 𝑆 denotes a subset of features 

excluding feature  𝑗; and 𝑓𝑆(𝑋𝑆) is the model output when only the feature subset 𝑆 is used for prediction.  

(8) 𝜙𝑗 = ∑
|𝑆|!(𝑀−|𝑆|−1)!

𝑀!𝑆⊆𝑁\{𝑗} [𝑓𝑆⊂{𝑗}(𝑋𝑆⊂{𝑗}) − 𝑓𝑆(𝑋𝑆)] 
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3. Results 
3.1. Spatial analysis of HR 

To clarify the spatial distribution characteristics and underlying causes of HR in Nanjing, the HR map was 

compared with the city's shaded relief and road network maps (Figure 3). 

Several areas with relatively high HR can be seen. Regions I, II, III, and VII are located in or around 

mountainous areas with a strong capacity for recovery from extreme heat stress. Notably, although Region 

IV lies within the Yangtze River Basin, where HR values would theoretically be high, the actual resilience is 

not remarkable. This may be attributed to the fact that, in addition to its strong ecological functions, the 

Yangtze River Basin also serves as a major axis for Nanjing's economic and urban development, where 

intensive construction activities occur. This observation further indicates that human activities may exert 

a negative impact on the city's capacity to recover from heat stress. Region V is one of the most prosperous 

urban districts in Nanjing, characterized by the high building density, mixed land uses, and a large 

proportion of impervious surfaces. Consequently, it experiences a pronounced urban heat island effect and 

relatively low HR values. In contrast, suburban areas with sparse buildings and a high proportion of forest 

and grassland, such as Region VIII, show extensive areas of high HR. 

 

Figure 3. HR distribution in Nanjing City. Source:  authors. 

3.2. Model comparison 

In this study, the OLS model and several machine learning models were adopted for comparison; R², MSE, and 
MAE, were selected to evaluate model performance. The results of these models are shown in Table 2. Among 
these machine learning models, the XGBoost model has the best performance and outperforms the OLS model 
significantly. Therefore, the XGBoost model was chosen to examine the nonlinear mechanisms of affecting HR 
in Nanjing, with the parameter settings of  the model presented in Table 2. Model regression results. Source:  
authors. 

. 
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Dependent variable Model R2 MSE MAE 

Heat resilience(HR) 

OLS 0.448 0.0939 - 

RF 0.486 0.0129 0.0819 

GBDT 0.538 0.0072 0.0648 

LightGBM 0.501 0.0115 0.0780 

XGBoost 0.588 0.0067 0.0596 

Table 2. Model regression results. Source:  authors. 

Parameter settings max_depth subsample colsample_bytree eta 

Value 5 0.8 0.9 0.01 

Table 3. Parameter Settings for the XGBoost model. Source:  authors. 

3.3. Relative importance of independent variables 

The relative importance ranking of model features and the SHAP results are shown in Figure 4. Relative 

importance quantifies and ranks the contribution of each feature to the prediction, with higher values 

indicating greater influence on the model output. In the plots, each point represents a sample; when high 

feature values are concentrated on the side of high SHAP values, the feature exhibits a positive effect on 

the prediction. Among the features, the normalized difference vegetation index (NDVI) and substrate land 

surface temperature (SLST) are identified as the most influential factors. NDVI contributes up to 33.3% to 

the prediction of HR, highlighting the significant role of vegetation cover in enhancing HR. SLST represents 

temperature of the surface under normal heat conditions, which is typically higher in areas dominated by 

impervious surfaces, indicating a negative relationship between elevated temperatures and HR. In addition, 

urbanization-related features, including industrial area density (ID), mean nighttime light index (MNLI), and 

mean street width (MSW), also have a significant impact on HR, as dense urban functions may partially 

reduce the local capacity for heat recovery. 

 

Figure 4. The relative importance of factors and SHAP values for HR. Source:  authors. 
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3.4. Nonlinear relationship 

The SHAP dependency plot of the variables is shown in Figure 5. According to the dependency plot, such 

variables as floor area ratio (FAR), MSW, and SLST have a significant negative impact on HR. The combined 

negative effect of FAR, ID, and residential area density (ResiD) reflects that in dense urban areas, HR 

decreases due to frequent human activities and high heat generation. On the other hand, MSW reflects 

the negative impact of motor vehicles on the heat environment. SLST is an important indicator for reflecting 

the level of heat exposure in urban areas, and it reflects the intensity of the urban heat island effect directly. 

When the temperature is high, the higher the land surface temperature, the greater the urban heat load 

will be; at the same time, the capacity of heat recovery will be greatly reduced.   Higher values of SLST 

indicate weaker adaptation to heat exposure in that area, and recovery can be achieved more slowly. 

In contrast, the NDVI and green space ratio (GSR) show a clear positive impact, especially when the NDVI 

exceeds 0.7, where the role in enhancing HR becomes more important. The reason is that green spaces 

and vegetation can lower the surface temperature effectively by evapotranspiration and enhance the local 

climate regulation capacity to improve the ability of heat recovery in the area. 

It is worth noting that roadway density (RD) shows an inverted U-shaped curve. Within a certain degree of 

range, with the increase in RD, HR will improve. However, once the RD exceeds 6 km/km², the effect 

weakens. This is because an overly dense road network leads to a large amount of impervious surfaces, 

limiting heat dissipation and resulting in a decrease in HR. Additionally, MNLI exhibits an interesting 

approximate U-shape. It might relate to the economic vitality and nighttime activities of the city. The 

nighttime light intensity is directly related to the commercial vitality and energy consumption of the city in 

urban planning. Generally speaking, the higher MNLI, the more urbanized area there will be, and the more 

serious the heat island effect will be. But when MNLI goes up continuously, marginal effects will come out. 
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Figure 5. Nonlinear relationships between built environment variables and HR. Source:  authors. 

3.5. Interaction effects 

Dependence plots of individual factors alone do not allow for the clear explanation of the synergistic effects 

among variables on HR. Therefore, this study conducted an interaction effect analysis, and the interaction 

dependence plots are shown in Figure 6. 

The interaction between the NDVI and SLST reflects the mutual regulation between vegetation and the 

thermal environment. In general, low NDVI and high SLST tend to lower HR, while sufficient vegetation 

cover can buffer and even reverse the negative effects of high surface temperatures. Hence, creating large 

ecological corridors, such as forest parks and wedge-shaped green spaces, is a significant strategy for 

enhancing urban HR. Figures 6(b) and 6(c) reveal that excessive urban density exerts a significant negative 

effect on HR. The SHAP values drop drastically with the increase in both FAR and MNLI, indicating the area 

with highly concentrated building stock and intensive nighttime activities usually has weaker HR. A similar 

pattern could be found in the interaction between ID and ResiD: when industrial and residential functions 

are highly coupled, overlapping heat emissions, dense buildings, and a lack of ventilation corridors hinder 

the city’s ability to recover from extreme heat events. Interestingly, in areas with high SLST, the negative 

effect of MSW on HR becomes stronger. In high-temperature zones, wider streets imply larger impervious 

surfaces with materials of high heat capacity and thermal conductivity, hence aggravating the decline in 

HR. Therefore, a balance between traffic efficiency and climate resilience should be maintained; streets in 

high-temperature areas should be accompanied by more shade trees and permeable grass strips. 

 

Figure 6. The interaction effects of variable pairs on HR. Source:  authors. 
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4. Discussion and Conclusions 
4.1. The coupling relationship between urban functional layout and HR 

According to the spatial distribution of HR, a coupling relationship exists between Nanjing’s functional 

layout and HR. Areas with poor HR values are mainly distributed in regions of complicated urban function 

and frequent human activities. For instance, Jiangning District has very weak heat recovery capability due 

to its densely populated industrial activities. In contrast, Qinhuai District, with a high concentration and 

mix of commercial and residential areas, high population density, and frequent commercial activities, 

experiences an intensified heat island effect. Overall, these areas have high building density, a large 

proportion of impervious surfaces, and intense human activities, leading to concentrated energy 

consumption, which results in slower heat recovery during extreme high-temperature events. In contrast, 

areas with higher vegetation coverage and open spaces, such as along the Yangtze River, Laoshan Forest 

Park, and Zhongshan Scenic Area, exhibit stronger HR. 

This contrast highlights the contradiction between urban economic development and climate adaptability. 

To address this, urban planning should avoid over-concentrating industrial and commercial uses in the 

same zones, build ecological corridors along rivers and hills to facilitate heat dissipation, and mandate 

minimum vegetation coverage in new development projects. These measures can collectively improve the 

city’s heat recovery capacity while maintaining essential urban functions. 

4.2. Thresholds and nonlinear effects of the built environment 

According to the importance ranking and dependency plots, the effects of urban built environment factors 

on HR exhibits evident nonlinear and threshold effects. When urban development intensity, density, or 

energy consumption exceeds a certain critical point, HR declines significantly.  Therefore, in the processes 

of urban renewal and governance, attention needs to be paid to these thresholds, while reviewing the 

presently prevailing high-density development model from a resilience-oriented perspective. 

Specifically, FAR, ID, and ResiD show notable negative effects, indicating that overly concentrated spatial 

development weakens heat dissipation and ventilation capacity. In contrast, RD demonstrates an inverted 

U-shaped relationship with HR. Within a certain range, an increase in road networks helps form ventilation 

corridors that enhance resilience; however, when RD exceeds about 6 km/km², the impervious surface 

ratio is too high, and it creates a decrease in resilience. NDVI shows a clearly positive effect, especially 

when NDVI exceeds 0.6, where vegetation significantly improves thermal regulation. 

Moreover, interaction dependency plots reveal the interplay among natural environment, built 

environment, and human activity factors. The more intense the urban construction and human activities 

are, the weaker the HR tends to be. However, in areas with stronger natural elements, the resilience is 

higher, and natural factors can partly offset the negative effects of human activities on HR. It is emphasized 

that vegetation coverage is very important in high-temperature zones to mitigate heat stress, while dense 

urban construction and vigorous nighttime activities tend to worsen HR.  In the future, urban development 

should prohibit excessive high-density construction in the core functional areas, set up ventilation corridors 

between clusters of high-rise buildings, and strengthen green buffers around industrial-residential mixed 

zones in order to reduce the compounding effects of urban heat islands. 
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4.3. Limitations of the study 

Although this study provides a built environment perspective for enhancing urban HR, there are still some 

limitations in terms of data and methodology. First, the calculation of the HR index mainly uses 

meteorological parameters such as temperature, humidity, precipitation, and wind speed, with less 

consideration of human heat exposure, surface characteristics, and microclimatic variations. Therefore, the 

indicator calculation can be further improved. The selection of explanatory variables in this study focused 

mainly on the 2D elements of the built environment; only FAR was considered for 3D aspects. The features 

of vertical urban development should be included in the variable system to comprehensively investigate 

the role that the built environment plays in HR. Additionally, since this study uses Nanjing as the case study, 

the generalizability of the findings needs to be validated in other cities or urban agglomerations. 
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Rethinking Urban Play Equity in Cold Climates:
Research on the Efficiency-Equity Dilemma and Optimization
Path of Children's Play Spaces in Cold-Region Cities During

Winter
Yue Ma; Xinyang Wang; Hong Leng
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Abstract

In cold-region cities, extreme winter conditions significantly limit children's access to public play
spaces, challenging the goal of child-friendly urban development. This study investigates the
efficiency-equity dilemma of these spaces during winter, using Harbin, China, as a case study.
Through field observations and surveys in neighborhoods of varying socioeconomic levels, we
evaluated play spaces across three dimensions: spatial supply (facility usability, safety), temporal
adaptability (alignment with children's free time), and experiential efficiency (play diversity,
social interaction, satisfaction).

Findings reveal that children in higher-income communities benefit from better-maintained, safer,
and more usable play spaces, supporting diverse and sustained activities. In contrast, those in
lower-income areas face poorly maintained facilities, unsafe surfaces, and inadequate snow
clearance, leading to shorter, less varied play and lower satisfaction. A notable temporal-spatial
mismatch was also observed: children with more free time often lack adequate spaces, while
those with better facilities have less time due to academic pressures.

The study concludes that winter climate amplifies existing social inequalities. It calls for
differentiated planning strategies that address not only spatial distribution but also seasonal
maintenance and temporal coordination to ensure equitable and efficient play opportunities for
all children in cold cities.

Keywords

Cold-region cities; Children's play spaces; Winter usability; Efficiency-equity dilemma
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1. Introduction
With the deepening of the concept of "child-friendly cities" around the world, the quality of life of
children and their experiences in public spaces have become dimensions gradually important in the
evaluation of the urban livability and social equity. The United Nations Convention on the Rights of the
Child explicitly provides that children have the fundamental right to play and engage in recreational
activities. Whether a city can offer safe, accessible, continuous and equitable play environments has
become an important indicator to assess the capacity of urban public service provision and governance
(Jansens R, et al., 2023). Children's play space is not only a place where children engage in physical
activity, but also an important place for children to interact socially, express their emotions, and learn,
and it plays an irreplaceable role in children's growth process (Bai Jie, et al., 2025).

However, in cities that are situated in cold areas, extreme winter climates have a significant impact on
the accessibility of public spaces. In Northeast China, issues including consistently low temperatures
ranging for several months each winter, snow accumulation and icy surfaces, strong winds, and
reductions in the hours of daylight have a significant negative impact on the comfort, safety, and usability
of outdoor spaces (Shao L, et al., 2022). At the same time, problems such as ice damage to the facilities,
untimely snow removal, slippery ground surfaces and lack of shelter and heating facilities are pervasive,
making it difficult for the children to participate in routine outdoor activities during winter (Xiaoyun He,
et al., 2023). Under these circumstances, the opportunities for children to play every day is compressed,
their behaviors are limited, and their physical and mental development may even be affected.

Meanwhile, with the rapid urbanization and changes in population structure, the inequality among
different socio-economic groups in the quality of community space, public services covering and resource
allocating has become increasingly apparent (ZHU Peijuan, et al., 2023). These disparities are further
compounded during the winter, resulting in differentiated consequences in children's play opportunities,
quality of behavior, and social interactions (Maria Rubio-Cabañez, 2025). Although the recent planning of
children's play spaces has started to take into consideration spatial equity, as well as population-density
matching principles, systematic research is lacking with respect to whether or not children are able to
effectively utilise these spaces, particularly under extreme winter climate conditions. Existing literature
tends to focus on spatial balance from the supply perspective while overlooking "efficiency differences"
and "temporal-spatial mismatches" on the usage side. Therefore, this study raises a number of important
questions: under extreme winter climate conditions, do children from different socio-economic groups
have access to play experiences of equal quality? How do physical conditions of spaces, time available,
and behavioral experiences interact to determine the efficiency of children's use of play spaces? Does the
cold climate increase disparities in efficiency of use?

Based on the above-mentioned issues, this study takes Harbin as a case study to explore the usage
disparities of children's public play spaces in winter in cold-region cities and their underlying mechanisms
from an efficiency-equity perspective. The research compares four communities based on different land
values and construction time periods, using behavioral observation, questionnaire surveys and spatial
measurement to build a comprehensive efficiency assessment framework that includes three dimensions:

(1)Spatial Supply Efficiency: Emphasizes on quality of space, facility conditions, winter usability, safety
and maintenance levels (Reimers, A.K. & Knapp, G., 2017).

(2)Temporal Adaptability Efficiency: Looks to see if there is a mismatch between the amount of time
children have and the opening times of play facilities (Ren, X., et al., 2025).

(3)Experiential Efficiency: Judges the diversity of children's play behavior, intensity of activities, social
opportunities and subjective satisfaction (James, M. E., et al., 2022).
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These three dimensions portray collectively the experience of children in winter play spaces and the
physical capacity of support of the spaces, but also the limits within the social time structures that
constrain outdoor activities, while different communities show differences in the quality of children's
experiences. By analyzing comprehensive efficiency, this study aims to reveal the interaction between
cold-region climate and socio-economic disparities in affecting the realization of children's right to play,
and to propose different optimization strategies from the perspective of planning practice to promote
the development of child-friendly spaces and improve climate resilience in cold-region cities.

2. Research Framework
Based on the interaction among winter climate, community spatial conditions, and children's outdoor
behavior, this study constructs an analytical framework composed of three dimensions: spatial supply
efficiency, temporal adaptability efficiency, and experiential efficiency. These dimensions are used to
explain how physical space, daily time structure, and play experience jointly shape the efficiency-equity
dilemma of children's winter play spaces in cold-region cities.

3. Research Design
This study combines the multi-source data of space observation, questionnaire survey, and behavioral
records to build a comprehensive analytical system to assess the winter usage efficiency of community
children's play spaces. The research design has three components: the choice of the study areas, research
methods, and the system of indicators.

3.1. Study Area Selection

To cover the differences in construction conditions, community forms and socio-economic features, this
study selects four representative communities in Harbin with different construction periods and obvious
differences in land value as the research subjects. These four communities respectively represent older
communities, mid-level communities and relatively newer communities with higher land values and have
notable differences in terms of spatial conditions, facilities status and management levels.

Table1. The Four Representative Communities

Community Average House Price Construction Era

Community1 7000RMB/㎡ 1980s

Community2 8200RMB/㎡ 2003s

Community3 9800RMB/㎡ 2022s

Community4 14000RMB/㎡ 2020s
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3.2. Methods

This study uses combination of qualitative and quantitative methods to develop the overall research
framework using the following three types of data collection and analysis techniques:

3.2. 1. Behavior Mapping

Children's outdoor play behaviors in the four communities were recorded during typical winter periods
and consisted of the following information: behavior types; frequency and duration of activities; peer
interactions; and spatial preferences and activity distribution among children of different ages.

3.2. 2. Questionnaire Survey

Questionnaires were given to children's guardians and community residents to gather information on:
evaluations of play space facilities, safety, lighting and maintenance; children's daily available time and
willingness to go outside in winter; subjective assessments of play experiences, social opportunities and
satisfaction; and willingness to come back in winter, and constraints on behavior. The results of the
questionnaire were used as the basis for the assessment of Experiential Efficiency and Temporal
Adaptability Efficiency.

3.2. 3. Field Observation & Spatial Measurement

Objective physical information of play spaces was gathered through on-site play space inspections,
including: Site area, number and types of facilities; color and visual environmental quality; winter
usability; lighting conditions, sun exposure, and microclimate (e.g., shelter structures). These data formed
the basis for the evaluation of Spatial Supply Efficiency.

These three methods complement each other and together build a multi-dimensional system of data for
children's winter play spaces.

3.3. Indicator System

Based on the research framework, the research in this thesis builds a comprehensive evaluation indicator
system that is rooted in the three core dimensions of efficiency and the basic spatial information.

3.3.1. Basic Spatial Information

First, the study collected fundamental information on community play spaces, including the items listed
in Table 2.

Table2. Basic Spatial Information Indicators

Indicator Definition

Playground area (m²) Total usable area of the play space, excluding parking or green buffer
zones.

Number of play facilities Count of fixed and functional play equipment available (e.g., slides,
swings, climbing frames).

Facility diversity Number of distinct facility types present (climbing, balance, sliding, sand,
creative play, etc.).

Seating and resting facilities Number of benches, shelters, or rest areas for caregivers and children.
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Color richness / visual appeal Degree of color variety and visual stimulation in the playground
environment (1–5 rating).

Ground material type Main surface materials (e.g., rubber mat, snow-compacted soil, asphalt)
and their seasonal safety characteristics.

Shelter and enclosure Presence of windbreaks, semi-enclosed structures, or canopies providing
microclimate comfort.

3.3.2. Spatial Supply Efficiency

This study uses the variables under Spatial Supply Efficiency to measure the basic support capacity of play
spaces during winter, as shown in Table 3.

Table3. Spatial Supply Efficiency Indicators

Indicator Definition

Facility condition Condition and maintenance level of playground equipment during winter. (1–5 rating)

Winter usability Degree to which facilities remain functional and accessible under snow and low temperature.(
1–5 rating)

Safety of surface Presence of anti-
slip materials, snow/ice clearance, and perceived safety from slipping risks.(1–5 rating)

Lighting adequacy Adequacy of lighting for evening or dark-hour use in winter.(1–5 rating)
Maintenance & managem
ent Frequency and quality of snow removal, cleaning, and facility repair.(1–5 rating)

3.3.3. Temporal Adaptability Efficiency

The study uses the variables under the Temporal Adaptability Efficiency dimension to measure the
alignment between the opening conditions of play spaces and children’s daily available time, as shown in
Table 4.

Table4. Temporal Adaptability Efficiency Indicators

Indicator Definition

Time alignment with
children’s schedule

Consistency between children’s discretionary time (after school/weekend) and
playground availability. (1–5 rating)

Parental flexibility
perception

Parents’ perception of whether management adapts hours under extreme weather or
peak times.(1–5 rating)

Children’s free play
time

Average daily time available for outdoor play during winter (minutes)(1–5 rating,1:0-
20min,2:20-40min,3:40-60min,4:60-80min,5:80min-).

Visiting frequency Number of playground visits per week during winter.(1–5 rating)

3.3.4. Experiential Efficiency

The study uses the variables under the Experiential Efficiency dimension to assess children’s actual space
use experiences from both behavioral and subjective perspectives, as shown in Table 5.

Table5. Experiential Efficiency Indicators
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Indicator Definition

Play behavior diversity Number and variety of play types observed (climbing, sliding, running,
social play, etc.).

Social interaction frequency Number of peer interactions per child per hour during playtime.

Play duration per visit Average time a child spends at the playground per visit (minutes).(1–5
rating,1:0-20min,2:20-40min,3:40-60min,4:60-80min,5:80min-)

Perceived play satisfaction Parents’ or children’s overall satisfaction with winter play experience (1–5
rating).

Perceived social opportunities Perceived opportunity for children to make friends and interact with
peers.(1–5 rating)

Willingness to revisit in winter Likelihood that children/families continue visiting during cold season.(1–5
rating)

4. Results
Based on field observations, behavioral records, and questionnaire surveys in the four communities, this
section compares children's winter play spaces from three dimensions: spatial supply efficiency, temporal
adaptability efficiency, and experiential efficiency. The results show a clear differentiation among
communities. Higher-resource and newer communities generally perform better in facility condition,
winter usability, surface safety, and experiential quality, while older and lower-resource communities
show weaker spatial support and lower play quality. However, the results also reveal that spatial quality
alone does not determine play efficiency. A temporal-spatial mismatch is evident: children in lower-
resource communities tend to have relatively more discretionary time but lack usable winter play spaces,
whereas children in higher-resource communities have better spaces but less available time due to
academic and family schedules. Therefore, the efficiency-equity dilemma of children's winter play spaces
is produced by the interaction among spatial conditions, temporal constraints, and winter climate stress.

Table6. Survey Results

Community1 (Average house price≈7000RMB/㎡ Construction era≈1980s)

Number of children who filled out the questionnaire: 15

Number of parents who filled out the questionnaire: 5

Basic Spatial Information Playground area 180 ㎡

Number of play facilities 2 swings

Seating and resting facilities 1 pavilion with 4 benches

Color richness / visual appeal 1 rate

Ground material type diamond floor

Shelter and enclosure none

Spatial Supply Efficiency Score 10

Temporal Adaptability Efficiency Score 14

Experiential Efficiency Score 12

Community2 (Average house price≈8200RMB/㎡ Construction era≈2003s )

Number of children who filled out the questionnaire: 12
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Number of parents who filled out the questionnaire: 6

Basic Spatial Information Playground area 500 ㎡

Number of play facilities 1 big slide,1seesaw

Seating and resting facilities 4 sets of tables and chairs

Color richness / visual appeal 3 rate

Ground material type cement floor

Shelter and enclosure woods around the site

Spatial Supply Efficiency Score 12

Temporal Adaptability Efficiency Score 15

Experiential Efficiency Score 18

Community3 (Average house price≈9700RMB/㎡ Construction era≈2022s )

Number of children who filled out the questionnaire: 15

Number of parents who filled out the questionnaire: 5

Basic Spatial Information Playground area 350 ㎡

Number of play facilities 1 large slide, 3 swings, 4
wooden horses,

1 sandpit,

1 wooden bridge

Seating and resting facilities 1 bench

Color richness / visual appeal 4 rate

Ground material type Rubber floor and land

Shelter and enclosure woods around the site

Spatial Supply Efficiency Score 21

Temporal Adaptability Efficiency Score 11

Experiential Efficiency Score 26

Community4 (Average house price≈14000RMB/㎡ Construction era≈2020s)

Number of children who filled out the questionnaire: 6

Number of parents who filled out the questionnaire: 2

Basic Spatial Information Playground area 200 ㎡

Number of play facilities 2 large slide, 1seesaw, 4
wooden horses

Seating and resting facilities None

Color richness / visual appeal 5 rate

Ground material type Rubber floor

Shelter and enclosure woods around the site

Spatial Supply Efficiency Score 21

Temporal Adaptability Efficiency Score 11

Experiential Efficiency Score 22
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From the point of view of basic spatial conditions, the four communities show a clear gradient in the
aspects of site area, number of facilities, ground paving, color scheme, and natural elements.
Communities with higher land values and more recent periods of construction have larger, better-
equipped and better-maintained play spaces, doing better on visual quality, safety and microclimate
conditions. High land value communities have brought in natural elements such as wooden bridges and
trees which were often mentioned during observations and especially drew the attention of older
children. In contrast, the play spaces in areas with low land value are smaller and have fewer facilities,
dull colours and ice/slippery surfaces during winter, which makes it noticeably lower in spatial
attractiveness. These differences are the basic background for differences in Spatial Supply Efficiency
among the communities.

As for Spatial Supply Efficiency, facilities in high land value communities exhibit much higher integrity,
winter usability, safety and lighting conditions than in low land value communities. Snow removal and
regular maintenance is more complete to make spaces usable to some extent during the winter.
Conversely, facilities in low land value communities are subject to increased frost damage, slow snow
clearance and slippery surfaces, which means that many facilities are effectively "nominally present but
practically unusable," with severe limits on children's range of activity and types of behaviour.
Differences in spatial quality are also directly reflected in the structure of children's play behaviors: in
communities with better environmental supports, children engage in longer and more diverse activities,
but in communities with poor environmental supports, children's activities are compressed into short and
repetitive actions, and are more vulnerable to safety risks (Engelberg, J.K., et al., 2016).

Temporal Adaptability Efficiency has patterns in which it differs from spatial supply quality. The study
found that in low land value communities, family structures and daily rhythms are more relaxed and
children have more discretionary time and some retention of willingness for outdoor activities in winter.
However, because of poor spatial conditions these available times cannot be effectively used. In contrast,
children in high land value communities have more crammed after school schedules, and extracurricular
training and parental management further limit their available time, leaving less time for outdoor play
despite having higher quality play spaces. As a result, children's winter play opportunities display a
common "temporal-spatial mismatch" where children with time lack sufficient space, and children with
high quality space lack sufficient time, resulting in efficiency constraints in both types of communities
through different mechanisms, which is also true in studies related to adults (Hallum SH, et al., 2024).

In terms of Experiential Efficiency, differences between communities are even more dramatic.
Communities with better spatial conditions not only support longer single session play behaviors, but
higher-quality social interactions and more diverse combinations of play activities. Children within these
spaces are more likely to form more stable groups of interactions, have slower rhythms of activity, are
more immersed and satisfied. By comparison, in communities with poorer spatial conditions, the number
of times that children are active may be higher, but each visit is shorter, activity patterns are monotonous,
social interactions are limited, and experiential satisfaction is comparatively lower. Notably, children in
low-resource communities demonstrate high levels of willingness to play, however, due to lack of space
and management conditions, this willingness cannot be translated into effective experiences and this
creates a significant gap.
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5. Discussion
Finally, the results suggest that extreme winter climates have a clear amplifying effect. In spaces with
favorable natural conditions and reasonable design and maintenance, a certain level of activity can be
carried on even in winter. However, in communities with rudimentary facilities and poor maintenance,
winter makes spaces almost totally unusable (Li Caili, et al., 2024). The effects of climate are even greater
on play spaces in vulnerable communities, further increasing spatial disparities in winter (Luyao, H., et al.,
2025). This not only limits children's opportunities for outdoor activities, but it also contributes to the
differences between social groups in terms of physical development, social interactions and psychological
experiences.

5.1. Differences in Spatial Quality as the Core Source of Efficiency and Equity Disparities

The research concludes that differences among communities in terms of site area, number of facilities,
quality of maintenance and microclimate conditions are the basic sources of differences in children's play
opportunities and experiences during winter. High land-value communities are able to maintain good
upkeep and snow removal so that play spaces can be kept highly usable in winter. In contrast, low land-
value communities experience problems such as damaged facilities, uncleared snow and slippery surfaces,
which greatly limit the range of activities for children and, in some cases, make certain spaces completely
unusable during winter.

These differences suggest that the cold climate is not the only reason children's play opportunities are
reduced, rather the level of community resources and spatial management capacity determine
accessibility. In other words, Spatial Supply Efficiency disparities in winter are indicative of structural
inequalities, which are especially severe in cities in cold regions. Therefore, in the promotion of child-
friendly development of cities in the cold regions, it is not enough to focus only on the spatial balance at
the design level. Long-term maintenance, seasonal snow clearance and facility durability need also to be
incorporated into frameworks for equity assessment (Larsson, A. & Chapman, D., 2020) (QU Hanjia, et al.,
2025).

5.2. The Mismatch between Temporal and Spatial Resources Further Exacerbates

Efficiency Issues

The research shows a mismatch in time and space between high land-value and low land-value
communities. Children in low-resource communities have more free time, but because of poor spatial
quality, this time cannot be turned into play experiences. Conversely, children in high-resource
communities are placed under more academic pressure and have more scheduling demands on their
families, so they have less time to take full advantage of high-quality spaces. This phenomenon suggests
that children's play opportunities are not the outcome of the spatial supply but the result of the
combined effects of the temporal structures and the spatial conditions. When time and space do not
match, either too much spatial resources or time not used efficiently may decrease the efficiency of use,
which may result in latent inequities in winter play opportunities. This suggests that in addition to
planning in space, children's daily time regimes is an important institutional factor that influences the
equity of play.
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5.3. Winter Climate Conditions Have a Stronger Amplifying Effect on Vulnerable

Communities

Extreme climatic conditions have a clear amplifying effect in the four communities. Communities with
positive spatial conditions still have the opportunity to keep children active by snow removal, improved
lighting, and facility maintenance while communities with weaker spatial conditions are more likely to
have near total shutdown during the winter. This shows that winter climate and socio-economic
disparities are strongly coupled: vulnerable communities not only experience direct pressures from cold
climates but also have lower adaptive capacity due to resource limitations, leading to further delay in the
range of activity diversity, duration of stay, and social opportunities compared with resource-rich
communities. Winter climate as an external environmental stressor therefore contributes to seasonal
inequities in children's play spaces in cold region cities, thereby underscoring the importance of marked
seasonal adaptability in equity governance.

5.4. The Winter Play Environment Plays a Key Role in Shaping Children’s Behaviors and

Social Patterns

The findings show that the quality of the winter play environment not only influences children's
willingness to engage in outdoor activities, but also influences the types of play that children can engage
in as well as whether or not high-quality social interactions are possible. In communities where spaces
are well-designed and maintained, children have the opportunity to participate in continuous, in-depth
and socially interactive activities, while in communities with inadequate spatial resources, behaviors are
likely to be "frequent but brief" and social relationships are more fragmented. This shows that the winter
play environment is not just a physical environment, but also a behavioral regulation mechanism, which
influences children's interaction patterns, emotional experiences, and even children's physical
development and psychological resilience. Therefore, in cold climates, play environments should be
considered as a fundamental public service for the development of children's capacity, rather than being
considered a recreational facility provision.

6. Conclusion and Optimization Pathways
This study systematically analyzed winter play spaces for children in the 4 typified communities in Harbin
from three dimensions of Spatial Supply Efficiency, Temporal Adaptability Efficiency, and Experiential
Efficiency. The results show that community resource inequities and extreme climatic conditions together
influence the structural inequities of children's play opportunities in winter: the difference of spatial
conditions determines the usability and safety of winter, the difference of temporal structures has a
different impact on the potential of children's real visits, and the behavioral and experiential quality is
directly related to the actual performance of spaces in winter.

The results suggest that winter climate is not the sole factor that limits children's activities; its effect is
greatly moderated by community maintenance capacity, facility quality and microclimatic conditions.
High-resource communities have relatively high usability due to better maintenance and snow clearance,
while low-resource communities have rapidly decreasing spatial quality during the winter months,
resulting in a sharp decrease in the opportunity for children to play. At the same time, the temporal-
spatial mismatch between the communities also further decreases the utilization efficiency of the space,
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which causes children who lack available time but have available space, and children who have good
space but lack time.

These findings suggest that child-friendly space development in cold-region cities should go beyond
traditional design-focused considerations, to focus on maintenance systems, seasonal management, and
the development of adaptive capacity in vulnerable communities. Winter play environments play a
decisive role in children's behaviors and social interactions; therefore, public spaces in cold climates
should be considered a critical public service that ensures children's developmental opportunities.

Overall, this study emphasizes the efficiency-equity dilemma of winter play spaces in cities with a cold
climate and highlights the importance of making coordinated improvements in spatial quality, temporal
allocation, and seasonal governance. The research presents empirical evidence of ways to improve the
climate resilience and equity of children's spaces in cold region cities and offers guidance for future
planning and policy formulation.

The limitations of this study should also be acknowledged. Since the empirical analysis was based on four
typical communities in Harbin, future research should expand the sample to more cold-region cities to
test the applicability and robustness of the proposed efficiency-equity framework. A year-round
perspective is also needed to compare how children's behavior and spatial adaptability change across
seasons. In addition, more precise behavioral data, such as GPS tracking, wearable devices, video
observation, and child-centered interviews, could further improve the understanding of children's winter
play experiences.
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Abstract 

This research examines the nature of planning policy and its impact on the urban form of the kampung and 
the associated local communities in Jakarta, Indonesia, over more than four centuries of severe flooding. 
Jakarta offers an informative case due to its unique combination of extensive informal settlement, its 
situation on a deltaic plain crossed by more than 13 rivers and canals, and some of the fastest land 
subsidence rates globally. This paper examines how government responses to flooding have shaped, and 
reacted to, the city’s spatial and physical urban form through policies, strategies and flood mitigation 
measures over more than 400 years – particularly where these have failed to account for local ecology, 
flood patterns, natural drainage systems and the communities affected by flooding and new flood 
infrastructure. It proposes policies, development strategies and best practices the Jakarta and Indonesian 
governments could pursue to deliver more sustainable and resilient flood mitigation without harming local 
communities. The paper’s theoretical approach utilises historical institutionalism to analyse the historical 
behaviour of government departments responsible for planning flood infrastructure and writing planning 
policy and the regulations themselves. Primary data comprised workshops with Jakarta infrastructure 
planning officers, flood engineers, local academics and NGOs working with flood-affected communities in 
North Jakarta, addressing the appropriateness of current infrastructure, gaps in the planning system, and 
future policy directions. Secondary data comprised policy documents and a literature review of Jakarta’s 
planning and flood-mitigation history. Findings show institutions and government remain locked into 
established policy pathways despite decades of worsening flooding. Technocratic solutions remain the 
preferred response, though nature-based solutions should be promoted where sufficient land availability 
allows. Bureaucratic and administrative boundaries continue to obstruct watershed-wide, cross-border 
collaboration, while top-down planning persists and local communities remain largely disenfranchised. New 
developments on reclaimed land in Jakarta Bay cater to a narrow demographic and lack affordable housing, 
while bottom-up solutions still lack a viable pathway to implementation. These findings point to a persistent 
lack of institutional change, consistent with historical institutionalist theory, in which institutional lock-in 
and path dependency continue to constrain policymakers. This is significant given Jakarta’s outsized 
influence on how other Southeast Asian megacities respond to flooding, and in light of the government’s 
planned relocation of the capita lto Nusantara on the island of Borneo. 

Keywords 

Flooding, flood resilience, urban morphology, historical institutionalism, urban design, planning, 
megacities, infrastructure, sustainable development 
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1. Introduction
This paper examines the relationship between planning policy and urban form in Jakarta in the context of 
severe flooding and the city’s wider development challenges (Elias et al., 2018; Priatmodjo, 2016; 
Cybriwsky and Ford, 2001; Mathewson, 2018 and 2024). Jakarta is one of the world’s most significant urban 
conurbations and an informative case of flooding occurring across vast areas of informal development, 
within a rapidly developing megacity. While Jakarta’s circumstances are unique, the research approach 
could inform how other Southeast Asian cities respond to similar development and environmental 
pressures. 

The paper draws on a series of workshops with local experts to consider the policies, strategies and 
development practices that the governments of Jakarta and Indonesia should adopt to deliver long-term, 
positive change across the city’s communities, and concludes with the study’s overall findings. The research 
question is: 

• What policies, development strategies and best practices should the Jakarta DKI and Indonesian
central government pursue to improve the flood situation in a more sustainable and resilient
manner – one that does not negatively affect residents of flood-prone informal settlements (for
example, by restricting fishing communities’ access to the sea, or demolishing housing for new sea
walls and dykes), but instead improves quality of life across a broad cross-section of the city’s
inhabitants?

Jakarta is a compelling case given the scale of its flooding and the pressures of rapid urban growth, set 
against more than 400 years of inundation dating to the start of Dutch colonial occupation in 1617. The 
research also examines how the governments of Jakarta and Indonesia have repeated the same decisions 
despite clear evidence of poor outcomes, and proposes planning policies, development strategies and best 
practices better suited to Jakarta’s environmental and social context. 

Jakarta is one of the world’s largest urban agglomerations, with a metropolitan population exceeding 28 
million people1 (Priatmodjo, 2016; Cybriwsky & Ford, 2001; Mathewson, 2024) built across a deltaic plain 
crossed by more than 13 rivers and canals, nearly half of it below regional water level and vulnerable to 
both coastal and river flooding (C40 Cities, 2019). Rapid land subsidence – up to 200mm a year in places- 
leaves around 90 per cent of North Jakarta below sea level (C40 Cities, 2019) – compounds the risk, along 
with upstream deforestation, the narrowing of waterways by informal riverbank settlements, refuse 
dumping, and uncontrolled water hyacinth growth (Priatmodjo, 2016; Steinberg, 2007). A lack of green 
space2 and unchecked peripheral development have further reduced the ground’s capacity to absorb water 
(Steinberg, 2007; Priatmodjo, 2016), while historic underinvestment – exemplified by the Dutch-era 
Eastern Canal, only completed in 2017 – has compounded the problem (Steinberg, 2007; Priatmodjo, 
2016). 

Climate change is not a major underlying cause of flooding in Jakarta but is expected to increase the 
frequency and intensity of flood events (Djalante, 2013), compounding Indonesia’s vulnerability to natural 
disasters as a result of its position on the Pacific Ring of Fire (ibid). Up to 40 per cent of Jakarta’s land area 

1 Within this urban conurbation is Jakarta DKI, the Special Capital Region, an area of 664 km2 inhabited by 12.7 
million people by day and 10 million at night and a metropolitan area of 6,400 km2 (Priatmodjo, 2016). 
2 Currently only 10%, though the Spatial Planning Act of 2007 requires 20% of total land area in Indonesian cities to 
be green open space (Priatmodjo, 2016). 
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is highly vulnerable to tidal inundation, storm surge and future sea-level rise, while rising rainfall intensity 
and the urban heat island effect add further pressure (The World Bank, 2010). 

In response, the DKI administration and central government have pursued major infrastructure 
programmes, including the Jakarta Coastal Defence Strategy (JCDS) of 2011 and National Capital Integrated 
Coastal Defence (NCICD) master plans of 2014 and 2022 – unique within Southeast Asia (Kops, 2012) – 
alongside waterway dredging begun under Governor Joko Widodo in 2012 (Octavianti and Charles, 2018; 
Priatmodjo, 2016). Without further action, however, significant parts of the city risk permanent submersion 
(Ward et al., 2010). 

2. Methodology 
This study follows a mixed-methods approach (Shorten and Smith, 2017), integrating qualitative and 
quantitative data within the same research design – an approach also used by Ghauri et al. (2020) and 
Hesse-Biber et al. (2015), in which multiple methods are combined to address research questions that 
neither quantitative nor qualitative approaches could answer alone, enriching the evidence base (Shorten 
and Smith, 2017). 

The study examines best practices in sustainable, flood-resilient planning in Indonesia and proposes policy 
solutions for Jakarta. Primary data comprised a series of small-group workshops held in Jakarta during the 
summer of 2023, in which participants were asked the same semi-structured questions about the 
appropriateness of current infrastructure solutions, gaps in the planning system, and future policy 
direction. Participants comprised Jakarta DKI infrastructure planning officers; flood engineers, some 
involved in designing the JCDS and NCICD; Indonesian academics, including one based at a Dutch university; 
and NGO officers leading community engagement in flood-affected areas of North Jakarta. 

Secondary data comprised document analysis of planning materials from local and central government 
bodies (including Bappenas, the national development planning ministry, and Bappeda, the Jakarta 
regional planning authority), supplemented by materials from local NGOs – Rujak Centre for Urban Studies, 
Rame-Rame Jakarta and Climate Hub Indonesia – and academic colleagues at Tarumanagara University 
(UNTAR) and the Bandung Institute of Technology (ITB). Key documents included the JCDS (2011), the 
NCICD (2014) and its 2022 revision, the Local Millennium Ecosystem Assessment (2004) and the Jakarta 
Spatial Development Plan (2012). Together, these methods support analysis of local bureaucratic and 
political processes and public discourse, and provide the spatial and contextual grounding needed to 
critique development plans from a design and planning perspective. 

Ethics statement 

This research involved human participants and was conducted in accordance with the University of 
Westminster’s ethical guidelines for research involving human subjects (ethics approval was granted in 
2016). All participants took part voluntarily, gave informed consent prior to the workshops, and were 
advised of their right to withdraw at any stage. To protect participant confidentiality, given the sensitivity 
of discussing government and institutional practice, all participants have been anonymised throughout this 
paper and are referred to only as ‘Respondents 1–7’. No personally identifiable information is disclosed, 
and workshop data has been stored and processed securely in line with the University of Westminster’s 
data protection requirements. 
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3. Workshop findings 
Workshops held in Jakarta in June and July 2023 identified several consistent themes regarding flood policy 
and infrastructure, also reported in Mathewson (2024). 

Technocratic solutions remain the default response. Academics, government officers and technical 
specialists continue to favour engineered flood infrastructure. This preference is shared by the DKI 
administration, as well as several Indonesian central government ministires and departments, as well as 
the consultancy behind the NCICD and JCDS designs (Respondents 1 and 2). This continuity – from the 
Dutch colonial period through the post-independence and New Order eras to the present – reflects 
institutional lock-in and path dependency, despite technocratic solutions having historically proved 
insufficient to protect the city. Most respondents argued these solutions should be paired with nature-
based approaches rather than pursued alone. 

Nature-based solutions (NBS) are gaining ground but remain constrained. The DKI government has 
endorsed some NBS, particularly for new reclamation projects along the north coast, where river and 
reservoir naturalisation is under way at five sites, alongside 13 completed and up to 76 planned polders, 
infiltration wells, bio-pores, and a new Blue-Green Index requiring 30 per cent green open space 
(Respondent 3). However, Respondents 1 and 2 noted this 30 per cent target is aspirational rather than 
regulatory, pointing to the Jakarta Spatial Development Plan (2012), whose comparable requirement 
delivered only around 5 per cent in practice. Mangrove restoration is under way along parts of the northern 
coastline and on some reclamation islands, though land constraints limit its scale. Respondent 7 cautioned 
that NBS can still amount to “greenwashing” unless grounded in Jakarta’s specific hydrology, arguing that 
mapping existing nature should precede new interventions, and that dual-function spaces (for example, 
parks incorporating sustainable drainage and water retention) offer a practical middle ground. 

Despite this, nearly all participants still regarded technocratic infrastructure as necessary. Respondent 3 
cited ongoing beach and river embankment works (37km planned, 13.4km complete) alongside the Ciawi-
Sukamahi Reservoir, the Ciliwung-KBT diversion, new pumping stations and up to 44 polders – substantial 
commitments, though respondents questioned whether they would be fully implemented and enforced. 
This continued reliance on engineered solutions, without meaningful exploration of alternatives at scale, 
reflects further institutional lock-in and a form of silo thinking among experts and policymakers. 

Flooding is treated as a local rather than watershed-wide problem. No evidence emerged of significant 
cross-boundary cooperation across the Ciliwung River watershed, the only comparable precedent being a 
pilot project in the Yogyakarta Special Region (Hudalah and Woltjer, 2016). Respondent 5 argued flooding 
must instead be addressed as a whole-system, watershed-wide challenge rather than one bounded by 
municipal or provincial administration – a further instance of institutional lock-in. 

Top-down planning remains dominant. As with technocratic solutions, top-down infrastructure planning 
is favoured by the DKI administration, several Indonesian central government ministires and departments, 
as well as the Dutch consultancy behind the JCDS and NCICD. Most participants (Respondents 1, 2, 3, 5 and 
6) argued experts should develop solutions before consulting residents, whom they viewed as lacking the 
expertise to propose sustainable options – a position disputed by Respondents 4 and 7. Respondent 2 
proposed a contrasting approach: investing in rural infrastructure and jobs to reduce migration to Jakarta’s 
waterway-adjacent kampung, paired with the removal of illegal riverside housing and relocation supported 
by employment guarantees. Other respondents (4, 5 and 7) were sceptical, citing Indonesia’s poor record 
on community consultation and forced relocation – exemplified by Kampung Akuarium – and noting that 
while community mobilisation has succeeded in isolated cases (Kampung Kerapu, Kongol, Tongol, Lodan 
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and Kunir in North Jakarta, and Kampung Penas Tunggul in East Jakarta), it has not translated into a wider 
social or political force capable of shifting government practice (Dovey et al., 2019; Rujak, 2018a and 2018b; 
Sutanudjaja, 2022; Winayanti and Lang, 2002). 

Reclamation-island developments serve a narrow demographic. Site visits by the author in 2012, 2018, 
2019 and 2022 to developments including Pantai Mutiara, Regatta and Green Bay Jakarta confirmed a 
consistent pattern of exclusive, luxury-oriented development along the north coast (Google Earth, 2024). 
Pantai Indah Kapuk (PIK)3, the only completed reclamation island, includes no affordable housing. 
Respondent 1 linked this to reliance on public-private partnership funding models, a point disputed by 
Respondents 4 and 6, who considered the funding approach unresolved. 

Environmental review processes have been circumvented. Respondent 4 described how the Environment 
Agency initially rejected the reclamation islands’ environmental impact assessment, after which the plan 
was resubmitted at the provincial (Jakarta) level in smaller parcels and eventually approved following 
revision. Central and DKI governments have since converged in scaling back the reclamation programme 
(NCICD, 2022), driven by the discovery of natural gas deposits in Jakarta Bay – which then Governor Anies 
judged made large-scale island construction unsafe – and by the government’s decision to relocate the 
capital to East Kalimantan Province on the island of Borneo, removing the original rationale for the ‘Great 
Garuda’ and attendant smaller islands (ArchDaily, 2023). Construction on several islands began in 2013 but 
halted in 2016 amid a bribery scandal involving a developer and a local parliamentarian, exposing close 
links between developers and officials (Sherwell, 2016); only Island D and part of Island C (KIP) have since 
progressed. This history is a poor signal for the reduced reclamation programme set out in the revised 
NCICD (2022). Governor Anies’s intervention stands out as a rare disruption of institutional lock-in, though 
whether this reflected genuine policy change or political positioning remains unclear. 

Bottom-up solutions lack a viable route to implementation. Respondents 4 and 7 agreed that Jakarta 
urgently needs mechanisms, institutions and processes capable of translating community-level solutions 
into practice. This gap perpetuates the pattern of lock-in evident across central government, DKI, 
engineering and academic circles, despite international evidence that community empowerment improves 
outcomes in large-scale urban development. Addressing it should be a priority for both levels of 
government, to ensure planning better reflects the needs of Jakarta’s wider population rather than those 
able to afford segregated, gated developments. 

4. Conclusions 
The workshops confirm a persistent pattern of top-down, technocratic, infrastructure-driven responses to 
flooding in Jakarta, consistent with the historical institutionalist accounts of Ford (1993), Silver et al. (2001), 
Steinberg (2007), Priatmodjo (2016) and Octavianti and Charles (2019). This pattern traces back to the 
Dutch importation of the Waterstad typology in the early seventeenth century, in preference to indigenous 
solutions that existed before the city’s destruction and rebuilding in 1619, and it continues to shape 
policymakers, planning officers, engineers and academics today. Neither the DKI nor the Indonesian central 
government have meaningfully adopted bottom-up, community-based or locally empowered solutions at 
a scale sufficient to shift the status quo. This matters because of Jakarta’s outsized influence over planning 

 
3 Pantai Indah Kapuk (PIK) is so far the only completed island constructed from land reclamation in Jakarta Bay. 
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and infrastructure practice elsewhere in Indonesia: what is adopted in Jakarta is likely to be replicated, for 
better or worse, by other local and regional authorities (Mathewson, 2024). 

Nature-based solutions (NBS) remain under-utilised despite being more cost-effective than conventional 
infrastructure in many contexts (UN, 2023; American University, 2023). Restoring or preserving coastal 
wetlands sequesters carbon and protects biodiversity (American University, 2023; Wisconsin, 2023), while 
technocratic solutions typically move water away from land rather than allowing it to be absorbed or 
stored. NBS and ecosystem-based management, by contrast, retain water near its source and buffer against 
tidal inundation and storm surge (Vuik et al., 2016; Van der Nat et al., 2016), while avoiding the reduced 
sediment transport associated with dikes and sea walls (Van den Hoven et al., 2022). 

The argument that Jakarta lacks land for large-scale NBS, such as mangrove forests, is difficult to sustain 
given that the government previously proposed up to 47 new reclamation islands. Where such land is 
unsuitable for habitation, it could instead support nature preserves incorporating blue-green water 
systems and mangroves at a scale not yet attempted – an opportunity for Jakarta to position itself as a 
world-leading example of adaptive flood management (Mathewson, 2024). 

Realising this would require a significant shift in thinking among government and experts alike, given the 
largely ineffective history of engineered approaches to Jakarta’s flooding over four centuries. The benefits 
of NBS and ecosystem-based management need wider dissemination in Indonesia, backed by adequate 
resourcing and international cooperation through bodies such as ASEAN, the World Bank and the UN, 
alongside the creation of substantial new land for wetlands and similar habitats (Mathewson, 2024). 

More broadly, Jakarta offers a cautionary tale for other Southeast Asian and Javanese cities: a history of 
unsuccessful community consultation, broken promises, and eviction, alongside mega-infrastructure 
projects that treat the symptoms of flooding – land subsidence and upstream flooding – rather than their 
root causes. Flooding continues to be treated as a local rather than watershed-wide problem (ibid). 

Affordable housing remains a critical gap, as reflected in the continued growth of kampung communities 
on precarious or flood-prone sites – evidence that the formal planning system does not adequately serve 
the roughly two-thirds of Jakarta’s population living in informal settlements. None of the reclamation 
islands built to date, including KIP, include affordable housing, reinforcing the impression that policy 
favours private developers over residents. Addressing this will require both stronger affordable housing 
provision and formal recognition of kampung within the regulatory system, alongside pathways for 
migrants to secure residency and access to services (Mathewson, 2024). 

Ultimately, the DKI government needs a strategy that addresses the root causes of flooding – land 
subsidence, overdevelopment, deforestation, and the loss of land for natural water absorption – rather 
than treating symptoms alone. This also requires central government investment in economic 
development beyond Jakarta, to ease migration pressure on the capital and other major cities across the 
archipelago (Mathewson, 2024). 
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Abstract

Nature-based solutions have been widely recognized in alleviating urban heat island.
Nevertheless, the cooling potential and cooling quality of urban blue-green space are different
due to different climatic conditions. This part of the research has not been deeply explored. In this
research, the difference of climatic zones is brought into the literature analysis by bibliometrics.
Climate can be divided into five categories according to Koppen climate classification:
equatorial(A type), arid(B type), warm temperate(C type), snow(D type), and polar(E type)
climates. Research and sort out the literature of urban blue-green space to alleviate urban heat
island from 1989 to 2025. Carry out bibliometrics review further. Citespace was used to visualize
knowledge graphs of research characteristics, hotspots, and trend frontiers, to identify research
progress, and future trends. Systematically investigate the impacts of urban blue-green spaces on
the heat island effect under different climatic conditions, as well as the differences in cooling
intensity, efficiency thresholds, and their associated influencing factors. Research findings
indicate that blue-green spaces in most A type experience year-round cooling effects, while C
type demonstrate distinct seasonal variations in cooling effects across blue-green spaces. In D
type, blue-green spaces show summer cooling and slight winter warming. The cooling intensity of
blue-green spaces follows the pattern of A>C>D climatic zone. The cooling efficiency threshold
shows the pattern of C and D＞A climatic zone. However, studies on B type remains limited, and
their patterns require further verification. Influenced by unique climatic conditions and
evapotranspiration, arid areas are significantly affected by air humidity and diurnal radiation
variations. Compared to high-humidity arid regions, low-humidity arid areas demonstrate
stronger short-term cooling intensity per unit of blue-green space. Based on the above findings,
the adaptive planning strategy is put forward according to the cooling characteristics of blue-
green space in different climatic zones. It aims to enrich the planning objectives and
management strategies of urban heat island adaptation and mitigation. So that nature-based
solutions can exert the greatest effect in different climatic zones and urban areas.
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Climate change, Blue-green space, Urban heat island, Bibliometrics
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1. Introduction
In recent years, the urban heat island effect (UHI) has intensified with urban expansion, exacerbating
global warming. Nature-based solutions are increasingly becoming crucial measures to mitigate urban
overheating. Numerous studies demonstrate that blue-green spaces outperform cooling materials and
green roofs in cost-effectiveness, environmental friendliness, and political acceptability (Byrne and Jinjun ,
2009; Carvalho et al., 2017).Vegetation cools by transpiration and shade(Dar et al., 2021). However,
water has a significant cooling capacity because of its high specific heat capacity(Wang, Zhan and Ouyang,
2019).The cooling intensity follows a pattern: blue-green spaces> blue spaces> green spaces. Divergent
spatial configurations may produce varying cooling effects. Areas with high-density, high-intensity
development cannot substantially expand blue-green spaces. Therefore, rational planning of blue-green
space patterns becomes particularly crucial for these regions.

Past studies have shown that there are climatic zone differences between cooling intensity and cooling
potential in urban blue-green space. The cooling range of blue-green spaces during spring daytime in
Nanjing, China is 0.2 ° C(Yao et al., 2023), sometimes reaching 11.18 ° C(Lin et al., 2023).The temperature
drop in Nanjing during autumn is 0.0 ℃(Yao et al., 2023) . Erzurum, Türkiye, experienced 0.02 ℃ heating
in winter(Dursun and Yavaş, 2024). Similarly, there are climate background differences in the cooling
efficiency threshold (TVoE) between water bodies and green spaces. Research has shown that the TVoE
of water bodies in Copenhagen, Denmark is 0.69 ha. The TVoE of green spaces is 1.12 ha (Yang et al.,
2020).Le found that green space TVoE in tropical cities (Hanoi) was 1 hectare(Le, Cao and Tran, 2019).
Yang found that TVoE of Copenhagen's green spaces is 0.69 hectares. TVoE is highly correlated with the
local climate background(Yang et al., 2020).Therefore, the conclusions of subtropical region research
can’t be directly applied. Therefore, it is very important to clarify the difference and mechanism of urban
blue-green spatial form on UHI in different climate zones. Can deepen the scientific understanding of UHI
and global climate change.

A bibliometric review was conducted on the mitigation of urban blue-green space induced urban heat
island (UHI) from 1989 to 2025. Utilize Citespace to conduct knowledge graph visualization research on
research features, hotspots, and trend frontiers. Further incorporate climate zone differences into
literature analysis and classify and summarize them. Evaluate the differences in cooling intensity, cooling
efficiency threshold, and influencing factors between blue-green spaces in different climate zones.
Intended to ensure the application of nature based solutions tailored to local conditions, achieving a
transition from theoretical validation to refined urban management.

2. Methodology
2.1. Scope

Firstly, the scope of literature search review from 1989 to 2025 was determined. The Netherlands and
other countries began to formulate the earliest national climate change strategies in 1989 under the
background of global warming. 1989 is called the "first year of policy" for global climate governance. Up
to now, the research on urban thermal environment can be divided into three stages. In the first stage,
from 1989 to 2003, people's understanding of urban thermal environment focused on two research
clusters: urban thermal identification and impact assessment and thermal health and adaptation. It was
not until the extreme high temperature event in Europe in 2003 that the research entered the second
stage from 2003 to 2015. The research on urban thermal environment has evolved into three clusters,
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namely, heat island and microclimate, climate-related health impacts and solutions, and temperature
changes driven by urbanization(Emmanuel and Fernand, 2007; Hunter et al., 2015).The third stage of
climate research began after the Paris Climate Agreement in 2015.The number of research clusters has
been expanded to four, adding strategies and technologies for urban heat reduction.

The international bibliographic database of the core collection of Web of Science from 1989 to 2025 was
searched. Literature quantitative review on mitigation of UHI in urban blue-green space is made. The
search is based on the following standard: (1) Area; (2) Blue-green space; (3) Function. Complete search
queries for each search term category are shown in Table 1. A total of 5024 related studies were obtained
after streamlining the literature topics. Exclusion standards include: health, medical care, energy and
other unrelated fields, unable to obtain full-text literature, repeated publication of literature. 4693
articles were excluded after checking the literature. Inclusion criteria include: urban heat-related
research, involving blue-green space, and research carried out in urban planning and other related fields.
Finally, a total of 331 articles were selected for analysis.

Search term category Term
Area Urban, city, neighborhood , cities, union
Blue-green spaces blue-green area,blue-green, blue infrastructure, green infrastructure, blue

space, green space, urban lake, forest, park, green vegetation, urban river,
surface water, water area, water body

Function Cool, adapt, mitigate, cooling effect, cool island, heat island, UHI mitigation,
heat mitigation, heat adaptation

Table 1. Structure of the search query used for literature analysis. Source: Author's compilation

2.2. Bibliometric analysis and co-occurrence analysis

CiteSpace is one of the primary tools for scientific visualization and analysis(Chen, Dubin and Kim,
2014).The screened literature was imported into CiteSpace 6.3.1 for bibliometric analysis. Identify the
core research content of the research field, analyze the annual trend of publication volume and citations,
and conduct collaborative network analysis on the country. Finally, keyword co-occurrence and clustering,
as well as highlighting hot words analysis, are conducted to identify hotspots and trends. To further
investigate the specific methods and conclusions of each research topic, the literature will be classified
into five climate zones, and expert inductive analysis methods will be used to capture the details of
relevant research (Figure 1).The climate classification employs the internationally recognized Köppen
climate classification system, which categorizes regions into five major types based on temperature and
precipitation patterns: equatorial(A type), arid(B type), warm temperate(C type),snow(D type), and
polar(E type), as illustrated in Table 2. Research inductive analysis is carried out according to the
following ideas: (1) The overall characteristics of the research, the change of the published quantity, and
the source area of the literature; (2) The research hotspots, trends and achievements in different climatic
zones are summarized; (3) Clarify the differences in cooling intensity, cooling efficiency threshold, and
influencing factors among different climate zones, and summarize the adaptive rules.
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Figure 1．Research framework.Source: Author's own illustration.

Climate type Climate type classification criteria
A Equatorial The average temperature of all months is higher than 18°C and the precipitation is

abundant.
B Arid Precipitation is less than evaporation, including desert and grassland climates.
C Warm temperate The coldest month has an average temperature between-3°C and 18°C, and the

four seasons are distinct.
D Snow The coldest month has an average temperature below -3℃. The warmest month

has an average temperature above 10℃.
E Polar The average temperature of all months is below 10°C, and it is cold all year round.

Table 2．Köppen climate classification and classification criteria. Source: (Kottek et al., 2006)

3. Discussion
3.1. Research overall feature analysis

（1）Annual publication volume and citation trend analysis

After literature screening, the earliest literature that meets the search requirements was published in
1998. In the first stage from 1998 to 2003, research focused more on urban thermal identification and
thermal environment status, and there was only one relevant literature on the cooling effect of urban
blue-green spaces. In the second critical stage of climate research from 2003 to 2015, the understanding
and cognition of urban form on urban thermal environment gradually increased(Emmanuel and Fernand,
2007; Hunter et al., 2015). There are a total of 24 articles related to blue-green space, with 408 citations.
After the 2015 Paris Climate Agreement, entering the third phase, the number of published papers on the
cooling effect of urban blue-green spaces has increased year by year, and the mitigation of urban
overheating has gradually evolved into a separate research cluster(Li and Wang, 2021; Wang, 2021). At
this stage, the number of articles published increased to 320, with 7511 citations and an average of 23.47
citations per article(Figure 2). The total number of citations has been increasing year by year. This
indicates that the research achievements in this field have been increasingly recognized and referenced
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by scholars at this stage, and their influence continues to expand. The research field has entered an
active period.

Figure 2. Trends in annual publications and citation counts of research on cooling in urban blue-green spaces.
Source: Author's own illustration.

（2）National contribution and collaborative network analysis

By leveraging CiteSpace6.3.1 to analyze national contribution networks, we can gain a more
comprehensive understanding of global patterns in academic collaboration and research dissemination.
Figure 3 shows the top ten countries in publishing volume, with China, the United States, Britain,
Germany, Japan and other countries as the largest number. The proportion of publications in China is
69.18%, with 229 articles. The United States accounts for 12.99%, with a total of 43 articles. China is in a
stage of rapid urbanization, and changes in land use patterns are affecting urban surface temperature,
leading to prominent issues. In Japan, understanding the development of national urban heat islands is
beneficial for rational planning of urban density to control and regulate urban sprawl. The United States,
the United Kingdom, and Singapore are mainly related to research on climate change and heat related
health impacts.Germany, South Korea and other regions pay more attention to urban biometeorology
and climatology, cooling of green plants, and cooling of green infrastructure. Different countries have
unique climate background and social needs. There is a preference for research according to local
conditions.

Figure 3. Top 10 countries with national cooperation networks and centrality. Source: Author's own
illustration.

（3）Research hotspot and research trend analysis
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This study makes a cluster analysis of the high-frequency keywords in the literature. The outstanding
emerging topics in the research field are further identified, as shown in Figure 4. In keyword clustering
analysis, there are 10 categories. It reflects many research directions and categories. The current
research mainly focuses on urban parks and different urban functional areas. Emphasis is placed on the
cooling effect of blue-green space at the level of urban morphology. As well as research on blue-green
infrastructure, green roofs, cooling materials.

By analyzing the emerging topics, 15 popular keywords were identified in two different periods. During
2011-2016, prominent terms included ‘vegetation’, ‘intensity’, ‘landscape pattern’, ‘energy’,
‘configuration’, and ‘model’. During 2016-2023, the research focus changed to ‘green space’, ‘remote
sensing’, ‘design’, ‘dynamics’, ‘trees’, ‘indicators’, and ‘form’. The first stage emphasizes the mitigation of
high temperature by shading with green vegetation, cooling materials and saving energy. Second stage
began to explore how urban green space and spatial form affect UHI. Meanwhile, remote sensing has
become the main research tool. Thermal infrared radiation transmission method has been widely used to
identify urban LST and its changes. (Zhu et al., 2025).

Figure 4. Cluster analysis of keywords and analysis of emerging topics in research fields. Source: Author's
own illustration.

3.2. Characteristics and hotspot analysis of different climatic zones

The research history and present situation of natural-based solutions to alleviate UHI are understood
through bibliometric analysis. However, the climate has regional differences. The literature is further
divided into different climatic zones. To carry out the analysis of climate difference. Observing the
research hotspots, characteristics and future development trends in different climate zones.
Comprehensive understanding of the global warming background, the problems faced by different
climate zones, and research strategies. 46 review literatures were excluded from 331 literatures. Class C
research accounts for 66%. The proportion of Class D is 21%, Class A is 9%, and Class B is 4%.

Class A main research areas are Indonesia, India and Brazil. The areas usually face rapid urbanization, high
population density and hot and humid climate. The main research goal is to alleviate UHI in urban blue-
green space and provide comfortable climate environment. Research focuses on quantifying the cooling
effect of blue-green space, efficient cooling strategy.

Class B main research areas are Saudi Arabia and Phoenix, Arizona, USA. Research in arid areas is
constrained by the scarcity of water resources, which is different from that in other climate areas. It pays
more attention to how the spatial structure affects the function of blue-green space to alleviate urban
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high temperature. Energy balance perspective often appears in the research. The physical mechanism of
urban heat is deeply discussed.

Class C main research areas are East Asia and Europe. Its published amount is far more than that of other
climate zones. They pay more attention to small-scale parks, living quarters and urban streets.
Improvement of human settlement environment and life experience of urban residents are the focus of
research. Besides, it also includes urbanization and the cooling phenomenon of blue-green space. As well
as the influence of landscape pattern on the cooling effect and the simulation prediction and evaluation
of the future.

Class D main research areas are northeast cities in China and high-latitude cities such as Gothenburg,
Sweden. Research has typical multi-season characteristics. The difference of temperature regulation
function in blue-green space in different seasons is emphasized. The cold season in the frigid zone
accounts for a long time in a year. Studying only the cooling effect of blue-green space in hot season is
not enough to cover and alleviate the demand of UHI in the study area. The multi-year urban heat island
evolution and the inter-annual difference of blue-green space cooling effect are also discussed.

3.3. The difference of cooling intensity

Blue-green space of Class A generally shows strong cooling intensity. The related research in Bangkok
shows that the maximum intensity of urban cold island can reach 4.83 °C and Kolkata 8.07 C(Li et al.,
2022).Blue-green space in Gopalpur, Rajasthan, India can be cooled by 4 ~ 6 ℃ compared with the
adjacent hot spots(Mitra et al., 2025).In the average cooling value, the average cooling range of the blue-
green space in Manila, Philippines is 3. 1℃ . The high temperature and high humidity environment will
hinder the evapotranspiration rate of plants and water when the air humidity is high. The average cooling
intensity within 3ha in summer in Hainan is-0.7 C (Zhou et al., 2023).

Cooling intensity of Class B blue-green space is greatly influenced by air humidity(Middel et al., 2012).
For instance, there are great differences in cooling intensity between Cairo and Giza provinces in Egypt,
such as agricultural areas (3.3 ° C), parks (4.4 ° C) and rivers (12.2 ° C) (Abd-Elmabod et al., 2024).
Moreover, water resources and green space are scarce in arid climate areas. Thus, the optimal spatial
layout of green space to achieve efficient cooling potential is the focus of research. A study in Phoenix,
Arizona shows that adding new green space can reduce the LST by about 1 ~ 2 C. Decentralized mode can
produce greater regional cooling. Other studies have pointed out that the increase of vegetation
coverage will also lead to the increase of municipal water consumption, which contradicts the long-term
sustainability goal(Chao Fan., Soe W. Myint., and Baojuan Zheng., 2015).Therefore, the related research
in arid areas still needs further discussion.

Class C cooling intensity is obviously affected by seasons. The daytime temperature drop in Tokyo, Japan
is about 2 ~ 1.2℃ in summer(Sugawara et al., 2016).The difference between the blue-green space in
Paraná state in southern Brazil and other regions is about 2.0 ° C(Créso, Conor and Patricia, 2019).
Average cooling range of Fuzhou throughout the year is 0.81℃, 1.67℃ , 0.63℃ and-0.13℃ (Yao et al.,
2022). Some areas, there is a warming phenomenon in winter. Studies in coastal cities in Italy show that
water bodies get cold in summer and may get warm in different streets in winter.

Seasonal differences in the climate zone of Class D frigid zone are more obvious. Cooling intensity of
Tianjin waterfront compound greening in summer is 2.2 ~ 0.6 C. Average summer cooling in Beijing is
1.1℃. In Copenhagen, the research shows that the ΔLST in summer is always positive, while in spring and

1086



Meng, F.Q.; Dong, Y.; Tan, Z.L. Cooling Effects of Urban Blue-Green Spaces: A
Cross-Climate Review

autumn, especially in winter, some blue-green spaces are negative (Yang et al., 2020). On the other hand,
the average cooling intensity in erzurum is 5.0℃ in summer and -0.02℃ in winter, which also shows a
warming phenomenon(Dursun and Yavaş, 2024).

Research show that Class A climate zone has a strong cooling effect due to persistent vegetation and high
evapotranspiration. With the latitude rising and the climate getting colder, the cooling intensity gradually
weakens. Average cooling intensity of blue-green space presents the pattern of A> C > D (Table 3). The
cooling intensity in class B climate zone is greatly influenced by air humidity and other related factors.

3.4. Cooling efficiency threshold and cooling distance difference

Analysis from the perspective of threshold. According to the study of Class A climate zone, the TVoE of
Hanoi greenland is 1 ha(Le, Cao and Tran, 2019). TVoE is 0. 37 ha in Dhaka, 0. 77 ha in Kolkata and 0. 42
ha in Bangkok. TVoE in Hong Kong, Jakarta, Mumbai and Singapore is about 0.6-0.62ha(Yu et al., 2019). .
Class B has little research on threshold. With class C temperate climate, the TVoE area of Fuzhou is
4.55ha. In Shanghai, the absolute threshold of cooling efficiency is 4.0ha. Serbian threshold is about 3ha.
Taipei 3ha(Jaganmohan et al., 2016). For Class D climate zone, the absolute threshold of cooling
efficiency of blue-green space in Beijing is 5.9 ha. TVoE of Copenhagen water body is 1.12 hectares. A-
class climate zone's blue-green space can reach the threshold of refrigeration efficiency through a smaller
area than other climate zones. Overall, it presents the pattern of D, C > A (Table 3). It is not absolute,
however, the efficiency threshold has a complicated relationship with the climate and environment.
Research laws of cooling efficiency and TVoE in urban blue-green space still need to be fully studied.

Analysis from the angle of cooling distance. For Class A climate zone, Aman Gupta and other scholars
have studied that the cooling distance of the blue-green space in Kolkata is about 250m(Gupta and De,
2025). Bangkok is 300 m, Calcutta is 420 m. In Pune, India, the research reached 350 m. In class B climate
research, the maximum cooling distance in Phoenix Arizona is about 200m(Chao Fan., Soe W. Myint., and
Baojuan Zheng., 2015). Egypt's cairo province is about 240m(Abd-Elmabod et al., 2024). For class C
climate research, the cooling distance of water and vegetation in Shenzhen is about 200 m and 100m
respectively 100 m (Wu et al., 2020). Wind direction is considered in the study of Tokyo, Japan. The
cooling air in the park depends on the downwind side, and the cooling distance is 450 m greater than 65
m on the upwind side(Sugawara et al., 2016).Among the Class D climate studies, the cooling distance in a
study in Beijing can reach 550 m(Khan and Li, 2024).The average cooling distance of lake greening space
in Copenhagen is 150 m(Yang et al., 2024). Overall, compared with other climate zones, Class A has a
larger cooling distance in a certain area of blue-green space. The pattern of D and C ＜ A is presented
(Table 3). But the cooling distance may be more influenced by the external environment such as wind
direction, and it still needs further exploration.

Type Characteristics Cooling intensity TVoE Cooling distance
A High temperature mitigation strategy Average cooling 2 ℃

~10℃
Average
0~1ha

Average
200m~400m

B How to cool down efficiently Cooling effect is affected
by humidity

Less
research

Average
100m~300m

C Microclimate and Residents' Comfort Average cooling 2℃~8℃ Average
0~6ha

Average
100m~200m

D Difference between day and night and
seasonal cooling

Average cooling 1 ℃ ~3;
Partial warming in winter

Average
1~6ha

Average
100m~200m

Table 3. Structure of the search query used for literature analysis. Source: Author's compilation
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3.5. Planning strategy of climate adaptability

The results show that cooling effect of blue-green space is different in climate zone. Compared with the
blue space, the cooling effect of green space is more obvious in different climate zones. Perhaps the
reason is that there are differences in soil and plant habits caused by climate in different regions. Specific
scientific's principle still needs further study. Blue-green space in Class A climate zone has the
characteristics of high cooling intensity, long cooling distance and low TVoE. As the air humidity is high,
these advantages will be obviously weakened. The layout planning of small area, multiple distribution
and ensuring urban ventilation can maximize the cooling effect of blue-green space. Increasing greenland
and briefly creating arid landscape can not completely alleviate UHI in B climate zone. The increase in
green spaces in desert cities will lead to an increase in water resource consumption. Optimizing
vegetation spatial patterns and adopting water-saving shrubs and fog collection systems can be
considered as alternative strategies to regulate the local climate. Based on its distinct seasonal
differences, the C climate zone can optimize the coupling of seasonal vegetation configuration and tiered
blue space management. D cold zone cities focus on winter high albedo surface and evergreen tree
species configuration, achieving precise optimization of blue-green space scale and spatial layout, and
improving resource utilization efficiency.

4. Conclusion
Research systematically discusses the climate zone dependence and temporal and spatial differences of
the cooling effect in blue-green space. However, the research still has limitations. Literature data only
comes from the core collection of Web of Science, and doesn't cover other achievements such as
conference papers and monographs. These may lead to the omission of relevant results. Bibliometric
methods can not reveal the specific conclusions or quality of research findings in depth. Subsequent
verification should be combined with content analysis. Research reveals the differences of temperature
regulation and change characteristics in blue-green space in different climatic zones. Further reveal its
changing law. The research is helpful for urban managers to understand the regional and seasonal
differences of cooling effect in blue-green space. The management policies for UHI mitigation in different
regions will be further formulated or adjusted. Strategies to alleviate UHI by developing green space and
water areas according to local conditions. The purpose of this research is to deepen the understanding of
urban climate and provide insights for feasible climate adaptation planning policies.
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Abstract 

Cities in arid and semi-arid regions face extreme temperatures, often exceeding 45°C, along with 
prolonged heatwaves and restricted outdoor liveability. Yet urban environments are often limited 
in something as basic as shade. This has led to compromised patterns of live-work-play, limited 
walkability, underutilized public spaces and weakened daytime economy. As climate change 
intensifies, these gaps reveal deep urban vulnerabilities. Despite cities striving to implement global 
climate goals locally, thermal comfort in the public realm, often remains neglected. The proposed 
framework identifies shade in public realm as a critical urban infrastructure, a vital layer of thermal 
comfort in hot urban climates, frames it as a right and calls for climate-resilient spatial planning. 
The study presents a strategic and comprehensive framework that aims to enhance thermal 
comfort, promote equity and stimulate economic vitality through the development of a shaded 
public realm, ensuring that cities not only withstand extreme heat, but thrive in spite of it. 
 

Keywords 

Public Realm, Extreme Heat, Shade as Infrastructure 

1. Introduction 
Extreme heat has emerged as one of the most discernible urban challenges of twentieth century. According 
to Intergovernmental Panel on Climate Change (IPCC), extreme heat events are projected to be increasing 
in frequency, duration and intensity. A large part of the world, especially some of the middle latitude and 
semi-arid regions are warming at about 1.5 to twice the global rate. Already, across West Asia, South Asia 
and North Africa, extreme heat summers are not exceptional (see Figure 1). In 2025 alone, maximum 
temperatures exceeded 42°C across parts of West Asia, southern Central Asia, most of North Africa and 
southern Pakistan, with localized areas in southwestern Iran and eastern Iraq surpassing 50°C, disrupting 
electricity, water supply, education and labour (World Meteorological Organization, 2025). These are not 
isolated events; such temperatures have been observed to persist for weeks and sometimes months, 
fundamentally disrupting daily outdoor life and patterns of live-work-play (NASA GISTEMP, 2023; Pal and 
Eltahir, 2016).  

Cities across these geographies now increasingly represent a distinct category that may be termed 45°C 
cities, thereby challenging the way they are designed, built and inhabited. Arguably, the threshold is 
climatically observable, institutionally recognized and socially consequential. Existing heat governance 
frameworks define critical danger thresholds at variable temperatures. In India, the Ahmedabad Heat 
Action Plan (2013) defines 45°C as an extreme heat alert day and Bhubaneswar Heat Action Plan (2025) 
declares heatwaves at equal to or greater than 45°C. Across the Gulf Cooperation Council (GCC) states 
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where temperatures routinely cross 45°C, outdoor work bans are triggered during midday hours in peak 
summer months. Notably, Kuwait enforces restrictions when the temperatures exceed 48.89°C 
(International Labour Organization, 2024). The United States National Weather Service (NWS) classifies a 
heat index of 41-54°C as the zone where heatstroke becomes likely with prolonged exposure and issues its 
highest-tier Excessive Heat Warning only when heat index values exceed approximately 46°C, a threshold 
described as dangerous for any period of exposure (Illinois Emergency Management Agency, no date; 
National Weather Service Amarillo, no date). The existing frameworks either reach their definitional ceiling 
close to, at or just above 45°C, or fail to register it as a trigger at all. This underscores the depth of 
governance gap: temperatures that are exceptional enough to warrant the highest institutional alert are 
becoming baseline summer conditions in a growing number of cities worldwide, rendering current 
frameworks structurally inadequate for the cities that now routinely exceed them. It is acknowledged that 
heat thresholds vary across climatic and governance contexts. The selection of 45°C reflects its operational 
and institutional salience rather than a precise physiological boundary and the framework's principles 
remain applicable to cities rapidly rising temperature ranges approaching this threshold. 

 

Figure 1. Identified 45°C Cities of the World (representative only) 
Source: Authors; Basemap Reference: Arid climate world map, classification UNEP (2023) 

In such extreme heat conditions, public realm is recognized as a tangible stage where climate stress is 
largely experienced and negotiated. It is further recognized that extreme heat does not affect all urban 
residents equally. It is known to expose deep inequalities, determining who can walk, rest and work 
outdoors and who can afford thermal comfort, exposing deep fault lines in the social, spatial and 
governance systems of the city. In this context, shade is not a peripheral amenity. It becomes the most 
immediate, low-cost, equitable and spatially democratic intervention for mediating mobility, access, safety 
and urban resilience, that is available right at the scale of streets and public open spaces. As temperatures 
continue to rise, shade is arguably the frontline infrastructure of urban resilience and a lens through which 
questions of access, equity and the right to occupy public space can be meaningfully examined (Turner, 
Middel and Vanos, 2023).  

This study positions shade as a civic right and a component of thermal justice, underpinning the right to 
city. It reviews the theoretical, empirical and regulatory landscape on shade for heat adaptation, identifying 
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how each discourse contributes yet fails to bridge into enforceable practice. Drawing from globally 
recognized heat adaptation and resilience frameworks and existing regulatory precedents from case 
examples, it presents the ground for a conceptual yet comprehensive framework, i.e., the Right to Shade, 
as an operational agenda for the world’s 45°C cities as well as those with rapidly rising temperatures. 

2. Heat Adaptation, Shade, Micro-climate Justice and Right to City 
Established frameworks such as IPCC AR6, UN-Habitat’s Hot Cities, C40 Heat Action Planning and WHO–
WMO heat-health guidance are recognized to have outlined key elements of heat adaptation. Governance, 
climate data, vulnerability analysis and public-realm cooling are some elements that are observed to 
appear consistently across these guidance frameworks, forming a common reference point for cities 
planning for extreme heat. 

Empirical studies on urban heat adaptation have also expanded rapidly over the past decades, quantifying 
the thermal benefits of shade with precision, underscoring its direct contribution to public health and 
thermal safety. Shaded tree environments have been recognized to reduce mean radiant temperature by 
approximately 33°C compared to adjacent unshaded areas, thereby describing a strong effect to benefit 
pedestrian comfort thresholds (Middel and Krayenhoff, 2019). Cooling performance has been proved to 
improve when vegetation is combined with shade-producing built form and high-albedo materials, in hot 
and dry urban contexts (Wheeler et al., 2019). In hot and humid conditions, combined tree and building 
shade can reduce Physiological Equivalent Temperature (PET) by approximately 17°C, with building shade 
alone contributing reductions of approximately 10°C (Gai et al., 2024). In hot arid conditions, street 
enclosure and Sky View Factor (SVF) have been shown to directly determine pedestrian thermal load, i.e., 
the more open the street, the greater the heat exposure (Nasrollahi et al., 2021). Shade has been shown 
to reduce air temperatures at surface level by approximately 12°C on average, with the greatest thermal 
benefit concentrated in the 0-0.5m height range most directly experienced by pedestrians (Shu, Chang and 
Chen, 2024). At sites with comparable shaded and unshaded options, pedestrians have been observed to 
be more likely choose to walk in the shade, indicating a clear behavioural preference for thermally 
comfortable routes (Levenson, Pearlmutter and Aleksandrowicz, 2025). Shaded spaces under dense tree 
canopies have shown to significantly reduce physiological stress and improve psychological well-being 
among elderly users in outdoor urban environments (Elsadek et al., 2025). 

Studies of thermal inequity have recognized that exposure strongly correlates with income, occupation, 
gender and age. Neighbourhood microclimates, driven by land cover, surface temperatures and vegetation, 
expose lower socioeconomic and minority populations to higher heat stress (Harlan et al., 2006), making 
heat vulnerability a spatial justice issue. Everyday pedestrian routes to essential destinations including 
routes to schools, bus stops and public amenities have been identified to be sites of high heat exposure, 
amplifying risk for those who walk out of necessity, particularly children, elderly and lower-income 
population (Colaninno et al., 2024; Basu et al., 2024). In the United States, the poorest neighbourhoods 
have 41% less tree canopy than the wealthiest and people of colour live in areas with one-third less shade; 
in India, street vendors dependent on tree shade for their livelihoods have been displaced from well-
shaded streets by gentrification, illustrating how shade deprivation is not incidental but structurally 
produced (Turner et al., 2023). Simultaneously, Lefebvre’s (1968) Right to the City positions access to 
comfort and dignity in public spaces (Harvey, 2012), asserting the right to move, walk and inhabit public 
spaces safely and equitably under extreme heat.  

Translating these observations and findings into climate adaptation implies that shade functions as a tool 
for heat adaptation, civic infrastructure as well as a spatial symbol signifying inclusion, access and belonging 
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in the city. Taken together, these aspects situate shade as a spatial justice instrument, linking empirical 
evidence of shade performance for heat mitigation to quantification and equity for urban planning. 

3. Public Realm Planning for Extreme Heat: Case Examples 
Extreme heat causes approximately 489,000 deaths annually, with 45% in Asia and 36% in Europe (Zhao et 
al., 2021). Beyond public health, extreme heat carries substantial economic consequences. Heat stress is 
projected to result in the loss of working hours equivalent to 80 million full-time jobs globally by 2030, with 
an associated GDP loss of US$2,400 billion and lower-middle- and low-income countries projected to be 
the worst affected, losing 4 and 1.5 per cent of their GDP respectively (ILO, 2019). Many cities have 
developed climate action plans or adaptation strategies with dedicated offices in charge of mitigation and 
resilience, reflecting formal recognition of climate risks. Across this context, despite the emergence of 
extreme heat as a prevalent risk, it is primarily deemed as an environmental or public-health hazard. For 
instance, the Ahmedabad Heat Action Plan (2013), widely recognised as a pioneering response to extreme 
heat in the Global South, is structured primarily around early warning systems, public health preparedness 
and cooling centre access. Similarly, the appointment of Chief Heat Officers in cities such as Athens and 
Miami reflects a governance response to urban heat, oriented toward emergency preparedness and public 
health coordination, rather than spatial planning. While these frameworks represent critical and necessary 
steps in addressing heat as a public health crisis, they have been found to predominantly focus on 
emergency response, heat-island mapping and isolated outdoor-comfort projects.  

The role of spatial planning in shaping everyday mobility, access and liveability under extreme heat has 
received comparatively less attention. The spatial dimensions of heat exposure, such as shade, pedestrian 
comfort and public realm design in the context of prevalent extreme heat, remain largely absent as 
statutory planning requirements. Shade in public realm is noted to largely appear in advisory and guidance 
documents, incidentally through tree planting, arcades, individual project decisions, targeted as secondary 
or supporting requirements. These measures, still fragmented, have led to inequitable and lack of 
continuous shade provision at the city scale, further highlighting limited statutory enforcement and 
absence of institutional support. Figure 2 demonstrates this phenomenon, where shade in public realm is 
primarily addressed at the strategic and advisory layers and has not yet been normalized in the statutory 
core of planning systems. 

 
Figure 2: Conceptual Representation of Shade across Planning Layers 
Source: Authors 
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It is important to note that most of the identified 45°C cities lack robust shade planning or frameworks to 
serve as case material, a gap that is itself symptomatic of the problem this study addresses. The four cities 
examined, Phoenix (USA), Abu Dhabi (UAE), Singapore and Los Angeles (USA) were therefore selected 
because they offer the clearest and most documented examples of emerging practice that integrate shade, 
microclimate performance and thermal comfort into the public realm. As one of the fastest warming large 
cities in the United States, Phoenix recorded over 645 heat-related deaths in Maricopa County in 2023 
alone, a figure rising steadily over the past decade (Trego et al., 2025, 2025; Maricopa County Department 
of Public Health, 2024). Such incidents appear to have catalysed the development of the Shade Phoenix 
Plan and associated zoning instruments as an institutional response to escalating heat mortality. Los 
Angeles has also faced increasingly severe heatwave events, where heat vulnerability is documented to be 
spatially concentrated in lower-income communities (Yin et al., 2023), a condition that has likely shaped 
its Shade Equity Map and Urban Cooling Program. Relatively, being situated in one of the world's most 
thermally extreme environments with summer temperatures regularly approaching 45°C, Abu Dhabi has 
embedded thermal comfort as a baseline condition for a functional public realm through its Urban Street 
Design Manual and Public Realm Design Manual. Singapore, by contrast is observed to represent a 
proactive rather than crisis-driven response. Its City in Nature strategy and Urban Design Guidebook 
structurally integrate nature-based cooling into long-term planning as a liveability and ecological resilience 
measure (Singapore Green Plan 2030, 2021), within its persistent hot and humid climate.  

The selection is deliberately comparative, spanning climatic contexts beyond arid and semi-arid regions 
and ranging from cities with statutory enforcement mechanisms to those operating primarily through 
strategic and advisory instruments with limited or no statutory backing. These include planning guidelines, 
manuals, municipal plans and related innovations and reflect the diverse pathways through which shade 
and thermal comfort have entered planning agendas. Each city has been examined for its adopted planning 
approach, the primary mechanisms through which shade and thermal comfort have been operationalised, 
the strengths of each approach in advancing public realm cooling and their limitations in delivering a 
consistent, citywide thermal comfort system. Together, they reveal both the diversity of emerging practice 
as well as the persistent gaps across governance, regulatory strength and spatial coverage. 

Table 1: Summary of Case Examples 
Source: Authors 
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Table 2 (continued) 

 

Phoenix can be noted as a uniquely strong case where shade is supported by data, design guidance, equity 
tools and crucially, a statutory zoning requirement that enforces shaded pedestrian coverage within 
designated districts, making it the only case where shade provision is institutionalised as a legal obligation 
rather than a design recommendation. Abu Dhabi can be regarded for provision of clear design standards 
with enforceable shade ratios embedded in street and public realm design manuals. Singapore can be 
construed for its well-recognized systems-ecological model, where nature-based cooling is structurally 
integrated into planning. Singapore can be observed for its systems-ecological model, where nature-based 
cooling is structurally integrated into long-term planning as a liveability and resilience measure, with 
greenery embedded across building, street and city scales through a combination of design standards and 
regulatory instruments. Critically, this integration extends to the physical continuity of shade, with shaded 
pedestrian connectors and continuous ecological shade networks forming an apparently legible, city-scale 
shade infrastructure. Los Angeles can be interpreted to be adopting an equity driven lens, using shade and 
heat-vulnerability mapping to guide public investment toward underserved communities. This equity is 
seemingly expressed through cooling corridors and a commitment to network continuity, positioning shade 
as a connected system. Despite their differences, recurring themes also persist, including policy intent, 
regulatory strength, design implementation, data and monitoring, equity orientation and network 
continuity, as an analytical scaffolding. 

Some cases have demonstrated strong policy intent, supported by dedicated agencies or coordinated 
governance. Others have been noted to contribute clear forms of regulatory or quasi-regulatory guidance, 
including defined shade ratios or climatically responsive street hierarchies and shade typologies. Some 
have attempted to provide well developed design interventions, while only a few have been observed to 
establish systems for data generation and monitoring through microclimate modelling, shade mapping or 
vulnerability layers. In some contexts, durability of shade provision has been noted to be anchored by social 
stewardship, where community institutions or workforce programmes sustain public realm cooling assets. 
Equity led strategies such as cooling interventions have also been observed to emerge, particularly directed 
toward areas of heightened exposure. Finally, some examples have also attempted to organize shade as a 
connected public-realm network rather than isolated site-level interventions. 

4. The Right to Shade Framework for 45°C Cities  
In environments where outdoor temperatures routinely exceed 45°C for sustained periods, the usability, 
safety and accessibility of the public realm can no longer be assumed, they must be actively secured 
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through planning. The Right to Shade framework aims to respond to this condition directly, proposing 
shade as mandatory public infrastructure within statutory planning systems rather than as a recommended 
practice or design aspiration. Building on the evidentiary foundation of the preceding case analysis and 
anchored in established global frameworks, the proposed framework draws on their shared emphasis on 
integrated governance, evidence-based design, spatial equity, operational capacity and long-term 
resilience while extending these principles into a statutory shade planning system. In doing so, it translates 
recognised adaptation principles into enforceable, spatially coherent and equity-driven planning 
instruments for cities facing prolonged extreme heat. The resulting framework is structured across five 
dimensions (Figure 3). 

 

Figure 3: Right to Shade Framework Linkages from Global Shared Themes and Case Examples 
Source: Authors 

Each proposed dimension emphases to function as a lever that embeds thermal comfort into planning 
systems, regulatory instruments and public-realm operations (Figure 4). 

Governance and policy is the foundational dimension. Without statutory backing, shade provision remains 
discretionary, fragmented or simply absent and no other dimension can be enforced. This dimension aims 
to define clear mandates, assigning institutional responsibility and embedding shade requirements within 
development regulations and public realm design standards, so that delivery, maintenance and 
enforcement are accountable within the planning system.  

Design and performance are intended to especially respond to a specific and observable failure which is 
the absence of measurable, replicable standards that has produced uneven shade quality across the city. 
The dimension addresses this by proposing to stipulate minimum shaded surface coverage, define 
typologies suited to different urban contexts as well as thermal performance verification, for a consistently 
comfortable public realm. This translates the intent of governance into spatial and quantitative terms that 
can be designed, checked and enforced. 

Data and measurement are proposed to make the framework adaptive by utilising microclimate modelling, 
heat-exposure mapping and shade-deficit analysis into planning decision-making and setting up monitoring 
protocols. It is important to not treat this dimension as a supplementary tool or a one-time exercise. It 
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intends to establish the evidence base that tells governance where to act, tells design what to target and 
tells equity where deprivation is most acute. It aims to guide decisions and verify if interventions are 
performing as projected.  

Equity and justice is proposed to be built into the framework precisely because low-income communities 
with poor infrastructure and limited adaptive capacity are observed to consistently bear the greatest 
thermal burden. Applying heat-vulnerability indices to prioritise shade investment and setting equity 
benchmarks within governance frameworks is recommended to not be considered optional or as additions. 
This dimension aims to direct cooling resources toward the most exposed and vulnerable groups and 
neighbourhoods in the city, as an effort to ensure fair access to thermally comfortable public spaces.  

The shade continuum endeavours to specifically establish a connected network of shaded routes and public 
spaces that support safe mobility and reliable comfort across the city. This dimension efforts to bind all the 
above-mentioned dimensions into a city-scale system. It is a strive to pursue the critical gap between 
observed isolated shade interventions and a functional city-scale thermal environment. The continuum 
projects to conceive a hierarchical network with primary shaded corridors along major pedestrian routes, 
secondary connectors linking neighbourhoods and destinations and activated public spaces such as 
squares, parks and transit nodes, serving as part of a city-wide thermally comfortable network. As noted, 
partial precedents exist in Abu Dhabi's intended colonnaded streets and Singapore's envisioned covered 
walkway network. This dimension intends to realise the continuum on ground, with coordinated zoning 
overlays, right-of-way design standards and public realm requirements, applied consistently to produce a 
connected, well-shaded and reliable network that functions under extreme heat. 

 

Figure 4: Proposed Right to Shade Framework 
Source: Authors 
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These five dimensions are not independent components to be implemented in sequence. They constitute 
an interdependent system in which the effectiveness of each depends on the functioning of the others.  

Without data and measurement, governance would lack the evidence base to justify mandates or target 
investment. Without governance and policy, design and performance standards are likely to remain 
advisory, producing high-quality interventions in well-resourced areas while leaving others unserved. 
Without the shade continuum, even well-designed and well-governed shade provision would apparently 
produce isolated thermal islands rather than a functional public realm. Without equity and justice as an 
organising principle embedded across all dimensions, the system would most likely risk reproducing 
existing spatial inequalities under a new policy framework. Finally, without design and performance 
standards, the shade continuum would perhaps become a spatial aspiration without the performance 
criteria needed to deliver comfort. The framework is therefore only as strong as the coherence between 
its dimensions, and it is this coherence, rather than any single instrument, that constitutes the Right to 
Shade as a planning system rather than a set of recommendations.  

For practitioners, these dimensions map onto an expectedly recognisable planning workflow. For example, 
shade-deficit mapping can identify where investment is most urgent; governance frameworks can 
determine which instruments are most appropriate; design standards can specify what shade provision 
would be required spatially and thermally; the continuum can potentially connect individual projects into 
a city-wide network; and equity criteria can likely ensure prioritisation is transparent and accountable. 
Together, they are designed to establish a structured pathway from heat-vulnerability evidence to 
enforceable, measurable shade provision at the city scale. 

5. Conclusion and Future Directions 
Urban habitability in extreme heat cities is arguably less hinged on mitigation alone. It is more dependent 
on spatial planning, governance and everyday experience of the city, especially its public realm. It has come 
to be increasingly established that fragmented planning frameworks struggle to deliver consistent and 
implementable responses to urban heat. Consequently, embedding shade, comfort and accessibility within 
the statutory planning system is perhaps essential to operate a consistent citywide public-realm. 

The proposed Right to Shade Framework synthesizes this finding into a transferable planning model. It is 
organized around five structural dimensions i.e., governance and policy, design and performance, data and 
measurement, social systems and stewardship, equity and justice and shade continuum. Together, these 
dimensions aspire to institutionalize thermal comfort. It is designed to be a comprehensive framework that 
links manuals and zoning to microclimatic performance, aligns ecological design with data-driven 
management and directs investment through social and justice lenses. It enables urban heat adaptation to 
become proactive and system-wide rather than to be reactive and project-based. 

The framework can be considered relevant beyond the identified 45°C cities. It arguably provides a 
preventive pathway for the vast cohort of cities with rapidly rising temperature ranges, especially within 
the urbanizing regions of South Asia, West Asia, Sub-Saharan Africa and parts of southern Europe and North 
Americas. The demographic growth and climate pressures, within these regions appear to intersect most 
acutely, thereby suggesting that preventive, system-level planning may be essential to avert future heat 
crisis. 

At the global scale, the proposed framework also efforts to align with the ambitions of the Paris Agreement, 
IPCC AR6 adaptation priorities and SDG 11 on sustainable and inclusive cities. It strives to construe these 
agendas into spatial design and measurable indicators that bridge climate science and planning practice. 
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For the planning discipline, it reasserts design’s agency in shaping equitable environmental futures 
grounded in data, governance and everyday experiences.  

The right to shade is beyond simply adding trees or canopies alone, it reasonably gestures toward a deeper 
reframing of the right to city under accelerating global warming. The goal is to create environments where 
protection from heat is understood as universal, continuous and embedded into everydayness. Cities that 
succeed are likely to be the ones that treat shaded public realm as a right and a baseline condition for 
human dignity and resilience in a warming world. 
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Abstract 

Increasingly, the complexities of a changing world necessitate the use of emerging technologies 
to support research and informed decision-making in urban planning and management. In many 
rapidly urbanizing and institutionally weak Global South cities, including Abuja, Nigeria, 
traditional planning practices have struggled to keep pace with the ever-changing trends of 
environmental consequences associated with unapproved spatial development. In this light, 
encroachment by unapproved development into green belts and marginal lands continues to alter 
and constrict natural drainage paths, leading to flash floods and loss of biodiversity. This evidence 
suggests that unapproved development on marginal lands and green belts creates communities 
vulnerable to climate change impacts, therefore, adaptive planning systems anchored on real-
time monitoring and environmental intelligence have become essential in urban planning and city 
management practices. This study investigates the effectiveness of current spatial monitoring 
approaches used for city monitoring and management, by using the case study of Abuja as an 
illustrative case. It also examines instances where unapproved development by some residential 
estates within green belts and marginal lands have led to the constriction of stream courses, 
resulting in flash floods. The core objective is to explore the potential of integrating emerging 
technologies such as Geographic Information Systems (GIS) and Unmanned Aerial Vehicles (UAVs) 
into urban and regional planning practices to enhance resilience, reduce climate-related 
vulnerabilities, and support data-driven decision-making particularly in rapidly-urbanizing 
institutionally weak global south cities including Abuja, Nigeria. The study adopts a qualitative 
case study approach, and the primary data sources which include cadastral maps, satellite 
imagery, and photographs to identify the extent of encroachment into green belts. Interviews 
were also conducted with urban and regional planning practitioners to assess the current practices 
and institutional capacity, monitoring procedures, and technological gaps. The findings revealed 
that the current practice of spatial monitoring in Abuja, Nigeria, relies primarily on physical site 
visitation, and has been evaluated to be significantly inadequate for timely detection of 
unapproved developments within green belts and marginal lands. This practice has therefore 
allowed the extensive encroachment of unapproved developments into stream courses, therefore 
contributing to the constriction of natural drainage channels, and increasing the frequencies and 
severity of flash floods during heavy rainfall. The findings also demonstrate a strong relationship 
between weak institutional capacity for proactive monitoring and the environmental 
consequences observed. The findings further showed that though the institutions charged with 
spatial monitoring possess basic geo-spatial tools such as GIS, they are under-utilized or 
disconnected from spatial monitoring protocols. This study therefore contributes to both theory 
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and practice by highlighting the critical need to transition from a reactive to a proactive spatial 
governance framework by embracing technology-based spatial monitoring. It argues further, that 
when these tools are effectively aligned with institutional reforms and climate resilience planning, 
this can provide robust support for institutionally weak global south cities like Abuja, Nigeria, in 
adapting to the increasing challenges associated with environmental and urbanization trends, 
thus offering a practical pathway to enhance urban resilience and reduce vulnerability in the face 
of climate change. 

 

Keywords 

Emerging Technology, Climate Change, Urbanization, Spatial Monitoring, Flash Floods, Urban 
Planning and Management.  

1. Introduction  
We live in a world where diverse social, economic, environmental, and political forces constantly shape 
and reshape our environment. These changes have profound implications, particularly in urban settings, 
where the majority of the global population now resides. As of 2020, more than half of the world’s 
population lives in urban areas, a figure projected to increase to 68% by 2050 (United Nations, 2018). This 
shift in urban population trajectory underscores the urgency of creating sustainable cities that can 
accommodate the growing populations while also equipping cities with the requisite institutional capacities 
for addressing the various associated environmental challenges. 

Climate change remains a contentious topic within some research circles, with scepticisms about its 
existence persisting. However, the mounting evidence of phenomena such as urban heat islands (as 
demonstrated by Lei Zhao et al, 2014), droughts, hurricanes, and flash floods strongly support the reality 
of climate change (IPCC, 2021). These events highlight the pressing need for robust environmental planning 
and management practices. The UN Report 2015 indicates that urbanization and climate change are 
significant stressors necessitating institutional changes in cities, particularly in the global south 
characterized by fragile institutions (United Nations, 2015). Traditional approaches to city planning, 
monitoring and management may no longer suffice to ensure optimal outcomes. As cities become more 
complex and dynamic, the integration of technology-based tools becomes essential. Geographic 
Information Systems (GIS), Unmanned Aerial Vehicles (UAVs), and Artificial Intelligence (AI) offer new 
possibilities for effective urban planning and management (Sabri et al, 2023, He et al, 2024, Kamrowska-
Załuska, 2021). These technologies enhance our ability to monitor and manage urban environments, 
providing real-time data and advanced analytical capabilities that are crucial for timely and informed 
decision-making. 

This study focuses on investigating the current spatial monitoring tools and practices, particularly with 
regards to the approach of physical visitation to site to identify deviations and unapproved developments 
in green belts and marginal lands in rapidly urbanizing global south cities. These old-fashioned methods do 
not appear to facilitate timely detection of these unapproved developments and often fall short, serve as 
precursors to the proliferation of unapproved development in green belts and marginal lands and lead to 
issues such as the constriction of stream courses and flash floods (Kastridis et al, 2020). Using the case 
study of Abuja, this study examines instances where unapproved developments in green belts and marginal 
lands by some housing estate developers within Lokogoma and Sabon Lugbe East Districts have led to the 
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constriction of stream courses, and resulting in flash floods, a pattern documented by Mahmood et al., 
2017. Such cases emphasize the need for more advanced spatial monitoring and management practices. 

The adoption of technology-based tools has proven to be effective in enhancing the capabilities for 
effective spatial monitoring and management of urban environments, as observed in some exemplary 
cities. The author argued that it has therefore become increasingly evident that these tools need to become 
mainstream in research, planning, and management, to significantly strengthen the institutional capacity 
of cities in the global south. In the light of the benefits of this exemplary practice, this study demonstrates 
the imperatives of how technology-based tools can enhance and strengthen spatial monitoring and urban 
management practices, ensuring that cities are resilient, sustainable, and capable of adapting to the 
complex challenges posed by rapid urbanization and climate change. 

1.1. Climate Change Events, Urbanization and the Changing World 

In the late 19th century, Arrhenius (1896) hypothesized that the greenhouse effect impact Earth's 
temperature. However, scientific consensus and public awareness did not emerge until the latter half of 
the 20th century, driven by evidence of rising temperatures, and associated impacts (Haszpra L. 2022). 
Concomitantly, the 20th century’s rapid urbanization, fuelled by industrialization and population growth, 
transformed rural landscapes into densely populated cities (United Nations, 2018). Climate change and 
urbanization are thus crucial forces continually shaping human settlements.  

Climate change has intensified environmental hazards, with floods, hurricanes, and heatwaves becoming 
more frequent and destructive, exacerbating urban vulnerabilities (Ebi et al., 2021; UN-Habitat, 2014). 
Rising sea levels and extreme precipitation increasingly threaten urban infrastructure, displacing 
populations and disrupting economic activities. Concurrently, rapid urbanization has expanded cities into 
marginal and ecologically sensitive areas, complicating land-use governance. This growth accelerates 
pollution, loss of green spaces, and carbon emissions, deepening the climate crisis (Singh et al., 2020). 
These interconnected pressures demand adaptive policies and robust institutional frameworks to achieve 
resilient infrastructure and sustainable development. 

1.2 Technology-Driven Tools for Informed Decision Making in Spatial Monitoring and 
Management 

The challenges posed by climate change and urbanization necessitate the use of technology-driven tools 
to support research and informed decision-making in spatial monitoring and management. These include 
tools for Data Collection and Analysis, Simulation and Modelling & Big data analytics (Ghaderi and Ghaderi, 
2025). Indeed, while recognizing that the factor of organizational inertia may intrinsically inhibit the timely 
uptake of the innovation associated with this exemplary practice (Al-Kharmani et al., 2024), the author 
argues that by leveraging these technology-driven tools, spatial monitoring framework and urban 
management institution can be strengthened to enable urban planners make timely informed decisions, in 
the face of the complexities posed by urbanization and climate change. 

2. Methodology 
Abuja was selected for in-depth study not because it stands out as an exceptional example of a sub-Saharan 
African city, but rather because it exemplifies the typical urban and regional planning challenges faced by 
rapidly urbanizing cities in the Global South, and provide insights that should be tested in other cities 
towards building a foundation for more balanced and fair generalizations. 
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This study utilizes a case study research design, integrating both qualitative and quantitative data collection 
methods. The site chosen for this study is a segment of the green belt within Cadastral Zone C09 Lokogoma 
District and Cadastral Zone E29 Lugbe East District of Abuja. The data collected were in the form of a 
Cadastral maps, photographs, Satellite Imagery and field surveys with practitioners. The Cadastral Maps 
used as base map data for defining the green belt boundary and for geospatial analysis were obtained with 
approval from the Federal Capital Development Authority (FCDA) Department of Urban and Regional 
Planning (see Figure 1). Additionally, satellite images from Google Earth in 2023 were utilized and overlayed 
above the aforementioned spatial data. Thus, by analysing various land use zoning and features, the 
boundary of the green belts was identified and delineated on the Cadastral Layout Plans of Lokogoma and 
Lugbe East Districts. The key features considered in the analysis include the green belt, stream course, and 
number of developments, such as buildings and fences, that have encroached into the green belt. 

 

 

Figure 1. Location Map showing Lokogoma and Lugbe East Districts within the context of Abuja. Source: FCDA, 
and Google earth Imagery with emphasis added by the Author, 2023. 

The data from the structured interviews were gathered through sessions with 23 purposively selected, 
experienced Urban Planners familiar with the Lokogoma and Lugbe East Districts, and knowledgeable 
about the current practices and tools used by the Federal Capital Territory Administration Department of 
Development Control in the control and monitoring of physical developments. After obtaining informed 
consent from the participants using the relevant Participants Consent Form, the participants were made 
anonymous to the researcher and are to be identified as codes for analysis purposes, but with no 
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information that may enable the researcher to identify the participants (i.e. gender, department of the 
practitioner, rank and number of years in service). The respondents consisted of both retired and serving 
public servants from various departments (the Department of Urban and Regional Planning, Department 
of Development Control, Abuja Geographical Information System, Department of Land Administration, 
Department of Survey and Mapping, and Department of Parks and Recreation) that had between 25 and 
40 years of professional experience. In addition, focus group discussion sessions were also conducted with 
18 purposively practitioners from the earlier sample of practitioners. This is to gather validation opinions 
on existing problems, and current practices, including potential solutions, and proposed interventions. 
These various datasets were analysed and formed the basis for the conclusions drawn from the study. 

3. Results and Discussions 
3.1. Context and Background of the Case Study City of Abuja 

Abuja's population has soared dramatically since the relocation to this new national capital in 1991. The 
city was initially designed for a population of around 3 million, however, current estimates suggest it 
accommodates about 4 million residents (Mavis B. et al., 2025), with projections indicating a trajectory of 
continued growth (National Population Commission, 2016). This rapid population increase has spurred 
extensive pattern of urbanization characterised by urban sprawl, often invading marginal lands and 
ecologically-sensitive zones such as green belts, flood plains and steep slopes. Unapproved developments 
are proliferating, as regulatory frameworks, spatial monitoring practices and enforcement mechanisms 
struggle to keep pace with the unprecedented urban population growth rate of Abuja. Aderoju (2019) 
argued that the proliferation of unapproved developments within marginal lands not only degrade fragile 
ecosystems, but also increase the risk of natural disasters, such as landslides and flash floods impacting 
these areas. These myriads of sub-optimal spatial development activities and climate-related events brings 
to fore the need to rethink the current spatial monitoring practices especially in institutionally-weak global 
south cities. 

The major themes covered in the field investigation is the assessment of the current practices in Abuja, this 
includes field investigation and observations relating to proliferation of unapproved development in green 
belts and incidences of flash flood, including Practitioners’ opinion on the current spatial monitoring 
practices, how the proliferation of unapproved developments within marginal lands and ecologically-
sensitive zones in Abuja results from the current spatial monitoring approach, and how this situation has 
heightened the vulnerability of its urban population to climate change events, including the potential for 
the adoption of technology-based tools in Abuja.  

3.2. Challenges Associated with the Current Practices in Abuja  

The sampled practitioners were requested to describe the current spatial monitoring practices, and its 
effectiveness within Abuja. The opinion of the large spectrum of the respondents revealed that physical 
visitation is the predominant approach adopted for spatial monitoring and detecting changes in the built 
environment and within green belts (see Figure 2). 
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Figure 2. Practitioners’ Description of Current Spatial Monitoring Practices by Regulatory Department.   
Source: Author’s Field Survey (2023). 

In a related inquiry, the investigation on the effectiveness of the current practices revealed that 73.91% of 
respondents indicated either agreed or strongly agreed about the efficiency of the current spatial 
monitoring practice which is primarily the reliance on hardcopy maps and physical site visits. 
Notwithstanding the current sub-optimal outcomes, the respondents failed to acknowledge that this 
current approach lack the capacity for timely detection and mitigation of risks associated with unapproved 
developments. In addition, 26.09% of the practitioners responded that they are neutral and disagreed that 
the current practices characterized by physical visitation is sufficient for realizing the objective of efficient 
monitoring of physical development (See Figure 3). 

 

Figure 3. Practitioners Opinion on the efficiency of Current Spatial Monitoring Practices. Source: Author’s Field 
Survey (2023) 

In the light of the predominance of opinion in support of efficiency of the current practices, it may suffice 
to argue that majority of the practitioners appears stuck to the “old ways” and may not have the required 
knowledge on the new tools and technology for effective spatial monitoring. The phenomenon of 
organizational inertia with regards to embracing innovation and new development by practitioners may 
also explain the current level of response by practitioners. In this light, the efficiency associated with the 
abundant capabilities of GIS and UAV technology for timely, accurate, and informed decision-making in 
environmental planning remains largely untapped in Abuja. Thus, the absence of broad application of GIS 
and UAVs in Abuja's spatial monitoring and management processes appears to hampers the city regulatory 
department's ability for timely and effective monitoring of spatial development and enforcement of 
development regulations. 

Assessment of Cases of Encroachment into Green Belts  

The illustrated case within Lokogoma District shows the instances of challenges of untimely detection of 
unapproved structures erected by the developers of the listed Housing estates within green belts, which 
eventually culminated into the constriction of the stream courses leading to incidences of flash floods. The 
associated impacts include loss of 202 homes and disruption to social fabric, loss of lives, and damage to 
public infrastructure (see Figures 4,  5 and Table 1). 
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Figure 4. The Satellite imagery showing structures erected within the Green Belts by the Developers of 
Housing Estates in Lokogoma District. Source: Google Earth, FCDA, with emphasis added by the Author, 2023. 

 

Figure 5. Photo clips showing incidence of flash floods resulting from the constriction of stream courses within 
Lokogoma District Source: Author’s Field Survey, 2022 

Table 1. Details of encroachment into the Green Belt by Developers of Housing Estates in Lokogoma District 

NAME OF ESTATE 
TYPE OF BUILDINGS IN ENCROACHMENT 
AREA 

NO. OF STRUCTURES 
NO. OF DWELLING 
UNITS / FAMILY 
UNITS 

Efab Estate Duplexes, Semi-detached Houses with BQs 33 57 
Hillcrest Estate Duplexes 3 3 
Emerald Flower Estate Duplexes 7 7 
Jubilation Bethel Estate School, Duplexes and BQ 12 6 
Abdullahi Attah Estate Duplexes 1 1 
Good Homes Estate Duplexes 3 3 
Pengassan Estate Semi-detached Duplexes, Church 13 18 
Ipent-1 Estate Apartment Blocks, Semi-detached Houses 3 8 
Ipent-2 Estate Apartment Blocks, Semi-detached Houses 30 34 
Pentville Estate Duplexes, Apartment Blocks and BQs 42 53 
FRSC Housing 
Cooperative Estate 

Semi-detached Houses, Apartment Blocks 4 12 

TOTAL 151 202 
Source: Author’s Field Survey, 2023 
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Figure 6. The Satellite imagery showing structures erected within the Green Belts by the Developers of 
Housing Estates in Lugbe East District. Source: Google Earth, FCDA, with emphasis added by the Author, 2023. 

 

Figure 7. Photo clips showing incidence of flash floods resulting from the constriction of stream courses within 
Lugbe East District. Source: Author’s Field Survey, 2022 

Table 2. Details of encroachment into the Green Belt Across Housing Estates in Lugbe East District 

NAME OF ESTATE 
TYPE OF BUILDINGS IN 
ENCROACHMENT AREA 

NO. OF 
STRUCTURES 

NO. OF DWELLING UNITS 
/ FAMILY UNITS 

Padofec Estate Semi-Detached 7 12 
Crown Luxury Estate Detached Duplexes 4 4 
Trademore Estate Duplexes and BQs 32 46 
Kanma Estate Duplexes and BQs 27 34 
Penthouse Estate III Duplexes and BQs 27 41 
Lexim Estate Duplexes and BQs 30 38 
Others Detached Duplexes 10 10 

TOTAL 110 185 

Source: Author’s Field Survey, 2023.    
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In sum, the illustrated case within Lugbe East Districts show the instances of challenges of untimely 
detection of unapproved structures erected by the developers of the listed Housing estates within green 
belts, which eventually culminated into the constriction of the stream courses leading to incidences of flash 
floods (see Figure 6 and 7). The associated impacts include loss of 200 and 185 homes / disruption to social 
fabric in Lokogoma and Lugbe East Districts respectively, loss of lives, and damage to public infrastructure 
(see Table 2). This situation appears to be associated with the current spatial monitoring and management 
of physical development, which leads to proliferation of unapproved development within green belts and 
marginal lands, and the consequences of frequent incidences of floods and sub-optimal outcomes in the 
city management. This situation emphasizes the need for the adoption of technology-based spatial 
monitoring and management capabilities which GIS and UAVs presents  

3.3. Practitioners Opinion on the Current Spatial Monitoring Practices and the Adoption of 

Technology-Based Tools in Abuja  

 

Figure 8. Practitioners Suggestions on the Reforms Required to Improve the efficiency of the Current 
Monitoring Practices. Source: Authors’ Field Survey (2023) 

In order to collect these validation opinion from the practitioners in Abuja, focused group discussion 
session was convened with some 18 selected experienced practitioners. While on one hand, a major 
spectrum of the practitioners opined that the provision of more field vehicles and personnel can contribute 
to improvement in the current practices, on the other hand, some spectrum of the practitioners 
recommended transitioning from the current physical visitation spatial monitoring approach to 
technology-driven approaches and supplemented by targeted capacity development (see Figure 8). The 
high level of support for the current practice by the practitioners may be explained by the initial 
organizational inertia towards operational reforms and new approach to a perceived routine. 

 

Figure 9. Practitioners Opinion on the Integration of GIS and UAVs in Spatial Monitoring Practices. Source: 
Authors’ Field Survey (2023) 

Furthermore, based on a detailed explanation of the benefits of the application of technology-based tools 
such as GIS and UAVs as seen in exemplary cases, the practitioners (respondents) in the Focus Group 
Discussion session showed a high level of support for the integration of GIS and UAVs, with the majority of 
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respondents either agreeing or strongly agreeing, to the integration of GIS and UAVs to improve the 
current spatial monitoring practices in Abuja (see Figure 9).  

It can therefore be argued that, by initiating reforms towards the adoption of GIS and UAVs technologies, 
the regulatory institution in Abuja could enhance its capability for timely detection of unapproved 
development and deviations from approved plans. This assertion is consistent with the earlier studies 
which argued that, the deployment of UAVs equipped with high-resolution cameras and sensors, urban 
planners can conduct aerial surveys to map and monitor urban development accurately (Ade & Afolabi 
2013, Quamar et al 2023). In contrast to the current practice of routine physical visitation to sites, this 
strategic shift would not only facilitate the timely identification of unapproved construction works, but also 
supports the maintenance and conservation of green belts and floodplains, preventing their obstruction 
and reducing the incidence of flash floods and the associated impacts in Abuja. 

4. Conclusion  
The complex challenges of climate change and rapid urbanization necessitate a transformative shift in 
urban planning and management practices. This study has underscored the pressing need for reforms in 
the current spatial monitoring and management methodologies, which are often hindered by a dearth of 
technology-based tools and equipment. The findings from the data presented suggest gaps in the current 
spatial monitoring practices in Abuja, therefore, reforms towards the integration of technology-based tools 
such as GIS and UAVs into the spatial monitoring and management processes in Abuja is imperative for 
improving operational efficiency towards addressing the challenges posed by rapid urbanization and 
climate change. 

Notwithstanding the initial organizational inertia towards embracing innovation and reforms to the current 
spatial monitoring practices which was observed in the findings from the responses of the surveyed 
practitioners in Abuja, evidence of the findings from Practitioners’ responses in the focus group discussion 
session reinforces the assertion that the implementation of these technology-based tools could facilitate 
timely detection of unauthorized developments, and ensure the protection of ecologically-sensitive zones. 
The author therefore argues for the need for a strong support by urban planning practitioners in Abuja for 
the adoption of these technology-driven tools, in order to achieve enhanced and effective spatial 
monitoring and management practices which the highlighted technology-driven tools offer. The author 
further argues that, the proactive approach which this improvement offers would not only mitigate risks 
associated with unapproved developments within marginal lands and ecologically-sensitive zones, but also 
foster a more effective and informed decision-making process within the regulatory framework in Abuja. 

The reforms advocated in this paper are particularly crucial for cities in the global south, where institutional 
weaknesses and organizational inertia often impede optimal outcomes in urban planning and 
management. By adopting technology-based spatial monitoring and management tools, these cities can 
overcome traditional barriers and enhance their operational efficiency and effectiveness. Ultimately, the 
integration of technology-driven tools in spatial monitoring practices can strengthen regulatory 
departments and enhance optimal outcomes, foster better governance, promote sustainable 
development, mitigate environmental risks, and improve the quality of life for urban populations. 

Reflections And Further Research 

The author contemplates that further inquiry into factor relating to the choices made by the developers of 
some housing estate in defiance to planning regulations to situate buildings within the green belt may 
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provide further insights into other potential explanatory variable(s) to the issues investigated in this study. 
Hence, the need for further study in this regard. 
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Abstract 

Rapid urbanisation of the 21st century has encumbered the planet with multiple climate change risks 

which disrupt urban life, safety and wellbeing. Urban noise guidelines exist to mitigate noise pollutions 

and have been adapted in international and local contexts. SuDS (Sustainable Urban Drainage Systems) 

are recently being adapted to mitigate floods, as a blue-green infrastructure. Evidence has further 

emerged on the positive benefit of nature-based soundscapes generated through blue-green 

infrastructure. Nature’s sounds may provide restoration from stress to urban residents, while providing 

respite from a noisy neighbourhood area, thus reducing noise annoyance. However, despite growing 

research, the creation of positive soundscapes as a resultant co-benefit of SuDS has not yet been explored. 

This research has explored whether SuDS can generate restorative soundscapes, to benefit urban 

residents, owing to their proximity and access to SuDS generated soundscapes. The research applied a 

two-stage study using mixed methods starting with a problem-centred expert interview, to gauge 

specialist data on SuDS’ design and management, ecology, landscape design and architecture. Using 

NVivo based thematic analysis, specific water & planting design recommendations were extracted for 

SuDS in residential areas, which can achieve restorative soundscapes and biodiversity enhancement. 

These findings informed the experiment where three Virtual Reality (VR) conditions were modelled, of an 

existing urban neighbourhood in Glasgow, UK. The neighbourhood’s VR models, focused on three selected 

SuDS types, were used to test if the water and planting enhancement increase perceived restoration. Fifty 

participants experienced all three SuDS sites in the three conditions, and their responses were analysed to 

determine human preferences and perception of restoration from SuDS-generated nature sounds and 

visuals. The findings indicate that soundscapes and visuals generated by nature-enhanced SuDS are 

perceived as restorative by residents. Scaling and contextualising this methodology and its findings can 

assist in creating healthier sponge cities through improvised SuDS, providing biodiversity net gain benefits 

and aligning with upcoming noise and soundscape policies in UK and Europe 

Keywords 

Sustainable urban drainage systems, Blue-green Infrastructure, Soundscapes, health & 
wellbeing, neighbourhood, Virtual Reality 

1116



Satyarthi, J ; van der Jagt, A; Payne, S.R Flood Prevention to Stress reduction: Exploring 
Sustainable Drainage designs to generate health 

benefits in urban residential neighbourhoods 
 

 

 

 

 

1. Introduction 
1.1 The Urban Planning Crises 

The rapidly transforming world today, is mired by the causal impacts of unprecedented developmental 

demands of urbanization. It is predicted, that by 2050, expanding urban agglomerations may encapsulate 

an additional three billion urbanites (UNFPA, 2022), challenging the social, economic and environmental 

sustainability. Owing to such stressors exacerbations are observed in increasing socio-economic and health 

disparities, climate change disasters, and biodiversity vulnerabilities. The “Healthy Cities” concept  (Davies 

and Kelly, 2013, pp. 1–13), therefore reflects an urgency for global adaptation.  Such concepts and action-

driven urban strategies have emerged, but local adaptation is still falling short (Permana and Harsanto, 

2020). 

1.2. Research Context: Nature-based, restorative, SuDS- Soundscapes 

Climate change induced erratic urban floods are creating rapid land transformations, threatening residents’ 

safety and security. Nature based solutions and blue-green infrastructure (Kabisch et al., 2016; Seddon et 

al., 2020), are increasingly being researched and developed to mitigate the urban heat island effects 

(Turhan, Akkurt and Gökçen Akkurt, 2018; Hayes et al., 2022) , creating sponge cities for flood resilience 

(Chan et al., 2018) and healthy cities, providing indirect health-benefits to its residents (de Leeuw et al., 

2014). City renewals are now shifting to apply Nature-based Solutions (NbS) (Seddon et al., 2020) which 

tend to provide multiple-benefits. Sustainable Urban Drainage Systems (SuDS), a Nature-based Solution 

that mimic nature for flood control (Davis and Nauman, 2017), are now pertinent for cities, undergoing 

active global research and adaptation (Radcliffe, 2018, pp. 2–19). SuDS, by their nature of design tend to 

promote anthropogenic activities, fostering biodiversity, infusing a natural green environment within the 

urban landscape, and can thus indirectly promote residents’ health (Braubach et al., 2017). 

Furthermore, resulting from urbanization stressors, the traffic induced air and noise pollution are notably 

the key contributors to deteriorating health (Marshall, Brauer and Frank, 2009).Landscape planning 

provides relief, vouching to incorporate wilderness in cities as urban greens, to reduce noise and traffic 

pollution (Haughton and Hunter, 2003, pp. 118–121). In the past 30 years, urban soundscape research has 

advanced in finding mitigative resolutions to negative effects of noise pollution on human health and well-

being (WHO Regional Office for Europe, 2018). Within Europe and the UK, the urban acoustic 

environments, have been carefully inspected providing noise abatement guidelines for urban noise 

nuisances ( eg: DEFRA-Gov of UK, 2014). Emanating from the concept of human perception of sound or 

music in the acoustic domain, soundscapes have evolved into research through varied expertise in ecology 

and environment, building, landscape and urban design and engineering, and urban planning studies, 

contributing to methods for noise abatement and improved sound quality (Schafer, 1994; Radford, 2001; 

Hiramatsu et al., 2009; Schomer et al., 2010; Kang et al., 2016, pp. 285–286).  

With such advancement in research, the ambiguity of defining and understanding soundscapes was 

catapulted (Brown, Kang and Gjestland, 2011, pp. 387–392), which led to the term’s standardization, in 

2014, providing a definite definition of soundscapes as an “acoustic environment as perceived or 

experienced and/or understood by a person or people, in context” (BS ISO 12913-1, 2014, p. 1). The 
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acoustic environment, therefore, is now understood through a human-scene analysis, attributing to the 

human perception and its attention through multisensory stimuli into a single percept, the soundscape 

(Kang et al., 2016, p. 286). 

In the past decade, a research interest has emerged to explore the inherent health benefits of conducive 

acoustic environments beyond the perspective of noise nuisance. Kamp et al. (2016, p. 44), vividly suggest 

that exposure of the resident to a natural environment providing a high-quality acoustic environment 

through various natural sounds, leads to restoration from stress, attentional fatigue and protection from 

environmental pollution (air and noise annoyance). A green and tranquil surrounding, infused with natural 

sounds, can likely effectuate soundscapes, in a neighbourhood which shall promote a better mental and 

physical health of residents (van Kamp et al., 2015, pp. 52–54; Lercher et al., 2016, pp. 90–91).  

While SuDS foster biodiversity, a high-quality acoustic soundscape might induce health benefits to urban 

residents. There is a dependant and causal relationship between an individual and his immediate 

surroundings impacting their health; evidentially, spatial planning and design have a profound impact on 

human health (Braubach and Grant, 2010), thus requiring interdisciplinary collaborations for local 

solutions. SuDS with conscious landscape and urban design might be highly suitable for residential 

neighbourhoods, wherein resultant restorative soundscapes can be generated as a by-product; a residents’ 

association with nature, water and the environs may thus be cinched by such two-fold approach. However, 

such approach as a local solution, of combining the effect of restorative nature-based soundscapes 

generated via SuDS hasn’t yet been explored. 

An opportunity thus emerged for exploring the 

designs of neighbourhood level SuDS which 

provide the most proximate everyday 

experience to an urban resident. 

The WHO (2021, pp. 16–19), identified a 

staggering global progress to mitigate threats, 

citing this gap to adversely impact residents’ 

health. Notably, the New Urban Agenda 

(United Nations, 2016) aggrandizes the 

necessity of people-centric urban design and 

management and the UN Habitat & WHO 

(2020, pp. 16–17), now identify health as an 

input and output for urban planning. The 

neighbourhood presents itself as the 

foundational urban unit to test local solutions, 

which can combinedly be scaled across the city 

and region. A well-designed neighbourhood, 

with local-contextual solutions such as SuDS, 

can be designed to promote health, well-being 

and security while mitigating threats and 

impacts of climate change.  

Adapting a novel interdisciplinary approach, this paper focuses on how neighbourhood SuDS designs can 

be tested to generate nature-based restorative soundscapes. Figure 1 illustrates the conceptual approach 

adopted for examining residential SuDS’ as soundscape and wellbeing infrastructure, besides their drainage 

Figure 1 Identified Research Gap and Conceptual 
Framework. Source: Author 
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and biodiversity functions. The paper presents the logic and main components of a two-part exploratory 

use of mixed methods, highlighting how expert perspectives and resident experiences can be brought 

together to design and implement localised urban mitigative solutions.  

2. Methodology: A Two-Stage Research Approach 
The research uses a Cross-Sectional, Mixed Methods (Bryman, 2012) design, combining expert interviews 

and an experimental study to examine whether SuDS can create restorative, nature-based soundscapes. 

Insights from the qualitative phase directly shaped the VR experiment, where participant feedback was 

used to evaluate responses to different SuDS designs and their soundscape effects.  

2.1 Expert recommendations on SuDS designs 

It is important to identify which SuDS design elements can specifically support nature-based soundscapes 

and to understand the practical challenges involved in applying them. Therefore, firstly, a problem- centred 

expert interview (Döringer, 2021) was conducted to extract experts’ recommendations on a) different 

types of SuDS in Scotland/UK, b) their water and planting designs that may produce restorative 

soundscapes in residential settings and to c) to identify the most suitable SuDS’ types for residential areas. 

The interview-schedule was designed with open-ended questions followed by post hoc questions to gauge 

specialisation specific responses aligned with expertise (Gubrium et al., 2012, pp. 196–198; Döringer, 

2021). All semi-structured interviews were conducted online with audio/video recording after duly availing 

the interviewee’s (experts’) consent. The interviewed experts were selected using non-probabilistic 

sampling techniques, including purposive, convenience, and snowball sampling(Bryman, 2012; Foley et al., 

2021). Interviews were conducted with expert from different specialisations; 14 experts participated in this 

research classified into four specialisation categories:  a) SUDS design, b) Landscape Design/Architecture, 

c) Ecology and biodiversity, and d) SUDS and environmental policy. Experts from UK/Europe were invited 

to participate through a formal email, with the project description. Each interview typically lasted between 

40 to 90 minutes.   

Anonymising participant identities, each recorded interview was transcribed ensuring retention of 

all discussion and expressions. Using the NVivo software, data analysis applied the Grounded Theory 

by  Glaser and Strauss, (2017), specifically applying the guidelines by  Corbin and Strauss, (2012) for 

conducting thematic analysis. Aligning with literature, findings emerged on three themes: a) Types of SuDS 

most suitable for residential urban neighbourhoods; b) SuDS Design Features to generate Soundscapes 

(Water, Fauna and Placemaking) and c) Policies and Case Examples. These expert recommendations 

informed Stage Two, where they were applied and empirically tested for their psychological restoration 

benefits using Virtual Reality neighbourhood models. 

2.2 Testing SuDS design potential to generate restorative nature-based soundscapes 

In stage two, the theoretical foundation of ART (Attention Restoration Theory) (Kaplan and Kaplan, 1989; 

Kaplan, 1995) is applied to evaluate whether nature-based SuDS design enhancements, such as planting, 

water presence/flow, amenity features, and associated soundscapes, enhance perceived restoration. 

Attention restoration properties can be measured through perceived restorativeness scales, that assess 

the complete environmental experience (PRS-16, PRS-26, PRS-11) or the soundscapes specifically (PRSS) 

(Hartig et al., 1996; Hartig, Kaiser and Bowler, 1997; Payne, 2013; Pasini et al., 2014; Payne and Guastavino, 

2018). Together, Perceived Restorativeness Scale (PRS-visuals of environmental and its sounds) and 

1119



Satyarthi, J ; van der Jagt, A; Payne, S.R Flood Prevention to Stress reduction: Exploring 
Sustainable Drainage designs to generate health 

benefits in urban residential neighbourhoods 
 

 

 

 

Perceived Restorativeness Soundscape Scale (PRSS-Soundscapes) quantify whether specific SuDS 

configurations are perceived as restorative and emotionally beneficial under controlled exposure. 

Environmental psychology and landscape researchers 

have applied the above theories and scales to test 

wellbeing benefits of natural and built environments. 

Traditional stimuli such as photos and 3D videos have 

proven feasible, however recent work shows 

HMD-based Virtual Reality (VR) provides more 

sensitive and differentiated appraisals (Jeon and Jo, 

2020). Immersive audio-visual VR studies have 

demonstrated measurable psycho-physiological 

restoration in urban, waterfront, and green contexts, 

underscoring sound-vision coupling (Sacchelli and 

Favaro, 2019; Jeon, Jo and Lee, 2023), thus indicating 

direct transferability to SuDS evaluations. Studies on 

generalisability show that Ambisonic/spatial audio, 

virtual walking, interactive HCI, and 3D video offer high 

ecological validity by narrowing the gap between lab 

and in-situ perception (Lu and Lau, 2025). Thus, 

HMD‑VR with 3D spatial sound was an effective choice 

as a SuDS testbed, providing a cost‑efficient way to 

explore design alterations before implementation.  

Three alternative Virtual Reality (VR) models were 

simulated, of Athlete’s Village, Glasgow, which is part 

of a revitalised brownfield development. The 

neighbourhood has a network of different types of 

SuDS whose management train discharges into the 

river nearby (River Clyde and the Cunningular Loop). To 

create appropriate stimuli for the experiment, three SuDS, i.e. Detention Basin (D), Swale (SW) and Pond 

(P), were chosen to be tested. Figure 2 shows the delineated limits of the neighbourhood, selected for 

simulating the VR neighbourhood models, focusing on the three chosen SuDS types. The VR stimuli were 

modelled using the software(s) workflow: AutoCad, then SketchUP Pro, then Twinmotion, infusing each 

model with 3D spatial sound. The three experimental conditions (stimuli) were: 1. Original (O): a near-

original representation of the real-world site aligning features both visually and aurally— The original 

control model; 2.Nature Sounds (S): Visuals remain same as Original condition but have natural sound 

enrichment (fauna and water) at each SUDS; 3.Nature sounds/Visuals (SV): Audio remains the same as 

Nature Sounds(S) condition but with natural visual enrichment (planting, fauna and water) to match the 

enhanced SuDS design.  

All other environmental factors in the three VR models were kept constant except for altering the 

visuals/sounds as required for each condition. The experiment was conducted at the Virtual Reality Lab at 

Heriot Watt University, Edinburgh, UK using PC-VR headset model HTC-Vive Pro-2 PC-VR with in-built hi-

res headphones. The survey questionnaire was designed on SurveyLab software and responses were 

collected online. Each participant experienced a total of nine scenes (3 SuDS Types x 3 Conditions); per 

Figure 2  Athlete's Village, Glasgow location Map 
highlighting SuDS on site and showing the 
delineated neighbourhood.Note that, only 
Detention basin, Swale and Pond were considered 
for manipulation and testing. Source: Author, 
Google Earth 
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scene exposure was two minutes. After each VR immersion participants provided feedback in the 

questionnaire on their perceived restorativeness on: Fascination, Being-Away, Compatibility, Extent-Scope, 

Extent-Coherence, adapted from PRS-16, PRS-26 (Hartig et al., 1996; Hartig, Kaiser and Bowler, 1997), PRS-

11 (Pasini et al., 2014), PRSS (Payne, 2013; Payne and Guastavino, 2018) and PRSS-SF (Uebel et al., 2021). 

Each item was assessed on an eight-point Likert Scale with responses provided on a slider ranging from 0 

to 7, with 0: not at all to 7: completely.  

The experiment was conducted in Mar-Apr 2025, with an average duration of 60 to 90 minutes taken by 

each participant. Fifty participants from Edinburgh were recruited via convenience and self-selection. All 

participants were adult, fluent in English, and naïve to the study hypotheses. They had to be resident in the 

UK for more than six months to ensure acclimatization to the UK residential and housing design 

environments. Analysis and data visualizations were performed in Visual Studio Code software, using 

Python (version 3.8.10) language. 

3. Results from the Two-Part Research Approach: 
The two-fold approach used in this research reveals clear insights into how SuDS can be designed to 

generate nature-based soundscapes and whether such environments are perceived as more restorative. 
To generate nature-based soundscapes, experts favoured SuDS that maximise biodiversity and combine 

visible water with diverse planting, noting that habitats and multi‑sensory experiences can strongly shape 

resident preference. They identified Ponds and Wetlands as offering the greatest potential to attract fauna 

and enhance natural sounds, with other SuDS types valued to varying degrees. Further, experts stressed 

the importance of water movement channels that link SuDS across a site. These interconnections mimic 

natural water patterns, support fauna diversity, and generate soothing water sounds. They highlighted 

creative hydraulic features, such as water falling over boulders or moving across levels, to enrich 

nature‑based soundscapes. Planting design, they argued, must follow similar interconnected logic. Experts 

paired flora and fauna species to support sound‑producing habitats and emphasised food‑chain 

relationships, such as attracting insects to support insect‑eating birds. They recommended layered planting 

to create structural diversity and ecological resilience around SuDS.  

Next, these recommendations shaped the three VR conditions. Condition O presented existing site visuals 

and sounds. Condition S added enhanced water, bird and insect sounds. Condition SV improved SuDS water 

and planting designs with the enhanced soundscape. The VR experiment tested whether in each type of 

SuDS, soundscape restorativeness or overall environmental restorativeness increase from conditions 

Original (O), Nature Enhanced Sounds (S) to Nature Enhanced Sounds and Visual (SV). Figure 4 shows that 

both the perceived restorativeness of soundscapes and environment steadily increased from condition O 

to condition SV showing the most dramatic increase at the Pond. In other words, nature-enhanced 

soundscapes and visuals of SuDS can lead to enhanced perceived restoration for urban residents. If SuDS 

are designed to maximise natural visuals and sounds, they can help in stress reduction. 
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Figure 3: Results of Perceived Restorativeness Soundscape Scale (PRSS) and Perceived Restorativeness Scale 
(PRS) 

4. Discussion 
Future-proofing cities against climate change requires, placing resident wellbeing at the centre and 

developing solutions that are locally and contextually grounded, with the neighbourhood scale providing a 

key setting for this work. This research highlights how SuDS can be embedded in neighbourhoods as blue-

green infrastructure delivering multiple-benefits beyond flood mitigation. By explicitly attending to nature-

based soundscapes and visual qualities, SuDS can also support mental health, consistent with evidence of 

stress reductions through natural soundscapes and blue-green environments (van Kamp et al., 2015; Kang 

et al., 2016; Lercher et al., 2016). The findings expand this evidence showing that water and planting 

designs need to be strongly localised and that neighbourhood‑scale climate adaptation can use SuDS as 

sensory‑restorative infrastructure that strengthens everyday public spaces. This links local design choices 

with wider climate and wellbeing goals, giving planners a clear pathway to integrate SuDS into 

neighbourhood strategies. In planning terms, this points towards SuDS as a practical means of linking local 

adaptation measures with global climate and health commitments, particularly SDG 11 on sustainable, 

liveable cities and SDG 13 on climate action. SuDS design guidance in UK already recognises multiple 

benefits of SuDS (Woods-Ballard et al., 2015). This research however postulates that tailoring SuDS’ water 

design and plant species to local climate, ecology and cultural expectations is central to cultivating nature-

based soundscapes that residents recognise as pleasant and restorative.  

Furthermore, the mixed-method design (Bryman, 2012, pp. 631–635), combining qualitative and 

experimental study and the use of Virtual Reality as a design-testing tool, represents a methodological 

innovation that benefits interdisciplinary planning research.  

5. Conclusion 
This paper has set out a concise conceptual and methodological approach for considering residential SuDS 

as generators of restorative soundscapes, alongside their established roles in flood management and 

biodiversity enhancement. The two-part research approach, drawing on cross-disciplinary expert 

knowledge and an illustrative VR-based engagement with residents, provides a novel approach to explore 

evidence based urban solutions. Further, the findings indicate that SuDS can be deliberately shaped to 

support mental health by enhancing nature-based sounds and visuals, and by localising water and planting 

designs to context. 
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For planners and designers, the key implication is that SuDS offer a tangible opportunity to align flood-

resilience with sensory quality of life in everyday neighbourhoods. Treating blue-green infrastructure as 

soundscape infrastructure encourages early collaboration between engineering, ecology, landscape design 

and public health. Next, beyond this methodological approach, participatory tools can be utilised to invite 

residents into conversations about how adaptation measures feel as well as how they function. Globally, 

these research findings can thus be applied and adapted to local contexts in consultation with stakeholders. 

Future work can apply the methodology and findings in different climatic and cultural contexts, testing a 

wider range of SuDS typologies and community groups, and linking perceived restorativeness more directly 

with long-term health and behaviour outcomes. Nonetheless, even in its exploratory form, the approach 

suggests that designing SuDS, “beyond flood mitigation” can contribute meaningfully to cities that are not 

only safer in the face of extreme rainfall, but also calmer, more restorative places to live. 
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Abstract

With rapid urbanization around the world, cities are facing growing challenges in sustainable
development. Cities in severely cold regions deal not only with common urban problems such as
population growth, resource pressure, and environmental pollution, but also with serious risks
caused by extreme cold, heavy snow, and permafrost. These conditions affect urban form,
infrastructure, and daily life in many ways. Complexity science helps explain how different factors
interact and how urban systems change over time. It also offers useful ideas for understanding
and dealing with uncertainty and change in urban planning. This study examines how complexity
science can be used in cities in severely cold regions. It points out current research gaps and
suggests ways to support more sustainable and resilient urban development in these areas. In
terms of methods, this study uses a systematic literature review. By looking at how complex
systems thinking has been used in major urban studies, it summarizes the main trends in
methods, data needs, and practical use in urban research. The study finds that complexity science
offers a useful way to understand the multi-scale and nonlinear relationships found in cold-region
cities. However, its use still faces several problems, such as limited data integration, weak
interdisciplinary collaboration, and the difficulty of turning theory into planning practice. Based
on this, the paper suggests four directions for future research: developing more accurate coupled
models that combine physical processes with social and economic change; building detailed
simulation frameworks for cold-region cities; using multi-source monitoring data and artificial
intelligence to improve the simulation, prediction, and management of extreme weather and
snow-related disasters; building cross-disciplinary cooperation between complexity science,
urban planning, and disaster risk management; and developing adaptive strategies for
infrastructure and planning that can better respond to cold conditions, snow disasters, and
freeze–thaw cycles.
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1. Introduction
In the context of increasingly severe global climate change in the 21st century, urban systems are facing
more and more sustainability challenges. These include frequent extreme weather events, energy
shortages, and environmental pollution, which put pressure on urban planning, infrastructure, and the
stability of social operations (Lee & Romero, 2023). Among them, cities in cold regions located in high-
latitude or high-altitude climate zones must deal with more severe natural environmental limits, such as
long-term low temperatures, heavy snowfall, freeze–thaw cycles, permafrost degradation, and increasing
heating demands (González-Herrero et al., 2024; Kurylyk et al., 2014). These climate conditions affect not
only the spatial form and daily operation of cities, but also increase the links and risks among energy,
transport, buildings, and ecological systems (Sun & Han, 2013; Tisgrioi & Tsikaloudaki, 2018).

In this situation, cities are affected by climate change. There is a close interaction between urban
development and climate adaptation. On one hand, cities need to respond to the risks brought by climate
change. Urban planning and construction can also reduce climate pressure to some extent (Zhao, 2018).
These interactions and changes together create new patterns and emerging behaviors that are hard to
explain with traditional methods (Shi et al., 2024). Therefore, cities are often seen as typical complex
adaptive systems. Complex systems science provides a useful way to understand such issues. It highlights
diversity, multi-scale features, and constant change in urban systems, and helps explain how cities work
as complex adaptive systems (Baynes, 2009).

In recent years, more researchers have begun to use complexity science to study cold-region cities.
Because these cities have different energy systems, economic conditions, and social structures, they
develop differently from cities in temperate and tropical regions (Makhutov et al., 2015). Many studies
use complex network methods to study the weakness of heating systems, or combine remote sensing
and deep learning to detect infrastructure risks caused by permafrost degradation (Mao et al., 2024;
Chen et al., 2024). At the same time, more studies have also looked at urban thermal conditions, building
energy use, and climate-responsive design (Xu et al., 2024; Leng et al., 2020). Still, this field is new, and
the overall research framework is not complete.

This study looks at the basic ideas and main methods of complexity science in urban research. It points
out current problems and research gaps, and discusses possible future directions. The goal is to offer a
clearer basis for studying and planning cold-region cities from a systems science view.

2. Methodology
2.1. Three-phase Systematic Review

This study uses a systematic review to examine how complexity science has been used in cold-region city
research, especially across different fields and scales. It follows a clear and repeatable process to collect
and review past studies and bring together existing evidence in a more organized way (Moher et al.,
2009). Because cold-region cities have clear features in spatial form, infrastructure, and human –
environment relations, this method is useful for finding key topics, changes in methods, and research
progress in this field. It also helps build a basic framework for later discussion. This process has three
steps:

● Literature search and screening: Search databases and find the main studies in this field.
● Literature metrics analysis: Use bibliometric tools to examine the structure and development of

the field.
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● Qualitative synthesis: Review key results from highly cited studies and keyword changes to
summarize methods, practical use, and current gaps.

2.2. Literature search and screening

The data in this study came from the Web of Science (WOS) Core Collection. The search covered 2004 to
2024 and looked at the main research trends over the past twenty years. Only peer-reviewed journal
articles and conference papers were included. Book reviews, news reports, and other non-research
materials were removed. The screening process is shown in Figure 1. The search included three parts:
complex science methods, urban studies, and cold-region topics. These parts were linked with Boolean
operators (AND/OR) to expand the search while keeping the results relevant. After initial screening and
manual checking, 42 studies were kept for later quantitative analysis (Table 1)。

Figure 1. The selection process of systematic review literature. Source: Self-drawn by the authors.

Thematic group Keyword combinations

Complexity science

"complexity science" OR "complex systems" OR "complex adaptive system*"
OR "complex network*" OR "complexity theory" OR "systems theory" OR

"system dynamics" OR "nonlinear system*" OR "self-organizing system*" OR
"agent-based modeling" OR "network science" OR "dynamic modeling" OR

"emergent behavior" OR "complexity analysis" OR "system thinking"

Urban research

"urban" OR "city" OR "cities" OR "settlement*" OR "town*" OR
"metropolitan" OR "municipality" OR "community*" OR "urban system*" OR

"urban spatial structure" OR "urban morphology" OR "urban fabric" OR
"urban infrastructure" OR "urban transportation" OR "urban energy system"

OR "urban planning" OR "urban development" OR "urban resilience"

Severely-Cold
region

"cold" OR "cold climate" OR "severe winter" OR "frigid" OR "high-latitude"
OR "arctic" OR "subarctic" OR "permafrost" OR "boreal" OR "tundra" OR

"polar" OR "subarctic city*" OR "extreme cold" OR "severely-cold region*"
OR "freezing climate" OR "high-latitude region*" OR "arctic urban*" OR

"subarctic settlement*" OR "boreal urban*" OR "frigid zone*"
Table 1. Combinations of keywords used for study screening. Source: Self-drawn by the authors.
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2.3. Quantitative Analysis Phase

In the quantitative stage, this study used bibliometric analysis to examine the knowledge structure of this
field. Metadata from the selected studies were collected. CiteSpace was used to map co-occurrence and
collaboration networks in order to identify major research topics and links among research groups. High-
frequency keywords and highly cited papers were also examined. In addition, this study looked at how
complexity science has been used to study issues.

3. Discussion
3.1. Number of Papers Analysis

The annual and cumulative numbers of publications show how academic attention has changed over time.
They also reflect changes in research focus under climate change. This study examines publications from
2004 to 2024 (Figure 2) and identifies the main stages in this field. These results help show research
trends and gaps for future work.

Figure 2. Annual number of published articles and cumulative number of published articles. Source: Self-
drawn by the authors.

Research on the use of complexity science in cold-region cities began in 2013, when the first related
study appeared. From 2016 to 2018, only a few studies were published, with fewer than five in total.
Early work in this field was limited and scattered, but it gradually increased and has grown more quickly
in recent years. This suggests that the field has moved from an early exploratory stage to a more
organized stage. Research interest has also shifted from theoretical discussion to practical issues.

Around 2021 to 2022, this field reached an important turning point. In 2022, seven studies were
published, the highest annual number up to that time, and the cumulative total reached 16. This growth
reflects the value of complexity science in cold-region urban research, and rising practical demand.
Growing interest in this topic is linked to global warming, increasing infrastructure risks, and greater
attention to urban issues. The field is also becoming more interdisciplinary and more practice-oriented.

In recent years, the number of publications has continued to rise, although with some fluctuation. In
2023, 10 studies were published, and in 2024, the number rose to 16. The total number of studies
reached 42. These trends suggest that complexity science is gaining wider recognition as a useful
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approach for addressing urban problems in cold regions. Research in this area has expanded from mainly
theoretical discussion to broader practical use. Overall, this field remains active and continues to provide
support for future research on improving and adapting urban development in cold regions.

3.2. Key Authors Analysis

The author collaboration network shows a clear core–periphery structure. It includes 106 nodes (N) and
166 edges (E), with a network density of 0.0298 (Figure 3). This indicates that extensive collaboration
among scholars has not yet formed. Overall, the network connections are relatively sparse. However,
some small research groups show close internal cooperation. This suggests that the field is transitioning
from individual exploration to team research. The research directions of these core teams clearly
demonstrate the application path of complexity science in solving urban problems in cold regions.

For example: The Leng team from China uses machine learning and optimization algorithms to conduct
intelligent simulation and optimization of energy systems at both building and urban scales (Leng & Li,
2016; Song et al., 2022). His team focuses on environmental Sergeev is a representative scholar in Arctic
and subarctic research. System modeling and prediction, developing hybrid methods combining machine
learning and geostatistics to improve accuracy . Huettmann, Baltensperger and others focus (Tarasov et
al., 2017; Sergeev et al., 2019) on ecosystem risk assessment, paying attention to urban ecological
resilience in severely-cold regions under global warming . Overall, although a widespread (Huettmann et
al., 2023; Baltensperger et al., 2013) collaborative network is not yet mature, the field has formed several
research hubs centered on scholars from East Asia, Russia, and parts of Europe and North America. These
teams have promoted methodological innovations in three core directions energy, environment, and
ecology through complex system simulation, prediction, and risk assessment respectively. They have laid
a key academic foundation for understanding cities in severely-cold regions as complex giant systems.

Figure 3. Author Co-occurrence Network. Source: Self-drawn by the authors.
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3.3. Research Hotspots and Emerging Trends

3.3.1. Keyword Co-occurrence Analysis
The keyword co-occurrence network analysis of the literatures shows 137 keyword nodes (N), 352
connections (E), and a network density of 0.0378 (Figure 4). This indicates that the field has formed a
knowledge structure with closely linked themes. From the perspective of high-frequency and high-
centrality keywords, the core status of machine learning highlights data-driven approaches as the
mainstream paradigm for analyzing urban complexity in severely-cold regions. The prominence of
"temperature" and "design" reflects the research’s core concern for system adaptability under climate
constraints. Meanwhile, methodological keywords such as genetic algorithms coexist with thematic
keywords like "climate change" and "outdoor thermal comfort". This reveals that international research
has dual characteristics: frontier exploration of methodologies and practical concern for the built
environment.

These keywords can be categorized into three dimensions:

● Methodological dimension: Represented by machine learning and genetic algorithms, it marks
the shift of research paradigm from traditional description to simulation, prediction and
optimization based on intelligent algorithms.

● Object dimension: Focuses on complex systemic challenges such as climate change and energy
consumption, emphasizing the interaction between energy and the environment from building
to regional scales.

● Intervention dimension: Seeks planning and design solutions to enhance built environment
resilience in extreme climates through urban design, architectural morphology and other
approaches.

In summary, the compact network structure indicates that complexity science is no longer the application
of scattered tools, but forms a coherent research chain from computational identification and
mechanism simulation to strategy formulation.

Figure 4. Keyword Co-occurrence Network. Source: Self-drawn by the authors.
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3.3.2. Important Literature Analysis
By sorting out the top 10 most cited literatures, it can be found that current research mainly focuses on
areas such as climate adaptation, building energy consumption optimization, thermal comfort
prediction,and renewable energy application. This reflects the wide applicability of complexity science
methods in addressing urban development issues under severely-cold climatic conditions (Table 2).

Title First Author Year Citation
volume

Variations in outdoor thermal comfort in an urban park in the hot-
summer and cold-winter region of China Wei, D. 2022 120

Combining spatial autocorrelation with machine learning increases
prediction accuracy of soil heavy metals Sergeev, A.P. 2019 81

Modelling and evaluating the economy-resource-ecological
environment system of a third-polar city using system dynamics and

ranked weights-based coupling coordination degree model
Wang, Y.H. 2023 50

Machine learning-based prediction of outdoor thermal comfort:
Combining Bayesian optimization and the SHAP model Guo, R.Q. 2024 47

Does urban climate follow urban form? Analysing intraurban LST
trajectories versus urban form trends in 3 cities with different

background climates

Lemoine-
Rodriguez, R. 2022 44

Prediction and optimization of heating and cooling loads for low
energy buildings in Morocco: An application of hybrid machine

learning methods
Abdou, N. 2022 43

A support vector machine model to forecast ground-level PM2.5in a
highly populated city with a complex terrain

Mogollon-
Sotelo, C. 2021 39

Modelling community-scale renewable energy and electric vehicle
management for cold-climate regions using machine learning Zahedi, R. 2022 39

Assessment of operational carbon emissions for residential buildings
comparing different machine learning approaches Huang, R.M. 2024 37

Effect of dynamic modeling of thermal bridges on the energy
performance of residential buildings with high thermal mass for cold

climates
Ge, H. 2017 36

Table 2. The Top Ten Cited Literatures. Source: Self-drawn by the authors.

In research on thermal comfort and urban microclimate, Wei et al. studied thermal comfort in urban
parks in China’s hot-summer and cold-winter regions. They used machine learning to show how weather
factors and landscape space affect human thermal perception in different seasons, and the results can
help urban green space design (Wei et al., 2022). Guo et al. also studied thermal comfort. They built
prediction models for thermal comfort under different shading conditions. Using microclimate
monitoring data and questionnaires, they combined Bayesian optimization and SHAP models to build a
more understandable machine learning method (Guo et al., 2024). These studies show that data-based
methods can better support environmental control in cold or extreme climates.

In research on urban form and climate, Lemoine-Rodríguez et al. studied long-term changes in land
surface temperature (LST) and urban form in Beijing, Cairo, and Santiago. They found that compact and
greener urban form can help reduce urban warming. By combining 2D and 3D urban form indicators, the
study showed that climate differences strongly affect local thermal environments, and it offers a useful
example for comparing cities under different climate conditions (Lemoine-Rodríguez et al., 2022).

In research on building energy use and optimization, Abdou et al. used hybrid machine learning methods
to predict heating and cooling loads in low-energy buildings under different climate conditions in
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Morocco. The results showed that hybrid optimization models can reduce energy use and carbon
emissions (Abdou et al., 2022). Ge and Baba studied thermal bridges in buildings. They found that
ignoring thermal bridges can lead to clear underestimation of building energy use in cold regions. Their
study showed that more accurate models are important for energy-saving building design (Ge & Baba,
2017).

In research on energy systems and transport, Wang et al. built a system dynamics model for the economy,
resources, and ecological environment of Third Pole cities. They proposed an optimization framework
based on coupling coordination degree and stressed the importance of giving priority to ecological
development under resource limits (Wang et al., 2023). Zahedi et al. studied residential communities in
cold regions of Canada. They combined renewable energy systems and electric vehicle load management,
and used machine learning to improve prediction and control of energy supply and demand. This offers a
new way to improve community energy systems in cold regions (Zahedi et al., 2022).

3.3.3. Research Themes Analysis
Cluster analysis shows the links and basic structure of research themes. The modularity Q value is 0.8032
(> 0.3), and the average silhouette value S is 0.9105 (> 0.7), which means the clusters are clear and the
grouping is reliable (Figure 5). Based on the clustering results, the studies can be grouped into several
main categories.

Figure 5. Keyword clustering. Source: Self-drawn by the authors.

One main cluster focuses on engineering problems and building energy efficiency, especially building
energy use, life cycle management, and technical optimization.Keywords include building energy
consumption,insulation, CPV technology, and building operation. International research on cities in cold
regions mainly focuses on energy efficiency and building performance. This focus aims to address climate
change and reduce carbon emissions. Studies highlight the use of advanced insulation materials, high-
efficiency energy technologies, and intelligent operational strategies. These approaches help turn
buildings in cold regions from high-energy-demand systems into sustainable, low-carbon solutions.
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The urban climate and scale-coupling cluster focuses on the urban heat island (UHI) effect. Low
temperatures are the main challenge for cities in cold regions. The UHI effect is also important in winter
and summer. It affects microclimates and heating and cooling needs. This cluster shows that research
should go beyond individual buildings to the urban scale. Studies examine how urban form and changes
in surface cover interact with the climate system. These interactions create environmental feedback
loops.The findings give urban planners guidance on ventilation, green space layout, and building density.

The frontier modeling and intelligent analysis cluster studies new research tools and methods. Keywords
include artificial neural networks and graph neural networks. International research favors data-driven
approaches and complex system simulations. Advanced AI and deep learning help handle nonlinear and
high-dimensional data in cold-region cities. These techniques support energy consumption
forecasting,disaster risk assessment, and optimization of complex systems. This cluster shows how
complexity science can be applied in practice.

The regional case and governance cluster studies specific geographic cases and policy issues. Keywords
include Fairbanks and urban governance. Fairbanks is a typical cold-region city in Alaska. Researchers
often use it for cross-regional comparison and technology testing. The cluster also focuses on urban
governance. Studies examine how management mechanisms, policy tools, and cross-department
collaboration can support advanced building technologies. They also look at how climate adaptation
strategies can be implemented and maintained over time in cold-region cities.

4. Conclusion
4.1. Research Development Trends

The research is shifting from traditional physical models and statistical methods to data-based analytical
methods and intelligent algorithms. Technologies such as complex network analysis, machine learning,
and multi-agent models are being applied. These methods help scholars study the nonlinear interactions
and multi-scale changes of urban systems. This trend enhances the accuracy and predictive power of the
research. It also increases the demand for high-resolution and heterogeneous data. Collecting and
integrating these data remains a major challenge.

Complexity science is not only applied in the fields of energy and architecture. Current research covers
the entire urban system. It encompasses changes in urban morphology, microclimate control,
transportation networks, and the interaction between humans and the environment. This indicates that
scholars are attempting to view cold-region cities as an integrated system for understanding. The
interdisciplinary nature and expansion of scale bring new challenges. Limited interdisciplinary
cooperation means there are problems in both theory and practice.

4.2. Future Research Development Directions

Firstly, it is necessary to strengthen the construction of data infrastructure. Collecting climate and
environmental data in cold regions is quite challenging. Research efforts should integrate multiple data
sources. This includes remote sensing technology, Internet of Things sensors, and socio-economic surveys,
among others. Integrating these sources helps make complex models run more accurately.

Secondly, promote interdisciplinary collaboration. Establish a closer network of scientific research and a
platform for knowledge sharing. Promote deep integration in fields such as urban planning, climate
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science, engineering, and computer science, and enhance the comprehensiveness and applicability of
complexity research.

Thirdly, strengthen the transformation from theory to practice. Explore the combination of complex
models with policy simulations and urban planning decision-making tools. Develop an actionable adaptive
governance resilience planning strategy to narrow the scope of governance.

Finally, develop a complex framework suitable for the unique environment of cold regions, with a focus
on building a comprehensive model that can simultaneously simulate multiple physical processes and
social dynamics. These models should be able to support rapid response and long-term planning in
extremely low temperatures, ice disasters, and permafrost environments.
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Abstract 

The knowledge of carbon storage and its dynamics is critical for climate-smart urban planning, 
especially in extreme conditions within arid and semi-arid regions. Thus, InVEST models four types 
of carbon pools including aboveground biomass, belowground biomass, soil organic carbon and 
dead organic matter for monitoring the spatiotemporal changes in carbon storage over 1980–2023 
on the northern slope of Tianshan. By combining land-use data with climate-adjusted carbon 
density estimates that are calibrated by models of mean annual temperature and precipitation, 
the study numerically describes the distribution of carbon in response to altered environments. 
Findings reveal a slight overall increase in carbon storage (+0.67%), driven primarily by the 
significant rise in cultivated land (+45.27%), while forest (–35.69%) and shrubland (–64.28%) 
experienced marked declines. Construction land showed the highest relative growth (+260.42%) 
due to land conversion, though its absolute carbon contribution remained low. Wetlands decreased 
(–18.77%), and unused land exhibited notable carbon losses (–5.17%), underscoring the increasing 
ecological vulnerability of natural ecosystems. 
To aid planning and policy, the study also contains spatial maps of carbon distribution and land-
use change through time. The actual loss of forest and shrubland leads to reduction in either 
regional carbon sinks or vulnerability against urban heat islands, soil erosion, and climate-induced 
disasters within urban growth zones. 
These findings offer important new insights into the impacts of land use change on regional 
carbon dynamics and climate adaptation potential. The framework may help to guide urban 
planning approaches designed to maximize carbon sequestration, minimize surface temperatures, 
and enhance ecological resilience in the face of increasing climate extremes. The approach 
enables land management policies that are integrated in setting priority areas for conservation, 
restoration or sustainable use that are consistent with climate mitigation and adaptation 
objectives. 
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1. Introduction  
Terrestrial ecosystems play a significant role in the global carbon cycle, functioning as both sink and source 

of input and output to keep the atmospheric carbon that is captured by vegetation and stored in soil 

(Tebeje et al., 2020; Liang et al., 2025). Land-use changes, for example deforestation for cropping or urban 

expansion affect the long-term storage stability (LTSS) and change the spatial distribution of carbon pools 

which consequently affects the carbon balance (Wang et al., 2023). Forests and agroforestry systems are 

widely acknowledged as important reservoirs of carbon in ecosystems although capacity to store carbon is 

jeopardised by climate variability that affects ecosystem productivity either annually or inter-annually 

(Zhang et al., 2025). Therefore it is important to understand the ecological level response of carbon toward 

land-use change which plays a significant role to guide on achieving carbon neutrality and for sustainable 

management of the land under his condition due to pressure from global climate change has risen over the 

past years (Liu et al., 2023).  

The response of carbon storage in arid and semi-arid mountainous regions remains unclear. The 

vulnerability of these ecosystems, which are particularly vulnerable to changes in temperature and 

moisture, increases ecological disturbance and diminishes carbon sequestration (McDowell et al., 2021).   

However, most of the existing models are not suitable for dryland due to poor consideration of coexisting 

changes in LUCC and climate current effect of LUCC has so far been limited, even while LUCC continues to 

exert a contemporary influence that has led to divergent development trends of carbon shop across 

drylands (Song et al., 2024; Fawcett et al., 2022). Refinements and enhancements of the evaluation on the 

carbon dynamics of this ecologically fragile and strategically significant region is urgently required, for 

purposes of planning towards carbon neutrality (Wang et al., 2024). 

Recent developments have improved quantification of carbon-storage-change with innovation in the 

climate-adjusted carbon-density modeling, LUCC simulations, and scenario-based tools. The InVEST model 

has been extensively applied to assess the effects of land-use on carbon sequestration and has improved 

predictive capacity with the combination of machine-learning approach (Zhu et al., 2022). Scenario-based 

assessment further sheds light on how alternative development path reveals future carbon stocks (Shao et 

al., 2024). 

This paper integrates long-term land-use data, climate-adjusted carbon-density estimations and spatial 

analyses to uncover the changes in carbon-storage along the northern slope of the Tianshan Mountains 

between 1980 and 2023. The aims are (1) to quantify the spatiotemporal dynamics of carbon stocks, (2) to 

uncover the contributions of land-use transitions to carbon gain and loss, and (3) to quantify the ecological 

implications of those transformations in an arid-mountain context, which, will provide a solid base for 

understanding carbon-cycle mechanics in drylands and underpin evidence-based ecological management 

in climate change. 

2. Methodology 
2.1. Study Area  

This study was conducted on the northern slope of the Tianshan Mountains, Xinjiang, China. It was 

conducted between 40.49°–49.62°N and 79.60°–91.85°E (Figure 1). The region represents a typical desert 

mountain–oasis–desert transition zone, with elevations ranging from approximately 900 to 3,500 m and 

strong gradients in climate, vegetation, and land-use (Liu et al., 2024; Wei et al., 2023). Its continental arid 

to semi-arid climate, limited water availability, and increasing anthropogenic pressure from urbanization 

and agricultural expansion make it highly sensitive to land-use and climate change (Chen et al., 2024; Fu et 
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al., 2024). The landscape consists mainly of grassland, cultivated land, unused land, shrubland, localized 

forests, wetlands, and water bodies, while cities such as Urumqi, Changji, and Shihezi form major centers 

of development pressure (Yan et al., 2019). The study-area boundary shown in Figure 1 was used for all 

land-use, climate, and carbon-storage analyses. 

     
Figure 1. Location of the Study Area. Source: Author 

2.2. Data Sources and Parameter Assumptions 
Three datasets – land-use/cover, climatic variables and carbon density parameters – were used in this 

study. Land-use/cover data are extracted from Data Center for Resources and Environmental Sciences of 

the Chinese Academy of Sciences (RESDC). The original land-use dataset consisted of 24 specific categories 

that were classified into nine major types—cultivated land, forest, shrubland, grassland and water, 

wetland, unused land, construction land, glaciers/snow—to match the carbon-pool structure of the InVEST 

model and previous research in the Tianshan region (Lu et al., 2022). The data provide continuous national 

coverage at a spatial resolution of 1 km and is suitable for large-scale ecological analysis. 

Climatic variables, including mean annual temperature (MAT) and mean annual precipitation (MAP), were 

taken from the ERA5 “derived daily statistics” reanalysis dataset provided by the Copernicus Climate Data 

Store (CDS). It offers global atmospheric data at a native resolution of 0.5° × 0.5° (approximately 50 km at 

mid-latitudes). Data extraction was conducted for the study area geographical extent to produce long-term 

climatic indicators based on annual mean values using Python processing. 

The parameters of carbon density for different land-use types (t·hm−2) were obtained from Lu et al. (2022). 

The dataset provides region-specific carbon-density values for four carbon pools. These parameters were 

taken as the baseline reference values because they are more representative of the ecological and climatic 

conditions in the Tianshan region than those from national averages. Carbon density was modeled within 

each land-use type but adjusted by using climate-adjustment coefficients related to MAT and MAP. When 

comparing those carbon-density estimates for 1980, 2000 and 2023, the results should be interpreted as 

regional-scale estimates rather than plot-level carbon measurements due to small sample sizes for regions 

with field-measured carbon-density data. 

2.3. Research Methods 
The overall methodological workflow (Figure 2) combines land-use reclassification, climate-adjusted 

carbon-density estimation, InVEST carbon-storage modelling, transition analysis, and ecological-

significance assessment. 
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Figure 2. Technology Roadmap. Source: Author. 

The carbon storage of the ecosystem is evaluated through four carbon pools using InVEST model, which 

included aboveground biomass, belowground biomass, soil carbon and dead organic carbon. Carbon 

density was calculated for different land-use types. Finally, the total carbon storage for the study area was 

estimated by multiplying the areas of each land-use type with their respective carbon density and then 

summed up. The formula for this calculation is: 

𝐶𝑖 = 𝐶𝑖−𝑎𝑏𝑜𝑣𝑒 + 𝐶𝑖−𝑏𝑒𝑙𝑜𝑤 + 𝐶𝑖−𝑠𝑜𝑖𝑙 + 𝐶𝑖−𝑑𝑒𝑎𝑑 

𝐶𝑡𝑜𝑡𝑎𝑙 =∑ 𝐶𝑖
𝑛
𝑖=0 × 𝑆𝑖 

where: Ci is the total carbon density of land-use type i (t·hm⁻²), composed of biomass, soil, and dead organic 

matter pools; Ctotal is total ecosystem carbon storage (t); Si is the area of land-use type i (hm²); and n is the 

number of land-use types (here n = 9).  

The baseline carbon-density parameters for the four InVEST carbon pools from relevant studies already 

published (Table 1) were defined as basic input values before climate adjustment. 

Table 1. Carbon Density of Different Land-use Types (t·hm-2) 
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2.4. Climate-adjusted carbon density 
Soil and biomass carbon response to temperature and precipitation was negatively correlated with 

temperature and positively correlated with precipitation. By utilizing climate factors, the initial carbon 

density was adjusted to yield the corrected values for the study area.  

(1) Regression model considering precipitation 

(𝑀𝐴𝑇 ≤ 10℃): 

𝐶𝑆𝑃 = 79.1 + 0.07 × 𝑀𝐴𝑃            

𝐶𝐵𝑃 = 14.4 + 0.03 × 𝑀𝐴𝑃 

 (𝑀𝐴𝑇 > 10℃): 

𝐶𝑆𝑃 = 45.3 + 0.03 × 𝑀𝐴𝑃            

𝐶𝐵𝑃 = 5.78 + 0.02 × 𝑀𝐴𝑃 

(2) Regression model considering temperature 

(𝑀𝐴𝑃 ≤ 400𝑚𝑚): 

𝐶𝑆𝑇 = 100 − 5.8 × 𝑀𝐴𝑇   

𝐶𝐵𝑇 = 16.7 + 1.3 × 𝑀𝐴𝑇 

(𝑀𝐴𝑃 > 400𝑚𝑚): 

𝐶𝑆𝑇 = 157.7 − 3.4 × 𝑀𝐴𝑇             

𝐶𝐵𝑇 = 43.0 − 0.4 × 𝑀𝐴𝑇 

where: CSP, CBP, CST, and CBT represent the soil carbon density and biomass carbon density corrected by 

mean annual precipitation and mean annual temperature, respectively; MAT represents the mean annual 

temperature (°C); MAP represents the mean annual precipitation (mm). 

Figure 3 presents the mean annual precipitation and mean annual temperature patterns used to calculate 

climate-adjustment coefficients. 

 
Figure 3. Mean Annual Precipitation and Mean Annual Temperature in China and in Northern Slope of 
Tianshan Mountains from 1980 to 2023. Source: Author using ERA5 dataset. 

Substituting the annual average temperature and annual average precipitation of Tianshan Mountain and 

the whole country into the above formula, we can get the correction coefficient 

𝐾𝐵𝑃 =
𝐶𝐵𝑃

′

𝐶𝐵𝑃
′′ , 𝐾𝐵𝑇 =

𝐶𝐵𝑇
′

𝐶𝐵𝑇
′′                              𝐾𝑆𝑃 =

𝐶𝑆𝑃
′

𝐶𝑆𝑃
′′ , 𝐾𝑆𝑇 =

𝐶𝑆𝑇
′

𝐶𝑆𝑇
′′  
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where: KBP and KBT denote the precipitation- and temperature-based correction coefficients for biomass 

carbon density, and KSP and KST denote the corresponding coefficients for soil organic carbon. C′BP, C′BT, C′SP, 

and C′ST represent precipitation- and temperature-adjusted carbon densities at the Tianshan scale, while 

C″BP, C″BT, C″SP, and C″ST are the analogous adjustments at the national scale. 

𝐾𝐵 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐾𝐵𝑃, 𝐾𝐵𝑇)，            𝐾𝑆 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒(𝐾𝑆𝑃, 𝐾𝑆𝑇) 

where: KB is the correction factor for biomass carbon density, and KS is the correction factor for soil organic 

carbon. The climate-adjusted carbon densities for all land-use types in the Tianshan region are presented 

in Table 2 and are used as the final carbon-density inputs in the InVEST carbon-storage estimation.  

Table 2. Modified Carbon Density of Different Land-use Types (t·hm-2). Source: Author 

 

2.5. Model validation and uncertainty analysis 

The baseline scenario refers to the original InVEST carbon-storage results for 1980, 2000, and 2023, as 

reported in Table 4. To evaluate the robustness of the main transition-related interpretation, a targeted 

parameter sensitivity analysis was conducted following previous InVEST-based carbon-stock studies (Lyu 

et al., 2025). A ±10% perturbation was applied to the carbon-density parameters of cultivated land, forest, 

shrubland, and wetland, while all other land-use classes were kept unchanged. These four classes were 

selected because they represent the dominant mechanisms identified in the study: carbon gain from 

cultivated land expansion and carbon loss from high-value natural ecosystems. 

The relative deviation from the baseline scenario was calculated separately for the low- and high-carbon 

scenarios: 

𝐷𝑙𝑜𝑤 = (𝐶𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝐶𝑙𝑜𝑤)/𝐶𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ∗ 100 

𝐷ℎ𝑖𝑔ℎ = (𝐶ℎ𝑖𝑔ℎ − 𝐶𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)/𝐶𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ∗ 100 

where Dlow and Dhigh represent the relative deviations from the baseline scenario under the −10% and +10% 

perturbation scenarios, respectively. Clow and Chigh are the recalculated total carbon storage values under 

the low- and high-carbon scenarios, and Cbaseline is the original total carbon storage estimated under the 

baseline scenario.  
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3. Results  
3.1. Land-use Changes from 1980 to 2023  

 
Figure 4. Land-use Distribution of the Tianshan Mountains from 1980 to 2023. Source: Author 

Figure 4 shows the spatial distribution of land-use types in 1980, 2000, and 2023, while Table 3 summarizes 

the corresponding area changes. Together, they indicate a clear transformation of the regional land-use 

structure. 

The result indicates two intertwined phenomena: the destruction of important natural ecosystems, the 

area of glaciers and permanent snow cover shrank by 65.3% (2,403 km2) as a clear indicator of intense 

regional climate warming, and a sharp decrease of shrubland (64.3%) and forest habitats (35.7%) indicated 

deep disruptions to the natural vegetation cover of the mountain slopes. 

The explosive expansion of urban areas (260.6%) and large-scale growth of cultivated lands (45.3%) marked 

the processes of urbanization and agricultural development. Hydrological systems have also experienced 

profound changes, characterized by the loss of wetlands (-18.7%) and unstable dynamics of water bodies.  

Table 3. Land-use Changes from 1980 to 2023. Source: Author 
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3.2. Carbon Storage Dynamics 
The carbon stock variations in the northern slopes of Tianshan from 1980 to 2023 could be divided into 

two separate stages. During 1980–2000, overall carbon budget hardly changed at the loss of −0.14% with 

only 2.52Tg due to change between different land-use types. For the time trend from 2000 to 2023 there 

was a significant increment of the carbon stock (+14.52Tg, +0.81%). The primary force driving this change 

was an increase in the carbon pool of cultivated lands (+90.29Tg), along with a huge expansion of the area 

of cultivated land. However, this positive tendency was offset to a certain extent by large losses of natural 

vegetation, in which carbon stock took place: 45.16 Tg for forests and 12.49 Tg for shrubland showing a 

decrease in forest and shrubland area.  

 
Figure 5. Spatial Distribution of Carbon Storage Density (t/km²) by Land-use Types 1980-2023. Source: Author. 

Figure 5 and Table 4 present the carbon storage density and total carbon stocks by land-use type for 1980, 

2000, and 2023. The results show that total carbon storage changed only slightly over the study period, 

although the contribution of different land-use types shifted substantially. 

Table 4. Carbon Storage Density by Land-use Types and Total Carbon Stocks by Year. Source: Author. 

  

To test the robustness of this carbon-storage pattern, the targeted sensitivity analysis was applied to the 
key carbon-density parameters. The results are summarized in Table 5. 
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Table 5. Targeted Sensitivity Analysis under ±10% Perturbation of Key Carbon-density Parameters. Source: 
Author 

 
The sensitivity results indicate that the selected carbon-density perturbations produced only limited 

changes in total carbon storage, with relative deviations of ±1.82% in 1980, ±1.87% in 2000, and ±2.04% in 

2023. The temporal pattern remained unchanged across the low-, baseline, and high-carbon scenarios: 

carbon storage slightly declined from 1980 to 2000 and increased from 2000 to 2023. This supports the 

robustness of the main interpretation under plausible variation in key carbon-density assumptions. 

3.3. Carbon sequestration and emission patterns 
Carbon density changes were estimated from delta rasters for the 1980–2000 and 2000–2023 periods. 

Carbon density values for the nine land-use types (mean carbon range from 25,099 t/km² in wetlands to 

422 t/km² in built-up area); changes were assigned to seven classes ranging from maximum loss to 

maximum gain. 

   
Figure 6. Carbon Sequestration and Emissions in 1980-2023. Source: Author. 

Figure 6 illustrates the spatial pattern of carbon sequestration and emissions during the study period, while 

Table 6 quantifies carbon storage changes across the main land-use categories and time periods. These 

results show that carbon losses were mainly concentrated in areas where natural ecosystems were 

transformed, whereas carbon gains were primarily associated with cultivated land expansion. 

Table 6. Carbon Storage Change from 1980 to 2023. Source: Author. 
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During 1980–2000 the region had carbon losses of -2.52Tg. Positive trend was reported for forests 

ecosystems (+8.65Tg). And for period 2000–2023 the carbon budget was reversed in terms of sign with a 

net carbon ceded of +14.50Tg. However, this net positive status was essentially due to the great-scale 

expansion of cultivated land (+90.29Tg), together with massive deforestation (-45.16Tg) and degradation 

of shrubland resources (-12.49Tg). 

The study between the two periods shows a basic paradigm change in land-use patterns: from a relatively 

balanced situation, where there is still an important role of the natural ecosystem, to the prevalence of 

anthropogeogenic transformed landscapes, with a carbon balance satisfied by loosening ecological 

sustainability. 

3.4. Ecological Significance of Carbon Stock Changes Across Land-Use Transitions  

 
Figure 7. Ecological Significance of Land-Use Changes. Source: Author. 

Based on land-use transition matrix and carbon density data, we constructed a five-tier scale of ecological 

significance, comprising critical degradation (ΔC < -10,000 t/km²) for the most destructive transitions linked 

with extermination of high-value ecosystems; significant degradation (-10,000 ≤ ΔC < -1,000 t/km²) for an 

extensive loss in ecological potential; minor modifications (-1,000 ≤  ΔC ≤  1,000 t/km²); significant 

enhancement (1,000 < ΔC ≤ 10,000 t/km²) for restoration processes; and critical enhancement (ΔC > 

10,000 t/km2 ) for the most efficient ecosystem restoration.   

Figure 7 and Table 7 present the ecological significance of land-use transitions based on carbon-density 

changes. The classification shows that not all carbon gains and losses have the same ecological meaning, 

with transitions involving wetland, forest, and shrubland having particularly important implications for 

ecosystem stability. 
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Table 7. Carbon-Based Ecological Significance of Land-Use Transition Categories. Source: Author 

 
Degradation and restoration occupied similar transition areas but their carbon effects were not equal. 

While transitions from restoration covered a slightly greater area than those to degradation, the overall 

carbon balance was negative: losses were much larger in high-carbon ecosystems and lower in restored 

land-use types. 

Significant and critical degradation transitions produced the highest carbon-density losses and indicated 

the degradation of ecosystems with important carbon-storage functions. In contrast, enhancement 

categories were mainly linked to the conversion of unused land to grassland and localized wetland 

restoration, suggesting partial vegetation recovery but not full compensation for the loss of high-value 

natural ecosystems. 

These results indicate that carbon-stock changes should not be interpreted only as numerical gains or 

losses. Transitions involving wetland, forest, and shrubland are ecologically important because these land-

use types support multiple ecosystem functions beyond carbon storage, including water regulation, soil 

conservation, habitat stability, and climate buffering. Therefore, even when total carbon storage increases, 

the loss of high-value natural ecosystems may indicate declining ecological resilience. 
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Discussion 
In this research, it was signified that the gain of carbon is associated with increasing cultivated land while 

forest, shrubland and wetland kept declining. Clearly, total carbon-stock values alone do not constitute a 

complete account of ecological recovery in arid mountain–oasis–desert systems, where diversity and 

abundance of included natural ecosystems are more meaningful than a simple interpretation of carbon 

stock in terms of ecosystem protection functions such as water delivery or soil conservation. 

The results of the transition-based scenarios also clearly illustrate that modeling land-use conversion 

pathways is essential to understand changes in carbon storage. Wetland and forest losses were associated 

with some of the greatest carbon-density declines but threaten to undermine key ecosystem functions 

(water regulation, soil erosion protection, habitat integrity and climate stability). Changes in the northern 

slope of the Tianshan Mountains are particularly important, where natural ecosystems provide key 

ecological buffers under pressure from climate and land-use. 

This targeted sensitivity analysis supports the robustness of the main interpretation, because despite the 

±10% perturbation of selected carbon-density parameters, temporal patterns of carbon storage remained 

stable. But there remains uncertainty because of the 1 km resolution of land-use data and based on carbon-

density parameters derived from the literature. Thus, these results should be interpreted as regional scale 

not plot level carbon measurements.  

Conclusion  
This study used land-use change data, climate-adjusted carbon-density parameters, and the InVEST carbon-

storage model to evaluate carbon-storage dynamics on the northern slope of Tianshan Mountains from 

1980 to 2023. 

The transition-based analysis shows that there cannot be an equalization between carbon gains and 

ecological improvement. Wetland and forest were, respectively, the most serious carbon-density loss 

generated by land-use conversion and should be treated as a priority for ecological restoration. Earth-data 

uncertainty (land-use resolution; carbon-density assumptions) cannot rule out a temporal trend, but the 

sensitivity analysis suggests the main interpretation is robust. The framework proposed can inform regional 

land-use planning by identifying where carbon-storage gains, ecological degradation and restoration 

priorities co-occur. 
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Abstract 

With the consistent increase in global energy demand, accelerating the energy transition and 
deploying clean energy technologies have become crucial in addressing the climate crisis and 
reducing greenhouse gas emissions. Installation of photovoltaic (PV) panels on buildings not only 
provides renewable energy but also reduces the energy consumption of buildings, thereby 
facilitating the sustainable transformation of the building industry. Different urban forms 
determine the amount of solar radiation received at the same location, which also affects the 
energy consumption of the city. The degree of matching between the two reflects the effect of a 
city's utilization of solar energy. 
This research aims to determine the tilt and azimuth angles of PV panels to match the energy 
consumption of buildings and ultimately propose the most suitable angle schemes for buildings of 
different forms. In this research, the models of solar radiation received by PV panels with different 
angles and the power generation were established. The accuracy of the models was verified 
through measured data from Jiangsu Province, China. The hourly energy consumption data of 
buildings were obtained through simulation using EnergyPlus. Subsequently, the genetic algorithm 
was employed to optimize SC and SS or power generation, and the results were compared. Taking 
Nanjing City, Jiangsu Province, China, as an example, simulations were conducted for different 
types of buildings. The results indicate that there are differences in angle selection between 
traditional choice (south-facing and tilt angle equal to latitude) and using SC/SS as the optimization 
objectives. The latter tends to be more inclined to the east by approximately 30°, with the tilt angle 
varying by 10° to 20°.  Low-energy or large-roof buildings (small offices, warehouses, retail) benefit 
from west-facing azimuths of 285–295° and tilts of 10–20°, shifting peak output to the afternoon 
to coincide with their load peaks and raising SS. 
This study offers suggestions for the installation of PV panels from a new perspective that 
integrates comprehensive building energy consumption. Furthermore, by analyzing the impact of 
different urban forms on the utilization of solar energy, this research can provide urban planners 
with a scientific basis to optimize the urban spatial layout in urban planning and construction and 
improve the overall utilization efficiency of solar energy, promoting the sustainable development 
of cities. 
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1. Introduction  
When promoting photovoltaic (PV) at urban and building scales, simply pursuing the maximum annual 

power generation has gradually been proven not to be the optimal strategy in large-scale regional energy 

planning(Freitas and Brito, 2019). Considering the different energy usage scenarios of buildings, focusing 

only on PV output while neglecting its consistency with building demands will inevitably hinder the 

maximum utilization of PV power. 

Energy consumption will present different characteristics depending on the type of building(Jardini et al., 

2000). Research shows that the peak load of residential buildings usually occurs in the early morning and 

evening(Hwang et al., 2025), while the load of office and commercial buildings is concentrated during the 

day, and industrial loads have different operation cycles. In residential Settings, EUI can also vary 

significantly due to energy types, equipment usage, building and family structures(Cui et al., 2024).As for 

the PV power generation, it is deeply influenced by tilt and azimuth angles(Zhao, Wang and Goel, 2010). 

The optimum orientation in previous work is usually south-facing in the northern hemisphere and north-

facing in the southern hemisphere(Guo et al., 2017), and using the latitude angle for the tilted panel can 

obtain almost the best performance of PV system(Cheng, Sanchez Jimenez and Lee, 2009). However, 

overlooking the matching between PV production and energy demand of their attached to or surrounding 

leads to a large amount of PV waste and a relatively low self-consumption rate and self-sufficiency rate, 

which also causes the grid instability and voltage violation(Wang and Sumiyoshi, 2024). Therefore, an 

increasing number of studies have begun to focus on the matching between building load and PV power 

generation. 

The conventional approach is integrating energy storage systems (ESS) to improve the utilization of PV 

generation(Chen et al., 2024). Zou et al.(Zou et al., 2025) utilized thermostatically controlled loads (TCLs) 

and batteries to improve the energy matching performance of PV-based home energy system (HES). This 

method could improve self-consumption rate and self-sufficiency rate with a maximum increase of 40.8% 

and 43.4%, relatively. But the use of batteries faces the problem of relatively high cost and long payback 

period (Dietrich and Weber, 2018). Ruan et al. (Ruan et al., 2024) introduced a strategy that adjusted the 

mix of load types to better match the patterns of PV power generation, which avoided the battery systems 

or load-shifting techniques. However, its complex operation and control systems may still cause high costs. 

Therefore, an optimized PV system arrangement is a more valuable topic due to its economic feasibility 

and operability. Liu et al. revealed (Liu et al., 2019) that when the heating/cooling demand is dominant, 

the tilt angle should be higher/lower than the latitude of the specific location in China. Ghosh et al. (Ghosh, 

Roy and Chakraborty, 2024) suggested lower PV tilt angles instead of the angle equal to the latitude angle 

to meet high summer electricity consumption in India. The geographical location and the energy 

consumption characteristics of different buildings determine the time coupling requirements between PV 

power generation and building load, which is necessary to be considered in the selection of tilt angles and 

orientations when achieving the best load-generation matching effect. 

In conclusion, the objective of this study is to demonstrate that the setting of photovoltaic tilt angles at the 

urban and building levels should shift from "single optimal power generation" to "multi-objective 

optimization by building type". By collecting the hourly load spectra of sample buildings and formulating 

tilt angle priorities for different building types, the maximum energy consumption of regional photovoltaic 

panels can be achieved. 
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2. Methodology 
This research aims to enhance the matching degree between the power generation capacity of 

photovoltaic panels (PV) and energy consumption of the buildings by optimizing the tilt angle and azimuth 

angle of the panels. The methodology consists of two main procedures: calculation and optimization.  To 

calculate the generation and consumption, the mathematical models for the radiation received by PV 

panels, PV temperature and power generation were conducted, and the weather file was downloaded for 

the simulation of power generation and energy consumption. By using indexes, such as SC, SS and F_load, 

the genetic algorithm (GA) is adopted to find the optimum angles that matching energy consumption and 

demand best. Then this study simulated the variations in the angular configurations under various PV panel 

areas and conducted calculations in different building types to avoid PV surplus. 

2.1 Modeling of PV generation 

The total irradiance received by PV modules can be expressed as the following equation(Yang, 2016): 

G=Gb+Gd+Gr (1)  

where G (W/m2) is the global tilted irradiance (GTI) received by PV modules, Gb(W/m2) is the in-plane direct 

irradiance, Gd(W/m2) is the diffuse irradiance, Gr(W/m2) is the ground-reflected irradiance. 

The output power of a PV module is given as (Al-Masri, Magableh and Abuelrub, 2021): 

P=Prated

G

GSTC

[1+αP(Tc-TSTC)] (2)  

where P (W) is the output power of PV module, αp(%/°C) is the temperature coefficient of the module and 

Tc (°C) is the module temperature; Prated(W), GSTC(W/m2) and TSTC (°C) are rated output power of PV, solar 

irradiance and temperature at standard test conditions (STC) , respectively: GSTC =1000W/m2 , TSTC =25°C. 

2.1 Method for energy consumption simulation 

This study adopted the simulation tools (EnergyPlus and OpenStudio) to obtain the energy consumption of 

buildings. The model was built based on the DOE prototype model. A total of 11 different types of buildings 

are considered in this research: high-rise apartment, medium-rise apartment, large office, medium office, 

small office, large hotel, small hotel, quick service restaurant, retail standalone, retail strip mall and 

warehouse, covering industrial buildings, residential buildings and commercial buildings. 

The weather data of Nanjing, Jiangsu Province was obtained from the website (climate.onebuilding.org) 

and the TMYx files of the cities were selected. After adding the weather file, the simulation can obtain the 

electricity consumption for 8,760 hours throughout the year. 

2.2 Method for azimuth-tilt angles of PV optimization 

In this study, GA was adopted for iteration to select the optimal match angles in order to meet the energy 

consumption of the building while reducing the waste of electricity generation. Table 1 demonstrated the 

process of prediction of optimal match angles with GA. 

Table 1. Workflow of the prediction of GA. 

Pseudocode of Genetic Algorithm 

Input: weather data; consumption data; longitude and latitude of cities 
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Define: popsize (population size); maxGen (maximum number of generations) 

Output: azimuth and tilt angle 

1: Randomly generate the population of azimuth and tilt angle 

2: i=1; 

3: while i<= maxGen 

4:  Elite preservation, selection, crossover and mutation 

5:  Calculate the fitness score of the angular configurations (azimuth and tilt angles) 

6:  Update the optimal individual 

7:  i=i+1 

8: end while 

9: return azimuth and tilt angle 

When evaluating the fitness of different angular configurations in GA, F_load was adopted. This indicator 

was proposed in 2014 to evaluate the balance between energy consumption and load (Awad and Gül, 2018). 

Fload=
1

N
∑min(1,

Pgenerated,i

Pconsumed,i
)

N

i=1
 (3)  

where Pgenerated,i and Pconsumed,i denote, respectively the electricity generated by PV and the total electricity 

consumed by the building during the i-th hour; N is the hours during calculation which is equal to 8760 in 

a year.  

To evaluate the performance of different angular configurations, SC and SS were chosen. SC denotes the 

fraction of generated electricity that is effectively utilized, whereas SS signifies the proportion of utilized 

PV generation in building-level electricity consumption. The corresponding analytical expressions are as 

follows: 

SC=
∑ Putilized,i

8760
i=1

∑ Pgenerated,i
8760
i=1

 (4)  

SC=
∑ Putilized,i

8760
i

∑ Pconsumed,i
8760
i=1

 (5)  

where Putilized,i denotes utilized electricity from PV generation during the i-th hour. 8760 equals the total 

hours in a year. 

3. Results and Discussion 
3.1 Results of energy production under different azimuth-tilt angles 

Firstly, taking a high-rise apartment which was obtained from DOE as an example to explore the different 

performance of different angular configuration. This building was set in Nanjing, Jiangsu Province (33°56ꞌ 

N, 118°54ꞌ E). The building consumes 779.85 MWh of electricity annually, corresponding to an energy-use 

intensity (EUI) of 99.51 kWh/m2. After obtaining hourly electricity consumption, the electricity output of 

PV was computed for every azimuth-tilt configuration. The PV panel (JMPV-X1/72-550, Jiangsu New 
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Sunshine Zhiding Technology CO., LTD., China) has a length of 2285mm, a width of 1134mm, whose rated 

power is 550W. These PV panels were laid on the roof of the apartment. The apartment faces south with 

46.33m of the roof in the east-west direction and 16.93m of north-south direction. 

 

Figure 1. PV panels under different configurations of azimuth and tilt  angles. (a) The power generation of one 
panel; (b) the power generation of panel arrays on the same roof; (c) F_load; (d) SC; (e) SS. Source: original. 

Figure 1a. illustrates the annual yield distribution of a PV panel under different angles. Tilt angle was varied 

from 0 to 90° with a 5° interval, and azimuth angle from 0° to 360° (clockwise from true north) with a 

5°interval. Maximum generation (814.58kWh yr-1) occurs when azimuths center on 180°-200° and tilts 

between 20° and 40°. North-facing PV panels yield lower outputs, whereas vertical PV gives minimum. 

However, different tilt and azimuth angles also affect the arrangement of PV arrays due to shading effects 

and maintenance requirements. Overall, the different spacings determine the number of PV panels to be 

laid under the same area.  Figure 1b. shows the results of generation under PV arrays of the same roof. The 

peak power generation occurs at a position with an azimuth of 150° and a tilt of 10°. A total of 343 PV 

panels can be laid on the roof, reaching the maximum total power generation of 257.56 GWh (33% of 

consumption). Another peak occurs at the azimuth-tilt angle about 285°-10°, with the generation reaching 

247.51GWh. The combination with the largest single-block power generation (200°-30°) only has 183 

blocks laid out, and its generation was merely 149.7GWh. 

To evaluate the matching degree between power generation and energy consumption of this scenario, 

F_load，SC and SS were calculated to. The results were mapped in Figure 1c-e. As the energy consumption 

of high-rise apartments is relatively higher than that of PV generation, Figure 1d shows that the range of 

SC is from 0.6 to 1, with the maximum value almost being 1, occurring in positions facing north and with a 

large tilt. The range of SS is 0-0.3 and the maximum value occurs in the area with an azimuth of 150° and 
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300° with a tilt angle of 0-20°. In Figure 1c and 1e, the trends of F_load and SS are similar, but the change 

of F_load is relatively gentle. The same peak occurs at an azimuth of 150°. The performance at a lower tilt 

is better with the same azimuth. For instance, when the azimuth is 150°, the F_load value of a 10° tilt is 

0.273 and for 80° tilt is 0.205. This is also related to the higher generation.  

Overall, due to the high energy consumption of high-rise apartment, the power generation of PV is 

insufficient to fully offset the consumption. Using a 150° azimuth and a 10° tilt can increase the number of 

PV panels, and thereby enhance the PV power generation capacity. This shift from south-facing optimal 

generation to southeast or west orientations is primarily driven by the temporal mismatch between PV 

output and building load profiles. 

3.2 Optimization effects under different PV installation 

To demonstrate the effectiveness of the optimization process, this section evaluates the optimization 

results under different PV areas. The installation areas are set to six types, which are respectively 1 to 1.5 

times the roof area, with an interval set every 0.1 times. For convenience, Case A-F are respectively used 

to correspond to the situations where the installation area is 1.0 to 1.5 times the roof area. 

Take medium-rise apartment as an example. After algorithm optimization, the azimuth-tilt angles of Case 

A-F are 146°-10°, 152°-10°, 153°-10°, 153°-10°, 288°-10° and 295°-10° , respectively. To further illustrate 

the optimization effect, these angles are compared with the original optimal angle, 180°-30°. The results 

are shown in the Figure 2. With the increase of the panel area, the PV energy that can be utilized by the 

building under the two schemes has improved. However, the optimized combination always has 16-18 

GWh more than the original combination, and the values of SS and F_load also slightly increase, proving 

that the PV power generation is more compatible with the building energy consumption. 

 

Figure 2. The comparison of the  angle before optimization and after optimization. (a) The energy that can be 
utilized by the building; (b) F_load and SS. Source: original. 

3.3 Optimization results of different building types 

This section explores the angles that are suitable for different types of buildings. Meanwhile, different 

installed PV capacities (Cases A to F) were calculated. Consistent with the previous definitions, Cases A to 

F denote six installed capacities for which the area of PV panels equals 1.0, 1.1, 1.2, 1.3, 1.4 and 1.5 times 

of the building’s roof area, respectively. In this article, 11 buildings types were attempted. Two distinct 

optimization patterns can be identified: 
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(1) generation-constrained buildings (e.g., high-rise apartments), where southeast PV maximize output; 

(2) generation-surplus buildings (e.g., warehouses), where west-facing configurations improve load 

matching by shifting generation to the afternoon. 

The results are listed in Table 2. Among the 11 selected building types, the PV generation of 6 types is less 

than twice of the building energy consumption under 1.5 times the roof area. These building types are: 

high-rise apartment, large hotel, large office, medium office, quick service restaurant and small hotel. 

Under the Case A to F, the optimal tilt and azimuth angles are approximately 10° and 150° respectively. 

Based on the analysis in the previous section, this is related to the relatively high energy consumption of 

buildings. When consumption is high and the generation is insufficient to cover it, the efficient utilization 

of PV power must first increase the output of PV power. 

For the building types of small office, medium-rise apartment, retail standalone, retail strip mall and 

warehouse, different trends have emerged in the angle selection. The small office and medium-rise 

apartment have relatively low consumptions, while the latter three types have wide roof areas that can be 

used to install a large number of PV. As a result, the generation of the 5 types is slightly higher than the 

consumption. Among these five types, in addition to the PV angles of 140°-160° azimuth  and low tilt, there 

is also a medium tilt and west-facing orientation. Although the west-facing PV panels generate less power 

than the south-facing ones, a secondary peak is observed after considering the shadow of the PV panels 

and their installation.  

Table 2. Calculation results of different building types. Source: original. 

Case Building 

type 

Consumption 

(GWh) 

Generation 

(GWh) 

Azimuth-tilt 

angle (°) 

Building 

type 

Consumption 

(GWh) 

Generation 

(GWh) 

Azimuth-tilt 

angle (°) 

A High-rise 

apartment 

 

 

779.85 258.88 151-10 Medium-

rise 

apartment 

 

 

373.92 257.26 146-10 

B 287.64 152-10  287.48 152-10 

C 323.72 152-10  323.75 153-10 

D 370.02 153-10  369.89 153-10 

E 430.87 151-10  408.24 288-10 

F 518.35 153-10  486.61 295-10 

A Large office 

 

 

 

8575.4 1178.9 150-11 Medium 

office 

 

 

578.71 547.93 152-10 

B 1309.2 146-14  609.1 153-10 

C 1471 144-15  686.13 153-10 

D 1683.7 152-11  743.24 153-10 

E 1964.4 153-10  914.86 153-10 

F 2357.8 150-11  1097.4 153-10 
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A Small office 

 

844.91 331.02 155-10 Large 

hotel 

 

 

2075.4 652.93 150-11 

B 368.34 163-10  726.97 146-14 

C 415 288-10  817.45 144-15 

D 473.41 293-10  933.71 152-11 

E 552.63 290-10  1090.2 153-10 

F 661.61 293-10  1309.3 150-11 

A Small hotel 

 

 

 

844.91 331.02 154-10 Quick 

service 

restaurant 

 

 

165.2 76.246 153-11 

B  368.34 152-10  85.163 154-10 

C  415 152-10  95.693 149-12 

D  473.41 154-10  108.74 156-10 

E  552.63 153-10  128.04 153-10 

F  661.61 155-10  144.68 289-10 

A Retail 

standalone 

 

 

 

 

330.29 717.54 289-10 Retail strip 

mall 

 

 

 

375.56 629.59 293-19 

B  796.36 288-10  712.25 291-15 

C  897.12 289-10  778.81 295-20 

D  1015 296-10  892.56 293-20 

E  1194.7 289-10  1021.6 293-23 

F  1436.7 288-10  1155.9 295-31 

A Warehouse 

 

 

 

 

198.25 1418.6 287-10     

B  1598.3 288-10     

C  1755.4 296-14     

D  2009.8 293-15     

E  2355.3 291-14     

F  2289.9 298-41     

 

From an urban planning perspective, the findings suggest that PV deployment strategies should be 

differentiated according to building typologies and urban density.For high-density urban areas dominated 

by high-rise buildings, priority should be given to maximizing PV installation density through low tilt angles 
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and southeast orientations, ensuring higher total generation. In contrast, low-density areas with large-roof 

buildings (e.g., warehouses and retail) should adopt west-oriented PV systems to better align with 

afternoon load peaks. These results imply that urban energy planning should move beyond uniform PV 

installation standards and instead incorporate load-matching criteria into zoning regulations, building 

codes, and rooftop utilization policies. In addition, the west-facing PV panels can delay the peak of power 

generation within a day. Therefore, when the power generation is high enough, considering the matching 

relationship between building energy consumption and power generation needs to become another key 

factor in determining the tilt and azimuth of PV panels. 

3.4 National-scale evolution under different PV installation 

In order to investigate the spatial distribution of the optimization angles under the aforementioned, 

approach, and to provide practitioners with a feasible and practical insights, fitness-maximizing angular 

configurations of 358 cities in Chinese mainland under different installed PV capacities (Cases A to F) were 

calculated. Results are summarized in Figure 3, where dot size denotes tilt angle (θ) and color indicates 

azimuth angle (β). From Case A to F, four main configurations occur:  

(1) northeastward and small-tilt (β = 0°–20°),  

(2) southeastward and medium-tilt (β = 20°–40°),  

(3) southwestward and medium-to-high tilt (β = 40°–60°)，  

(4) northwestward and large-tilt (β = 60°–90°).  

This transition reflects the increasing importance of load matching over pure generation maximization as 

PV capacity expands. In Case A (minimum capacity), the first three configurations emerged. The 

configuration (1) is mainly concentrated in the southeast region (20°N−30°N, 100°E–120°E), with a tilt of 

less than 10° and an azimuth between 0° and 50°. The majority of cities (59.3%) tend to adopt the 

configuration (2), azimuth angle ranging from 90° to 150° and tilt angles from 25° to 40°. These cities are 

situated between 25°N–50°N and 70°E–135°E, with azimuth angles becoming increasingly south–facing as 

longitude increases. As latitude increases, the tilt angle in the optimal match case rises monotonically, 

which is observed in the spatial distribution of the traditional OTA (optimal tilt angle) as well (Chen et al., 

2024). The configuration (3) is relatively rare, with approximately 23 cities scattered between 90°E and 

110°E. The azimuth and tilt angles range from 195° to 225° and 45° to 60°, respectively. 

In Case B, the vast majority of cities are in a small tilt towards the northeast. As the area of PV panels 

increases, the fitness-maximizing angular configurations gradually lean towards a medium-to-high tilt and 

southwest. The configuration first appeared in 104°E–112°E, cities in the medium and low latitude. From 

Cases C and D, this area expands westward and northward and subsequently expands eastward in Cases E 

and F, gradually covering most of the country. Finally, the fitness-maximizing angular configuration shifts 

to the northwest and large-tilt, namely configuration (4), in most cities. 
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Figure 3. Fitness-maximizing azimuth-tilt angles under six different PV panel areas (Cases A to F) in China. 
(a)–(f) respectively represent Cases A to F. Source: original. 

4. Conclusion  
Urban building-integrated photovoltaics (BIPV) often waste roof resources, suffer low self-consumption 

rates and burden the grid. This study proposes a new approach of multi-objective trade-off based on 

building types: under the low-cost constraints of zero battery and fixed tilt, a genetic algorithm optimizes 
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azimuth and tilt to best match PV output with hourly building loads. Simulations for 8,760 h are then 

performed for eleven typical building types in Nanjing, Jiangsu, under six roof-coverage ratios, using self-

consumption rate (SC), self-sufficiency rate (SS) and load-match factor (F_load) as metrics. The key findings 

are as follows: 

⚫ For high-energy, roof-limited buildings (high-rise apartments, hotels, offices), an azimuth of 150° ± 

10° combined with a small tilt maximizes generation and SS. Once shading is considered, the 

conventionally “optimal” tilt/azimuth no longer guarantees the best result in terms of installed 

module count and energy use. 

⚫ Low-energy or large-roof buildings (small offices, warehouses, retail) benefit from west-facing 

azimuths of 285°–295° and tilts of 10–20°, shifting peak output to the afternoon to coincide with 

their load peaks and raising SS. 

⚫ Compared with the standard “latitude-tilt + due-south” layout, the optimized configurations deliver 

16–18 GWh a⁻¹ more usable energy on the same roof area, increase SS by 3–8 % and curb surplus 

electricity. 

⚫ A lower tilt angle enhances utilization efficiency under limited power generation, and the best 

configuration shifts to a larger tilt angle facing northwest with installed capacity increasing. 

The approach offers urban PV planning a new, cost-effective pathway to higher solar utilization, building 

energy savings and sustainable development. This study provides urban planners with scientifically 

grounded evidence, enabling them to optimize spatial layout during urban development, enhance the 

overall utilization efficiency of urban solar energy, and thereby foster sustainable urban development. 
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Abstract 

Rapid urbanization has made the urban heat island (UHI) effect stronger in the Yangtze River Delta 
Urban Agglomeration (YRDUA), one of the most urbanized regions in China. This study used MODIS 
land surface temperature data from 2004 to 2024, demonstrating that high-temperature zones 
expanded by 35.7% and low-temperature zones decreased by 25.4%. Furthermore, UHI network 
became more compact and efficient based on Minimum Spanning Tree (MST) network analysis. 
This study also proposed a novel BGI optimization framework for climate adaptation, combining 
MST-based UHI network with the NSGA-III algorithm to optimize blue-green infrastructure (BGI). 
The method minimizes thermal connectivity and UHI coverage at the same time and maximizes 
placement in thermally sensitive areas. Four scenarios were tested: Minimized Connectivity (MCP), 
Minimized UHI Coverage (MUP), Maximized Sensitivity (MSP), and Balanced Optimization (BOP). 
All scenarios reduced UHI area and increased fragmentation but showed clear trade-offs. 
The framework supports targeted BGI planning: fragment cores in eastern cities with MCP, stabilize 
boundaries in southern areas with MUP, and focus on sensitive zones in northern and western 
plains with MSP. This UHI network-based and multi-objective optimization approach helps BGI 
planning in China’s National Climate Change Adaptation Strategy 2035 (NCCAS 2035). 

Keywords 

Thermal Environment, Blue-green Infrastructure, Climate Adaptation 

1. Introduction 
Rapid urbanization has intensified the urban heat island (UHI) effect, leading to increases in both energy 
demand and health-related risks (Zhou et al., 2018; Heaviside et al., 2017; Lan et al., 2023). In response to, 
blue–green infrastructure (BGI) has been widely used as a nature-based approach to climate adaptation 
(Gunawardena et al., 2017). Its cooling effect is associated with shading and evapotranspiration processes, 
thereby reducing in land surface temperature (Tan et al., 2016). Recent research has also suggested that 
the spatial configuration of BGI plays a critical role. In particular, more connected BGI-based cooling 
networks tend to facilitate air movement and can generate stronger cooling effects than isolated BGI 
(Mokhtari et al., 2022; Robbiati et al., 2024; Zhao et al., 2024). 

These challenges are especially significant in rapidly urbanizing areas. The Yangtze River Delta Urban 
Agglomeration (YRDUA), for example, has experienced a noticeable temperature rise alongside increasingly 
interconnected UHI patterns, which has drawn attention to the need for coordinated adaptation strategies 
(Xiao et al., 2022; Shi et al., 2020). Within this policy context, China’s National Climate Change Adaptation 
Strategy 2035 (NCCAS 2035) emphasizes the development of ventilation corridors and BGI-based cooling 
networks. Several recent studies have explored how such networks can be designed. Qian et al. (2023), for 
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instance, applied a source–corridor–node framework combined with circuit theory to identify potential 
cooling pathways, while Wang et al. (2025a) focused on improving connectivity by addressing barriers 
within these corridors. 

However, despite advances, there are two major limitations in existing literature. First, many identified 
cooling networks are potential rather than actual, leading to redundant connections. Second, most 
approaches focus on single objectives, overlooking trade-offs between thermal connectivity, cooling 
coverage and the varying sensitivity of different areas to heat. 

To address these gaps, this study integrates Minimum Spanning Tree (MST) analysis and the NSGA-III 
algorithm to develop a multi-objective framework for optimizing BGI layouts. The framework 
simultaneously reduces thermal connectivity and UHI coverage while prioritizing thermally sensitive areas. 
Using the YRDUA as a case study, this study analyzes UHI changes from 2004 to 2024, constructs the UHI 
network, and evaluates multiple optimization scenarios, providing support for network-informed BGI 
planning for climate adaptation under NCCAS 2035. 

2. Study Area and Data sources 
The Yangtze River Delta Urban Agglomeration (YRDUA) includes 26 cities, covering 211,540 km². The north 
and east parts consist of croplands and built-up areas, respectively. While south and southeast parts are 
characterized by mountains and forests (Fig. 1). 

 

Figure 1.Study area. Source: Author based on Arcgis 
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The data sources include Land-use and Modis LST data Land-use data comes from Dynamic World with high 
resolution and near real-time land class probabilities (Brown et al., 2022). Yearly average land surface 
temperature (LST) data come from MODIS through Google Earth Engine (Du et al., 2016). 

3. Methods 
This study integrates remote sensing and multi-objective optimization to plan BGI layouts and mitigate UHI 
(Fig. 2). LST data are first used to proxy UHI intensity and thermal sensitivity, followed by thermal patterns 
analysis. NSGA-III is then applied to reduce UHI coverage and connectivity while prioritizing high-sensitivity 
areas. Finally, UHI network metrics and landscape indices are used to evaluate the optimization results. 

 

Figure 2. Methods. Source: Author 

3.1. Evaluation of UHI and thermal sensitivity 

3.1.1 Evaluation of historical UHI 

This study selects 2004, 2014, and 2024 to analyze UHI changes. The YRDUA has significant year-to-year 
weather variation due to Pacific Ocean circulation (Liu et al., 2024). Therefore, to lower the effect of these 
yearly changes, we normalized the historical LST (Guo et al., 2024). Then, we used the standard deviation 
method to define UHI zones (Table 1). Areas with sub-high (Shtz) and high LST (Htz) are treated as UHI. 

Level Classification Criteria 
Land Surface Temperature T 
Mean value μ 
Standard deviation std 
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Low-temperature zone (Ltz) T < μ − 1.5 std 
Sub-low-temperature zone (Sltz) μ − 1.5 std ≤ T < μ − 0.5 std 
Middle-temperature zone (Mtz) μ − 0.5 std ≤ T < μ + 0.5 std 
Sub-high-temperature zone (Shtz) μ + 0.5 std ≤ T < μ + 1.5 std 
High-temperature zone (Htz) T ≥ μ + 1.5 std 
Table 1. Classification of UHI based on standardized LST. Source: Guo et al., 2024 

3.1.2 Evaluation of thermal sensitivity 

We used thermal sensitivity (TS) to measure LST differences from year to year (Sun et al., 2021). High TS 
represents significant LST variation triggered by urban development. For each pixel (x,y), we calculated TS 
as the total of absolute LST differences between nearby years: 

TS(𝑥, 𝑦) = ෍|𝐿𝑆𝑇௧ାଵ(𝑥, 𝑦) − 𝐿𝑆𝑇௧(𝑥, 𝑦)|

்ିଵ

௧ୀଵ

 

where LST(x, y)denotes the LST at time t, and T is the total number of temporal observations. 

3.2 Analysis of thermal patterns 

3.2.1 Landscape indices analysis 

Landscape metrics in Table 2 were used to characterize UHI patterns (Wang et al., 2025b).  

Metric Interpretation 

PLAND The proportion of UHI areas in the landscape; higher values mean broader UHI coverage. 

AI Patch aggregation: higher values represent more contiguous and stronger heat accumulation. 

LSI Boundary complexity: lower values denote compact heat cores. 

LPI Dominance of the largest UHI patch; higher values imply a major heat core. 

PD The number of patches per 1km²; high PD means scattered, fragmented hotspots. 

Table 2. Landscape metrics. Source: Wang et al., 2025b 

3.2.2 MST network analysis 

Minimum Spanning Tree is used to identify the UHI network (Jin et al, 2025). The elbow method is used to 
define UHI peaks as the nodes of the network (Zhao et al., 2024). Edges, based on Euclidean distances 
between peaks, represent possible heat interactions. Then, Kruskal’s algorithm eliminates redundant edges 
and identifies MST network which is then measured by node-level and network-level metrics (Table 3). 

Metric Class Interpretation 

Average 
Edge Length 

Network 
class 

Mean distance between nodes; smaller values indicate tighter connectivity and 
more efficient heat transfer 

Diameter Larger diameters indicate more cost distance of UHI links. 

Efficiency Overall heat propagation; higher values imply more robustness. 

Modularity Strength of community structure; higher modularity reflects more clusters. 

Betweenness 
Centrality 

Node 
class 

How often a node lies on the shortest paths between others; higher values 
indicate stronger intermediary roles in UHI propagation. 
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Closeness 
Centrality 

The average distance from a node to all others; higher values represent more 
efficient access to the overall network. 

Eigenvector 
Centrality 

The influence of a node based on the importance of its neighbors; higher values 
denote nodes linked to other influential nodes. 

PageRank Higher scores highlight greater node influence. 

Table 3. Network metrics. Source: Jin et al, 2025 

3.3 Optimizing BGI with multi-objective genetic algorithm 

3.3.1 Setting solution space 

To optimize BGI, we choose 3,000 UHI grid cells with built-up land proportion less than 10%, since they 
have room for new greenery and cooling potential and are plenty enough to lower summer temperature 
in YRDUA (Yang et al., 2024). 

3.3.2 NSGA-III algorithm 

The NSGA-III algorithm is applied as a decision-support tool to explore trade-offs between multiple 
planning objectives. Instead of producing a single-objective optimal solution, it generates a range of 
alternative BGI configurations that balance three key goals: reducing thermal connectivity, minimizing UHI 
coverage, and prioritizing thermally sensitive areas. This method allows planners to compare different 
spatial strategies and select interventions based on specific policy priorities. 

3.3.3 Objectives in NSGA-III 

Thermal Connectivity (TC), UHI Coverage (UC) and Thermal Sensitivity (TS) are used to guide NSGA-III. TC 
measures connections among UHI cells. Low TC can limit heat accumulation and promote more uniform 
thermal distribution. UC represents the proportion of non-UHI areas affected by UHI. Irregular UHI shapes 
increase UC by extending boundaries and enhancing heat exchange. TS quantifies the responsiveness of 
the thermal environment to land-use change, identifying areas with strong marginal effects. These metrics 
involve trade-offs: reducing TC can increase UC through fragmentation and may overlook boundary 
benefits of high-TS areas.  

3.3.4 Validation of multi-scenario optimization 

To compare the effects of different objectives on optimized thermal patterns, we adjusted the relative 
weights of each objective, generating thermal patterns under multiple optimization scenarios: (1) 
Minimized Connectivity Pattern (MCP), which prioritizes reducing thermal connectivity (𝛼ଵ = 2, 𝛼ଶ = 𝛼ଷ =

0.5), aiming to weaken the residual UHI network structure. (2) Minimized UHI Coverage Pattern (MUP), 
which prioritizes decreasing UHI coverage (𝛼ଶ = 2, 𝛼ଵ = 𝛼ଷ = 0.5), thereby enlarging the spatial extent of 
areas free from UHI effects. (3) Maximized Sensitivity Pattern (MSP), which prioritizes decrease of UHI 
coverage (𝛼ଷ = 2, 𝛼ଵ = 𝛼ଶ = 0.5), ensuring that mitigation efforts are directed toward areas with greater 
vulnerability. (4) Balanced Optimization Pattern (MUP), which assigns equal importance to all three 
objectives (𝛼ଵ = 𝛼ଶ = 𝛼ଷ = 1), trying to explore an average strategy. 

To verify optimization results, attenuation empirical kernel model is used to generate the LST map, UHI 
pattern and network under the intervention of BGI in each scenario. 
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4. Results  
4.1 Historical UHI and thermal sensitivity 

4.1.1 Historical UHI 

Spatially, UHI patches were most extensive and intense in the eastern YRDUA (Shanghai–Suzhou–Wuxi–
Changzhou), while northern Zhejiang showed strong but fragmented UHI, and the northwestern regions 
remained weaker (Fig.3). From 2004 to 2014, eastern patches expanded rapidly, southern patches became 
fragmented, and northern and western patches grew into cross-city clusters. From 2014 to 2024, eastern 
patches saturated, southern patches mostly intensified into Htz, and northern and western patches 
contracted. Overall, UHI evolution was characterized by eastward concentration, southern intensification, 
and a long-term expansion of high-temperature zones. 

 

Figure 3.Historical UHI in 2004, 2014 and 2024. Source: Author based on Arcgis 

Quantitively, Table 4. illustrates the temporal evolution of UHI from 2004 to 2024. The Ltz decreased by 
25.35%, while Htz expanded by 35.68%. The Sltz first expanded from 2004 to 2014 before contracting by 
2024, whereas both the Mtz and the Shtz exhibited fluctuating trajectories, with Mtz largely rebounding 
and Shtz declining sharply in the last decade. Collectively, these shifts reflect a pronounced intensification 
of the UHI with contraction of cooler zones and the persistent expansion of hotter zones across the YRDUA. 

Year Ltz (km2) Sltz (km2) Mtz (km2) Shtz (km2) Htz (km2) 

2004 13455.12  47350.33  95956.23  41406.82  13323.91  

2014 11890.66  56793.60  80501.11  45957.16  16352.61  

2024 10046.47  51076.98  94343.47  36150.33  18074.71  

Table 4. Historical UHI Variation from 2004 to 2024. Source: Author 

4.1.2 Thermal sensitivity 

As shown in Fig. 4, thermal sensitivity (TS) was highest in the western and northern YRDUA, particularly 
across the plains of Nantong, Taizhou, and Yancheng. These high-TS zones were mainly distributed in 
extensive rural areas between urban built-up regions. In the central (Nanjing) and southern YRDUA 
(Hangzhou, Ningbo, Jinhua, Taizhou), high-TS areas were more fragmented and appeared as belt-shaped 
zones located between urban settlements and adjacent hilly forests. By contrast, the eastern and western 
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YRDUA contained almost no large contiguous high-TS zones, indicating that these regions were persistently 
dominated by cooler or warmer zones with relatively stable thermal conditions. 

 

Figure 4.Thermal sensitivity based on LST variation from 2004 to 2024. Source: Author based on Arcgis 

4.2 Historical thermal pattern 

4.2.1 Landscape indices of historical UHI patches 

From 2004 to 2024, UHI exhibited significant temporal shifts (Table 5). PLAND rose from 10.989 (2004) to 
12.142 (2014) before declining to 10.451 (2024), indicating expansion followed by contraction. LPI 
decreased from 5.329 to 4.339 (2004–2014) and then increased to 5.038 (2024), suggesting initial 
fragmentation of the largest patch and subsequent recovery. LSI declined steadily (34.401–31.415), 
reflecting shape simplification, while AI remained high and stable (86.547–87.656), indicating persistent 
aggregation. Overall, UHI patterns shifted from dispersed expansion (2004–2014) to consolidation (2014–
2024), becoming more stable and aggregated. 

Year PLAND LPI LSI AI 

2004 10.989 5.329 34.401 86.547 

2014 12.142 4.339 33.204 87.656 

2024 10.451 5.038 31.415 87.428 

Table 5. Landscape metrics of historical UHI. Source: Author 

4.2.2 MST network based on historical UHI 

MST-based historical UHI networks (Fig. 5) and metrics (Table 6) indicate increasing compactness and 
efficiency over 20 years. Network diameter decreased from 1977.599 km to 1574.759 km, while average 
path length remained stable, suggesting maintained connectivity. Network efficiency declined slightly from 
2004 to 2014, then increased by 15.06% in 2024, indicating improved heat transfer. Modularity remained 
high, reflecting persistent community structures. 
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Figure 5.MST-based UHI network in 2004, 2014 and 2024. Source: Author based on Arcgis 

Year Average Path (km) Diameter (km) Efficiency Modularity 

2004 8.536 1977.599 2.357×10-2 9.661×10-1 

2014 8.393 1716.523 2.317×10-2 9.686×10-1 

2024 8.557 1574.759 2.666×10-2 9.638×10-1 

Table 6. Network-class metrics of historical UHI networks. Source: Author 

Analysis of node-level centrality metrics (Fig. 6) shows that the UHI network kept a stable hierarchy and 
node accessibility. Closeness Centrality rose in the past 20 years with higher median and peak values, 
showing better average accessibility. Betweenness Centrality, Eigenvector Centrality had most values near 
zero, while a few stayed in a long-tailed pattern. This stable structure shows that key nodes have controlled 
heat flow. 

 

Figure 6.Node-class metrics of historical UHI network. Source: Author based on Python 

4.3 Optimized thermal patterns 

4.3.1 Optimized UHI patches under multiple scenarios 

Landscape metrics of UHI under different scenarios are given in Table 7. Four optimized patterns have 
lower PLAND, LPI, and AI but higher LSI. This shows that optimization reduces UHI patches in the YRDUA, 
breaking up the largest patches, and increases fragmentation, helping to lessen extreme heat patterns. 

Among them, MUP and BOP have lower PLAND and LSI, meaning that reducing UHI coverage weakens 
complex UHI boundaries and converts transitional zones into non-UHI areas. Lower LPI also shows the 
reduction core UHI areas. MCP and MSP focus on removing large UHI cells in core and sensitive zones, 
leading to higher LSI but lower AI. This indicates that they aim to break up large core UHI areas to reduce 
heat buildup rather than boundary effects, unlike MUP and BOP. 
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Scenario PLAND LPI LSI AI 

MCP 9.199  2.557  35.039  84.995  

MUP 9.161  2.344  34.697  85.117  

MSP 9.180  2.591  35.044  84.996  

BOP 9.156  2.305  34.809  85.060  

Table 7. Landscape indices of optimized UHI patches under multiple scenarios. Source: Author 

4.3.2 Optimized UHI networks under multiple scenarios 

The UHI networks under MCP, MUP, MSP, and BOP scenarios are shown in Fig. 7. Network-class metrics 
are summarized in Table 8. BOP was the only one with reduced diameter, suggesting that averaging 
solution had limited effect on weakening the UHI network. In contrast, MUP increased the Average Path 
Length more and disrupted community clusters more. However, MUP also had the highest network 
efficiency, showing it focused on optimizing peripheral areas while ignoring efficient connections in core 
UHI patches. 

 

Figure 7.Optimized UHI network under multiple scenarios. Source: Author based on Arcgis 

Scenario Average Path (km) Diameter (km) Efficiency Modularity 

MCP 9.443 1738.435 2.743×10-2 9.526×10-1 

MUP 9.735 1645.883 2.851×10-2 9.507×10-1 

MSP 9.459 1616.083 2.819×10-2 9.527×10-1 

BOP 9.441 1519.927 2.789×10-2 9.528×10-1 

Table 8. Network-class metrics of optimized UHI network under multiple scenarios. Source: Author 

Fig. 8 shows the distribution of node metrics across the four scenarios. MUP and MSP have higher closeness 
centrality, showing better node accessibility than MCP and BOP. Eigenvector centrality is highly skewed, 
with only a few dominant nodes. PageRank is similar across scenarios. MUP and MSP have more mid or 
high-ranked nodes, indicating more secondary nodes that distribute network functions evenly. 

MCP has a larger diameter and lower efficiency, showing weakened key nodes and stretched structures. 
MUP has the highest efficiency and accessibility but longer paths. MSP balances efficiency and connectivity. 
BOP has a compact structure, minimal diameter, and high modularity, demonstrating UHI network stability. 
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Figure 8.Node-class metrics of multi-scenario optimized UHI network. Source: Author based on Python 

5.Discussions 

5.1 From UHI intensity to UHI network structure 

This study shows that, from 2004 to 2024, low temperature zone decreased by 25.35%, while high 
temperature zone grew by 35.68%. Furthermore, landscape metrics confirm that UHI patterns have 
become more aggregated. 

These results show that UHI in the YRDUA has not only intensified but also become more structurally 
connected. While conventional indicators capture changes in area and intensity, network analysis reveals 
a more integrated UHI structure, reflected in increased UHI network connectivity and efficiency. This 
suggests that planning should move beyond mitigating UHI intensity by simply adding BGI quantity, toward 
optimizing BGI layout to disrupt key nodes and links of UHI network. 

5.2 Implications for NCCAS 2035 

From 2004 to 2024, normal UHI measures and landscape metrics showed moderate increments. But 
network metrics show that the UHI networks have become even tighter and more efficient. 

This result highlights the importance of incorporating network-based metrics into planning. Traditional 
metrics, including UHI intensity and landscape metrics often neglect these hidden changes. In comparison, 
network metrics, such as diameter, efficiency, and modularity, can help identify priority intervention areas 
and improve planning effectiveness. From a policy perspective, this supports a shift toward promoting 
network metrics as key indicators for UHI monitoring and BGI network planning aligned with NCCAS 2035. 

5.3 Trade-offs in BGI planning 

Another major novelty of this research is to integrate MST network with the NSGA-III, forming a new 
planning framework which simultaneously minimizes UHI connectivity and coverage while focusing on 
areas with thermal sensitivity. This framework reduced the overall UHI across all optimization scenarios, 
including MCP, MUP, MSP, and BOP. 

The optimization results indicate that no single strategy performs best across all objectives. Minimizing UHI 
coverage (MUP) effectively reduces overall heat exposure but maintains relatively high UHI network 
efficiency, while minimizing thermal connectivity (MCP) more effectively disrupts network structure but 
may result in more fragmented spatial patterns.  

These differences highlight the need to explicitly address trade-offs between thermal connectivity, UHI 
coverage, and spatial sensitivity in BGI planning. This enables planners to align intervention strategies with 
specific policy priorities under different urban contexts. 

5.4 Spatially differentiated strategies in YRDUA 
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The result shows that BOP fails to break compact UHI patterns, verifying that uniform BGI strategies are 
insufficient. Thus, Different strategies are suitable for different regional contexts. 

In eastern dense and built-up areas, like Shanghai and Suzhou, the MCP has the best cost-efficiency. Placing 
BGI in the UHI cores can break concentrated UHI structures into smaller patches, therefore reducing heat 
accumulation and extreme exposure risks in these highly populated and densely developed areas. 

In the southern hills of Zhejiang, city-mountain boundaries can warm quickly. Thus, the MUP is more 
suitable since placing BGI along UHI boundaries to stop UHI from spreading into mountain forests that 
provide cooling major regional cooling effect. 

In the less urbanized northern and western plains, such as Nantong and Taizhou, rural–urban transitional 
area can easily warm. MSP is most effective. By prioritizing BGI deployment in high thermal-sensitivity areas, 
MSP maximizes the conversion of UHI pixels into non-UHI ones, achieving most boundary mitigation 
benefits. 

5.5 Limitations 

This study may oversimplify BGI cooling effects using an empirical distance-decay approach and does not 
consider factors such as wind, vegetation structure, or urban morphology. In addition, the framework 
focuses on thermal objectives and does not include constraints such as budget or land ownership. Future 
work could integrate these factors to improve applicability. 

6.Conclusions 
This study integrated remote sensing, landscape metrics, and network analysis to guide BGI configuration 
for climate adaptation in the YRDUA. From 2004 to 2024, high-temperature areas increased by 35.7%, while 
low-temperature areas decreased by 25.4%. Network diameter declined by 20.4% and global efficiency 
increased by 15.1%, indicating more compact UHI structures. Furthermore, the study evaluates trade-offs 
among thermal connectivity, UHI coverage and thermal sensitivity. Among the strategies, MCP produced 
the longest diameter (1,738 km) and lowest aggregation index (84.99), weakening heat transfer paths. MSP 
prioritized sensitive areas for cost-effective cooling. MUP achieved the lowest UHI PLAND (9.16%) while 
maintaining high efficiency (2.85×10⁻²), indicaƟng compact core UHI paƩerns. Compared with the average 
BGI strategy (BOP), these targeted approaches more effectively disrupted the UHI network. Overall, the 
results highlight the need for differentiated BGI strategies across YRDUA. 
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Abstract 

In the context of urban heatwaves that are occurring with greater frequency and showing a rising 
temperature trend, "double-aging" communities are rendered more vulnerable as they are caught 
in a bind of an aged physical environment and population aging. How can "double-aging" 
communities enhance their capacity to address the risk of heatwaves? This is a crucial topic that 
China must address as it enters a stage of moderate aging and steps into an era of a stock economy. 
At present, the methods adopted by communities to deal with heatwaves mainly involve adding 
cooling and shading facilities in physical spaces, or implementing measures such as distributing 
cool beverages and advocating for a reduction in the frequency of outdoor activities to alleviate 
the impacts brought by heatwaves. However, actual research has found that in the context of 
heatwaves, residents in "double-aging" communities are more willing to engage in outdoor 
activities due to the comfort of natural outdoor breezes and the need for social interaction. The 
advocacy for reducing outdoor activities has limited effect. Furthermore, owing to the 
deterioration of the physical space, "double-aging" communities not only suffer from a shortage 
of cooling and shading facilities, but also encounter a series of issues, including the piling up of 
garbage that remains untreated emitting offensive odors; the breeding of mosquitoes in multiple 
idle spaces; the absence of signage indicating heatwaves; the failure to distribute cooling drinks 
due to lax property management, and the lack of barrier-free facilities. Evidently, improving the 
ability of "double-aging" communities to respond to heatwaves has emerged as a systematic 
endeavor, the current coping strategies remain incomplete. In view of this, this article draws on 
the existing research on heatwaves response cases in South Korea and the United States, as well 
as the construction of age-friendly environments in China. It constructs an evaluation system for 
heatwaves response facilities and governance capabilities in "double-aging" communities. This 
"double-aging" communities heatwave response capacity evaluation system encompasses six 
primary indicators, building upon conventional paradigms, this evaluation syste innovatively 
incorporates botanical mosquito-repellent strategies, environmental sanitation facility 
configurations (e.g., solid waste treatment), and tailored elderly support infrastructure，which 

encompasses 28 secondary indicators nested within 6 primary dimensions, namely: smart 
heatwave prevention measures, shading and cooling facilities, rescue and medical assistance 
measures, sanitation environment facilities, support facilities for the elderly and community 
governance. These indicators are further classified into basic-type facilities and improvement-type 
facilities. Taking this evaluation system as the basis, and integrating on-site surveys, questionnaire 
surveys, and resident interviews, this paper assesses the heatwaves response capabilities of 
Wanshou Mountain Community, a "double-aging" community in Chongqing (renowned as a 
"furnace city"). The study reveals that this community has shortcomings in five primary indicators. 
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Consequently, seven community heatwaves adaptation action plans tailored for Wanshou 
Mountain Community are put forward: shading and cooling facilities, environmental sanitation 
facilities, signage, vegetation, barrier - free facilities, the reuse of idle spaces, and governance 
measures. Specifically, these actions involve setting up cooling facilities and distribution points for 
cold beverages, at roads and activity nodes; optimizing the layout of environmental sanitation 
facilities and promoting the use of buried treatment facilities; setting up signage for heatwaves 
response; optimizing the layout and selection of vegetation; enhancing the barrier-free facilities at 
community activity nodes; transforming idle spaces into shaded gardens; and disseminating 
knowledge about heatwaves response capabilities through public brochures. It is expected that 
this case can offer a reference for the climate adaptation construction initiatives of “double-aging 
communities” that are also confronted with the threats of heatwaves. 

 

Keywords 

Double-Aging Communities, Climate Adaptation Action, Heatwave Response, Urban Renewal, 
Aging Society 

1. Introduction  
"Double-aging" communities have become a crucial subject for China to address in the context of climate 

change response, urban renewal, and an aging society. The number of double-aging communities in 

Chinese cities is enormous, Gu et al. has found that 178 out of 967 communities in the central urban area 

of Wuhan City met the "double-aging" standard(Gu et al., 2025). These communities typically exhibit aging 

physical environments, characterized by outdated municipal infrastructure, a lack of community services, 

and insufficient daily maintenance, making them highly vulnerable to increasingly frequent heat waves and 

high temperatures(Mason et al., 2022). Furthermore, the large elderly population within these 

communities makes their health extremely susceptible to the threats posed by heatwaves. Research data 

shows a higher proportion of non-accidental deaths among people aged 65 and above during heat waves 

(Zhang et al., 2018), a fact corroborated by historical events such as the 1995 Chicago heat wave and the 

2003 Central European heat wave(Vecellio et al., 2021). Because of the increased temperature and 

humidity during heat waves accelerate the functional decline of older adults(Wang et al., 2020), directly 

leading to fatal symptoms such as dehydration, hyperthermia, and heatstroke(Wang et al., 2020), and 

exacerbating underlying chronic diseases such as cardiovascular and respiratory illnesses(Xu et al., 2019). 

Therefore, as China enters a moderately aging stage and an era of urban renewal, improving double-aging 

communities response capacity of to cope with heat waves has become a vital topic. 

Currently, China lacks policies to guide double-aging communities in responding to heatwaves. Existing 

guidelines such as the Technical Guidelines for Community Living Circle Planning, the Guidelines for 

Improving Residential Community Construction, and the "15-Minute Convenient Living Circle" framework 

do not provide guidance on building climate adaptability. Current research do not offer specific guidance 

for double-aging communities, but have proposed suggestions on how communities can cope with 

heatwaves, including physical interventions (e.g., introducing shading facilities, adopting building density 

indicators, constructing medical facilities, green spaces, installing air conditioning, reducing impermeable 

surfaces, and increasing canopy coverage) and behavioral management (e.g., distributing cold drinks and 

advocating for reduced outdoor activities) (Hass et al., 2021). However, through surveys and interviews, 

we found that such measures had minimal effect on improving the heatwave coping capacity of double-

aging communities. For example, during heatwaves elderly residents in double-aging communities would 

like to go outside activities because they need necessary social interaction and enjoy the comfort of natural 
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breezes rather than air conditioning, suggestions to reduce outdoor activities for elderly residents during 

heatwaves have limited impact. Furthermore, despite of the lack of physical interventions for cooling 

facilities, double-aging communities also suffer from problems such as unmanaged garbage accumulating 

and emitting foul odors during heatwave, affecting the environmental quality of the whole community; 

unmanaged and unmaintained spaces are overgrown with weeds, breeding mosquitoes and snakes, 

indirectly affecting the health of the elderly; outdoor spaces lack guidance signs for the elderly dealing with 

heatwave and high temperature; poor property management renders community public cooling facilities 

ineffective; and a lack of accessibility facilities restricts the outdoor activities of the elderly. Consequently, 

the prevailing heatwave coping strategies for double-aging communities are fundamentally incomplete, 

necessitating a systematic and integrated undertaking to bolster their climate resilience. All above 

problems reflect that coping with heatwave in double-aging communities cannot rely solely on cooling and 

humidification facilities, a systematic and comprehensive planning strategy is needed to enhance their 

capabilities. 

Worldwide countries and cities have developed systematic community-based heatwave response plans to 

prevent or mitigate the impact of heatwave on public health. These plans encompass elements such as 

community development, urban greening, housing renovation, and financial support. related follow-up 

studies tracking the implementation effectiveness of these plans confirm that systematic community heat 

response measures can effectively reduce mortality during heatwaves. Khatana et al. demonstrated that 

after implementing systematic heatwave response measures, the heatwave-related mortality rate in 

Montreal in 2018 significantly decreased compared to 2010(Khatana et al., 2022), highlighting the 

effectiveness of systematic heatwave response plans. These international cases and studies not only 

provide valuable references for enhancing the heat resilience of double-aging communities but also 

indicate that adopting a systematic community heat response plan will strongly bolster the resilience of 

this specific demographic. Crucially, a comprehensive and scientific assessment of the double-aging 

community's current heat response capacity is the prerequisite for developing effective response measures. 

Therefore, this study will first construct a double-aging community heatwave response capacity evaluation 

system based on existing domestic and international community planning tools and relevant foundational 

research. Subsequently, this evaluation system will be applied to Wanshou Mountain Community in 

Chongqing (a typical aging community) to formulate a systematic and targeted set of heat mitigation 

strategies, with the aim that this systematic approach can provide a reference for other communities facing 

the challenges of double-aging to enhance their climate adaptability. 

2. Existing Relevant Research and Construction of "Double-aging" 
Communities Heatwave Capacity Evaluation System 
2.1. Existing relevant research concerning heatwave response cases 

Developed countries such as the United States and South Korea have formulated community-based 

heatwave adaptation planning policies, which mainly include community heatwave vulnerability 

assessment, heatwave response measures, weather warning systems, and public climate response 

education(Stone Jr et al., 2014). Among them, the United States, as one of the countries most severely 

affected by heatwaves, has the most representative heatwave response plan named Cool Neighborhoods 

NYC. This plan focuses on four core areas: constructing a community heatwave vulnerability index to 

identify high-risk communities; mitigating the urban heat island effect by improving the physical 

environment; establishing a heatwave data collection and monitoring system to achieve real-time 

1180



Chen, C.; Wu, Y. Practices of Climate Adaptation Actions of 
Double-Aging Communities in Responding to 

Heatwaves: A Case Study of Chongqing, China 
 

 

 

monitoring of community temperatures; and creating a health service map with online information on 

public health facilities. Meanwhile, South Korea has pronounced the National Climate Change Adaptation 

Strategy (NCCAS), which emphasizes increasing various cooling facilities such as green spaces and air-

conditioned buildings within communities. Most notably, this strategy encourages the government to 

facilitate the opening of air-conditioned public buildings as "Community Cooling Centers" to the public. 

This approach successfully achieves the dual goals of enhancing energy efficiency while simultaneously 

meeting the urgent cooling demands of the community during high-temperature heatwave events(Kim et 

al., 2023). 

Although China has not yet issued specific plans and guidelines for heatwave response at the community 

scale, some urban-level measures to address high temperatures have already been implemented. For 

instance, the Wuhan Urban Cooling Action Plan proposed five major action guidelines at the urban scale, 

covering aspects such as ventilation, water body activation, greening, permeability, and carbon reduction, 

which aimed to reduce the area of strong heat islands, limit contiguous heat islands to within 30 square 

kilometers, decrease the static wind speed, and significantly improve the urban living environment by 2025. 

Similarly, the Guangzhou Cool City Action also proposes corresponding strategies covering four levels: city 

as a whole, unit, block, and community. At the community level, the action mainly outlines specific 

strategies for cool communities, including strengthening community ventilation and increasing shading 

facilities and misting cooling infrastructure. 

2.2. Construct heatwave response capacity evaluation system for double-aging 

communities  

Through integrating heatwave response measures from the United States and South Korea, and existing 

urban-scale practices from China, this paper constructed a comprehensive evaluation system to assess the 

capacity of double-aging communities responding to heatwaves. First, this paper defines that the double-

aging communities applicable to this evaluation system are those located in urban centers, built before 

2005, with aging environmental facilities and a population aged 60 and above exceeding 14%. the 

evaluation framework addresses two core dimensions: the daily living needs of the elderly and the 

heatwave mitigation demands of aging built environments. This two-dimensional approach is firmly 

grounded in empirical literature. For instance, heat injury is a major cause of death among the elderly, so 

outdoor sun protection and shade for the elderly must be given high priority(Yuan et al., 2022); the number 

of ambulance calls and emergency room visits increases during heat waves(Ghirardi et al., 2015), and the 

key to heatstroke intervention is the golden half hour, so corresponding medical service facilities need to 

be set up within this service area(Holstein et al., 2005); it is necessary to comprehensively improve the heat 

adaptation capacity of the elderly population by considering factors such as temperature, humidity, wind, 

and radiation(Nazarian et al., 2022). Building on these foundations, this study constructed a heatwave 

response capacity evaluation system for double-aging communities, which comprises six primary 

indicators(including smart heatwave prevention measures, shading and cooling facilities, rescue and 

medical assistance measures, sanitation environment facilities, support facilities for the elderly, 

community governance) and 28 secondary indicators. These indicators are classified into "basic facilities," 

which represent immediate and essential short-term response measures, and "improvement facilities," 

which denote components to be implemented as future conditions permit. In order to provide a 

straightforward representation of the capacity of double-aging communities responding to heatwaves, this 

evaluation system utilizes a binary "presence-or-absence" approach. A value of "1" is assigned if a 
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community possesses the corresponding facility, and "0" otherwise, thereby directly reflecting the actual 

conditions of the community. 

Table 1. Evaluation system to check the heatwave response ability of "double-aging" communities. Source: 
Created by the author. 

Nu
m 

Primary ind
icators 

Secondary indicato
rs 

Descriptions Evaluation 
method 

Type 

1 

Smart heatwave 

prevention 

measures 

Early warning information 

system 

Includes early warning notifications delivered via SMS, 

television, and other media platforms 
1 is yes, 0 is none basic-type 

2 Monitoring system 
Refers to environmental monitoring equipment, such as 

air/humidity sensors and localized community weather stations 
1 is yes, 0 is none basic-type 

3 

Intelligent pedestrian rout

e recommendation syste

m 

A digital pedestrian route recommendation engine optimized 

for safe travel 1 is yes, 0 is none basic-type 

4 

Shading and 

cooling facilities 

Neighborhood wind corrid

or 

Major ventilation pathways that align with prevailing wind 

directions and remain unobstructed by built structures 
1 is yes, 0 is none 

improvement

-type 

5 
Shaded community green 

space 

Provides open spaces, gardens, and courtyards that offer high-

canopy shade and cooling benefits 
1 is yes, 0 is none basic-type 

6 Outdoor Shading facilities 
Comprises built structures designed to provide physical sun 

blocking and optimal shading 
1 is yes, 0 is none basic-type 

7 Outdoor misting facilities 
Features outdoor spraying and misting installations that 

distribute water droplets or fine mist for localized cooling 
1 is yes, 0 is none 

improvement

-type 

8 Community cooling center 

Refers to compact public buildings that are universally 

accessible, open to the public, and equipped with indoor air 

conditioning systems 

1 is yes, 0 is none basic-type 

9 Exterior wall materials 

Specifies building facade materials that effectively lower indoor 

ambient temperatures when integrated with external shading 

designs 

1 is yes, 0 is none 
improvement

-type 

10 Cool pavements 
Denotes ground paving materials capable of accelerating water 

evaporation to reduce surface and ambient temperatures 
1 is yes, 0 is none 

improvement

-type 

11 Green roof 
Roof structures integrated with structural shading designs and 

live vegetative plantings 
1 is yes, 0 is none 

improvement

-type 

12 
Rescue and 

medical 

assistance 

measures 

Community Health Service

 Centers 

Medical service facilities equipped to provide high-temperature 

preventative care, routine treatments, and rehabilitation 
1 is yes, 0 is none basic-type 

13 
Emergency Vehicle Access 

Lane 

Transportation corridors designed and maintained to facilitate 

the unhindered access and maneuvering of ambulances 
1 is yes, 0 is none basic-type 

14 Temporary Cooling Center 
Mobile or deployable cooling service points providing drinking 

water, heat shelter, and emergent heat relief 
1 is yes, 0 is none basic-type 

15 

Sanitation 

environment 

facilities 

Waste Collection Station/ 

Garbage Collection Station 

Odorless and visually integrated waste disposal containers that 

eliminate environmental and visual pollution 
1 is yes, 0 is none basic-type 

16 Material Recovery Facility 
Reutilization and recycling hubs engineered to operate without 

emitting odors or creating visual pollution 
1 is yes, 0 is none 

improvement

-type 

17 Conversion of Idle Spaces 

The systematic transformation of unmanaged, underutilized, 

and pest-prone areas into highly utilized, easily maintained, and 

mosquito-free public assets 

1 is yes, 0 is none basic-type 

18 
Botanical Insect Repellent 

Materials 

The implementation of dual-purpose plants (combining 

ornamental value with natural insect-repelling properties) to 

construct a multi-dimensional botanical shield against vector-

borne hazards 

1 is yes, 0 is none basic-type 

19 

Support 

facilities for the 

elderly 

Accessibility in Public Spac

es 

Public domains intentionally designed with appropriate slopes, 

widths, and handrails to ensure fluid entry and exit for elderly 

residents using wheelchairs, walkers, or facing gait instability 

1 is yes, 0 is none basic-type 
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20 Unobstructed Passage 

Outdoor pathways systematically retrofitted with suitable 

slopes, widths, and handrails to allow older adults with assistive 

mobility devices or unsteady gaits to pass through smoothly 

1 is yes, 0 is none basic-type 

21 Accessible Facilities 

Vertical and sloped accessibility infrastructure, such as 

elevators and ramps, that meet the fundamental mobility and 

daily living requirements of elderly and disabled residents 

1 is yes, 0 is none basic-type 

22 Accessible Cooling 
Designated heat shelters and cooling amenities equipped with 

wheelchair-accessible ramps for barrier-free entry 
1 is yes, 0 is none basic-type 

23 Barrier-Free Signage 
High-legibility signs and wayfinding elements tailored for easy 

physical and cognitive recognition by older adults 
1 is yes, 0 is none basic-type 

24 
Accessible Intelligent Syst

ems 

Age-friendly smart assistance and digital monitoring platforms 

designed for senior residents 
1 is yes, 0 is none 

improvement

-type 

25 

Community 

governance 

Facility Management Gov

ernance & Regular 

Inspection 

Institutional and operational frameworks that dynamically 

adjust the operating schedules of cooling centers, ensuring 

specific zones remain open during off-work days under extreme 

heat conditions to fulfill residents' cooling needs 

1 is yes, 0 is none basic-type 

26 Public Participation 

Community engagement activities, including participatory 

workshops, exhibitions, and educational outreach campaigns, 

aimed at enhancing public climate awareness 

1 is yes, 0 is none basic-type 

27 
Community Heat Respons

e Services 

A community-based mutual aid and response network that 

delivers essential cooling products (e.g., cooling balms, insect-

repellent water, electric fans, and traditional heat-relief 

medicines) to vulnerable elderly households during extreme 

heatwaves 

1 is yes, 0 is none basic-type 

28 
High Temperature Warnin

g Sign 

Outdoor warning and navigational signage that provides high-

temperature alerts, behavioral coping strategies, medical 

rescue details, and orientation guides 

1 is yes, 0 is none basic-type 

3. Evaluation System Application and Practice of Heatwave Response in 
Double-Aging Communities: Wanshou Mountain Community in Chongqing  
3.1. Wanshou Mountain Community basic context 

This study applies the developed evaluation framework to Wanshou Mountain Community, located in 

Chongqing, one of China's "Furnace Cities." According to the gathered community profile data, Wanshou 

Mountain Community is situated within the central urban area of Chongqing, spanning 0.4 square 

kilometers and accommodating a permanent population that exceeds 6,500 residents across 2,600 

households. Developed in April 2002, the community suffers from acute infrastructure degradation; 

furthermore, as of 2024, its elderly population (aged 60 and above) exceeded 2,000 individuals, rendering 

it a textbook case of a "double-aging" community. As regional heatwaves grow increasingly frequent and 

severe, the community confronts intensifying heat stress, necessitating an initial capacity evaluation to 

inform targeted efforts toward enhancing local climate resilience. 
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Figure 1. Images of the Built Environment within Wanshou Mountain Community, The top-left image 
illustrates the current state of spatial aging and structural deterioration within the community, characterized 
by narrow building intervals, a deficiency in green infrastructure, and a severe lack of maintenance, repair, 
and management. The top-right image demonstrates the extreme narrowness of existing pedestrian 
sidewalks, vehicular roadways, and roadside greenery, while highlighting the pronounced deficiency in 
shaded resting amenities and universal barrier-free infrastructure beneath the tree canopy. The bottom-left 
image captures the current conditions of unutilized idle spaces within the neighborhood; these areas remain 
completely unmanaged, with overgrown neglected vegetation entirely obscuring the original stone 
pavements, alongside piles of abandoned construction materials that facilitate the breeding and harborage 
of mosquitoes and snakes. The bottom-right image depicts elderly residents gathering and conversing 
outdoors during the extreme heat of the "Sanfu" period, empirically evidencing that senior citizens maintain 
a resilient and intensive demand for outdoor social interaction even under high-temperature stress; notably, 
the elderly residents featured in this panel also served as the primary subjects for the field questionnaires and 
in-depth interviews. Source: Created by the author 

3.2. Evaluation system application and outcome 

Based on the established evaluation system, this study assessed the heatwave response capacity of 

Wanshou Mountain Community. Guided by detailed on-site field investigations and conducted with the 

informed consent of both the local neighborhood committee and its residents, the assessment was 

purposefully executed during the "Sanfu" period (the dog days of summer)—the hottest interval of the 

year that best reflects a community's peak high-temperature coping capacity. By analyzing empirical data 

collected from the on-site distribution of 86 physical questionnaires and in-depth interviews with 15 

residents, and utilizing mean score calculations of the questionnaire responses, the evaluation reveals that 

the community scored relatively high only in the primary indicator of " Rescue and medical assistance 

measures ". In marked contrast, it exhibits varying degrees of systemic deficiencies across the remaining 

five primary indicators, detailed as follows: Regarding Smart heatwave prevention measures, although the 

meteorological authority disseminates high-temperature warnings via mobile text messages, the 

community lacks its own climate sensing capability, resulting in insufficient fine-grained monitoring and 

response capacity. Within the Shading and cooling facilities, outdoor activity spaces and seating areas lack 
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critical shading provisions, with shaded spaces being restricted to inaccessible vegetation thickets and 

beneath street trees, and the community is devoid of cooling features such as misting or fountain facilities. 

Sanitation environment facilities is compromised as the community relies on scattered waste bins instead 

of specialized collection and transport facilities, while numerous underutilized idle spaces with neglected 

vegetation facilitate mosquito breeding, posing a significant health concern for elderly residents. For 

Support facilities for the elderly, despite the fact that key public facilities—including convenience service 

centers, family doctor stations, and elderly care service facilities—are equipped with ramps and handrails, 

the overall community suffers from severe shortcomings in accessibility throughout its circulation and 

outdoor spaces; road infrastructure features mixed pedestrian-vehicular traffic and narrow sidewalks, 

making passage highly inconvenient for seniors relying on wheelchairs. Finally, Community Governance 

exhibits inadequate management flexibility, evidenced by public facilities being operational during 

weekdays when the elderly are often unavailable due to childcare responsibilities, yet closed on weekends 

when the elderly have leisure time; concurrently, the community lacks participatory heat response 

education mechanisms and clear heat response signage. Collectively, these findings confirm that Wanshou 

Mountain Community possesses a low overall level of heatwave response capability. 

Table 2. Evaluation result of the Wanshou Mountain Community heatwave ability. Source: Created by the 
author. 

 Primary Ind
icators 

Secondary indicator
s 

Average  
Score Residents Comments Type 

1 

Smart 
heatwave 

prevention 
measures 

Early warning inform
ation system 1.00 The meteorological authority issues high-temperature alerts 

via mobile text messages. basic-type 

2 Monitoring system 0.00 the community lacks micro-meteorological stations or similar 
facilities 

basic-type 

3 
Intelligent pedestrian
 route recommendat

ion system 
0.00 Route maps are absent from common commercial mapping 

platforms. 
basic-type 

4 

Shading and 
cooling 
facilities 

Neighborhood wind c
orridor 0.13 Due to its age and high population density, the community 

lacks adequate space for ventilation corridors. 
improveme

nt-type 

5 Shaded community g
reen space 0.20 

Current community outdoor activity spaces are primarily 
plazas with insufficient shading; effective shade is mainly 

confined to street trees and inaccessible vegetation thickets. 
basic-type 

6 Outdoor Shading faci
lities 0.60 Most community outdoor recreational facilities are designed 

without consideration for shading. 
basic-type 

7 Outdoor misting facili
ties 0.00 The community is devoid of cooling features such as misting 

systems or fountains. 
improveme

nt-type 

8 Community cooling c
enter 1.00 

While the community lacks a dedicated cooling center, a 
convenience service center is available for temporary use as a 

heat refuge. 
basic-type 

9 Exterior wall material
s 0.00 Due to the community's early construction period, these 

facilities are currently absent. 
improveme

nt-type 

10 Cool pavements 0.00 Due to the community's early construction period, these 
facilities are currently absent. 

improveme
nt-type 

11 Green roof 0.13 
Some rooftops feature privately constructed gardens lacking 
regulatory control over photovoltaic integration or greening 

metrics. 

improveme
nt-type 

12 

Rescue and 
medical 

assistance 
measures 

Community Health S
ervice Centers 1.00 

The community is equipped with convenience service 
centers, family doctor stations, and elderly care service 

facilities. 
basic-type 

13 Emergency Vehicle A
ccess Lane 0.67 

Although a family doctor station is currently operational 
within the community, the adequacy of its passage clearance 
cannot be verified due to the absence of designated ground 

markings. 

basic-type 

14 Temporary Cooling C
enter 0.67 Some ground-floor residents spontaneously open their living 

rooms, creating informal, temporary heat-sheltering spaces. 
basic-type 
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15 

Sanitation 
environmen

t facilities 

Waste Collection Stat
ion/ Garbage Collecti

on Station 
0.40 

The community primarily relies on scattered waste bins and 
lacks specialized refuse collection and transportation 

facilities. 
basic-type 

16 Material Recovery Fa
cility 0.00 These types of facilities are absent. improveme

nt-type 

17 Conversion of Idle Sp
aces 0.00 

A significant number of underutilized idle spaces within the 
community, characterized by neglected vegetation, facilitate 

mosquito breeding. 
basic-type 

18 Botanical Insect Repe
llent Materials 0.00 

Community vegetation planning does not adequately 
integrate pest control (mosquitoes, insects, snakes) 

requirements alongside shading and heat prevention. 
basic-type 

19 

Support 
facilities for 
the elderly 

Accessibility in Public
 Spaces 0.13 Due to the community's early construction date, there is a 

notable scarcity of barrier-free accessibility facilities. 
basic-type 

20 Unobstructed Passag
e 0.40 

Community roads feature mixed pedestrian and vehicular 
traffic, narrow sidewalks, and a lack of accessibility 

infrastructure (e.g., ramps, handrails, wheelchair access), 
leading to difficult passage. 

basic-type 

21 Accessible Facilities 0.67 
Key public facilities, including the convenience service center, 

family doctor station, and elderly care service station, are 
equipped with accessibility ramps and handrails. 

basic-type 

22 Accessible Cooling 1.00 
Given that the convenience service center is equipped with 

accessibility ramps and handrails and can temporarily 
function as a cooling center, this indicator is considered 

present. 

basic-type 

23 Barrier-Free Signage 0.47 The community lacks an adequate internal signage system. basic-type 

24 Accessible Intelligent 
Systems 0.00 These are lacking. improveme

nt-type 

25 

Community 
governance 

Facility Management
 Governance & 

Regular Inspection 
0.13 

Facility management is inadequate; residents report that 
public facilities are operational only on weekdays, when the 

elderly are often unavailable due to childcare responsibilities, 
but are closed on weekends when the elderly have leisure 

time. 

basic-type 

26 Public Participation 0.00 Community participation remains insufficient. basic-type 

27 Community Heat Res
ponse Services 0.00 These are lacking. basic-type 

28 High Temperature W
arning Sign 0.00 These are lacking. basic-type 

 

3.3. Improvement strategies for Wanshou Mountain Community 

Based on the aforementioned evaluation results, this paper proposes tailored heatwave adaptation action 

planning strategies for Wanshou Mountain Community. Given that basic-type facilities constitute the most 

critical pillar of a community's heatwave response capacity, the plan formulates seven action strategies 

aimed at rectifying these fundamental shortcomings: First, target the deployment of shading, cooling 

facilities, and cold beverage distribution points at critical roadways and activity nodes. It is recommended 

to establish mobile booths equipped with shading awnings, portable air conditioners/fans, and water 

dispensers at 500-meter intervals along major community roads. This deployment mode not only alleviates 

the community's construction and financial operational burdens, but also enables residents to swiftly 

escape scorching sunlight during outdoor activities while facilitating small-scale social interactions. Second, 

optimize the layout of environmental sanitation facilities. The plan suggests employing containerized waste 

treatment units integrated with the transit capacity of front-end collection vehicles to improve waste 

compression and transfer efficiency. Concurrently, the promotion of buried waste treatment systems is 

recommended to mitigate odor emissions and pest/mosquito breeding induced by the accumulation of 

domestic waste. Third, install dedicated signage systems for high-temperature response and directional 

guidance. Drawing on the precedence of the "Heat Kills" warning signs implemented in Boulder, Nevada, 

USA, these visual elements are designed to elevate residents' vigilance and coping efficacy regarding 
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extreme heat stress. Fourth, strategically optimize vegetation spatial layouts and species selection. The 

plan recommends the scientifically guided utilization of small trees such as Cinnamomum burmannii 

(Indonesian cinnamon), Cinnamomum camphora (Camphor tree), and Citrus limon (Lemon tree); 

hedgerows including Aglaia odorata (Chinese perfume plant), Gendarussa vulgaris (Warmer), and 

Zanthoxylum beecheyanum (Beechey's prickly ash); and herbaceous flora possessing both mosquito-

repelling properties and ornamental/shading value, such as Mentha (Mint) and Murraya paniculata 

(Orange jessamine). This multi-layered botanical configuration constructs a three-dimensional mosquito-

repellent defense shield while maximizing microclimate cooling efficacy. Fifth, enhance barrier-free 

infrastructure at community activity nodes to systematically improve the spatial mobility and accessibility 

of the elderly population. Sixth, advance the transformative reuse of underutilized idle spaces, retrofitting 

these areas into shaded community gardens that function as effective micro-cooling hubs. Seventh, 

strengthen institutional governance measures through the compilation and distribution of public 

awareness brochures alongside the introduction of participatory governance mechanisms, thereby 

enhancing community residents' heat-resilience awareness and response capabilities. Furthermore, 

specific retrofitting guidelines are presented for localized scenarios where the community's heat response 

capacity is acutely deficient, with the recommendation that improvement-type facilities be progressively 

upgraded through a gradient approach as financial appropriations become available in the future. 

 

Figure 2. Wanshou Mountain Community heatwave ability improvement strategies. Source: Created by the 
author. 

4. Conclusion and Future Development 
This paper introduces a Heatwave Response Capacity Evaluation System for "double-aging" communities, 

which was subsequently applied to Wanshou Mountain Community—a typical case in Chongqing—to 

execute an empirical evaluation and propose tailored planning strategies. Based on localized insights 

gained during the extreme heat of the "Sanfu" period via 86 physical questionnaires and 15 in-depth 

interviews, this study formulated seven targeted action strategies. The primary novelty of this research lies 
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in its departure from traditional heatwave adaptation paradigms—which typically prioritize macro-level 

cooling and generic health protections—by centering strictly on the spatial and demographic nuances of 

"double-aging" communities; it enriches the existing literature by introducing hyper-specific, actionable 

interventions, including containerized waste management, elderly-centric barrier-free infrastructure, and 

botanical multi-layered configurations with mosquito-repellent properties. Ultimately, this study offers a 

replicable blueprint for climate adaptation construction in similar heatwave-threatened "double-aging" 

neighborhoods. To further validate the applicability and scalability of this evaluation system and its 

prescriptive strategies, the following research actions will be progressively undertaken: 

First, the research scope will expand its regional focus from Southwestern China to the Southern and 

Southeastern regions. This cross-regional expansion aims to ensure broader geographical 

representativeness and to continuously test how different climatic contexts affect community-level 

heatwave vulnerability and response mechanisms. 

Second, the research team will actively pursue the spatial translation and materialization of the proposed 

strategies. By seeking opportunities for on-site micro-renovation implementations (e.g., the suggested 

mobile booths, containerized waste facilities, and multi-layered mosquito-repellent cooling gardens), 

alongside public exhibitions and policy dialogues, we aim to bridge the gap between planning theory and 

grassroots governance. 

Third, we will advance from qualitative and baseline evaluation to rigorous multi-disciplinary empirical 

testing. Recognizing that the scientific efficacy of the proposed botanical configurations (e.g., 

Cinnamomum burmannii and Murraya paniculata) and imported signage models (e.g., Boulder’s "Heat 

Kills" precedence) requires quantitative verification, we plan to collaborate with scholars in meteorology 

and ecology. Together, we will utilize microclimate simulation and empirical environmental sensing to 

precisely measure the actual cooling and ecological impacts of these heat adaptation strategies. 
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Abstract 

Trees are widely incorporated into urban planning for their beneficial role in regulating urban 
microclimates. However, their potential adverse impacts are often overlooked. Existing studies 
have mainly focused on outdoor microclimates, with limited systematic investigation of their effects 
within residential environments. To address this gap, this research takes Nanjing, China as a case 
study and develops an analytical framework to examine the relationship between tree distribution 
and residential ventilation. This research used data mining and machine learning–based image 
recognition to extract tree-related and residential metrics. We then constructed standardized 
prototype models through cluster analysis. Based on these models, computational fluid dynamics 
(CFD) simulations are conducted to evaluate the effects of different tree configurations on 
ventilation, followed by spatial extrapolation and quantitative analysis. Our findings reveal that 
improper tree placement, particularly inappropriate tree-building distances, significantly impedes 
residential ventilation, increasing energy consumption and undermining sustainability. Contrary to 
conventional assumptions emphasizing the benefits of trees, trees exert a substantial obstructive 
effect on ventilation in over 90% of residential areas. The proposed methodological framework 
demonstrates strong generalizability and can be applied to other regions and related studies. The 
findings suggest that, in the early stages of low-carbon urban design, tree distribution and planting 
strategies should be systematically optimized to mitigate unintended negative impacts while 
enhancing overall livability. 

 

Keywords 

Residential area, Trees, Ventilation, Low carbon city, Nature-based solution 

1. Introduction  
Trees play a crucial role in urban ecosystems, and their functions span multiple dimensions, including 
environmental improvement, public health, social benefits, and economic development  (Meili et al., 2021, 
Diener and Mudu, 2021, Wolf et al., 2020). In view of the multifaceted sustainability functions of urban 
trees, contemporary cities have been placing growing importance on their planting and planning. 
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However, this trend overlooks the potential adverse impacts of trees. Existing studies have shown that 
trees located in inappropriate positions may reduce outdoor wind speeds and exacerbate air pollution 
(Nemitz et al., 2020, Xing et al., 2019, Vos et al., 2013). But these studies focus solely on how trees affect 
the outdoor microclimate of urban environments. Research on how trees influence the indoor 
environment conditions remains limited. For example, some studies have found that the presence of 
isolated trees can weaken cross-ventilation in buildings (Zhang et al., 2023, Shengnan et al., 2023). These 
models often oversimplify the complex variables present in real-world conditions, making it difficult for the 
results to be directly mapped onto actual residential environment. 

The focus of research urgently needs to shift from the city as a whole to more specific objects. Residential 
areas, as units with high population density and direct spatial interactions with trees, urgently deserve 
focused research. As the starting point for this research, natural ventilation is of great significance for 
indoor comfort and low-carbon energy efficiency in residential areas. Notably, trees can reduce the 
effectiveness of natural ventilation by modifying wind speed, wind direction, and turbulence intensity 
(Zhang et al., 2023, Shengnan et al., 2023).  

Therefore, this study takes residential areas in Nanjing as a case study and employs a combined approach 
of data mining and computational fluid dynamics (CFD) simulations to quantitatively assess the current 
tree distribution and its impact on urban residential ventilation (Figure 1). The aim is to provide more 
informed and sustainable planning strategies for tree planting in residential communities that promote 
both comfort and livability. 

Figure 1. Illustration of the research problem. Source: Drawn by the author. 

2. Methods and Data 
2.1. Research area 

Nanjing, as one of the core cities in the Yangtze River Basin of China, is a medium-sized city with abundant 
greenery, a representative residential morphology, and a typical regional climate, making the research 
findings highly generalizable and practically valuable (Figure 2). Located along the lower reaches of the 
Yangtze River in eastern China, Nanjing is the capital of Jiangsu Province and belongs to the subtropical 
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monsoon climate zone, characterized by distinct seasons and abundant precipitation, providing favorable 
conditions for vegetation growth (Zhu et al., 2022). This climate generally leads residents to ventilate their 
homes by opening windows during the transitional seasons of spring and autumn (Chen and Luo, 2024). 
Additionally, as a national garden city, Nanjing has followed the national “Code for Planning and Design of 
Urban Residential Areas (GB50180-93)Ó since 1994,  which stipulates that the green space ratio in new 
residential blocks should generally not be less than 30%, with some blocks achieving a greening rate of 
35%–40%(Li et al., 2022). Field surveys also indicate that higher greening rates often result in trees being 
planted adjacent to or directly against residential buildings, providing a foundation for this study. 

 

 

 

 

 

Figure 2. Study area location and field survey photos of the residential areas. Source: Drawn and 
photographed by the author. 

2.2 Research methods 

As shown in Figure 3, we developed a quantitative evaluation framework for tree planting layouts in 
residential areas, aimed at quantifying the spatial relationships between trees and buildings as well as their 
impacts on ventilation. This study first collected and preprocessed multi-source spatial data, including 
residential footprints, building footprints and tree footprints. Subsequently, cluster analysis was used to 
extract typical tree–building relationship models for residential sections, upon which computational fluid 
dynamics (CFD) simulations were conducted to quantitatively assess ventilation performance. Then, we 
used Kriging spatial interpolation, to extend the assessment across the entire city of Nanjing. This research 
framework is intended to be generalizable to other regions and countries, offering a transferable 
methodology for assessing tree–building configurations. 

China Nanjing 
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Note: TBD=Average Tree-Building Distance; ATH=Average Tree Height; ACW=Average Crown Width. 

Figure 3. Methodological framework. Source: Drawn by the author. 

2.2.1 Multi-source data acquisition 

Three types of data were collected: residential footprints, building footprints, and tree footprints.  

(1) Building footprints  

We obtained two types of open-source building footprint datasets for China, both of which are among the 
most comprehensive building datasets currently available in the country. One dataset covers building 
footprints for 2,897 cities across five East Asian countries (Shi et al., 2024). The second dataset is the “A 
Multi-Attribute Building Dataset of China (CMAB)Ó. Building heights in this dataset are derived from Baidu 
Maps vector data, one of China’s major providers of location-based services, digital maps and navigation 
(Zhang et al., 2025). However, after a preliminary accuracy check, we found that both datasets contained 
errors and did not fully cover all residential areas. Therefore, we additionally obtained building footprints 
for the uncovered areas using Baidu Maps vector data (Su et al., 2025). 

 

(a)building footprint 

 

(b) building height 

Figure 4. Building footprints data display. Source: Drawn by the author. 
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(2) Residential footprints  

Currently, there is no comprehensive dataset of residential footprints for Chinese cities, and extracting 
data from open-source digital maps provides a more user-friendly alternative. We used Baidu Maps’ open 
platform (https://lbs.baidu.com/) to apply for an API, which retrieved residential footprints via URL 
requests and downloaded them. After collection, we manually corrected the detected errors. In total, we 
obtained 2,525 residentia footprints in Nanjing. 

For each residential block, construction year data were collected using web-scraping techniques from 
Anjuke (https://nanjing.anjuke.com/), and we gathered 9,381 records updated to 2025. As one of China’s 
largest real estate platforms, Anjuke provides reliable and valid data that have been widely used in previous 
studies (Zhu et al., 2023, Wang et al., 2023). 

 

(a) residential footprint 

 

(b) year of construction 

Figure 5. Residential footprints data display. Source: Drawn by the author. 

(3)   Tree footprints 

As illustrated in Figure 6, we downloaded Baidu Maps satellite imagery of Nanjing. After correcting for 
coordinate bias, we used Python to clip the imagery based to the previously collected residential-block 
footprint shapefiles, retaining only the satellite images within each block boundary. Tree footprints were 
then extracted using the open-source DetecTree tool (Bosch, 2020). DetecTree has achieved accuracies of 
85.98% and 91.75% in applications in Zurich and Lausanne, respectively. We further optimized its accuracy 
and connectivity to ensure reliable identification within our study area, thereby generating complete tree 
footprint shapefiles.  

Figure 6. Steps for identifying residential trees from Baidu satellite imagery. Source: Drawn by the author. 

2.2.2 K-means clustering for standardized residential typologies 

We employed the K-Means clustering algorithm to construct standardized residential block models. 
This method efficiently handles multidimensional indicators and has been widely applied in studies 
on urban morphology (Bhowmick, 2021). Before performing the clustering, we conducted basic 

1194



Yin, JR.;Liu, AQ.;Wang, W.  Optimizing urban residential tree-
planting strategies for ventilation efficiency 

 

 

 

statistical analyses (Table 1) and selected three tree-related indicators as inputs: tree height, crown 
width, and tree–building distance. The samples were grouped into three residential types that reflect 
typical Chinese housing categories, namely high-rise residential areas with more than nine stories, 
mid-rise residential areas with five to nine stories, and low-rise residential areas with fewer than five 
stories. This approach allowed us to identify characteristic building and tree corss-sectional 
relationships within each residential type. The silhouette coefficient was subsequently applied to 
determine the optimal number of clusters for each category.  

Metric Description Minimum Maximum Mean Median Std. Dev 
N Number of Buildings(count) 2.000  568.000  28.316  16.000  36.870  
ABH Average Building Height(m) 3.000  118.429  35.797  26.507  23.120  
RA Residential Area(㎡) 919.494  1077961.198  62921.031  42370.353  69526.805  
CY Construction Year of Residential Area 1970.000  2025.000  2007.685  2008.000  9.230  
BA Built-up Area(㎡) 373.939  199406.821  14525.593  9322.471  16258.641  
BD Building Density(%) 0.059  0.7607 0.247  0.242  0.091  
FAR Floor Area Ratio of residential area(%) 0.142  13.848  2.526  2.2564 1.259  
TA Tree Area(㎡) 0.000  646783.419  25213.874  14218.803  36780.948  
ATH Average Tree Height(m) 0.000  31.000 15.225  15.000  3.429 
TD Tree Density(%) 0.000  0.907 0.349  0.349  0.148 
ACW Average Crown Width(m) 0.000  29.000  10.182  10.290  2.814 
TBH Average Tree-Building Distance(m) 0.160  25.000 6.880  6.336  3.214  

Table 1. Multi-source data display. Source: Drawn by the author. 

2.2.3 CFD ventilation simulation 

This section introduces the ventilation simulation of the previously clustered standard residential 
block models. While the study aims to evaluate the impact of trees on indoor ventilation, outdoor 
airflow distribution largely determines the pressure differences and air exchange driving indoor 
ventilation (Mutani et al., 2021, Santantonio et al., 2024). Indoor ventilation simulations also require 
precise information on window parameters, interior layouts, and usage scenarios, which are difficult 
to obtain at the residential block scale. In contrast, building exterior airflow is easier to quantify via 
CFD and reflects the obstruction effect of trees. Therefore, simulating the wind environment on 
building exteriors provides a reliable proxy for assessing potential indoor ventilation obstruction.


We used the EDDY3D plug-in in Grasshopper to call OpenFOAM and performed simulations with the 
steady, incompressible flow solver simpleFoam. For each standard residential block, we simulated 
two scenarios（No Trees 푣� and With Trees 푣�������）and extracted wind speed values on all building 
surfaces for statistical analysis. This enabled us to quantify the average change rate in wind speed 
caused by trees: 

�����������
��

 =  ∆��������
��

 

 

 

 

 
Figure 7. (a) Computational domain. (b) Computational basic grids . Source: Drawn by the author. 

(b) (a) 
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2.2.4 Space mapping 

After obtaining the average wind speed variations for each standard residential block from the CFD 
simulations, we further expanded the ventilation assessment to all residential blocks through Kriging 
spatial interpolation. Kriging is a geostatistical interpolation method that incorporates both spatial 
autocorrelation and the distances between measurement locations. Ordinary Kriging is widely used 
for wind-field estimation because it provides unbiased predictions with minimum variance, and 
studies have shown that its interpolation accuracy outperforms natural neighbor and inverse distance 
weighting (IDW) methods (Radić et al., 2025). To preserve the cluster-specific characteristics and 
spatial heterogeneity, the interpolated ventilation change for each residential block was calculated as: 
 ∆��
��

 =  ∆��������
��

∙ ��
�����

∙ 푇퐷 (where 푘�is the Kriging value of the target block, and 푘baseis the Kriging 

value of the corresponding standard block.) 

3.Results

3.1 Overview of Tree Indicators in Nanjing Residential blocks 

Figure 8. (a) Average tree density by different residential types Over Time. (b) Distribution of residential types 
in Nanjing.  Source: Drawn by the author. 

As shown in Figure 8, tree density in low-rise and villa residential areas is noticeably higher than in 
other residential types, both above 0.4. High-rise areas began with tree density below the national 
standard of 0.3 but later increased and have remained above this threshold despite a recent slight 
decline. Mid-rise residential areas, developed earliest, also stayed below 0.3 before 2000 and 
subsequently rose to around 0.4. 

The relatively low tree density observed in mid-rise and low-rise residential areas before 2000 
reflects the absence of standardized greening practices during early development stages. The 
subsequent increase, followed by a slight decline in both high-rise and low-rise areas, suggests a 
transition from quantity-oriented to quality-oriented greening strategies after 2005–2009. As of 2025, 
Nanjing is predominantly characterized by high-rise and mid-rise residential developments, where 
tree density has generally stabilized above the national threshold. These temporal changes in tree 
density indicate evolving tree distribution patterns, which form the basis for the subsequent analysis 
of their impact on residential ventilation. 
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Figure 9. Four-quadrant analysis. (a) Tree-Building Distance vs Crown Width /2. (b) FAR V.S. Average Crwon 
Width. (c) FAR V.S. Tree-building Distance. (d)FAR V.S. Average Tree Height. Source: Drawn by the author. 

As shown in Figure 9(a), comparing tree–building distance with half the crown width reveals that 29.5% of 
residential blocks have trees directly contacting building facades, with this condition being more prevalent 
in mid-rise and low-rise areas, reaching nearly 70% in low-rise neighborhoods. Figures 9(b) and 9(c) show 
that both average crown width and tree–building distance increase with building height and floor area ratio 
FAR, while Figure 9d indicates a negative correlation between tree height and FAR. 

These results indicate that tree–building relationships in low-rise residential areas are often overly compact, 
posing a potential risk to ventilation performance and highlighting the need for further investigation. 
At the same time, these patterns reflect systematic configuration differences across residential density 
types, providing a structured basis for defining representative tree–building models for subsequent 
ventilation simulations.  

3.2. Typical residential areas after K-MEANS clustering 

 

Table 2. Typical residential models identified by clustering. Source: Drawn by the author.  

(a) (b) 

(c) (d) 
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As shown in Table 2, the clustering results identify representative tree–building spatial configurations 
across the three residential types, each exhibiting distinct structural patterns. In low-rise areas, trees 
generally exceed building height and are often located close to facades, with some cases where crowns 
extend above rooftops. This configuration reflects a high degree of spatial overlap between vegetation and 
buildings. In mid-rise areas, tree height is typically lower than building height, while crown widths remain 
relatively large. Trees are mostly positioned close to building facades, although variations in tree–building 
separation are observed across different models. In high-rise areas, trees maintain a clear spatial 
separation from buildings and are significantly shorter than building height, despite relatively large crown 
widths. These typological differences define representative spatial models of tree–building relationships, 
which are used as inputs for subsequent ventilation simulations. 

3.3. Ventilation simulation analysis 

Figure 11. Floor-by-floor wind speed variation rate for three residential types. Source: Drawn by the author. 

As shown in Figure 11, nearly all residential blocks exhibit reduced wind speeds, except for Mid-rise Model 
2, where the maximum wind speed increased by approximately 33%. We speculate that this increase may 
result from a local acceleration caused by appropriate tree height and spacing, with the acceleration 
occurring mainly above the tree crowns while other areas still experience wind reduction. It is also notable 
that in high-rise areas, even when trees are positioned at a distance from buildings, wind speeds 
consistently decrease, and the reduction persists across floors above the tree height. Overall, the strongest 
impact occurs at the mid-tree-height levels, indicating that taller trees influence a larger vertical range. The 
impact is greatest at the building floors that correspond to the mid-height of the trees, and it gradually 
decreases toward both higher and lower floors. Thicker crowns cause greater wind reduction, while greater 
tree–building distances lead to weaker obstructions. High-rise areas experience the smallest impact, with 
a maximum reduction of only 23.6%. 

Comparing the three residential types, we find that tree–building distance has a more significant effect on 
wind-speed changes than tree height or crown width. Trees in high-rise areas are typically farther from 
buildings, resulting in smaller decreases in wind speed. For example, comparing Mid-rise Model 4 and High-
rise Model 2, the two have the same tree heights, and High-rise 2 even has a larger crown width. However, 
due to the greater tree–building distance in High-rise 2, its wind-speed reduction is much smaller (Mid-rise 
2: −50.2%; High-rise 2: −23.6%). 

1    2    3    4 
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2.5. Phased Relocation Scenarios 

In response to projected sea-level-rise intervals, the study formulates a sequential relocation plan at an 

affordable cost, and connects the adaptation process with environment, land-use and society in a holistic 

way through the combination of environmental thresholds, land-use transfers, and socio-economy targets 

in 3 phases. For Phase 1 (Present–2035, +2 ft), short-term adaptation plan is to accommodate temporary 

flood-resilient facilities and logistics parks modules on the coast for business continuity and future 

relocation. For Phase 2 (2035–2070, +6 ft), mid-term relocation plan is to relocate major logistics clusters 

to the inland; meanwhile, the waterfront parcels vacated by logistics facilities are ecologically restored and 

partially converted into leisure uses, with public access corridors and pedestrian greenways formed and 

connected to the emerging leisure areas. For Phase 3 (2070–2090, +8 ft), long-term transformation plan is 

to convert the initial logistics belt into an uninterrupted urban wetland park connected to biodiversity 

networks, flood retention basins and various cultural programmes (Figure 9). 

 

Figure 9. Re-zoning & Migration Phase Plan. Source: Author. 

3. Discussion  
3.1. From Waterfront Labor to Hybrid Landscape 

The New Bedford waterfront—once defined by industrial production and seafood logistics—embodies the 

twentieth-century “working waterfront” at its most spatially efficient (Portman, Jin and Thunberg, 2009; 

Martin Associates and Foth-CLE Engineering Group, 2019; Trust for Public Land and Waterfront Historic 

Area League, 2024). Dense, segregated, and exclusionary, this arrangement of use historically facilitated 

industrial productivity, but also exacerbated vulnerability to climate change. Sea level rise and increasing 

flood events threaten not only the physical infrastructure of the waterfront, but also the socio-economic 

activities that depend on it. The de-zoning proposal counters this planning history by reversing the 

waterfront’s position as a monofunctional zone of labor for a hybrid landscape of coexistence. As logistics 

functions begin to migrate inland, the coastal territory left vacant by former use conditions serve as site 
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for new public life (Figure 10, 11). Here, the notion of a “landscape of leisure” appropriates spaces of former 

economic production for a new cultural, ecological, and recreational context. This is a definitional shift that 

goes well beyond spatial opportunity. By redefining the urban identity of the working waterfront, we are 

not attempting to forget the productive past of New Bedford, but are instead proposing a system of 

mnemonic association through interpretive design. The physical material of the site—piers, tracks, and 

warehouses—serve as memory nodes that connect the public use of the site today to a collective history 

of risk. In other words, vulnerability is an opportunity. 

 

 

Figure 10. Transformation of the Waterfront into a Hybrid Landscape of Leisure. Source: Author. 

 

Figure 11. Regional Aerial View of the Transformation of the Waterfront. Source: Author. 
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3.2. Design as a Medium for Climate Adaptation 

The New Bedford case shows what design adds to engineering: it folds ecological performance into urban 

form, so adaptation becomes an overlap between nature and culture rather than a defensive line drawn 

against the sea. The Tree Node carries this logic at the smallest scale. It is a vegetated edge that softens 

the hard separation between industrial parcels — and, at the same time, a porous social surface, useable 

for shade, gathering, informal occupation. Each node does double work, ecological and social, in the same 

footprint. Aggregated across relocation sites, these nodes form the Tree Zoning System (Figure 15) — a 

network of corridors and buffers that cools the city, holds runoff, and carries biodiversity through the urban 

fabric. The system is multi-scalar by design: small interventions, city-scale effect, calibrated to shift as 

conditions shift. 

3.3. Policy and Societal Implications 

At the governance level, the proposal recasts zoning as a flexible instrument rather than a fixed one. 

Conventional codes change slowly and read land mainly through use efficiency — a poor match for a 

climate that no longer holds still. The zoning/de-zoning framework offers another regulatory logic, 

organised around adaptability and ecological performance. Three policy consequences follow. Land-use 

can shift incrementally with environmental feedback rather than waiting for discrete rezoning events. 

Cross-sector work between planners, environmental managers, and community groups becomes routine, 

locating ecological goals inside social-justice agendas. Public investment shifts away from rigid protection 

infrastructure toward landscapes that deliver resilience and everyday quality of life at once. Socially, de-

zoning opens the waterfront. For decades it was a fenced-off working strip — closed during the day, dark 

at night. Removing the boundary returns the coast to the city. Parks, wetlands, and cultural pathways stitch 

neighbourhoods into the shoreline, and adaptation becomes what it always was underneath: a 

renegotiation between residents, industry, and environment. 

3.4. Replicability and Future Directions 

The logic of De-Zoning the Coast travels. Rotterdam, Busan, Guangzhou — each negotiates the same 

triangle of economic infrastructure, ecological exposure, and public access. The framework is portable, but 

not automatic: local institutional capacity and community engagement decide whether it lands. Two 

research directions follow. The first is measurement — quantifying flood absorption, carbon sequestration, 

and thermal regulation, then converting those numbers into zoning overlays or redevelopment incentives. 

The second is iteration: AI-assisted geospatial analysis can refine relocation sequencing and track impact 

over time, letting the framework recalibrate as climatic and socio-economic conditions move. New Bedford, 

in this sense, is less a finished proposal than a working method. Vulnerability, read carefully, becomes 

design material. The city moves from a logic of production to one of cohabitation — post-industrial coast 

as inhabited landscape rather than abandoned edge. 

 

4. Conclusion  

Climate adaptation in coastal industrial cities is not a technical fix. Sea-level rise exposes what modernist 

zoning got wrong — segregated functions, fixed industries on the most vulnerable land — and forces a 

different question: how to re-arrange labour, leisure, and landscape together. The de-zoning strategy 

combines geospatial analysis, landscape design, and phased implementation. GIS scenarios and the paired 
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operations of zoning and de-zoning let spatial planning frame possibilities without locking them in. The 

Tree Zoning System mediates between industrial work and human use through vegetated buffers — small 

infrastructures, large effect. Resilience, on this account, is not protection from change but the capacity to 

absorb it while keeping social and ecological systems intact. Governance has to follow. Zoning codes were 

written for a stable world; the world is no longer stable. Adaptive zoning enables transitions calibrated to 

ecological and socio-economic feedback, and that calibration depends on planners, designers, scientists, 

and residents working together rather than in sequence. For other port cities carrying industrial heritage 

and coastal risk, the framework offers a transferable model — coastal risk re-read as spatial opportunity, 

ecological function and cultural memory held in the same gesture. The phased plan is grounded in plausible 

climate projections, which is what makes both the project and its replication credible. New Bedford 

reconfigures waterfront logistics into hybrid landscape: defensive adaptation gives way to creative 

regeneration, fixed zoning to negotiated systems, a coast where production, ecology, and daily life share 

the same ground. 
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Abstract 

Riyadh city’s rapid urbanization, guided by Saudi Arabia’s Vision 2030, causes critical challenges to its urban liveability 
as the city expansion causes growing car dependency which negatively impact human mobility and air quality. 
Moreover, it is evident that Riyadh city experiences walkability deficiency and non-human-centred public spaces, which 
diminishes the opportunities for social interaction and better quality of life. Artificial Intelligence (AI) presents 
transformative opportunities to address these concerns through utilizing its technologies within the urban built 
environment. With this motivation, this study explores the integration of AI technologies with New Urbanism Principles 
aiming to present a comprehensive urban transformation model that could help mitigate these challenges, with 
particular emphasis on promoting and enhancing walkability, in Riyadh city Kingdom of Saudi Arabia. The research 
utilizes a multi-stage qualitative methodology, starting with a literature review to establish the synergy between AI 
technologies and New Urbanism Principles, followed by a comparative analysis of the best global practices that 
employed the AI technologies to enhance and promote human experience in the built environments. Synthesizing all 
the findings, the paper presents a comprehensive urban transformation model for Riyadh City to enhance walkability, 
as well as introducing more inclusive public areas and mixed-use developments. Furthermore, this study provides 
guidelines for urban planners and policy makers for integrating AI tools in urban design processes, fostering 
collaboration with stakeholders and generating policies that prioritize walkability and community engagement. This 
integrated model offers framework for strategies aligned with Vision 2030’s Quality of Life program, to provide a way 
towards transforming Riyadh into a more sustainable, vibrant and human-cantered metropolis. This research can be 
considered as relevant contribution to the dialogue on sustainable urban planning, within KSA Vision 2030, offering 
actionable framework that can guide policies and practices for cities with similar challenges globally. 

Keywords 

AI and Urban Planning, New Urbanism, Walkability, Sustainable urban development, Human-centric design, Saudi 
Vision 2030, Riyadh  

1. Introduction
1.1 Riyadh Urbanization and Challenges

Riyadh, the capital of Saudi Arabia, has undergone significante urban changes starting the mid-20th century due

to oil revenue, a rising population, and economic diversification. From 1990 to 2014, the urban area expanded

at an average rate of 9.4% per year, resulting in urban sprawl that hampered pedestrian access and caused long

travel distances (Aldegheishem, 2023), in addition to habitat destruction, traffic issues, ecological degradation,

and sustainability challenges and extreme heat (Anwar et al., 2023). The existing urban environment prioritizes

vehicles without giving any attention to pedestrian needs resulting in separate residential zones and inadequate

access to daily distenations such as educational institutions. The existing urban structure is unsustainable;

therefore, planning must align with Saudi Vision 2030 to provide enduring growth (Alosaimi et al., 2025).

Riyadh features significant walkability issues, marked by a car-centric urban design and insufficient pedestrian

infrastructure which is documented in literature such as the conducted survey of 302 participants which

indicated primary obstacles such as inadequate facilities, environmental discomfort, and lack of safety measures

(Alkrides et al., 2025). Moreover, Riyadh's urban environment favors cars over pedestrians, with older traditional

neighborhoods exhibiting slightly superior walkability ratings. Particular issues involve severe weather

conditions, insufficient shade, inadequate sidewalks, and restricted pedestrian-friendly architecture which
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indicate an urgent necessity for reliable urban redesign to enhance walkability and sustainable mobility (Rezzoug 

et al., 2025). 

New Urbanism is one of the primary urban design concepts, its principles guides achieving human-centric 

environments that promotes walkability and reduce vehicle reliance (Porwal & Sharma, 2024). These design 

strategies encourage walking and also advance overarching urban sustainability objectives, such as less air 

pollution and enhanced public health (Iravani & Rao, 2020). 

Literature continually shows that active urban design has the potential to transform vehicle-dominated areas 

into pedestrian-friendly environments. Conversely, Artificial Intelligence (AI) has a significant potential to 

enhance urban livability by transforming city management, infrastructure, and resident services through data-

driven technology (Ullah et al., 2024). 

1.2 Research Aim 

This study seeks to investigate the synergy between (AI) technology and New Urbanism concepts to improve 

urban walkability, especially in difficult dry conditions. The main objectives are: 

1. Propose a new comprehensive model for reliable urban transformation that utilize AI dimensions for

promoting Walkability in Riyadh.

2. Analyze global case studies of AI technologies integration in urban design to enhance pedestrian-friendly

environments, and study their relevance to Riyadh

1.3 Significance of Study

This study is in aligned with Saudi Arabia's Vision 2030, especially its Quality-of-Life Program, which seeks

improving the quality of life in Saudi cities and the users’ well-being. It can assist with Sustainable Development

Goal (SDG) 11, which seeks making cities more sustainable and inclusive by focusing on AI-enhanced designs.

The findings are relevant worldwide and provide insights into fast urbanizing cities in dry or developing regions.

They also emphasize the role of implementing technology into urban design to achieve humanizing cities.

1.4 Organization of the Manuscript

The document is organized as follows: Section 2 examines the literature about New Urbanism, AI applications in

urban planning, and walkability in arid environments. Section 3 presents the methodology of the study. Section

4 provides a study of international case studies that utilize AI and New Urbanism. Section 5 presents a

customized transformation model for Riyadh. Section 6 for the discussion addressing impact of AI tools on

promoting walkability in Riyadh, and avenues for further research, and Section 7 culminates with insights and

conclusion.

2. Literature Review
This study conducted a literature review to study the theoretical background of New Urbanism, the application

of AI technologies in the context of urban design, and the synergy between them. Additionally, walkability

metrics and human-centric design were studied through the examination of known frameworks, and qualitative

indicators.

2.1 Theoretical Foundation of New Urbanism

New Urbanism is a reformative theory that emerged in the 1980s, examining the weakness of 20th-century

urban design, heavily influenced by the 1933 Athens Charter. In the 1991 Ahwahnee principles was the first

formalization of new urbanism guidelines and was articulated again in the 1996 Charter of New Urbanism, which

emphasized a supportive urban framework for human well-being. The New Urban Agenda in 2016 presented by

the UN got recognized globally, incorporating key new principles for sustainable urban development. (Mehaffy

& Haas, 2020) The Congress for the New Urbanism (CNU) developed the Charter of the New Urbanism, which
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includes 27 detailed principles, the application of these principles can acheive promoting walkable 

neighborhoods to promote social, economic, and environmental sustainability.   

2.2 AI Technologies in Urban Planning and Design 

In urban planning and design, there are plenty of uses for different AI technologies such as machine learning 

(ML), big data analytics, and robotics, to facilitate decision making and predictive modeling. These AI-tools help 

optimize many fields such as transportation and enhance citizen engagement, addressing many urbanization 

challenges (He & Chen, 2024). Applications include PlanFinder for design generation and Luma for visualization, 

while AI models like “Generative Adversarial Networks (GANs)” create urban layouts and can assess climate 

impacts (Sajjad Naseri, 2024). Additionally, Machine Learning enhances both traffic management and urban 

design adaptability (Y. Li et al., 2023; Sanchez et al., 2024), and Natural Language Processing (NLP) derives data 

and ideas from public feedback to help in guiding the design process and enhance existing conditions (Yigitcanlar 

et al., 2020). Agent-based modeling (ABM) can act as a key simulation technique for urban modeling, resulting 

in guided decision making in the planning process based on human behavior and needs (Crooks et al., 2021). 

Moreover, established software like NetLogo and AnyLogic provide strong base for these tools, promoting 

evidence-based urban development (JCoDe et al., 2021). 

2.3 Synergy between AI and New Urbanism Principles for promoting walkability 

AI technologies has the capability of enhancing urban walkability through several creative methods and datasets, 

these AI-driven improvements cause paradigm shifts in the design process and designs, as they identify 

integration gaps in the planning perspective and actual operation. They assess both all the involved factors to 

better guide pedestrian networks planning and promote transit-oriented developments (Delavar et al., 2025; 

Xiao & Song, 2024). NLP tools can help facilitating the collection of community feedback for better synthesizing 

the community actual needs, towards promoting walkability following users' requirements (Ötleş et al., 2021). 

In  a different area; Computer vision (CV), which is used in line with street view data, is employed to in real time 

evaluation of visual quality, walkability, and urban disarray facilitating swift assessment of the pedestrian 

environment and highlighting the areas that require enhancement. Additionally, Frameworks like “GraphSAGE-

LSTM” utilize both collected community data and CV to accurately simulate pedestrian comfort, that resulted in 

over 20% more accuracy than current models ( Peng et al., 2024). Models that utilize deep learning such as DS-

HRNet uses “urban big data” along with automate evaluation techniques to facilitate extensive assessments of 

street-level walkability (Huang et al., 2014; Xiao & Song, 2024). As for improving thermal comfort, AI-driven 

generative design optimizes urban designs to create "walkable urban cool area". (Y. Li et al., 2023). Furthermore, 

AI “clustering algorithms” like K-Means analyze urban datasets to better guide informing decisions on walkability 

and cyclability, aiding urban planners in creating adaptable sustainable urban strategies. (He & Chen, 2024)  

All the above demonstrates substantial synergies between New Urbanism and AI technologies. New Urbanism 

prioritizes human-centric, pedestrian-friendly urban designs to help towards minimizing vehicle-reliance and 

promote communities that could be described as friendly, as articulated in the Charter of the New Urbanism. 

Table 01 demonstrates the fundamental technological tools utilized in urban planning and design, their 

particular applications in designing urban spaces, and the impact it has on promoting walkability, derived from 

recently published academic literature. 

Table 01: AI Technologies towards promoting Walkability

AI Technology Urban Planning Application Walkability Impact 
ML/DL Pattern Recognition and sPrediction Identifies Walkability Barriers and guides interventions 

Computer Vision (CV) Street view analysis and mapping Assess pedestrian paths and guides updating 

walkability maps 
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NLP/LLMs Stakeholders engagements/ 

Feedback analysis 

Aligns improvements with community needs collected 

Generative Models Scenario Visualization/ Urban grid 

layout enhancement 

Facilitates walkability-oriented designs/ Improve 

proximity, transit access and land use diversity 

Agent Based Modeling Walkable network simulation Promote walkable accessible neighborhoods 

2.4 Walkability metrics and Human Centered Design 

Walkability indicators are essential for urban planning as they assess areas suitability to pedestrian activity to 

enhance community public health. These walkability metrics focus on many factors such as connectivity and 

accessible areas, land use, and the quality of pedestrian walkways, (Lo, 2011) emphasize consensus factors such 

as sidewalk accessibility and street connectivity, whereas (Riggs, 2017) concentrates on proximity to services 

and junctions denisty. Furthermore, (Abdelfattah et al., 2025) substantiate these findings with Frank Lawrence's 

framework on density and mixed-use development. Additionaly, (Zakaria et al., 2025) outlines eight 

performance metrics, encompassing safety and aesthetics, while (Blečić et al., 2015) have significantly critiqued 

currently used metrics as they are considered not able to diffrentiate between demographic and social and 

economic factors. It was concluded that the principal indicators for walkability encompass density, mixed-use 

development, street design, accessibility to destinations, being proximate to public transportation, socio-

environmental elements, perceived friendliness, and demographic characteristics. 

3. Methodology
This study adopts a multi-stage qualitative research methodology (as shown in Figure 01), this method is

considered fit for urban design research because it emphasise on interpretive and exploratory approaches.

Qualitative methodologies in urban planning enable understanding of complexity of socio-spatial phenomena,

such as the integration of AI with New Urbanism principles, through investigating contextual significances, and

emerging paradigms. This study clarifies the main aspects of walkability through interpretation of human-centric

design and utilizing theoretical frameworks of New Urbanism to show how AI may enhance human-centric

environments within Riyadh's unique desert and cultural environment. The exploration of literature and

previous case studies can guide the discovery of novel synergies and applications, therefore permitting

adaptation into a conceptual framework.

The multi-stage process progresses methodically as follows: initially, a literature review (Stage 01) consolidates

existing knowledge on AI technologies and New Urbanism, establishing theoretical connections; subsequently,

(Stage 02)  analysis of global case studies to study best practices to derive tested strategies; finally, (Stage 03)

data synthesis combine all the resulted findings into a proposed urban transformation model for Riyadh,

employing conceptual mapping to investigate workable guidelines.

Figure 01: Stages of the study’s Methodology (by the researchers)
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4. Analysis of Global Best Practices 
4.1 Criteria for Selection 

Both models were chosen because they use AI to manage public spaces. Also cases that focused on making 

walking safer, more comfortable, and more sustainable. It fits with Saudi Arabia's urban situation (Vision 2030): 

the models offer flexible strategies that work with Saudi Arabia's Smart City projects and the Quality of Life 

Program and Vision 2030 goals. 

4.2 Analysis of Barcelona case study 
Barcelona's Superblocks project is a major step forward in changing cities as it changed how people get around, 
, and how easy it is to walk in small cities (Rueda, 2018). The city successfully reduced air pollution, noise levels, 
and the dominance of cars by reorganizing traditional city grids into interconnected zones that prioritize 
pedestrians (Nieuwenhuijsen et al., 2024), improving both physical and social connectivity. The Superblocks 
design incorprates slow-traffic streets, shaded public spaces, and bike lanes that make it easier for people to get 
around in an environmentally friend way (Ajuntament de Barchelona, 2016). Table 02 demonstrates Barcelona 
case study that analysing AI as a key part of Barcelona's Superblocks strategy as  data are used to help improve 
pedestrian flows, make the city safer, and help with adaptive planning. 

4.3 Analysis of Singapore Case study:  
Singapore's Smart Nation Vision (2014–2030) is one of the most plans in the world for integrate AI, big data 
analytics, and digital governance into the daily life  aiming at to making cities more livable, sustainable, and 
mobile by using smart technologies in the urban environment (MDDI, 2024). This project utilizes data-driven 
decisions that will improve both infrastructure performance and the experience of citizens (N. Li, 2023; LTA 
Annual Report, 2019). The Virtual Singapore project, a key part of this change, is a dynamic three-dimensional 
digital twin of the city that combines geospatial, environmental, and demographic data. This platform allows 
for predictive urban modeling, simulation of pedestrian and vehicular flows, and testing of design 
interventions prior to implementation (Report, 2023; Urban Redevelopment Authority-Singapore, 2021a). A 
summary of the Singapore case study analysis is presented in Table 3. 
 

Table 02: Enhancing AI standards and solutions for enabling walking in Barcelona 
Walkability 

Factors 
AI urban 
domain 

Description References 
 

Accessibility 
& mobility 

ML/IOT Forecast pedestrian and traffic flows to optimize 
connectivity and reduce travel time. 
Real-time tracking of pedestrian mobility and smart 
crossings. 

(Ajuntament de Barchelona, 
2016b; Nieuwenhuijsen et al., 
2024b; Salvador Rueda, 2019) 

CV Analyze pedestrian density and accessibility by video 
data 

(Sollazzo, 2022) 

GM Generate alternative pedestrian network layouts (Salvador Rueda, 2019) 

ABM Simulate pedestrian flow scenarios and network 
efficiency 

(Nieuwenhuijsen et al., 
2024b) 

NLP Linguistic data to understand users' experiences in 
public space. 
Integration of Social and Spatial Data to Improve Access. 

(Nieuwenhuijsen et al., 2024b; 
Salvador Rueda, 2019; 
Sollazzo, 2022) 

Human 
Scale 

ML/IOT Estimate crowd flows to design adaptable spaces. 
Smart  benches, lighting, and irrigation 

(Ajuntament de Barchelona, 
2016b; Nieuwenhuijsen et al., 
2024b; Salvador Rueda, 2019) 

CV Monitor user activity, seating, and behavior in spaces. (Sollazzo, 2022) 

GM Propose street furniture layouts and micro-place making 
elements. 

(Nieuwenhuijsen et al., 2024b; 
Salvador Rueda, 2019) 

1282



Alansary, S.; Elmallah, A. AI-Driven Strategies for promoting Walkability in 
Riyadh, A New Urbanism Framework 

ABM Test behavioral interaction of public spaces. (Nieuwenhuijsen et al., 
2024b) 

NLP Social Interaction in Public Space  
quality of public space through the integration of NLP 
and smart spatial systems 

(Gehl j., 2010; 
Nieuwenhuijsen et al., 2024b; 
Sollazzo, 2022) 

Safety 
&Security 

ML/IOT Predict risk-prone areas through proactive measures. 
Smart sensors detect motion and lighting  

(Nieuwenhuijsen et al., 2024b; 
Sanyal et al., 2023) 

CV Detect unsafe crossings and near-miss events (Sollazzo, 2022) 

GM Design safer street based on behavioral data. (Salvador Rueda, 2019) 

ABM Model accident probability and test intervention 
impacts. 

(Nieuwenhuijsen et al., 
2024b) 

NLP Analysis of Community Texts to Monitor Security and 
Behavioral Problems in the Urban Sphere. 

(Salvador Rueda, 2019; 
Sollazzo, 2022) 

Mixed- Use 
& proximity 

ML/IOT Forecast service demand. 

IOT networks track functional proximity of services.
(Nieuwenhuijsen et al., 2024b; 

Salvador Rueda, 2019) 

CV Track usage patterns of amenities and facilities (Sollazzo, 2022) 

GM Simulate mixed-use clustering for efficient access. (Salvador Rueda, 2019) 

ABM Model accessibility scenarios within the 15-minute city 
concept. 

(Nieuwenhuijsen et al., 2024b) 

NLP Integrate NLP with Spatial Data Systems to Enhance 
Functional Balance within Neighborhoods 

(De Boeck, 2021; 

Nieuwenhuijsen et al., 2024b) 

Socio 
cultural and 
friendliness 

ML/IOT Analyze data from urban sensors to understand patterns 

of use of public spaces and social interaction  

(Nieuwenhuijsen et al., 2024b; 

Salvador Rueda, 2019) 

CV Analyze camera images to extract data on the intensity 

of human interaction, movement patterns, and social 

behavior in spaces.

(Salvador Rueda, 2019) 

GM Generating urban design alternatives based on social and 

behavioral data.  

(De Boeck, 2021; Salvador 

Rueda, 2019) 

ABM Simulate the behavior of individuals in public spaces and 

monitor patterns of social interaction. 

(Nieuwenhuijsen et al., 2024b; 

Salvador Rueda, 2019) 

NLP By identifying weaknesses and strengths in the quality 

of urban life, and supporting decision-making.  

(Ajuntament de Barchelona, 

2016b) 

Comfort & 
Climate 

ML/IOT Anticipate thermal comfort patterns to plan shaded 

routes and rest zones.Heat, noise, and pollution sensors 

(Ajuntament de Barchelona, 

2016b; Nieuwenhuijsen et al., 

2024b) 

CV Assess heat exposure and sunlight patterns (Sollazzo, 2022) 

GM Optimize shade and material selections (Salvador Rueda, 2019) 

ABM Simulate thermal environments and comfort levels. (Nieuwenhuijsen et al., 2024b) 

NLP Employing NLP in Predictive Climate Modeling and 

Interactive Design for Environmental Comfort 

(De Boeck, 2021) 

Table 03: Enhancing AI standards and solutions for enabling walking in Singapore 
Walkability 

Factors 
AI urban 
domain

Description References 
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Accessibility 
& mobility 

ML/IOT Mapping foot O–D via Bluetooth/LBS to reveal missing 

pedestrian links and prioritize cut-through near 

MRT/bus stations 

(Authority, 2022; Land 

Transport Authority, 2019) 

CV Analyze pedestrian density and detect accessibility 

barriers in downtown areas. 

(Urban Redevelopment 

Authority-Singapore, 2021) 

GM Generate alternative for walkways and crossings based 

on pedestrian heat maps and travel-time. 

(Buda et al., 2023) 

ABM 3D digital twin computes 5/10/15-min walksheds; 

simulates routing during works/events 

(Urban Redevelopment 

Authority-Singapore, 2021) 

NLP Analyze textual data to improve mobility experience 

Integrate NLP with spatial models and geo data. 

(Land Transport Authority, 

2019; Urban Redevelopment 

Authority-Singapore, 2021) 

Human 
Scale 

ML/IOT Anonymous device pings for dwell time & co-presence; 

informs seating clusters & layouts  

Crowdsourced micro-audits (width/shade/crossings);  

(Authority, 2022; B. Li et al., 

2023) 

CV CV models classify sitting/standing/play/micro-events; 

guides furniture & shade placement 

(B. Li et al., 2023) 

GM Simulate user interaction in virtual environments to 

assess accessibility, safety, and inclusivity. 

(B. Li et al., 2023) 

NLP Integrating NLP with Digital Twins to Analyze Behavioral 

Patterns in Public Spaces 

(Authority, 2022; Buda et al., 

2023) 

Safety 
&Security 

ML/IOT Combines crash, speed, curb geometry  KSI risk; outputs 

black-spot treatments 

Edge models flag lighting failures & low-presence 

segments; dispatch maintenance 

(Bachanek et al., 2021; Bank, 

2019; Lta Annual Report 

2020/21, 2020) 

CV Detect unsafe crossings, violations, near-misses (Urban Redevelopment 

Authority-Singapore, 2021) 

NLP Analyze text reports to enhance intelligent security 

response 

(Bachanek et al., 2021; Lta 

Annual Report 2020/21, 2020; 

Urban Redevelopment 

Authority-Singapore, 2021) 

Mixed- Use 
& proximity 

ML/IOT Graph centrality & catchments reveal amenity gaps in 

800–1200m walksheds 

Collect real-time data on user movements between 

residential, retail, and recreation areas. 

(B. Li et al., 2023; Urban 

Redevelopment Authority-

Singapore, 2021) 

GM Generative setbacks/arcades maximize continuous 

shade & active edges 

(Urban Redevelopment 

Authority-Singapore, 2021) 

ABM Agent-based itineraries quantify trip substitution when 

new connectors/arcades added 

(Authority, 2022) 

NLP Analyze planning and community texts to understand 

land use patterns and services 

(Szczepánska et al., 2023; 

Urban Redevelopment 

Authority-Singapore, 2021) 

Socio 
cultural and 
friendliness 

ML/IOT Analyze real-time data from sensors to understand 

patterns of social interaction within public spaces, 

(Upadhyay et al., 2022; Urban 

Redevelopment Authority-

Singapore, 2021) 
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5. The new urbanism model (AI-UDM)
The model presents an extensive approach that combines walkability indicators with AI factors to make new
analytical tools that help with intelligent urban design and redesign projects. The framework is built on the
idea that AI technologies like digital twins, predictive analytics, and computer vision can work with human-
centered design principles and walkability metrics such as safety, accessibility, and connectivity. This
integration makes dynamic hybrid indicators that help cities make decisions and improve the quality of life
for  people. As illustrated in Figure 02, the proposed AI-UDM framework integrates key five AI urban domains
with six core walkability indicators: mobility and accessibility, safety and security, human scale, mixed-use
proximity, socio-cultural friendliness, and climate comfort to generate adaptive urban design outcomes
aligned with Saudi Vision 2030’s Quality of Life goals.

CV Determine the density of gatherings, the extent of 

demographic diversity, and movement. 

Monitor the use of spaces by older people and children. 

(Land Transport Authority, 

2019; Urban Redevelopment 

Authority-Singapore, 2021) 

GM Generate design alternatives for public spaces based on 

data on social behavior, population density, and cultural 

activities.  

Assess the impact of future design decisions on social 

cohesion and urban belonging. 

(Szczepánska et al., 2023; 

Urban Redevelopment 

Authority-Singapore, 2021) 

ABM Simulated thousands of 'virtual agents' representing 

populations of different ages, culture, and movement 

patterns. 

(Bachanek et al., 2021; Urban 

Redevelopment Authority-

Singapore, 2021) 

NLP Determine the level of social satisfaction and cultural 

affiliation of citizens. 

Integrated with spatial data systems to provide urban 

friendliness maps. 

(Bachanek et al., 2021; Urban 

Redevelopment Authority-

Singapore, 2021) 

Comfort & 
Climate 

ML/IOT Anticipate microclimate variations to plan shaded 

pedestrian corridors and rest zones. 

Real -time noise/PM sensors trigger dynamic screens & 

low-noise timing plans 

(Authority, 2022; Urban 

Redevelopment Authority-

Singapore, 2021) 

CV Downscales LST via street-level imagery; informs 

shading retrofits on arcades/connectors 

(Urban Redevelopment 

Authority-Singapore, 2021) 

ABM Microclimate digital twin simulates wind/shade/radiant 

exchange - ‘cool corridors’ 

(Szczepánska et al., 2023) 

NLP Analysis of environmental texts to assess thermal 

comfort and pedestrian behavior 

(Bachanek et al., 2021; Urban 

Redevelopment Authority-

Singapore, 2021) 
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Figure 02: AI urban domain Model (AI-UDM) (By the researchers) 

6. Discussion
6.1 Impact of AI urban domains on promoting walkability in Riyadh

The research demonstrated the application of tools such as Machine Learning (ML), Internet of Things (IoT),

Computer Vision (CV), Agent-Based Modeling (ABM), Geospatial Modeling (GM), and Natural Language

Processing (NLP) in the development of comprehensive urban domains that promote walkability in Riyadh.

Regarding mobility and accessibility, ML and IoT support predictive analysis of pedestrian and vehicular

movement, improving transport connectivity, reducing congestion, and enhancing last-mile accessibility aligning

with Quality of life program and Vision 2030. For urban safety and security, CV, ML, and smart sensing systems

enable proactive identification of unsafe crossings and high-risk pedestrian zones, allowing anticipatory design

interventions and more responsive public spaces.

Emphasizing on the value of human-scale urban design, ABM and GM simulate pedestrian movement,

behavioural responses, and social interactions which in return shifts the planning from a purely physical exercise

toward evidence-based, behaviour-informed urban design.

A further implication lies in supporting mixed-use proximity and 15-minute city principles, as ML and spatial

analytics improve the evaluation of service distribution, land-use balance, and destination accessibility, helping

reduce automobile reliance and strengthen urban resilience. In addition to AI’s effective role in enhancing socio-

cultural inclusivity and community cohesion through the use NLP, CV, and ABM. These frameworks capture

public sentiment and social interaction patterns, reinforcing culturally responsive and human-cantered urban

environments that responding to the real feedback of Riyadh’s residents.

Finally, integrating ML, IoT, and generative modelling into thermal comfort and microclimatic design is especially

relevant to Riyadh’s arid climate as real-time monitoring of shading, cooling, and environmental conditions

supports climate-responsive pedestrian networks and improving comfort.
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6.2 Opportunities for Future research and initiatives 

Future research seeks to confirm the AI-New Urbanism model through pilot studies in Riyadh such as AD’Diryah, 

emphasizing the integration of quantitative metrics to evaluate walkability effects through AI data analytics. 

Moreover, this framework could be customized for other Saudi cities like Jeddah and Dammam, or it could be 

adapted for dry cities around the world and to include innovative AI technologies, such as real-time digital twins, 

in scientific projects. In Alignment with Saudi 2030 Vision, future research should prioritize collaborative 

partnership with AI agencies, urban planning authorities and private sector to accelerate the development, 

testing and implementation of AI- drivin solutions in the built environment. 

7. Conclusion
This study developed an integrated AI-driven urban design model (AI-UDM) that combines AI technologies with

New Urbanism principles towards promoting walkability in Riyadh. The findings confirm that the merging AI

tools, and human-cantered urban theory can provide a robust framework for addressing the cities’ challenges

of car dependency, fragmented public space, and limited pedestrian comfort.

By synthesizing insights from the literature, the best global practices, and Riyadh’s specific socio-climatic

conditions, the research demonstrates that AI can significantly strengthen evidence-based urban planning

processes. The proposed framework supports dynamic assessment of walkability through multiple dimensions,

including accessibility, safety, mixed-use proximity, socio-cultural interaction, and climate-responsive comfort.

The study contributes to advancing the synergy between AI and New Urbanism offering an action planning

model aligned with Saudi Vision 2030’s Quality of Life and sustainability agendas.
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Abstract 

Managing growth in Riyadh after the rapid expansion of the city is a major issue in its development 

that needs to be discussed. The study aims to assess the impact of the urban development of Riyadh 

on the quality of life. A cross-sectional study design was adopted to determine the impact on the 

quality of life in the four domains of physical health, environment, psychological health, and social 

relationships via using the World Health Organization Quality of Life Brief Version (WHOQOL-

BREF questionnaire). The study recruited 217 participants. However, data related to urban 

transformation in Riyadh has been qualitatively collected using secondary data. The findings of the 

study revealed that urban transformation was significantly and positively correlated with the 

quality of life. The study reviews that the overall infrastructure under Vision 2030 is according to 

the global standards of development and recognition which will increase the likelihood of Saudi 

cities to get global recognition. 
 

Keywords 

Development; Riyadh; Saudi Arabia; Urban Transformation; Quality of Life 

1. Introduction 

The concept of urban transformation has been aroused through the mixing of cultural and economic 
policies among the major cities across the world. These cities have created a supportive atmosphere to 
welcome the changes associated with urban transformation. The main aim of urban transformation is to 
encourage the aspects that combine with other factors resulting in a successful city. Urban transformation 
is likely to provide attractive conditions for residents, culture promotion, and leisure facilities for 
environmental and sustainability protection (Alamoudy, 2017). Almost all cities tend to face economic, 
social, infrastructural, and environmental challenges that force citizens to find solutions to the ongoing 
problems within the city. The economy of a state can be improved by bringing about structural changes 
along with new economic potential leads (Gehl and Svarre, 2013). 

The rapid urban transformation has been observed in Riyadh since the 20th century (Addas, 2020). These 
changes have imposed a significant influence on the evolution of its urban identity. A study conducted by 
Al Naim et al. (2013) has shown that the conflict between modern ways of urban transformation and 
traditional ways of urban development is the main challenge that hinders the establishment of a cohesive 
urban identity in Riyadh. Therefore, it is important to investigate how globalization and modernization 
helped in introducing new urban concepts resulting in a division of Riyadh into urban entities. 
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The core issue addressed by the study revolves around Riyadh's attempts to adopt smart city initiatives 
and implement sustainable urban data systems. The Saudi government aims to see Riyadh, Jeddah, and 
Dammam placed among the top 100 cities in the world (Ajlan and Al Abed, 2023). With its strategic location 
at the crossroads of Asia, Europe, and Africa, Saudi Arabia is uniquely poised to host a leading global city. 
The Royal Commission for the Development of Riyadh has been awarded a Certificate of Merit, realizing 
the city's contributions in advancing the transition to becoming a smart city and assisting in achieving the 
2030 Sustainable Development Goals. Riyadh stands alongside other globally acknowledged cities striving 
to establish international benchmarks for smart cities. However, the definition, requirements, and 
analytical framework of a smart city remain uncertain with the absence of a structured strategy aimed at 
transforming Riyadh into an actual intelligent urban center (Ajlan and Al Abed, 2023). Some major projects 
underway include King Salman Park, the Sports Boulevard, the Green Riyadh initiative, and the Riyadh Art 
project. The city still has huge challenges, including the speed of growth it is recording at the moment, 
which creates problems in achieving the structure of a sustainable urban layout. 

A city cannot claim “smart” by means of integrating technology alone and nor does “smart” automatically 
apply to urban sustainability through applications alone, yet technology supports the sustainability 
process as applied effectively by community stakeholders and local government. While attempts have 
been made to advance both “smart” and “sustainable” initiatives, neither has reached the promised 
potential. This gap has hindered Riyadh from becoming systematically transformed into a smart 
sustainable city, seamlessly integrating digital technologies with urban planning and meeting the 
objectives of sustainable development. A smart city is sustainable when there is a clear framework that 
outlines different concepts, dimensions, and measurable indicators (Ajlan and Al Abed, 2023). There is a 
need to explore how smart technologies can be employed to assess and implement urban development 
patterns in ways that align with the principles of sustainable smart cities. Additionally, it is crucial to 
develop improved methods for understanding the interplay between sustainable urban development and 
smart applications to enhance overall sustainability outcomes. 

Managing growth in Riyadh after the rapid expansion of the city is a major issue in its development that 
needs to be discussed. It is important to study the evolution of urban transformation in Riyadh to assess 
the influence of physical development patterns and identify the consequences that help in this 
transformation (Aina et al., 2019). The study aims to evaluate the impact of urban transformation in Riyadh 
on people's quality of life. Moreover, the study will also explore how urban transformation will help in the 
recognition of Riyadh in the top-ranked 100 cities. The study will explore different ways in which the urban 
transformation of Riyadh can be employed practically. The study has examined several influential studies 
in this field to identify the concept of urban transformation that is best suited for Riyadh, as it is the 
administrative capital of Saudi Arabia. The study results are significant as no study has been carried out to 
investigate the impacts of the urban transformation of Riyadh on the quality of life and how it is to be 
recognized as one of the top 100 ranked cities. An important question this study seeks to answer is how 
the correlations between the four QOL domains (physical health, psychological health, social relationships, 
and environment) explain variations in overall quality of life. 

2. Theoretical Background 

quality of life Modern spatial planning policies and management practices have reshaped urban spaces but 

often exacerbate social segregation. Disconnected commercial and residential areas, traffic routes isolating 

urban life, and two-dimensional engineering plans have neglected high-quality public realms. Poor 

management and rapid urbanization further contribute to the decline of vibrant public spaces (Gehl and 

Svarre, 2013). The urban spaces in developed countries have changed radically based on the fluctuations 

in economic, political, and cultural situations that alter organizational functions. The present study has 

focused on Riyadh, Saudi Arabia, to study the quality of life and to change the nature of public spaces. The 
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contemporary spaces in Riyadh suffer deficiencies in modernist design, planning, and management. This 

deficiency is fulfilled by altering traditional street culture, creating unusable urban spaces, transforming 

socio-spatial fabric, eroding the sense of local identity, and responding to the needs and aspirations of the 

residents (Mandeli, 2019). 

2.1. Vision 2030; A Blueprint for Urban Transformation of Saudi Arabia 

Vision 2030 envisions Saudi Arabia as a thriving and diversified economy to promote sustainable urban 

development. It is going to be a country with lively cities, which will have all the modern facilities that will 

help in creating the perfect environment for living. An important component of Vision 2030 is the 

revitalization of Saudi culture. It will instill pride in national identity and also bring about a change in the 

education system to suit the needs of modern markets and industries. 

The initiative focuses heavily on job creation and economic diversification. As part of these goals, Saudi 

Arabia's unemployment rate dropped to 6% in Q1 2022, down from 6.9% in Q4 2021 (General Authority 

for Statistics, 2020). Vision 2030 also aspires to elevate the Kingdom’s global position, aiming for a top-five 

ranking in the E-Government survey, where Saudi Arabia currently ranks 37th (Kumar and Albashrawi, 

2022). The program should, therefore, empower private businesses, increase content produced locally, 

and bring governmental and business operations to digital fronts. Moreover, Vision 2030 has emphasized 

energy transformation, commitment towards the reduction of its dependency on oil, and maximum use of 

renewable energies. This change is well-supported by the National Renewable Energy Program, which is 

set to diversify energy sources in the Kingdom, an initiative started in 2016. Investment Recycling Company 

Further sustainability also involved the establishment of a National Environment Strategy and integrated 

waste management programs intended to further enhance environmental protection. Saudi participation 

in international initiatives includes the International Solar Alliance and Global Coral Reef Conservation, with 

the intent of reinforcing a commitment toward global environmental goals. The Kingdom also contributes 

to climate change mitigation through the Middle East Green Initiative and the Saudi Green Initiative, in 

addition to local projects such as the Sakaka Solar Power Plant. Urban development is another key thrust. 

Vision 2030 seeks to ensure that Saudi cities are globally competitive, with an emphasis on sustainability 

standards. The Kingdom has signed up to the Circular Carbon Economy (CCE) framework during its G20 

Summit hosting, which calls for the reduction of carbon emissions and sustainability. The approach will be 

recycling carbon emissions and reducing carbon emissions while diversifying the economy (Ritchie and 

Roser, 2018). In ranking cities globally, the Economist Intelligence Unit considers five criteria: culture, 

stability (25%), infrastructure and healthcare (20%), and education (10%). 

 

2.2. Urban Transformation in Riyadh 

While Riyadh’s urban transformation draws on global trends, looking at international case studies like 

Sydney and Vienna provides useful insights into how other cities have navigated similar challenges. Both 

cities have implemented successful urban strategies that Riyadh can learn from in achieving its 

sustainability and quality of life goals. Sustainable Sydney 2030 is an example of such a model in Sydney. 

Sydney became the first carbon-neutral city in Australia in 2008, and its urban transformation is highlighted 

by green initiatives such as the urban growth forest strategy and projects like the South East Light Rail and 

Sydney Metro systems. Similar to Vienna, the city's urban policies focus on human-centric housing models 

and have played a significant role in improving the city's livability despite challenges such as population 

growth and migration (Pavel and Jucu, 2020). Quality of Life Program: This forms another important aspect 

of Vision 2030, encouraging diverse lifestyle activities and an improvement in general living conditions. The 

1292



 
Aldusari, A. 

Urban Transformation of Riyadh City to be Recognized 
in the Top-Ranked 100 Cities in the World 

 

 

program invests in local talent and allows for a regulatory framework to support the quality of life, 

supporting Saudi citizens. Additionally, Vision 2030 attempts to reduce dependence on revenues from 

natural resources and on public sector employment, establishing an economy that is more sustainable and 

diversified (Abou-Korin and Al-Shihri, 2015; Khan, 2016; Khashan, 2017). 

The UK sports clubs and the Premier League contribute more than $3 billion to the economy (Alghenaim, 

2013). while Saudi Arabia is looking to replicate these opportunities in sectors such as sports and 

entertainment, requiring new financing models to attract investment from operational and capital 

expenditures. Local government and residents of Riyadh work hand-in-hand with the city's developers to 

find and fix gaps in the infrastructure with priority given to the areas which would need improvement to 

promote the growth of the city. With Riyadh's strategic plan being adjusted in response to new urban 

policies and economic expansion, it is essential to enhance utility services and align them with future 

housing demands. This effort will help residents and prospective landowners navigate the shifting 

landscape of urban development. The rapid transformation of Riyadh in the 20th century, driven by the 

conflict between traditional urban forms and modern urbanization, remains a key challenge. 

The urban transformation of Riyadh can be defined in three different stages. Phase 1 represents the 

initiation of Riyadh as a city in the traditional Arabic culture in 1902 with an open central space bounded 

by mud-constructed houses, markets, and mosques. The city had at that time covered only an area of 1 sq. 

km and was populated by about 19,000 residents (Middleton, 2009). Phase 2 began when King Abdul-Aziz 

declared Riyadh as the capital in 1932, initiating the city's gradual growth. The transformative oil boom of 

the 1950s helped accelerate growth (Arriyadh Development Authority, 2003; Conservation Easement 

Assistance Program. Urban Growth Boundary, n.d.), improve access, and spur a remarkable increase in 

population (Middleton, 2009). Phase 3 appeared with the master plan launched in 1972, to control 

urbanization in light of increasing urban problems. However, this plan did not succeed, and consequently, 

the Comprehensive Riyadh Strategic Plan (CRSP) emerged with tools such as urban growth boundaries 

(UGBs) for the proper management and guiding of urban development. Despite these plans, earlier 

strategies faced setbacks due to rapid urbanization and unforeseen challenges in infrastructure 

implementation. 

A group of areas known as urban containment was present within UGB that included; defined urban service 

areas provided by the government, open spaces surrounding the city, public lands, and non-buildable lands 

(farmlands, parks, open spaces, etc.). The implementation of UGBs in the process of urban development 

helped in directing and limiting urban growth towards a specific geographic during a specified time. 

Decreased development costs are one of the benefits of UGBs, as they are directed towards a specified 

area with increased density. This area is likely to be provided with city services and public infrastructure 

like sewer, public transportation, hospitals, water, schools, etc. However, the agricultural and rural areas 

present outside UGBs are affected badly by urbanization, and in the later stage, authorities felt that UGBs 

limit the expansion of the city as a narrow necktie. It is recognized as the best solution by considering the 

issues and principles of Sustainable Urbanization and respecting socioeconomic and environmental factors 

in any urban development. 

Riyadh had a population of 705 thousand in 1975, while it was 4.5 million in 2006 (Bin Sulaiman, 2017; 

Garba, 2004), but its population reached 7,070,665 in 2019. The capital city of Saudi Arabia was expanding 

rapidly as it allowed residents of several areas to participate in the new riches that the city demonstrated 

by moving northward over 3 km per year (Bin Sulaiman, 2017). During this period, the changes in Saudi 

Arabia were substantial as car registrations inclined by a factor of 10, and the supply chains for electricity 

increased by 50% per year from 1974 to 1980. In recent years, the automotive sector has continued to 

grow. According to the Saudi Zakat, Tax and Customs Authority (ZATCA), the Kingdom imported over 
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160,000 vehicles during 2022 and 2023. Moreover, 93,199 vehicles were imported in 2023, up from 66,870 

in 2022, marking a growth rate of about 40% (Equal Ocean, 2024). According to the Global Footprint 

Network, Riyadh has created different land requirements from other cities due to the size of the footprint 

in many rural areas (Osra and Jones, 2017). 

Riyadh’s growing demand for resource needs makes it have a really enormous ecological footprint, to be 

exact, 114 times that of the actual city size, with estimates ranging from 20,250,000 hectares. This has 

brought the urban transformation to face new challenges in shelter, water, and food in the way of 

sustainability and quality of life (Bin Sulaiman, 2017; Garba, 2004; Osra and Jones, 2017; Alkhabbaz, 2010). 

Urban rankings measure the competitiveness of cities in the world, taking into account sustainability and 

urban planning. However, sustainability in a city is more than rankings; it involves strategic efforts to meet 

changing needs through innovation, resource allocation, and adaptation to economic conditions (Bin 

Sulaiman, 2017; Garba, 2004; Osra and Jones, 2017). The population growth and rapid urbanization in 

Riyadh reflect these dynamics, with increased car registrations and expanding electricity supply networks 

between 1974 and 1980. The ecological footprint of the city is a challenge that requires sustainable urban 

planning. 

One of the most prominent centers of the North-West District of Riyadh city is King Saud University (KSU). 

It has taken a significant step to adopt the idea of the Riyadh Knowledge Corridor (RKC) in the realm of 

Prince Turki Al-Awal Road (Al-Hathloul, 2017). It is the foremost goal of KSU to organize and establish a 

model for Riyadh as a Smart City, and the focus would be to develop the project of Riyadh Techno Valley 

(RTV). It is anticipated that the project will contribute to improving other developments, such as King Abdul 

Aziz City for Science and Technology (Shalaby, 2008).  

Saudi Arabia's Vision 2030 has guided Riyadh to become one of the world's top 100 cities. The projects that 

support this vision include a variety of urban transformation initiatives directed at improving different 

aspects of Quality of Life (QOL), as shown in Table 1. 

 

Table (1). Urban transformation projects in Riyadh aligned with quality of life domains. 

QoL Domain Relevant Urban Transformation Projects in Riyadh 

Physical Health Sports Boulevard 

Riyadh Metro & Bus System 
Psychological Health Green Riyadh Project 

King Salman Park 

Qiddiya Project 
Social Relationships Diriyah Gate Project 

Downtown Riyadh 

Environment Green Riyadh Project 
King Salman International Airport 

Natural Environmental Valleys – Wadi Hanifa & Al Sulay 

King Abdullah International Gardens 
Humanization of Riyadh Project 

 

Some of the major projects contributing to this vision are detailed below: 

• King Salman International Airport: It will strengthen Riyadh’s role as a global logistics hub while 

boosting transport, trade, and tourism. By 2050, it aims to handle up to 185 million passengers and 3.5 

million tons of cargo. Covering an area of about 57 km², the airport will consist of six parallel runways as 
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well as support facilities, residential and recreational areas, and retail outlets. Designed with sustainability 

in mind, it will be powered by renewable energy (Public Investment Fund, 2022). 

• Riyadh Medstar Structural Plan (2030): It is a very comprehensive restructuring of the city into a 

multi-center system with more public services and transportation; the Riyadh Metro covers 176 km and 

takes 1.16 million passengers at full capacity (The Royal Commission for Riyadh City, 2020a).  

• The Metro Network: The system intends to carry 1.16 million passengers per day with a peak of 

3.6 million per day in ultimate capacity during its initial phase. The main feeder to the Riyadh Metro system 

will be the Riyadh Bus network. It will also be the major transportation mode within the several 

neighborhoods of the capital, which carry up to 900,000 passengers daily at full capacity. A total of 80 bus 

routes will cover the city, which includes spread over 1900 km of roads, 3 BRT, 19 communities, and 58 

feeders, serving the population through 3,000 bus terminals, stops, and stations. Riyadh airport in the 

North East was included in the 2003 plan and provided directions for the greatest expansion towards the 

North and East in the form of new suburbs (Figure 1) (The Royal Commission for Riyadh City, 2020a). 

 

Figure (1). Riyadh metro lines (The Royal Commission for Riyadh City, 2020a). 

• King Salman Park: An international-class green space for the heart of the city, on an area measuring 

13.3 km², and intended to host cultural, ecological, and recreational facilities. This will help in Riyadh's 

aspiration to be more livable and attractive at the global level in Vision 2030 (The Royal Commission for 

Riyadh City, 2020b). This development is one of the several visionary and multibillion-dollar projects 

introduced by the Saudi government to make Riyadh a more internationally attractive and livable city 

(Figure 2). 

 

Figure (2). King Salman Park Project (The Royal Commission for Riyadh City, 2020b). 

• King Abdullah International Gardens: An environmentally friendly botanical garden that will be 

utilizing recycled water and solar power. It is supposed to educate and raise awareness on climate change 

and sustainability (Paghera, n.d.). The award-winning 160-ha scheme is set to become one of the primitive 

educational resources to understand the climate and sustainable progression. Water will be recycled, and 

much of the rock, soil, and gravel on the site will be used, while power will be derived directly from the sun 

(Figure 3). 
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Figure (3). The King Abdullah International Gardens (Paghera, n.d.) 

• Green Riyadh Project: This project will plant 7.5 million trees in the city, improving air quality and 

providing green spaces for residents. The project supports the Kingdom's objectives of enhancing quality 

of life and urban sustainability (The Royal Commission for Riyadh City, 2020c). The Green Riyadh project 

will increase the per capita share of green space and increase total green spaces by planting trees around 

all city aspects and facilities in all its provinces. The greening initiative will lead to enhanced air quality and 

mitigated temperatures in the city. This project will support Riyadh citizens to follow a healthy lifestyle, 

which is part of the Kingdom’s Vision 2030 (Figure 4). 

 

Figure (4). Green Riyadh Project (The Royal Commission for Riyadh City, 2020c) 

• Qiddiya Project: This is a huge entertainment and cultural complex that will satisfy the recreational 

and cultural needs of future generations. It will comprise more than 300 facilities and will be the landmark 

of the region (Newatlas, 2019). A wide range of community services and real estate options will further be 

available for achieving the vision of Qiddiya as a 24-hour destination resort community, with everything in 

one place (Figure 5). 

 

Figure (5). Qiddiya Giga Project (Newatlas, 2019) 

• Sports Boulevard: 135 km track for professional cycling and 350 ha green spaces, designed to 

contribute to health and wellness in the city of Riyadh. The plan is aligned with the objectives of 

sustainability and livability in the city (Paghera, n.d.) (Figure 6). 
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Figure (6). Sports Boulevard (Paghera, n.d.). 

• Humanization of Riyadh Project: This project aims to upgrade the pedestrian infrastructure by 

making curbs wider and sidewalks larger to make it more safe and accessible. The vision of the city is for a 

more pedestrian-friendly and sustainable urban environment (The Royal Commission for Riyadh City, 

2020d). The experience of pedestrians in the city can be improved through wider sidewalks. These can 

offer space for street furniture, trees, landscaping, and café seating in commercial areas. Sidewalk 

extensions can also work effectively on transit streets to accommodate higher volumes of pedestrians 

waiting for trolleys and buses. A pilot project can rapidly examine sidewalk extension zones. The sidewalk 

extensions can be made permanent, with additional lasting amenities, after accepting their value and 

viability (Figure 7). 

 

Figure (7). Humanization of Riyadh City Project (The Royal Commission for Riyadh City, 2020d). 

• Diriyah Gate Project: It started in 2020 with three detailed plans for the transformation of Diriyah. 

The importance of Diriyah is observed from the roots of society and the Kingdom, which connects the 

people with their history and civilization. The project will include academic institutions, edutainment 

facilities, museums, several hundred shops, 100 restaurants, and academic institutions. The Wadi Hanifah 

valley will be overlooked in Najd, which is occupied by 1 million date palm trees, and another 1 million will 

be planted in the upcoming years (Figure 8) (Diriyah Gate Development Authority,  n.d.). 
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Figure (8). Diriyah Gate Giga project in Saudi Arabia. (Diriyah Gate Development Authority,  n.d.). 

 

• Development of downtown Riyadh: The downtown area of Riyadh is to undergo a renovation, 

which will observe it transformed into an administrative, economic, cultural, and historic center. The area 

involving residential, utility, and transport projects will be redeveloped as proposed by The Royal 

Commission for Riyadh City (RCRC). The project plan emphasizes identifying realms for residential 

development and several residential units to accommodate many residents. The purpose of the 

redevelopment is to escalate job opportunities and diversify residential trends to achieve demographic and 

urban balancing while protecting the cultural and urban heritage and current business activities (Figure 9). 

 

Figure (9). Aerial view of Qasr Al-Hukm District Downtown (The Royal Commission for Riyadh City, 2020e) 

• Natural Environmental Valleys: Wadi Hanifa and Al Sulay projects have been considered as one of 

the main watercourses of the capital city revolutionized as a clean and green ribbon of riverside parkland 

that has become a treasured civic amenity. A comprehensive plan has been proposed. The project restores 

the natural flora and fauna of the area by planting and growing 50,000 shrubs, 6000 date palms, 30,000 

shade trees, and 2000 acacia bushes. The transformation made to the valley protects the city from flooding 

and allows Wadi Hanifah and its branches to act as a channel for rainfall (Figure 10) (The Royal Commission 

for Riyadh City, 2020d). 

 

Figure (10). Wadi Hanifa and Al Sulay Projects (The Royal Commission for Riyadh City, 2020d). 
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These projects reflect Riyadh's continuous transformation in terms of its physical infrastructure and its 

commitment to sustainability, innovation, and the improvement of the quality of life. These projects are 

integral to the realization of the aspirations laid out in Vision 2030 to ensure that the city is competitive, 

sustainable, and livable. 

The benefits of sustainable urbanization include; better job opportunities, increased economic production, 

availability of affordable houses with public transportation and city services, and a better lifestyle 

(Conservation Easement Assistance Program, n.d.). The urban growth phases present in CRSP aim at 

achieving a defined geographic area within the specified time limit. This helps in creating a coherent and 

focused urban growth environment, reducing scattered urbanization, and regulating the provision of public 

services. 

Riyadh’s urban transformation is guided by the dual goals of sustainability and enhancing quality of life. 

The city’s alignment with sustainable urban growth theories, such as the Compact City Model, the Green 

City Concept, and Smart Growth, supports the realization of these goals. By integrating these theories with 

practical urban development initiatives, such as the Quality of Life Program, Riyadh is striving to create a 

livable, resilient, and environmentally sustainable urban environment. The case studies of Sydney and 

Vienna provide relevant examples of successful urban transformation that Riyadh can learn from to achieve 

its Vision 2030 goals of becoming a global leader in sustainable urban development and improving the 

quality of life for its residents. The current study explores practical strategies for the transformation of 

Riyadh by discussing the changing identity of the city and its possible future. 

3. Materials and Methods 

3.1. Study Design and Settings       

This study has adopted a mixed-method approach. A cross-sectional study design has been adopted to 

measure the quality of life of the people due to urban transformation. At the same time, a qualitative 

secondary research method was used to accumulate relevant information regarding the given topic related 

to urban development in Riyadh city. One of the major objectives behind the implementation of this 

method was to acquire reliable and up-to-date data regarding current patterns of urban planning and 

design to be considered as the criteria of the top-ranked 100 cities in the world. Riyadh is currently ranked 

76th among the sustainable cities in the world, but currently, it is experiencing some challenges in 

maintaining its sustainability. Therefore, this study aims to review the urban transformation in the 

development of Riyadh to be recognized among the top-ranked 100 cities. 

3.2. Sample Size 

According to the data available on the website of the Riyadh Municipality, there are more than 130 districts 

in Riyadh. Three districts of Riyadh, namely Nemar, Irqah, and Diplomatic Quarter, were purposively 

selected based on the ongoing transformation. Thus, the study recruited the respondents via a purposive 

sampling technique. The participants were selected from the local communities, and through the groups 

of these residential neighborhoods, whether formal or informal, they could give opinions about the 

ongoing transformation in Riyadh. Finally, 217 people were selected who were associated with ordinary 

local residents as well as those with commercial, business, and service activities. The objectives of the 

research were explained to the participants, and the consent of participants was obtained before 

conducting the research. In Table 2, the participants have been given. 
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Table (2). List of Neighborhood groups and activates 

Groups Activities 

Nemar Valley Park Visitors • Admire the stunning waterfalls and observe birdlife by the lake. 

• Jog or walk along dedicated paths surrounding the 200,000-square-meter lake. 

• Host barbecues with family or friends in a scenic outdoor setting. 

• Enjoy diverse shows and musical performances at the Wadi Namar Theater. 

 

Nemar Sub-Municipality • Engage in the development, planning, and maintenance of the area. 

Nemar Business and Commercial 

Centers 

• Experience a unique shopping center blending traditional Saudi architecture with modern 

commercial needs, including car showrooms and upscale retail. 

Irqah Sub-Municipality • Focus on urban planning and development in the district. 

Irqah Business and Commercial 

Centers 

• Explore a vibrant hub offering parks, luxury hotels, and adventurous activities like go-karting, 

paintball, and indoor skydiving. 

Diplomatic Quarter Residences and 

Visitors 
• Enjoy serene walks through beautiful parks, shop at Al Nakheel Mall, or visit the National 

Museum and Al Malaz Zoo for a cultural experience. 

Diplomatic Quarter Business and 
Commercial Centers 

• Discover a unique blend of greenery and water features that enhance the area’s atmosphere. 

 

3.3. Instrument 

The study used the validated WHOQOL-BREF for measuring the impact of the ongoing transformation in 

Riyadh City on the quality of life (QOL). It comprised 24 items to evaluate insights related to the quality of 

life in four domains, i.e., physical health, psychological health, social relationships, and environment. The 

scores of domains were changed into a linear scale that ranged between 0 and 100, as mentioned in the 

scoring guidelines (World Health Organization, 1996). A better QOL was denoted with a higher score. 

Moreover, physical health was assessed by the International Physical Activity Questionnaire short form 

(IPAQ-SF) (Lee at al., 2011). Physical health was rated as low, moderate, and high, as mentioned in the IPAQ 

guidelines (IPAQ, 2005). 

 

3.4. Reliability and Validity 

The reliability of the questionnaire was assessed before the study via Cohen`s kappa value, which came out 

to be in the range of 0.50–1.00, along with the value of intraclass correlation coefficient that ranged 

between 0.55–1.00. It showed the reliability of the questionnaire was fair. 

 

3.5. Study Procedures 

This was a cross-sectional study that adopted purposive sampling to reach the study participants. People 

from the three different residential neighborhoods in Riyadh were approached, and their consent was 

acquired after explaining the study objectives. Moreover, data from secondary sources were gathered to 

review the urban transformation in the development of Riyadh to be recognized in the top-ranked 100 

cities. 
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3.6. Statistical Analysis 

Data were analyzed using SPSS version 23. Descriptive statistics were reported by mean ± standard 

deviation or proportion, as appropriate. Relationships between QOL in the four domains were assessed by 

using Spearman’s correlations. 

4. Results 

4.1. Socio-demographics 

A total of 217 people participated in the survey during January – February 2023. Among the participants, 

the majority were males (137) and females were 80. The mean age of participants was 45.12 years (SD = 

17.28) (Table 3). A total of 217 people participated in the survey during January – February 2023. Among 

the participants, the majority were males (137) and females were 80. The mean age of participants was 

45.12 years (SD = 17.28) (Table 3). 

Table (3). Demographic Details of the Participants 

Demographic Details n (%)  Mean ± SD 

Gender 

Male  137 (63.1%)  

Female  80 (36.8%)  
Ages (years) 

25–44  57 (26.2%) 45.12 ± 17.28 

45–64  114 (52.5%)  
≥ 65 46 (21.1%)  

 

4.2. Quality of life 

The study investigated four domains related to the quality of life which are: environment, social health, 

psychological health, and social relationships. The detailed analysis showing variations within each domain 

is presented in Table 4. Physical health emerged as the strongest domain, while, the environmental factors 

posed the greatest challenges to participants' QoL. 

 Table (4). Domain-wise Itemized Scores and Standard Deviations (N = 217) 

Domain Item Description Mean ± SD 

Physical Health Domain Pain and discomfort 70.12 ± 12.34 

 Energy and fatigue 68.90 ± 13.21 

 Sleep and rest 69.50 ± 14.02 

 Mobility 71.30 ± 13.50 

 Activities of daily living 68.45 ± 13.67 

 Dependence on medicinal substances 70.25 ± 12.80 

 Work capacity 70.80 ± 12.99 

Psychological Health Domain Positive feelings 56.10 ± 10.80 

 Thinking, learning, memory, and concentration 54.80 ± 12.15 

 Self-esteem 55.90 ± 11.50 

 Body image and appearance 53.90 ± 12.20 

 Negative feelings 54.60 ± 11.70 

 Spirituality/Religion/Personal beliefs 55.50 ± 12.40 

Social Relationships Domain Personal relationships 54.30 ± 14.10 

 Social support 53.50 ± 15.00 

 Social activity 54.10 ± 16.20 

Environment Domain Safety and Security 50.90 ± 15.30 

 Home environment 52.10 ± 14.50 

 Financial resources 50.80 ± 15.00 

 Health and social care accessibility 52.20 ± 14.80 

 Opportunities for acquiring new skills 51.60 ± 14.90 

 Physical environment (pollution/noise/traffic) 50.50 ± 15.40 

 Participation in leisure activities 52.00 ± 14.90 

 Transportation 51.80 ± 15.10 
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The domain of physical health was found as the highest mean score of 69.83± 13.69. However, the 

environmental domain was investigated as the lowest, showing a mean score of 51.98± 14.76. 29% of the 

respondents reported poor QOL in the environmental domain, which was followed by the physical health 

domain (25.8%), psychological domain (23%), and social domain (10.5%) (Table 5).  

The correlations among the four domains of quality of life indicated that there were substantial 

interrelationships between them, with improvements or declines in one domain being associated with 

changes in others. The physical and psychological health domains had the highest correlation (r = 0.53), 

which was indicative of a strong association between physical health and mental well-being. This means 

that greater physical health positively affects psychological functioning, and vice versa. The environmental 

domain, with the lowest mean score, was moderately positively correlated with the other domains, such 

as physical health (r = 0.44), psychological health (r = 0.49), and social relationships (r = 0.33). This means 

that though environmental factors significantly influence overall quality of life, they may not align as 

strongly with interpersonal or social aspects compared to physical and psychological health domains. Social 

quality of life indicated the weakest correlations with other domains, especially with physical health (r = 

0.34) and environmental (r = 0.33) domains. This might be interpreted as social relationships being less 

directly affected by environmental or physical factors but are still modestly related to psychological well-

being (r = 0.51). These relationships highlighted that life-quality factors are integrated as physical and 

psychological health domains form significant drivers that impact positively the overall QoL. 

 Table (5). Scores of the 4 QOL domains and their values of Spearman’s Correlations (N = 217). 

 Mean SD Participants 

with poor 

scores, n (%) 

Spearman’s correlations (r) 

Environmental 
QOL 

Social 
Relationship 

QOL 

Psychological 
Health QOL 

Physical 
Health QOL 

Domain 1 

Physical Health 

QOL 

69.83 13.69 56 (25.8%) 

 

0.44** 0.34** 0.53** 1.00 

Domain 2 

Psychological 

Health QOL 

55.43 11.61 50 (23%) 0.49** 0.51** 1.00  

Domain 3 Social 
Relationships 

QOL 

53.96 15.61 23 (10.5%) 0.33** 1.00   

Domain 4 
Environmental 

QOL 

51.98 14.76 63 (29%) 1.00    

 

5. Discussion 

The results show that among the four domains of QOL, people had a relatively higher quality of life in 

Riyadh in the domain of physical health domain. At the same time, participants reported a lower QOL in 

the domain related to environments. The findings of the study are similar to the study of Hiller (1990) who 

concluded in his study that urban transformation had a positive impact on the lives of people. The research 

studied the role of urban transformation in the wake of landmark events in the host cities or countries. 

Since this research has investigated the lower QOL related to the environment in the wake of urban 

transformation, Müller (2012) in his research has concluded that through making a positive perception of 

the urban transformation, negative impacts can be minimized. The results of this study are also similar to 

the findings of Michael et al. (2020), who unveiled that due to urbanization and modern infrastructure in 
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Cambodia, there was an improvement in the lifestyle of people in the form of consumption and resource-

intensive lifestyle in the last four decades. Dhyani et al. (2018) also conducted their study in the Indian city 

of Nagpur that has been an example of a smart city. However, the findings of this study have revealed that 

due to urban development in this city, environmental deterioration has been evidenced in the form of a 

reduction in the wetlands, water scarcity and degradation in water quality, reoccurrence of floods, loss of 

croplands and yields and loss of biodiversity. All such impacts call the entire urban development into 

question and stipulate to devise more sustainable economic policies that may benefit from increasing the 

quality of life in all domains. Masnavi et al. (2019) reviewed the published literature related to the studies 

of urban transformation and stressed the need to give emphasis to spatial morphology and to improve 

urban spatial structures.  

With reference to the societal impacts of urban transformation, this study has observed slightly significant 

positive impacts that are lower than the physical and psychological effects. Sharp (2020) has mentioned 

the case study of Airbnb’s Home Sharing Club as part of urban transformation with the real-life implication 

of the theory of Transformational Social Innovation Theory. Sharp (2020) asserts that for socioeconomic 

empowerment, building the narrative of share ability can be one of the sustainable ways that positively 

impact society in a sustainable way.  

In addition, the results of the study are consistent with the findings of Kalaycı et al. (2019), who examined 

that on account of urban transformation to solve complex issues of society, improvement in the quality of 

life was observed among urban dwellers. However, the results of the study are not consistent with the 

findings of Kannan (2020). In his study, Kannan (2020) unveiled that urban transformation did not beget 

any improvement in the QOL of people. Rather, it brought about an increase in the crime rate against 

women in the Rajasthan region, India. Kannan (2020) figured out an increase in traffic, congestion, influx 

of slum areas, and sprawl of narrow lanes (Kannan, 2020). 

6. Conclusion 

The study evaluated QOL in the physical health, psychological health, social relationships, and environment 

domains. It was found that the highest score was recorded in the physical health domain, and the lowest 

score was found in the environmental domain. All the domains were positively correlated with each other. 

However, the association between physical and psychological health QOL was the strongest, while the 

environmental and social domains reflected greater vulnerability. This, in turn, brings forth the need for a 

balanced approach towards urban transformation, where sustainability, environmental quality, and social 

well-being are taken into account. The physical and psychological elements have received continuous 

development, but the environmental challenges and weaker social relationships demand immediate 

attention. Thus, the importance of sustainable practices, environmental protection, and community-

oriented approaches needs to be given by urban planners and policymakers to bring holistic quality of life 

improvement. 

This study emphasizes the need to focus on the spatial morphology of urban spatial structures in urban 

policy. The study explores the readiness and compliance of urban planning, infrastructural development, 

and standards that have been adopted by the Saudi government to recognize Riyadh as one of the top 

cities across the globe. A comprehensive view has been encapsulated in this study about state-of-the-art 

projects that are to be built and parts of Vision 2030 of Saudi Arabia. The study will offer insights to 

academicians, researchers, and policymakers. However, the sample size was limited and was taken from 

the three municipalities of Riyadh. Thus, future studies may investigate QOL in other regions of Saudi 

Arabia. 
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Abstract 
In an era marked by rapid urbanization and increasing social fragmentation, cities face growing 
pressure to reimagine public spaces as platforms for sustainable mobility and community 
engagement. Among the most effective spatial responses are linear pedestrian walkways, which 
evolved from simple transit routes into vibrant public realms that promote environmental 
resilience and human interaction. Grounded in the urban design theories of Jan Gehl, Kevin Lynch, 
and William H. Whyte, this research examines how the principles of inclusivity, encounter, and 
creativity shape the spatial and social dynamics of such pedestrian environments, with a focus on 
walkability, sustainability, and social cohesion.  
The study analyzes how these principles are integrated into the design of two contrasting case 
studies: The High Line in New York City, a repurposed elevated railway transformed into a public 
park, and Sports Boulevard in Riyadh, a contemporary large-scale urban development. Using a 
qualitative comparative case study methodology, supported by basic quantitative analysis, the 
research evaluates spatial and design factors, such as continuous walkways, visual interest, human 
scale, and safety. These factors are converted into measurable indicators and assessed using a 
percentage-based scoring system, enabling systematic comparison. This mixed-methods approach 
allows ranking of each principle’s application and identifies the most influential, offering a 
prioritized framework for future urban design.  
Findings reveal that while both projects effectively incorporate the core principles, their application 
varies. The most consistently implemented factors are safety and visibility, comfort and interaction, 
followed by human scale, continuous walkways, and visual interest. In contrast, active edge and 
public art are less emphasized, with creativity receiving the lowest priority. 
Inclusivity emerges as the most impactful, contributing to a sense of belonging through enhanced 
comfort, safety, and a human-scaled environment. Encounter follows, promoting spontaneous 
social engagement through well-designed, active public spaces. Creativity, expressed through 
artistic interventions, receives lower priority, suggesting that practical functionality often 
outweighs aesthetic considerations in public space design.  
This research highlights the importance of designing pedestrian walkways as dynamic public 
spaces that foster human interaction and social integration rather than merely transit routes. By 
exploring alternative planning models and proposing scalable, resilient solutions, it addresses the 
complex and evolving challenges cities face today. This study contributes to both academic 
discourse and practical urban planning, offering a comprehensive framework informed by theory 
and practice for cities seeking to create adaptive, human-centric environments. Furthermore, it 
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establishes a critical framework for future urban initiatives aimed at enhancing walkability and 
social cohesion, bridging insights from both Western and Middle Eastern contexts. 

Keywords 
Linear Walkways, Inclusivity, Encounter, Creativity, Sports Boulevard, The High Line.  

1. Introduction  
Living in walkable cities promotes physical well-being while supporting social interaction, economic growth, 
emotional wellness, and environmental sustainability. Individuals who walk frequently are generally 
healthier, more productive, and socially engaged. Furthermore, areas that prioritize walkability often 
experience increased commercial success and local business revenue (Parashar & Bnayan, 2020). However, 
the walkability rate varies over time due to changes in urban planning policies, transportation preferences, 
population growth, and environmental concerns. For instance, periods of increased investment in public 
transportation and pedestrian infrastructure often correlate with higher walkability (Gehl, 2010), while 
urban sprawl and car-centric development tend to decrease the walkability rate (Jacobs, 1961).  

Architects and urban planners have been exploring human movement and behavior as central to the design 
of public spaces and promotion of a sustainable built environment. Therefore, many thinkers have focused 
on walkways as the primary element for building human-centered cities. In The Image of the City, Kevin 
Lynch (1960) describes paths as one of the five essential elements of urban form, alongside edges, districts, 
nodes, and landmarks. He emphasizes that paths are not just transit corridors but vital spatial elements 
through which people experience and organize cities. 

Urban thinkers, such as Jan Gehl, Kevin Lynch, and William H. Whyte, have profoundly influenced how we 
design cities to promote walkability and social interaction. While each approach uses a slightly different 
lens, they share foundational principles for pedestrian-friendly environments that focus on inclusivity, 
encounter, and creativity. These factors comprise a couple of principles proposed by those thinkers. 

FACTOR  DEFINITION 

INCLUSIVITY Inclusion helps people feel that they belong, reducing isolation and promoting fairness. 

ENCOUNTER Encounter creates chances for social connection, which strengthens community bonds. 

CREATIVITY Creativity revives public spaces, making cities more inspiring, and supportive of mental health. 

Table 1: Shows the definitions of the three factors: inclusivity, encounter, and creativity. Created by the author. 

FACTOR PRINCIPLE DESCRIPTION KEY THINKERS 

INCLUSIVITY Continuity Uninterrupted and well-connected walkways 
foster sense of openness.  

Gehl and Whyte 
 

Human scale  Design spaces concentrate on human needs to 
promote comfort and social interaction. 

Lynch  

Safety and 
visibility 

Walkways with good visibility enhance pedestrian 
security and comfort. 

Gehl and 
Whyte  

ENCOUNTER Active edge The implementation of active spaces across the 
walkway attracts people and contribute to social 
cohesion. 

Gehl and 
Whyte 
 

1309



Aldowsary, W.N.; Afify, H.M.; Alzenifeer, B.M. 
 

Principles in Motion: Evaluating the Social and 
Spatial Impact of Linear Walkways Through the 

Lens of Inclusivity, Encounter, and Creativity 
 

 

 

Comfort and 
interaction 

Street furniture and amenities encourage people 
to stop, rest, and interact. 

Gehl and Whyte 

CREATIVITY Importance of 
art  

Public art promotes local identity and 
emotional connections.  

Gehl and Whyte  

Visual interest Pedestrian routes should include diverse and 
changing views to maintain visual stimulation 
and encouraging exploration and interaction. 

Gehl, and Lynch  

Table 2: Illustrates the breakdown of the principles across the three primary factors. Created by the author. 

The walkway layout and spatial design play a significant role in attracting pedestrians. Jan Gehl argues that 
cities with linear pedestrian experiences offer comfort, safety, and stimulation (Gehl & Koch, 1987). His 
studies found that walkable, uninterrupted paths near active edges, such as cafés or water features, 
support longer and more frequent walking. Shoreline promenades and traffic-buffered sidewalks are 
preferred walking routes because they provide visual engagement, rhythm, and sociability. Continuous 
pedestrian corridors encourage movement-based interaction, as seeing familiar faces regularly supports 
social bonds and a sense of belonging (Gehl & Koch, 1987). Moreover, through detailed time-lapse 
observations, William Whyte (1980) showed that sidewalks, promenades, and waterfronts with continuous 
access, seating, and visibility attract pedestrians and social interactions. The presence of people, movable 
seating, and visual interest encourages walking and lingering, especially when supported by human activity 
and visual variety along the path. “What attracts people most, it would appear, is other people,” (Whyte, 
1980). In addition, Frederick Law Olmsted’s park designs, including Central Park, emphasize curvilinear and 
long linear parkways that enable uninterrupted walking. He believed walking through continuous natural 
attractive space promotes mental and physical health. “The enjoyment of scenery employs the mind 
without fatigue and yet exercises it; tranquilizes it and yet enlivens it,” (Olmsted, 2003). 

Drawing on the foundational work of Lynch, Gehl, Whyte, and Olmsted, which highlights the role of linear 
pathways in shaping urban experience, this study explores how key qualities of inclusivity, encounter, and 
creativity influence pedestrian life in linear public spaces. These qualities are examined through seven 
urban design principles articulated by those thinkers, and the impact of these principles on walkability, 
sustainability, and social interaction is critically assessed. Beyond identifying the presence of these 
principles, the study investigates how they are translated into design practice and determines which of 
them significantly activate socially dynamic pedestrian environments. To achieve this, a comparative 
analysis is conducted of two prominent linear pedestrian projects: Sports Boulevard in Riyadh and The High 
Line in New York City. The analysis evaluates the extent to which each project incorporates inclusivity, 
encounter, and creativity, examines their contribution to active public life, and comparatively ranks these 
dimensions by their level of implementation and influence. 

Famous linear pathway projects, such as The High Line in New York City, have been extensively analyzed 
and documented in urban planning literature. In contrast, newer developments, such as Sports Boulevard 
in Riyadh, remain relatively underexplored, particularly in academic discourse. Moreover, there is a 
noticeable gap in comparative research examining how Sports Boulevard and The High Line exemplify 
inclusivity, encounter, and creativity by aligning with established urban design principles articulated by 
scholars. This research contributes to the growing body of knowledge on walkable urban environments, 
bridging a gap between established pedestrian projects in Western cities and emerging large-scale 
developments in the Middle East.  
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This study applies the design principles of Jan Gehl, Kevin Lynch, and William Whyte, which emphasize 
inclusivity, encounter, and creativity, to create a critical framework for evaluating the effectiveness of 
linear pedestrian developments in diverse urban and cultural contexts. The findings aim to inform urban 
planners, designers, and policymakers about best practices in developing active, inclusive, and human-
centered public spaces. Additionally, the research may guide future projects in rapidly developing cities 
seeking to balance modernization with quality of life and public engagement. 

This research faces several limitations that may influence the scope and interpretation of its findings. A 
primary constraint is the disparity in development stages between the two case studies; The High Line is 
fully operational and extensively studied, whereas Sports Boulevard in Riyadh is still under construction. 
This limits the ability to assess its long-term impact, particularly regarding user engagement and 
environmental performance. Additionally, the two cities’ contrasting cultural, environmental, and 
socioeconomic contexts pose challenges for direct comparison, potentially affecting the transferability of 
results. Nonetheless, the research provides a foundational comparative perspective that will support 
future studies as more data become available. 

2. Methodology 
This research adopts a qualitative comparative case study methodology to critically evaluate how 
inclusivity, encounter, and creativity, as articulated in the urban design theories of Jan Gehl, Kevin Lynch, 
and William Whyte, foster walkable, sustainable, and socially vibrant linear pedestrian environments. 
Through systematic comparison, the study examines two case studies: The High Line in New York City and 
Sports Boulevard in Riyadh. In addition to the qualitative analysis, this study incorporates a basic 
quantitative component by translating the presence of key design principles into measurable percentages. 
This quantitative assessment enables a clearer ranking of how frequently each principle, continuous 
walkways, human scale, safety and visibility, active edges, comfort and interaction, visual interest, and the 
importance of art, is implemented within each project. By combining qualitative insights with quantitative 
evaluation, the research aims to identify the most prominently applied factor: inclusivity, encounter, or 
creativity, and provide a prioritized framework for future urban design practices. 

3. Case Studies 

3.1. Case Study 1: Sports Boulevard, Riyadh 
Walkability in Saudi Arabia: Before oil was discovered, Saudi Arabian cities were designed with pedestrians 
in mind. Their urban layouts were dense and centered around community living, featuring narrow lanes, 
shaded walkways, and tightly connected neighborhoods that encouraged walking for everyday tasks and 
socializing (Kamel, 2013).  

Following the oil boom from the 1960s to the 1980s, Saudi Arabia underwent rapid urban development, 
with cities adopting Western-style zoning and infrastructure that prioritized highways and private vehicles 
(AlQahtany et al., 2021). This shift led to a significant decline in walkability. Urban sprawl expanded cities 
to the point where walking was no longer practical for daily activities, and residential neighborhoods 
became disconnected from commercial and civic centers. The combination of a harsh climate and poor 
pedestrian infrastructure further discouraged walking. During this period, cars became both a necessity for 
getting around and a symbol of social status, leading to the neglect of walkable, community-oriented 
spaces (Kamel, 2013). 
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As Saudi Arabian cities expanded under these new paradigms, the traditional fabric of urban life began 
unraveling. The once intimate, human-scaled neighborhoods gave way to wide arterial roads, vast parking 
lots, and low-density housing developments. This transition significantly altered how people interacted 
with their environment and each other. Private, enclosed areas, such as shopping malls and gated 
compounds, replaced public spaces that once fostered spontaneous social interactions and community 
cohesion (Al Hathloul & Edadan, 1995). In recent years, there has been growing recognition of the need to 
reintroduce walkability and livable urban design into Saudi Arabian cities. Inspired by global trends and 
local initiatives, such as the Saudi Vision 2030, urban planners and policymakers increasingly emphasize 
mixed-use developments, pedestrian-friendly streetscapes, and accessible public transportation (Saudi 
Vision 2030, 2016). Projects such as Riyadh’s King Salman Park, the Jeddah Waterfront redevelopment, and 
Sports Boulevard aim to revive the communal spirit and environmental sensitivity that once characterized 
urban life in the Kingdom.  

3.1.1 Design Concept and Philosophy 

Vision of the Project: Sports Boulevard aims to promote active lifestyles, enhance urban livability through 
green and vibrant public spaces, celebrate Saudi cultural heritage in a modern form, and drive economic 
diversification in line with Saudi Vision 2030. The project emphasizes community inclusivity, environmental 
sustainability, and innovation (Sports Boulevard Foundation, 2025). 

Design Concept and Philosophy: The design follows Salmani architectural principles, blending Riyadh’s 
cultural identity with modern urbanism. It prioritizes human-centered spaces, sustainability through native 
landscaping and eco-friendly design, and acts as an “urban spine” connecting parks and cultural hubs. 
Environmental stewardship and the integration of public art are key to enriching the city’s social and 
creative life (Sports Boulevard Foundation, 2025). 

3.1.2 Project Brief 

Sports Boulevard, which spans over 135 km, connects Wadi Hanifah in the west to Wadi Al-Sulai in the east, 
crossing the city along Prince Mohammed bin Salman Road. The project features over 50 multidisciplinary 
sports facilities, including dedicated pathways for pedestrians, cyclists, and equestrians, promoting active 
lifestyles (Sports Boulevard Foundation, 2025).      

3.1.3 Architectural Design Analysis 

1. Human-centered design: Sports Boulevard prioritizes pedestrians and cyclists by integrating wide, 
accessible walkways, dedicated bike lanes, and comfortable public spaces. The design ensures 
strong connectivity across parks, cultural areas, and neighborhoods, supporting movement and 
social interaction. Shaded seating, rest areas, and landscaped zones are incorporated to encourage 
relaxation and spontaneous gathering. Additionally, environmental comfort is addressed through 
cooling elements and native landscaping, making the spaces more usable year-round despite 
Riyadh’s harsh climate (Sports Boulevard Foundation, 2025). 

2. Diverse districts: Sports Boulevard is organized into eight distinct districts, including the Wadi 
Hanifah District, Arts District, Entertainment District, and Eco District, each offering specialized 
amenities and cultural experiences. The diversity in the provided activities enhances Sports 
Boulevard’s functionality and promotes inclusivity by attracting visitors of all ages, backgrounds, 
and interests (Sports Boulevard Foundation, 2025). 
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 Destination Description Image 

1 Wadi 
Hanifah  

- The route spans about 30 km. 
- It is dedicated to professional and amateur cyclists. 
- There are green pathways for horse riders. 
- It has seven stops along the valley featuring bike 

centers, coffee shops, and retail outlets. 
 

2 Art 
District  

- The stretch covers about 3 km. 
- It features cultural, and recreational facilities. 
- There are dedicated pathways for 

pedestrians, cyclists, and seating areas. 
- The area hosts museums, art studios, creative 

forums, and spaces designated for investment. 

 

3 Urban 
Wadi 
Zone  

- The area spans about 3.5 km. 
- A water canal is incorporated into the design. 
- It includes pedestrian pathways, bike lanes, 

seating areas, and potential investment zones.  
4 Entertain

ment 
District  

- The Entertainment District features a 40 km long 
viaduct for professional cyclists and an at-grade 
track for amateur cycling. 

- It includes cinema and an outdoor movie theater. 
- It hosts interactive events and audio-visual shows. 
- The area is equipped with parks, gardens, and 

open spaces, all featuring a cooling system. 

 

5 Athletics 
District  

- The area covers about 5 km. 
- It contains 60 sports sites, including 16 football 

pitches, 18 covered basketball and tennis courts, 
12 volleyball courts, and a skiing venue. 

- The district features the iconic sports tower, a high-
rise building containing courts. 

 

6 Environm
ental 
Zone  

- The zone extends for about 14 km. 
- It includes an elevated route for professional 

cyclists and a ground-level route for amateurs. 
- There are tracks for pedestrians and joggers, 

connecting to nearby neighborhoods. 
- Several centers will be built to educate residents 

on topics such as flower planting, organic food, 
and environmental sustainability. 

 
 

7 Al Sulay 
Valley 
Zone  

- This zone spans about 53 km. 
- It features routes for professional cycling, horse 

riding, and green pedestrian paths. 
- There will be 15 stations along the valley, 

offering coffee shops, retail outlets. 
- Picnic and camping areas will also be included. 

 

8 Sands 
Sports 
Park  

- The area includes a rural resort featuring various 
residential facilities. 

- It features a zoo spanning 5 km2. 
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Table 3: Explains the eight destinations of the project and provides information about each district (Sports 
Boulevard Foundation, 2025). 

3. Green spaces and landscaping: The design integrates approximately 4.2 m2 of green areas, 
including parks, and water features. These spaces create social hubs where people can interact 
and enjoy leisure activities (Riyadh Royal Commission, 2025). 

4. Salmani architectural influence: The project draws inspiration from Salmani architecture, 
incorporating modern materials and construction techniques while respecting cultural heritage. 
This balances tradition and innovation (Saudi Vision 2030, 2025). Privacy is central to the design 
regulations for the areas surrounding Sports Boulevard, where window placement must account 
for residents’ privacy. The windows should be deep and angled away to provide only straight visual 
access (Sports Boulevard Foundation, 2025). 

5. Sustainability initiative: The project incorporates eco-friendly elements, including 
recycled-water irrigation systems, energy-efficient lighting, and sustainable materials. 
(Saudi Vision 2030, 2025).                                  

6. Iconic landmarks and public art: approximately 170,000 m2 are allocated for arts and cultural 
venues. The boulevard features notable public art installations and landmarks that enhance the 
area’s visual appeal (Sports Boulevard Foundation, 2025). 

3.1.4 The Influence of Sports Boulevard on the Walkability Rate 
As of April 2025, the Riyadh Sports Boulevard has attracted nearly one million visitors since the 
opening of its first phase. The Promenade destination received the most visitors. While specific 
daily visitor statistics are not publicly disclosed, this substantial visitor count indicates a significant 
impact on efforts to promote walkability and active lifestyles in Riyadh (Saudi Gazette, 2025). 
  

3.2. Case Study 2: The High Line, New York City 
The High Line is a globally recognized example of adaptive reuse, transforming an abandoned elevated 
freight rail line into a thriving public park. Originally constructed in the 1930s as a freight rail line, The High 
Line fell into disuse in the 1980s and was reimagined and reopened in phases starting in 2009. James 
Corners created the final design. Corner’s design of The High Line demonstrates the power of repurposing 
abandoned infrastructure into elevated linear parks that encourage continuous pedestrian exploration and 
interaction with the urban skyline. “The High Line is a model for how cities can create public space that 
reflects the social and cultural lives of communities,” James Corner (Margono & Zuraida, 2019). 

3.2.1 Design Concept and Philosophy 

The High Line preserves and repurposes industrial infrastructure, celebrating its historic identity rather 
than erasing it. The tracks are partially retained and integrated into the landscaping to tell the story of the 
site's past as a railway corridor. “Our approach was to preserve the melancholic, unruly beauty of The High 
Line, rather than replace it with a sanitized version of a park,” (Corner, 2006) 

3.2.2 Architectural Design Analysis 

1. Landscape as infrastructure: The team, led by James Corner Field Operations and featuring Diller 
Scofidio + Renfro (architecture) and Piet Oudolf (planting design), adopted a landscape-urbanism 
approach, blurring the lines between nature, infrastructure, and culture. Emphasis was placed on 
creating a linear, immersive experience across diverse ecological zones. (James Corner Field 
Operations, Diller Scofidio + Renfro, & Oudolf, 2011). This collaboration was central to the project’s 
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success, allowing for a holistic design that incorporated environmental systems, art installations, 
and public space (Ouroussoff, 2009).                 

2. Dynamic planting and sensory engagement: Piet Oudolf’s planting strategy for The High Line 
emphasizes biodiversity, seasonal change, and rich textural variety, mimicking the spontaneous 
vegetation that grew after the railway’s abandonment. This “agritecture” approach blends 
ecological aesthetics with intentional design, allowing the landscape to feel simultaneously wild 
and curated. By integrating native and adaptive species, The High Line supports urban biodiversity, 
providing habitat for birds, butterflies, and pollinators. This fusion of ecological function and visual 
storytelling transforms the linear park into an evolving living system that heightens aesthetic 
pleasure and environmental awareness (Oudolf & Kingsbury, 2013). 

3. Equitable access and inclusive design: The project emphasizes accessibility and inclusion, 
transforming a forgotten piece of infrastructure into a celebrated communal resource. Entry points 
are frequent and American with Disabilities Act (ADA) compliant, welcoming people of all abilities 
and backgrounds. The design also weaves into the city, connecting neighborhoods and framing 
views of New York City’s urban fabric. (The High Line, 2000) “The High Line is designed to be a 
public space that invites people of all backgrounds and abilities, designed with multiple access 
points and ADA-compliant entrances to ensure accessibility,” (Friends of The High Line.,2000). 

4. Urban connectivity and view framing: The High Line’s pathway is designed to reveal a sequence of 
views, that frame iconic landmarks and everyday urban scenes contributing to the pedestrian 
experience through visual storytelling. As visitors walk along the elevated trail, they encounter 
curated perspectives of New York’s skyline, street life, and architectural features, creating a 
dynamic interaction between the built environment and natural elements. By weaving seamlessly 
through multiple neighborhoods, including the Meatpacking District, Chelsea, and Hudson Yards, 
The High Line improves spatial legibility, enhances wayfinding, and reinforces the urban identity 
of Manhattan’s west side. It acts as both a linear park and a connective thread that stitches diverse 
urban fabrics together, promoting continuity, accessibility, and a renewed sense of place (Friends 
of The High Line, 2000). 

5. Flexible public programming and place activation: The High Line is not just a walkway; it is a stage, 
gallery, classroom, and lounge. Flexible spaces are built for performances, public art, and events, 
encouraging spontaneous interactions and cultural programming (Friend of the High Line, 2000). 
“The design incorporates plazas, viewing platforms, amphitheaters, and flexible spaces for cultural 
programming and temporary installations.” (Diller Scofidio + Renfro et al.,2011) 

3.2.4 The Influence of the High Line on the Walkability Rate 

The High Line improves the walkability of the surrounding neighborhoods. Since its opening, it has attracted 
over eight million visitors annually, boosting foot traffic on Manhattan’s west side by 50% (Friends of The 
High Line, 2020). Local businesses have flourished, with retail sales increasing by $5 billion per year, and 
property values increasing between 10% and 35%, (HR&A Advisors, 2019). In addition, the park has become 
a cultural hub, attracting over 8 million visitors annually and hosting a wide range of public events each 
year and fostering community engagement. Its design has also enhanced neighborhood connectivity, with 
increased pedestrian activity in surrounding areas, reinforcing its role as a catalyst for urban revitalization 
(Friends of The High Line, 2023). 
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4. Results and Discussion  

4.1. Results  
4.1.1 Sports Boulevard  

The case study reveals that the design of Sports Boulevard is grounded in six core principles: human-
centered design, diverse districts, green spaces and landscaping, Salmani architectural influence, 
sustainability initiatives, and iconic landmarks and public art. To assess how these principles promote 
inclusivity, encounter, and creativity, Table 6 below illustrates the alignment between the project’s design 
principles and the seven elements outlined by Jan Gehl, Kevin Lynch, and William Whyte. 

 SPORTS BOULEVARDS DESIGN PRINCIPLES 
Human-
centere
d  

Diverse 
districts 

landscaping  Salmani 
architecture 

Sustainabilit
y  

Landmarks 
and art 

FACTORS Principles   
Inclusivity  Continuity  Y Y Y N N Y 

Human scale  Y y Y Y N N 
Safety  Y Y Y Y Y Y 

Encounter  Active edge N Y N N N N 
Comfort  Y Y Y Y Y Y 

Creativity Importance of 
art 

N Y N Y N Y 

visual Interest N Y Y Y N Y 
Table 4: Presents the usage of each one of the seven proposed principles in relation to the project’s principles. 
(Y: Yes – N: No). Created by the author. 

4.1.2 The High Line   

Based on the literature review, the design of The High Line is influenced by five key principles: landscape 
as infrastructure, dynamic planting and sensory engagement, equitable access and inclusive design, urban 
connectivity and view framing, and flexible public programming and place activation. To assess how these 
principles relate to inclusivity, encounter, and creativity, the table below compares the project’s six design 
principles with the seven elements outlined by Jan Gehl, Kevin Lynch, and William Whyte. 

 THE HIGH LINE DESIGN PRINCIPLES 
Landscaping Sensory 

engagement 
Equitable 
access  

Urban 
connectivity  

Flexible public 
programming  

FACTORS Principles   
Inclusivity  Continuity  Y N Y Y Y 

Human scale  N Y Y Y Y 
Safety  Y Y Y Y Y 

Encounter  Active edge N N N N Y 
Comfort  Y Y Y Y Y 

Creativity Importance of 
art 

N N N Y Y 

visual interest Y Y N Y Y 
Table 5: Presents the usage of each one of the seven proposed principles in relation to the project’s principles. 
(Y: Yes – N: No). Created by the author. 
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4.2 Discussion  
The results demonstrate that the design principles of both Sports Boulevard and The High Line successfully 
align with the broader concepts of inclusivity, encounter, and creativity. However, when analyzed in 
relation to the seven specific elements outlined by Jan Gehl, Kevin Lynch, and William Whyte, these 
principles are not applied uniformly across both projects. Some elements are emphasized more heavily 
than others, indicating varying priorities in design execution. Converting the data from Tables 6 and 7 into 
percentages enables a quantitative assessment of which principles are most consistently incorporated and 
which are underutilized. This quantitative analysis highlights the strengths and gaps within each project’s 
design. It provides a foundation for generating a prioritized checklist that future urban designers can use 
to create more inclusive, socially vibrant, and engaging pedestrian environments. 

 SPORTS BOULEVARDS DESIGN PRINCIPLES  
 

% 
Human-
centered 

Diverse 
districts 

landscapi
ng  

Salmani 
architecture 

Sustaina
bility 

landmarks 
and art 

FACTORS Principles    
Inclusivity  Continuity Y Y Y N N Y 66.6% 

Human scale  Y y Y Y N N 66.6% 
Safety  Y Y Y Y Y Y 100% 

Encounter  Active edge N Y N N N N 16.6% 
Comfort  Y Y Y Y Y Y 100% 

Creativity Importance of 
art  

N Y N Y N Y 50% 

Visual interest N Y Y Y N Y 66.6% 
Table 6: Presents the percentage of usage of each of the seven proposed principles in relation to the project’s 
principles. Created by the author. 

 
Table 7: Presents the percentage of usage of each of the seven proposed principles in relation to the project’s 
principles. Created by the author. 

The Sports Boulevard Project: 

 

 THE HIGH LINE DESIGN PRINCIPLES  
 

% 
Landscaping Sensory 

engageme
nt 

Inclusive 
design 

Urban 
connectivity  

Flexible public 
programming  

FACTORS Principles    
Inclusivity  Continuity Y N Y Y Y 80% 

Human scale  N Y Y Y Y 80% 
Safety  Y Y Y Y Y 100% 

Encounter  Active edge N N N N Y 20% 
Comfort  Y Y Y Y Y 100% 

Creativity Importance of 
art 

N N N Y Y 40% 

Visual interest Y Y N Y Y 80% 

100% 100% 66.6% 66.6% 66.6% 50% 16

.6

% 

Safety and Visibility  Comfort and Interaction  

 

Human Scale  

 

Continuity 

 

Visual interest  
Active 
Edge 

 

 

Importance 
of Art  
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The High Line Project: 

 

Figure 1: Shows the principles of usage as a comparison between the two projects. Created by the author. 

The previous tables and charts, reveal key patterns across the two projects. Safety and visibility, and 
comfort and interaction are the two most consistently applied principles, each achieving 100% 
implementation: human scale, continuous walkways, and visual interest follow, with application rates 
between 66% and 80%. The least-utilized principles are the importance of art (40%–50%) and active edge 
(16%–20%). These findings suggest that the primary driving factor is inclusiveness, which fosters a sense of 
belonging, reduces social isolation, and promotes fairness in urban environments. The second key factor is 
encounter, which enhances opportunities for social connection and strengthens community bonds. Finally, 
creativity revives public spaces, making cities more playful, inspiring, and supportive of mental well-being. 

These results suggest that the design of interactive walkways relies heavily on practical principles that 
directly impact people’s ability to occupy and engage with a space, such as safety and comfort. In contrast, 
aesthetic or supplementary principles, such as the importance of art, are given comparatively less 
emphasis. 

5. Conclusion  
This study has explored how inclusivity, encounter, and creativity grounded in the urban theories of Jan 
Gehl, Kevin Lynch, and William H. Whyte can inform the design of linear pedestrian environments that 
foster walkability, social interaction, and urban life. Through a comparative analysis of The High Line in New 
York City and Sports Boulevard in Riyadh, the research demonstrates that these factors, when applied 
thoughtfully, can transform public spaces into dynamic, human-centered environments. 

The findings reveal that while both projects effectively promote walkability and social engagement, 
inclusivity emerges as the most consistently applied factor, particularly through principles such as safety, 
human scale, and comfort. Although slightly less emphasized, encounter is crucial in creating opportunities 
for social connection. Creativity is less prioritized, suggesting practical and experiential qualities often 
outweigh purely aesthetic considerations in shaping successful public spaces. 

Ultimately, this research underscores the importance of designing walkways as both transit routes and as 
inclusive, encounter, and creative spaces that encourage human engagement. It also offers a critical 
framework for future urban projects seeking to revitalize cities through walkable, sustainable, and socially 
enriched environments, bridging lessons from both Western and Middle Eastern contexts. 
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Abstract 

Street vending is one of the most persistent features of Moroccan urban life, providing livelihoods 
for many and shaping the use and character of public spaces. Despite its significance, it has long 
faced suppression through top-down interventions, including market construction projects, police 
crackdowns, and redevelopment efforts linked to international events such as CAN 2025 and the 
2030 World Cup. In Rabat, the capital, colonial and post-independence planning marginalized street 
vending, yet vendors have continually adapted, reflecting deep-rooted cultural practices and 
intimate knowledge of neighborhoods, residents, and urban rhythms. 

This report reconceptualizes street vending not as a disruptive or marginal activity, but as a resilient 
and legitimate urban practice. It presents a framework for reintegrating vendors into the urban 
fabric through context-sensitive, micro-urban interventions that enliven sidewalks, plazas, and 
transit nodes, fostering everyday interactions between vendors and residents, and illustrates this 
vision through two pilot public spaces in Rabat. Adaptive regulatory measures allow time-specific, 
seasonal, or event-based vending, avoiding blanket bans while preserving commercial and social 
vitality. By centering vendors as co-authors of public space, the approach emphasizes social 
inclusion, spatial justice, and cultural continuity, shifting planning discourse from formal/informal 
binaries toward a more fluid understanding of urban life. Pilot interventions aim to demonstrate 
how small-scale spatial strategies can have significant cultural and economic impacts, offering 
policymakers and communities tools to collaboratively shape Rabat’s evolving public spaces. 

Keywords 

Street vending, Inclusive urban transformation, Spatial justice, Rabat, Everyday urbanism 

1. Context

The urban landscape of Moroccan cities has long been marked by the omnipresence of street vending. The 
everyday spatial practices of street vendors have shaped and reshaped many public spaces and impacted 
urban dynamics across many areas. It has been portrayed as a gangrene to be removed by the official 
narrative, justifying thus the several eviction operations and the relocation of vendors in brick and mortar 
markets frequently lacking special, technical, economic and social viability for their prosperity.  

In the aftermath of the Arab Spring, the number of street vendors has increased across the country, and 
local authorities showed more tolerance to avoid social outbursts during a tense political atmosphere in 
the region. Rabat, the capital city of Morocco, witnessed a particularly sharp rise in street vending, 
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especially in areas previously considered untouchable due to their political or historical significance. The 
activity gained even more visibility and became increasingly difficult to ignore within policy and planning 
circles. During this unsettled times, the institutional discourse shifted from radical eradication appeals to 
an openness to urban integration, as many voices began advocating for embracing street vending as a 
constitutive feature of the urban fabric and everyday city life.  

In this context, the necessity to build an in-depth understanding of the modus operandi of the activity 
became essential. Nevertheless, the broad research spectrum tackling the informal sector in general has 
long been dominated by economic and political perspectives in the national context. Thus, Rajae Mejjati 
Alami (2014) urged for the development of multidisciplinary approaches aiming to better the internal 
codes, norms, and collective practices structuring the informal sector and allowing for its prosperity. This 
paradigm shift reflected a broader recognition that informal practices are not marginal anomalies but 
integral components of how cities function and evolve. It also brought the activity back into urban research 
debates in Morocco.  

However, although this shift was welcomed within the institutional spheres, implementation continued to 
default to constructing underequipped, aloof brick and mortar markets as the primary solutions. These 
infrastructures repeatedly failed to retain vendors, who often found them economically unviable or 
spatially disconnected from customer flows. Consequently, many returned to the streets, reflecting the 
persistent gap between the stated vision of inclusive integration and the practical mechanisms designed 
to achieve it. 

In the specific context of Rabat, significant urban transformations are currently underway, with the aim to 
modernize its infrastructure, enhance the city’s livability for residents while also strengthening its 
international profile, as the city ambitions to host major global events, including the World Cup 2030. The 
large-scale projects encompass infrastructure development, public space redesign, and urban 
beautification initiatives. At the same time, these changes have emphasized the everlasting negotiation 
between formal planning objectives and everyday urban practices, such as street vending. As public spaces 
are redesigned with a focus on order, aesthetics, and global visibility, the presence of street vendors is 
often perceived as challenging the city’s envisioned image. This situation points to the need for more 
inclusive and context-sensitive approaches, capable of aligning modernization goals with the socio-
economic realities of urban life. 

2. Problem statement

The paradigm shift regarding street vending was supported by influential institutions such as the Economic, 
Social and Environmental Council (CESE), which issued recommendations to incorporate informal sector 
actors in the formal ecosystem, including the integration of street vending in the urban fabric. However 
the debates remained theoretical and these recommendations have not been translated into tangible local 
planning practice. In Rabat more specifically, the current urban planning document do not explicitly 
mention or address street vending. The city’s latest development plan includes three new enclosed market 
halls (Medias24, 2025), without mentioning if they are intended to accommodate street vendors. 
Conceptually, this suggests that the outcome for street vendors is uncertain and that many neighborhoods 
may consequently still lack sufficient access to commercial spaces, mainly those offering food and essential 
services. In the apparent absence of spatially grounded strategies, reflects the ongoing challenge of 
translating institutional recommendations into practice. 

Today, according to the latest National Survey on the Informal Sector in Morocco for 2023 and 2024, more 
than half of informal production units operate without a fixed location (55.3 %). This segment mainly 
represents street vendors, who are recognized to face challenging spatial, financial, and administrative 
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constraints as  they critically depend on public space, operate with minimal capital, and remain excluded 
from formal financing and registration systems. CESE’s 2021 evaluations further highlight the limits of past 
relocation programs, marked by underserved locations, low vendor retention, and limited visibility, and 
call instead for flexible, proximity-based market solutions, mobile markets, and simplified regulations. 
Despite these institutional orientations, implementation remains limited, fragmented, and often 
unstructured. 

This inertia might be explained by a conceptual gap within urban planning, where street vending is still 
widely portrayed as a problem to eradicate rather than a practice to manage and integrate. Yet historical 
research demonstrates that street vending has long been an intrinsic feature of Rabat’s urban life, in 
different forms and different terminology. In fact, open air markets accessible to itinerant traders, known 
for souks, used to function as a living commercial and cultural infrastructure, structuring everyday urban 
dynamics (Figure 1). The study shows how these markets disappeared from Rabat’s urban life, as a result 
of imported models of the French Protectorate, considering them as incompatible to prestige and 
modernity. It then shows how cotemporary street vendors returned to the same areas, acting thus not only 
as economic actors but also as custodians of intangible cultural heritage (Bouallala, 2022). 

Figure 1: Souks Operating in Rabat before the Protectorate. From left to right: Souk EL Had, Souk El Ouassaa, Souk Laghzal. 
Source: Colonial archives-unknown photographers. 

The current report stresses the persistent disconnect between institutional recommendations for 
integrating street vending and the absence of spatial, operational, and context sensitive mechanisms to 
implement them. Despite strong institutional guidance, street vending remains invisible in urban planning 
documents. This reflects both institutional resistance and the lack of concrete, demonstrable models 
capable of reconciling modernization objectives with inclusive socio-economic and cultural urban 
dynamics. 

This proposal seeks to fill this gap by suggesting an operational framework that reintroduces street vending 
as a structured urban solution. By leveraging existing public spaces as designated market areas, be it 
temporary or permanent, and acknowledging the cultural embeddedness of street vending, the project 
aims to concretize CESE’s recommendations and offer an alternative to ineffective relocation models. 
Rabat has therefore been selected to implement and test this framework. 

3. Project approach

This proposal recognizes the complexity of the aspects involved in the production, functioning and 
perpetuation of street vending. It thus does not claim to provide a comprehensive integration approach. 
In fact, a complete integration strategy requires interventions that extend far beyond the creation of 
localized market spaces, including measures to address structural unemployment, offer meaningful 
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economic incentives, improve access to financing, and establish regulatory pathways that support 
sustainable livelihood transitions. As CESE’s report highlights, it is vital to foster a diversified urban 
commercial ecosystem, encompassing well-designed market halls, adaptable neighborhood markets, 
mobile or temporary markets, and enhanced logistics infrastructure. 

Amid this broader perspective, the project focuses on an intervention at the neighborhood level, guided 
by micro-urbanism principles. It aims to implement two pilot street markets in selected neighborhoods, 
using existing public spaces as adaptable platforms for structured, locally informed market activity. These 
markets are not presented as a concrete, feasible demonstration of how place-based, proximity-driven, 
and socially responsive interventions can operate in practice. 

Based on the analysis of the everyday practices of vendors, local commercial patterns, neighborhood 
spatial and temporal dynamics, this proposal adopts a bottom-up approach. While the standardized 
relocation schemes suggest one size fits all alternative to unregulated street vending, this proposal suggests 
a design inspired from lived realities and historical patterns of commerce that have long shaped Rabat’s 
urban culture. The research-by-design approach used for this project aims to develop a proof of concept 
that can visually articulate the conceptual institutional recommendations, and inform future, larger-scale 
policies and integrated strategies, contributing to a more inclusive, culturally meaningful, and spatially 
viable urban commercial ecosystem. 

4. Expected Results and Broader Impact
This project presents a theoretical proposal for reintegrating street vending into the urban fabric of Rabat, 
focusing on two neighborhood-scale markets. The results of the study are the conceptual contributions 
generated through a research-by-design process, inspired from everyday practices, neighborhood 
dynamics, and historical patterns of commerce in the area.  

The broader impact of this work lies in demonstrating how bottom-up, context-sensitive approaches can 
inform urban strategies that integrate street vending while respecting local identity and social networks. 
The project proposes to fill the conceptual gap between the institutional recommendations suggesting 
integrated strategies and the practical design-related outputs. This report supports the structural paradigm 
shift in understanding street vending no longer as a problem to be solved, but as an integrated, living and 
functional commercial and cultural form. This perspective opens pathways toward both resilience and 
improved quality of life, as vendors can achieve dignified, secure livelihoods and social inclusion, while 
residents benefit from more vibrant, lively, and accessible public spaces that reflect local culture. This 
model can also serve an adaptive urban economy capable of withstanding shocks and strengthen social 
cohesion by acknowledging the contributions of all urban actors and reducing potential conflicts. 

5. Proposed Spatial and Governance Strategies

5.1 The overarching vision  

Beyond the rendered project, the main vision exptends to the production process from the selection of the 
implementation site to the daily functionning of a street market. One of the main caracteristics of street 
vending is the adaptability. In fact, previous research (Bouallala, 2023) demonstrated that street vendors 
assess the area’s commercial potential systematically, and adapt their offer to its dynamics, including the 
type of merchandise, the schedule, and the exact spot. Thes results explain the ineffectiveness of 
standardized covered markets that propose the same forms and even processes.   
Thus, the proposed framework encourages a grounded, co-design–oriented methodology that ensures 
each intervention is feasible, viable, and sinclusive. The process begins with a diagnostic analysis of each 
neighborhood, acknowledging that needs, practices, and commercial dynamics vary across urban contexts. 
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The approach poses fundamental questions: What is lacking in this specific location? Do residents have 
sufficient access to fresh produce, affordable garments, or essential services? How does the existing 
commercial and social ecosystem operate in the neighborhood? In practice, the answers often lie in the 
grassroots activities of street vendors, who have long recognized local gaps and adapted their merchandise 
based on a deep understanding of the area, its residents, and its rhythms. The assessment of these 
parameters lays the groundwork for a co-developed operational model, where vendors and resident 
representatives determine appropriate time slots that align with local rhythms (morning flows, lunch 
peaks, or evening markets), pricing structures, management rules, and installation types from mobile 
kiosks to modular stalls.  

Through this approach, interventions would shift from imposed designs to co-produced strategies, 
positioning public space as a platform for shared prosperity. Four guiding principles shape this work: 

The suggested project is a theoretical contribution that does not claim to be complete or directly applicable 
to the selected area. It is based on previous research findings, and any actual implementation would 
require collaboration with municipal authorities and further contextual adaptation. However, the vision 
presented in this report rests on four pillars: 

• Spatial justice, aimed at addressing historical exclusion.
• Participatory design, involving vendors as legitimate partners rather than subjects of regulation,

and centering residents as primary beneficiaries.
• Adaptive regulation, enabling flexible, context-sensitive governance mechanisms.
• Micro-urbanism, favoring small-scale, high-impact spatial interventions.

The following sections present two street markets selected based on previous diagnosis of the area. 

5.2 Neighborhood Prototype 1: Marche Central/ Historic Core 

The historical heart of Rabat locally called Medina, provides the first prototype for this intervention. Bab El 
Had stands as a natural site for the implementation of a street market. Before the french Protectorate, Bab 
E Had was famous for its open air souks, where itinerant vendors would offer different goods and services 
to the residents of Rabat and its vicinity. Considered as uncompatible with the modern image pictured for 
Rabat as a capital city, the souk was replaced with brick and mortar market called Marché Central, erasing 
the socio-economic and cultural identity of the neighborhood and the city. After the protectorate, the post-
dependance models did not recover the initial state of the area, and the space  surrounding the market 
served as a parking lot for many years. Over the last couple of decades, street vendors have used this space 
to carry out their activity, creating unique interactions between formal and informal systems. 

Recent redevelopment transformed the parking lot into visually orderly plazas (Figure 2), yet the removal 
of vendors disrupted long-established social and economic practices. This was particularly significant for 
food vendors, whose offerings had long complemented both the Marché Central and the Medina’s formal 
commercial fabric. 
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Figure 2: Left: Parking lot in front of Marché Central simultaneously used by street vendors (2013), Right: Parking lot 
transformed into a plaza (2025). Photos by: W.Bouallala 

The suggested design aims to transform the area into a welcoming gateway fort he Medina’s residents 
visitors and  commutors, by reintroducing local products and street food. For the matter, the proposal 
uses mobile kiosks that complement the traditional souk and restaure the plaza’s commercial vitality, 
while reintegrating street vending in a structured and dignified manner. 

Nevertheless, the project is not random preferences but has been based on the results of a rigourous 
spacial, tempora land social analysis. The process in a longitudianl study over more than five years, that 
involved daily observation and surveys. The assessment examined activity rythms, commercial dynamics, 
spatial evolution, alongside the vendors logics and trajectories, providing thus a grounded understanding 
of the plaza’s modus operandi.  

Drawing on these insights, the intervention proposes the reintroduction of vending through a coordinated 
system of mobile and permanent kiosks. The layout consists of: (1) permanent daytime stands positioned 
along the Tramway Station “Medina Rabat”, offering quick and continuous services such as snacks, 
beverages, and basic phone and internet services; (2) removable evening stalls arranged in a central row 
to host street food vendors and sellers of local products and fresh produce; and (3) a permanent seating 
area placed alongside the Marché Central, supporting social interaction and on-site consumption. 
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Figure 3: Proposal for the reintegration of street vending in the Medina of Rabat. AI generated image: W.Bouallala, 2025 

This reconfiguration brings coherence to the plaza, aligns with everyday mobility patterns, and restores the 
vibrant, multisensory qualities historically associated with Souks in the area. 

5.3 Neighborhood Prototype 2: Quartier Océan 

The Océan neighborhood is one of the districts developed during the French Protectorate to accommodate 
mid-level European workers and laborers settling in Morocco at the time.  

The selected street for his proposal, Rue de Bruxelles, has recently been transformed into a pedestrian 
pathway, after serving for several decades as a strandard vehicular road. While the intended effect could 
be promising, the new configuration of a paved pathway bordered with sanitary showrooms and a 
significant number of closed stores struggles to create an inviting atmosphere for pedestrian activity.   

fresh produce 
mobile and internet services 
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Figure 4: Rue de Bruxelles, recently transformed to a pedestrian pathway, Photo by: W.Bouallala, 2025 

Paradoxically, an adjacent street is completely taken over by street vendors, operating over several 
decades in the neighborhood and providing the residents with fresh produce and everyday goods. These 
vendors have built a loyal clientele and constitute the main and lone market in the neighborhood. However, 
the current situation poses significant circulation challenges. While the picture presents opposite sets of 
challenges for both streets, their proximity offers the opportunity to remedy the situation by translocating 
the renowned market to the newly tranformed Rue de Bruxelles.  
The proposal suggests to rellocate the storefronts of Rue de Bruxelles toward everyday commercial 
activities, and  establish a central row of mobile kiosks allowing to conviniently integrate street vending in 
the neighborhood’s fabric. The kiosks would be allowed according to a defined schedule that creates a 
predictable, controled and rythmic presence. 

Based on a longitudinal study with daily observations, the proposal identifies suitable time slots for 
morning markets on Wednesday, Friday, and Sunday, as well as the types of merchandise that best respond 
to residents’ needs. Relocating this existing activity to Rue de Bruxelles would allow vendors to continue 
their long-standing commercial practices while providing residents with convenient access to daily 
necessities, simultaneously animating the newly pedestrianized pathway. 
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Figure 5: Proposal for the relocation of street vendors in Rue Bruxelles, Rabat. AI generated image by: W.Bouallala 
(2025) 

This configuration positions street vending as a mechanism for revitalizing pedestrian dynamics, supporting 
local commerce, and generating more inclusive and accessible public space. 

5.4 Cross-Cutting Urbanistic Vision: Street Markets as Catalysts for Urban Vitality 

Nowadays, street vending activity is commonly linked to anarchy and chaos in the Moroccan context. The 
broader vision of the suggested proposals intend to challenge this belief and positions street markets not 
as anomalies within the city, but as multifunctional public infrastructures that support density, diversity, 
and social interaction. The proposed designs aim to create soft, porous edges rather than rigid boundaries, 
with subtle transitions, such as low vegetation, movable bollards, or differentiated pavement textures, 
demarcating the market zone without disrupting permeability. Spill-out zones allow cafés and vendors to 
extend into adjacent public spaces, fostering a lively atmosphere. Modular, mobile, and scalable design 
elements introduce flexibility, enabling markets to adapt to narrow Medina streets or wide contemporary 
plazas, and to expand or contract based on daily, weekly, or seasonal rhythms. These spaces function as 
hybrids that integrate commercial activity with social and cultural uses, simultaneously operating as public 
squares, mobility hubs, and venues for cultural practices. 
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Functionally, and beyond the proposals presented in this paper, the market is envisioned as a managed 
ecosystem, allowing for temporal layering that offer multiple vendors the possibility to share prime 
locations throughout the day, enhancing thus the coherence and increasing space efficiency. In any 
location, operational logistics could be addressed through micro-hubs for storage and waste sorting, paired 
with designated loading bays and scheduled restocking times to minimize conflict with circulation and 
mobility flows. 

This work support the idea that street vending, when organized in well thought markets also serve as 
anchors of social interaction. Slow zones equipped with seating, shade, and water features encourage 
lingering and intergenerational use, while carefully curated sensory qualities, including sounds, scents, and 
colors, create a distinctive and welcoming experience.  

While this report focuses on the spatial possibilities, it is suggested to ensure the governance of this type 
of markets through a co-management structure in the form of a Market Council composed of elected 
vendors, residents, local business owners, and municipal representatives, which oversees daily operations, 
conflict resolution, and event programming. A progressive ladder of formality could provide pathways from 
temporary permits to more stable licensing systems, integrated with incentives such as access to micro-
loans and social security, supporting both vendor livelihoods and the long-term resilience of the market as 
a public infrastructure. 

6. Conclusion

The vision for the urban integration of street vendors in the Moroccan urban fabric developed in this report 
constitutes a conceptual contribution to the ongoing reflective and policy-related efforts. It uses research-
by-design approach to envision different forms that could accommodate street vendors. The proposed 
strategy conceptualizes street markets as porous, flexible, and multilayered public spaces that function as 
commercial engines, social condensers, and cultural stages. It pictures street vending not only as an 
economic incentive but also as a cultural vector of local collective identity. While the report presents two 
examples of street markets in two selected neighborhoods in Rabat, the broad strategy stresses the 
importance of an in-depth understanding of the us operandi of the activity, the spatio-temporal, social and 
economic parameters that shape it. It also highlights the necessity of participative design, adaptive 
regulation, and spatial integration, which help markets become part of the urban and social fabric rather 
than remain informal leftovers, grounding interventions in everyday local realities. 
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Abstract

Stood in the face of China's national plan for cultural heritage conservation (20th CPC National
Congress) and Nanjing's historical city status, this research addresses such inadequacies in top-
down urban planning (not commensurate with public aspiration) and the operational
shortcomings of typical machine learning in handling unstructured data analysis. It applies large
language models (LLMs) and deep learning to quantify public perception of Nanjing old city
historic streets with the aims of exploring spatial properties of perception, influence of built
environment variables, and inclusive placemaking strategies.

Methodology: 185 historic streets within the old city of Nanjing are being targeted (selected
based on the 2023 Nanjing Historical and Cultural City Protection Plan, from 2024
OpenStreetMap data). From the cognition-affect-behavior theory, it constructs a built
environment framework consisting of 22 indicators (spatial, transport, functional, historical).
Data include ~29,000 pre-cleaned Weibo tweets (with RPA) to measure cognitive intensity
(number of comments) and emotional tendency (0–1 scored by Qwen-Max LLL); street view data
(Baidu Street View, Mask2Former segmentation), POI data (Gaode Maps API), and space syntax
data (sDNA). Analysis combines XGBoost regression (modelling perception using 22 built
environment predictors) and SHAP for feature contribution explanation.

Key Results: Cognitive intensity is strongest in the south, core areas, and northwest clusters
(historical axes/roads) and weakest in periphery Grade II/III lanes; core drivers are Historical
Street Grade (higher for historical axes/roads) and Road Choice Degree (saturates at threshold).
Emotional tendency is most positively valenced in the south core and worst negatively valenced
in spread-out northwest/south positions; the strongest impetus is Catering Facility Density
(stabilizes after a break-even point), followed by Historical Street Grade and Road Accessibility.

Implications and Limitations: Practical solutions include maximizing road choice for marginal low-
cognition roads, like facilitating/enhancing access in negative-emotion areas, and integrating
Weibo-based public opinion into bottom-up planning (coupled with UN's 2030 Agenda).
Limitations include Weibo data bias (excluding non-Weibo users), cross-sectional 2024 data
(without temporal dynamics), and regional concentration on Nanjing. Subsequent studies should
employ multi-source data, longitudinal tracking, and cross-city comparative analysis.
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1.Introduction

The 20th National Congress of the CPC proposed "enriching the prosperity and development of cultural
undertakings and cultural industries" and elevated "the protection and inheritance of historical and
cultural heritage in urban and rural development" to the core proposition of national spatial governance.
This strategic orientation is of specific practical significance for Nanjing, a renowned historical and
cultural city.

As a city's main linear element (Jacobs, 1992), historic streets are also an essential indicator of the extent
of urban mood and aesthetic taste. Moreover, the built environment of the street is the most efficient
material carrier for transmitting urban cultural imagery, producing historical atmosphere, and provoking
public aesthetic sensibility.

The general public, as direct users of urban space, are stakeholders, actors, and controllers of old street
renewal (Sun et al., 2022).. Apart from that, public participation and inclusivity have been at the top of
the UN's Agenda 2030 for Sustainable Development (UN. General Assembly (70th sess. : 2015-2016), 21)
and assume specific importance when it comes to inventory renewal.

Currently, historical street restoration relies mainly on a "top-down" planning rationale that causes the
government's planning vision and people's demand to be detached from each other(Wang et al., 2021).
At the same time, existing literature lacks a systematic analysis of the inner mechanisms through which
the built-up environment of streets affects people's perception, and therefore immediately prevents
renewal practice from being responsive to demand.

There are ongoing works on humans' perception of streets that, with a few exceptions, continue to use
legacy machine learning methods; i.e., using Jieba, a Chinese word segmentation, for word segmentation
and conducting TF-IDF algorithm word frequency counting. Their ability to process unstructured text-rich
data is still not good. Relative to them, however, large language models can easily understand deep-level
impressions in text(Xia et al., 2025) and possess superior capabilities in handling complex texts. Therefore,
this paper is going to introduce large language models to conduct quantitative processing on Weibo text
relating to historic streets of old city Nanjing.

In the critical stage of Nanjing's history - culture protection and ancient city renewal, this study takes
cultural identity as the core driving force. It quantifies public perception using the latest large language
models and explores the formation mechanisms of public perception of historic streets with deep -
learning methods to answer three questions: (1) What are the spatial characteristics of public perception
of historic streets in Nanjing's old city? (2) Which built - environment factors cause variations in public
perception? (3) Based on the influence mechanism, how to construct more publicly - acceptable historical
streets? This supplements the shortage of mechanism analysis in existing studies and provides a basis for
formulating inclusive place-making strategies that meet multiple stakeholders' needs and reconcile
historical and cultural heritage.
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2. Methodology
2.1. Research area

Nanjing has over 2,500 years of urban - construction history. The street network, as the central carrier of
Nanjing's cultural and historical genes, has preserved the spatial configuration since the Ming and Qing
dynasties. Historic streets are elements of the old city spatial texture and hold historical memories,
cultural connotations, and public - life scenarios, making them a typical case for studying the street built
environment and public consciousness. The research focuses on all historic streets in Nanjing's old city.
Road-network data is from OpenStreetMap (2024) to match the current spatial features. Also, 185
historic streets were selected according to the Nanjing Historical and Cultural City Protection Plan (2023)
for subsequent research (Figure 1).

Figure 1.Map of Historical Streets of Nanjing’s Old City (Authors' illustration)
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Use scenarios: Accompanying use is concentrated in Type 3 cases, occurring with high-frequency daily or 

low-frequency leisure activities and embedded into temporal gaps such as short breaks. Purpose-oriented 

use typically involves trips where the reading space is the primary destination, yet some users combine 

these visits with activities outside the venue. This pattern is more common in Subdistrict B, which has 

higher service capacity. 

Use evaluation: Respondents’ use evaluations focused on seven aspects: spatial location, book provision, 

basic and integrated facilities, user atmosphere, spatial experience, and operation. In Type 1 cases, both 

positive and negative evaluations were largely concentrated on spatial location. Type 2 cases received 

more positive feedback on location and spatial experience. Type 3 cases highlighted integrated facilities 

positively, while negative evaluations spanned multiple aspects, including basic facilities, user atmosphere, 

and spatial experience. Some comments reflected personal perceptions, prompting additional coding for 

content directly related to integration strategies. 

Perceived integration-related convenience: Most frequent in Type 2 and 3 cases, including increased 

frequency or flexibility of use, one-stop fulfillment of multiple needs, suitability for family or group visits, 

convenient breaks during work or study, and a general sense of convenience. Case A2 particularly supports 

work/study breaks, while other Type 2 and 3 cases are associated with one-stop fulfillment of needs. 

 

Figure 7. Frequency of coded themes across cases. Source: Authors. 
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4. Discussion and Conclusion  
4.1. Performance of Cultural Participation under Integration Strategies 

Looking across cases, we observed that user composition and awareness channels vary with integration 

type. Type 3 cases tend to have higher proportions of middle-aged users, while female users are more 

common in Type 2 and Type 3 cases. Regarding awareness channels, users in highly integrated settings 

more often come across reading spaces incidentally during other activities, rather than through active 

searching. In practice, these observations suggest that cultural participation may arise from everyday 
exposure rather than from pre-defined demand. Although causal relationships cannot be determined in 

this study, the repeated co-occurrence of these patterns appears to indicate that spatial and functional 
integration may expand access pathways and support broader participation across user groups. 

4.2. Modes of Cultural Participation under Integration Strategies 

User surveys show that both modes of use and service radius are associated with integration type. Type 3 

cases exhibit the highest proportion of accompanying use and the largest service radius, followed by Type 

2, while Type 1 remains the lowest. And Interviews indicate that integration allows the use of reading 

spaces to be incorporated into daily routines, leisure activities, and temporal gaps. Although causal 

relationships also cannot be confirmed, the repeated co-occurrence of these patterns may suggest that 
spatial and functional integration reduces reliance on dedicated trips, allowing cultural participation to 

be more flexibly integrated into everyday mobility and schedules, which in turn may contribute to both 
expanded spatial reach and more efficient use of time. 

4.3. Additional Factors Potentially Shaping the Effects of Integration 

Findings further indicate that governance arrangements and subdistrict service capacity interact with 

integration type, jointly influencing patterns of use and participation. Cases operated by the government 

tend to have higher proportions of older users, and working/studying predominate, with less strolling. 

Subdistrict service capacity also appears to play a role. Cases located in areas with higher service capacity 

show larger service radii and stronger connections with external activities. These observations may suggest 
that the effects of integration are shaped not only by individual sites but also by broader urban contexts. 

4.4. Strategic Differences across Integration Types 

Looking across the three integration types, we observed distinct strategic pathways: service co-location 
(Type 1), experiential synergy (Type 2), and path-based alignment (Type 3). Type 1 cases, embedded 

within community service centers, tend to rely on proximity and mostly attract purpose-oriented users, 

with limited influence on trip organization. Type 2 cases introduce recreational contexts, which appear to 
expand service radius and enhance experiential value. Type 3 cases, embedded in commercial complexes, 
appear to show the strongest integration effects, including higher accompanying use, broader service 

reach, and more frequent incidental encounters, and these advantages may also place greater demands 

on spatial design and governance to address potential tensions from intensified and diversified use. 

5. Conclusion and Limitations 

This study examined how different modes of spatial and functional integration shape cultural participation 

through embedded reading spaces. Moving beyond proximity-based planning, cultural accessibility was 

treated as a composite capacity, reflected in actual use. Results suggest that increasing integration 
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complexity corresponds to a shift from service co-location to experiential synergy and further to path-

based alignment. Integration practices based on commercial complexes seem to provide the greatest 

potential to reach more users, raise awareness, and help plan trips and use time more efficiently, which 

may support their role as potential cultural anchors. The study advances knowledge by linking cultural 

accessibility to actual use, revealing how integration strategies shape participation, and uncovering 

differences within these strategies. Limitations include the small number of cases, sampling constraints, 

and the inability to determine causal relationships. Future studies could include more cases, improve data 

collection, and use systematic approaches, such as QCA, to better explore the ways people engage with 

culture. 
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Abstract: 

The awakening of human and public rights has pushed urban planning to pay attention to health, 

which is essentially a profound reconfiguration of power. Different planning schools offer distinct 

health concepts: rational planning constructs technological hegemony; advocacy planning 

challenges elite power; spatial justice theory exposes structural exclusion; resilient city theory is 

caught in the paradox of technocracy and equity. By systematically reviewing major planning 

theories, this paper defines health from a power perspective and proposes future paths – 

deconstructing technological hegemony, strengthening legal protection of health rights, and 

building multi-stakeholder governance networks. “Health spatial justice” should be placed at the 

top of the value sequence.  

Keywords 

power relations; health spatial justice; theoretical evolution; healthy cities 

1. Introduction

Urban planning and public health share a trajectory of “common origin—differentiation—

convergence” [1]. Modern urban planning emerged during the Industrial Revolution to address 

sanitation and housing crises [2,3]; early public health acts directly influenced garden city theory 

[1]. With the development of bacteriology and epidemiology, the two fields diverged [5]. Since the 

mid-20th century, growing health inequalities have refocused public health on the built and 

socioeconomic environment [1]. 

Planning theory has long linked health to “power.” Traditional health planning was controlled by 

the state, experts, and capital [8,9]; health was seen as a tool for maintaining social order and 

labour efficiency [10]. Planning decisions by elites often exacerbated inequality [11,12]. The spread 
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of human rights – especially the right to health – and public rights awareness has challenged this 

structure. The WHO Constitution establishes health as a basic human right [13], shifting planning 

from technical to rights-based approaches [14,15]. 

This awakening of rights is a reconfiguration of power. Different planning schools reflect 

divergent health concepts (Table 1). Rational planning (1940s–1960s) regards health as a 

technical problem [16,17]. Advocacy planning (from late 1960s) deconstructs elite hegemony, 

viewing health as a product of social justice [18,19]. Spatial justice theory (e.g., Soja) reveals health 

inequality as spatial exclusion [20–23]. Resilient city theory defines health as adaptive capacity 

under shocks [24–26]. Power shifts – from expert monopoly to capital commodification to public 

rights – drive these differences. This paper reviews these theories, defines health, and proposes 

future paths for “Healthy China.” 

Table 1 Analytical Framework for the Comparison of Health Concepts in Various Theoretical Schools 

Analyti al 
Dimension 

Ratio al Planning Advocacy Planning Spatia  Justi e 
Theory 

Resilient City 
Theory 

De� nitio  of 
Health 

Physiological + 
Environmental 
Health 

Social + Psychological 
Health 

Health of Social 
Structure 

Health of System 
Function 

• Individual
disease-free state

• Collective well-being • Fairness in 
resource allocation 

• Disturbance
resistance capacity

• Negative health 
(harm avoidance)

• Positive health 
(empowerment)

• Realization of
collective rights

• Guarantee of
group survival

Root Causes of 
Health 
Problems 

Environmental 
exposure + 
individual behavior 

Deprivation of 
participatory 
opportunities 

Structural 
inequality 

Systemic 
vulnerability 

Role of Planning Technical expert 
(providing optimal 
spatial solutions) 

Community 
empowerer (assisting 
disadvantaged groups 
to voice) 

Social reform 
promoter 
(challenging unjust 
spatial production) 

System coordinator 
(optimizing multi-
sector 
collaboration) 

Key 
Interventio  
Strategies 

• Physical space 
design

• Community
participatory decision-
making

• Resource
redistribution

• Redundant design

• Standardized 
norms

• Cultivation of local
organizations

• Institutional
reform

• Intelligent
systems

Core Value 
Orientatio  

Efficiency + Order Equity + Freedom Equity + Justice Resilience + 
Sustainability 

Knowledge 
Basis and 
Methodology 

Empirical science Experiential narrative Critical theory Complexity science 

Atti de Toward 
Power 

Technically neutral 
(avoids political 
controversy) 

Mediates conflict 
(balances multiple 
interests) 

Challenges 
structural exclusion 
(exposes capital–
power alliance) 

Maintains system 
stability (may 
reinforce 
technocratic 
authority) 
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2. Health Concepts and Power Relations in Various Theoretical Schools

2.1. Rational Planning: Technological Hegemony and Health Discipline 

Rational planning defines health as a set of environmental parameters optimizable through 

scientific models [27]. Its framework prioritizes spatial accessibility [28], risk avoidance [29], and 

efficiency [30]. It simplifies complex health issues into spatial optimization problems, assuming that 

meeting physical environment standards automatically promotes health [27,31]. Humans are seen 

as rational economic actors, ignoring cultural and emotional needs [32]. Technocrats maintain 

professional barriers, viewing planning as a tool to preserve order [33]; space becomes a 

measurable geometric unit [34]. This embodies technological utopianism but ignores psychological 

health, cultural identity, and social networks [35,36]. 

2.2. Advocacy Planning: Empowerment, Resistance, and Health Equity 

Emerging from 1960s social movements, advocacy planning fights for spatial rights of 

disadvantaged groups [19]. It directly asserts that health inequality is a product of unequal power 

distribution [37]. It critiques rational planning’s indicators for concealing inequitable resource 

allocation, arguing that health is shaped by structural power struggles, social networks, and 

cultural identity [38,39]. Advocacy planning promotes knowledge democratization and local 

experience [19,40,41]. However, it risks “elite capture” within communities [42]. Overemphasis on 

community empowerment may obscure government responsibility. It restores health from a 

technical problem to a rights issue. 

2.3. Spatial Justice Theory: Struggles for Spatial Rights and the Decolonization of 
Health 

Lefebvre argues that space is permeated by social relations and produced by power [43]. Spatial 

justice theory reveals that the configuration of health resources reflects systemic exclusion [20,44]. 

Health behaviours are constrained by spatial power and social networks. It criticizes traditional 

health assessments for ignoring language barriers and cultural taboos [20]. Upholding “local 

experience first,” it resists global-scale “health colonialism” [45]. As Soja states, “health without 

spatial justice is the health of the privileged” [20]. The root lies in imbalanced rights in the 

production of space [46]. 

2.4. Resilient City Theory: The Paradox of Power under Systemic Resilience 

Resilient city theory marks a shift from single-hazard to complex systemic shocks. Health is 
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defined as the capacity of an urban system to maintain functions and transform under 

disturbances, integrating engineering, ecological, and evolutionary resilience [47]. Individual 

health behaviour is influenced by group immunity thresholds and risk perception networks [48], 

but this view often ignores structural oppression [49]. Big-data-driven crisis prevention conceals 

“technological hegemony” [50,51]. Resilience can become either an instrument of neoliberal 

governance or a lever for spatial justice [54,55]. 

2.5. The Operation of Power Behind Health Concepts 

Foucault shows that rational planning transforms health into a calculable biopolitical object [56]. 

Spatial commodification under neoliberal logic privatizes health resources and serves elites first 

[57]. Advocacy planning seeks to safeguard marginalized groups’ health claims through resistant 

knowledge production [58]. In the US, redlining led to medical deserts and a 15-year life 

expectancy gap [59]. In Brazil’s favelas, environmental racism manifests as spatial violence [60]. 

Spatial justice theory advocates for geographical redistribution of health rights [20]. Resilience 

theory often reinforces technocratic power, overlooking the digital divide [50]. Only by liberating 

health from technical discipline and restoring it to spatial power struggle can we achieve 

Harvey’s “geography of difference.” 

3. On the Core Definition of Health in Urban Planning

3.1. International Research on Health Issues in Urban Planning 

International planning research targets reducing non-communicable diseases, physical activity, 

environmental exposures (air, noise, green space), and health equity, encompassing walkability, 

public transport, community safety, and food environments [60–65]. Key studies include Giles-Corti 

et al.’s [60] eight active-travel interventions, Nieuwenhuijsen’s [64] community-level environmental 

effectiveness, Kent and Thompson’s [63] activity–connectivity–food access domains, and 

Northridge and Freeman’s [66] three inequality mechanisms (resources, environments, political 

power). Collectively, these frame health holistically, emphasize social determinants, and elevate 

health equity as a central planning goal. 

3.2. Domestic Research on Health Issues in Urban Planning 

China’s urban planning health research emerged late, localizing after the “Healthy China” 

strategy (2013) [4]. Tan Shaohua advocated a multi-scalar preventive shift [67,68]; Chen Juan et al. 

found urbanization’s mixed effects require context-sensitive assessment [69]; Dong Wei et al. 
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identified social equity and cohesion as key determinants [70]; Wang Lan’s team localized HCI/HIA 

tools in Suzhou Industrial Park [71]. Other work spans green infrastructure, evaluation 

frameworks, healthcare allocation, and mental health. 

Overall, Chinese definitions follow the WHO’s multidimensional view, emphasizing health 

promotion, quality of life, and equity through planning and policy. 

3.3. On the Core Definition of Health 

This paper reframes health through power: narrowly, as a basic right to perfect physical and 

mental well-being and equal spatial resources, with the urban system sustaining both residents 

and itself; broadly, as a continuous power-shaped process where urban systems and residents 

sustain vitality, resist inequitable interventions, adapt to disturbances, and advance toward 

spatial justice in health (Figure 1). 

Figure 1 Structure Diagram of Health Definition 

4. Actions and Prospects

4.1. Analysis of Urban Health Spatial Practices and Power Games at Home and 
Abroad 

London’s “Healthy Streets Strategy” (2018 Transport Strategy) targets a 2041 liveable city via 

legal empowerment, autonomy, and data democratization (Fig.2). The official framing (fewer 

casualties, more activity) conflicted with minorities’ worship-space needs and capital’s “healthy 
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social space,” privileging commercial and middle-class interests while sidelining minority 

merchants and drivers. Although 60% of proposals were resident-voted and minority health 

access improved, market-driven investment in high-return zones triggered “health 

gentrification,” displacing vulnerable groups to underserved peripheries. 

Figure 2 Schematic Diagram of the Power-Balancing Mechanism in the “Healthy Streets Strategy” 

"The Healthy Beijing Construction Plan" operates through administrative orders, technological 

governance, and symbolic participation (Fig. 3). Health is reduced to 18 measurable indicators, 

neglecting elderly stress and culturally unsuitable health education for migrants. Disparities are 

stark: 5.4 facilities/km² in the sub-center versus symbolic "health graffiti walls" in southern 

districts; only 41% smart-monitoring coverage in aging neighborhoods—a "data divide." Per 

capita green space rose to 16.9 m², yet white-collar workers use it far more than ordinary 

residents, and play facilities for migrant children remain 68% short, reflecting structurally 

trapped distribution. 

Figure 3 Diagram of Power Flow Characteristics in the “Healthy Beijing Construction Plan” 

Healthy-city spatial practice requires power reconstruction. Beijing should grant community 
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health-budget autonomy and certify informal workers; London should fund anti-gentrification 

compensation from property gains and mandate corporate investment in low-income areas. 

Healthy-space practice is a contest over spatial rights—it needs conflict transformation 

mechanisms and safeguards against health elitism so health does not become a class symbol. 

4..2. Health City Planning Oriented Toward Power Reconstruction 

4.2.1 Deconstructing Technological Hegemony and Promoting Knowledge Democratization 

Technocratic planning quantifies health into seemingly neutral parameters, sidelining vulnerable 

groups and social determinants [27,33,56]. Mandatory critical review of HIAs must expose 

embedded values and biases. Health knowledge must be democratized through institutionalizing 

local knowledge, PAR, and community-led assessments. Technological hegemony depends on 

opacity; therefore, all data, models, reports, and stakeholder views must be mandatorily 

disclosed in accessible language and visuals. 

4.2.2 Strengthening Legal Protection and Clarifying Residents’ Right to Health 

Ambiguous legal standing, unclear responsibilities, and weak enforcement leave the right to 

health in planning vulnerable to capital and technocratic logic. Legal frameworks must embed 

health rights as a core planning objective: higher-level legislation should guarantee equitable 

environments and spatial access, and cities should define “healthy spatial rights” by ordinance. A 

mandatory Health Impact Assessment regime and inclusivity standards are required. Ultimately, 

government bears primary responsibility for curbing the over-commodification of health 

resources. 

4.2.3 Deepening Health Empowerment and Building a Multi-Stakeholder Governance Network 

Knowledge democratization and legal rights are hollow without mechanisms. Real power shift 

demands breaking the state–capital–expert monopoly and engaging communities in polycentric 

governance. Participation remains tokenistic [72]; legal mechanisms must secure marginalized 

groups’ substantive voice. Community and NGO empowerment builds an autonomous civic 

force. Digital platforms can democratize or entrench; health empowerment thus requires 

inclusive, ethical governance. 

5 Conclusion 

The evolution of health concepts in urban planning is a history of power reconstruction. From 
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rational planning’s technical rationality to advocacy planning, spatial justice theory, and resilient 

city theory, each paradigm reorganized power among state, capital, experts, and the public, 

transforming health from a technical object into a socio-spatial right. 

International and domestic practices show that every health-space practice entails negotiating 

who defines health, who benefits, and who bears the cost. Future healthy cities must build a 

multi-dimensional governance framework integrating technical rationality, legal protection, and 

public participation: deconstructing technological hegemony, strengthening legal guarantees for 

the right to health, and establishing cooperative governance through community empowerment. 

Only through such reconfiguration can health become a core mechanism of social justice, 

enabling all citizens to equally enjoy the right to health, participate in spatial decision-making, 

and share development dividends—the ethical foundation of “Healthy China.” 
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Abstract

Historic districts everywhere are under growing stress between the pressures of daily
cultural life and externally induced commercial change. In residential historic
neighborhoods, these pressures are frequently played out in changes to cultural
expression not through the large-scale redevelopment of neighborhoods, but through
subtle changes in everyday spatial practices. This study focuses on Shiwukui Alley, a
residential historic district in Hangzhou, to investigate how cultural continuity, dilution
and rupture occur spatially under the long-term urban change. Drawing from field
walkthroughs, documentation of everyday-life nodes, resident interviews and
comparative analysis of POI data from 2015, 2020 and 2025, the study develops an
integrated understanding of changes in functional structures and cultural meanings over
time. Findings suggest a persistent structure of "adaptive change at the periphery and
stable continuity in the interior." While commercial edges are subject to high frequency
turnover of business and growing visitor-oriented functions, the internal residential lanes
contain a dense network of everyday life with repetitive routes, permanent life-oriented
shops and neighborly interaction. Based on cross-validation of spatial and data evidence
the study identifies three coexisting cultural states, namely continuity, dilution and
rupture, each linked to particular spatial conditions and degrees of exposure to external
forces, and on this basis the study proposes culturally sensitive strategies for the
continuity of everyday life, a buffering of commercial pressure, and the maintenance of
key nodes of everyday life, and the inclusion of resident participation in governance. The
research adds an empirically-based framework for understanding cultural resilience in
residential historic districts, and provides a foundation for more adaptive and inclusive
approaches to urban regeneration.

Keywords

Everyday heritage, Cultural continuity, Residential historic districts, Spatial practices,
Urban regeneration, Cultural resilience
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1. Introduction
Since the Venice Charter had laid down the principle of material authenticity in the conservation
of heritage (ICOMOS, 1964), the understanding of heritage has been slowly moving from the
material fabric to an understanding of heritage as embedded in the social, environmental and
daily life processes. The Recommendation on the Historic Urban Landscape (UNESCO, 2011)
and theoretical developments that followed (Bandarin & Van Oers, 2012; Rey-Pérez & Pereira
Roders, 2020; Ripp et al., 2025) further conceptualize historic urban areas as an integrated
system that is affected by cultural meanings, social networks, economic activities, and spatial
form. In this perspective, heritage management has to be embedded in the everyday life of the
communities, in the local governance systems and in the larger agendas of sustainable urban
development.
This conceptual change has focused scholarly attention on the "unseen values" that organize
historic districts. Classic spatial and social theories emphasize the fact that space is not a
passive container, but a product of everyday practices (De Certeau, 1984), social relations and
power structures (Lefebvre, 1991), deeply rooted collective memory (Halbwachs, 1992), and the
tension between use value and exchange value (Logan & Molotch, 1987). These frameworks
combinedly offer the foundations to understand cultural transformation in present-day historic
neighborhoods.
More recent studies of everyday heritage focus more on the micro-expressions of culture
embedded in the everyday routines of residents (Atkinson, 2016; Belova & Schofield, 2022;
Ireland et al., 2025). These are often subtle layers of daily cultural life, which are often fragile, yet
play a central role in maintaining local distinctiveness and cultural resilience (Ripp et al., 2024).
Meanwhile, historic districts in the era of global "stock-based urban regeneration" are exposed
to multiple pressures - risk accumulation, governance transitions and demands for development
- making these cultural layers vulnerable (Ferreira & Ramírez Eudave, 2022; Geng et al., 2025;
Needham & Hartmann, 2016).
Empirical research has demonstrated that capital-driven redevelopment, touristification and the
reproduction of consumer space often result in a structural mismatch in historic districts - in
which the physical shell is retained but the cultural essence is eroded (Gravari-Barbas &
Guinand, 2017; Navarrete Escobedo, 2020). Expanding commercial activities alter the local
symbolic landscapes (Zhang et al., 2023), and cultural ecosystem services are perceived by the
public accordingly (Pan et al., 2024). These processes often come with the risk of gentrification
and weaken the cultural practices of residents in their daily living, leading to functional
substitution, cultural dilution and interruptions to lived traditions.
However, although the existing research has described these macro-level tendencies in detail,
less focus has been placed on the spatial differentiation of cultural symbols in the form of
continuity, dilution, and rupture in the same district, and how people sustain cultural resilience
through everyday routines, spatial adaptation, and social networks (Mosler, 2019; Belova &
Schofield, 2022). This gap is especially apparent in residential historic districts where the
everyday life of the community, rather than tourism, is the ordering force, but everyday practices
are often marginalized in institutional conservation and commercialized regeneration processes.
Against this backdrop, this study takes Shiwukui Alley, a residential historic district in Hangzhou,
Zhejiang Province, China, as a case to investigate the dynamics of daily cultural expression
under the condition of urban change. Through the spatial observation, recording the nodes of
the daily life, and comparative analysis of POI data of 2015-2025, this study answers the
following questions:
1. What are the expressions of “hidden heritage” in residential historic districts in everyday life?
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2. How do symbols of culture spread in space in patterns of continuity, substitution and dilution?
3. How do residents preserve their cultural resilience in the face of commercial pressure and
functional change?
By taking a daily life perspective, this study aims to reformulate heritage conservation outside
its material form and suggest an approach to urban regeneration that is focused on continuity of
daily cultural practices. The goal is to contribute to the enrichment of culturally sensitive
governance strategies for the residential historic districts in the context of stock-based urban
development.

2. Methodology
Shiwukui Alley was chosen for the case study as it is a combination of residential stability and
dynamic external influence in the historic urban area of the Old City South of Hangzhou. The
district is still home to long-term residents and is supported by daily life-oriented functions,
whereas its environment, such as West Lake, Hefang Street, Former Residence of Hu Xueyan,
and Deshou Palace, are the high-intensity tourist zones. As a result, the neighborhood retains a
very strong atmosphere of daily life, but is constantly absorbing pressure of visitors and
commercial forces. This coexistence of "everyday life--external pressure" renders the area an
ideal place for studying cultural continuity and transformation.

This study uses an integrated multi-source methodological framework, combining field
observation, resident interviews, archives and policy review and also supplement these with
three phases of POI data and Baidu street view imagery (Fig. 1).

Figure 1. Research framework. Source: Author’s own work (2025).

Field observation was employed to record alley patterns, distribution of daily living functions,
daily movement routes, and key living nodes as well as observing how residents actually use
space. Resident interviews were carried out in an open-ended way to collect everyday
experiences, spatial perceptions and feelings concerning change, which help verify information
that cannot be confirmed through site observation alone. Historical archives, old maps and
policy documents were used to identify the changes in spatial structures and the institutional
context for recent interventions. Three phases of POI data (2015, 2020, 2025) were used to
detect long-term trends of life-oriented and commercial functions, and Baidu Street View
images were also used as additional evidence to cross-check specific locations in different
years and guarantee the accuracy of interpreting functional changes. Rather than operating
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independently, these materials were cross-validated in order to allow spatial observation, lived
experience and data evidence to support one another.

Building upon these combined materials, "changes in spatial form--changes in everyday
practices--changes in cultural meaning" are the three dimensions that the study analyzes to
understand the cultural conditions of Shiwukui Alley. Since it is the cultural phenomena which
tend to be manifested as node-based, point-like or scene-based variation, not as bounded and
clearly divided areas, the study does not attempt to delineate spatial subdistricts. Instead, it
identifies the cultural states contextually, based on site observations, interview evidence, and
alteration of function evident in the data. This approach enables the analysis to be kept as close
as possible to the everyday mechanisms existing in the district and to accurately uncover the
logic of formation of cultural continuity, cultural dilution and cultural rupture.

3. Spatial Structure and Everyday Cultural Expression in Shiwukui
Alley
3.1. Historical Evolution and Spatial Structure

Shiwukui Alley is located in Shangcheng District, Hangzhou, Zhejiang Province, at the center of
the traditional street-lane system of the Old City South (Fig. 2). It connects northward to the
Drum Tower axis and forms a typical part of Hangzhou’s historic urban fabric, shaped by the
close relationship between the city and Wushan Hill and by a dense street-lane network. Its
spatial form can be traced back to the Ming and Qing dynasties, when the Old City South,
constrained by the foothill topography, developed a layered pattern of mountain base, street
lanes, and courtyard clusters. Within this context, Shiwukui Alley gradually evolved into a
compact network of winding lanes and narrow, deep courtyard houses.

Figure 2. Location of Shiwukui Alley. Source: Author based on Amap (Gaode).

Historical documents and old maps indicate that the area around Shiwukui Alley has maintained
its traditional scale to a great extent in modern times. Street widths, the depth of courtyards and
the grain of architecture have not been subjected to any large-scale restructuring. The natural
slope of Wushan Hill has played a great role in the spatial layout, and has caused gentle north-
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south undulations in alleyways and the formation of natural drainage paths. This resulted in the
characteristic "topography-responsive" spatial pattern that characterizes the district to this day.
Traditional wells, alley-entrance nodes and small wooden pavilions are still scattered around the
neighbourhood; these elements are both the infrastructure of the historical everyday life and the
material evidence of the spatial continuity of the district.

In the Old City South Comprehensive Renovation Project in 2011-2012, Shiwukui Alley retained
its original street-lane fabric. The strategy of renewal focused on the idea of repair and
improvement instead of structural transformation. Upgrading focused on the building facades,
drainage systems, underground wiring and basic infrastructure, leaving the scales of courtyards,
alley widths and the whole urban grain intact. Benefiting from this "light-touch" approach,
Shiwukui Alley, to this day, still maintains an intact traditional street lane network, continuous
street interfaces, and a multilayered alley system, providing the spatial basis for modern cultural
expression.

In its present state, the spatial structure of Shiwukui Alley is the result of interaction between
linear edges, planar residential spaces and nodal elements (Fig. 3):

Linear frontage, that is, the Zhongshan South Road on the east, forms the main interface of the
district with the main traffic corridor of the city and is the key entrance for external foot traffic.

Planar residential areas, made up of Shiwukui Alley and its branching narrow lanes, form a
compact and enclosed living space, which is the core carrier of the daily cultural life.

Point-like nodes, such as traditional wells, small street-corner openings, and micro-pavilions are
scattered on the lanes at key points for supporting daily life activities such as: stopping, resting,
collecting water, and neighborhood interaction. They are like the micro-scale anchors of the
living network.

Figure 3. Internal spatial structure of the Shiwukui Alley historic district. Source: Author ’ s
drawing based on Google Earth (accessed September 2025).
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Such a combined line-plane-point structure allows Shiwukui Alley to maintain the continuity and
organization of space of a classic historic neighborhood, which would be the material basis of
further studies of the continuity, dilution, and dislocation of culture.

3.2. Functional Structure and Patterns of Use

The district has a clear spatial differentiation in the functional structure. Along Zhongshan South
Road, where there is a high walking flow and high commercial visibility, there has been a
frontage of restaurants, light retail and consumption aimed at visitors. The intersection between
the Zhongshan South Road and the northern entrance of Shiwukui Alley is the most
concentrated node of tourist activity where commercial operations have higher visibility and
performative characteristics. This forms a stunning contrast with the life-oriented interior lanes
in the district.

Inside the network of alleyways, ordinary shops and facilities are arranged in linear fashion
along the lanes - vegetable vendors, fruit sellers, grain and oil shops, barbers, small stores - all
in all, they service the daily routines of the residents. Functionally complementary to the rhythms
of the people who live there, these shops constitute a relatively stable sequence along daily
paths of movement that allow daily procurement, casual encounters, and repeated habitual use.
Their continued presence preserves the internal network of everyday life and reinforces the
spatial memory of the neighborhood by residents.

The most significant change in recent time is the area of Xiaoxia Nong. Originally a useful
passage used by the residents, including access to the hillside, because of its vantage point
towards the Wangxiange Pavilion and its circulation on social media, this lane became visible.
As visitors began to increase, life-oriented uses slowly gave way and the lane developed into a
light commercial strip of cafes, light food stalls and a small guesthouse. This transformation
brought in a more display-oriented landscape and mode of sociability, which was indicative of
the tension between externally induced aesthetic consumption and locally situated everyday
practices.

Taken together, Shiwukui Alley exhibits a three-layered spatial structure, consisting of the
commercial interface of Zhongshan South Road, the network of everyday life of the residential
interior, and the emerging light-commercial belt along the hillside edge. The outer commercial
frontage is characterised by rapid turnover of functions and concentration of visitors; the
internal residential lanes have a stable rhythm based on the everyday paths and local shops;
and the hillside edge has gradually developed distinctive light commercial uses, which are
determined by the terrain and scenic viewpoints. These three layers together form the spatial
basis to support the daily life and expressions of the cultural life in the district.

3.3. Everyday Practices and Cultural Expression

Everyday practices in Shiwukui Alley suggest a continuous rhythm of a community, and are the
most immediate expressions of the cultural identity of the district.

Within the main lanes and the smaller branch lanes, there are habitual routines of daily
procurement - purchasing vegetables from stalls, buying necessities from small shops and
picking seasonal fruits from local vendors. These repetitive activities create an order of everyday
life that structures neighborhood life.
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Neighborly interaction is also a basic stage of social life. Residents talk in shady alley segments,
play cards in small pavilions or at resting points in the street corners, and exchange community
news at the entrances of barbershops. Such spontaneous and open encounters build a high
degree of social cohesion and make up the district's "third places" that allow for ongoing social
connection in everyday settings.

Traditional wells are an important anchor of the cultural memory. Wells in residential areas are
kept clean and used actively, as everyday nodes in the everyday life. Others - temporarily
closed for water quality concerns - are still expected by residents to eventually be opened for
use again. Wells on the commercial edges are sealed for preservation and display. Their point-
like distribution reinforces the local movement paths and memory cues and makes them
important carriers of cultural continuity.

Together, these interwoven everyday practices constitute the basis of the living culture of the
district, which allows Shiwukui Alley to maintain a sense of place in the midst of broader
processes of urban transformation.

A comparison of POI datasets from 2015, 2020, and 2025 reveals that Shiwukui Alley has an
overall functional structure that is characterized by "commercial edges and a residential
interior." (Fig. 4) This structure has not seriously changed in the last decade, although subtle
and continuous adjustments continue to take place within it. The outer street segments, i.e.,
Zhongshan South Road and the entrance of Xiaoxia Nong have the highest visibility and
accessibility, which is most active area for the commercial turnover. Shops which served the
daily needs of residents have slowly reduced in numbers in this process and have been
replaced by cafes, light dining shops and more display-oriented shops. However, this
substitution did not take place through a single transformation, rather it evolved with time
through long-term and small-scale adjustments, giving the street edges a commercial structure
with continuous "renewal and replacement."

Figure 4. POI comparison (2015, 2020, 2025). Source: Author’s GIS mapping based on POI data
and Baidu Maps basemap (accessed September 2025).

While outside commercial activity is increasingly taken over by more visitor-oriented activities,
the structure of the everyday function within the residential interior is relatively stable, if not
entirely static. Life-oriented facilities have had an overall continuity throughout the decade, yet
there has been subtle change in terms of operators, business scales and service patterns. New
convenience shops, daily goods stores or small facilities have sprung up close to the previous
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sites, and some traditional businesses have been replaced by new types. Overall, the interior of
Shiwukui Alley is shown to have a pattern of "continuous micro-adjustment," while the
commercial edges have a pattern of "high-frequency replacement."

During the process of district renewal, Shiwukui Alley displays three parallel cultural states
including cultural continuity, cultural dilution, and cultural rupture, which reflects the dynamic
interaction between outside commercial pressure and the internal inertia of daily life in a
residential historic district (Table 1).

Table 1. Three Cultural States in Shiwukui Alley Historic District

Cultural
State

Key
Characteristics

Typical
Everyday/Spatial
Expressions

Spatial Example

Cultural
Continuity

Stable daily
routines; continued
spatial use; strong
social relations;
ongoing memory
reproduction

Wells for drinking;
vended vegetables;
talking in the alley

corners; cards under
small shelters

Cultural
Dilution

Weakened
functions;

symbolic rather
than practical

presence; reduced
cultural meaning

Sealed wells; unused
small shelters;

preserved, but no
longer operational small

shops

Cultural
Rupture

Complete
functional

replacement;
consumer-oriented
transformation;
disappearance of
everyday spatial

logic

Cafes replacing
vegetable stalls;
fashionable shops

replacing convenience
stores; tourist-oriented

pause and
consumption spots

Cultural continuity is an expression of the areas where the original system of everyday practices
is still firmly in place: daily behaviors of residents, patterns of spatial use, and the logic of social
interaction have not been replaced by external forces. These areas have a very stable rhythm of
everyday life, with a close relationship between physical space and practices of life. Cultural
meanings depend on the nodes that are in recurrent daily use, and they are reproduced and
passed on via neighbourly relations and intergenerational memory, Cultural dilution refers to a
condition in which cultural symbols still physically exist, but their lived meaning has weakened.
In such spaces, elements of traditional landscape, facilities, or nodes of daily use still exist, but
actual use has significantly declined. Cultural function changes from "being practiced" to "being
observed." Cultural expression is no longer based on the activity of life as its carrier, but it takes
the form of a partially preserved but partially inactive symbolic presence, neither totally lost nor
central to everyday life. This state is often found in parts of streets which have been influenced
by commercialism but still preserve part of their original structure, creating a transition zone
between continuity and rupture.Cultural rupture is the most extreme type of cultural
transformation. In these areas the original everyday logic, spatial behavior patterns and
community relationship networks can no longer survive or be reconstructed in their original
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context. Traditional everyday functions are entirely replaced by consumption-oriented uses and
residents no longer use space in the old ways, which leads to the redefinition of spatial meaning.
Although the physical form may persist, its cultural significance is no longer linked with the lived
experience of residents and creates a condition where "the physical fabric remains, but the
cultural logic has ended." These areas commonly become prime interfaces for visitor stopping,
photographing, and consuming, being the most obvious nodes of cultural erosion within the
district.
These three states are not linear phases of evolution and not simple phases of sequential
evolution, but rather they coexist, overlap, and continue to shift in the same district. Together,
they make up the multilayered cultural structure of a residential historic neighborhood under the
pressures of urban renewal and commercial expansion, which reveal differentiated cultural
resilience and spatial sensitivity.

4. Conservation Strategies
4.1 Maintaining the Continuity of Everyday Living Spaces
The cultural bases of residential historic districts are embedded in the daily continuing practice
undertaken by residents in the alleyway spaces. In order to ensure that these daily practices are
stable in the face of a rapidly changing urban environment, it is important to establish continuity
of living everyday spaces. During renewal processes, internal pedestrian routes should be left
open and accessible so that original patterns of daily shopping, social interaction and
movement may continue uninterrupted. A sufficient number and distribution of everyday service
shops should be preserved to ensure that the basic living infrastructure is not weak because of
commercial pressure. Small-scale social spaces - such as alley nodes, street-corner resting
areas, and shaded micro-spaces - should be given priority for retention in order to facilitate the
continuation of neighborly interaction. Maintaining the accessibility and structure of the living
network is important to maintaining local rhythms and social relations.

4.2 Mitigating and Buffering External Commercial Pressure
Although commercial activities around Shiwukui Alley are often renewed, the continuity in
everyday life is dependent on the existence of a balance between commerce and residential
living. In order to avoid the commercial expansion from invading the interior residential space,
an appropriate buffering mechanism should be created. Commercial updates along external
street interfaces should help to keep a working distance from the residential core, and not allow
visually dominant or highly expressive commercial uses to spill outward. Outdoor seating, night-
time lighting, and noisy activities should be regulated along outlying edges to minimize the
disruption of rhythms of local life. On street segments which have fast turnover of tenants,
extending the length of the business leases can help maintain environmental stability and avoid
excessive fluctuation. Reducing the intrusiveness of commercial activities enables residents to
continue their everyday rhythms in spite of the dynamism of the economic forces around them.

4.3 Fine-Grained Maintenance of Everyday Nodes and Cultural Linkages
Everyday nodes - such as wells, small pavilions and street-corner open spaces - are important
touchpoints of the living culture. Their functionality and level of resident involvement directly
affects the cultural resiliency of the district. Renewal strategies should therefore be a response
to the specific use conditions for each node. Nodes that are still used actively should be
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repaired first of all for reasons of functional continuity, so as not to lose their function in daily life.
Temporarily inactive but of cultural significance nodes should be provided with necessary
improvements to allow reactivation in the future. Nodes that are preserved primarily for display
should include clear interpretive cues in order to ensure cultural legibility and keep spatial
memory accessible. Through the meticulous care of the micro-spaces, cultural processes can
continue to take place in the ordinary scenes rather than relying exclusively on the visible
physical structures.

4.4 Community Governance and Cultural Participation Mechanisms
The cultural continuity of residential historic districts depends on the ability of the residents to
carry on their everyday lives and to participate actively in the space. The stability of the
everyday culture during the process of urban renewal cannot be achieved through the physical
restoration and commercial regulation of the city, and the governance structure should put the
residents to the center of the production of culture and the use of space, so that everyday
practices can be continued in an institutional form. Commercial turnover, adjustments of the
node and improvements of public facilities often affect the general rhythm of everyday life,
through localised changes, so it is necessary to establish regular negotiation platforms,
involving residents, street level administrative units, planning teams and local businesses, so
that decisions on the renewal can be reached through multi-actor deliberation. Residents' lived
experience also plays an important role in terms of determining what elements are integral to
key cultural nodes of the district, in order to avoid having market-driven renewal unintentionally
disrupt everyday spatial networks. Building on this foundation, the process of renewal should
also include operable channels for participation, such as prior notification and consultation for
changes to the everyday facilities, or co-review of design proposals by community members for
key nodes, so that residents can visually influence spatial change. By institutionalizing
participation into the governance process, everyday culture can achieve institutional support
over time and in a dynamic changing environment.

5. Discussion and Conclusion
This study explores Shiwukui Alley in Hangzhou by using spatial walkthroughs, mapping
everyday-life nodes documentation, and comparative analysis of three phases of POI data (2015,
2020, 2025). The findings show a basic pattern of "adaptive change at the periphery and stable
continuity in the interior." The street-facing commercial edges - where there is high visibility and
high commercial appeal - show fast adaptive changes in business types and use of space. By
contrast, the internal residential areas preserve a very continuous network of everyday life in
which only minor variations in operators, scales and modes of use are shown. This structural
dynamic of "external fluctuation and internal stability" is an important basis for understanding
the multi-layered cultural transformations taking place within the district.

Through the cross validation of spatial observations and POI data, there are three coexisting
cultural states in Shiwukui Alley, the study finds. Cultural continuity is evident mostly in the
internal residential lanes, where daily routes are repeatedly used, shops that are life-oriented
continue to have essential amount, and neighbourhood interactions remain. Cultural dilution is
observed in transitional street segments under the influence of commercial exposure but that
still retain the elements of the original environment, in this situation physical symbols persist but
the frequency of use decreases, and cultural functions change from practice to symbolism.
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Cultural rupture focuses at the entrances and peripheral interfaces where traditional daily
functions are completely replaced with consumption-oriented uses, places where "physical
form remains, but cultural logic is interrupted." This classification framework covers not only the
spatial differentiation of change but also identifies the culturally sensitive zones of residential
historic districts under the pressure of renewal. Building upon this analysis, the study identifies
four focused strategies focused on everyday-life networks, commercial pressure, node
functionality and governance mechanisms - each based on observed mechanisms of change for
the district.

Despite the use of more than one type of evidence, the study has limitations. Temporal
constraints in field observations make it difficult to capture seasonal or long-term variations. POI
data show distribution of business, but cannot tell the full extent of actual usage frequency or
dependency of residents to particular nodes. The small number of resident interviews limit the
representation of cultural perceptions between generations and social groups. Moreover, as one
case study, generalization of the results needs to be validated in other comparative cases.
Future research may include longitudinal tracking of behavior, increase sample size for
interviews, and extend the cultural-state identification framework to other kinds of residential
historic districts to increase its explanatory power and applicability. Based on this foundation,
future studies may work towards creating a more systematic cultural resilience indicator system
to quantitatively identify key nodes and cultural spaces in everyday life, assess the effectiveness
of renewal strategies on cultural continuity, and offer more forward-looking and adaptive
strategies for conservation of residential historic districts.
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Abstract 

The UNESCO (2024) Thematic Report takes seriously the call to use new media as a promotional 
tool for heritage protection. Social media platforms expand the visibility of historic areas and 
attract more visitors, but their entertainment and commercial promotion often weak historically 
grounded character. As a result, the distinct character of heritage districts is at risk.  

I examine 1,984 posts about "Dongguan Street" on two major social platforms in China, Rednote and 

Weibo. I use TF-IDF to extract key topics and assess public attitudes through sentiment analysis. The 

result shows that 29.2% of posts focus on tourism, lifestyle, and commercial activities. The post 

highlight "check-in" culture, photography, and shopping sharing. Historically and educationally 

focused posts account for 7.1% and attract lower engagement than leisure content. Posts from 

institutional account for less than 8% of all content and struggle to compete with UGC material in 

shaping Dongguan Street image.  

The fragmentation and rapid changing nature of digital content make the preservation of cultural 

inheritance become a complicated task. Social platforms reduce access barriers and present heritage 

as easily consumable and short-lived content. A gap persists between online engagement and on-site 

educational practices, as interaction with Dongguan Street content online does not necessarily 

improve visitors' historical understanding.  

Based on the findings, balancing commercial objectives with structured heritage narratives can 

transform social media from a platform of superficial engagement into an infrastructure for long-

term cultural inheritance. I recommend using a hybrid communication that connects online visibility 

with historically interpretation and participatory heritage education. 

Keywords 

Historic districts, Social Media, Heritage Preservation, Digital Cultural Governance  

1. Introduction  

Cultural heritage carries collective memory, cultural diversity protection, place-based social 
identity(Council of Europe, 2005; Nic Craith et al., 2018). However, globalization and modernization place 
pressure to the cultural heritage, homogenizing local traditions under dominant external influences(de 
Noronha Vaz et al., 2012; Egoreychenko et al., 2020). Local traditions may be reframed through external 
cultural and commercial logics, weakening the distinctiveness and integrity of heritage sites(Fu et al., 
2023).  
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UNESCO (2024) emphasizes the urgent need to use new media as a powerful tool for heritage 
preservation and education. In this context, social media constitutes both an opportunity and a 
challenge: it expands public access to heritage and increase the visibility of historic districts., thereby 
strengthening cultural identity and awareness of heritage transmission. However, heritage-related 
content on these platforms often shifts toward entertainment, tourism consumption, and commercial 
promotion, while historically grounded interpretation receives less attention(Ginzarly and Teller, 2025; 
Liang et al., 2021; Rouhani, 2023). 

1.1. Literature Review 
 

Cultural heritage is regarded as one of the sustainable development pillars along with economic, social, 
and environmental aspects by international organizations (UNESCO, 2015; United Cities and Local 
Governments, 2011; Wiktor-Mach, 2019). However, Labadi (2017) argues that initiatives to conserve 
heritage can conflict with urban growth and commercial pressures, highlighting the need to balance 
cultural values against other priorities.  
 
Social media has become an important tool for disseminating cultural heritage information, increasing 
public engagement, and raising heritage awareness. Governments and organizations worldwide leverage 
social platforms in heritage strategies. For example, UNESCO held the global campaign #Unite4Heritage 
to mobilize public support for heritage through social media in 2015. 

Social media takes advantage of the interactivity, comprehensiveness, and rich multimedia content. 
Kaplan and Haenlein (2010) define social media as a series of Internet-based applications that can create 
and exchange UGC. Compared with traditional media, these platforms facilitate two-way communication 
and form communities around common interests, even individuals (Cooke and Buckley, 2008). The low 
barrier to entry and content production gives ordinary users a voice alongside institutions. Within this 
environment, UGC becomes a core value source, as user contribution systems aggregate diverse forms of 
user input in ways that create value for others(Cook, 2008). In the heritage context, tourists and citizens 
can collaboratively create an ever-expanding repository of content about heritage sites. Tourists often 
plan trips and rely on reviews from others through social networks (Richards, 2011). Due to its cost-
effectiveness and wide coverage, social media has also become a marketing tool favored by cultural 
tourism enterprises (Hays et al., 2013).  

The real-time, viral nature of social media can massively amplify heritage messages. Social media enables 
new forms of interactive storytelling for heritage. Unlike static brochures or guidebooks, digital platforms 
can present cultural content through videos, virtual tours, user testimonials, and live streams, making 
heritage communication more vivid and relatable. Affleck and Kvan (2008) argue that digital 
environments redefine the viewer as an active participant, since users can interact with content and with 
each other. Vicari and Kirby (2023) observe that digital platforms have “reconfigured how cultural 
manifestations are shared, consumed and reinterpreted,” allowing heritage stories to transcend 
geographical and generational borders.  

People often trust other travelers’ experiences more than official booklets, because of the emotional 
connection (van der Hoeven, 2019). Positive reviews and personal stories can trigger a virtuous cycle of 
interest. Social media broadens participation and support, but some scholars raise concerns about social 
media’s limitations and adverse impacts on cultural heritage communication. A major issue is the 
tendency to prioritize entertainment value and visual appeal over educational content. Social media 
content creators often chase likes and shares; they focus on what attracts viewers, typically eye-catching 
photos and fun experiences, so the sites turn into consumption stages. 
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Digital media challenges the power structure in publicity. Giaccardi (2012) argues that people outside 
formal institutions can launch heritage posts. This democratization encourages participation but also may 
drown out expert voices and leave the public navigating an uneven information environment. While 
social media carries much high-quality information, its lack of content screening provides avenues for 
misinformation and even conspiracy theories to proliferate, and identifying and refuting misinformation 
has become a key challenge on social media (Arechar et al., 2023). Without the strict review systems, the 
online content related to heritage is released with less quality control due to the openness of social 
media, which may be erroneous and misleading. In the heritage field, the inaccuracies can distort 
perceptions of authenticity. 

Social media’s format and algorithms also bring challenges. Social platforms favor brief, visually driven 
content over long explanatory text. Deep discussions and analyses tend to get less engagement online; 
this bias can make it difficult to convey complex cultural information. As a result, heritage communication 
on social media becomes oversimplified. Munar (2010) notes that social media encourages people to 
generate immediate ideas and impulsive emotional sharing, which is completely different from the more 
reflective behavior in traditional travel reflection. Tourists often only post short thoughts instead of 
thoughtful comments on what they have learned. The architecture Yeung (2025) remarks that accuracy 
and depth can matter less than speed and visual hook in today’s information landscape. The ephemeral 
nature of social media, where posts quickly sink in ever-refreshing feeds, makes it difficult to sustain 
attention on educational heritage content and is at odds with the intergenerational continuity that 
cultural sustainability requires. 

In summary, relevant literature regards social media as a two-sided coin: it can promote extensive 
interaction and achieve creative narratives, but it is also prone to superficial, short and sometimes 
unreliable content.  

1.2. Dongguan Street Context 

Dongguan Street, located in Dalian, China, emerged in the early twentieth century. It is one of the first 
consumer marketplaces. The buildings blend traditional courtyard with Japanese and Russian colonial 
style. Many original buildings have deteriorated now. By the early 2000s, researchers described 
Dongguan Street as "one of the most dilapidated neighborhoods in Dalian". It is a signal that careful 
protection and renewal are urgently needed (Dalian Urban Spatial Planning and Design Co., Ltd., 2022; 
Zhang et al., 2023). 
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Figure 1 (a) China location map. (b) Dalian location map. (c) Map of the Dongguan Street Historic District. 
Source: Base map sourced from standard maps provided by CADMAPPER. 

In July 2009, the “Dongguan Street District” was listed as an immovable cultural relic, but this area did not 
get sufficient attention in 2010 to 2020 master plan. Scholars argue that the omission casts the street as 
an obstacle instead of a heritage. After 2010, Dongguan Street became the focus of redevelopment. 
Citizens in Dalian Street advocate protection and restoration. In 2015, the government announced a 
transformation plan for the area, but the project paused because of the relocation postponement and 
the Cultural Heritage Bureau’s intervention. The interaction between demolition pressure and protection 
efforts highlights the controversial status of Dongguan Street heritage in the past decades(Dalian Urban 
Spatial Planning and Design Co., Ltd., 2022; Zhang et al., 2023). 

Dongguan Street was not included in the formal protection policy until recently. In 2020, Dongguan 
Street was officially listed as a provincial historical and cultural block with new regulations and plans. 
From 2019 to 2020, Dalian formulated protection plans for key areas and issued city-wide heritage 
planning regulations. (Dalian Urban Spatial Planning and Design Co., Ltd., 2022; Zhang et al., 2023). In 
summary, the modern history of Dongguan Street is a slow process of heritage recognition, and its 
redevelopment plan is being advanced through continuous discussions. 

 
Figure 2 Dongguan Street Historic District Timeline. Source: By author. 
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2. Methodology 
2.1. Data Collection and Overview 

I collected posts from two major platforms in China: Weibo and Rednote. Irrelevant mentions were 
filtered out. The total number of valid data is 1,984. The data included public posts, images. I conducted a 
search for posts containing the keywords “Dongguan Street” and “Dalian” in Chinese. The posts spanned 
primarily from 2018 to 2025. This generates a screened database, reflecting the online discussion about 
Dongguan Street. Each post is classified according to users and content types. Overall, about 92% of posts 
are published by individual users, and 8% from institutions or verified official accounts.  

2.2. BERTopic Modeling for Topic Extraction 

To uncover prevalent themes in the social media discourse, I employed BERTopic. BERTopic extends 
traditional topic modeling by generating dense semantic embeddings of documents and then finding 
natural clusters of these embeddings(Grootendorst, 2022).  

Each post was treated as a document and subjected to standard preprocessing steps, including noise 
removal and normalization into simplified Chinese. A pre-trained Chinese BERT model was used to 
transform each post into a vector representation that encodes its semantic content. These vectors were 
clustered into topics following the BERTopic procedure. Each bubble represents a topic in a two-
dimensional projection of the embedding space. The presence of several dense clusters alongside a few 
more isolated bubbles indicates that the discourse contains both tightly related groups of themes and a 
small number of more distinct topics. 

 
Figure 3 Intertopic Distance Map. Source: By author. 

Building on the BERTopic results, an iterative topic-refinement workflow was implemented using the 
GetTopicInfo_Plus procedure. In each iteration, low-frequency or clearly irrelevant topics identified from 
the BERTopic topic list were removed, and semantically similar fine-grained topics were merged until a 
stable and interpretable set of higher-level themes was obtained. Outlier documents (those assigned 
Topic = –-1) were reassigned to the most semantically similar topic using the reduce_outlier function to 
minimize noise. This process generated a final content taxonomy comprising five categories: (a) 
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commercial experience and consumption scenarios, (b) cultural activities and cultural tourism 
integration, (c) historical buildings and neighborhood memories, (d) leisure and natural landscape 
experience, and (e) urban renewal and transformation practices.  

Category (a) includes posts emphasizing food, shopping, entertainment, street selfies, and general travel 
impressions. Category (b) encompasses posts describing festivals, performances, exhibitions, creative 
markets, and guided tours. Category (c) consists of posts focusing on historical buildings, old 
neighborhoods, and local memories. Category (d) comprises posts about everyday leisure and landscape 
experiences. Category (e) includes posts discussing transformation projects, streetscape upgrades, 
infrastructure improvements, land-use changes.  

 

     

    

 
Figure 4 Keyword Importance for Topic. Source: By author. 

A topic similarity matrix was computed by calculating cosine similarities between topic embeddings.  The 
similarity matrix reveals that business experience, leisure and natural landscape experience, and urban 
renewal and transformation practices are highly interwoven, whereas cultural activities and especially 
historical buildings and neighborhood memories exhibit comparatively lower similarity to the other 
groups, suggesting that heritage-oriented narratives form a more distinct strand within the overall 
discourse. 
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Figure 5 Keyword Similarity Matrix. Source: By author. 

This approach facilitated visualization of the relationships among topics, identifying which topics were 
closely related and which were more distinct. Hierarchical clustering of the topics based on this similarity 
revealed broader thematic groupings. Tourism-oriented topics clustered separately from history-oriented 
topics, indicating a clear content bifurcation.  

Engagement counts were normalized to control for the effect of follower base. The participation data is 
standardized to eliminate the influence of the fan base. The summarized indicators make it possible to 
compare the participation performance of heritage-related content and business content. In addition, the 
results of the topic model are used to analyze participation by topic. According to the chart analysis, 
posts related to urban renewal and renovation practices occupied an absolute dominant position in the 
entire content, while the content related to heritage protection, which focuses on historical buildings and 
community memories, accounted for a relatively smaller proportion. 

 
Figure 6 Dongguan Street Semantic Group Distribution. Source: By author. 

2.3. Engagement Patterns 

I calculated the percentage in each category and compared the interaction. Key interaction indicators 
include the number of likes, comments, and shares. Its persistence is defined as the time span from 
publication to the last record of the interaction. This interaction duration reflects the length of time the 
post remains relevant or actively interacted with by users. 
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Figure 7 Total Comments by Topic. Source: By author 

2.4. Sentiment Analysis 

For sentiment analysis, I used the T5-large-sentiment-analysis-Chinese model to classify each post as 
positive, neutral, or negative. I then aggregated sentiment distributions within topics to reveal dominant 
emotional tendencies.  I computed TF-IDF scores using the CalTfIdf function and extracted the top 500 
high-weight keywords per topic to profile topic semantics. These keywords were translated into English 
with Google Translate before being visualized as word clouds to summarize salient features. 
 
The sentiment distribution shows a clear positive tilt, which is typical in tourism-related content. To 
ensure a comprehensive analysis, I evaluated negative and neutral posts using qualitative methods. 
Frequent negative comments mention crowding, commercialization, and service issues, whereas neutral 
posts are usually descriptive. I calculated the proportion of posts in each emotional category and the 
average emotional score by content category, then examined how emotion relates to participation. By 
linking emotions with theme tags, I identified areas of concentrated enthusiasm and its dispersion. Posts 
about shopping and food are mostly positive, while posts about historical education—though fewer—
tend to be neutral or mildly positive. 
 
Some posts include slang or satire. Before finalizing the dataset, I corrected most of the obvious 
misclassifications. Generally, positive emotions show favor toward Dongguan Street, while specific 
negative concerns highlight issues. The combined use of thematic modeling, content classification, 
participation analysis, and sentiment mining offers a multi-faceted view for users describing Dongguan 
Street. 
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Figure 7 Sentiment Distribution by Type. Source: By author. 

3. Discussion  
The research results reflect the relationship between social media and cultural heritage. Social media has 
greatly improved the heritage's popularity; the nature of online content tends to be superficial 
interaction. I will discuss an integration framework for future interaction, aiming to balance 
entertainment and education, and use the advantages of social media to strengthen protection. 

3.1. Benefits and Pitfalls 

The most remarkable achievement of social media in the sustainable development of heritage is its broad 

influence. It has raised the popularity and expanded the audience. On Dongguan Street, this exposure 

attracts more young tourists. It can promote community cohesion and pride. If handled properly, positive 

emotions and the increasing number of tourists will be converted into the cultural capital of local 

institutions. Equally important, these platforms can provide a participatory cultural heritage experience: 

users create and spread their own pictures and stories, thus forming a virtual community and strengthening 

the connection between individuals and the site. 

The challenges associated with social media are equally substantial. Entertainment-oriented content is 

easy to simplify; historical narratives will deviate from the right track with the momentary popular trend. 

User interaction data shows that heritage-themed posts often perform poorly, suggesting that platform 

algorithms may exclude substantial content because the feedback brought by such content is slower.  

The popularity on the Internet is short-lived. The selective displays may cover up potential problems. 
Relying on short-term attention is not a stable and lasting strategy; lasting appreciation needs much more 
than information flow can guarantee. 
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Institutions voice is weak. When there is a lack of professional views on the Internet, misinformation and 
superficial interpretations may gain more visibility. Experts need to adopt expressions that resonate with 
contemporary audiences and establish cooperative relationships with reliable influential figures to ensure 
that content with historical backgrounds is not ignored. Sustainable heritage communication therefore 
requires a balance between accessibility, public engagement, and historical accuracy. 

3.2. Toward a Hybrid Framework 

Based on these findings, balanced communication strategies are needed, which connect online visibility 
with historical interpretation. Official accounts could use short videos, archival photographs, oral 
histories, and AR-based “then-and-now” materials to make historical narratives easier to access. 
Collaboration with selected local creators may also help circulate heritage content, but such collaboration 
should be guided by clear interpretive goals rather than visitor traffic alone. At the same time, merchants 
and cultural institutions could integrate historically informed signage, small exhibitions, and QR-based 
interpretation into the everyday commercial environment. These measures would allow tourism, user 
participation, and cultural education to support one another, rather than letting entertainment-oriented 
content dominate the public perception of the district. 

4. Conclusion  

This study examined how social media shapes the public representation of Dongguan Street and what 
this means for cultural heritage sustainability. The findings show that social platforms expand the 
visibility of the district, but the dominant content is oriented toward tourism, photography, consumption, 
and everyday leisure. Historically grounded posts appear less frequently and receive weaker engagement, 
while institutional voices remain relatively limited. As a result, user-generated content plays a larger role 
in defining the public image of Dongguan Street. 

These patterns suggest that Dongguan Street is often represented as a consumable urban scene rather 
than a historical district. Sentiment toward the site is largely positive, but much of this positivity relates 
to atmosphere and visitor experience rather than historical understanding. Therefore, the concern is not 
social media itself, but the gap between online attention and cultural interpretation. In conclusion, for 
heritage districts, digital communication should be linked with on-site interpretation, commercial 
management, and community participation. Only in this way can online visibility support cultural 
continuity rather than replace it with short-lived popularity. 
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Abstract 

Existing urban areas face two major obstacles: heritage communities must defend their cultural 
heritage while working to revitalize their deteriorating neighborhoods. The communities need to 
welcome younger residents while protecting their historical heritage and social bonds. The solution 
to this conflict requires strategic planning that connects population growth to protective measures 
for cultural heritage conservation. 
This research analyzed two heritage communities in Nanjing, China, that display high and low 
vitality, marked by differences in population age, community involvement, and conservation 
approaches. Community vitality is measured primarily by public-space vitality. Stated-preference 
surveys (SP surveys), SEM (Structural Equation Modeling), and Logit modeling (discrete choice 
analysis) assessed spatial activities and informed operational and policy strategies. 
The combination of historical and living heritage elements creates an essential link between spatial 
perception and behavioral decisions, thereby generating community vitality. The combination of 
architectural continuity with traditions and community practices creates perceived richness, which 
attracts users to these spaces. The public areas between local residents and new inhabitants serve 
as connectors, but people from different age groups visit these spaces for different reasons. Youth 
who engage with culture share an interest in living heritage, which helps them create social 
connections while developing new identities based on their local environment. 
The study shows that strict preservation techniques, which mandate particular functions serve 
permanent residents but drive away all other users, resulting in decreased public space usage. The 
combination of flexible functions, cultural activities, and ongoing daily activities attracts new 
residents and sustains public space activity. Living heritage loses its social value because 
community and cultural elements are absent, which leads to social segregation between groups 
and decreased participation rates that harm heritage preservation and community wellness. 
The research shows that conservation work needs to shift away from protecting static locations, 
as it should create living heritage through collaborative efforts. The implementation of semi-formal 
participatory systems and collaborative planning methods will help prevent decline while 
increasing participation and enabling diverse community coexistence. The main factor for 
achieving conservation-vitality equilibrium involves creating adaptive management systems that 
include all stakeholders in their decision-making process. 

Keywords 

Historic Urban Areas; Public Space; Urban Vitality; Living Heritage; Heritage Communities 
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1. Introduction
Residential historic districts in China need to be protected because they contain important cultural heritage, 
while cities work to restore their fading social vitality (Relph, 1976). The protection of cultural heritage is 
essential for preserving the unique identities, histories, and traditions of communities globally. 
Safeguarding these cultural treasures not only honors the legacies of past generations but also delivers 
educational, social, economic, and environmental benefits to current and future generations. Residential 
historic districts across China’s historic cities experience reduced activity because urban renewal and 
conservation projects continue to grow. Scholars argue that heritage should be understood as an active 
cultural process rather than solely material preservation (Smith, 2006), emphasizing that these areas must 
support “the social fabric and traditions, and ongoing uses of these spaces” rather than rely only on the 
protection of physical structures. A residential historic district therefore operates as a heritage area that 
safeguards its authentic street design and architectural elements together with living cultural practices. 
heritage is increasingly understood as a dynamic resource that fosters local identity, supports everyday 
social practices, and enables adaptive forms of resilience within urban contexts. (Fabbricatti et al., 2020).  

National policy agenda of China also sets a new framework for these areas. The Mid- to Long-term Youth 
Development Plan (2016–2025) places youth social integration and participation at the center of its goals, 
especially through outreach to migrant and emerging young populations. This policy emphasis echoes 
urban governance scholarship that links youth engagement with broader urban vitality aims (Putnam & 
Feldstein, 2003). The government identifies helping outside youth adapt to city life as a vital objective, 
which simultaneously presents opportunities to enhance vitality in aging historic districts. Youth-focused 
urban policy enables public spaces to transform while supporting local development projects in heritage 
neighborhoods and reshaping community interactions. As contemporary research notes, “public 
engagement with heritage today is shaped not only by the physical affordances of historic environments 
but also by the mediated interactions people develop through spatial accessibility networks” (Serrano-
Estrada et al., 2024). These mediated interactions have become particularly important for young users 
whose cultural participation is deeply hybridized across physical and cultural spheres. 

Current heritage value assessment methods are focused on the aging buildings and landscape perspective, 
such as the Historic Urban Landscape approach proposed by UNESCO in 2011. Although research on living 
heritage communities is expanding, multi-layered analyses are used to evaluate the value of built heritage, 
especially in complex cultural heritage systems (Fabbricatti et al., 2020), quantitative models for evaluating 
public space vitality remain limited. Most studies on public open space vitality still separate social from 
physical elements, despite ongoing attempts to integrate these dimensions. For example, Zhang et al. 
(2023) argue that “public open space vitality is the outcome of a multilayered socio-ecological system in 
which environmental settings, user behaviors, and sociocultural meanings collectively shape patterns of 
use and perception,” yet heritage value remains insufficiently incorporated. Liu et al. (2024) also 
demonstrated that “the vitality of traditional-village public spaces emerges from the continuous 
interactions among residents, visitors, and spatial settings, forming a dynamic process in which heritage 
meanings are reproduced through everyday encounters,” but they similarly did not build explicit links to 
perceptual or youth-centered variables. 

Two residential historic districts in Nanjing serve as comparative case study sites because they allow 
researchers to examine how local practices affect heritage outcomes in different urban settings (Massey, 
1994). The two districts operate under different conservation plans, producing distinctive identities 
through their contrasting social and physical development approaches. These contrasting governance 
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structures provide opportunities to investigate how living heritage and community vitality interact under 
different regulatory and community conditions. 

Figure 1. Research Site  

Data source: Gaode Open Platform; Cartography and photo by Author 

The Republican-era villas and lanes of Nanxiu attract permanent residents and creative professionals from 
diverse cultural backgrounds. The neighborhood has transformed its traditional areas into cultural spaces, 
now home to bookstores and cafes, and uses its public spaces for community events. The cultural-creative 
district has turned this area into a cultural center that draws visitors from all over the city while 
demonstrating how local communities can successfully revitalize their neighborhoods. 

Xianxia exists as a planned Republican-era quarter that features Western-style apartments and notable 
residences. The government dedicates its efforts to protect historic buildings and create themed public 
spaces, but it blocks the emergence of organic residential areas. The public areas in this area function 
mainly as historic sites for contemplation, which draw families and history enthusiasts, yet they fail to 
generate cultural interest and local participation. 

The research reveals that the main distinction between Nanxiu and Xianxia lies in their public space 
functions: Nanxiu allows users to establish their own historical links, but Xianxia shows historical content 
through predetermined displays. The research establishes a new understanding of living heritage 
development and urban vitality through its direct investigation of these two domains. 

Figure 2. Reasearch Contxet 
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2. Methodology
The research assesses community vitality by conducting stated preference surveys, which employ 
structural equation modeling and discrete choice analysis to study living heritage elements. The research 
uses an orthogonal experimental design to create public space scenarios that combine passive historical 
elements with active heritage community involvement. Researchers conduct research on human behavior 
by rearranging outdoor public heritage elements in their studies. 

The SP survey evaluated participant responses across four evaluation categories, which included visual and 
aural perception, historical heritage, culture & living heritage, and event suitability. The survey contained 
a 7-point Likert scale, which enabled participants to provide specific feedback regarding all evaluation 
categories. The research design for perceptual categories follows Altman & Low (1992) by using multiple 
dimensions to measure place attachment. 

The research implements a customized SEM model, which identifies static heritage elements and living 
heritage elements as hidden variables. Researchers can study heritage elements' effects on psychosocial 
variables through this research design, which examines place attachment and community cohesion to 
understand their impact on human behavior. The research model represents a major advancement in 
heritage studies because it allows researchers to study the effects of living heritage independently from 
traditional heritage elements. 

Figure 3. Resreach Framework 

The SEM results allowed researchers to develop separate choice models that studied how public space 
activities and residential choices affect community sustainability through latent variable scores. The 
research studies the heritage element effects on neighborhood vitality by making public space activity 
selection and residential location choice distinct from each other. 

The research demonstrated how particular heritage-based interventions enhance community vitality 
through policy scenario simulations, which combined sensitivity analysis with trend predictions. The SEM-
Choice framework delivers advanced research approaches together with practical tools for heritage-based 
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urban planning, which enables sustainable neighborhood development through data-based decision 
support (Tuan, 1977). 

Table 1. Variables of SEM 

Latent Variable Indicator 
Code Observed Variable Latent Variable Indicator 

Code Observed Variable 

Visual 
Perception 

V1 Close to nature 

Culture &Living 
Heritage 

E1 Have cultural Activities 

V2 Pleasant environment E2 Local life shows cultural 
characteristics 

V3 Feels safe E3 
Heritage memory and 

traditions are well 
presented 

V4 Clean and tidy E4 Diverse participants 

Acoustic 
Perception 

S1 Pleasant sounds E5 Good intergenerational 
interaction 

S2 Quiet environment E6 People–cummunity 
harmony 

S3 Sounds feel enjoyable 

Event Suitability 

A1 Diverse activity facilities 
S4 Sounds feel natural A2 Facilities meet basic needs 

Historical 
Heritage 

H1 Streets show historical 
character A3 Good for socialising 

H2 Building styles show 
historical features A4 Suitable for families 

H3 Archways/trees/sculptures 
show heritage features A5 Suitable for all ages 

H4 Decorative elements show 
historical style A6 Relaxed and joyful 

atmosphere 

H5 Buildings and facilities in 
good condition A7 Open and inclusive 

atmosphere 
Data source: Research team survey(2025) 

3. Results & Findings
3.1. Impact of Living Heritage Elements 

The research shows that residents form environmental connections through their participation in 
scheduled cultural events and outreach initiatives and direct involvement in maintenance activities (Altman 
& Low, 1992). The SEM model demonstrates that cultural activities, including storytelling, festivals, and 
craftwork activities, create the strongest impact on space vitality perceptions, but auditory elements play 
a minimal role according to multisensory place theory (Canter, 1977). People show greater interest in living 
heritage activities, which provide personal or local experiences instead of traditional markers, including 
buildings and plaques. The area draws visitors because it hosts festivals, markets, and traditional classes. 
Home selection depends on the number of community activities people can join and how easily they can 
access local facilities. 

The system operates through social bonding and multisensory engagement. The combination of living 
heritage events creates multiple sensory experiences, which enable people to develop social bonds that 
strengthen their connection to their environment. The elderly residents of Nanxiu Village support the self-
led renovation of historic shops because they understand its value for the younger generation, illustrating 
intergenerational place attachment dynamics (Gustafson, 2001). The cultural fairs and performances, 
through their dynamic elements, establish a complete sense of place that extends past physical 
architectural elements. The SEM model demonstrates that five perceptual variables (Visual Perception, 
Aural Perception, Historical Heritage, Culture & Living Heritage, and Event Suitability) all contribute to the 
overall vitality perception. The main contribution of living heritage elements lies in their ability to enhance 
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the "culture" and "suitability" dimensions through their ability to provide new experiences and relevant 
activities for daily life, proving practice-centered heritage produces greater behavioural activation than 
static conservation alone (Smith, 2006). The research findings demonstrate that living heritage elements 
create active public spaces through sensory engagement, which protects cultural heritage and builds social 
connections between people. 

Table 2. Correlation of Heritage Elements 

Indicator Historical Features Function Continuity Cultural Activity 

Visual Perception 
Correlation 
Coefficient -0.013 -0.166** 0.077* 

Significance 0.672 0.000 0.013 

Acoustic Perception 

Correlation 

Coefficient 
0.016 0.139** 0.050 

Significance 0.598 0.000 0.110 

Historical Heritage 
Correlation 
Coefficient 0.428** 0.301** 0.258** 

Significance 0.000 0.000 0.000 

Culture &Living 
Heritage 

Correlation 
Coefficient 0.045 -0.038 0.090** 

Significance 0.150 0.219 0.004 

Event Suitability 
Correlation 
Coefficient -0.072* -0.073* 0.003 

Significance 0.021 0.018 0.934 
Data source: Own survey (2025), Modeling and visualization by author 

Table 2. shows how people create their cultural heritage through the elements of living heritage. The 
cultural-experience cues, including festivals and living demonstrations of craft, create strong positive links 
to space vitality according to path coefficients, but historic form cues produce weaker effects. The active 
utilization of heritage assets creates perceptual vitality, which preservation initiatives without active use 
cannot achieve ; this suggests that perceived ‘richness’ emerges from the coupling of physical continuity 
with ongoing practices (Relph, 1976). 

In addition to the model-based findings, qualitative evidence from the two sites indicates that architectural 
continuity, when combined with ongoing community practices, generates a form of “perceived richness” 
that mediates the relationship between spatial perception and behavioral response. This corresponds with 
Relph’s (1976) argument that place experience emerges from the fusion of physical form and lived practice, 
and with Altman and Low’s (1992) formulation of place attachment as a socio-spatial process rather than 
a material condition alone. As Canter (1977) notes, “the perception of place emerges from the interplay of 
physical structure and human behavior, with environmental cues shaping emotional and cognitive 
responses to the space.” In Nanxiu, for instance, regular markets, music gatherings, and resident-led 
renovations create recognizable social cues and low-threshold opportunities for encounter, reinforcing this 
experiential richness even when physical structures alone may not be exceptional. Gehl (2010) further 
emphasizes that “people experience public spaces through active participation; architectural forms acquire 
meaning only when coupled with social interaction and everyday activities,” which aligns with the observed 
dynamics at the two sites. These qualitative dynamics help explain why living heritage elements in the SEM 
produce stronger effects on “activity atmosphere” and “event suitability”: individuals respond not only to 
historical form but to the continuity of lived practices embedded within it, which resonates with 
Gustafson’s (2001) observation that “meanings of place are socially constructed; the continuity of 
community practices transforms physical settings into lived environments rich with experiential value.”  
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3.2. Differential Effects of Static and Living Heritage 

The research models demonstrate distinct patterns through which static and living heritage elements affect 
two behavioral patterns. The selection of public spaces for social activities and shopping activities receives 
positive effects from static heritage through preserved historical buildings, yet this effect remains limited; 
monumental conservation often fails to generate everyday social practices unless adaptive uses are 
provided (Augé, 1995). The Logit model of activity choice shows Culture & Living Heritage factor as a 
significant positive predictor, which draws people to spaces with visible historic elements (coefficient ≈
0.30, p<0.001). The model shows that historical sites that offer event hosting facilities and suitable 
infrastructure lead to better results for activity selection. The historic environment attracts visitors through 
its historic architecture, but people need active community activities to stay engaged. 

The Scene Selection Frequencies in Figure 4. indicate that users choose locations that connect historical 
value to active cultural areas. The residential location choice domain shows that static heritage features do 
not provide sufficient benefits and sometimes create negative effects. The residential preference model 
shows that the Historical Heritage factor has a negative or insignificant coefficient, approximately -0.11 
(marginally significant. People who selected their residential areas did not select historic neighborhoods as 
their preferred choice. Community events and suitable facilities (Event Suitability factor) create the most 
significant positive effects. Some residents oppose static heritage environments because these spaces 
preserve outdated infrastructure without providing contemporary amenities. The combination of historic 
buildings and modern amenities makes historic districts less appealing to residents who want to live there. 
People find public areas more significant through active events, which change their understanding of these 
areas. A museum exhibit district that exists only as a static display will not maintain social vitality or 
community sustainability through its own initiatives. 

Figure 4. Frequency of selection of SP questionnaire 

Source: Own survey (2025) 

The research results show that these two specific areas produce different results. The Xianxia Road block 
failed to attract young residents and commercial activities because it concentrated on preservation while 
keeping the local community out of the process. The Nanxiu block shows higher community involvement 
because local groups transformed vacant buildings into cafes, studios, and event spaces. The SEM 
coefficients show that Culture & Living Heritage produces a strong positive effect in both models, yet 
Historical Heritage produces a negative effect on residential selection. The use of static protection methods 
for heritage building preservation leads to inactive buildings, which do not create meaningful public spaces. 
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The combination of daily activities, including market operations, street festivals, and youth-oriented 
cultural events, leads to enduring heritage preservation. 

Table 3. Logit Model of Activity Choice 

Latent Variable Visual Perception Aural Perception Historical Heritage 
Culture &Living 

Heritage 
Event Suitability 

Coefficient 0.274  0.074  0.302  0.231  0.256  

Std. Error 0.100  0.087  0.070  0.117  0.111  

z-value 2.75 0.85 4.30 1.97 2.31 

P > |z| 0.006*** 0.393 0.000*** 0.049** 0.021** 

Marginal Effect 0.469  0.244  0.439  0.461  0.473  

Note: *, **, and *** denote significance at the 0.100, 0.050, and 0.010 levels, respectively. 
Data source: Research team survey(2025), Modeling and visualization by author 

Table 4. Logit Model of Residential Choice 

Latent Variable Visual Perception Aural Perception Historical Heritage 
Culture &Living 

Heritage 
Event Suitability 

Coefficient 0.180 0.173 -0.107 0.068 0.386 

Std. Error 0.093 0.084 0.062 0.109 0.105 

z-value 1.94 2.06 -1.72 0.62 3.67 

P > |z| 0.043** 0.040** 0.066* 0.533 0.000*** 

Marginal Effect 0.363 0.338 0.015 0.281 0.592 

Note: *, **, and *** denote significance at the 0.100, 0.050, and 0.010 levels, respectively. 
Data source: Research team survey(2025), Modeling and visualization by author 

Figure 4. and Table3-4. show which scenarios succeed best at drawing activities and attracting residents. 
The area achieves high social and commercial vitality ratings because it combines active usage with historic 
sites. People need to actively use living heritage elements for public life and community habitation to 
establish dynamic spaces. Physical structure preservation by itself does not protect historic district vitality 
because districts need social reproduction through living heritage development to survive (Smith, 2006; 
Low, 1992). 

The research findings receive support from the theoretical framework because it distinguishes heritage 
into two distinct categories, which include physical artifacts and cultural traditions. Smith (2006) explains 
that heritage exists as an active cultural practice that people transform through their continuous meaning-
making activities that extend past physical artifacts. The framework demonstrates that static heritage 
maintains symbolic and mnemonic value, yet requires functional changes to influence human conduct, 
while living heritage contains performative and participatory aspects, which establish daily routines. The 
Nanjing case studies show that fixed architectural elements establish recognition and identity, but they 
need adaptive uses or event programming to impact activity levels. The living heritage elements of public 
spaces enable direct public participation, which sustains their active use. The evaluation of heritage effects 
needs to determine their capacity to maintain social reproduction, practice, and performance according to 
Smith (2006). 
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3.3. Group-Specific Heritage Perceptions and Attachments 

The research shows that people from different age groups react differently when they encounter static 
heritage sites compared to living heritage sites. The extended stay of elderly residents in their communities 
enables them to protect their heritage because they actively defend their community's heritage. The 
original residents of Nanxiu support both historic building preservation and community-led cultural 
activities, although they do not always utilize all the new facilities. The residents maintain their heritage 
through their social connections and their ability to recall their historical events. 

The Xianxia block residents who are migrants and short-term renters show no interest in their 
neighborhood's historic character because people who move frequently develop weak connections to 
places (Augé, 1995). The survey participants from the Xianxia block reported that they do not feel 
connected to the historic district, and they do not participate in heritage activities. People in these groups 
consider static heritage useless because it fails to create essential memories that form emotional bonds 
between people and their historical sites. 

Figure 5. Heritage Perception of Nanxiu Area 

Source: Research team survey(2025), Modeling and visualization by author 

The visual diagram in Figure 5. Shows how residents from various groups view their surroundings between 
the two research locations. The Nanxiu block exists as one unit because residents share common heritage 
perceptions, which enable them to interact with each other. The Xianxia block shows a distinct perception 
gap between its remaining original residents and its migrant population because heritage elements appeal 
to the former group but not to the latter. The research shows that historic urban neighborhood 
sustainability needs multiple stakeholders to collaborate at various scales for achieving complete 
population involvement.  

The youth population, along with students, demonstrates distinct behavioral patterns and perception 
styles that differ from those of other demographic groups. Young people lack knowledge about traditional 
cultural narratives, yet they actively use public areas and show intense interest in cultural events because 
they use places to develop their identities (Casey, 1997; Malpas, 1999). The social energy and connectivity 
of this age group enable heritage activation in urban areas. 

Young people join cultural activities because they want to experience contemporary events, establish social 
bonds, and discover new experiences. Students at the Nanxiu block establish contemporary cultural spaces 
through their transformation of courtyard cafes and street-art workshops, which serve as small-scale 
design and activity platforms for public life development. The population segment drives demand for living 
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heritage through modernized traditions and modified expressions, but they do not naturally support 
preserving historical heritage. The elderly residents who live in the area maintain their traditional heritage 
knowledge, but they require young people to create modern energy for their community. 

The qualitative research shows that public spaces function as social hubs that bring together people from 
diverse backgrounds for face-to-face interactions. The social system demonstrates Putnam’s (2000) 
bridging social capital concept through its creation of weak ties, which help people connect with others. 
The bridges between communities become stronger when communities participate in semi-formal 
participatory activities, which include small-scale co-design workshops and youth-led cultural events, and 
community-university partnerships that exist between spontaneous activities and strict institutional 
frameworks. The combination of structured yet accessible public-life activities, according to Gehl (2010) 
and Arnstein’s (1969) participation ladder, produces the best results for social inclusion because these 
activities create dependable social interaction spaces that preserve grassroots creativity. The heritage 
mechanisms enable younger residents to create modern identities based on local history while allowing 
established residents to preserve their traditional heritage. The Nanjing evidence demonstrates that living 
heritage social vitality emerges through participatory governance systems instead of depending on physical 
preservation or cultural programming (Putnam, 2000; Arnstein, 1969; Gehl, 2010). 

Social behavior leads to different group preferences, which can be read through Arnstein’s (1969) typology 
of participation, where tokenistic approaches produce different outcomes than collaborative co-
production, determining their protective methods for heritage sites. The preservation methods that focus 
on static museum-like protection help original residents maintain their identity, but these approaches fail 
to attract new residents and young people. The Xianxia block lost its original population because 
conservation laws required local residents to depart, while new residents were unable to create lasting 
connections with the historic area. The Nanxiu block achieved success through its community-based 
approach, which brought together local government backing with university involvement and resident 
participation as co-design partners. The Nanxiu block attracts students and young professionals through its 
micro-renovations and cultural programming, which creates an integrated social environment. 

A complete heritage perception and attachment framework needs to recognize the distinct behavioral 
patterns of different population groups. The historic environment provides identity and memory to original 
residents, but younger and newer residents seek new experiences and social connections within these 
areas. Historic districts need protection of their physical structures together with continuous heritage 
development through social activities and tradition evolution, which draws different community members. 
Historic districts achieve success through the partnership between people who protect historical heritage 
and those who create contemporary uses that unite different social groups. 

4. Policy Implications 
The heritage renewal strategy requires a "living culture" framework that needs to operate across all sites. 
The combination of flexible governance systems with stakeholder participation leads to better cultural 
resource protection and stronger social stability (Putnam & Feldstein, 2003; Gehl, 2010). The approach 
needs to transition from protecting historical elements to creating active experiences through scheduled 
cultural events and local artisan and food vendor support in historic areas and resident-led design 
initiatives because flexible spatial practices supported by semi-public institutions serve as essential factors 
for cross-boundary regional development (Li et al.,2023). The planning process needs to create interactive 
events that link exhibitions to festivals and storytelling to help residents develop physical bonds with their 
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surroundings. The preservation of living heritage together with public space development requires minimal 
renovations, which display historical artifacts and official programs to connect local residents with visiting 
guests for event planning. The conservation framework will adapt to local needs through these measures, 
which will establish heritage-based revitalization programs that draw different age groups to maintain the 
dynamic atmosphere of historic urban districts.  

Figure 6. Different residents' responses to historical preservation 

Source: Author 

People in urban areas show behavior based on heritage elements only when they share the same social 
environment. The conservation efforts for each community require distinct approaches because Nanxiu 
should use its heritage-curious youth population to enhance local pride and living culture, but Xianxia needs 
to establish a shared identity and address resident disagreements. The success of both sites depends on a 
full strategy that connects heritage development to participatory governance and multi-age community 
involvement. 

5. Conclusion
People see public spaces differently from their own homes because they understand heritage identity and 
living heritage vitality through separate viewpoints. Young people and permanent residents find historical 
and cultural heritage sites in the area attractive, but these sites do not influence their choice to reside there. 
The study shows that younger participants choose their activity locations through historical cultural 
elements  and activity atmosphere at a statistically significant level. The residential-location model shows 
that heritage elements do not attract residents, but safety features and amenities do, while aged historic 
areas create barriers for new residents to move into these areas. 

People interact with these elements through their individual life experiences, which stem from their 
distinct environments. The Nanxiu Village area shows no difference in cultural and event perceptions 
between local residents and student residents. The community's "functional mixed" population, which 
includes both long-term residents and young renters, views history as active traditions and festivals that 
exist in the present day. The community maintains a positive feedback loop because active youth-oriented 
events and diverse public space activities sustain public space energy, and residents with limited heritage 
knowledge actively participate in cultural activities. The social divide between residents leads them to leave 
their homes when attempts are made to attract youth through peaceful outdoor music play, because both 
elderly and young residents must depart. The youth-oriented heritage-focused community of Nanxiu 
Village deeply appreciates historical culture and atmosphere, but Xianxia Road faces challenges because it 
fails to effectively share heritage values, and residents have different preferences. 

References 
Altman, I. & Low, S.M. (1992) Place Attachment. Plenum Press, New York. 

1436



Feng, B.W.; Ma, X.S. Balancing Heritage preservation 
and Community Vitality 

Arnstein, S.R. (1969) ‘A ladder of citizen participation’, Journal of the American Institute of Planners, 
35(4), pp. 216–224. 

Augé, M. (1995) Non-Places: Introduction to an Anthropology of Supermodernity. Translated by J. Howe. 
Verso, London. 

Canter, D. (1977) The Psychology of Place. Architectural Press, London. 

Casey, E. (1997) The Fate of Place: A Philosophical History. University of California Press, Berkeley. 

Fabbricatti, K., Boissenin, L. & Citoni, M. (2020) ‘Heritage community resilience: towards new approaches 
for urban resilience and sustainability’, City, Territory and Architecture, 7(1), p. 17. 

Gehl, J. (2010) Cities for People. Island Press, Washington, D.C. 

Gustafson, P. (2001) ‘Meanings of place: everyday experience and theoretical conceptualizations’, Journal 
of Environmental Psychology, 21(1), pp. 5–16. 

Li, J-T et al. (2023) ‘Flexible space practice and semi-public institutions in cross-boundary regional 
development’, International Urban Planning, 38(5). 

Liu, S., Zhu, Z., Gao, Y. & Wang, S. (2024) ‘Assessing the dynamic vitality of public spaces in tourism-
oriented traditional villages: a collaborative active perception method’, Heritage Science, 12, p. 
346. 

Low, S.M. (1992) ‘Place attachment’, in Altman, I. & Low, S.M. (eds.) Place Attachment. Plenum Press, 
New York, pp. 1–12. 

Malpas, J. (1999) Place and Experience: A Philosophical Topography. Cambridge University Press, 
Cambridge. 

Massey, D. (1994) Space, Place and Gender. Polity Press, Cambridge. 

Putnam, R.D. (2000) Bowling Alone: The Collapse and Revival of American Community. Simon & Schuster, 
New York. 

Putnam, R. & Feldstein, L. (2003) Better Together: Restoring the American Community. Simon & Schuster, 
New York. 

Relph, E. (1976) Place and Placelessness. Pion, London. 

Serrano-Estrada, L., Martí, P., Bernabeu-Bautista, Á. & Huskinson, M. (2024) ‘Mapping heritage 
engagement in historic centres through social media insights and accessibility analysis’, Land, 
13(12), p. 1972. 

Smith, L. (2006) Uses of Heritage. Routledge, London. 

Tuan, Y-F. (1977) Space and Place: The Perspective of Experience. University of Minnesota Press, 
Minneapolis. 

Zhang, D., Ling, G.H.T., Misnan, S.H. & Fang, M. (2023) ‘A systematic review of factors influencing the 
vitality of public open spaces: a novel perspective using Social–Ecological Model (SEM)’, 
Sustainability, 15(6), p. 5235. 

Zhang, Y. & Han, B. (2022) ‘Vitality evaluation of historical and cultural districts based on the values 
dimension: districts in Beijing City, China’, Heritage Science, 10, p. 137. 

1437



Gamal, M.M. A Critical Discourse Analysis of Egypt’s Housing 
Narratives 

Research Paper 

A Critical Discourse Analysis of Egypt’s Housing 
Narratives 

Language and Power 
Maram Monir Gamal, The American University in Cairo 

Abstract 

The issue of housing in Egypt is an evolving historical phenomenon intricately tied to Egyptian identity and 
deeply embedded in the social and political fabric. Common language shapes actual realities and forms 
an integral part of the culture. This research is a Critical Discourse Analysis (CDA) of the housing narrative 
across four consecutive political periods to understand the persistent housing “crisis”. It deploys a two-
stage CDA approach: the first integrates Michel Foucault’s ideological codification and historization of 
data; the second applies Norman Fairclough’s three-dimensional model of CDA. By examining newspaper 
archives, media outlets, policy statements, legal documents, and public announcements, the study unveils 
the power ideologies embedded in the social, political, cultural, and economic fabric and the relationship 
between the language used and the housing reality. It argues that the discourse surrounding housing in 
Egypt unfolds as a dynamic narrative, marked by fluctuations in the identification of “crisis” and its 
perceived causes. Hence, the term “crisis” has emerged as a metaphor in the Egyptian housing narrative 
across the housing-specific timeline developed in this research. This research contributes to planning and 
policy-making by exposing how housing discourse has historically served as a political tool, framing 
problems, justifying decisions, and shaping urban futures. Ultimately, through the application of CDA, it 
becomes clear that the “crisis” narrative serves as a political construct to establish power and control in 
Egypt. By shedding light on these dynamics, the research offers a framework for more inclusive, reflective, 
and contextually aware planning, where discourse is not a passive reflection of reality but an active agent 
in shaping it and improving the collective quality of life. 

Keywords 

Critical Discourse Analysis, Housing Crisis, Urban Narratives, Power 

1. Introduction
Housing has long posed a persistent challenge in Egypt. The discourse surrounding housing occupies a 
substantial position in both public discourse and specialized literature. Over the decades, the Egyptian 
housing market has shown symptoms of “crisis”, including widespread infrastructural problems, 
unaffordability, spatial segregation, and social inaccessibility (Shukrallah and Shawkat, 2017). However, the 
prevailing housing narrative doesn’t capture the depth of these realities. Quality of life in Egypt’s housing 
system depends less on the number of units produced and more on who can access them, where they are, 
under what conditions, and with what social consequences (Sims and Mitchell, 2018).  

The focus on language around housing in Egypt reflects its shifting political and economic ideologies. The 
discourse of crisis in Egypt began with “homes problem (Mushkilat Al-Masakin)” in the 1940s, then shifted 
to “housing crisis (Azmat Al-Masakin)” in the 1970s, and, by now, has become “housing problem (Mushkilat 
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Al-Iskan)” (Shawkat, 2020). This shifting mirrors changes studied in this research across Egypt’s four 
political periods (Figure 1).  

This research argues that adopting a critical lens on Egypt’s housing “crisis” helps explain its meaning within 
broader politico-economic contexts (Roitman, 2013). As housing is focal to Egyptians; it can disrupt 
livelihoods, shape economies, and even define political eras (Shawkat, 2020). By unpacking the language 
embedded in policy and planning discourse, this study reveals how the “crisis” narrative functions as a 
construct of power in Egypt’s housing sector. 

The growing literature discussing the “crisis” in the Egyptian housing industry calls for further examination 
to understand its nature. This calls for using a non-traditional analytical framework rather than the 
conventional approaches, which typically overlook less obvious variables (Marston, 2002). Discourse analysis, 
by contrast, applies different tools to housing studies (Jacobs, 2006). Viewing the housing narrative as a socio-
cultural construct allows for a deeper interpretation of the “crisis” (Hastings, 2000). While this research 
addresses the Egyptian housing narrative in general, the empirical focus is on Greater Cairo, the main area 
where housing strategies and narratives materialize. 

By exposing how language shapes urban realities, this research contributes to the concept of “Cities in 
Action” by demonstrating that cities act not only through policy and design, but also through narrative. The 
objective is to align with the people’s means of quality of life and understanding the city’s capacity to 
handle social and political shocks.  

Research Aim and Questions 
CDA enables this research to investigate how the language of “crisis” shapes housing narratives and to 
examine the discursive practices surrounding it. It asks: 

• RQ1.How have Egypt’s housing narratives shifted historically across Egypt’s different political eras?

• RQ2.How does the “crisis” narrative reflect or distort urban realities?

• RQ3.In what ways can CDA help planners and policy makers reframe the urban housing narrative
towards quality of life?

Research Outline 
The research begins by unpacking Egypt’s housing “crisis” within its historical and political context. It then 
introduces CDA and outlines the methodological framework adopted for this study. This framework is 
applied to Egypt’s four known political eras to analyze how crisis discourse and power relations influence 
socio-spatial outcomes, leading to a housing-exclusive timeline. The discussion section links the findings to 
current policy and planning practices and reflects on the transformative potential of CDA for future urban 
research and city planning practices. 

Figure 1. Timeline of political eras and narrative framing (1940s–present) 

OPEN DOOR POLICY/ NEW 
URBAN COMMUNITIES

NEW REPUBLIC/ MEGA 
INFRASTRUCTURE AND 

FINANCE PROJECTS

TRANSITION TO NEOLIBERALISM/ 
LAND-ORIENTED ECONOMY

1956-1970 1982-2011

1971-1981 2012-present

SOCIALIST ERA: INDUSTRIAL 
CITIES/ LAND RECLEMATION
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2. CDA of Housing Narratives
2.1 Defining the role of CDA 
Critical Discourse Analysis (CDA) is an interdisciplinary approach that examines how language  reflects and 
shapes social practices and power relations (Fairclough, 1992; 1995; Marston, 2002). It investigates how 
language is intentionally used, whose interests it serves, and how particular meanings become normalized. 
In CDA, discourse is considered language-in-use within discursive practices (talk and text in context) (Van 
Dijk, 1997), linking linguistic form to social settings (Hastings, 2000). For housing, CDA enables the 
contextualization of policy within a broader social and political environment, helping to interpret how 
discourse relates to what is built and experienced in reality (Jacobs and Manzi, 1996).  

2.2 CDA Framework 
As this research is treating each studied era as a distinct field of power and knowledge, which 
methodologically calls for combining Michel Foucault’s historization of power (1977; 1980) and Norman 
Fairclough’s three-dimensional model of CDA is used to interpret the narrative of “Crisis” (1992; 1995) 
(Figure 2). Accordingly, CDA serves as both a methodological and a conceptual tool for investigating the 
meaning of “crisis” and the realities of housing in Egypt (Figure 2). The timeline-structured corpus 
organization and coding enabled comparisons of language, policy tools, and spatial outcomes across different 
periods. Used together, the two perspectives offer both explanation and procedure:  

• Foucault’s approach examines 
discourse through a power lens, 
establishing what can be said and 
done, and how it evolves. It relies on 
historicizing discourse to compare 
language development (Marston, 
2002). 

• Fairclough's model connects linguistic
texts and utterances to discursive
practice and to social practice (the
institutional and ideological contexts in
which discourse operates).

CDA places discourse within broader power structures and reveals the connections among language, 
power, and the built environment. According to Foucault, power flows through institutions, technologies, 
and knowledge practices, rather than being held by a single body (Foucault, 1980). The literature shows 
how spatial strategies and power relations influence who controls space and whose identities are 
recognized in the public space (Parsaee et al., 2019). 

2.3 CDA of Housing Narratives 
Critical Discourse Analysis in the literature shows how language can construct social reality in housing (Van 
Dijk, 1997), linking language with institutional settings and policy consequences (Hastings, 2000; Jacobs 
and Manzi, 2007). Marston’s study of Queensland public housing reveals that economic and moral framings 
transform tenants and legitimize the marketization of housing. This shows the value and limits of CDA and 
the connection between discourse and material practice (Marston, 2002). Munro’s analysis of UK 
newspaper coverage reveals that industry voices normalize price rises, constrain alternatives with 
metaphor, and obscure affordability failures, indicating how media discourse creates a particular view of a 
“healthy” market (Munro, 2018). In Egypt, housing policy is a key instrument of rule (Shawkat, 2020; Sims 
and Mitchell, 2018), shaped by international paradigms and delivered through state bodies, however 
misaligned with need and reality (Abdelwahed and Hanafy, 2020).  

Figure 2. CDA between Fairclough and Foucault 
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3. Methodology
3.1 How to bring CDA to bear on the 
Egyptian housing narrative. 
This research examines how linguistic choices and 
discursive techniques in Egypt’s housing narrative 
impact policy, governance, and built reality. Reality 
here refers to the production of housing, laws, and 
policies. Power shapes the relationship between 
language and material reality through ideologies 
and institutional systems that govern housing 
(Marston, 2002). The stages of CDA: first, 
historizing and codifying data; second, applying 
qualitative CDA to the selected excerpts (Figure 3). 

Historicization of the discourse 

The historicizing of narrative reflects Egypt’s 
housing policy shifts across its modern timeline 
(Figure 1). Each era becomes a configuration of 
power and knowledge through discursive 
practices. 

- 1956–1970: Socialist era

Housing here is a social right and a government 
duty. Policies such as rent control, public housing, 
nationalized building material, and low-cost 
housing mainly targeted at creating industrial cities 
and land-reclamation projects. 

- 1971–1981: Open-door policy

Housing drives modernization through partnerships, cooperatives, serviced plots, and self-help laws. New 
Urban Communities Authority (NUCA) develops new desert towns and expands to peripheral settlements 
to ease Cairo’s congestion. Still, weak job–housing accessibility, limited services, affordability issues, 
vacancies, and the persisting informal housing. 

- 1982–2011: Neoliberal turn

Efficiency and marketisation dominate, using land auctions, developer-driven tactics, cost recovery, 
mortgages, and complicated social housing processes. This led to price increases, affordability issues for 
low- and moderate-income groups, the spread of informal settlements, and greater spatial polarization. 

- 2012–2023: New Republic

The policies combine mass social housing, mortgage subsidies, major infrastructure, and newer cities. The 
outcomes include high production, with ongoing problems with affordability, location, tenure, and unit size, 
accessibility, in addition to inconsistent services and maintenance. 

3.2 Stage One: Data Gathering 
Ideological coding, a common approach in qualitative journalism research (Reynolds, 2019), is used to examine 
the "crisis" in the housing narrative by analyzing a relevant corpus that includes policies, laws, public speeches, 
media, advertisements, and broader public discourse from the selected housing timeline (Figure 3).  

Figure 3. CDA Framework  
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Stage one uses Johnny Saldaña’s four-step coding method (2015) for objective categorization and quantitative 
sorting, illustrating their collective influence on the narrative.: 

1. Pre-coding: Tag items by “crisis” and housing attributes, with date, outlet, genre, and era.

2. Holistic coding: Apply a single high-level code to clusters of texts to surface broad themes.

3. Descriptive coding: Record what is being said and written about problems, targets, and
instruments (law, finance, delivery, design). Organize categories from holistic coding into topic
families and subtopics to compare frequencies.

4. Value coding: Capture perspectives and stances (who speaks, who is validated, who is responsible
or victimized).

Excerpts are extracted from: 
• Newspapers and magazines: state outlets:  Al-Ahram, and Al-Gomhūrīya; private publications: Al-

Wafd and Al-Masry Al-Youm.

• Media: relevant films, YouTube videos, art, advertisements, and broadcast records.

• Governing Legislative Framework: Governmental material (policies, laws, presidential and
ministerial speeches, and press releases, constitutional and Institutional communications

To find relevant material, keywords such as “housing,” “housing crisis,” and “housing problem,” as well as 
their Arabic equivalents like (iskan), (Mushkilat Al-Masakin), (Azmat Al-Masakin), (Mushkilat Al-Iskan) and 
(masakin) were used.  
3.3 Stage Two: CDA of Data 
CDA reveals complex power relations shaping the housing narrative, using Fairclough's three-dimensional 
model of CDA (1992). Stage Two uses purposive sampling to select representative texts from each category 
and era identified in Stage One (Figure. 3). 

1. Text and Rhetoric Structure: Examines vocabulary, lexicalization, and rhetorical structure to
understand how language usage contributed to shaping housing policies and practices (Gastil,
1992).

2. Language Variations: Identify how different wordings influence the housing narrative and spatial
reality. Ambiguous terms lacking clear definitions can impact the perception with the narrative.

3. Discursive Practices: Analyzing how texts are produced, distributed, and consumed, along with
related social practices, housing policies, laws, and their impact on narratives, physical outcomes,
and social language (Jacobs & Manzi, 1996).

The linguistic analysis of the narrative will proceed using several tools according to Norman Fairclough’s 
CDA approach (1989, 1992, 1995, 2003): 

• Lexical choices: Choosing specific words over alternatives often signals an ideological stance.

• Assumptions: A hermeneutic layer examines how the meaning of a text or utterance relates to the
real-world situation. Fairclough categorizes them into the following:

- Existential assumptions: what already exists close to reality.

- Propositional assumptions: what is or can be or will be the case.

- Value assumptions: what is good or preferred.

• Metaphors: reflect specific discourses that are deeply embedded in cultures. Fairclough focuses
on lexical metaphors, where words transfer from one domain to another.
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• Dialogical Orientation: text engagement with different voices and perspectives, and how it relates
to real conditions. Done on five levels, from most to least dialogical: openness and exploration,
accentuation of difference, resolution of difference, bracketing of difference, and finally consensus
and normalization.

3.4 Limitations 
Excerpts used for analysis have limitations affecting generalizability. The sample size is limited to availability 
or information asymmetry, and reliance on self-reported data could bias results. Despite resource 
constraints, efforts included using Arabic and English keywords and manual collection. 

A note on Transliteration and Translation 

The transliteration system used is that of the International Journal of Middle East Studies (IJMES). 

4. Results and Discussion
4.1 Roadmap 
This chapter addresses the three research questions (RQ) by building upon the corpus and data-coding 
methods described in Chapter 3. It begins by mapping housing narrative categories and their frequencies 
from the 1940s up until 2023, as shown in Stage One. Then it analyzes excerpts using Fairclough’s model 
to link textual choices to discursive practices and housing outcomes. Finally, the selected excerpts from 
stage one are triangulated with data from the Central Agency for Public Mobilization and Statistics 
(CAPMAS) and prior studies. 

4.2 Stage One: Narrative and Numbers 
This section identifies narrative categories in 
Egypt’s “housing crisis” narrative for use in stage 
two, tracing how these categories emerge, 
disappear, are renamed, and are linguistically 
reworded across the timeline shown in Figure 1. 
Four main categories dominate the narrative: 1) 
population and Urbanization, 2) Role of the 
Government, 3) The Issue of Housing Crisis, and 4) 
Investment and the Private sector. 

In Stage One, the frequencies of housing categories are identified by era, resulting in a more nuanced, six-
era housing timeline derived from the narrative's conclusion (Figure 4). 

Era-by-era narrative categories 

1) Socialist Era (1956-1970)

Migration spikes and urban congestion due to population growth are described as a “crisis” (Figure 5). The 
State’s Role is stated as a centralized provision through rent control. The issue with housing is 
acknowledged, but is muted to serve the ongoing nationalist unified housing.  

2) Open Door Policy: New Urban Communities (1971-1981)

The issue with housing became a “housing crisis” in the official discourse, as rent distortion, “key money 
(khulw al-rijl)”, and early informality appeared. The role of the government shifted as it formally delegated 
housing development to the private sector. Investment talk surfaced through the Open-Door Policy. 
Population growth added pressure and became a core driver for the launch of new desert cities. 

3) Transition to Neoliberalism – New Town Policy (NTP) (1981-1993)

Figure 4. Housing Exclusive Timeline  

1443



Gamal, M.M. A Critical Discourse Analysis of Egypt’s Housing 
Narratives 

The housing crisis was a growing issue in the narrative. Population growth resulted in infrastructure strain 
on the city of Cairo leading to urbanization of the desert through the NTP. The role of government was 
constrained as the private sector had increased provision. Investment talk rose as the market shifted to 
private sector provision. 

4) Transition to Neoliberalism: Desert Land Provision Era (1993-2011)

The role of the government shifted to become a land provider for developers to build. The urbanization of 
the desert remains prominent with the commencement of new desert cities. The housing crisis worsened 
as privatized projects served the elite, causing affordability issues, increased informality, and infrastructure 
decline, leading to "ghost" cities.” Investment and financialization grew in complexity with the privatization 
of the housing provision. 

5) New Republic Era: Post January Transition

Revolution and liberation appeared as a hopeful tone of change. The role of the government shifted with 
the creation of the Social Housing Project (SHP) delivered by the military engineering arm. The housing 
crisis peaked with increased awareness, especially after removing population growth from the narrative. 
Economic well-being was promoted to stabilize the economy. 

6) New Republic: Mega Infrastructure Financed Projects

Doubling the urban area by turning NTP into mega-investment projects. The role of the government 
reasserted itself in the market through bulk delivery of real estate units.  The Issue with Housing downplays 
the “crisis” in the narrative, despite ongoing concerns about affordability and availability. Private-Public 
cooperation was a normalized delivery mode.  

4.3 Narrative Statistics 
Stage one of CDA examines how hegemonic 
forces influenced the housing narrative 
resulting in six distinct political eras, as shown 
in Figure 4 and Table 1. Stage One results 
explain that shifts in political ideology have 
altered the narrative's categorization 
(Reynolds, 2019). Tracking topic frequencies 
by decade highlights how Egypt’s housing 
narrative has shifted across different political 
and economic regimes.  

Answer to RQ1: The differences between 
eras show clear links between language, 
political ideas, and the roles of institutions. 
Egypt’s housing narrative shifts from welfare 
provision to population-driven “crisis”, to 
neoliberal marketization and New Republic 
mega-projects. Each shift redefines “crisis”, means of population and migration, the state’s role, and 
investment approaches across the housing timeline (Table 1).  

4.4 Stage two: CDA 
Codification of excerpts guides stage two, combines power against discursive practices, and exposes 
linguistic shifts in the narrative. Each extracted category is examined chronologically through the nuanced 
housing timeline, measuring the narrative's impact on reality and revealing embedded power ideologies in 

Table 1. Frequency matrix of narrative categories across eras. 

Narrative Categories Frequency Distribution across eras  

Categories Sub-Categories  (1950-1970) (1970-1981) 
(1981-1993) (1993-2011) 

(2011-
2014) 

(2014-
2023 

Population and 
Urbanization 

Population Growth  

32% 7% 29% 25% - 13% 
Urbanization of the 
Dessert 

Doubling the Total Urban 
Area 

The Role of the 
Government 

The Role of the 
Government 45% 36% 25% 17% 18% 38% 

Housing Crisis 

The Issue of housing 
23% 52% 38% 51% 55% 27% 

The Housing Crisis

Investment (Private 
Sector)

Investment (Private 
Sector)  

- 5% 8% 8% 18% 23% 
Economy Wellbeing  
Private-Public 
Cooperation

Revolution and 
Liberation 

Revolution and Liberation - - - - 9% -
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housing crises. Excerpts are read through three lenses, (i) text and rhetoric, (ii) Lexical variations and 
metaphors, (iii) discursive and practices, and compared to actual situations. Discussed through: 

1. Narrative of numbers

Introduces housing discourse into dialogue with discursive practices, showing how “crisis” aligns
with, diverges from, or has no relation to statistical data.

2. Narrative and reality

The housing narrative in Egypt interacts with reality in three ways: it can reflect, construct, or
disconnect from what's happening on the ground.

Population and Urbanization 

Socialist Egypt’s housing narrative connects 
population growth to two issues: internal 
migration and urban congestion. In the 
1950s–60s, urgent warnings described how 
Cairo is suffering from "illness" due to 
migration and crowding. However, in the 
present (2014-2023), the government 
adopted achievement-driven policies to 
“urbanize the desert” and “double the urban 
area.” Early excerpts warned of migration to 
Cairo and congestion of the city, while recent 
ones celebrated rapid housing production to 
support the increase in population. Although 
both Cairo’s growth and migration rates 
declined after the mid-1970s, congestion 
remains a strong driver of desert expansion 
in the narrative, even as demographic 
pressures have lessened (Figure 5). Even as both population growth and migration slow dramatically, terms like 
“suffocating (takhtank)” and “kills (taktol)” remain as a support for desert development projects and reinforce 
state authority, reflecting Mitchell’s argument that housing consolidates power (2002). 
Role of the Government 

Early housing policy focused on general nationalism. Between the 1970s and 90s, the discourse shifted to more 
managerial terms such as “efficiency” and “cost recovery.” From 2014 to 2023, excerpts focused on achievement 
tone, mass housing production, and promoting a “decent life (Hayah Kareema)”. State provision decreased, then 
rose again after 2014, but with a developer identity. However, by 2017, new housing projects released were 
unable to fulfill needs in terms of accessibility, tenure, or even price, leaving more units vacant (Abdelwahed 
and Hanafy, 2020) (Figure 5). Ministries and real estate developers often present a united front, but claims of 
control and production frequently surpass actual improvements in housing allocation, affordability, and civil 
services. The state's role shifted from a monopoly to a regulator, a partner, and finally a market participant. 

The Issue with Housing 

Over time, the housing issue has undergone several discursive shifts: in the 1960s, it was framed as a crisis; 
during neoliberalism, it became a matter of distribution and expansion; by the late 1990s, it was redefined as an 
infrastructure failure. Urgent language usage, like "catastrophe (moseeba)," moral loss, and concern for youth, 
became common, while blaming other “uncontrollable” factors, such as migration or informality, were used to 
rationalize ongoing problems. Later in the New Republic period, the narrative shifted towards achievement and 
investment. Crisis rhetoric increased with policy changes and disappeared when major projects were highlighted 
(Table 1). Therefore, "crisis" gradually loses its true meaning; instead, it becomes a metaphor for power, 
prominent at times of political need and receding as achievements are emphasized. 

Figure 5.Cairo’s Population Annual Growth Rate and
Internal Immigration Source: UNDP and CAPMAS
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Investment 

Since the 1970s, investment and 
ownership language with the use of 
statements such as “ownership (tamlik)” 
and “build your house (ebny beitak)” 
schemes, to justify developing exclusive 
compounds and an open real estate 
market in the New Republic. Housing is 
now viewed as both an asset and a means 
of social inclusion. Causing formal private 
housing supply to grow and informal or 
self-built homes to meet demand. On the 
other hand, Private Public Partnerships 
are increasing investments while raising 
prices, creating affordability problems, 
vacancies, and a market that excludes the 
majority in need, despite the increased 
supply shown in 2017 (figure 6). 

4.5 Discussion 
CDA of Egypt’s housing narrative concludes three key findings: 1) a more nuanced housing-exclusive 
timeline, 2) the image of control being more important than the actual means of control, 3) the housing 
“crisis” acting as a metaphor for power.  

Housing Timeline 

The housing-exclusive timeline allows comparison of the data in the narrative over time and shows the 
impact of government, ministry leadership changes, legislative developments, and evolving housing 
narratives. Mitchell (2002) suggests that laws and policies often mask the real intentions and act as tools 
for control. CDA reveals rooted power dynamics and ideological differences, highlighting the need to 
uncover housing beyond political terms. Using the six-phase discourse timeline, rather than popular 
presidential periods, better explains shifts in the housing narrative.  

Image of control 

The state builds a narrative of control by moving from directly providing housing to projecting an image of 
control over the housing sector. CDA and statistical data show that such narratives exaggerate to justify 
interventions. In the 2020s, the narrative of “double urbanized land” led to the development of newer 
cities around Greater Cairo, yet the issues 
persist. The narrative has shifted again from 
crisis to control, focusing on political goals 
instead of addressing demographic realities. 
Control has shifted from a state-led model to 
liberalized and then to more privatized roles, 
mirroring changes in ideology and power. 
Making the image of control more dominant 
than control itself. 

Housing “crisis” as a metaphor for power 

The “crisis” narrative, while meaningful, can 
distort reality for ideological purposes 

Figure 7. Government Completed Units Vs. Units delivered. 
(CAPMAS) 

Figure 6. Housing Provision in cairo vs Tenure Source: CAPMAS 
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(Roitman, 2013). Egypt’s housing “crisis” shifted in meaning, reflecting political interests, but far from 
reality. As Roitman mentions, “crisis” is used as a metaphor over time but often serves as a tool for shaping 
perceptions of housing, policies, and social order. The shifting definitions add pressure while legitimizing 
control, as they become less closely tied to reality. Figure 6 displays housing tenure in Cairo, showing that 
nearly 9 million units were vacant by 2017 (CAPMAS, 2017), suggesting that the core problem is not a lack 
of supply but a distribution issue. Figure 7 illustrates another gap between the announced and delivered 
numbers of housing units by the state. In this case, the sense of emergency in the “crisis” narrative does 
not align with reality. Therefore, this portrays “housing crisis” as a metaphor that establishes a political 
construct rather than neutrally representing housing realities.  

Answer to RQ2: The “housing crisis” is a political construct. This triangulation with numbers (CAPMAS) 
reveals that the crisis struggles to align with reality, as it diverges from it, creating an illusion of control. 
The metaphor further demonstrates how language constructs our perception of reality (Van Dijk, 1997). CDA 
reveals how popular housing discourse in Egypt, driven by political and economic interests, mobilizes 
“crisis” as a metaphor that affects both the situation and its image, surpassing public needs and broader 
concerns about quality of life. 

4.6 CDA for Practice 
For practitioners, CDA provides an analytical lens to 
examine how planning documents, speeches, and media 
campaigns frame housing problems and solutions. It can 
be incorporated into planning practice to: (1) reveal how 
power operates through day-to-day planning language, (2) 
support a more inclusive urban reality, (3) inform 
evidence-based policy design that is sensitive to language, 
and (4) align spatial interventions for cities to absorb such 
discursive shifts. 

Answer to RQ3: This CDA framework bridges policy and 
experience by aligning officials’ narratives with people’s 
realities, helping designers, policymakers, and decision-
makers build their messages and interventions for more 
effective contextualized outcomes to uplift the quality of 
life and support urban resilience. 

5. Conclusion
5.1 Final Thoughts 
The framework used for CDA that combines Foucault’s approach of power analysis and Fairclough’s model 
reveals frequent gaps between narrative claims and reality. Metaphors and lexical choices show how political 
and economic ideologies shape perceptions of Egypt’s housing reality. In Egypt, the financialization of housing 
means homes are viewed by both people and the state as investment assets rather than shelter. This CDA 
framework application, through the housing exclusive timeline, illustrates how the “crisis” narrative 
justifies this shift, projecting control while masking its weak links. The analysis concludes that the 'housing 
crisis' is a political construct, illustrated by three main findings: a housing-specific timeline, the image of control 
outweighing actual control, and the use of crisis as a metaphor for power and control (Figure 8). These are 
concluded in four narrative categories: population growth, government roles, housing challenges, and 
investment. In conclusion, the housing narrative reflects competing power ideologies. Therefore, housing 
cannot be read solely as design, policy, or law; it should be analyzed sociologically to grasp its consequences 
for everyday quality of life and the resilience of urban futures.  

Figure 8. CDA findings 
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5.2 Recommendations for future work 
This research rejects framing Egypt's "housing crisis" as an isolated problem and instead highlights the 
social, political, and economic dynamics that influence housing. It recommends the use of Critical Discourse 
Analysis to examine how housing narratives address these factors for a more inclusive perspective. Finally, 
the study's housing timeline offers a new scholarly framework for analyzing the housing narrative in Egypt. 
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Abstract

This study examines the “Khrushchev-style” industrial heritage residential areas in Northeast
China, important relics of the 1950s’ “156 Projects” heavy-industry company towns. It addresses
the core dilemma of the heritage’s “protective decay,” catalyzed by loss of productive functions,
severe restrictions of conserved heritage, and neglected non-material value, which impedes
development. By utilizing Lefebvre’s theory of “production of space,” it analyzes the real nature
of the problems—loss of coherence in “representations of space,” “lived space” and “spaces of
representation” —and proposes solutions, including “ flexible functional transformation” and
“conservation-utilization” dualism and a suitable governance model of “national legal principles
+ local implementation laws + community self-governance agreements.”
The effectiveness of pilot studies in the practice of the Harbin Flax Factory and HAMC residential
areas proved effective: the former led to resident satisfaction raising to 79% through functional
re-equipping, while the latter has preserved industrial cultural value in digital form. The study
provides a replicable theoretical and practical paradigm for housing heritage of industrial towns
heritage facilitating conservation and social development.

Keywords

Khrushchev-style industrial heritage, Residential areas, Lefebvre’s "production of space" theory,
Flexible conservation

1. Introduction
In the later industrialisation of socialist states after the second world war, company towns appeared

as a typical model of development. These were typified by a coherent “factory-residence” structural
framework of urban space whereby both industrial production facilities and residential neighbourhoods
were supplied for use by the industrial workforce. These industrial areas were therefore estranged from
conventional industrial heritage. The conservation of company towns poses many problems. As company
towns are founded on the basis of the superior utility of production, the factories have lost their
warehousable functions following the transference to other states or closure of the units concerned
following the upgrading of the industrial organisation. The need to reconstruct the physical fabric of
industrial areas therefore clashes with the conservation principle of “ leaving all originally” either as
physical or cultural assets. Moreover, as the intangible assets embodied in the form of workers collective
memories and cultural worker identity, are neglected, the meaning of value of the heritage becomes
fragmented, leading to many conflicting opinion on the nature of meaning, making its appreciation and
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co-operative management and expected advantage difficult. Thus the areas are said to be in a state of
‘protective decay’ and the neighbourhood is wandering about (He and Zhou 2015)

The ‘Khrushchev-style’ red-brick residential areas in Northeast China, are of great importance relics
of the heavy-industry company towns founded through the Speeding Conversion of the Dow Process of
the ‘156 Projects’ in the 1950s. They were built on the architectural design base of standardness of the
red brick system, leading to satisfactory fabric. The towns were useful units to provide accommodation
for the general need of rapidity in building, also utilizing the Soviet developments in the field of territorial
industrial housing. These constructions were valuable forms of physical buildings and served not the least
as important features in the historical databooks of Sino-Soviet Industry. They would form a vital portion
of the ‘production-living’ supporting structure in the industrial plant built in Northeast China, providing
not only a physical staff accommodation, but also acting as representations of workers culturally valuable
memories outside the industrial plant. These areas were concerned transformation of the Northeast from
agricultural to industrial region, and embodied the various pieces of intermediates between industrial
production and human value and social living in the critical circles of work in these particular historically
interesting areas(Jin 2021). These days, however the search for these specific spaces and importance of
interviews is especially helpful, as they are in mortal danger of being lost completely through decay
values on the atomic level, friendliness and companionship.

Presently, the preservation and utilization of industrial heritage has become a major challenge for
urban developmentt (Verdini, Wang et al. 2016). Preservation ensures the maintenance of historical
memory and contributes to the development of cultural industries, while rational utilization can
stimulate the impetus for economic transformation and social development in urban-rural fringe
areas(Nilson and Thorell 2018). This challenge is complicated by the process of urbanization in
China(Wang 2016).

Studies show that financing and policy is the main bottleneck(Han and Zhang 2022). The lack of
finance is the most serious bottleneck, which is in need of a realization of possible methods and financing
tools for reconstruction and reuse of projects of re-use(De Broekert 2022). Because of "the high costs of
restoration and the limited market value" by the private sector little interest is generally taken(Dell'Ovo,
Bassani et al. 2020). The "limited support of public actors" has other worsened this situation of funding
difficulty(Merciu, Merciu et al. 2017). Formally, at the level of policy, reconstruction and reuse of
industrial heritage demands the targeted city of organizational policy to eliminate the homogenous
manifestations of function in cities(Meng and Qi 2020). The scarcity of manifested policy in function
sectors can result in the collapse of local economic structures in the revival of industrial
brownfields(Sroka 2019). The formal aspect of the legal regime constitutes an essential securing
instrumentally to ensure the proper scientific basis for policy and decisionmaking, whether as to the
character of implied persons in the projects, of preservation levels and to be included contexts as
planned(Wen, Bei et al. 2021)(Xiang-guang and Jiang 2017).

In terms of solutions, previous research has mainly explored the upgrading of urban-rural fringe
areas (Gan, Chen et al. 2024), while the adaptive pomp of industrial heritage into museums, cultural
parks and creative spaces has become an mainstream way of reuse in China(Han and Zhang 2022).
Authors are calling for more attention to changing industrial heritage into infrastructure, especially for
residential (Gyurkovich and Gyurkovich 2021). Projects like these can further take advantage of low land
prices, residential inclusivity etc. to garner residents for avoiding "gentrification(Glumac and Islam
2020)(Dong and Jin 2021). In contrast, government strategies that develop industrial heritage into tourist
destinations by relying on cultural brands tend to be disconnected from people’s daily lives(Hoekstra
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2020), Of great importance too, opportunity should also be given to developments in "real estate-
oriented" eufunction(Meng and Qi 2020).

Most of the explored themes in the existing literature address specific occasions or comparable
narrow as well as occasional issues today only, and don’t often touch upon the need for a more far-
range theorhetical analysis of the real etiology of the evils in "factory-residence integrated" heritage.
Looking specifically at the housing estate of so-called "Khruchov-style" residential estates in China’s
Northern East, gives just sweet impetus to work forward with that main theoretical interpretation, using
Lefebre’s conception of "the production of space" to develop own adapted strategies with such notions
as "Flexible functional transformation" and the "conservation-usage double framework" as well as the
strategy of governance told in its comprehension of "National enactment zones+local enactment
rules+community self-governance agreements," as aiming as such not only the balanced reproduction
itself of industrial heritage modernly be it, but more general towards social development also.

2. Methodology
In the framework of Henri Lefebvre's theory of the "production of space", the importance of space

derives from its relationship with social practice: "As soon as we are again at the nodal point of a certain
(spatial and semiotic) social practice, the notion of space acquires a sense. Space then re-enters material
production: the production of commodities, the production of objects for exchange: clothes, furniture,
houses or lodging. Production is governed by necessity". This notion represents an essential instrument in
the analysis of the contradictions inherent in the conservation of industrial heritage. The public
experience of the industrial heritage is different from that of the orthodox heritage of churches and
palaces. What is at stake is the fact that whereas the orthodox heritage was originally produced as an
integrated production idea, the orthodox heritage has, in its very essence, a "visitation" end in view, the
historical artefact can be redefined from the functional point of view, in conservation terms, and the
historical dwelling-house can be reused by being packed up with urban functions. Even if these resorts
should become "historical monuments" (they do), the spatial notion adheres to its place, so to speak, in
the social production system.

Figure 1. The dilemma of protecting this type of heritage in the context of Lefebvre. Source: Created by the
author
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Nevertheless, the maintenance and sustainability of industrial heritage, especially if it is grounded in
industrial towns, is subject to intrinsic limitations. Tthe very reason for the location and building types in
which an industrial town has developed is derived from the perspectives of convenience and economy in
production, especially from a low rent of land point of view. Therefore, even if the urban growth should
include the industrial towns, the towns find themselves so far from accessibility, among inhospitable
surroundings, that they in the future will naturally be of low economic value and will be prejudiced in
their tendencies towards development into monumental spaces. In a discussion of the "body-
spatialization" of Lefebvre one gets a better insight into this when he says: ‘As a 'machine' the body-
spatialization has two aspects: (a) the motor - being supplied with energy - in this case with the supply of
food and of the energy which supplies’. ‘(b) The delicate, small, slight energies (materials of the senses)’.
Thus the death of the monuments of industrial heritage and their ‘protective decayism" are inherently
due to the questions of lacking the centre of their “productive energy" and a whole change in their
metabolic model or plan. The closing down of factories and production from them effectually means that
they lose the ‘energy supply’ as well as the ‘material of the senses’, and places them in an existential
conflict, or quandary (Figure 1).

This fact will further assist in allowing us to appreciate why the principle of the Nizhny Tagil Charter
for the Industrial Heritage: —"Conservation of the industrial heritage will depend upon the state of
conservation of functional integrity, inasmuch as all changes affecting an industrial site should aim at the
preservation of this to the utmost possible extent" — is hardly applicable for industrial towns
conservation. It can be pointed out that from a theoretical excursion after the sense of Lefebvre the
"functional integrity" of the industrial towns will be based upon integration of "production and living".
The moment production ceases i.e., the thermic state is non-productive as well, it gets out of harmony
with the logic of an eternal existence anymore.

As an example of its industrial heritage residential areas, look to the "Khrushchev" industrial legacy
residential areas built in Heilongjiang Province in Northeast China in the 1950s. Built with standardized
red-brick forms and compactness of planning to facilitate rapid growth, these residential areas directly
serviced the daily living and transit patterns of the workers. The workers traveled from their residential
areas to the nearby factories and returned to the community for the daily family life, creating a spatial
practice model of tightly integrated "production and living." This practice originated from the official
understanding of the term "industrial supporting space" in some specific historical period. The official
understanding was governed by the theoretical thinking on Soviet industrial housing concepts; the state
thus designed these residential areas as "auxiliary carriers for industrial production," that is, limiting their
basic value to that of "solving the needs of the workers in housing," in a way making design and
construction and management for that sole purpose, without allowing space to have any meaning of a
social and cultural kind. A one-sided representation of space of this kind, which necessarily adapted itself
to the needs of the rapid industrialization of the time, was the soil which nourished the growth of spatial
values of a one-sided and irregular distribution.

Such industrial heritage, however in practice has to face one of two typical dilemmas. (1) That when
factories continue the industrial production, the aging residential development has become unrelated to
the development of the region itself, and therefore are turned into "development depressions." (2) That
such as Flax Factory accommodation places, even when integrated into the city, that these residential
space will still remain as separated from the original relationships of the production space, will only be
used for the exists the low-purchasing of space of housing development, used in such a way as such areas
will remain relatively untouched as great undeveloped and vacuous spaces.
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There’s Lefebvre’s theoretical tool yet again, this time with a solution: the dilemma is rooted in the
disarticulation of the three types of “production of space”-(1) representations of space, (2) spatial
practices, (3) spaces of representation—and its resolution is to restore their dialectical unity. It is in the
first place not realistic to say that industrial heritage is preserved in its original form—the working-age
population of the workers and the factories are objective realities. Renovations of the homes of workers
are quite legitimate. But we must get beyond the narrow view of industrial heritage as merely “historical
evidence of industry” and sense the variousness of such elements as they become in reality “places for
the living activity of the community” and as “vehicles for cultural heritage,” with digital preservation of
the intangible culture being pre-eminent: but this latter requires another kind of producing of
representations of space than that of single-material conservation, and should place such values as those
of the community interests of the workers and their rights in culture in the centre.

This implies the working over themselves of the residents as subjects of the spatial practice referred
to above: to take a specific example, a working-over of functionless space into “shared workshops of the
community in common” while necessarily being careful to preserve its historic elements in order to
satisfy mankind’s present-day demands for intercourse from food to cultural production,
intergenerationally, from the adult to the child. This would make the erstwhile residents of the space
“active producers” instead of passive recipients of the space, so that that connection of space with life
that all of us dimly feel possible can once more be re-established.

In conclusion, by conducting analysis and providing solutions on the basis of Lefebvre’s theory, not
only is clarified the logic of formation of the "Khrushchev-style" industrial spaces in Northeast China, but
also indicated is the way to reconstruct the spatial value. The three spheres of remoulding of
representations of space, of activating the spatial practice and of the protection of spaces of
representation may be recombined into one another, which gives the opportunity to the industrial
heritage residential areas, to keep alive the historical memory together with the vitality of the
contemporary life of the communities and of the transmission of culture.

3. Policy Innovation Paths and Practical Verification: A Case Study of Relevant
Neighborhoods in Harbin
3.1. Selection and Basic Conditions of the heritage case

The present study selects the “ Khrushchev-style” residential area of Harbin Flax Factory and
employee residential area of Harbin Aircraft Manufacturing Corporation as the core pilot area sites,
which is the “ Flax Factory Dormitory Block” and the “Harbin Aircraft Industry Group Dormitory
Block”. Both are typical relics of the industrial company towns of northeast China of the 1950s, but they
have different dilemmas actually for the reasons of the location and community characteristics-
determined policy innovation experiment practices (He and Zhou 2015).(Figure 2) (Figure 2) Also, the two
blocks presently are under protection as historical heritage area according to relevant laws.(Figure 3,4)
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Figure 2. Cases location. Source: Created by the author

Figure 3. Flax Factory Dormitory Block. The right side is a bird's-eye view from 1959. Source: Created by the
author

Figure 4. Harbin Aircraft Industry Group Dormitory Block. The right side is a bird's-eye view from 1959.
Source: Created by the author
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Figure 5. Current blocks condition.Source: Created by the author

The Harbin Flax Factory Residential Area is located in Xiangfang District, adjacent to the city’s core
area. As supporting housing for the Soviet-aided flax factory during the "First Five-Year Plan" period, it
currently retains 42 red-brick buildings, with residents mainly consisting of retired workers and their
families, and an aging rate of 63%. Its core contradiction lies in the imbalance between "location
advantages and spatial decline": while urban expansion has integrated the neighborhood into the main
urban area, it only exists as a low-grade residential area. Moreover, 38% of the buildings have safety
hazards such as wall cracks and rusted pipelines, and there is a lack of elderly-friendly facilities, leading to
an urgent demand from residents for living environment improvement(Figure 5). Additionally,
representative spaces carrying "red industrial memories" in the area. Such as the flax factory workers’
club and the Soviet experts’ building(Jin 2021)-face the risk of demolition due to funding shortages,
creating dual pressures of "heritage conservation and livelihood improvement".

The HAMC staff living area is in the Pingfang District (the suburban part of the city), and it is a
residential area for the aviation industry with 19 buildings still remaining. Its inmates are for the most
part employees of the HAMC, present and past. Realizing the dependence of the environment upon the
factory for its development, it has become a region of "depression in service," owing to the influx of a
considerable number of new residences in the neighborhood. Low prices for land in the neighborhood,
insufficient facilities for support, and the unwillingness of social capital to invest in it can all be given as
reasons for the fact the new allegance has not resulted in an influx of new inhabitants There will result a
loss of industrial culture because there are no means for the security of protection, and consequently the
heritage inheritance stands a chance of dissipation.

3.2. Testing of Innovative Provisions

To solve the problems of these two communities, the research group cooperated with the Harbin
Municipal Bureau of Cultural Relics, the Housing and Urban-Rural Development Bureau, community
neighborhood committees, etc. to develop special provisions such as "flexible hierarchical protection"
and "cultural and compatible regeneration". In this way, it broke the bottleneck, and adopted the "core
conservation + flexible utilization" approach, that is, "sort out the architectural body and cultural
characteristics that need protection, highlight the "bottom line" of "not to destroy the architectural style,
not to lose cultural memory", and then divide the conservation level in accordance with the legal
framework"(Wen, Bei et al. 2021).

For the Harbin Flax Factory Residential Area, a "functional replacement - cultural compensation"
mechanism was implemented to resolve the rigid constraint of "not altering the original state" stipulated
in the Cultural Relics Protection Law. Three red-brick buildings with intact structures but degraded
residential functions were designated as "flexible utilization zones". While preserving core features such
as their appearance, roofs, and walls, the interiors were transformed into "Industrial Memory Shared
Workshops": the first floor was set as a flax textile craft exhibition area, with proceeds from handicraft
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sales used to supplement community funds(De Broekert 2022); the concept of sustainable
intergenerational socialization space was implemented on the second floor. Due to the demands of
retired workers for leisure and childcare services and the aim of opening up the gap for the attraction of
new residents. Public space was opened to the public a weekend space for spatial renewal. For the
building of Soviet experts, the strategy of "micro-renovation" was employed: characteristic elements such
as sloping roofs, wooden windows were preserved. Only the kitchens, baths and pipes were renovated,
while a balance was kept between the style of the historical and quality of life.

For the HAMC Employee Living Area, a "cultural conservation - spatial utilization" framework was
established. Priority was given to preserving industrial oral history through digital means to safeguard the
value of representative spaces(Xiang-guang and Jiang 2017). Then, leveraging the advantage of low land
prices(Glumac and Islam 2020), surplus community spaces were used to build sports facilities and a
university for the elderly, supplementing the shortage of social services and attracting people to avoid
"protective decay".

3.3. Evaluation of Pilot Effects

From the perspective of improved residential environment and improved livelihood, the two
communities achieved remarkable effects after the renovation. In the Harbin Ling Factory Residential
Areas, elderly residents’ average daily activity time increased by 1.52 hours, and the child care service
solved the problem of raising children for 32 dual-income families (Figure 6). After the micro-renovation
of buildings, safety hazards such as water seepage and aging circuits were eliminated at a rate of 100%,
and residents ’ satisfaction with the “living environment” increased from 35% to 79%. For the HAMC
Employee Living Area, the improvement of supporting facilities revitalized the neighborhood. A
preliminary oral history database had been set up, reducing the risk of interruption in the inheritance of
industrial cultural heritage.

From the perspective of policy verification, the provisions of "flexible hierarchical conservation" and
"culturally compatible regeneration" have effectively balanced conservation and development: they not
only avoided the rigidity of "single-material conservation"(Meng and Qi 2020) but also prevented the
tendency of "real estate-oriented development". Approaches such as "functional replacement" and
"micro-renovation" have also confirmed the inclusiveness of transforming industrial heritage into
infrastructure(Dong and Jin 2021), providing a replicable practical model for the conservation of similar
industrial heritage.
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Figure 6. After the pilot, the situation has improved significantly. Source: Created by the author

4. Conclusion
The study examines the Northeast China "Khrushchyovka" industrial heritage residential areas with

Lefebvre's "production of space" theory applied to the pilot practices in the residential areas of the
Harbin Flax Factory and Harbin Aviation Machine Works (HAMC). The main conclusion reached is that the
"protective decay" of those heritage sites results from the fragmentation of their representations of
space, spatial practices and spaces of representation which the struggle to reconstruct in a dialectical
unity of the three problems solved will resolve.

The pilot projects have confirmed the viability of the "flexible hierarchical conservation" and
"culturally compatible regeneration" strategies. For example, at Harbin Flax Factory, the functional
substitution strategy increased residents' satisfaction in the neighbourhood to 79% and eliminated
dangers from dangerous buildings; at HAMC, digital techniques were employed to conserve cultural
values and to invigorate the vitality of the community. These results show that a transformation
conducive to the people's living is more advantageous to the balance between conservation and
development. Further, the study proposes a governance model of "national principles of law + local
implementing rules + community self-governance agreements", which makes up an absence in the
existing policies.

This research offers a theoretical framework and practical model for the preservation of industrial
town heritage, and the pilot practice can be promoted to industrial heritage sites with similar
characteristics in Northeast China. In the future, in-depth research can also be carried out on the further
integration of digital technology conservation means and community self-governance mechanisms, in
order to promote the sustainable development of such heritage.
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Abstract 

Historic cities such as post-Roman Damascus and Makkah did not emerge from centralized planning but from 

centuries of accretive development. Their dendritic structure unfolded incrementally, with spatial hierarchies 

that were driven by social relationships as well as environmental conditions. Each unit possessed a degree 

of familial autonomy while remaining interdependent, creating the clustered form, as well as the need to follow 

water into and out of the neighborhood, resulting in the unique and varied patterns of 

these cities. While sometimes counterintuitive, this logic can be applied to planning tools such as parcel limits, 

access hierarchies, and other subdivision regulations allowing them to be generative rather than restrictive, 

enabling development to evolve in response to lived needs, climate, and natural systems.  

This paper proposes a model subdivision ordinance for development of Gulf cities, as well as other places that 

would benefit from this model, that draws from the spatial intelligence of these historic precedents. Rather than 

relying on conventional, centralized planning or nostalgic historicism, it repositions incremental urbanism as a 

dynamic planning tool capable of shaping walkable, meaningful, community-driven urban form aligned with the 

region’s cultural and environmental context.  This paper provides specific direction for the establishment of these 

model ordinances, including direct applications related to current suburban subdivision regulations, providing a 

legal basis for the model ordinance.  

The proposed ordinance includes a tiered street hierarchy, regulated parcel envelopes, and managed 

aggregation - enabling adaptation over time while supporting both density and diversity. It offers municipalities 

and developers a framework for guiding bottom-up development, marking a fundamental shift away from 

conventional, top-down land-use planning.  

To support this model, central Makkah is presented as a case study, rigorously examining the core characteristics 

of its historic development patterns, from parcels and clusters to neighborhoods and districts. The analysis 

defines these units, their anchors, aggregation scales, land areas, and the street types that connect them. This is 

paired with a qualitative reading of traditional community patterns, focused on compactness and a sense of 

belonging, as well as a quantitative analysis of the resulting outcomes. The resulting metrics inform a series of 

implementation studies in which emerging urban characteristics mirror the cellular composition of pre-modern 

Arabian cities. The following describes an incremental approach to the redevelopment and growth of cities in 

spatial, economic, and regulatory structure. 

Keywords 

Incremental, Subdivision, Land-Use, Organic, Adaptability, Walkability 
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1. Incremental Cities
1.1. Introduction 

As we wander through old city streets, we often find that these places are generally walkable, diverse, and 

varied. We experience these observations directly as we engage with our physical surroundings. These 

wanderings seem to generally elicit the same question; “Why can’t we make places like this today?”. The answer 

is not one of historic character, authenticity, preservation, or materiality. It is, rather, found in the process of 

subdivision regulation and the actions through which these cities have been developed. The common 

characteristic to these places is their incremental development. They grew out of many decisions made over 

long periods of time. In the absence of projected use distribution, varied uses emerged in seemingly haphazard 

patterns.  

Incrementally developed urban spaces that are walkable, beautiful, and vibrant exist throughout the world 

in many different forms, densities, styles, and varying states of rehabilitation. We see this in some of the 

most rigidly planned cities, like 

Manhattan, or cities without a 

centralized plan, like Paris. What 

consistently sets them apart from 

master-planned communities that 

unfold over short periods of time is 

the nature of their evolution: they 

grow parcel by parcel, with each 

addition shaped by independent 

decision points, allowing it to 

adapt, diversify, and respond 

directly to community needs over time. The additions can vary in area and frequency and be more, or less, 

consecutive, but the shared characteristic is that city growth occurs through the small projects. These 

projects are further positioned within a series of small, individual parcels that represent the fundamental 

subdivision of the city, the physical layout of both the public and private realms.  Historically, whether more 

regular in pattern, as with the Roman town, or less regular, as seen in the Medieval city, the foundation of 

the planning process is the subdivision of land. In either instance, the increment of development—the 

subdivided parcel—was small. This seemingly arbitrary growth was true regardless of a centrally derived 

town plan or a city that grew by planning on the margins. 

2. The Organic
2.1. Understanding Organic 

There is an inherently flawed understanding of the term “organic” as it applies to the process through 

which cities are planned and developed. Organic can be understood in terms of form and growth. In form, 

organic is seen as ‘not orthogonal’; in growth, it is seen as occurring naturally in the absence of a central 

regulatory authority. But these two must not be equated. We cannot assume that development patterns 

that are curvilinear or irregular were developed incrementally. The development process—the operational 

subdivision of cities—is entirely distinct from the form the city takes. American suburbs, for example, are 

curvilinear and yet highly planned. And Manhattan, which was compositionally planned with rectilinear 

Figure 1 Fatih, Istanbul Aerial.  Source: Google Earth, 
earth.google.com/web/ 

Figure 2 Fatih Building 
Fabric (WAF, 2020) 
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forms and orthogonal streets, is operationally organic, 

in that it developed incrementally. A city may possess 

a proposed public framework as with Hippodamus’ 

Miletus, or not, as in the case of Chinon’s historic 

center, but neither is indicative of the level of 

incremental development intrinsic to expansion. 

In the development of cities, the operationally 

organic/incremental growth process is critical to 

making diverse, varied, interesting, adaptable places, 

while the compositionally organic is not.   

3. Planning as Subdivision
Contemporary planning almost always starts by projecting future uses across development areas, 

regardless of scale, and the current legal frameworks and conventions that support this process make it 

virtually impossible to change.  

Manhattan’s legal land-use and zoning plan (Figure 7 (left)) is a fundamental rebuke to the process that 

drove actual development over the past 200 years. The second plan (Figure 7 (right)) shows the individual 

use parcels and how development is a clear and compelling representation of an incremental growth 

pattern. It is a variation of use and an interpretation of building form. It is hard, if not impossible, to walk 

down any street on the island and think those vast areas were driven by one hand, with one overarching 

imposition of style, use, and execution. The city was clearly piecemealed together, against the backdrop of 

twenty-five-foot-wide parcels, minuscule increments of subdivision, developed over two centuries. In this 

sense, it is wholly operationally organic, growing through thousands of individual decisions.  

Figure 7 Projected zone use map (left) actual use distribution by parcel (right) (nyc.gov, ZOLA 2020) 

When the two maps are juxtaposed, the disparity is startling. They demonstrate the essential difference 

between the two methods for perceiving and driving the development of cities, and they represent the 

grim imposition of a system that legally precludes the emergence of places like Manhattan—or the Marais, 

Figure 3 Chinon Aerial. Source: Google Earth, 
earth.google.com/web/ 
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the Hamra, the French Concession, Chinon, or the thousands of other wonderful cities and towns from ever 

being allowed to materialize.  

Most of the world today isn’t built like these, but is comprised of disconnected cul-de-sac suburbs, business 

parks, destination retail, lifestyle centers, multifamily clusters, or some variation of all these things. This 

description is true in the Americas, Europe, Africa, the Middle East, Asia, and Australia. The vast majority 

of expanding cities, new towns, and redevelopment projects are not planned or designed to be 

incremental. Instead, they are developed with broad land-use plans that disconnect neighborhoods to 

ensure singularity of use. In most cases, they are organic in composition, with curved streets, but are 

inorganic in operation. 

4. Makkah
4.1. Islamic Arabic Structure 

Mekkah is at a pivotal moment of its history, where it looks to build on its rich history to from an optimal 

future. While it has been misguided, along with much of the world, by contemporary city planning 

methods, there still lies an opportunity to return to planning practices that support the historic layout of 

Arabic cities.  

But it will take time, effort, and an understanding of a planning process that will sometimes seem at odds 

with today’s ostensible best practices. 

As described so clearly by Stefano Bianca in Urban Form in the Arab World, 

“Perhaps the most significant social implication of Islam was the fact that the strength of its 

ritualized living patterns dispensed with the need for many formal institutions. Many 

administrative structures which are normally identified with cities - at least in Europe - did not 

develop, simply because the society had internalized its structuring constraints, which minimized 

the need for external controls. Its coercing mechanisms worked from within, so to speak, and 

needed little or no institutional support. Traditional Islamic cities had no municipalities comparable 

to those of the Western world, and the Crown and the Church in the institutional sense of Medieval 

Europe did not exist. Hence, the Muslim "res publica" was not the result of civil rights wrested from 

oppressive authorities but the outcome of the shared desire to follow certain religiously prescribed 

patterns of life which would hopefully provide man with peace and welfare in this world and 

salvation in the next world.” 

This has been lost in today’s Makkah. 

Makkah is regarded as the holiest city on earth, particularly the area circumscribed by the Haram, and must 

be treated differently and more reverentially than other cities. Makkah should be the best example of city-

building in the world, which will require stepping outside the conventions of city planning, development, 

and engineering.  We can look back to the transformation of Damascus, from a Roman City to a thriving 

center of Islam. Again, according to Bianca,  

“In the residential districts, the orthogonal grid layout of Roman streets was to be gradually 

transformed into a much more irregular pattern. This change relied on the fact that the street 

layout in the private quarters was no longer controlled by a central civic authority and that 

individual houses, for reasons of family links, social convenience or simply lack of space, tended to 

grow together into larger clusters which interrupted, privatized or simply swallowed the existing 

street network.” 
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Makkah is one of the very few places on earth 

where everyone is medieval again, in the best 

possible sense of the word.  If you are there, 

it is because you believe in the Islamic 

ontological order of the world.  We don’t 

have to create something that represents a 

sacred place, because everyone there 

already understands the sacred nature of the 

place.  It is this collective understanding that 

provides the authority for the incremental 

development pattern. The challenge is to 

make these sacred places manifest in the 

world.   

The following part of this report describes 

how we build neighborhoods around the 

home and aggregate growth from the underlying order of the religious authority, superseding the presence 

of a strong centralized municipal authority and planning process. And as a new model for future 

development, we will look at the process that led to the emergence of the informal settlements of Makkah.  

4.2 Islamic Structure 

The subdivision framework for the city, both in terms of organizing the existing city, and in developing the 

new areas of the city, is structured around the individual (person, parcel) as the fundamental element of 

creating the city. The individual parcel is aggregated into clusters or blocks that are small areas of 

community, whether families or just neighbors. And clusters and blocks are aggregated into 

neighborhoods. 

In this structure there is a mutually supportive relationship that incentivizes a type of development that 

aligns with the daily practices of the citizens, while providing an interesting urban context to visitors. With 

this simple system it is possible to facilitate a development process that aligns its future form with its 

historic form. 

4.3 Vision and Strategy for Transforming Makkah 

The vision for Makkah is to deepen the religious 

experience of the sanctuary through concerted 

development to greatly expand over planning time 

frames, empower families in the creation of 

the city, and improve the conditions of visitor and 

resident life.  

The strategy can be understood as a conceptual 

framework that guides decisions, policy, planning 

and the overall direction of the city’s growth.  It is 

also a deliberate process aimed at better physical, 

social, and economic outcomes. This is achieved 

through a continuous and granular projection of the 

future spatial structure. Unlike current planning 

methods, this strategy does not dictate exact 

Figure 8 - Incremental Subdivision and Use Distribution.  Source: 
Perkins&Will, Makkah Concept Plan. 

Figure 9 - Voronoi Tessellation Structure for Development Management 
Across Multiple Scales.  Source: Perkins&Will, Makkah Concept Plan. 
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locations or uses for future development. Rather it establishes a structure that enables development 

aligned with broader goals: individual led, planned on the margins, as opposed to emanating from a strong 

central planning authority.  

The urban structure is set up to be inherently adaptable, following historic city making patterns that have 

lasted, and adapted, over many centuries. The rich and varied city that emerges from the projection of this 

character reflects the places that both citizens and visitors revere  

The city as projected becomes the baseline against which all decisions are made. The proposed approach 

removes structure plans, land-use plans, and other comprehensive planning tools that often lead to 

unsuitable outcomes. The focus shifts away from what buildings and places are used for and toward how 

they are organized in space. 

6. Regulating Incremental Growth
6.1. Performative Subdivision Regulations Over Land-Use and Zoning 

In an Islamic city, neighborhoods take 

shape from groupings of clusters and 

blocks, developing their own character 

through the local mix of people and 

activities that exist within them. 

The system for setting up categories of 

development, based on scale, is derived 

from the development patterns and 

designations that already exist in both 

the planned and informal settlements.  

The plan simply reflects these naturally 

forming areas of organization and 

codifies them for efficiency of planning 

and management. 

It is important to understand that this codification supports the final form of the city, which is not currently 

true throughout the regulatory framework. 

Figure 11 - Cluster Structure.  Source: Perkins&Will, Makkah Concept Plan 
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The structure outlined in Figure 13 

should be viewed primarily as a way 

to organize and manage the 

development of the city not as an 

absolute projection of a particular 

future.   

The parcel is the unit of a single family 

and the building block for the cellular 

network. This is the point of 

departure for the subdivision 

regulations for the entire city, both 

for redevelopment as well as for 

newly developing areas. 

Shifting from conventional land-use planning, this simple system sets the parcel—the smallest unit of 

developable land—as the primary element of city building. This makes consolidation parcels into to city-

killing mega projects only possible through a rigorous process of variation. In this way the regulations, 

which ultimately have a greater impact on the form of the city than anything else, are incentivizing and 

directing development towards alignment with the original vision.  

The common approach for creating a regulatory framework that leads to the implementation of a vision is 

to over-regulate, to think about all the possible permutations of a city and attempt to either require or 

restrict, based on the desired outcome.  The idea that more regulation will lead to a more coherent and 

predictable outcome, is ineffective in guiding the growth and development of cities. There is a 

counterintuitive inverse relationship between the number of regulations and the consistency with which a 

place is ultimately formed.  

The plan here is to reduce the regulations to the simplest, most critical elements. This simplified ordinance 

makes it impossible to plan and develop a city that is a series of disconnected mega-projects. The outcomes 

will always be highly connected, walkable, diverse communities.  Without these principles in place, 

Makkah, nor any other city, will ever be the kind of place envisioned in the outcomes described for this 

project.   

Subdivision Regulations: 

Maximum Parcel Size 180 Square Meters 

Maximum Nine Parcels can front Street Type I 

A Block is comprised of a Maximum of 36 Parcels. 

Street Type I – 6 Meter Maximum R.O.W. 

Street Type II – 6 Meter Minimum, 9 Meter Maximum R.O.W. 

Street Type III – 9 Meter Minimum, 24 Meter Maximum R.O.W. 

Figure 1 - Performance Criteria for Parcel Size and Size Variations, Setting Up Limits 
for Development.  Source: Perkins&Will, Makkah Concept Plan. 
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The two examples in Figure 14 describe the physical outcomes 

resulting from the implementation of the plan’s subdivision 

regulations. The results include all the elements that are critical to 

the success of the city, while providing a regulatory framework that 

allows for adaptation and variation, creating the rich urban fabric 

that is absent in Makkah, but present in the world’s great cities. 

It is important to note that while the ordinance requires smaller 

individual parcels, it is entirely possible for a single developer to 

plan and develop an entire cluster or block, or even an entire 

neighborhood. The ordinance, however, precludes the 

development from becoming a disconnected, unwalkable, island in 

the city.  

There is nothing in this proposed framework that will inhibit 

developer activity, but it will provide assurance that new projects 

won’t detract from the overall character and performance of the 

city. This is not the case currently, as most new proposed 

developments are disconnected (surrounded by access roads in 

most cases) and completely disconnected from the adjacent city. 

This can also be tested at scale, as the two plans in Figures 15 and 16Figure 16 demonstrate.  They show 

varying levels of planned, projected development, which is developed incrementally, while maintaining an 

overall structural form, or as a more marginally planned, aggregated development process that results in 

something less regular. 

Both have the potential to become great places, neighborhoods, and districts, once populated with richly 

diverse buildings, residents, businesses, and cultural and public venues. They are simply providing the legal 

and spatial structure to facilitate these outcomes.   

Figure 2 - Variations on Subdivision Plans. 
Source: Perkins&Will, Makkah Concept Project. 

Figure 4 - Orthogonal Incremental Growth Example.  Source: 
Perkins&Will, Makkah Concept Plan. 

Figure 3 - Accretive Incremental Growth Example. Source: 
Perkins&Will, Makkah Concept Plan. 
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Figure 17 demonstrates the contrast between currently proposed projects in Makkah and the planning 

framework for the proposed subdivision ordinance.  Each of the following projects are a representation of 

the current proposals across the city: organized with a projection of land uses (residential, administration 

offices, government offices), an internally driven plan, access through main arterials or highways, and a 

complete lack of connection to future projects.  This is the default for conventional planning, supported by 

the initial question asked in each of these, ‘what is the land use’.   

The Al Sharashif Mountain project (Figure 17 - middle 

image) demonstrates every element of city design and 

planning that is detrimental to the future of Makkah. But 

it exists in its current form as a direct result of the 

development and planning criteria that are in place. As 

long as land-use and traffic demand are the first two 

elements of the planning process, the result will be these 

proposals.  

It is important to understand that someone who lives in 

this project will never be able to leave it on foot. It is 

impossible to walk to the next district. To illustrate the 

contrast between current mega-project development and 

the approach set forth in this report, the analysis in Figure 

18 demonstrates what would be included in the 

development area under the latter. 

Bawabat, if developed based on the parameters of this 

plan, would provide 19 districts, each with its own distinct 

character, and 186 neighborhoods with the potential to 

create unique identities for each.  

It would provide over 9,000 clusters of development, 

supporting community and family cohesion, and further 

providing a significant variety of places that aren’t 

planned or possible in the current Bawabat proposal. 

Over 85,000 parcels would be created, each of which 

represents an individual family, a family taking root in the 

city, building a future on the sacred land, and potentially 

tens of thousands of small businesses, supporting the 

community.  

At a very manageable 4.0 FAR, this represents over 50 

million square meters of development, a significant 

increase due to the efficiency and productive nature of 

the plan’s development pattern and regulations. 

In the proposed subdivision ordinance, the organizational planning platform precludes disconnected 

development. The projected boundaries between neighborhoods and districts don’t buffer, rather they 

connect. Each of the boundaries is a street. Not a road or a highway, but a street that is inhabitable, 

crossable.  

Figure 5 - Parcel aggregation categories and mega-project 
examples. Source: Perkins&Will, Makkah Concept Plan. 

Figure 6 - Bawabat development criteria. Source: 
Perkins&Will, Makkah Concept Plan. 
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It’s important to remember, as we plan the future of the city, that the boundary is the element of the city 

that gives political and structural presence to each place; a home, a park, a neighborhood, and that the 

fundamental purpose of a boundary is to bind together these elements of the city. A boundary, whether 

the wall between one and their neighbor, or the Haram is intended to bind two things together, to let each 

exist in its own way, with its own logic, but always bound together through the prior structure that is 

manifest in the legal subdivision of the city. 

 The proposed subdivision ordinance 

anticipates this and provides a way to 

manage development without dictating 

ultimate form and use. There is no 

scenario in which a project can be 

planned and developed in isolation.  The 

key element, from the parcel to the 

Haram, is the boundary, activated by the 

legal process of subdivision and 

animated through the process of design. 

In the end, the land use plan is a 

reflection of the growth of various 

project types across a neighborhood, 

district or entire city. It is something to 

be managed, to ensure the actual, not 

the proposed, land use distribution 

meet the needs of the current and future 

residents, visitors, and agencies. 

This incremental district represents a 

comprehensive mix of project uses, 

distributed to meet the needs of 

Makkah’s growth and support the 

overarching strategies and goals, such as 

reducing the need for commuting and 

reinforcing Makkah’s value proposition 

as a place to live, visit, and worship.  

Figure 7 - Projected Voronoi Tessellation Plan Framework. Source: Perkins&Will, 
Makkah Concept Plan. 

Figure 8 - Projected Incremental Use Distribution.  Source: Perkins&Will, Makkah 
Concept Plan. 

1471



Green, D.E., Awaad, Y.H., Shaw, O. Incremental Development:  A Model Subdivision 
Ordinance for Arab Cities 

7. Conclusion
The regulation and development of cities through broad land-use designations have been the main driver 

of city planning for almost a century.  Because of this, many people in the profession will respond to the 

broad argument for operationally organic incremental development presented in this paper by 1) pointing 

out negative examples of projects that are granular in form, or 2) providing examples that seem to argue 

for land-use separation due to safety issues, such as not putting a slaughterhouse next door to a house. 

The answer to number one is yes—there are some negative examples of incremental planning, but they 

are extremely rare, and even many of those projects that appear to be incremental, are not operationally 

organic. The answer to number two is no—you don’t want to put a slaughterhouse next to a house, but 

you do want to put a lot of other things next to that house. This reframes the question that we should be 

asking ourselves as planners of cities: what are all the things one can, and should, put next to a house?  

Makkah is unique in that it has the decentralized authoritative structure to truly develop as an incremental 

city, bringing richness, diversity, activity and individual impact to the creation of its neighborhoods and 

districts. In that sense, we have both the opportunity and the obligation to facilitate this process.  It can 

present an alternative model for development that reclaims the incremental and negotiated nature of 

place-making in the Gulf. 

Unfortunately, until the answer to question one isn’t the exception to the rule, and the answer to question 

two isn’t reactionary, the path to creating truly diverse, and beautiful places will remain challenging.  When 

the first condition becomes commonplace and the second moves from reaction to anticipation, cities will 

be well positioned to realize their spatial vision. 
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Abstract 

Historic districts, as the core carriers of cultural heritage, embody rich historical memory and 
cultural value. Public participation is an essential element in the renewal and renovation of these 
districts. However, how to encourage the public to engage in the design process in a more 
immersive way remains an urgent topic for further exploration. Virtual reality (VR) and other 
immersive interactive technologies represent a new milestone in how we interact with our 
environment, fundamentally reshaping the ways in which we construct and perceive our 
relationship with reality. By offering the public a unique and immersive interactive experience, VR 
has attracted widespread attention in the field of landscape practice. 
This study aims to explore an immersive public participation model that leverages VR technology 
to promote in-depth community involvement in the renewal design of historic districts, thereby 
enhancing local cultural preservation and community interaction. Using Ju’er Hutong in Beijing as 
a case study, the research proposed two different landscape renovation schemes and developed 
2D and 3D models of both schemes using AutoCAD and SketchUp. Scheme 1 features a traditional 
historical style that emphasizes continuity of cultural context, while Scheme 2 integrates modern 
streetscape elements, highlighting innovation and functional improvement.Through VR headsets 
and mobile devices (MDS), both schemes were presented to residents, with a total of 55 
participants completing the VR experience and follow-up questionnaire. The results indicate that 
VR technology significantly enhanced residents’ enthusiasm for participation and their 
understanding of the design proposals. Most residents considered Scheme 1 to be more effective 
in terms of cultural preservation within the historic district. In the questionnaire, 47 participants 
strongly agreed that “VR technology helps improve public participation during the design stage.” 
Based on residents’ feedback, the design team further optimized and refined the proposed scheme. 
The study demonstrates that VR technology provides residents with immersive opportunities to 
engage in the renewal of historic districts, contributing to the cultural relevance of the design and 
improving public satisfaction. This VR-based immersive participation model shows great potential 
for wider application, offering valuable references for future historic district renewal projects. 

Keywords 

virtual reality, historic districts, public participation, immersive technology 

1. Introduction
As the cultural heritage of a city, historic districts are visible and expressive residues of urban history, carriers of 
culture, and anchors of place attachment and identity for residents(Lewicka, 2008). However, historic districts 
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are facing multiple challenges, such as low efficiency in terms of land use, obsolete facilities, futile functions, 
and status of disrepair (Yung et al., 2017). In trying to revitalize the historic districts, many cities are 
implementing the regeneration of historic districts to achieve optimal space utilization and functional 
transformation with minimum heritage disruption. The central question is how to make the regeneration 
scheme historically suitable and resident-friendly. 

Through public engagement, design solutions can be improved to better address people’s needs and maintain 
local characteristics (Barnes et al., 2007). However, existing engagement practices are oriented to two-
dimensional representations, paper-based questionnaires and public meetings. They are not sufficiently robust 
to support both understanding and presentation. Residents’ understanding of a project is limited by the two-
dimension paper-based representations. It is difficult for them to imagine the design solution and the impacts 
in their neighbourhood (Jensen and Maslesa, 2015) . As a consequence, local residents tend to show a lower 
level of appreciation of the revitalised district (Adger et al., 2013). With a lower degree of engagement, local 
cultural significance can be undermined. People’s sense of place is weakened. In revitalising historic 
neighbourhoods, the conventional sustainability approach focuses on environmental impacts and heritage 
preservation. However, sustainability is broader and involves a range of environmental, economic, and social 
issues. To be more sustainable in the long-term, besides better physical functionality, upgrading of built 
environments needs to preserve local culture and encourage social activities in the place. Residents’ sense of 
the neighbourhood should not be reduced, but maintained or strengthened (Coeterier, 2002). 

In recent years, the emergence of immersive technologies such as virtual reality (VR) and augmented reality (AR) 
has revolutionized public participation in design. VR, in particular, enables the visualization of intangible designs 
in three dimensions and facilitates the conversion of architectural drawings into immersive environments, 
providing users with immediate and firsthand feedback on interior designs, layouts, and material choices (Paes 
et al., 2017). This study suggests a designer-led approach for enhancing the preservation of intangible cultural 
heritage (ICH) through adaptive reuse of historic districts, harnessing the potential of public feedback and the 
capabilities of immersive technologies for public engagement. Through virtual reality demonstrations, designers 
can bridge the knowledge gap between themselves and the public by providing experiential and visual feedback 
in a more accessible and understandable format. Incorporating public feedback into the adaptive reuse of 
historic districts is crucial, as it fosters a culture of place, enhances a sense of belonging, and ultimately 
contributes to the authenticity and sustainability of such projects. 

1.1. Sustainable historic district renovation 

The renovation of historic districts is sustainable is an important criterion for measuring the quality of the 
renovation (Bottero et al., 2020). Therefore, relevant empirical content was summarised into a questionnaire 
and evaluation matrix based on the influencing factors of sustainable communities. Scholars emphasize that 
sustainable urban goals involve improving livability through accessible infrastructure and public services, such 
as walkable open spaces and community facilities (Wang et al., 2022). The accessibility of such activity spaces is 
an important guarantee of quality of life (Liu et al., 2025). By interacting with the built spaces through walking, 
people can raise the level of sustainable neighbourhoods by fully utilising the resources of the neighbourhood. 

Physically, livable communities require walkable infrastructure and quality amenities (Lang et al., 2019). From 
the social dimension, quality of life, human health, subjective well-being, social equity, sense of place and 
security, and social connectedness are important indicators of socially sustainable communities (Yıldız et al., 
2020). Previous studies have found that providing social facilities such as cultural services, cafes, entertainment 
venues, and community plazas in urban renewal districts can promote social cohesion and job opportunities for 
local people, as well as increase their well-being, sense of pride, and cultural identity (Yung et al., 2017). 

Community-based engagement can build social cohesion, conserve culture and authenticity, and foster 
inclusiveness (Huang et al., 2025). However, community voices remain limited in urban renewal and the 
transformation of community needs into design outcomes is challenging (Zhuang et al., 2019). Thus, the 
framework must integrate physical, social, and cultural dimensions within the engagement process. 
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1.2. The application of virtual reality technology in historic districts 

Virtual reality is gaining more attraction as a tool in urban and architectural design projects, especially for design 
representation, visualization, and public engagement (Wu et al., 2010). Urban simulation, for example, offers 
great potential for employing virtual technologies in a planning process to democratize the participation of 
community members who are typically not experts in planning practice (Najafi et al., 2023). Building upon these 
advancements, this paper explores VR integration for historic district revitalisation processes. More specifically. 
virtual environments provide a comprehensive platform for built environment information fusion, as well as a 
means of presenting human factors in fusion with urban environment data. In such an environment, the addition 
of data points. such as walking paths, occupancy counts, and energy use data, can be graphically displayed on 
the same referential space and support architectural design, urban planning, and human factors engineering 
(Heydarian et al., 2015). With the aim of supporting built environment professionals’ spatial perception, 
introducing a virtual environment to project stakeholders can immerse them in a visualisation that represents a 
real-world environment and enables visualisation on the same coordinate system for collaborative design (Wu 
et al., 2010). This novel approach to representation is key when adding the socio-technical dimension to data 
collection for projects in historic areas involving several stakeholders, including local authorities, researchers, 
the public, and designers(Cascetta et al., 2015). 

At the collaboration level, VR has an immense potential to improve communications within societies (Monahan 
et al., 2008). Immersive visualization could be a powerful tool for facilitating communication among various 
stakeholders and may overcome the challenges of traditional public outreach events such as the lack of 
communicability (Maffei et al., 2016). Several studies have addressed how VR can aid urban planners in 
redesigning city spaces. Meenar et al. argue that introducing immersive, multi-sensory technologies such as VR, 
could act as a supplement to existing public engagement techniques, and offer planners and decision-makers 
another opportunity for inclusive, people-oriented approaches (Meenar and Kitson, 2020). Adeel et al. highlight 
that the user experience of built environments depends on multiple street-level characteristics, therefore, an 
effective visualisation using VR at the urban scale should accommodate these characteristics (Adeel et al., 2021).  

In terms of interactive scope, VR can work at micro (building and district), meso (neighborhood), and macro 
(urban) levels (Wu et al., 2010). In terms of interactive content, VR could be used for planning simulations, 
aesthetic judgment, behavioral analysis, and environmental assessment (Ruotolo et al., 2013). Its participatory 
value extends from spontaneous engagement to structured interviews (Hu, 2004). Beyond information 
dissemination, VR empowers stakeholders, increasing public awareness and agency in historic district 
restoration. 

2. Methodology 

This paper describes a process leading to the design of the public participation methods for historical 
landscape data collection with VR (Figure 1(a) ) , componenting four collecting: the theoretical foundation, 
landscape renovation design and representation, data collection, and evaluation analysis. Based on the case of 
Ju’er Hutong in Beijing, the paper presents two landscape design alternatives emerging from surveys with local 
residents. These representational methods were used for modeling and importing the landscape alternatives 
into an interactive VR environment for public use. At the data collection stage, local residents were invited to 
experience the VR environment and provide feedback (i.e., physical legibility, cultural preservation, and 
renovation endorsement) via a questionnaire. The feedback data were analyzed using statistical methods and 
other qualitative methods. Finally, the performance of the method was assessed, and future optimization was 
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Figure 1. (a) Methods for evaluation and decision-making processes. (c) Case location and current site 
conditions. (c) The four steps in creating a landscape design model. 

2.1.  Juer Hutong Case Study 

Juer Hutong is a traditional alleyway located in the Xicheng District, Beijing. It is situated in the core area of the 
old city of Beijing (Figure 1(b)). The urban context in this area is well-preserved, with abundant historic and 
cultural resources in the neighbourhood. It is also a typical residential hutong. Juer Hutong was just one of 
many hutongs that were traditionally used as residential neighbourhoods in Beijing. At that time, as part of the 
house remodelling scheme of the Beijing Municipal Government, a section of Juer Hutong was selected as a 
pilot project for remodelling. In this context, Professor Wu Liangyong, a leading architect and urban planner, 
provided a well-known concept of "New Courtyard House", which proposed an alternative that could serve as 
a compromise by carrying out a non-destructive type of renovation that would improve the conditions of old 
city houses without, at the same time, putting the social lives of residents at risk. He suggested that instead of 
building new houses in new neighbourhoods, the restoration of the old city should take place while preserving 
the existing neighbourhood structure. This means providing a better environment by improving infrastructure, 
landscaping and common facilities, while preserving the original layout of courtyard houses.  

2.2.  Model building for alternative landscape design schemes 

Based on the characteristics of hutongs, courtyards, and local landscape features, the first step of the modelling 
process was to determine the modelling objectives and strategies (Figure 1(c)).Based on the findings of a 
previous study, we selected Jujuner Hutong as our remodelling site, making two alternative design proposals. 

Scheme One (Figure 2(a)): Traditional Continuity. As the literal meaning implies, this design approach places 
greater emphasis on the urban texture and scale of traditional architecture. As Wu Liangyong advocates, there 
is no ‘absolute’ tradition; the new is implicit in the old (Wu, 2018). This approach attempts to continue the use 
of traditional materials, such as timber, gray bricks and tiles, taking these symbols of traditional culture. 

On the contrary, Scheme Two(Figure 2(b)) emphasizes a ‘‘modern-day symbiosis’’ and utilizes the concept of 
‘‘New Courtyard House’’ in suggesting that contemporary inner-city communities should retain their vibrancy 
by responding to the present. Physically, the design scheme includes more dynamic architectural forms and color 
tones, with a more contemporary layout of public plazas, meandering through pedestrian streets, a variety of 
new fitness elements and contemporary furniture creating attractive spaces for social exchange. 
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(a)                                                                             (b) 

Figure 2.（a）Scheme One: "Continuation of Traditional Culture".（b）Scheme Two: "Integration with 
Modern Streetscape". 

The implementation followed four stages: (a) identifying design goals corresponding to the courtyards and alleys 
(Fig. 1c). (b) Developing schematics and a 3D model using the street layout, lighting and furniture elements in a 
software named SketchUp. (c) Rendering the design to be more photorealistic by further developing site 
materials and shadows using a professional software named Enscape render. (d) Creating a 360° panorama using 
a VR plugin. In this way, two design schemes were integrated into one file providing landscape views arranged 
in an interactive scene. The resulting file was uploaded to a designated website, allowing for the exploration of 
the site using a smartphone. 

2.3.  Construction of the Virtual Reality Scenarios 

(a)                                                                             (b) 

Figure 3. Virtual reality scene（a）Scheme One: Direction of “Traditional Cultural Continuity”（b）Scheme 
Two: Direction of “Modern Functional Renewal”. 

In order to allow the participants to familiarise themselves with the alternative design proposals, a VR interactive 
experience with 360° panoramas was developed (Figure 3). The 3D models were designed using SketchUp 2020®, 
while the real-time rendering software, Enscape 4.8, was used to achieve a realistic environment with 
appropriate depth, lighting, and textures. Residents explored the virtual environment and visualised the 
potential form and spatial features of a neighbourhood in an immersive way before responding to a set of 
exploring questions. In such a way, residents evaluated their surroundings within an immersive environment 
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beyond the traditional approach using paper sketches, resulting in more meaningful and representative 
feedback (Merenda et al., 2018). Then, the research team evaluated the most appealing design features. 

2.4.Data Collection and Analysis 

In the study area, a total of 55 residents were recruited to participate in the survey, all of whom joined voluntarily 
with full informed consent. Participants came from diverse occupations and social backgrounds to ensure 
variability within the sample. Prior to the formal experiment, the research team provided technical training on 
the operation of the VR equipment, preventing confusion caused by unfamiliarity with the technology and 
ensuring that participants’ feedback reflected genuine experiential judgment(Kwon, 2019). During the VR 
experience and questionnaire completion process, researchers recorded the time each participant spent on the 
virtual operation and the submission of the questionnaire for subsequent analysis. 

In the data processing and analysis stage, two analytical frameworks were developed to separately address 
public participant data and expert evaluation data, ensuring that the findings could be examined from both user-
oriented and professional perspectives. Public data were derived primarily from questionnaires completed by 
residents after the VR immersive experience. The questionnaire consisted of 27 items grouped into four sections: 
(a) personal information, (b) VR experience, (c) participation willingness, and (d) scheme preference. Responses 
were measured using a five-point Likert scale, where 1 indicated “strongly disagree” and 5 indicated “strongly 
agree.” The structure and detailed items of the questionnaire are presented in Table 1. 

Table 1. Resident Questionnaire 

category question NO. option 

personal 
Information 

gender   Male/Female 
Age  <35/36-50/51-65/>65 
Housing tenure   Owner/Tenant 
Household registration type   Local/Nonlocal 
Length of residence  <3/4-6/7-10/>10 

Education level  
Primary school and below/Middle 
school/university or above 

virtual reality 
experience 

I feel immersed in the VR environment. a1 1-5 
The scene details and lighting make the environment 
feel realistic. a2 1-5 

I experience dizziness or nausea during the VR 
session. a3 1-5 

Navigation and interaction are easy to learn. a4 1-5 

I prefer a5 Smooth movement (continuous movement) / 
teleportation (point-and-jump) 

Resident 
participation 

VR helps me better understand the design and 
provide feedback. b1 1-5 

I feel that my opinions may influence subsequent 
design optimization. b2 1-5 

VR increases my willingness to participate in 
discussion/voting. 

b3 1-5 

Proposal 1 

Navigation is clear, and it is difficult to get lost. c1 1-5 
The scheme enhances community interaction. c2 1-5 
The scheme improves everyday livability. c3 1-5 
The scheme respects and expresses local culture. c4 1-5 
I am willing to support the implementation of this 
scheme. 

c5 1-5 

Proposal 2 

VR increases my willingness to participate in 
discussion/voting. d1 1-5 

Navigation is clear, and it is difficult to get lost. d2 1-5 
The scheme enhances community interaction. d3 1-5 
The scheme improves everyday livability. d4 1-5 
The scheme respects and expresses local culture. d5 1-5 

Relative 
preference 

Overall, I prefer  Proposal 1/Proposal 2/Cannot decide 
Preference intensity (relative strength of preference 
for Proposal 2 over Proposal 1)  （-3 to +3） 

open-ended 
question What else you wish to add?   
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Similar to public questionnaires, descriptive statistics and weight analysis of semi-structured expert 
questionnaires were conducted in SPSS to illustrate experts’ valuations and concerns of the evaluation indicators 
(Table 2). The expert evaluation results were then cross-compared with those of the public to address potential 
public biases and to further analyze the potential of virtual reality in enabling public participation from a 
professional perspective. Finally, the statistical results of the two questionnaires were analyzed and compared, 
extracting a multi-disciplinary evaluation of the two renovation alternatives, and discussing the potential and 
limitations of public participation enabled by virtual reality in the context of historic district renewal. 

Table 2. Questionnaire for Architecture Professionals 

3. Evaluation results and design plan development 
The results indicated that the use of VR technology was a positive factor that enhanced resident engagement 
and understanding of design concepts. 
3.1. Basic Information of Participants 

In March 2025, Ju'er Hutong residents participated in a VR experiment and questionnaire survey. The 
participants' general information was summarized. Specifically, 55 participants were involved in this research, 
including 26 males and 29 females, with a relatively even gender. Regarding age, 25 participants were aged 51-
65, 20 were aged 36-50, and only 2 were under 35, with the elderly group slotting higher. In terms of home 
ownership status, 29 reported ownership while 26 rented a house. At the education level, the majority of 
respondents received secondary education, which might influence the results. 

3.2. Virtua reality experience 

The study investigated participants’ virtual reality experience, as summarized in Table 4. Among the respondents, 
ten individuals had never used VR technology prior to the experiment. Regarding the mode of navigation within 
the VR system, 83.64% of participants preferred smooth, continuous movement. They reported that this mode 
provided a stronger sense of realism and reduced discomfort or motion sickness during the experience. These 
findings highlight the importance of incorporating user preferences and perceptual comfort when designing VR-
based experiential environments. 

Table 3. Virtual Reality Experience Preferences 

Category Option Frequency� Percentage(%)� 
Have you experienced 

VR before? 
yes 10 18.1 
no 45 81.9 

Virtual Reality 
Experience Preference 

Smooth Movement (Continuous Movement) 46 83.64 
Point-to-Point (Click and Instant Movement) 9 16.36 

category question NO. option 

Personal 
Information 

Profession  architect / urban planner / landscape architect 
/ cultural heritage conservation expert / other 

Years of professional experience  1–5 years / 6–10 years / 11–20 years / more 
than 20 years 

Previously involved in historic district or cultural 
heritage conservation projects  yes / no 

virtual reality 
experience 

VR can enhance the depth of public understanding 
of design proposals.  e1 1-5 

VR experience can facilitate effective 
communication between designers and residents.  e2 1-5 

Immersive VR experiences enable the public to 
express their preferences more clearly.   e3 1-5 

VR technology helps balance professional design 
perspectives and public opinions.  

e4 1-5 

VR tools should be widely adopted in future historic 
district renewal processes. e5 1-5 
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In this study, we also examined participants’ perceptions of the realism of the virtual reality scenes used during 
the evaluation process. As shown in Table 5, respondents generally considered the VR environment to be clear 
and easy to understand. This finding suggests that the use of immersive technology in design and planning can 
enhance residents’ comprehension of proposed schemes. Consequently, VR technology was well received by 
participants and is expected to improve the effectiveness of evaluating future redevelopment proposals. 

Regarding scene realism, some participants indicated that there remained room for improvement. Although VR 
was perceived as capable of adequately simulating the design concepts, respondents noted that certain 
aspects—particularly the refinement of visual details and the overall sense of immersion—could be further 
optimized. Enhancing these elements would help strengthen users’ feeling of being fully embedded within the 
virtual environment. 

Table 4. Virtual Reality Experience Rating Statistics 

Item 1Point 2Points 3Points 4Points 5Points Average 
Score 

Standard 
Deviation 

VR scene is realistic 
0 

（0.00%） 
0 

（0.00%） 
14 

（25.45%） 
22 

（40%） 
19 

（34.55%） 
4.091 0.776 

The details and lighting of the 
scene make it feel realistic 

5 
（9.09%） 

5 
（9.09%） 

11 
（20%） 

17 
（30.91%） 

17 
（30.91%） 

3.655 1.265 

I feel discomfort or dizziness 
during the VR experience 

21 
（38.18%） 

18 
（32.73%） 

7 
（12.73%） 

5 
（9.09%） 

4 
（7.27%） 

2.145 1.239 

Navigation and operation are 
easy to learn 

3 
（5.45%） 

7 
（12.73%） 

6 
（10.91%） 

26 
（47.27%） 

13 
（23.64%） 

3.709 1.133 

3.3.Evaluation of the Alternative Design Proposals 

An overall analysis of the survey data reveals a clear preference pattern among participants regarding the two 
design proposals. Specifically, 54.55% of respondents selected Scheme one as their preferred final option, while 
30.91% favored Scheme two, and 14.55% indicated that they were unable to make a definitive choice. This 
distribution demonstrates that the majority of residents showed a stronger inclination toward Scheme one, 
suggesting that it aligns more closely with public needs and enjoys higher levels of acceptance in terms of overall 
experience and cultural identity. 

Table 5. Overall Preference for the Proposals 

Item Option Frequency� Percentage(%)� 

Overall Preference 
 

Proposal 1 30 54.55 
Proposal 2 17 30.91 

Unable to Decide 8 14.55 
Total 55 100 

As described above, scheme One has the highest ratings with less variance compare to the other two schemes. 
For spatial legibility, the item “Ease of entry and home recognition” has an average rating of 3.9 in which most 
residents gave 4 or 5 points, indicating that the entry to the residential block is legible enough for residents to 
orient themselves. For sociability, results suggest that the design’s potential to encourage more social 
interaction is appreciated by respondents (item “Improved neighbor interaction” with the highest rating of 4.0 
points). The same is true about housing quality. Interestly, “Perception of cultural and historical value” received 
the highest mean score, of 4.1, which is an indication for the fit between the newly introduced design and the 
genius loci, the spirit of the place, resulting in the articulation of the neighborhood’s cultural capital. This finding, 
therefore, reinforces the intervention which, in turn, is reflected in the mean value of “Agreement with 
construction” (4.09). 

The results of the comparative analysis of the two proposals further confirmed the aforementioned trend (Table 
6). Proposal 1 significantly outperformed Proposal 2 in four dimensions: navigation clarity, livability in daily life, 
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cultural representation, and implementation support. All corresponding p-values were below 0.05, indicating 
that these differences were statistically significant. The only dimension without a significant difference was 
"promoting community interaction," suggesting that the two proposals performed similarly on this indicator. In 
summary, Proposal 1 demonstrated more stable and prominent advantages in terms of cultural adaptability, 
spatial understanding, daily user experience, and public support. These advantages explain why Proposal 1 
ultimately received more resident approval and was considered the superior design option. 

Table 6. Comparison of participant evaluations for Scheme 1 and Scheme 2. 

Indicator Proposal N Average 
Score 

Standard 
Deviation T P 

Navigation clarity, easy to avoid losing direction 1 55 3.95 0.87 2.148 0.034 2 55 3.51 1.23 

Proposal enhances community interaction 1 55 3.84 0.958 1.192 0.236 2 55 3.6 1.116 

Proposal improves daily residential comfort 1 55 4.18 0.796 2.064 0.041 2 55 3.78 1.197 

Proposal respects and presents local culture 1 55 4.09 0.701 2.421 0.017 2 55 3.71 0.936 
I am willing to support the implementation of 

this proposal 
1 55 3.99 0.64 2.118 0.036 2 55 3.68 0.872 

3.4. Resident participation 

Further analysis of the questionnaire results (Table 7) shows that 22 participants gave a score of 5 to the 
question "VR enhances my willingness to participate in discussions and voting" indicating that they believe VR 
is an effective tool for increasing public participation.  Participants generally stated that the VR experience 
helped them better understand and experience the proposed renovation plans, stimulating their willingness to 
provide feedback. 

From the descriptive statistics of resident participation, VR technology shows a positive role in promoting public 
understanding of the design and enhancing participation willingness. The average score for the statement "VR 
makes it easier for me to understand the design and offer suggestions" was 3.818, indicating that VR has some 
effect in helping residents understand the plans, but due to the dispersed distribution of scores, its effect varies 
among different groups. In contrast, the average score for the statement "My opinions will influence subsequent 
optimization" was slightly higher, indicating that the interactivity of VR enhanced residents' sense of 
participation in the decision-making process. 

Table 7. Statistical analysis of public participation assessment 

Item 1Point 2Points 3Points 4Points 5Points Average 
Score 

Standard 
Deviation 

VR makes it easier for me to 
understand the design and 

provide suggestions 

4 
（7.27%） 

2 
（3.64%） 

12 
（21.82%） 

19 
（34.55%） 

18 
（32.73%） 

3.818 1.156 

I feel my opinions will affect the 
subsequent optimization 

2 
（3.64%） 

5 
（9.09%） 

11 
（20.00%） 

18 
（32.73%） 

19 
（34.55%） 

3.855 1.113 

VR enhances my willingness to 
participate in discussions and 

voting 

1 
（1.82%） 

1 
（1.82%） 

11 
（20.00%） 

20 
（36.36%） 

22 
（40.00%） 

4.109 0.916 

3.5.Expert Evaluation 
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For the architecture professionals, the study selected 4 urban planners, 4 landscape architects, 1 architect, and 
1 cultural heritage expert, totaling 10 individuals. Regarding years of experience, seven participants had 1-5 
years of experience, two had 6-10 years, and one had 11-20 years. The expert group mainly consisted of young 
and middle-aged professionals with 1-5 years of experience. All experts had participated in projects related to 
historical districts or cultural heritage protection, indicating that the expert group possessed relevant practical 
experience in this field. 

Table 8 shows the analysis results of the expert questionnaire.  Overall, experts held a positive attitude towards 
the role of VR in design communication and public participation, but there were some differences in the degree 
of agreement across different dimensions. In the item "VR enhances public understanding of design proposals," 
the average score was 3.600, indicating that experts generally acknowledged the role of VR in improving public 
understanding, but there is still room for improvement. The responses were relatively concentrated and 
suggested positive opinions from the experts on the related questions of “VR system is useful of facilitating 
communication between planners and residents” (4.000) and “It is possible to participate in urban regeneration 
projects in the future by adopting the VR system” (4.000). It can be interpreted that experts encouraged future 
practice of using VR in public participation and urban regeneration. The lowest scores were found in the question 
of “VR scenes in this system provide a realistic feeling in terms of details and natural lighting” (2.300). In this 
case, experts seemed to be dissatisfied with the video rendering of the developed 3-d virtual scenes. They 
indicated that the system had limitations in providing realistic feeling or virtual presence. 

Table 8. Statistical data based on expert assessments 

Item 1Point 2Points 3Points 4Points 5Points Average 
Score 

Standard 
Deviation 

VR Enhances the Public's Understanding of the Design 
Proposal 0 2 3 2 3 3.600 1.174 

 Virtual reality experiences enhance communication 
between designers and residents 0 1 2 3 4 4.000 0.869 

Virtual reality experiences can allow the public to express 
their biases more clearly   0 1 3 4 2 3.700 1.022 

Virtual reality technology helps to balance professional 
design with public opinion  0 1 5 0 4 3.700 1.159 

The lighting and detail effects of the scenes in virtual 
reality look incredibly realistic  2 4 3 1 0 2.30 0.949 

Future Historical Districts Should Incorporate VR 
Participation Tools  0 2 0 4 4 4.000 1.155 

4. Conclusion  
The research findings support the viability and relevancy of utilizing virtual reality (VR) technology in the 
regeneration process of historical districts and indicate several practical implications for future planning, design, 
management of public spaces, and the preservation of cultural heritage. Firstly, as an empowering means of 
participation, VR-based immersion can be integrated into the planning and design workflow of urban 
regeneration to foster a more exciting, open, and inclusive mode of public participation, which will allow 
community members to better envision the potential of their built environment and to assert their opinions 
about community transformation. This will help expand the technological pathway for contemporary urban 
governance and turn “top-down” designer-driven approaches into more interactive, “bottom-up” exchanges 
between designers and end-users. 

The methodology described in this research for immersive public participation can be both scalable and 
replicable. With the same technical infrastructure, it can be adapted to support different urban renewal and 
regeneration projects at the neighbourhood level, especially in cases of historical restoration, landscape 
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transformation, or the design of public spaces that can be rapidly modelled and visualised in parametric format. 
As the technology and hardware of virtual reality become more accessible and production process more 
streamlines, it could translate into an essential part of a universal public participation tool that can easily transfer 
traditional planning knowledge among different states and cities. 

In future research and practice, this model can also be combined with technologies such as artificial intelligence 
(AI)(Wang et al., 2025) and eye-tracking(Shadiev and Li, 2023) to automatically analyze users' visual attention 
and emotional responses, providing quantitative evidence for design evaluation. This could enable a more 
significant transformation from questionnaires to behaviour analysis in public engagement, strengthening the 
validity and reliability of the data collected. In conclusion, the study presents a verifiable paradigm for 
sustainable urban development. By leveraging innovative technologies, such as virtual reality, it promotes a 
bottom-up approach to the application of evolutionary urban planning that creates the bi-directional 
communication among designers, the public, and urban cultural heritage. This approach aims to empower the 
community through meaningful engagement, and to preserve urban heritage by embedding it into thoughtful 
urban restructures and community-centred design. The approach holds the potential to make a significant 
contribution to the evolution of the field of urban design, championing the cause of "resilience-in-action" for 
cultural preservation during the rapid pace of urban development. 

5. References 
Adeel, A., Notteboom, B., Yasar, A., Scheerlinck, K. and Stevens, J. (2021) 'Sustainable streetscape and built 

environment designs around brt stations: A stated choice experiment using 3d visualizations'. 
Sustainability, 13(12), p6594. 

Adger, W.N., Barnett, J., Brown, K., Marshall, N. and O'brien, K. (2013) 'Cultural dimensions of climate change 
impacts and adaptation'. Nature climate change, 3(2), p112–117. 

Barnes, M., Newman, J. and Sullivan, H. (2007) Power, participation and political renewal: Case studies in public 
participation. Policy Press. 

Bottero, M., Bragaglia, F., Caruso, N., Datola, G. and Dell’Anna, F. (2020) 'Experimenting community impact 
evaluation (CIE) for assessing urban regeneration programmes: The case study of the area 22@ 
Barcelona'. Cities, 99, p102464. 

Cascetta, E., Cartenì, A., Pagliara, F. and Montanino, M. (2015) 'A new look at planning and designing 
transportation systems: A decision-making model based on cognitive rationality, stakeholder 
engagement and quantitative methods'. Transport policy, 38, p27–39. 

Coeterier, J.F. (2002) 'Lay people’s evaluation of historic sites'. Landscape and urban planning, 59(2), p111–123. 
Heydarian, A., Carneiro, J.P., Gerber, D., Becerik-Gerber, B., Hayes, T. and Wood, W. (2015) 'Immersive virtual 

environments versus physical built environments: A benchmarking study for building design and user-
built environment explorations'. Automation in Construction, 54, p116–126. 

Hu, X. (2004) Contemporary regionalism in Chinese architecture: A perspective inspired by K. Frampton's critical 
regionalism (from 1980 to the present). Washington State University. 

Huang, Y., Hui, E.C., Lang, W., Chen, T. and Yang, J. (2025) 'Embedding local culture into chrono-urbanism: 
Insights from the urban regeneration in Xiamen's Lujiang old town, China'. Cities, 165, p106175. 

Jensen, P.A. and Maslesa, E. (2015) 'Value based building renovation–A tool for decision-making and evaluation'. 
Building and environment, 92, p1–9. 

Kwon, C. (2019) 'Verification of the possibility and effectiveness of experiential learning using HMD-based 
immersive VR technologies'. Virtual Reality, 23(1), p101–118. 

Lang, W., Chen, T., Chan, E.H., Yung, E.H. and Lee, T.C. (2019) 'Understanding livable dense urban form for 
shaping the landscape of community facilities in Hong Kong using fine-scale measurements'. Cities, 84, 
p34–45. 

Lewicka, M. (2008) 'Place attachment, place identity, and place memory: Restoring the forgotten city past'. 
Journal of environmental psychology, 28(3), p209–231. 

Liu, Z., Chen, J. and Wang, Q. (2025) 'Construction of a comprehensive evaluation model for old community 
renewal in Suzhou based on smart city concepts'. Frontiers of Architectural Research, 14(5), p1364–
1379. 

1484



Guan, Y.M.; Zheng, Y.Q. Promoting Public Participation in the Renewal of 
Historic Districts through Virtual Reality 

 

 

 

Maffei, L., Masullo, M., Pascale, A., Ruggiero, G. and Romero, V.P. (2016) 'Immersive virtual reality in community 
planning: Acoustic and visual congruence of simulated vs real world'. Sustainable Cities and Society, 27, 
p338–345. 

Meenar, M. and Kitson, J. (2020) 'Using multi-sensory and multi-dimensional immersive virtual reality in 
participatory planning'. Urban Science, 4(3), p34. 

Merenda, C., Kim, H., Tanous, K., Gabbard, J.L., Feichtl, B., Misu, T. and Suga, C. (2018) 'Augmented reality 
interface design approaches for goal-directed and stimulus-driven driving tasks'. IEEE transactions on 
visualization and computer graphics, 24(11), p2875–2885. 

Monahan, T., McArdle, G. and Bertolotto, M. (2008) 'Virtual reality for collaborative e-learning'. Computers & 
Education, 50(4), p1339–1353. 

Najafi, P., Mohammadi, M., van Wesemael, P. and Le Blanc, P.M. (2023) 'A user-centred virtual city information 
model for inclusive community design: State-of-art'. Cities, 134, p104203. 

Paes, D., Arantes, E. and Irizarry, J. (2017) 'Immersive environment for improving the understanding of 
architectural 3D models: Comparing user spatial perception between immersive and traditional virtual 
reality systems'. Automation in Construction, 84, p292–303. 

Ruotolo, F., Maffei, L., Di Gabriele, M., Iachini, T., Masullo, M., Ruggiero, G. and Senese, V.P. (2013) 'Immersive 
virtual reality and environmental noise assessment: An innovative audio–visual approach'. 
Environmental impact assessment review, 41, p10–20. 

Shadiev, R. and Li, D. (2023) 'A review study on eye-tracking technology usage in immersive virtual reality 
learning environments'. Computers & education, 196, p104681. 

Wang, C., Garro, V., Sundstedt, V., Hu, Y. and Goswami, P. (2025) 'Immersive analytics meets artificial intelligence: 
A systematic review'. Computational Visual Media. 

Wang, S., Esther, H.K.Y., Yu, Y. and Tsou, J.Y. (2022) 'Right to the city and community facility planning for elderly: 
The case of urban renewal district in Hong Kong'. Land Use Policy, 114, p105978. 

Wu, H., He, Z. and Gong, J. (2010) 'A virtual globe-based 3D visualization and interactive framework for public 
participation in urban planning processes'. Computers, Environment and Urban Systems, 34(4), p291–
298. 

Yıldız, S., Kıvrak, S., Gültekin, A.B. and Arslan, G. (2020) 'Built environment design-social sustainability relation in 
urban renewal'. Sustainable Cities and Society, 60, p102173. 

Yung, E.H.K., Zhang, Q. and Chan, E.H. (2017) 'Underlying social factors for evaluating heritage conservation in 
urban renewal districts'. Habitat International, 66, p135–148. 

Zhuang, T., Qian, Q.K., Visscher, H.J., Elsinga, M.G. and Wu, W. (2019) 'The role of stakeholders and their 
participation network in decision-making of urban renewal in China: The case of Chongqing'. Cities, 92, 
p47–58. 

 

1485



Hallak, Essam Reclaiming Inward-Oriented Design 
A Spatial Framework for Operationalizing the King 
Salman Charter and Advancing Contextual 
Urbanism in Saudi Arabia 

Reclaiming Inward-Oriented Design: 
A Spatial Framework for Operationalizing the King Salman 

Charter and Advancing Contextual Urbanism in Saudi Arabia 

Essam HALLAK,  

Alfaisal University,  

Kingdom of Saudi Arabia 

Abstract 

Contemporary architectural practice has largely displaced historically inward-oriented spatial 
organizations with outward-facing, exposure-driven design paradigms. Rooted in modernity’s 
epistemic assumptions of anthropocentrism, individualism, and liberalism, this shift has produced 
significant environmental, social, and urban consequences globally as well as in Saudi Arabia and 
comparable contexts, including land inefficiency, climatic underperformance, erosion of privacy, 
and weakening of cultural continuity. While both global and local responses, most notably Critical 
Regionalism and the King Salman Charter of Architecture and Urbanism, have articulated 
normative values to address these challenges, they provide limited guidance on translating such 
values into spatial form.  

This paper argues that inward-oriented design constitutes a foundational spatial framework 
capable of synthesizing and operationalizing the Charter’s six core values: sustainability, livability, 
continuity, human-centricity, authenticity, and innovation. Understood not as stylistic language or 
fixed typology, but as organizational logic that internalizes environmental mediation and social life, 
inward-oriented design offers a coherent alternative to extractive, exposure-driven urbanism. The 
paper demonstrates that inward-oriented systems have consistently produced resilient, human-
scaled, and environmentally responsive environments across diverse cultures and climates, offering 
Saudi Arabia, and the Global South, a transferable framework for inclusive, contextually grounded 
urban futures. 

Keywords 

Inward-oriented architecture; courtyard urbanism; King Salman Charter; Critical Regionalism. 

1. Introduction: Architecture, Modernity, and the Loss of Spatial Intelligence

1.1 Problem Statement
Since the late-19th century globally and mid-20th century in Saudi Arabia, architectural practice across has 
undergone a profound spatial transformation. Historically dominant inward-oriented architectures, which 
organized buildings around protected internal spaces, mediating environmental, social, and cultural 
relations through enclosure, were progressively displaced by outward-oriented, exposure-based design 
paradigms. This shift was not merely stylistic or technological, but civilizational and epistemic, reflecting a 
deeper reconfiguration of architecture’s relationship to nature, society, and the human subjects.  Inward-
oriented spatial organizations, most notably courtyard houses and their urban extensions, embodied 
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history-tested architectural intelligence. Through compact form and controlled interfaces, they balanced 
environmental moderation, privacy, social cohesion, and land efficiency. By contrast, modern outward-
oriented models privileged visual openness, freestanding buildings, and universalized spatial standards 
that are derived largely from Euro-American contexts, often indifferent to climate, culture, and social 
structure (Alexander and Ishikawa, 1977). Their widespread adoption in Saudi Arabia and comparable 
contexts under the influence of modernity has produced negative consequences extending far beyond 
architectural form. 

Culturally, displacement of inward-oriented spatial logics has weakened spatial authenticity, severing long-
standing relationships between domestic life, privacy, and architectural organization. Socially, it has 
disrupted continuity between built form and deeply rooted practices shaped by family structure, gendered 
spatial norms, and graduated privacy. Territorially, outward-oriented planning has encouraged inefficient 
land use, most visibly through setback-based regulations that fragment open space into residual margins 
while expanding the urban footprint.  These effects are amplified on the urban scale. Setback-driven 
morphologies and freestanding buildings have reinforced car-dependent sprawl and infrastructural 
inefficiency, producing low-density cities characterized by long travel distances and high per-capita energy 
consumption (Bianca, 2000). On the domestic scale, outward-oriented housing typologies intensify visual 
exposure and thermal gain, eroding domestic sovereignty while increasing reliance on mechanical cooling. 
Subsequently, despite substantial technological investment, livability and environmental performance 
have declined.  Such outcomes cannot be explained by technological determinism or economic growth 
alone. They reflect a deeper transformation in architecture’s self-understanding: from architecture as 
mediating envelope, regulating light, air, movement, and social interaction, to architecture as abstract 
object optimized for exposure, visibility, and formal autonomy. This transfformation aligns with broader 
logics of modernity, including instrumental rationality, universalism, and the privileging of visual 
representation over embodied and environmental intelligence (Carmona and Heath, 2010). The loss of 
inward-oriented design thus signals not simply a changed architectural preference but an ideologically-
driven displacement of history-proven spatial intelligence with far-reaching implications. 

1.2 Theoretical Gap
Architectural modernism has been subject to sustained critique over the past five decades. Scholars have 
examined its aesthetic dogmas, construction technologies, ideological commitments, and claims to 
universality, generating influential debates around postmodernism, critical regionalism, phenomenology, 
and sustainability (Edward and Sibley, 2006). Yet much of this critique has focused on formal expression, 
material systems, and symbolic mmeaning.  What remains comparatively under-theorized is the spatial 
reorientation itself, the shift from inward-oriented to outward-oriented architectural logic, as the most 
fundamental transformation of modern architecture. This shift reorganized not only how buildings appear 
but how they relate to climate, land, privacy, social life, and urban form, altering the geometry of exposure, 
the distribution of open space, and the boundary between private and public realms.  The issue simply is 
not that modern architecture looks different, but that it operates according to a different spatial ontology 
and values. By foregrounding exteriority and exposure, outward-oriented design displaced historically 
accumulated spatial knowledge embedded in inward-oriented systems, knowledge refined through long-
term adaptation to climate, culture, and social organization (Escobar, 2018). This displacement has yet to 
be fully conceptualized as a foundational rupture in architectural thought rather than a stylistic 
“evolution.”  Addressing this gap requires reframing the inward-outward distinction not as a nostalgic 
return to tradition or formal opposition, but as a question of spatial intelligence: simply, how architecture 
organizes relations between humans, environment, and society. Such reframing provides a conceptual 
basis for reassessing contemporary value-based frameworks, most notably the King Salman Charter of 
Architecture and Urbanism. 
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2. Responses to the Crisis: From Critical Regionalism to the King Salman Charter
2.1 Global Response: Critical Regionalism 
Critical regionalism emerged in the late twentieth century as a theoretical response to modern 
architecture’s homogenizing tendencies under globalization. Most prominently articulated by Kenneth 
Frampton, it sought to counter the reduction of architecture to placeless and universally reproducible 
forms by reasserting the significance of local climate, topography, culture, and constructional logic.  At its 
core, critical regionalism emphasizes environmental responsiveness, resistance to abstract universalism, 
tectonic and experiential depth, and opposition to commodified visual spectacle. By privileging material 
presence, embodied perception, and site-specific adaptation, it played an important role in redirecting 
architectural discourse away from stylistic novelty ttoward contextual responsibility.  Despite its enduring 
relevance, critical regionalism remains largely normative and descriptive rather than spatially-operational. 
It articulates what architecture should value but offers limited guidance on systematically translating those 
values into architectural and urban form. The framework relies heavily on interpretive judgment of 
individual architects and on qualitative notions of “appropriateness,” limiting its capacity to scale across 
housing systems, regulatory regimes, and planning practices.  More significantly, critical regionalism does 
not explicitly identify the shift from inward-oriented to outward-oriented spatial logic as the decisive 
rupture of architectural modernity. While it critiques visual abstraction, technological universalism, and 
loss of place, it stops short of theorizing how modern architecture fundamentally reorganized spatial 
relations between inside and outside, private and public, and climate and envelope. 

2.2 Local Response: The King Salman Charter of Architecture and Urbanism 
Within the Saudi context, the King Salman Charter of Architecture and Urbanism (KSC), launched in 2020, 
represents a significant local institutional response to rapid urban transformation and erosion of 
architectural identity. The Charter acknowledges the pressures of globalization, modernization, and 
accelerated development, and articulates a value-based framework rooted in Saudi cultural, 
environmental, and social realities.  The KSC defines six core values intended to guide architectural and 
urban practice: sustainability, livability, ccontinuity, human-centricity, authenticity, and innovation. These 
values signal a shift away from technocratic, image-driven development toward a more holistic 
understanding of the built environment as a cultural, social, and environmental project.  The strength of 
the KSC lies precisely in this normative ambition. It reframes architecture and urbanism as instruments of 
cultural continuity, social well-being, and environmental responsibility. Yet this strength reveals its 
principal limitation: the core challenge is not the articulation of values but their operationalization. The 
Charter does not specify explicit spatial logic or organizational framework through which its six values can 
be synthesized and enacted across building types, densities, and urban scales. In the absence of such a 
framework, its principles remain vulnerable to sselective interpretation, symbolic application, or 
absorption into existing outward-oriented models with minimal structural change.  The KSC’s limitations 
parallel those of critical regionalism. Both articulate compelling ethical and cultural positions, yet both stop 
short of identifying a foundational spatial principle capable of reorganizing architectural and urban practice 
systematically. Addressing this gap requires moving beyond value articulation toward identification of 
primary spatial logic—one capable of mediating environmental performance, social organization, and 
cultural meaning simultaneously. This paper proposes an inward-oriented design, historically embedded in 
the region’s architectural heritage yet adaptable to contemporary conditions, as such a framework. 

3. Methodology, Research Question, and Central Proposition
3.1 Research Question 
In light of the preceding analysis, the study asks how the inward-oriented design principle can synthesize 
and operationalize the values articulated by the King Salman Charter of Architecture and Urbanism. The 
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question addresses architectural organization at the level of spatial logic, asking whether a historically 
grounded yet conceptually fundamental principle of spatial ordering can mediate between abstract 
normative values and the concrete realities of architectural and urban production in contemporary Saudi 
Arabia.  By framing the inquiry in terms of synthesis and ooperationalization, the research moves beyond 
evaluative critique toward constructive propositions, seeking to identify a spatial mechanism capable of 
translating ethical, cultural, and environmental intentions into coherent architectural and urban form 
across scales. 

3.2 Main Hypothesis 
The central hypothesis is that inward-oriented design constitutes a foundational spatial organization 
principle capable of synthesizing and operationalizing the six Charter values: sustainability, livability, 
continuity, human-centricity, authenticity, and innovation. Inward-oriented design is understood here not 
as a fixed typology, stylistic language, or historical artifact but as primary architectural logic governing how 
buildings relate to climate, land, privacy, and social life. At its core, this principle conceives architecture as 
an envelope of mediation, one that deliberately organizes light, air, movement, views, and social relations 
inwardly rather than dispersing them through uncontrolled external exposure.  This understanding aligns 
with broader theoretical conceptions of architecture as mediating practice rather than a purely 
representational object. Inward-oriented organization intensifies this mediating role by prioritizing 
environmental moderation, spatial sovereignty, and ssocial autonomy over visual openness and object 
autonomy.   The hypothesis further holds that inward-oriented spatial systems have been historically tested 
across diverse cultures and climatic contexts, where they consistently produced compact urban fabrics, 
passive environmental performance, and socially resilient domestic environments. These outcomes arise 
from the principle’s capacity to integrate environmental, social, cultural, and spatial performance within a 
single organizational framework.  Accordingly, inward-oriented design functions as a synthesizing principle 
not because it independently fulfills each Charter value but because its foundational spatial logic allows 
sustainability, livability, authenticity, continuity, and innovation to emerge as interrelated effects rather 
than isolated objectives. 

3.3 Methodology
To this end, this paper employs a qualitative, theory-driven methodology grounded in architectural history, 
spatial analysis, and critical urban theory. It combines comparative historical analysis of inward-oriented 
architectural systems with conceptual analysis of modern outward-oriented paradigms to identify shifts in 
spatial logic and performance. Key architectural and urban theories, including phenomenology, critical 
regionalism, and environmental design theory, are synthesized to frame inward-oriented design as a 
foundational spatial principle. The study then aaapplies analytical mapping to evaluate how this principle 
operationalizes the six values of the King Salman Charter across architectural and urban scales. The 
approach is interpretive, synthetic, and normative rather than empirical or quantitative. 

4. Conceptual Framework: Inward-Oriented Design as a Foundational Spatial
Principle
4.1 Defining Inward-Oriented Design 
Inward-oriented design is an organizational principle that structures architectural space around 
internalized and controlled environments, rather than maximizing external exposure. Unlike outward-
oriented models, where light, air, and visual connections derive primarily from building perimeter, inward-
oriented systems generate these qualities through protected interior spaces (such as courtyards, atriums, 
light wells, or internal gardens) that function as environmental, social, and spatial organizers. 
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Accordingly, four core characteristics define inward-oriented design: 
1. Internalized open space: Buildings organize around protected interior voids providing daylight,

ventilation, views, and outdoor access without exposing occupants to unmediated external conditions.
These spaces function as regulated microclimates, modulating temperature, wind, light, and acoustic
intrusion.

2. Compact external envelope: By minimizing exposed perimeter surfaces, inward-oriented buildings
reduce thermal gain, visual exposure, and land consumption. Attached or semi-attached configurations
concentrate development while preserving internal environmental quality.

3. Controlled environmental mediation: Rather than relying on mechanical systems to compensate for
excessive exposure, inward-oriented design passively moderates climate through shading, thermal
mass, cross-ventilation, and evaporative cooling.

4. Privacy gradation: Internal organization eeestablishes hierarchical transitions between public, semi-
public, semi-private, and private realms, allowing social and familial life to unfold with appropriate
degrees of visual and acoustic separation.

Understood this way, inward-oriented design is neither a stylistic preference nor a cultural artifact, but a 
spatial principle capable of adaptation across climates, densities, and building types. 

4.2 Architecture as Mediating Envelope 
The inward-oriented principle which understands architecture as a mediating envelop, is also recurrent in 
architectural phenomenology and critical theory. Rather than conceiving buildings as autonomous objects 
or neutral containers, these schools of thoughts understands architecture as an aactive interface that 
structures relations between humans and their environmental, social, and cultural contexts (Heidegger, 
1971; Norberg-Schulz, 1980). 

5. Historical and Environmental Performance of Inward-Oriented Systems
5.1 Historical Endurance Across Cultures and Climates 
Inward-oriented spatial organization has demonstrated remarkable historical endurance across diverse 
cultural and climatic contexts. From Mediterranean courtyard houses to Middle Eastern ḥawsh 
configurations, Chinese siheyuan, Moroccan riads, and Andalusian patios, this principle has been 
independently developed and refined across societies facing varied environmental and social conditions.  
This widespread adoption and long-term ppersistence suggest that inward-oriented design addresses 
fundamental human needs for shelter, comfort, privacy, and social organization in ways that transcend 
specific cultural contexts (Rapoport, 1969; Oliver, 2006). Far from being culturally idiosyncratic solutions, 
these systems embody accumulated spatial intelligence tested over centuries of environmental and social 
adaptation. 

5.2 Environmental Performance in Hot-Arid Climates 
In hot-arid climates characteristic of Saudi Arabia, inward-oriented design achieves superior passive 
environmental performance. Research demonstrates that courtyard configurations reduce thermal gain, 
enhance natural ventilation, and create comfortable microclimates (Almhafdy, 2013). Compact external 
envelopes minimize surface area exposed to solar radiation, reducing heat gain and cooling loads. 
Courtyards provide protected outdoor areas shielded from direct sun. Vertical air movement through 
courtyards facilitates natural cooling without dependence on external energy inputs (Fathy, 1986; 
Heschong, 1979). Water features and vegetation reduce ambient temperature through evaporation. Thick 
walls and floors absorb heat during the day and release it at night, moderating temperature fluctuations.  
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Contemporary computational modeling confirms these performance characteristics, demonstrating that 
well-designed courtyard configurations achieve lower cooling energy consumption, more stable indoor 
temperatures, and enhanced thermal comfort compared to equivalent freestanding typologies (Muhaisen, 
2006). 

5.3 Urban and Social Performance 
Beyond individual buildings, inward-oriented systems have historically produced compact, walkable urban 
fabrics characterized by fine-grained spatial articulation, short travel distances, and integration of 
residential, commercial, and communal functions. Courtyard houses aggregate into dense yet livable 
neighborhoods that minimize infrastructure requirements while supporting vibrant street life (Bianca, 
2000; Hakim, 1986).  The social performance of courtyard hhousing extends to flexibility and adaptability. 
Internalized organization allows households to expand, subdivide, or reconfigure domestic space in 
response to changing family structures without disrupting neighboring properties or urban fabric 
(Rapoport, 1969).   Furthermore, the privacy gradation inherent in inward-oriented design supports diverse 
forms of domestic and social organization. Graduated transitions from public street to semi-private 
threshold to private interior allow simultaneous accommodation of family life, guest reception, and 
gendered spatial norms (Rapoport, 1969). 

6. The Failure of Outward-Oriented Models in the Saudi Context
6.1 Regulatory Frameworks and Land Inefficiency 
Contemporary Saudi urban development is largely governed by regulations derived from outward-oriented 
planning models that mandate setbacks, isolate buildings, and externalize open space. Standard setback 
requirements—typically 2-5 meters on all sides—produce fragmented open space that exists as residual 
margins unsuitable for meaningful use, ssignificantly reduced building footprint relative to lot size that 
decreases housing density and increases infrastructure costs per dwelling, and expanded urban footprint 
consuming more land and necessitating longer travel distances.  The paradox of setback-based planning is 
that while intended to ensure light, air, and privacy, it achieves none effectively. Setback spaces are too 
narrow for functional outdoor use, too exposed for climatic comfort, and too visible from neighboring 
properties to provide meaningful privacy. Meanwhile, buildings must compensate for lost courtyard 
functionality through mechanical systems and increased interior area. 

6.2 Environmental and Energy Consequences 
Outward-oriented housing typologies in Saudi Arabia intensify environmental burdens through excessive 
thermal exposure. Freestanding villas with extensive perimeter walls and European-style large window 
areas maximize solar heat gain, precisely the opposite of climatic rationality in hot-arid environments. The 
resulting energy consumption is substantial. Residential ccooling accounts for a significant portion of Saudi 
Arabia’s electricity demand, with peak loads driven by architectural configurations that defeat passive 
environmental moderation. This dependency on mechanical cooling carries economic costs through energy 
subsidies and environmental costs through carbon emissions from electricity generation (Karti 2017).  The 
irony is that modern construction technologies, including improved insulation, high-performance glazing, 
and efficient HVAC systems, are deployed to compensate for fundamentally misaligned spatial 
organization. Had spatial logic itself been appropriate to climate, technological intervention could have 
achieved far greater environmental performance at lower cost. 

6.3 Social and Cultural Discontinuity 
Beyond environmental and territorial consequences, outward-oriented housing models have disrupted 
social and cultural continuity by failing to accommodate privacy gradation central to Saudi domestic life. 
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Large windows, open plans, and perimeter-oriented spaces expose interior activities to external view, 
conflicting with cultural norms around family privacy and gendered spatial separation.   This misalignment 
has produced compensatory adaptations (heavy curtains permanently drawn, perimeter walls heightened, 
and outdoor space underutilized) that reveal tension bbetween imported spatial models and lived social 
practices. Rather than enabling domestic life, architecture becomes an obstacle to overcome through 
retrofitting and behavioral adjustment.  The deeper consequence is cultural alienation from built form. 
When architecture fails to support fundamental social practices, it loses meaning as cultural expression 
and becomes mere shelter, a functional container devoid of deeper significance. 

7. Operationalizing the King Salman Charter Through Inward-Oriented Design
The inward-oriented design is not only a legitimate alternative to imported spatial models, but also 
operationalizes the six values of the King Salman Charter that respond to them. Beyond symbolic reference 
or stylistic prescription, it represents a single, coherent spatial logic that integrates environmental 
performance, social organization, and cultural meaning across architectural and urban scales. 

7.1 Sustainability 
Architectural scale: Inward-oriented design achieves sustainability through passive environmental
strategies. Compact external envelopes reduce thermal exposure while courtyards provide shaded outdoor 
space, natural ventilation, and evaporative cooling. These features decrease reliance on mechanical 
systems, reducing energy consumption and operational ccarbon emissions. 
Urban scale: Attached courtyard configurations support higher densities with smaller infrastructure
footprints. Compact urban fabrics reduce per-capita land consumption, shorten utility networks, and 
enable walkability, decreasing automobile dependence and transportation emissions (Newman and 
Kenworthy, 1999). 

7.2 Livability 
Architectural scale: Courtyards provide controlled daylight without glare, acoustic refuge from urban
noise, and secure private outdoor space for children’s play and family activities. Seasonal adaptability 
allows courtyards to function year-round through shading devices and environmental modulation. 
Urban scale: Inward-oriented urbanism produces shaded pedestrian networks, short walking distances to
amenities, and reduced traffic intrusion. Streets function as social connectors rather than residual 
corridors, enhancing neighborhood livability. 

7.3 Human-Centricity 
Architectural scale: Internal organization establishes privacy gradients supporting family-centered
domestic life with appropriate zones for different activities and family members. Courtyards enable inward 
passive surveillance where parents can monitor children’s outdoor play while maintaining privacy from 
external observers. 
Urban scale: Compact morphologies create micro-commons (shared courts and connected pathways) that
foster neighborhood cohesion. Human-scaled urban grain and pedestrian priority enhance social 
interaction and community formation (Gehl, 2010). 

7.4 Continuity 
Architectural scale: Courtyard typologies support incremental growth, intergenerational adaptability, and
long-term spatial resilience. Internal modifications can ooccur without disrupting external appearance or 
neighboring properties, enabling continuity through change (Oliver, 2006). 
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Urban scale: Inward-oriented urbanism maintains human-scaled urban grain even as individual buildings
evolve. This allows continuity without historic replication—contemporary courtyard configurations can 
achieve architectural innovation while preserving fundamental spatial logic. 

7.5 Authenticity 
Architectural scale: Inward-oriented design concentrates meaning in lived interior spaces rather than
external display. Interior facades facing courtyards become a cultural canvas for ornamentation, 
decoration, and personal expression without imposing on the public realm. 
Urban scale: Calm urban exteriors and inclusive streets accommodate cultural plurality without spectacle.
Architectural identity resides in spatial organization and environmental intelligence rather than stylistic 
references, enabling authenticity without pastiche. 

7.6 Innovation 
Architectural scale: Contemporary courtyard typologies demonstrate innovation through intelligent
transformation of inherited principles. Passive-first climate-responsive technologies, computational design 
tools optimizing courtyard geometry for thermal performance and daylight, and flexible spatial 
configurations adapted to modern lifestyles represent innovation rooted in contextual intelligence rather 
than detached from contemporary sustainability discourse (Guy and Farmer, 2001).   
Urban scale: Dense yet privateu uurban models (courtyard townhouses and vertical courtyard apartments)
challenge assumptions that density, privacy, and environmental performance are mutually exclusive. These 
typologies demonstrate that high-density urbanism can maintain domestic sovereignty and environmental 
quality through internal organization (Edwards et al., 2006; Salama, 2013). 

8. Design and Policy Implications
8.1 Implications for Architectural Practice 
For architectural practice, inward-oriented design shifts the central problem of housing and building design 
from façade composition and visual exposure to spatial organization and environmental mediation. 
Architects are encouraged to minimize exposed exterior walls through attached or semi-attached 
configurations, allowing buildings to derive light, air, and views primarily from internalized open space 
rather than uncontrolled perimeter exposure.  Within this framework, courtyards function not as nostalgic 
motifs but as active environmental regulators. They organize thermal comfort, daylight modulation, and 
domestic life within controlled microclimates, with geometry, proportion, and sectional articulation 
becoming critical design variables responsive to pplot size, height, density, and programmatic complexity.  
Inward-oriented logic can be reinterpreted through contemporary typologies such as courtyard 
townhouses and vertical courtyard apartment buildings, which adapt this principle to higher densities and 
modern construction systems. 

8.2 Implications for Urban Design 
At the urban scale, inward-oriented design supports compact, walkable morphologies that counter the 
inefficiencies of dispersed, setback-based planning. By privileging attached buildings and internalized open 
space, urban fabrics can achieve higher density without sacrificing environmental comfort or domestic 
quality. Streets shaded but close-knit buildings regain their role as social and connective spaces rather than 
extensions of soulless residual corridors between isolated objects.  Eliminating inefficient setback regimes 
allows urban designers to reclaim land currently consumed by underused peripheral spaces that function 
neither as meaningful private territory nor as effective public realm. Inward-oriented urbanism instead 
guarantees private open space internally, within courtyards, while freeing public space to be clearly 
demarcated and intentionally designed, shaded, and ssocially programmed.  This rebalancing clarifies the 
public-private gradient that has historically structured successful cities. Morphological research 
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consistently shows that compact fabrics with clear spatial hierarchies outperform dispersed models in 
walkability, social interaction, and environmental efficiency (Alexander et al., 1977; Carmona et al., 2010). 
In the Saudi context, such morphologies also reduce reliance on automotive infrastructure, mitigating the 
spatial, ecological, and economic costs of car-centric urbanism. 

8.3 Implications for Policy and Regulation 
The most consequential implications of inward-oriented design lie in policy and regulation. Current building 
bylaws in Saudi Arabia are largely derived from outward-oriented planning models that mandate setbacks, 
isolate buildings, and externalize open space. These regulations structurally preclude inward-oriented 
solutions, regardless of architectural intent.  Reform requires abolishing mandatory setbacks and enabling 
attached courtyard typologies as legitimate forms of development. Regulatory frameworks should shift 
from distance-based controls toward performance-based spatial criteria that ensure daylight access, 
ventilation, privacy, and environmental comfort.  This entails defining minimum courtyard dimensions 
relative to building height and use, establishing adjacency rules that pprotect visual, acoustic, and olfactory 
privacy, and recognizing courtyards as primary open space rather than zoning exceptions. Comparative 
studies from Mediterranean and Middle Eastern contexts indicate that such regulatory shifts can support 
dense, climatically responsive urbanism without compromising health or safety standards (Bianca, 2000; 
Hakim, 2008). 

8.4 Implications for Public Discourse 
Beyond design and policy, inward-oriented architecture must be repositioned within public and academic 
discourse. Rather than framed as a regional exception, historical form, or cultural curiosity, it should be 
articulated as a Global South contribution to global urban theory, offering an alternative to extractive, 
exposure-driven urbanism rooted in Western modernity.  Such repositioning challenges the implicit 
hierarchy that equates openness and visibility with progress while associating enclosure with 
backwardness. Inward-oriented design ddemonstrates that environmental responsibility, social cohesion, 
and cultural specificity can coexist with modern life, technological advancement, and urban density.  By 
articulating inward-oriented urbanism as a transferable spatial principle rather than a culturally closed 
model, this research contributes to debates on decolonizing architectural knowledge and expanding the 
epistemic foundations of sustainability and resilience (Watson, 2009; Escobar, 2018). It advances a plural 
understanding of modernity in which multiple spatial rationalities coexist and inform one another. 

9. Conclusion
This paper has argued that inward-oriented design is neither nostalgic nor opposed to modernity, but a 
foundational spatial framework capable of synthesizing and operationalizing the values articulated by the 
King Salman Charter of Architecture and Urbanism. By operating at the level of spatial organization rather 
than stylistic expression, inward-oriented design translates abstract ethical commitments into concrete 
architectural and urban form.  Through internalized open space, controlled environmental mediation, 
compactness, and calibrated privacy, inward-oriented design reconciles objectives often treated as 
incompatible in contemporary practice: environmental performance and cultural specificity, density and 
livability, continuity and innovation. Sustainability, human-centricity, authenticity, and continuity emerge 
not as symbolic add-ons, but as integrated ddspatial effects when architecture is conceived as a mediating 
envelope rather than an exposed object.  The paper has further shown that the historical endurance of 
inward-oriented systems constitutes empirical evidence rather than cultural nostalgia. Their long-term 
environmental, social, and spatial performance reveals an embedded intelligence displaced by outward-
oriented paradigms, particularly in hot-arid climates and societies where privacy and domestic sovereignty 
remain central. The failures of setback-based, exposure-driven urbanism in Saudi Arabia are thus structural 
consequences of misaligned spatial logic rather than deficiencies of execution or technology.  By reframing 
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inward-oriented design as a transferable principle rather than a fixed typology, this research positions it as 
a viable framework for contemporary architectural practice, urban design, and regulatory reform. More 
broadly, it contributes to an expanded architectural discourse in which modernity is understood not as a 
singular spatial destiny, but as a field of multiple, coexisting spatial rationalities. 
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Abstract 

In the context of global metropolitan urbanisation, the governance of transitional 
communities at metropolitan peripheries remains a critical area of research. 
Characterised by intense socio-economic transformation, spatial heterogeneity and 
demographic diversity, these areas render governance practices particularly challenging 
and call for integration approaches combining governance. Focusing on the Guangzhou-
Foshan boundary in Nanhai District, China, this study employs literature review, long-term 
fieldwork, and participatory governance research to examine multi-scalar governance 
models through an integrated community governance framework. The findings highlight 
three key insights: (1) At the urban macro-level, educational rights governance via Points-
Based System balances between state control over citizenship with the developmental 
prospects of migrant families. (2) At the meso level of towns, the governance of spatial 
boundaries, shaped by public affairs, emerges from coordination of multi -tiered public 
management and diverse public service functions. (3) At the micro-community level, social 
integration, supported by ‘acquaintance communities,’ provides a way for new migrants 
and local residents to collaborate in community education initiatives. The results suggest 
that Nanhai District has generated distinctive governance practices that are effective 
across different dimensions, and its role clarifies community integration among citizens 
living in the peripheral regions of the Pearl River Delta. This study further elaborates a 
Chinese-specific governance framework based on the ‘Institution-Space-Behavior’ trinity 
of integrated community theory, translating multi-scalar elements into actionable policies 
for education, spatial, and social governance, and contributing to more inclusive and 
integrated societies. 
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1. Introduction   
We live on a ‘planet of suburbs’, where the population residing in metropolitan suburbs has surpassed that 

of central cities since the 1970s (Baldassare, 1992). Over the past two decades, scholars across Europe, 

North America, and Global South have increasingly recognised suburbs as important spaces for 

understanding contemporary urban transformation, yet these two remain closely interconnected (Li, Chen 

and Liu, 2012; Ren, 2021). Urban spaces typically include metropolitan centres that represent the most 

advanced stages of urban development, characterised by concentrated economic activity, institutional 

capacity and established governance structures, whereas suburban and peripheral spaces continue to 

evolve through successive waves of population movement, industrial relocation and spatial restructuring 

(Yi, 2010; Ma and Xiao, 2020). These peripheral spaces combine both urban and rural characteristics with 

hybrid land-use patterns, mixed population compositions and continuously transforming spatial structures 

(Wang, 2008). Therefore, understanding how such spatial heterogeneity and demographic diversity area is 

governed has become critical for examining contemporary urban transformation, particularly in contexts 

where rapid urbanisation interacts with institutional constraints and uneven public service provision (Shen, 

Ta and Chai, 2017).  

The evolution of Chinese suburbs follows a distinct trajectory. Since the reform and opening-up, suburban 

areas have become important sites of urbanisation and modernisation, with fringe areas shaped by the 

expansion of the suburban economy and the accumulation of capital (Wu and Shen, 2015). Metropolitans 

like Guangzhou, Shanghai and Beijing have experienced rapid population growth, extensive rural-to-urban 

transformation and significant industrial restructuring since the 1980s (Zhou and Ma, 2000). These spatial 

transformations have intensified governance challenges, not only in administrative management but also 

in accommodating institutional reform, managing diversity in the population, and of sustaining social life 

in the areas where traditional rural structures and new urban systems co-exist.  

Transitional communities, developed through the transformation of rural, large-scale redevelopment and 

dense migrant rental housing, have become emblematic of these tensions (Li et al., 2007; Wu, Zheng and 

Gu, 2017; Wang and Zhang, 2020; Yuan and Han, 2023). The Chicago School emphasized that regions of 

‘zone in transition’ were characterised by population convergence, mixed functions, conceptual conflict, 

interest contestation and institutional friction (Wang and Zhang, 2020). Within the currently Pearl River 

Delta (PRD) such as the Guangzhou and Foshan, rapid suburbanisation, rural urbanisation and industrial-

park expansion have jointly accelerated suburban transformation, producing pronounced heterogeneity, 

fragmentation and segregation under differing governance models. Thus, to address rapid-urbanisation 

pressures and enhance social resilience, government mandate spatially differentiated interventions, 

emphasising multi-level coordination and micro-scale co-production by neighbourhood committees and 

households. The concept of the ‘integrated community’ has therefore emerged as an important principle 

for governing both urban and rural communities (Yuan and Han, 2023; Han et al., 2024). 

However, research on suburban governance has not fully incorporated the analytical frame of the 

integrated community. Although existing literature has examined the processes of suburbanisation, 

transitional communities and institutional transformations, few studies examine governance across 

multiple scales in large metropolitan fringe areas, particularly areas characterised by extreme density, 

population mobility and spatial heterogeneity. This paper addresses this gap by focusing on the transitional 

communities along the Guangzhou–Foshan suburban spaces, aims to answer three questions: (1) Which 

major governance challenges face transitional communities in the metropolitan periphery? (2) How can we 

construct a community-based analytical framework that is relevant to the context of large fringe sites? (3) 
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What governance characteristics distinguish the transitional communities along the Guangzhou-Foshan 

boundary? 

Based on literature review, fieldwork and interviews, the study examines institutional, spatial and 

behavioural dimensions of governance on macro-urban, meso-township and micro-neighbourhood scales. 

And the contributions are twofold. First, the paper offers a governance-centred analytical framework based 

on the notion of the integrated community, which can also be extended to rapidly urbanising metropolitan 

fringes. Second, it translates the multi-scale dimensions of integrated community governance into specific 

empirical territories of education governance, spatial governance and social governance. The key findings 

help draw conclusions about suburban governance in China and provide a way to explore the processes of 

urbanisation in the Global South with a focus on community governance. 

2. Literature review 
2.1 Integrated community and Governance 

The term ‘community’ refers to a collective form of social life within a defined geographic space, which 

may range from a small village or residential area to an entire city or even a global scale (Qian and Niu, 

2007). The term ‘governance,’ rooted in Latin and ancient Greek, originally referred to control and steering, 

and was historically used interchangeably with ‘govern’ and ‘management’ in the administration of public 

affairs (Yu, 2001). With globalisation, governance has taken on a broader meaning, emphasizing the pursuit 

of shared public goals and the management of collective affairs through consultation among different 

stakeholders (Yu, 2002). In China, governance often refers to the management of public affairs through the 

allocation of public power, with an emphasis on steering, regulating, and shaping social processes (Xu, 

1997). Urban governance has been approached from two main perspectives: one emphasises the relations 

among multiple actors involved in governance, and term of ‘community’ is extended to a broader 

conceptual scale, aligning with the principles of comprehensive governance and reflecting the practical 

realities of governance in Chinese urban and urban–rural settings. 

Wu Liangyong, academician of both the Chinese Academy of Engineering and the Chinese Academy of 

Sciences, introduced the concept of the integrated community, placing a people-centred approach at the 

core of community spirit, social equity and social harmony (Wu, 2011). At present, the Ministry of Housing 

and Urban-Rural Development is advancing integrated community construction as a national agenda, 

prioritising functional enhancement and micro-scale spatial improvement to support the formation of a 

modern urban character. 

The term ‘integrated community’ carries both substantive and procedural meanings. Substantively, it refers 

to a concrete social collective similar as the  ‘Tonnies style’ of gemeinschaft (Tonnies and Charles, 2017). 

Procedurally, it represents an action-oriented planning practice that seeks to advance the public interest 

by addressing residents’ everyday concerns through collaborative participation among diverse actors. Built 

on a supportive multi-scalar physical environment, integrated community development also underscores 

the role of community organisations and public education in nurturing cohesion, shared identity and 

neighbourhood-based social capital. In this sense, an integrated community operates as a basic unit of daily 

life, urban spatial structure and local governance. It links the material fabric of place with the governance 

of healthy and sustainable communities, integrating multiple scales and community management (Han et 

al., 2024). 

1500



Han, S; Yuan, Q.F; Zhang, Y.Q; Lyu, W.L; Zou, 
H.F.  

Governance of Transitional Communities at 
Metropolitan Peripheries 

 

 

 

2.2 Analytical Framework from the Integrated Community Perspective 

A community can be understood as a dynamic social unit shaped by institutions, stakeholder practices and 

the interaction between several analytical perspectives, including state–society relations, institutions and 

everyday life, and behaviour and space. The ‘state and society’ relationship theory is a mainstream 

framework for studying community governance, effectively explaining from macro-level historical and 

social transitions, although it is less effective for capturing the micro and meso-level changes within 

communities (Zhou, 2016). As an alternative, the ‘institutions and life’ analytical paradigm provides 

valuable insights into community research, particularly suited to understanding everyday social practices 

from a micro and meso-level perspective (Li, 2018; Guo, 2021).  

China’s rapid urbanisation, together with changes in suburban management and the expansion of urban 

space, has produced new forms of community that sit between traditional rural villages and fully urban 

neighbourhoods. These are widely described as transitional communities (Qin, Yan and Cao, 2008). These 

communities are still not yet completely developed toward transformation from rural to urban and have 

continued to morph into more hybrid forms of communities of both old and new, a mix of old and new. 

Transitional communities at the Guangzhou-Foshan boundary are the products of differentiated land 

policies and household registration (hukou) systems. These neighbourhoods are typical of a distinctive 

urban-rural binary formation and ‘intermediary’ to rapid urbanisation that occur in between urban and 

rural areas. Located at the metropolitan edge, they form key units undergoing urban transformation. Their 

spatial composition usually includes rural communities, ‘village-to-resident’ redeveloped areas and newer 

urban estates, marked by complex demographic structures, fragmented social space and a divided urban–

rural governance system (Wang and Zhang, 2020).  

In the Nanhai District, situated along the Guangzhou-Foshan boundary, transitional communities abound. 

These areas have both the commonalities of global suburban communities as well as the distinct traits of 

Chinese metropolitan fringe groups. With the floating population often outnumbering registered residents 

in the rapidly urbanising PRD, migrant incorporation has become a central governance challenge shaping 

the modernisation of metropolitan fringe areas. In recent years, the community life circle has become an 

important planning approach grounded in the ‘behaviour and space’ (Chai et al., 2017; Chai, Zhang and 

Sun, 2023). It examines the everyday environments of residents at a micro level, emphasising how daily 

routines shape and are shaped by community space. Communities are formed through the interaction of 

different institutional arrangements and the actions of diverse stakeholders, while multi-scalar spaces link 

broader institutional structures with local behavioural practices (Yuan and Han, 2023). Based on this, a 

theoretical analytical framework for integrated community is constructed from three dimensions: 

‘institutions—space—behaviour’ (Han et al., 2024).  

Within this framework, ‘institutions’ refer to rules that have a leading role on community development. 

‘Space’ refers to public services and public spaces that structure residents’ daily lives in the community. 

‘Behaviour’ refers to the living needs and collective behaviours of community stakeholder groups. 

‘Institutions—space—behaviour’ is an integrated analytical framework. Each dimension links to a key 

aspect of contemporary urban governance: public service equalisation, and urban-rural population citizens, 

interpreting the comprehensive connotations of integrated community as a community of social life and 

social governance from multiple geographical scales and dimensions (Han et al., 2024). It is particularly 

relevant for analysing governance in rapidly urbanizing contexts, such as those found in developing 

countries like China. 
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Figure 1: On-site transformation of the integrated community governance framework (Author’s own, 2025) 

Transitional communities at the Guangzhou–Foshan boundary represent a typical form of rural–urban 

transition found on the edges of large Chinese cities. These communities located in Nanhai District 

generally fit the integrated community framework outlined above, but their local characteristics require a 

more focused analytical approach. Drawing on long-term fieldwork, close observation of the PRD’s 

metropolitan fringe, and practical experience with community governance in Nanhai District, this study 

identifies several factors that shape governance in these areas. Within the three dimensions of the 

integrated community model, the institution that most strongly affects residents’ ability to live and settle 

in these communities is the new citizen points-based management system. Under conditions of large-scale 

population inflow, this system has become central to balancing public management and everyday service 

provision. At the same time, community space operates as a multi-scale governance structure that links 

township administration, community service delivery and neighbourhood-level interaction.  

In neighbourhoods where residents have limited social interaction, a central task of community governance 

is to create the conditions that enable different stakeholder groups to coordinate their actions, allowing a 

more ‘familiar and cohesive’ community to emerge over time. As an early reform area, Nanhai District has 

developed governance arrangements that align with local needs and structural conditions. This multi-

layered system brings together macro-level municipal institutions, meso-level town administrations, and 

micro-level community practices. Each tier carries its own governance responsibilities and functions, and 

together they form a nested and overlapping structure of spatial governance. Figure 1 illustrates how this 

integrated community governance framework operates in practice. 

3. Community Governance Practice in Nanhai District Based on Integrated 
Community Concept 
3.1 Case study and interview 

This study employs a long-term fieldwork and thorough qualitative analysis to investigate governance 

procedures in Nanhai District. The primary materials include the Nanhai District New Citizen Policy Resource 

Kit 2021, the Nanhai District New Citizen Service Management System 2022, and the Jiayi Community Local 

History 2022. These documents present the multiple tiers and categories of public services available to new 
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citizens. Access to these services is conditional on having a residency permit and meeting certain criteria, 

such as contributing to social security for a certain number of years. 

The empirical work combines semi-structured interviews and ethnographic observation across three 

governance scales. At the urban macro scale, interviews were conducted with 5 managers from the Nanhai 

District New Citizen Office, staff from more than 10 community committees across 7 towns, and over 30 

migrant families. At the meso scale, fieldwork covered 20 communities in 3 areas of Dali Town. At the 

community scale, the study draws on Jiayi Community’s decade-long local history, interviews with 

community committee staff, and the researcher’s direct involvement in community governance activities. 

For example, in-depth interviews were held with officials from the Nanhai District and Dali Town 

Governments and with the Director of the Jiayi Community Social Work Office. Dozens of migrant families 

were also engaged, and the researcher participated as a community planner in public events. By adopting 

a multi-scalar perspective, the study can synthesise governance experiences in transitional communities at 

the metropolitan fringe and to offer broader insight into the governance dynamics of urban edge areas. 

Building on this empirical basis, the analysis examines governance practices in Nanhai through the lens of 

integrated community development. A three-level analytical structure is used to interpret governance 

across the Guangzhou–Foshan boundary. At the macro city scale, governance centres on education access 

through the points-based system. At the meso town scale, governance operates through spatial boundaries 

shaped by public affairs and the distribution of services. At the micro community scale, governance is 

expressed through everyday social integration and neighbourhood interaction. These nested scales 

collectively support goals related to public governance, public service provision and public life. Together, 

they reveal a coherent pattern of governance in transitional communities at the Guangzhou–Foshan 

boundary and offer a useful lens for understanding emerging practices of urbanisation and community 

development in Nanhai District, as well as wider mechanisms shaping metropolitan fringe governance in 

the PRD. 

3.2 Macro Urban Scale: Educational Access Governance under the Points System 

In the past 20 years, Guangdong has become China’s largest net population inflow province, Foshan is one 

of the top three cities in Guangdong and even one of the top ten cities nationwide. In Foshan, Nanhai 

district attracted the most migrants. The size of the city's non-registered population rose from 1.399 million 

in 2010 to 2.089 million in 2020, and its floating population by ratio has already surpassed those with 

residencies (1.26 times or 1.658 million). By 2020, migrants in Nanhai accounted for 41.63% of Foshan’s 

total population, making the district a clear example of what scholars describe as a ‘society in motion’. 

Therefore, the governance of the metropolitan peripheries in China depends on how effectively local state 

integrate such a large-scale of the floating population. While all other forms of modernisation depend on 

the modernisation of people, increasing both awareness and competence, particularly through education 

governance (Duan et al., 2023). Transitional communities at the urban periphery are dominated by 

migrants, and local governance increasingly centres on questions of citizenship and access to basic public 

service, such as the compulsory education. A critical challenge lies in solving the problem of migrant 

children entering public education, as the formation of a complete family unit, where migrant children can 

access public education alongside their parents, is essential for the stability of integrated communities. 

Therefore, education governance serves as a key entry point for addressing broader community issues in 

these urban fringe settlements. 

Currently, educational resources are often allocated at the town or district level, while the point system is 

mainly formulated at the city or district level. Public school places are prioritised for local registered 
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students with local hukou, followed by those with policy-based entitlements, and the remaining places are 

assigned to the students from floating population via the point system. Over the past decade, this point 

based mechanism has become an important institutional tool for managing tension between the rights of 

locals and the developmental needs of new migrant families (Zhang and Chung, 2025). Nevertheless, this 

system helps to address the challenges surrounding the admission qualifications of migrant children in 

public schools: 

Foshan City started the point system in 2012. Compared with the point indicators used in the Yangtze River 

Delta (YRD) and the PRD in China, Foshan has a preference for high-skilled talent, aligning the system with 

its socio-economic objectives and industrial development needs (Wang and Lu, 2019). During the ‘13th 

Five-Year Plan’ period in China, Nanhai completed 3,000 point-based household registrations annually, 

increasing the availability of educational places by 80,000. This initiative helped address the growing 

educational demands of migrant children, alleviated pressing social issues, and contributed to the wider 

public good. In Nanhai District, education has become a central instrument of local governance. The slogan 

‘Quality Education, Learning in Nanhai’ reflects its strategic emphasis on schooling as part of a broader 

urban development agenda. Over the past decade, Nanhai has maintained strong and consistent 

investment in education, which has enabled the district to achieve a high level of quality and balance in 

basic education provision. By 2020, the share of high-quality places in primary, junior secondary and senior 

secondary schools had reached 83.46%, 97.43% and 100% respectively (Guangzhou Urban Planning Survey 

and Design Institute, 2016).  

The education governance mechanism based on the point system operates across three aspects. First, it 

seeks to ensure a fair starting for new citizen families' children to receive compulsory education. With the 

relaxation of household registration, to prevent inequalities in children's education due to parental 

differences, the policy of hukou by purchasing a school district housing was no longer implemented after 

2019. Home ownership has become just one indicator in the point system, as school enrolment is no longer 

contingent on hukou. Second, it stimulates the socio-economic development capabilities of new citizen 

families. Education is considered a fundamental need for all families. High-quality public places are used as 

incentives to encourage floating families to purchase property, pay taxes, and provide services to 

accumulate points. The higher the score, the stronger the family's capabilities. Meanwhile, special bonus 

standards for families in positions of significant contribution reflect social inclusiveness and human-centred 

care. Third, this system selects high-skilled talents from the floating population. The government enhances 

the quality of public services centred on education, attracting young, highly educated, and high-skilled 

people. The talent dividend matches local business operations and promotes a positive industrial 

ecosystem, enhancing government finances, and thereby enabling the government to maximise the 

protection of educational rights for migrant children. 

3.3 Meso Town Scale: Spatial Boundary Governance Based on Public Affairs 

Since China’s reform and opening-up, the Nanhai District at the Guangzhou–Foshan periphery has formed 

a distinctive system of spatial boundary governance amid rapid urbanisations. This system reflects the 

coordination of public management and service delivery across different geographical tiers, including 

township, area, administrative village, rural and urban residents’ committees, policing grids and residential 

communities. These tiers respond to residents’ everyday needs for living, work and education, allowing 

public functions and service responsibilities to align with the diverse socio-spatial conditions of fringe 

communities. Governance ideas are transmitted vertically across these levels, where rigid and flexible 

boundaries overlap and form nested, multi-layered spaces. Together, they provide the institutional and 
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spatial foundations that support Nanhai’s approach to community governance, particularly in relation to 

education. 

Among the different governance scales, the most distinctive is the area scale. It originated from former 

township units that were restructured during Guangdong Province’s ‘strong town, expanded authority’ 

reform and now functions as a non-administrative tier positioned between the township level and the 

village and residents’ committee. Dali Town in Nanhai is an example of how this works in real life. Given 

that it is a major settlement on the Guangzhou-Foshan periphery, it has attracted many new residents. 

Dali's registered permanent population in 2020 was 789,600, but the number of people managed was over 

one million, making it the most densely populated city in the world at 8,233 people per square kilometre. 

Without increasing administrative expenditure, the town re-organised its spatial management structure to 

create three on-site area units. These units now function as the main platforms for managing school district 

boundaries, maintaining public security, and supporting the development of community organisations. This 

restructuring has eased, to some extent, the pressure caused by limited public service provision and very 

high population densities at the metropolitan periphery. 

A similar approach can been seen in Shanghai, where non-administrative management units have been 

introduced into the ‘street (jiedao or sub-district)-town-community’ structure, creating new governance 

spaces through the rescaling of governance (Chen, 2020). At the area scale, the points unit aligns with the 

school district, forming the basic spatial unit for primary and secondary education. The boundaries for new 

citizens’ points are established within the area's domain scale, whether transitioning from kindergarten to 

primary school or from primary to secondary school. While primary and secondary education school 

districts have rigid boundaries, the processes of daily learning and civic capability enhancement transcend 

these limits. Community education facilities, such as branches of the Nanhai Library, area reading rooms 

(e.g., Huangqi Library), village community local sentiment museums, residents' committee community 

libraries, and residential area reading stations, serve not only as windows for the floating population to 

understand the macro-level point system but also as effective learning and improvement venues. The 

adoption of this governance scale in Nanhai is the result of decades of interactive gameplay and repeated 

adjustments in spatial governance. 

At the macro scale, the point system shapes educational rights for migrant families across the whole urban 

area and directly affects public service provision and public affairs management at the meso scale. Most 

notably, it sets the area-level boundaries for primary and secondary schools. In turn, the spatial boundaries 

at the meso scale provide the basis for creating ‘familiar communities’ at the micro scale. Through home-

based social services and everyday community education, the ‘home comprehensive’ system links the 

smallest spatial units, residential blocks, neighbourhoods and courtyards, and supports gradual social 

integration among new and long-term residents. 

3.4 Micro Community Scale: Social Integration Governance Based on Familiar Community 

In response to the rapid influx of floating populations in the PRD region of China, and challenge posed by 

an atomized society of strangers, the Nanhai District of Foshan City proposed the concept of ‘familiar 

communities’ in 2011. This approach focuses on fostering connections through services to build a network 

of acquaintances while promoting integration through shared activities to merge familiar spaces. The goal 

is to facilitate the civic integration of populations amidst rapid urbanisations. Various departments such as 

the political and legal committees, education bureaus, police stations, and women's federations of the 

towns in Nanhai are embedded in the ‘familiarity creation’ work of the residents' committees. In Dali Town, 

for instance, over 200 leaders of new citizen building initiatives have been cultivated. In collaboration with 
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public security, women's federations, and youth associations, collaboratively addressed 323 community 

public issues in 2021, such as facility maintenance, safety and hygiene, and neighbourhood mediation, 

significantly enhancing neighbourhood relationships (Nanhai Community Governance, 2022). 

Jiayi Community is a benchmark for ‘familiarity creation’ and a healthy community in Guangdong Province 

and was selected as one of China's outstanding urban and rural communities in 2022. This community 

covers an area of 1.8 km², with a permanent population of 61,300, of which the floating population 

accounts for 73.4%. The core of Jiayi Community's ‘familiarity creation’ lies in guiding new citizens and 

locals to achieve social integration through public activities, with integration mechanisms including 

bottom-up integration and top-down promotion (Li and Li, 2019). Over the past decade, the governance of 

Jiayi Community has been centred on ‘familiarity creation,’ leading to the development of a comprehensive 

institutional framework, supported by organisational structures, venue provision, and social work services. 

The success of Jiayi Community's ‘familiarity creation’ model can be attributed to the organic combination 

of top-down institutional design and bottom-up public activities. 

Public activities in Jiayi Community are usually held at the ‘New Nanhai Immigrants Home Centre’ 

Comprehensive Service Centre (‘Home Comprehensive’), which mainly provides social services for new 

citizens and operates as government-purchased service. It serves as a public activity platform for the 

community's ‘one old and one young.’ The residents' committee has established a social work office at the 

‘Home Comprehensive,’ forming a team led by a project director and social workers, providing precise and 

demand-oriented services for adolescents, the elderly, families, and volunteers. T This system encourages 

continuous improvement in community work and strengthens the role of the centre as a platform for 

everyday interaction and neighbourhood engagement. 

On the community public platform, we participated in two activities carried out by the community for the 

‘one old and one young’: the ‘Harmonious Neighbour Activity Festival’ and the ‘Little Planner.’ The former 

is based on clubs that are spontaneously organized by retired elderly in the community according to their 

interests. Led by an ‘elder sister’ who invited the author to host activities on important holidays such as 

New Year's Day and National Day, forming a formal community celebration. The key point of ‘familiarity 

creation’ for this group is the design of the program list personnel structure, interweaving local families 

and new citizen families to rehearse programs together to break the ice, gradually forming relationships 

through frequent interaction and joint performances. The latter is a thematic public welfare activity for 

adolescents carried out at the community centre, aimed at helping students establish awareness of their 

common community home, as an innovative practice of ‘familiar community’ starting from children. Across 

these activities, different groups come together through education-related governance. The interactions 

help meet diverse needs and, more importantly, allow residents to get to know one another. In this process, 

people who once lived side by side as strangers begin to build trust and eventually form more harmonious 

neighbourly relations. 

Multiple groups benefit from participating in community activities, which together help build a shared 

governance. Social workers receive performance incentives, volunteers can earn points for social practice, 

instructors give lectures and conduct field research, children learn new knowledge, the elderly engage in 

physical exercise and cultivate their emotional well-being, and parents acquire life skills and social capital. 

These interactions bring out the social vitality of community building, where neighbours gradually become 

important figures in residents’ daily lives  (Xiong, 2020). Through community-based methods, social 

interaction between new citizens and locals is strengthened, shaping a human-centred living community 

with the dimensions of life and emotion in community governance, gradually achieving a transition from 

strangers to acquaintances, and ultimately to friendly neighbours in a familiar community (Gao, 2022). 
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4. Conclusion  
Transitional communities at the metropolitan periphery represent one of the most challenging arenas of 

China’s urbanisation. The case of the Guangzhou–Foshan boundary illustrates how rapid population 

mobility, fragmented spatial structures and uneven institutional arrangements together create distinctive 

governance pressures. Using the lens of integrated community, this study shows that governance in these 

areas is organised through multi-layered and nested arrangements that span multiple geographical scales 

and engage three major governance dimensions. 

At the macro urban scale, education-rights governance based on the point system helps balance the state’s 

management of new-citizen rights with the school-choice aspirations of migrant families. B The mechanism 

makes it easier for migrant children to get into public schools and helps families settle down in peripheral 

areas by making it easier to get into public schools. A At the meso town scale, spatial-boundary governance 

coordinates public affairs across the township, area, village and community levels. Here, the fixed 

boundaries of administrative management intersect with more flexible boundaries shaped by service 

delivery, creating a structure that shifts in response to the everyday needs of residents, especially the 

migrants. At the micro community scale, social integration governance relies on neighbourhood interaction. 

Public activities help new citizens and local residents “break the ice” and shift from stranger relations to 

more familiar and cooperative ties. These everyday practices gradually build social cohesion within 

fragmented urban–rural settings. 

Overall, the three scales make clear how different aspects of governance interact and reinforce one 

another. The point-system mechanism at the macro scale, the distribution of public-service responsibilities 

at the meso scale, and the social-integration efforts at the micro scale form an interconnected arrangement 

that captures the governing logic of China’s metropolitan peripheries. This alignment of institutional 

regulation, spatial coordination and behavioural engagement demonstrates how transitional communities 

can move toward the goals of integrated community governance. Overall, this study extends the integrated 

community framework by showing how ‘institutions–space–behaviour’ can be analysed into concrete 

governance practices in suburban China. It also adds new empirical evidence from the Global South, 

suggesting that metropolitan peripheries require governance approaches that can manage mobility, 

fragmentation and demographic complexity, while supporting community life that is more cohesive and 

grounded. 
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Abstract 

With over half of the global population now residing in urban areas, the 21st century continues to 
face urban design challenges. This increased pressure on urban areas calls for sustainable design 
solutions, such as smart city, green city, liveable city, and resilient city initiatives. This research 
examines the critical need to balance innovative smart city initiatives with the imperative to 
preserve the city's historic core, using Manama as a case study. The study employs a descriptive 
case study methodology, with data primarily drawn from the academic literature, government 
reports, and field observations. 
The analysis reveals that, driven by Vision 2030, Manama is currently experiencing an active, 
sustainable design process that primarily relies on adopting smart city interventions. Analysis 
further shows that, despite these interventions and conservation phases, several scattered 
heritage structures continue to face neglect and deterioration, highlighting inconsistent 
conservation of the historic core. The findings highlight that front-stage smart city initiatives, 
initially aimed at enhancing urban design, can also create back-stage socio-spatial disparities in 
the historic core, a phenomenon observed in Manama. Based on the findings, the study argues for 
the need to develop a resilient historic core of Manama for a holistic sustainable urban design that 
does not diminish its chances of UNESCO inscription. 

 

Keywords 

Manama, Smart City, Resilient Historic Core, Sustainable, Urban Design, Vision 2030 

1. Introduction  

The emergence of the world’s first cities dates back to approximately 3500 B.C., with researchers widely 

recognizing the Uruk Cluster in Mesopotamia as humanity’s first urban settlement that resembles what we 

today call a city (Hays, 2015). Located roughly 150 miles south of present-day Baghdad, this city marked 

the beginning of urban settlements, which have since expanded across the globe. By the early 21st century, 

this expansion, now referred to as urbanization, had accelerated significantly. According to the World 

Health Organization's Global Health Observatory, as of 2010, over half of the global population resided in 
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urban areas. After more than a decade, this number has already passed 50 percent. Projections indicate 

that by 2030, six out of ten people will live in cities, a proportion expected to rise to seven out of ten by 

2050 (Tang & Lee, 2016). 

To better understand this expansion, it is necessary to consider the evolution of urban design. This 

evolution can be seen as undergoing three significant revolutions. The first occurred in ancient times, 

marking the transition from rural to urban living with the emergence of the earliest cities such as Uruk in 

Mesopotamia. The second major shift arose during the Industrial Revolution, characterized by large-scale 

industrial and population concentrations driven by economies for better work and life opportunities. The 

third urbanization revolution unfolded in the post-World War II era; a period marked not just by the 

physical expansion of cities but also by their critical role in the spatial development of nations facing 

urbanization. This phase saw phenomena such as urban sprawl, the rapid development of new towns, 

periphery cities, and networked satellite cities. During this last phase, the role of cities transformed from 

passive settlements to more dynamic centres of innovation, expansion, and creativity, bringing 

unpredictable impacts (Kourtit, Nijkamp, & Arribas, 2012). 

In response to this, sustainability has emerged as a key concept in the field of urban design. Defined as an 

urban development that meets the present-day needs without compromising those of future generations 

(Kirkby et al., 1995), sustainability has three dimensions: environmental, economic and social. When 

implemented, these dimensions not only improve the city’s physical attributes but also extend towards the 

residents’ needs, green infrastructure, disaster preparedness, flora and fauna and climatic actions 

(Elghonaimy, 2019; Lafi, Alkhalifa & Jiwane, 2023). Consequently, over the years, numerous definitions, 

concepts, and frameworks related to sustainability have emerged to better understand the term in the 

context of urban design (Al Khalifa, 2019). Similarly, an increasing number of initiatives, visions and action 

plans are being implemented by the governments, stakeholders and international NGO's to tackle 

challenges associated with the need for sustainable urban design (Omar, 2018). 

In this vein, Bahrain's Vision 2030, introduced in October 2008 by His Majesty King Hamad bin Isa Al Khalifa, 

emerged as a strategic framework for Bahrain's sustainable development, infrastructure expansion, global 

competitiveness and economic growth. Vision 2030 outlines a clear route for advancing Bahrain on a 

regional and international scale while aspiring to improve the quality of its urban environment as well as 

the quality of life of the people of Bahrain. The Vision has three fundamental principles: “Sustainability, 

Fairness, and Competitiveness”. These principles altogether guide a coordinated approach that aligns 

government actions, socio-cultural solutions, and socio-economic enhancement. The Economic 

Development Board (EDB) spearheaded a series of institutional and economic reforms, establishing a 

continuous program to implement the Vision. Furthermore, the first National Economic Strategy, 

developed under the EDB’s direction, serves as a blueprint for advancing towards the Vision and aligning 

national objectives with the United Nations' Sustainable Development Goals (SDGs) for 2030. Bahrain's 

2023 Voluntary National Review evaluates the country's progress at the mid-point of the SDG timeline, 

offering a comprehensive evaluation of advancements, the challenges and gaps that can be filled toward 

realizing the 2030 SDG Agenda (Bahrain.bh, 2023). 

Among these initiatives, the Bahrain Smart Cities Summit is a specialized event focused on initiating and 

exhibiting smart and sustainable urban solutions for contemporary and future cities. The summit acts as a 

hub for cross-sector collaboration within Bahrain and the Gulf region, and supports the transformation of 

the Kingdom’s two major cities, Manama and Muharraq, into smart and sustainable cities. The primary 

objective of the summit is to raise awareness about the potential and opportunities of Smart Cities. To 

align with these objectives, Manama, the capital city of Bahrain, is undertaking several initiatives to become 
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a role model for sustainable urban development, incorporating SDGs and smart city protocols (Elghonaimy 

& AlHaddad, 2019). However, the historic core of Manama continues to face challenges, first due to rapid 

urbanization and now due to prioritized smart city initiatives that are inclined more towards innovation 

and technology-driven interventions (Hanif, 2024). 

This paper examines the critical necessity of balancing innovative smart city initiatives with the need to 

preserve the existing historic core of Manama, thereby incorporating resilience to achieve a holistic, 

sustainable urban design. A qualitative case study methodology was employed to evaluate the integration 

of ongoing smart city initiatives within the context of sustainable urban redevelopment of Manama, 

Bahrain. The analysis that follows demonstrates how sustainable urban design cannot be achieved by 

integrating smart city interventions only, but rather calls for tackling the socio-spatial disparities witnessed 

in the neglected historic core of Manama. 

2. Methodology 

To address the research aim, a qualitative case study methodology was employed to evaluate the 

integration of the ongoing smart city initiatives with the need for a resilient historic city protocol within the 

context of sustainable urban redevelopment of Manama, Bahrain. First, a comprehensive literature review 

served as the basis for addressing the sustainable urban design framework and for identifying the need to 

adopt it. This theoretical framework was specifically tailored to align with the unique local characteristics 

of Manama city. 

The selected study area is the historic core of Manama, covering Blocks 301 to 310 and spanning 

approximately 7-8 kilometers. This area, along with its peripheries that face rapid urbanization, was chosen 

for its distinctive convergence of cultural heritage, historic urban morphology, and socio-cultural vibrancy 

within a rapidly modernizing Gulf setting. As one of Bahrain’s earliest settlements, the historic core of 

Manama has accumulated layers of history,  trade, religious tolerance, and cultural influences. These layers 

make Manama an ideal place for exploring the relationship between heritage and urban development. 

Historically situated along the former coastline, the historic core had a direct link between the traditional 

souq and the old port, now represented by the monument of Bab al-Bahrain.  

Data were collected from a combination of primary and secondary sources, including government reports, 

historical maps, and academic literature (such as peer-reviewed journal articles, master’s theses, and 

doctoral dissertations) that focused on the evolution of Manama over the years. Additionally, field 

observations were conducted in the historic core of Manama to document its present state as of November 

2025. Fieldnotes and photographic documentation were systematically recorded, and post-oil heritage 

neglect was noted as part of initial observations. No systematic resident surveys, human-subject 

interviews, or stakeholder consultations were conducted as part of this study, acknowledging a noted 

methodological limitation. 

3. Literature Review  

3.1. Need for Sustainable Urban Design 

Braudel (1967) emphasized that cities in the last few decades have functioned like electrical transformers, 

intensifying energy, accelerating interactions, and continuously shaping human experiences. Taking an 

interdisciplinary approach, this perspective highlights how emerging technologies and the expanding 

infrastructure systems, such as telecommunications, transportation networks, energy systems, and water 
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services, are impacting cities, calling for sustainable action (Graham and Marvin, 2001). In order to address 

this, Hulatt (2019) stressed that a sustainable urban design framework that balances the development with 

environmental progress, social inclusivity, and economic progress is required. Its primary goal is to reduce 

ecological footprints while enhancing residents' overall quality of life. By integrating features such as green 

infrastructure, energy-efficient architecture, and strategic transportation networks, this approach seeks to 

establish adaptable cities capable of addressing the complexities posed by urbanization. This integrated 

framework enhances the resilience of cities, enabling them to withstand the effects of rapid urbanization, 

climate change, and other global challenges. The primary three trajectories include (Fig. 1) 

 

Figure 1. Urban design benefits in three trajectories.  Source:  Hulatt/ Vaia (2019).  

Apart from the environmental and economic advantages, which are usually the main focus of sustainable 

discourse, Hulatt (2019) highlights the importance of integrating social sustainability as a crucial element 

for achieving sustainable benefits. Therefore, social sustainability has emerged as a vital part of sustainable 

development in the context of cities. Emerging literature continues to examine the role of social 

sustainability in urban design and its relevance in terms of regeneration of streets, neighborhoods, districts, 

and cities (Hassan, Hamdoon, & Galal, 2022). Extending upon this need, Landorf (2011) proposed a 

framework that evaluates the social aspect of sustainability in urban design. This includes three key 

dimensions, evaluation criteria, and a structured methodological approach (Fig. 2). The process begins with 

establishing a common definition of sustainable development within a mutually agreed-upon federal or 

state-led framework (Hassan et al., 2023). 

 

Figure 2. Evaluation criteria for social sustainability. Source: Landorf (2011); Hassan et al. (2023). 

Previously, efforts to assess sustainable development have largely been technology-driven and 

environmentally focused. However, with the advent of the Landorf (2011) framework,  researchers can 

investigate and opt for a balanced approach that incorporates social aspects to solve socio-spatial and 

socio-cultural concerns. Thus, this framework includes a comprehensive set of evaluation criteria, as 

detailed above, and emphasizes two essential prerequisites for implementation: a)defining a localized 
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understanding of sustainable development, b)  reaching a consensus on the significance of safeguarding 

cultural heritage (Hassan et al., 2023). 

 

3.2. Rise of Smart Cities Initiatives in Urban Design 

Over the last 15 years, the term "smart cities" has gained widespread attention in academic literature, 

state-led master plans, and the media. It primarily refers to two key aspects: the use of information and 

communication technologies (ICTs) to drive economic growth and the integration of software-enabled 

technologies into urban infrastructure. These two aspects, in turn, then enhance the management as well 

as the image of the city (Kitchin, 2015). From this perspective, a smart city initiative is characterized by an 

inclination fuelled by technologically driven innovation, creativity, and entrepreneurship to transform the 

city and bring it to a globally competitive scale (Omar & El Sayary, 2024).  

Furthermore, "Smart city" has been interpreted in various ways within sustainable development discourse, 

generally encompassing two interrelated perspectives. The first perspective defines a smart city as an 

urban area embedded with pervasive and ubiquitous computing technologies, often referred to as 

"everyware" (Greenfield, 2006). These technologies include a range of digital and computational systems 

integrated into the urban cores, such as fixed and wireless communication networks, digitally managed 

utility and transportation systems, sensor and surveillance networks, and automated building management 

systems. These systems are designed to monitor, regulate, and optimize city operations and flows, often 

in real-time (Kourtit, Nijkamp, & Arribas, 2012).  

However, the second perspective defines the concept of a "smart city" in a broader context, emphasizing 

the incorporation of a knowledge-based economy within rapidly evolving cities. From this standpoint, a 

smart city is associated with economic progress and governance systems driven by innovation, creativity, 

and entrepreneurial initiatives, initiated by an engaged and skilled population (Kitchin, 2014). Despite the 

widespread discourse surrounding smart cities, there is limited focus on the specific processes through 

which individual smart cities are developed. The impact of a city's historical, governmental, and 

institutional contexts on its transformation as a smart city remains even scarce. Similarly, the socio-cultural 

disparities that emerge as a consequence of the industrial revolution, urbanization, and technological 

progress are rarely addressed. Instead, discussions are often dominated by the "corporate storytelling" and 

“economic vision” of smart cities (Yang, 2020). 

Such an approach either leaves the city’s historic core marginalized or simply preserves it as a static 

monument through a process known as museumification. Hence, this process of museumification 

transforms the city’s historic core into a museum-like entity, often as a consequence of technology-driven 

smart city initiatives (Boussaa, 2020; Hanif, 2025). While smart technologies focus on the modernized 

interventions and improve the urban fabric, they risk prioritizing commodification and tourist-centric 

narratives over the living, dynamic nature of cities' historic cores. Consequently, this can displace local 

communities, erase cultural identity, and strip historic cores of the social sustainability factor (Hanif & Riza, 

2025). Thus, smart city initiatives must be balanced with the need to identify resilient historic cores in the 

quest for modernized, futuristic, sustainable cities, particularly those with historical context.  

3.3. Identifying the Need for a Resilient Historic Core in Sustainable Urban Design 

The historic core is a critical component of the cities, addressing essential social, economic, housing, 

transportation, security, and recreational needs. When such needs are neglected, the functionality and 
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continuity of these cities are fragmented and deteriorated (Najd et al., 2015). The city’s historic core holds 

substantial value and is vital to its growth. Cultural heritage in this vein is not only recognized for its 

architectural significance but also for its role in reflecting cultural and anthropological activities occurring 

within the cities, each having its own distinct attributes (Haghighi Fard & Doratli, 2022). Simultaneously, 

the preservation and protection of the city’s historical core play a vital role in aligning with the Sustainable 

Development Goals (UNESCO World Heritage Centre, 2021). Among the 17 Sustainable Development Goals 

established by the United Nations (United Nations, 2015), heritage is specifically addressed in Goal 11, 

“Sustainable Cities and Communities,” through Target 11.4, which aims to "strengthen efforts to protect 

and safeguard the world’s cultural and natural heritage."  

Additionally, the necessity of addressing natural and climate-related hazards is emphasized in Goal 13, 

“Climate Action,” under Target 13.1, which calls for strengthening resilience and adaptive capacity to 

climate-related hazards and disasters (natural or man-made) in all parts of the city (Briz et al., 2023). Hence, 

sustainable urban design that addresses these concerns emerges as a dominant approach to sustain the 

resilient historic core of the rapidly evolving cities (Boussaa, et al.,2023). This highlights the fact that historic 

cores tend to face significant urban pressures stemming from the disparity between their architectural 

heritage and the evolving needs for smart city initiatives. Despite the disparity, the historic cores, if 

documented and preserved in the right way, do hold substantial potential for driving sustainable urban 

development. Smart cities and resilience of the historic cores intersect in such a quest by integrating 

modern interventions on one hand and, on the contrary, initiating urban regeneration strategies (Hanif & 

Boussaa, 2026). 

4. Case Study: Manama, Kingdom of Bahrain 

Since the discovery of oil in the late 1930s and early 1940’s, Manama has witnessed a significant 

transformation. This transformation from a small coastal port and the adjacent settlement has led the city 

to become Bahrain's largest city and one of the Gulf region’s fastest progressing hubs. Amidst this, the 

historic core has gone through a period of neglect, abandonment, and inhabitation by the migrants, 

evolving from an organic and traditional layout to a more complex and hybrid urban fabric (Hanif 2025). 

(Fig. 3). 

 

Figure 3. Topographical map of Manama in 1930 (left) and 1951 (right). Source: Al-Nabi, The History of Land 
Use and Development in Bahrain (2012); ElGhonaimy & Al-Haddad (2019) 
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4.1. Historical Context of Manama 

During the early nineteenth century, Manama emerged as a major Gulf port for trade, gold, and pearl 

exchanges (UNDP, 2008). Following the Al Khalifah family’s rise to power in 1783, their administrative 

capital was established in Muharraq (1809–10), creating a political and socio-economic duality between 

Muharraq, the tribal power base, and Manama, a cosmopolitan commercial center. Over time, Manama 

developed into a “frontier society” due to its diversity. The expansion of the port economy after the 1880s 

triggered a housing boom and unregulated urban growth was shaped by maritime activity and successive 

migration waves. In contrast to the tightly knit, urban fabric of Muharraq, Manama’s historic core reflected 

its diversity and an openness towards modernity (Fuccaro, 2009). By 1904, Manama had become a 

prominent maritime trading center, with around 450 shops across multiple souqs (UNESCO, 2018), and, 

together with Muharraq, expanded to roughly 1 square kilometer, its tripled population reinforcing its 

commercial and multi-ethnic character (Al Khalifa, 2015). 

 

4.2. Post-oil Modernization of Manama  

Manama’s transition into a modern capital accelerated in 1919 with the establishment of its first 

municipality (baladiyyah). This was introduced through British-led administrative reforms that initiated 

urban expansion beyond the city’s traditional core. The discovery of oil in 1932 at the Awali Oil Field marked 

a turning point, catalyzing large-scale infrastructural development that positioned Manama as the 

“harbinger of Bahrain’s modernity” and the region’s first emerging metropolis (Fuccaro, 2009). State-

directed modernization included high-rise buildings, land reclamation, and the construction of major 

landmarks such as Bab al-Bahrain, designed in 1945 by Belgrave as both the seat of government and a 

symbolic gateway to the evolving city (Shubbar, Boussaa & Madandola, 2025). 

With the introduction of the network of roads, electricity, and a shift toward a formalized urban grid, 

Manama continued to urbanize rapidly. After becoming the official capital in 1971, the authorities 

implemented successive master plans to accommodate expatriate populations and a diversifying service-

based economy in Manama (Fig.4). As affluent families relocated, the historic core experienced a gradual 

socio-cultural decline, increasingly inhabited by low-income laborers. Extensive land reclamations 

throughout the twentieth and twenty-first centuries expanded Manama and Muharraq to 87.18 square 

kilometers by 2025, leaving Manama’s historic core disconnected from the original coastline. Today, the 

historic core of Manama, comprising its covered bazaar, traditional houses and other heritage structures, 

stands in contrast to the high-rise hotels and commercial centers reflecting an urban fabric shaped by post-

oil modernization (Ben Hamouche, 2008). 
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Figure 4. Post Oil Modernization of Manama. Source:  ElGhonaimy & Al-Haddad (2019) 

 

4.3. Front Stage: Smart City initiatives for the Sustainable Development of Manama 

Bab Al-Bahrain Avenue, which leads to the historic core, is a vibrant thoroughfare at the heart of Manama, 

Kingdom of Bahrain. This central location endows the avenue with significant historical significance within 

the city’s urban fabric. In addition, the avenue holds considerable economic and cultural value, serving as 

a hub for diverse economic activities. Its socio-economic significance is strengthened by its proximity to 

the bustling Gold Souq. The avenue, being one of the busiest parts of Manama, attracts residents, local 

visitors, and tourists. However, the rapid urban development of Manama, particularly around the historic 

core, has led to many alterations and interventions within the city’s historic core and has eventually led to 

a fragmented urban fabric (Elghonaimy, 2020). 

As part of its Vision 2030 agenda, Bahrain is embedding smart-city innovations in Manama through major 

investments in built infrastructure, digital interventions, renewable energy, and connected public services. 

Key initiatives include smart traffic lights and sensor-based pedestrian crossings, enabled by Artificial 

Intelligence (AI) and Internet of Things (IoT), to improve road safety and mobility (Bahrain.bh, 2023). The 

Digital City Bahrain project, a flagship smart district located near Manama, is being developed with high-

speed fiber infrastructure and sustainable design aligned with Vision 2030’s goal of creating a knowledge-

driven, low-carbon economy.  Additionally, the government is promoting renewable energy adoption by 

offering incentives for solar installations, as part of its broader efforts for sustainable development. The 

Bahrain National Strategic Plan for Urban Development, articulated through the National Detailed Land 

Use Plan, guides spatial growth, land allocation, and land use planning, aligning with the nation’s long-term 

socio-economic and environmental objectives. Hence, the National Strategic Plan for Urban Development 

under Vision 2030, and the smart city initiatives that form a key principle of the strategic plan, are aimed 

at enhancing Manama's competitiveness and creating a holistic urban design proposal for the city, 

including conservation of the historic core (Fig 5). However, amidst these smart city initiatives, there’s a 

critical need to consider the resiliency of the historic core and assess its impacts (Masri, Karajica, & 

Dayaratne, 2024). 
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Figure 5. Map of historical and cultural sites in Manama. Source: Bahrain Authority for Culture & Antiquities 
(2020); Shubbar, Boussaa & Madandola (2025). 

 

4.3. Back Stage: Socio-Spatial Disparities in the Historic Core of Manama 

Despite ongoing conservation efforts initiated by BACA (Bahrain Authority of Culture and Antiquities), the 

scattered, neglected, and deteriorating heritage structures in the historic core of Manama have increased 

over the last few years due to previous uncontrolled urbanization. This has, in turn, led to the socio-spatial 

disparities by weakening the tangible connections to the city’s multicultural past as a pre-oil trading and 

pearl-diving centre. Key religious structures—such as Al Fadhel Grand Mosque, Al Mehza’a Mosque, 

Matam Alajam AlKabeer, the Synagogue, Sacred Heart Church and Shri Krishna Temple—embody 

Manama’s long-standing tradition of peaceful coexistence (UNESCO, 2018), yet uneven preservation of less 

renowned traditional buildings (Fig.6), showcase that the smart city initiatives alone can not help Manama 

achieve a holistic Urban Design.  

     

Figure 6. Deteriorating heritage structures in the historic core of Manama. Source:  Authors (2025) 

Similarly, civic and institutional buildings, including the Yateem Center and Cinema, Al Zaina Mall, Fatema 

Alzahra School, and the Old Municipalities Affairs Building, reflect the evolution of Bahrain’s socio-cultural 

fabric but remain vulnerable to neglect amid rapid modernization. Traditional merchant houses and coral-

stone shops, though modest in scale, form the historic core of Manama and their deterioration deepens 

the socio-cultural disparities. Furthermore, the contrast between conserved heritage structures and 

modern landmarks beyond the periphery highlights widening disparities in cultural visibility, urban 

investment, and social recognition. Collectively, these socio-spatial disparities illustrate how insufficient 

heritage protection risks undermining the sustainable urban design objectives and marginalizing the socio-

cultural narratives embedded within the historic core of Manama (Fig. 7). 

     

Figure 7. Neglected heritage structures in the historic core of Manama demonstrate socio-cultural disparities. 
Source:  Authors (2025) 
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5. Front Stage vs Back Stage: Need for a Resilient Historic Core of Manama 

Manama, recognized as Bahrain’s historical heart, owes much of its significance to the layered, multi-

cultural and multi-religious fabric of its historic core. However, rapid modernization has accelerated the 

erosion of cultural heritage, leading to a gradual decay of social vitality. The once-robust communal life 

that shaped Manama’s urban fabric has weakened, as the historic core loses the cultural practices and 

social cohesion that once sustained it. Compounding this is the scarcity of accessible public spaces that 

could support community interaction. These challenges highlight an urgent need for a resilient historic 

core—an integrated approach to safeguarding heritage, reinforcing social continuity, and eliminating socio-

cultural disparities. Such an initiative would complement the Urban Planning and Development Authority’s 

smart city strategies under Vision 2030 and simultaneously position Manama as a model of sustainable 

urban design in the Gulf.  

Shubbar, Boussaa and Madandola (2025) further emphasize that the historic core of Manama represents 

a critical case for urban heritage, particularly because it continues to sustain a substantial resident 

population—unlike the largely depopulated historic cores in the Gulf. This continued inhabitation offers a 

continued functionality, which holds a prominent potential for heritage tourism. Notably, Manama’s multi-

religious processions hold exceptional cultural value and must be preserved as an interpretive cultural trail 

that articulates Manama’s historical evolution. Preserving and activating such intangible heritage with the 

conservation of built heritage is therefore central to strengthening the social protocol highlighted by 

Landorf (2011). 

Hence, developing a holistic urban design for Manama calls for a foundational strategy to build a resilient 

historic core that safeguards cultural heritage and minimizes backstage socio-spatial and socio-cultural 

disparities. Being the symbolic gateway to Bahrain (UNESCO,2018), Manama’s historic core holds 

significant potential to project the nation’s living culture, cosmopolitan character, and socio-urban diversity 

to appeal to both residents and global audiences. Furthermore, Manama’s 2018 nomination to the UNESCO 

World Heritage Tentative List as a “City of Trade, Multiculturalism and Religious Coexistence” highlights the 

need for a resilient historic urban fabric, not overshadowed by the smart city initiatives. Strengthening the 

resilience of the historic core—through the conservation of built heritage, revival of intangible heritage, 

and tackling the socio-spatial disparities that emerge from the inconsistent conservation—directly 

supports the city’s potential to meet UNESCO Criteria (ii) and (iii). Manama’s case demonstrates that a 

resilient core not only calls for the preservation of the architectural heritage required for inscription but 

also ensures that heritage values that are intertwined with daily life continue to do so.  

6. Discussion: Sustainable Urban Design and the Importance of Resilient 
Historic Cores 

The historic core of the cities serves as a vital component of the past, reflecting the lifestyles and cultural 

practices that defined their evolution over the years. Preserving them for future generations is a crucial 

indicator of sustainable urban development and incorporates the side-lined social aspect of sustainability. 

Timothy (2023) highlights that historic cores possess "multidimensional, complex, and exceptionally 

inclusive" characteristics, which can drive revitalization efforts, provide intriguing opportunities, and 

significantly contribute to the growth of the tourism sector, which in turn enhances the socio- economic 

benefits of sustainable urban design (Boussaa & Madandola, 2024). This also plays a vital role in shaping 

discourse around the backstage realities: socio-cultural disparities, introducing resilience to the forefront 

of conversation initiatives (García-Hernández, De la Calle-Vaquero, & Yubero, 2017). 
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UNESCO’s approach to managing the historic core of the cities also emphasizes the need for a holistic 

documentation that integrates urban resilience with economic development goals. This approach views 

the historic core of the cities not only as a mere asset but, on the contrary, as a key social, cultural, and 

economic resource contributing to sustainable urban development. Hence, resilient historic cores go 

beyond the mere preservation of built heritage and include intangible aspects of cultural heritage as well. 

In this context, resilient historic cores also seek to incorporate actions that can adapt to challenges such as 

post-oil modernization, modern interventions, out-of-context regeneration, climate change, and the 

consequent socio-spatial disparities. Thus, adapting a holistic, sustainable urban design that incorporates 

the resilient historic cores ensures that cities remain steadfast in the face of adversity. This holistic 

approach highlights the critical role of resilience in urban design, positioning it as an essential strategy in 

sustainable urban development and creating resilient historic cities for the future. Lastly, the argument 

carried throughout the study emphasizes that the resilient historic city protocols must not be marginalized 

in comparison to the frontstage Smart city, Creative city, Green city and Knowledge city ones. 

7. Key Contribution of the Research 

Sustainable urban design has, in the last few decades, gained significant attention in academic research, 

with varying definitions and interpretations offered by different researchers, scholars and professionals. 

However, there is a noticeable gap in the literature concerning this topic in the context of Bahrain. 

Specifically, the assessment of sustainability and smartness within the framework of urban design remains 

insufficiently explored. The findings of this research will address this gap and contribute to the growing yet 

limited literature on Vision 2030 Bahrain. The distinction between frontstage initiatives and backstage 

realities will also contribute to the research focusing on the sustainable development of the Gulf cities that 

faced rapid modernization after the oil discovery in the late 1930s and early 1940s, and consequently 

became victims of significant destruction and interventions. The research will also draw a closer link 

between smart city innovation-driven initiatives and the Gulf region’s need to incorporate resilience in the 

historic core of the cities, and the wider literature on the recently emerging term, Resilient Historic Cities. 

7. Conclusion  

The research investigated the need to create a holistic sustainable urban design that can balance the smart 

city initiatives with the consistent conservation of the historic core by taking Manama as a case study. 

Despite the challenges associated with the urban development in the historic cities, the research 

demonstrates a potential to balance between the front stage: smart city initiatives and the back stage: 

socio-spatial disparities for the historic core of the cities by suggesting a need to incorporate resilient 

historic cores. The findings from this research can help Manama adopt a holistic urban design that is not 

only innovation and technology-driven, as smart city initiatives are, but also offers a unique opportunity to 

cultivate livable, sustainable neighborhoods that can appeal to niche cultural heritage tourism markets 

while reinforcing the everyday socio-cultural life of the area. Research findings are expected to contribute 

to the strategic achievement of Vision 2030, which aims to set an example of sustainable urban 

development in the Gulf region. 

Furthermore, the findings of this study on developing a resilient historic core in Manama offer replicable 

insights that can be scaled across other historic urban centers in the Gulf region. By integrating a consistent 

built heritage conservation with socially-oriented public realms and sustainability-driven urban design, the 

approach calls for a flexible model adaptable to varying socio-cultural and socio-spatial contexts. Its 
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emphasis on balancing innovative smart city initiatives with the preservation of neglected heritage 

structures makes it particularly suitable for Gulf cities confronting similar challenges of rapid development, 

demographic shifts, and heritage erosion. 
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Abstract 

The spatial pattern of urban water systems plays a crucial role in shaping ecological processes, 
spatial organization, and cultural identity. In historical contexts, these patterns are often mediated 
and recorded through literary representations and their long-term evolution is essential for 
protecting cultural imagery. This study proposes a text-mining–based analytical framework to 
examine the evolution of Suzhou’s urban water system by using classical Chinese poetry as the 
primary data source waterscape imager and water-system representations by using classical 
Chinese poetry as the primary data source. A corpus of poems containing both Suzhou-related 
geographical references and water-related vocabulary was constructed, followed by standardized 
segmentation and classification of water-system elements. Frequency analysis and semantic-
network modeling were applied to identify changes in key water-related elements and to reveal 
the structural relationships among natural water bodies, hydrological states, human –water 

interactions, and aesthetic expressions. 
The results show that Suzhou’s water-system imagery exhibits clear stage-based characteristics. In 
early periods, large-scale natural water bodies and seasonal terms dominate the semantic 
structure, reflecting a landscape strongly shaped by natural hydrology. From the Yuan and Ming 
periods onward, transportation-related terms such as boats, ferries, and bridges became 
increasingly central, indicating the growing importance of waterborne mobility and commercial 
connectivity. In the late imperial and modern periods, aesthetic and experiential expressions 
gradually replaced functional terms, suggesting the weakening of water-transport functions and 
the strengthening of perceptual and cultural meanings associated with water. These findings 
reveal a long-term shift from natural-hydrological dominance to transport-oriented organization, 
and eventually to aesthetic and experiential interpretation. The study demonstrates the value of 
historical textual materials for tracing the semantic and perceptual evolution of urban water 
systems and provides a cultural–spatial perspective for understanding the transformation of 
water-based cities such as Suzhou. 

 

Keywords 

Urban water system, Text-mining–based analytical, Classical Chinese poetry 
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1. Introduction 
Urban water systems are foundational to ecological and cultural processes within urban environments 

(Pataki et al. , 2011, Hein, 2016). Urban water systems perform critical functions to regulate floods, stabilize 

ecosystems, and create urban morphology, experience, and identity (Gandy, 2014). The process of rapid 

urbanization, as seen globally, has led to urban infill practices and a reduction in hydrological connections 

among the urban fabric and water (Kaushal et al., 2015). The result has been the weakening of the historic 

"city-water symbiosis" and significant environmental and cultural impacts (Kleyheeg et al. , 2017). 

Understanding the historical processes by which urban water systems have evolved should therefore inform 

contemporary conservation and renewal practices. 

Despite a growing body of literature, the methods used to conduct research continue to be limited in 

several ways. The vast majority of existing research studies use modern spatial data and GIS techniques to 

assess historical configurations of urban water systems, which limits their ability to create an accurate and 

true reconstruction of the historical water networks of a given region/area (Lelo, 2014). Additionally, the 

vast majority of historically rich written material, such as local gazetteers, classical poetry, and visual 

historical documents have not been systematically integrated into the creation of a long-term 

reconstruction of urban water systems (van Dam, 2003, Linton, 2014, Recio, 2024). However, existing 

literature has generally focused upon the water systems of individual river segments, the gardens of cities, 

or particular water body (Hoekstra, Buurman and Van Ginkel, 2018, Kurochkina, 2020); thus, there is limited 

research that addresses the entire network of a particular city's water-system structure/ connection. 

Furthermore, little attention has been paid to understanding how individuals in historical context perceived 

and interacted with a water body and the associated water systems. The relationship between spatial 

structure and cultural expression in the historical context remains relatively unexplored. To develop a 

thorough understanding of the evolution of water-system structures, it is clear that researchers require an 

approach/analysis that supports the integration of historical written sources with spatial structures (Xu , 

2000). 

To bridge the observed gaps in the literature, this case study will focus upon Suzhou, an example of 

the archetypal water-based urban form. The long-standing stability of Suzhou's spatial structure and 

substantial historical textual evidence allow Suzhou to serve as an ideal, viable case study for long-term 

urban water-system research through mining of texts. Suzhou also has a wealth of poetry, gazetteers, and 

other visual evidence available for use in identifying and reconstructing historical water-related elements 

and examining the cultural aspects/imagery of water (Kim et al. , 2021). 

This study has created an analytical framework for a text-mining approach to identify water bodies, 

facilities associated with water systems, and human interactions with water through the application of 

lexical extraction to historical texts. The approach tests the time frame over which items were used within 

Suzhou's urban water system through frequency analysis of each item over time, and uses semantic 

networks to assess the relationships among the various elements within these items. The three primary 

research questions that guide the project are: 

(1) What were the textually documented spatial and functional characteristics of Suzhou's urban water 

system, as reflected in references to water bodies, water-related facilities, and human–water interactions 

in historical texts? 
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(2) What has been the evolution of the relationships and frequencies of use of these elements over 

time, and what evolutionary patterns are observed from these relationships and frequencies of use? 

(3) What do the structures and connections of the semantic networks of the historical data reveal 

about how spatial forms and cultural imagery interact within the context of Suzhou's urban water systems? 

2. Methodology 
2.1. Study Area 

Suzhou is located in the eastern part of the Yangtze River Delta and functions as a quintessential 

Jiangnan city that is heavily influenced by its water systems (Breitung and Lu, 2016, Xia et al. , 2024). Water 

has been the primary influence on the spatial form of Suzhou throughout its history, beginning with the 

development of its urban form in the Sui and Tang dynasties (Yun and Liu, 2023). The characteristic form of 

Suzhou is defined by a "parallel land-water route with adjacent street-canal," and the urban form, street 

layout and water network of Suzhou have remained interconnected over an extended period of time. The 

composite water system of Suzhou has both natural (river and lake) and artificial (canal, channel) 

components, both of which are necessary for Suzhou's drainage, irrigation and waterborne transportation, 

and each of which continues to influence the landscape and daily activities of Suzhou (Wang and Nolf, 2020, 

Don, Zhou and Shen, 2018). 

Additionally, there exists a large and extensive body of poetic texts documenting rivers, lakes, water 

lanes, bridges, and water-related activities, which collectively provide an extensive corpus of information 

on the morphology of water, human interactions with water and the spatial experience of water. The 

richness of these poetic texts provides a stable and unrivalled corpus for the identification of the elements 

of water systems, analysis of the semantic structure of water systems and tracking the long-term evolution 

of urban water systems through text mining from a historical perspective (Lin et al. , 2024); therefore, 

Suzhou represents an excellent case study for text-mining based studies of the evolution of urban water 

systems (Huang and Yang, 2023). 

2.2. Data Collection and Processing 

This study presents primary data in the form of classical poetry from the Tang period to the present 

day that describe the urban water system for the city of Suzhou. The poems selected for inclusion were 

obtained from the CNKGraph (https://cnkgraph.com/Writing) database based on specific criteria, including 

that each poem contain at least one reference to the geography of Suzhou (Table 1) or describe an aspect 

of urban life from the view of someone living in Suzhou, as well as contain references to either natural or 

artificial water bodies and related infrastructure (Table 2). Therefore, each poem included is directly related 

to the scope of this research. 

The corpus of poetry was cleaned, converted from traditional Chinese characters to simplified Chinese 

characters, and combined with copies of the same poems. In doing so, a custom dictionary was created to 

help standardize the lexical and temporal forms of words and allow for better word segmentation of words 

and phrases within the given time frame of the poems. After the removal of stop words, a structured and 

quantitative textual dataset was generated from the poems (Liu et al. , 2024). Finally, ROST CM 6.0 was 
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employed to ascertain the frequency of word usage and identify co-occurrence relationships between 

words, resulting in an understanding of the semantic relationships between various water bodies and 

water-related points of contact between humans and water, which will provide essential information for 

further analysis. 

Table 1. Suzhou-related Lexicon 

Category Lexical Items 

City Names & Historical Terms Suzhou, Gusu, Wuzhong, Wumen, Wu Prefecture 

(Wujun), Wudu, Pingjiang 

City Gates / Urban Nodes Changmen Gate, Panmen Gate, Xumen Gate, 

Loumen Gate, Qimen Gate 

Urban Landmarks / Landscape Areas Fengqiao, Hanshan, Tiger Hill, Shantang, Mudu, 

Shihu 

Hydro-toponymy Xu River, Lou River, Feng Stream, Baita River, Xiang 

Stream, Tai Lake (Taihu), Dongting, Guangfu 

 

Table 2. Water System Lexicon 

Category Lexical Items 

Natural Water Bodies water (shui), river, jiang, lake, sea, spring, stream, 
ravine, deep pool, marsh, pond, shoal 

Artificial Waterways & Hydraulic Structures canal (du), harbor, inlet (pu), bang, embankment 
Water Transportation & Human–Water 
Interaction 

boat, ship, fishing boat, fisherman, fishing 

3. Spatiotemporal Analysis of the Spatial Pattern of Suzhou’s Urban Water 
System 
3.1. Overall Features of Suzhou’s Water System 

According to data collected throughout history, the city of Suzhou maintains an enduring and stable 

arrangement of its urban waterways (Figure 2). The numerous occurrences of words associated with large 

bodies of water (e.g. "river," "lake," and "water") provide the framework for how this landscape forms; 

however, there are four less frequently occurring words (e.g. "stream," "spring," "ravine," and "pond") that 

indicate how to organize and structure these water systems into a hierarchy of major water sources, minor 

water sources, and the internal waterways of the city. 

In addition to providing evidence about how the topography of a city may influence the visual aspect 

of that city, the following words have been identified as having significantly more frequency within the 

corpus and have come to represent the most important features that have shaped the water experience of 

a city's inhabitants: flow; wave; rain; wind; cold; and fall. Poets have often used imagery associated with 

these terms to represent Suzhou's water systems as landscapes, which are inherently temporal, sensory, 

expressive, and reflective of the physical environment. 

The following terms represent specific ways that humans interact with water systems in Suzhou and 

further support the influence of these systems on how communities have supported commerce, travel, and 
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agriculture in their daily routines: travel; boat; ship; fisher; fish; cross; and bridge. Many of the words related 

to bridge were found to have been cited in the contents of the texts referred to in the list. The high incidence 

of bridge-related terms was an indication of how these transitional points affect the way that the city of 

Suzhou has been organized and how it continues to be organized at the present time. The hierarchy of 

water bodies, their characteristics, and the patterns of interaction among people and water constitute the 

semantic core of the water system in Suzhou and demonstrate that it is a water-dominated, movement-

supported, and interaction-supported urban environment. 

 
Figure 1. Frequency of water-system-related terms in classical Chinese poetry across all dynasties 

3.2. Comparative Analysis of Word Frequencies Across Historical Periods 

The prominence of the natural bodies of water (large scale) as evidenced by the high frequency of 

terms associated with them, along with the presence of smaller natural water elements in the Tang and 

Song dynasties (medium scale), suggests hierarchical and permeable structures of water networks. The 

presence of seasonal terms related to nature ("wind," "spring," "autumn," "cold," and "rain") indicates that 

these natural elements had a strong impact on the development of urban space (Figure 2). 

From the Yuan and Ming dynasties onwards, the frequency of large water bodies continued to increase, 

while the smaller water bodies became less visible in text. This change indicates that the urban structures 

began to rely more heavily on large waterways for transportation and commerce; thus producing a 

configuration dominated by the water transport system through the increase of transportation-related 

terms (boat, ship, and bridge). 

During the early- to mid-Qing, water and transportation words began to decrease overall, but some 

dynamic expressions (wave, overflow) began to increase in number, while terms such as stillness and the 

island/zhou began to decrease in number. This pattern of lexical change shows that the perception of water 

systems began to shift from an outward looking model primarily based on large bodies of water to an 

inward-looking model primarily based on the immediate experience of a given location. The increase in use 

of wave and overflow expresses greater frequency of mention of subtle hydrological dynamics; conversely, 

the decrease in use of zhou and other larger geomorphic terms indicates a corresponding decrease in the 

density of internal waterways and a decreasing degree of connection with external rivers and lakes. The 

decreased use of stillness reinforces a change in the imagery of water system beyond tranquil or open 

waters to more active and present environmental imagery. Overall, the frequency pattern for this period 
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illustrates a declining role of transportation within the water system, while increasing attention has shifted 

to aesthetic uses, everyday experiences, and localized cultural meanings of water. 

From the late Qing dynasty to the modern period, while large water bodies remain focal points of 

attention, their prominence continues to diminish. Meanwhile, small water bodies within the cities have 

completely disappeared from view. In addition, transportation terms sank to the lowest level ever recorded, 

while terms associated with atmosphere or experience (wind, cold, secluded, and fall) continue to increase. 

Therefore, it appears that a gradual transition occurred whereby the role of the water system changed from 

functioning as a facilitator of transportation and the creation of communal experiences to functioning 

primarily as an element of the lived experience and local perception. This structural evolution describes the 

transition from a nature-driven water system, to one primarily consisting of large waterways, to one whose 

connections to the outside world are diminished. 

Thus the overall word frequency trends in historical periods provide an example of the evolutionary 

course of a water system from one controlled by nature, to that concentrated on major waterways, then 

diminished to an amount allowed for the minimum necessary connections with major waterways, to that 

remaining with few remaining channels to open water systems. 

 
Figure 2. Comparative Word-Frequency Variations of Water-System Elements Across Historical Periods 

4. Textual Portrait Analysis of Suzhou’s Urban Water System 
4.1. Framework for the Lexical Profiling of Water-Related Elements 

A lexical profiling framework for water attributes is established in this part. The framework identifies 

and describes the limits of the analytic nodes and demonstrates the relationship between the several 

classes of each semantically-related element within the study's final semantic network (Table 3). Through 

the examination of the semantic properties of the language related to water found in poetic works, five 

semantic classes of water attribute elements were developed: 1) the hierarchy of water bodies, which are 

representative of the water system hierarchy; 2) the dynamic and hydrological components of water that 

describe the dynamics, states and seasonal characteristics of the water; 3) the interaction behaviour of 

humans and water including movement, manufacturing and everyday water related actions; 4) hydraulic 

control structures which provide a link between the types of structures and engineering principles; and 5) 

the perceptual nature of things relating to the water environment which provide aesthetic and perceptual 
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cues. The five classes encompass three dimensions of the water's material and social context: the physical 

structure of the water system; the physical function of water; and its social/cultural importance. In this way, 

all classes of elements will function under the same unifying lexical framework, enabling the semantic 

network to provide a pathway for interpreting all consistencies and relationships of the data collected in 

terms of co-occurrence, structural metric, and semantic clustering. 

Table 3. Semantic Categories of Water-related Elements 

Category Representative Terms Semantic / Functional 
Description 

Water-Body Elements water, river, jiang, lake, sea, 
canal (qu), du, stream, spring, 
pond, ravine, harbor, bay, zhou, 
mao, bang, pu, deep pool (tan), 
abyss (yuan), branching channel 
(cha), shoal (ting), islet (zhu), 
huang, pi, zhi, ling, ming, huang, 
lu 

Reflect the primary structure 
and hierarchical organization of 
the water system, covering 
large-scale water bodies as well 
as medium- and small-scale 
rivers, bays, and tributaries. 

Hydrological / Dynamic Features flow, drift, rise, fall, spill, 
overflow, spread, wave, surge, 
billow, clear, lucid, emerald, 
turbid, rapid, murmuring, eddy, 
mist, haze, fog, rain, wind, 
spring water, autumn water, mi, 
gu, chan, yuan, lun 

Characterize hydrological 
movement, water states, 
seasonal variations, and natural 
phenological features. 

Human–Water Interaction 
Behaviors 

boat, ship, barge (fang), skiff 
(ting), oar (zhao), scull (lu), 
paddle (yi), moor, ferry, travel, 
drift, roam, fish, angle, net, 
draw water, rinse, irrigate, wash 

Describe interactions between 
water and human activities, 
including transportation, daily 
life, and production. 

Hydraulic Facilities bridge, beam, embankment (di), 
levee (ti), polder (wei), weir 
(yan), dam, sluice (zha), bank, 
ridge (geng), jetty (ji), culvert 
(han) 

Correspond to infrastructural 
nodes and engineering 
structures within the water 
system. 

Perceptual Water Imagery limpid (cheng), lucid (lu), 
emerald (bi), clear (qing), 
blue/green (qing), bright, 
tranquil, distant, faint, silent, 
cold, moist, cool, mist, fog, 
haze, vast (miao), deep (zhan), 
rippling (yang) 

Represent aesthetic, emotional, 
and culturally embedded 
imagery, forming the perceptual 
and expressive layer of the text. 

4.2. Co-word Network of Water-Related Elements 

The semantic network as a whole represents a tightly integrated system – the combined spatial-

structural vocabulary of Suzhou's water imagery includes natural bodies of water, meteorological and 

seasonal terminology, hydrological processes, and human-water interactions (Figure 3). Within this network, 

the keywords “wind,” “water,” and “river/jiang” all exist in a position of importance. These words 

indicate that water and its corresponding dynamic-atmospheric physical attributes serve as the most stable 

source of structure within the textual structure of Suzhou's water body meaning. In addition, the other 
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words that connect with these core terms – such as “sea,” “lake,” and “stream” – illustrate that 

there are numerous levels of connection for Suzhou's water system across the many spatial scales available. 

Words such as “rain,” “spring,” “fall,” “current,” “haze,” and “cold” have strong co-

occurrences with the major elements of water; in doing so, they highlight the role of hydrological rhythms 

and atmospheric conditions in shaping how the water system is represented. Altogether, these connections 

show that water is a temporally dynamic and perceptually rich spatial framework. The active themes of 

human behavior toward water – the movement of “journey,” “roam,” “boat,” “skiff,” and 

“fisher” – are maintained in connection with bodies of water, but reside much more peripherally within 

the semantic network. Thus, while human-water interactions are included as a major presence, they remain 

subordinate to the configuration of space and atmosphere created by the water bodies. 

Words such as “bright,” “tranquil,” “verdant,” “silent,” and “secluded” qualitatively 

describe the physical characteristics of water bodies at a small level and therefore create tightly linked 

clusters of words within the semantic structure. The presence of the clusters represents an extension from 

the structural "water" elements to the perceptual experience for people using those streams, rivers, lakes, 

etc. — thus showing that Suzhou's water bodies contained both material and rich cultural–aesthetic 

qualities. 

The overall semantic structure of water-related imagery within Suzhou has been shaped by natural 

water bodies, hydrological dynamics and seasonal atmospheres, and, to a degree, the incorporation of 

aesthetic perceptions and human-water interactions into a multi-layer semantic network. As such, water 

can be characterized as being an essential foundation for the physical structure of Suzhou, as well as serving 

as an integrated medium containing atmosphere, movement, and experience; the highly structured and 

multi-dimensional nature of Suzhou's urban water system is depicted through cultural representations. 

 
Figure 3. Keyword co-occurrence map 
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4.3. Comparative Analysis of the Semantic Structures of Water-Related Elements Across 

Historical Periods 

Comparison of the semantic networks found within Suzhou from different historical epochs 

demonstrates Suzhou's water imagery was gradually transformed from being influenced primarily by 

natural environments to becoming increasingly oriented toward transportation during the Tang, Song, Yuan, 

and Ming periods ( 

Figure 4). 

During the Tang and Song periods, the semantic structure is highly centralised: both natural water-

body terms and climate- and season-related terms associated with climate and season are evident in the 

central semantic structure. This central semantic structure indicates that hydrological conditions and 

seasonal variability were the major forces influencing perception of urban Suzhou. 

The early development of the Yuan and Ming periods shows a gradually shifting semantic centre of 

gravity from natural elements to increase the presence of transportation terminology – the frequency of 

occurrence for terms associated with mobility, such as “boat,” “ship,” and “bridge,” increased greatly, 

creating a much stronger linkage of the water-body terms to water-transportation-related conditions. At 

this point, it is clear that the semantic structure of the water-transportation network clearly represents how 

transportation-related behaviours express the diminishing influence of natural environments as a 

component of the semantic network.  
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Figure 4. Comparative Evolution of the Semantic Structures of Water-System Elements Across Historical 
Periods 

From the period of the early to mid-Qing to the present-day era, the semantics associated with water 

elements continue to evolve, and are reflected within the new lexicalized terms (e.g. “clear,” “cold,” “fall,” 

“secluded”); the earlier transportation-related terms are seen to decline, and the semantic network 

disperses further from that vertex. This reflects the lesser emphasis on the function of the water system 

and the increased emphasis on the relations of atmosphere, perception, experience, and the symbolic 

meanings associated with the water concepts. 

Overall, the semantic structure associated with Suzhou's water system has evolved from its original 

conceptualization as associated with natural environments (water-seasonality) to its new semantic centre 

being focused on transportation (water-action) to the final point of placing water in relation to the 

experience and culture of daily life and our association to a culture of water (water-perception). 

5. Conclusion 
5.1. Stage-Based Structural Characteristics of Suzhou’s Urban Water-System Pattern 

The structural characteristics of the Suzhou urban water system over the period of its evolution clearly 

demonstrate the development of the system through a series of stages. The pathway created through time 

from its initial development to the present demonstrates the progress that has occurred in the natural 

hydrological condition of Suzhou and also illustrates the continual change in the configuration of the Suzhou 

urban water system. Urban functional structures and cultural and cognitive processes demonstrate 

sequential patterns of evolution regarding the use of water (natural control, organizing transportation, and 

expressing aesthetics and perception). Despite this continuum, we can see that the way we perceive water 

within the urban context has transitioned over time. 

In the early stages of development, hydrologic processes were utilized for urban settlement; therefore, 

the major water bodies, seasonal variation, and other hydrologic influences became the backbone of the 

spatial arrangement of the city’s water system in relation to the construction of urban spaces. In the later 

stages, urbanization and improvement in connectivity between cities allowed for greater use of water for 

transportation and organization of urban development; therefore, water became a key element for 

determining the method and the pattern of movement within the configuration created by the interaction 

between land and water. 

With the beginning of the modern era, the water system's functional qualities began to decline, 

whereas the dimensions of water systems as part of the everyday landscape, cultural experience, and sense 

of place gained greater significance than had been previously recognized. The aesthetic and perceptual 

dimensions of water became the dominant means of expression for those engaged with water systems. 

In summary, Suzhou's water system has gone through three notable stages of development, from 

reliance on natural features of the environment to dependence on water for organisational purposes to an 

increasing emphasis on water as a cultural resource. Therefore, we can conclude that Suzhou's water 

system provides evidence of evolving societal patterns and provides valuable insight to understanding how 

cities developed through time. 
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5.2. The Evolution of the Water-System Spatial Pattern and Its Close Relationship with 

Human–Geographical Contexts 

The evolution of the Suzhou water system is determined first and foremost by the geographical context 

of the natural environment. The relatively low elevation of the Taihu Plain and the density of natural 

waterways facilitated the development of a hydrologically consistent pattern of urbanization, with 

residences primarily oriented toward bodies of water . Evidence from the water semantic network indicates 

that natural waterways formed a central focus for urban spatial patterns in Suzhou and that the natural 

environment continues to influence the city’s spatial configuration. 

Additionally, Suzhou’s location within the Yangtze River Delta represents an interconnected regional 

framework in which: 

• water serves as a basis for habitation 

• water functions as a starting point for urban spatial patterns 

Beyond this natural geographical framework, transportation and economic activities drove subsequent 

transformations of Suzhou’s water system. Historically described as a “key waterway hub” and the “gateway 

between river and sea,” Suzhou relied on water transportation to connect Lake Taihu, the inland waterways 

of Jiangnan, and the Grand Canal system. Increased commercial activity generated greater demand for 

waterborne mobility, producing an organizational structure through which water systems reflected the 

functional requirements of urban transportation networks. This trend is reinforced by Suzhou’s long-

standing role as a regional commercial center and a manufacturing center for handicraft production. 

Over time, changes in social lifestyles and daily practices further shaped the role of water within the 

urban environment. Following the rise of Jiangnan garden culture in the Song dynasty, water became 

increasingly integrated into everyday experiences—including leisure activities, narrative encounters, and 

visual appreciation—beyond its utilitarian functions. As water became embedded within urban-centered 

daily life, the experiential dimension of the city expanded, influencing how images of urban life were 

constructed. 

Cultural and local identity have continued to reinforce the resonance of water-related imagery. As the 

heart of Wu culture, Suzhou possesses a long history of aesthetic and narrative uses of water, employing 

water as a vehicle for emotion, memory, and cultural symbolism in literary texts. Even as urbanization has 

led to the loss of segments of the physical water network, cultural and literary narratives maintain water as 

a symbolic representation of Suzhou’s urban identity and as a carrier of atmosphere and meaning in graphic 

and literary representation. 

In summary, the development of Suzhou’s water system is the cumulative result of natural geography, 

transportation and economic forces, everyday life, and cultural expression. 
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Abstract 

This paper explores industrial park public space design via cultural identity and inclusive 
transformation, taking Chongqing Two Rivers Collaborative Innovation Zone Phase V as a case. It 
leverages mountainous features: creating roof systems to strengthen mountain city identity 
through "summit viewing"; building climate-adaptive spaces; linking areas into "science-
innovation belts" to boost cohesion. 
Conclusions: Equal spatial rights (60% public spaces, co-creation) underpin identity; terrain 
disadvantages become cultural assets; industry and culture co-prosper; ecological technologies 
serve as cultural symbols. It forms a cultural-driven paradigm for mountainous cities, showing 
cultural identity and industrial upgrading can coexist. 
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1. Introduction  

Driven by China's rapid urbanization and industrial upgrading, the public spaces of research industrial parks, 
as core carriers of urban innovation functions, have transcended the mere scope of "production supporting 
facilities" and become important arenas for constructing cultural identity and achieving social inclusion 

(Zhao et al., 2020; Wang et al., 2022). The Phase V Project of Chongqing Liangjiang Collaborative Innovation 

Zone (hereinafter referred to as the "Phase V Project") is located in the hilly area in the northeast of 
Chongqing, with a total construction area of 396,400 square meters. It includes functions such as university 
research and office buildings, conference centers, and talent apartments, and is a key carrier for Chongqing 

to build China's "inland opening-up highland" (Li & Chen, 2021). Taking this as a case, this paper analyzes 

its transformation of topographic disadvantages, response to climatic characteristics, and distribution of 
spatial rights, reveals the collaborative mechanism between cultural identity and inclusiveness, and 
provides references for similar projects (Sun & Zhang, 2019; Liu et al., 2023). 

2. Methodology Theoretical Framework: Spatial Coupling Mechanism 
between Cultural Identity and Inclusive Transformation 

The coupling of cultural identity and inclusive transformation stems from the dual attributes of space – it 

is both a physical container and a mirror of cultural symbols and social rights (He & Wu, 2018). 

The spatial construction of cultural identity relies on the symbiosis of regional characteristics and genius 

loci. Yi-Fu Tuan pointed out in Space and Place that "a sense of place strengthens the emotional connection 

between people and the environment through perceivable elements such as terrain and architectural 

form" (Tuan, 1977). In mountainous cities, topographic height differences are not obstacles but natural 

materials for cultural identifiers. Lynch's "urban image" theory also emphasizes that "localized design of 

landmarks and paths can enhance spatial recognition", and roofs, ramps, etc., can be transformed into 

"topographic landmarks" in a mountainous context (Lynch, 1960). In the Phase V Project, the circular 

volume and spiral staircase of the Yun Π Center respond to the terrain and become core symbols of cultural 

identity. 

The design logic of inclusive transformation focuses on the fairness of spatial rights and the satisfaction of 

diverse needs. The UN-Habitat Planning and Design for Inclusive Cities proposes that "inclusive spaces need 

to be physically accessible, functionally mixed, and managerially open" (UN-Habitat, 2013); Sen's 

"Capability Approach" emphasizes that spatial design should eliminate "capability deprivation" and ensure 

equal development opportunities for different groups (Sen, 1999). The "10-minute walking circle" and 24-

hour open public spaces constructed in the Phase V Project are the practice of this logic. 

3. Design Practice of the Phase V Project of Chongqing Liangjiang Collaborative 
Innovation Zone 

We completed the overall design control of the core area of Chongqing Liangjiang Collaborative Innovation 

Zone (6.8 square kilometers, with a construction area of nearly 3 million square meters, short for LCIZ) and 

the design of the Phase V housing construction (about 240 hectares, with a construction area of nearly 

400,000 square meters). The spatial planning of the Phase V Project fully respects the landscape pattern of 

the entire area and combines functional needs to create the urban spatial structure of Phase 5 (see Fig.1-

3). 
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Figure 1. Distribution of LCIZ. Figure 2 Structure of LCIZ. Figure 3 Planning of Phase V. 

3.1. Cultural Translation of Mountainous Terrain: Construction of Rooftop Landscape 

System 

The site of the Phase V Project presents hilly characteristics of "high in the east and low in the west, gentle 

in the south and steep in the north". The height difference between the highest point (290.18 meters) and 

the lowest point (235.94 meters) reaches 54.44 meters. The river view on the west is blocked by native 

forests, and the lake view on the east is blocked by the southeast cliff, forming a landscape dilemma of 

"being near the lake but hardly seeing the lake" (see Fig.4). With "terrain empowerment" as the core, the 

design team transformed topographic constraints into cultural identifiers through systematic design of five 

rooftop space forms. 

  

Figure 4 Elevation of the project site. Figure 5 Open urban public space of Yun Π Center. 

a) Circular Landmark Roof – Spatial Narrative of Yun Π Center 

As the core building in the Phase V area, Yun Π Center (34,000 square meters) (Park 3#) echoes the pattern 

of the intersection of urban spatial axes with a circular volume. Its upper-large and lower-small form forms 

a self-shading system. After iterative optimization, the summer surface radiation of the building decreases 

from 3200kWh/m² to 2500kWh/m², a reduction of 21.9%. Its iconic spiral staircase connects the central 

square and the rooftop garden. After changing the tread material from concrete to ecological wood, the 

carbon emission of a single staircase is reduced by 12 tons. At the same time, through structural calculation 

1538



Huang, X.; Qu, D. Thoughts on the Design Practice of Urban Public 
Spaces in Industrial Parks Based on Cultural 

Identity and Inclusive Transformation 
 

 

 

optimization, the steel consumption is reduced by 600 tons and the decorative aluminum plates are saved 

by 1000 square meters, which not only improves economic benefits but also strengthens the locality of 

mountain buildings with natural materials. According to survey data prediction, the rooftop garden 

receives 230 research personnel and citizens daily, among which 82% of the surveyed users believe that 

"the circular roof and spiral staircase have become important signs for identifying this area" (see Fig.5). 

b) Stepped Research Roof – Landscape Utilization of University Buildings 

All buildings in the park adopt a combination of open rooftop gardens and outdoor directly accessible 

leisure walking systems to enhance the openness of the park and provide urban public space for activities 

of surrounding citizens. Building 1# of the park (14,435 square meters) is set with three-level setback roofs 

along the 275-285-meter elevation difference, and three sets of vertical step systems guide people to climb 

to the top. The visible range of the west river view has expanded from 28% before optimization to 65%. 

The rooftop floor (3974.04 square meters) integrates green platforms and open-air experimental areas, 

with an annual effective illuminance time ratio (UDI) of 85%, 30% higher than that of ground spaces, 

becoming a core field for interdisciplinary experiments and academic exchanges. Building 2# of the park 

(9281.33 square meters) uses inclined ramps to connect the roof, with the ramp slope controlled at 1:8, 

which not only adapts to the topographic height difference of 268-277 meters but also forms a continuous 

experience of "climbing – viewing – working". The daily usage rate of the rooftop terrace reaches 180 

person-times, accounting for 34% of the total usage of the building. Building 4# has built a soil-covered 

park leading to the roof; Building 5# not only creates an open rooftop garden but also builds a series of 

natural visual corridors and ecological leisure platforms combined with the functional zoning of the building; 

Buildings 9#~11# of the park have built a series of leisure and landscape platforms at different heights. 

 

  

Figure 6 Aerial view of Phase 5 plan. Figure 7 Phase 5 construction stage.  

   

Figure 8 Public spaces of 
Group 1#, 9#~11# (under 
construction). 

Figure 9 Public space of Group 2# 
(under construction). 

Figure 10 Rooftop public spaces of 
Group 4# and 5# (under 
construction). 
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c) Synergistic Effect of Functionally Composite Roof System 

Combined with the functional needs of university research and office, the rooftop space of the Phase V 

Project forms a three-dimensional functional system of "research experiments – landscape viewing – 

community activities": 10% of the rooftop area is used for scientific research functions such as 

meteorological observation. For example, the rooftop of the North China University of Technology 

Research Building (5215.74 square meters) is equipped with an environmental monitoring station to 

provide data support for the ecological optimization of the park; 60% is used as landscape viewing space. 

Through UTCI (Universal Thermal Climate Index) simulation, the summer comfort level is 2-3 levels higher 

than that of the ground; 30% is community activity area. For example, the rooftop square of the Cultural 

and Sports Roadshow Center (5912.28 square meters) can accommodate 500 people for gatherings, and 

holds 42 annual cross-border activities such as science and technology forums and folk activities, promoting 

in-depth interaction between industrial groups and community residents. 

3.2. Adaptive Response to Regional Climate: Innovation of Platform-Corridor Grey Space 

System 

In response to the climatic characteristics of "warm, humid, and foggy with more rain in summer" in the 

southwest region, the project constructs a three-dimensional system of "platforms – corridors – grey 

spaces" and achieves the dual goals of climate adaptability and inclusiveness through parametric 

optimization. 

a) Microclimate Regulation Mechanism of Grey Spaces 

In the core area of Plot M42-1/03 (3.5 hectares), the design adopts the combined strategy of "ground floor 

overhead + cantilevered grey space": the first floor of the National University of Singapore Research 

Building is overhead with 1200 square meters, forming a ventilation corridor combined with a 6-meter 

overhang, which increases the summer air velocity by 0.8m/s and reduces the indoor temperature by 3.2℃; 

the semi-underground grey space (2300 square meters) of the Cultural and Sports Roadshow Center 

achieves 290 days of natural ventilation throughout the year through the principle of thermal pressure 

ventilation, saving 40% energy compared with closed spaces. Performance simulation shows that under 

different parameter combinations (room depth ratio 1:2.5, sunshade depth 0.2 meters, window-wall ratio 

0.5), the annual average thermal comfort index PMV value is stable between -0.5 and 0.5, which is in the 

"comfortable" range. 

b) Barrier-Free Three-Dimensional Transportation Network 

The park constructs a hierarchical transportation system with "10-minute walking circle (600 meters)" and 

"5-minute walking circle (300 meters)": the corridor system connects 10 major research areas, with a 

uniform width of 3.5 meters, equipped with 0.8-meter-wide blind paths and 1:12 barrier-free ramps, and 

the wheelchair access coverage rate reaches 100%; the corridor system is arranged along the 260-270-

meter elevation zone, connecting talent apartments (24,960.18 square meters) and research groups, with 

rest platforms and drinking fountains, serving 1500 commuters daily, among which the elderly and children 

account for 21%. In terms of vertical transportation, landscape elevators and stairs are combined. For 
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example, the Hunan University Research Building is equipped with 1 elevator every 100 meters, and the 

waiting time is controlled within 90 seconds to meet the travel needs of different groups. 

c) Ecological Adaptation of Materials and Structures 

In addition to the application of ecological wood in spiral staircases, the project strengthens regional 

response in the selection of facing materials: the external walls adopt a combination of local sandstone 

and glass, which not only reduces transportation energy consumption but also echoes Chongqing's 

"mountain city stone charm" through stone texture; the rooftop greening uses local drought-tolerant 

plants such as Sedum lineare, with a coverage rate of 30% and an annual dust retention capacity of about 

8 tons per hectare. In terms of structural optimization, the circular volume of Yun Π Center simulates wind 

load through BIM technology. After adjusting the volume rotation angle by 15°, the wind pressure on the 

windward side is reduced by 18%, and the structural materials are reduced by 12%, realizing the 

coordination of "morphological aesthetics – climate adaptation – structural safety". After changing the 

tread material from concrete to ecological wood, the carbon emission of a single staircase is reduced by 12 

tons. At the same time, through structural calculation optimization, the steel consumption is reduced by 

600 tons and the decorative aluminum plates are saved by 1000 square meters, which not only improves 

economic benefits but also strengthens the locality of mountain buildings with natural materials. 

3.3. Spatial Reconstruction of Community Connection: Formation of Innovation and New 

Life Corridor Belt 

To solve the problem of "separation between production and life" in industrial parks, the project constructs 

a public space network with full-domain linkage through the strategies of "functional mixing – space sharing 

– community participation": 

a) Practice of Three-Level Shared Service System 

Following the upper-level planning framework of "urban level – academic research level – life level", the 

Phase V Project is laid out within 26 hectares: the urban-level shared core (technology sharing ring, 18,841 

square meters) integrates conference centers, exhibition halls and other facilities, with a service radius 

covering the entire collaborative innovation zone; the academic research-level service axis (600 meters) 

connects 8 research groups, with shared laboratories and academic lecture halls, with a daily usage of 800 

person-times; the life-level supporting modules (300 meters) are distributed around talent apartments, 

including a 9-class kindergarten (3523.82 square meters), a 24-class primary school (5971.83 square meters) 

(the construction of campus supporting building functions has not yet started at this stage) and community 

commerce, meeting the needs of "5-minute living circle". 

b) Rights Allocation of 24-Hour Open Spaces 

The project attempts to promote policies – clearly defining 60% of pure public spaces (about 15.6 hectares) 

as "non-discriminatory use areas", including: variable squares (3 places, with a total area of 8000 square 

meters), street corner green spaces (12 places, with an average of 200 square meters each), and elderly 

rest areas (6 places), which are open 24 hours a day through the combination of intelligent monitoring and 

community autonomy. Among them, the central square on the west side of Yunding Office Town 
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(26,291.16 square meters) was transformed into a composite space integrating science and technology 

fairs, children's playgrounds, and folk performances after discussions in the "Urban Space Co-creation 

Workshop", with the usage rate increasing from 120 person-times per week to 450 person-times. 

c) Scene Integration of Industry and Culture

Between the technology sharing ring and the Cultural and Sports Roadshow Center, the design constructs 

a three-dimensional activity belt through "grey corridors + vertical greening": the first floor is equipped 

with street art exhibition walls and temporary markets, the second-floor corridor is set with shared office 

pods, and the rooftop garden holds open-air movies and academic salons, forming a scene overlap of 

"industrial style – artistic flavor – life atmosphere". Data shows that an average of 3.5 cross-border 

activities (such as scientific research achievement fairs and community intangible cultural heritage 

exhibitions) are held monthly in this area, with 58% of participants being research personnel and 42% being 

community residents, and the space overlap usage rate reaching 40%, verifying the feasibility of 

"culturalization of industrial space". 

4. Practical Enlightenment: Collaborative Path of Cultural Identity and
Inclusive Transformation

The practice of the Phase V Project breaks through the "function-first" design logic of traditional industrial 

parks, forming a replicable experience paradigm through the three-dimensional collaboration of terrain, 

climate, and community: 

4.1 Fairness of Spatial Rights is the Cornerstone of Cultural Identity 

The project ensures spatial justice through "quantitative allocation + participatory design": the design and 

construction are now nearly completed and enter the interior decoration stage. We are trying to promote 

the clarification of the property rights of 60% of pure public spaces as "collectively owned by the park", 

and fix the 24-hour opening mechanism in the Development Strategy for Public Supporting Facilities in 

Liangjiang Collaborative Innovation Zone in the form of provisions; the "co-creation workshop" absorbs 

120 stakeholders such as researchers, residents, and merchants to vote on 3 controversial spaces (such as 

the transformation of the originally planned parking lot into a community garden), and the final plan has a 

support rate of 89%. This confirms David Harvey's assertion that "spatial justice is the premise of social 

identity", that is, when different groups have equal right to use and decide on space, the construction of 

cultural identity will come naturally [3]. 

4.2 Transformation Logic from Topographic Disadvantages to Cultural Assets 

The design of the rooftop system reveals the transformation path of "obstacle – resource – symbol": first, 

quantify topographic constraints through parametric tools (such as wind speed simulation and thermal 

radiation analysis). For example, after 5 rounds of iterative optimization, Yun Π Center controls the wind 

speed at the pedestrian height of the site within the comfortable range of 1.5-2.5m/s; second, reconstruct 

spatial experience with "climbing to view", making 82% of users associate "mountain climbing" with 

"Chongqing urban memory"; finally, forms such as circular roofs and spiral staircases become regional 
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cultural symbols, attracting 50,000 professional visits and citizen visits annually, and topographic features 

are upgraded from "development constraints" to "brand assets". 

4.3 Scene Innovation of Industry and Culture Symbiosis 

The project realizes the mutual feeding of industry and culture by improving "functional mixing degree": in 

the technology sharing ring (18,841 square meters), the physical distance between research office areas 

and cultural activity areas is controlled within 50 meters, shortening the transformation time from 

"laboratory – exhibition hall – market" to 30 minutes; the Cultural and Sports Roadshow Center (5912.28 

square meters) adopts detachable seat design to realize the functional switching of "academic lecture hall 

– theater – market". According to functional planning and industrial research, it is determined that the

Phase V area will hold 48 scientific research activities and 36 cultural activities annually, with a functional

overlap rate of 62%. This verifies the practical value of Sharon Zukin's "cultural scene theory" – when

industrial space is embedded with diverse cultural scenes, its innovative vitality and social cohesion will be

improved simultaneously [4].

4.4 Cultural Symbolization Path of Ecological Technology 

Vertical greening and terraced buildings are not only ecological technologies but also carriers of regional 

culture: vertical greening (with a total area of 8000 square meters) arranged along the aerial three-

dimensional corridor system uses local climbing plants in Chongqing (such as Parthenocissus tricuspidata 

and Wisteria sinensis) to form a visual identifier of "green waterfall"; the terraced setback roof echoes the 

mountainous terrain, with a coincidence degree of 85% between its horizontal lines and the contour lines 

of surrounding mountains, trying to create "the design that best reflects the 'integration of mountains and 

waters' characteristics of Chongqing". This "technology – culture" dual coding makes ecological measures 

transcend functionality and become perceivable and identifiable cultural symbols. 

5. Conclusion

The practice of the Phase V Project of Chongqing Liangjiang Collaborative Innovation Zone provides a 

breakthrough paradigm for the construction of cultural identity and inclusive transformation of public 

spaces in mountainous industrial parks. In terms of results, through the systematic design of 396,400 

square meters of research and office buildings, the project transforms the 54.44-meter topographic height 

difference into unique cultural assets – the 34,000-square-meter circular building and spiral staircase of 

Yun Π Center have become regional identifiers; the 24-hour opening mechanism of 60% of pure public 

spaces ensures the right fairness of 15.6 hectares of shared fields; the platform-corridor grey space system 

achieves dual improvements in southwest climate adaptability and barrier-free access rate. These practices 

not only solve the topographic dilemma of "being near the lake but hardly seeing the lake" but also allow 

researchers and residents to jointly shape spatial significance through community participation 

mechanisms, confirming that cultural identity must be rooted in the equal distribution of spatial rights. 

Looking forward, the experience of this project can be further extended to three dimensions: first, based 

on existing performance optimization data (such as PMV value and UDI index), a digital twin system can be 

established to realize dynamic adjustment of public spaces; second, normalize the "co-creation workshop" 

mechanism to form a long-term cultivation path for cultural identity; third, study and promote the 
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feasibility of the combined strategy of "rooftop landscape – platform-corridor system – community 

corridor" to provide replicable technical modules for industrial parks in other mountainous cities. 
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Abstract 

Street vendors play an essential role in urban economies worldwide, especially in developing 
countries, where important services or amenities are provided to local communities. Working in 
the informal sector puts street vendors at risk of vulnerabilities and social marginalisation. Due to 
India’s growing urban migration and shrinking formal sector, street vending and hawking have 
become crucial sources of income for India's urban poor. Because of its low skill requirements and 
little financial commitment, vending has become a substantial source of income for many urban 
poor. The methodology of the study incorporates both virtual (secondary) and live field data 
collection (primary) of case studies across various urban settings worldwide and tries to explore 
the intricacies of street vending in the context of urban planning and development by focusing on 
cases from India and across the globe, with an attention on traffic and pedestrian movement, 
planning strategies, parking availability and infrastructure provision etc. Through a comparative 
analysis involving various parameters, studies through literature review and case studies, it aims 
to bring out the way in which street vending can be managed and integrated in urban areas by 
using inclusive approaches. This research incorporates both Indian live and virtual case studies. A 
live field site visit was carried out in Brahmaputra Market (Sector 29), New Brahmaputra Market 
(Sector 37), and Rehri Market (Sector 17), Chandigarh. These areas depicted both positive and 
negative development. Virtual case studies of Ahmedabad, Bhopal, and Bhubaneswar revealed an 
array of policy and implementation strategies. International case studies of Singapore and Cape 
Town were examined through a virtual case study, which depicted models of better 
implementation. Although street vending is essential to city economies, successful incorporation 
needs to be pushed by proactive planning, participatory government, and evident spatial 
strategies. Indian cities can learn useful lessons from both local experiments and best international 
practices by adapting them to local contexts. A well-regulated and inclusive approach to vending 
not only safeguards livelihoods but also improves the quality of public spaces, walkability, and 
overall urban functionality. By implementing effective policies, providing infrastructure support, 
and involving vendors in governance, cities can create vibrant urban environments that promote 
economic growth and social equity.  

 

Keywords 

Street Vendors, Informal Activities, Urban Environment 
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1. Introduction  
Street vendors play a very important role in urban economies worldwide, mainly in developing countries, 

where they provide essential services and amenities to local communities, while also creating vibrant urban 

spaces. But also, working in the informal sector puts street vendors at risk of getting vulnerable, along with 

social marginalisation. Due to India’s rapid urban migration and shrinking formal sector, street vending and 

hawking have become essential sources of income for India's urban poor. (M. Khan & Tariq, 2025; Ray & 

Mishra, 2011) 

Street vending has become a substantial source of income for many low-income urban residents because 

it requires low skill and minimal financial investment. Street Vendors do not engage in begging or theft, 

and they also do not demand employment from the government and attempt to solve their financial 

problems using the resources available to them. Regardless of the location and type of vendors, it appears 

that individuals strive to maintain their dignity and self-respect by engaging in frequent vending activities. 
(Ray & Mishra, 2011) 

 

Figure 1. Street vending in Shikohabad, India. Source: (Cohn, 2018) 

2. Methodology 
2.1. Research Approach 

This research follows a qualitative, ethnographic and analytical approach to identify motifs, challenges, 

differences, issues and inferences for inclusive urban transformation.  
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A literature review was conducted from multiple sources, including web sources, journal articles, online 

articles, book chapters, and reports. It incorporates both virtual (secondary) and live field data collection 

(primary) of case studies across various urban settings worldwide and tries to explore the intricacies of 

street vending in the context of urban planning and development by focusing on cases from India and 

across the globe, with an attention on various parameters like, traffic and pedestrian movement, planning 

strategies, parking availability and infrastructure provision etc. Through a thematic and comparative 

analysis based on these parameters through literature reviews and case studies, this study aims to highlight 

how the culture of street vending as an informal activity can be managed and integrated into urban areas 

using inclusive approaches. A live field site visit was carried out in Brahmaputra Market (Sector 29), New 

Brahmaputra Market (Sector 37), and Rehri Market (Sector 17), Chandigarh. These areas depicted both 

positive and negative development. Virtual case studies of Ahmedabad, Bhopal, and Bhubaneswar 

revealed an array of policy and implementation strategies. International case studies of Singapore and Cape 

Town were examined through a virtual case study, which depicted models of better implementation. This 

study focuses on the transformation of cities, adopting a people-centred approach that embraces local 

identity and promotes inclusive growth. 

3. Literature Review  
3.1. Importance of street vendors in the urban informal economy 

Street vending forms an essential part of the urban fabric and urban economy, particularly in developing 

countries like India. They not only provide employment generation to the urban poor but also provide 

accessibility to affordable goods and enhance social and cultural vibrancy in public spaces. (Ray & Mishra, 

2011) 

There is quite a significant need for street vendors as they provide goods at low prices. The importance of 

street vendors has not been recognised by most city authorities. In the majority of areas, street vending is 

seen as an illegal activity, and vendors are treated as wrongdoers. Presently, street vendors lack a legal 

status to run their businesses, and they face constant harassment from various sources. However, they are 

famous as they provide crucial services and goods to many urban poor. The rise of this sector in the urban 

landscape and economy shows that it deserves significant attention regarding its three-dimensional needs. 

In all Indian cities, street vendors create an efficient system for distributing various daily requirements. 

They offer various goods, varying from fruits and vegetables to clothes, accessories and utensils. The middle 

and lower-income groups buy a large portion of their daily goods from these vendors at affordable prices, 

often lower than those in formal stores. (Ray & Mishra, 2011) 

 

3.2. Issues and problems related to street vendors 

Street vendors contribute notably to the urban economy by offering moderately priced goods and services, 

but their illegal presence on the road also causes various issues, including pedestrian movement, traffic 

flow, cleanliness and hygiene, which eventually affect the urban landscape. The encroachment on the road 

and footpath increases the frequency of accidents by forcing people onto roads and contributes to extreme 

traffic congestion. Also, vendors frequently occupy parking spots, which results in a lack of public parking 

spaces and further affects efficient traffic flow. Customers assembling around street vendors creates road 
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safety risks and congestion, and improper trash disposal leads to sanitary problems and health problems 

as garbage builds up around the public spaces. (Bhowmik, 2001) 

4. Case studies 

Indian Context Vending Area locations 

Bhubaneshwar Khandagiri 

Ahmedabad Jamalpur Market 

Bhopal Bitten Market 

Sector 29, Noida Brahmaputra Market 

Sector 37, Noida New Brahmaputra Market 

Sector 15, Chandigarh Rehri Market 

 

Table 1 Shows case studies across various urban areas in the Indian context. Source: Author 

 

International Context Vending Area locations 

Singapore Maxwell centre 

Cape Town, South Africa Greenmarket square 

 

Table 2 Shows case studies across various urban areas in the International context. Source: Author 

 

4.1. Case studies in the Indian Context (Live) 

1. Brahmaputra Market, Sector 29, Noida, Uttar Pradesh, India. 

Brahmaputra Market, often called BP Market, is a well-known shopping and street food destination located 

in Sector 29, Noida. Established as one of the city's older markets, it has evolved into a vibrant hub offering 

diverse products and culinary delights.  

a. Evolution and Growth: The market's size and range of products increased throughout time. Small 

businesses started to broaden their product offerings, including things like:  

1. Clothing (Indian and Western wear), 

2. Toys 

LI
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3. Gifts  

4. Kitchenware  

5. Furniture  

6. Books  

7. Beauty and personal care products  

8. Footwear  

9. Jewellery  

10. Home Decor  

11. Electronics.  

The market's attractiveness was further increased by its conversion into a hotspot for street food. As 

vendors started serving a variety of delectable foods, it became a popular destination for foodies. 

 

Figure 2 Street vending in Sector 29, Noida. Source: Author 

 

a. Market Layout: The layout of the market is open, and there are lanes for proper pedestrian movement 

to the interior of the building infrastructure. 

b. Parking management: To manage traffic congestion, there are a few parking but. 

c. Accessibility: The Golf Course metro and Botanical Garden metro are conveniently located metro 

stations near the study area and easily reachable, improving last-mile connectivity.  

d. Infrastructure & Utilities: Outfitted with the most basic urban infrastructure, including waste 

management facilities, water supply, drainage systems, and public restrooms. (Open ai, 2025) 
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2. New Brahmaputra Market, Sector 37, Noida, Uttar Pradesh, India. 

a. Designated Vendor Zones: This street vending reduced congestion and maintained order.  

b. Balancing Informal and Formal Spaces:  Integrating both retail shops and vendor spaces, which 

optimised space use while avoiding encroachment.  

c. Pedestrian Safety:  Proper pathways for pedestrians are important for ensured safety and ease of 

movement.  

d. Accessibility:  Easy access to public transport and major roads enhances foot traffic and reducetion 

in congestion. 

 

 

3. Sector 15, Rehri Market, Chandigarh, India. 

a. Type of market: Street Vending here has a dedicated vending area for street food & daily goods. 

b. Urban Design: The layout of the street vending market is unified into Le Corbusier’s model for 

Chandigarh. 

c. Infrastructure: The infrastructure consists of planned stalls, waste bins, lighting, drainage, and 

provision of parking.(Open ai, 2025) 

Figure 3 Street Vending in Sector 37, Noida. Source:(Das, 2023) 
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Figure 4 Street Vending in Sector 15, Chandigarh. Source: Author 

 

4.2. Case studies in the Indian Context (Virtual) 

1. Khandagiri Market, Bhubaneswar, Odisha, India 

Bhubhaneshwar has witnessed rapid urbanization. As it is the gateway city, the city must keep the 

surroundings of the city beautiful, particularly its roads. Maintaining roads and public places free from 

vendors and street vendors is one of the most important issues that the city faces. For this purpose, the 

city took an innovative approach to enhance informal activities. (Raj & Jolly, 2020) 

Through the model’s effective concept, the major roads are free of obstruction by illegal street vending. A 

total of 2000 vendors emerged from about 30 vending zones in all sections of the city. The civic body got 

Rs. 1.96 lakhs in advertising fees and Rs. 15 lakhs in trade license earnings, and the vending zones were 

better organised than before. Additionally, they were relieved of the daily eviction campaign, and the 

residents were pleased to find trustworthy, unofficial commercial suppliers. The procedure that was used 

was an excellent illustration of how to arrange merchants in a vending zone through collaboration, 

consultation, and private-sector participation. In one sense, it was conducting business for society's benefit 

and generating government income. This program significantly lowered carbon footprints by easing traffic 

congestion, managing space, and providing parking. Any city with open space close to residential 

neighbourhoods, roadways, or business districts can implement the vending zone concept.  (Raj & Jolly, 

2020) 
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Figure 5 Street Vending in Bhubaneswar. Source:(NASVI, 2025) 

2. Jamalpur Market, Ahmedabad 

This market consists of underflyover spaces that are converted to a formal vending area to utilized the 

underutilized urban spaces. A new flyover connects Ahmedabad's Jamalpur Market, a vegetable market 

with over 675 vendors, to the eastern end of Sardar Bridge at the intersection of Bhattacharya Road and 

Jamalpur Road. Outside of the Sardar Patel Agricultural Produce Market Committee (APMC market), the 

district's wholesale vegetable and grain market operated as an illegal marketplace. After buying in bulk 

from the main market, street vendors sell in smaller quantities. The new flyover's construction resulted in 

the displacement of several of these vendors. The sellers requested that the market be moved to the area 

beneath the flyover to protect themselves and lessen traffic jams. In order to accommodate 249 vendors 

beneath the overpass, SEWA created a design concept in 2011 and worked with APMC to get it approved. 

The remaining merchants were assigned to areas close to the flower market.  

 

Figure 6 Street Vending in Ahmedabad. Source:(Raj & Jolly, 2020) 

3. Bitten Market, Bhopal 

1553



Khan, Minha.     
Noman Tariq, S.M. 

The impact of street vendors on the urban 
inclusive environment: 

A comparative analysis of various cases 

The basic requirements, like a raised platform for the market have been provided by the Bhopal Municipal 

Corporation (BMC). These include: 

1. BMC levies a daily vending charge of Rs. 20 on the vendors.

2. Electricity is provided by a private contractor, and the traders have to pay another Rs. 20 daily. (Raj &

Jolly, 2020)

Vendors set up temporary shade using materials like bamboo, rope, and plastic sheeting. Drinking water 

and pay-and-use restrooms are also available. Each vendor has 1.8 m x 2.4 m of space allotted to them. For 

the safety of the merchants, the market is equipped with temporary shade, which is taken down after 

business hours. Vendors are prevented from encroaching into non-vending zones and from using extra 

space for their operations by the marked vending areas. Parking space is also provided for the customers. 

(Raj & Jolly, 2020) 

Figure 7 Street Vending in Bhopal. Source:(Raj & Jolly, 2020) 

4.3. Case studies in the International Context (Virtual) 

1. Maxwell Hawking Centre, Singapore

Singapore replaced majority of its street vendors and put them in organized hawker centers (Maxfell 

Hawking Centre). The country has successfully managed to provide an organized environment to its 

informal vendors, thus keeping their streets open and functional. In other words, Singapore offers one of 

the best case studies on how informal vending operations can be controlled by the use of organized hawker 

centers. These are specially organized and centralized places that serve the purpose of accommodating 

informal vendors and ensuring urban mobility and hygiene. (S. S. Khan et al., 2023) 
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Figure 8 Maxwell food centre in Singapore. Source: (Tang, 2018) 

2. Greenmarket Square, Cape Town, South Africa. Greenmarket Square is an ancient square

located right at the heart of Cape Town, South Africa. Greenmarket Square is well known market

famous for its lively and vibrant environment with street vendors. There are many vendors who

sell their locally made handicrafts and souvenirs in Greenmarket Square. It also acts as a meeting

place for people from all walks of life and generations of economy. (Wells, n.d.)

Figure 9 Greenmarket Square, Cape Town. Source: (Wells, n.d.) 
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5. Comparative analysis of parameters

6. Result and Discussion
Street vending serves as one of the main concepts of “Cities in Action,” where street vendors actively shape 

urban spaces through their everyday practices by making vibrant cultural spaces in a city.  Street vending 

is not just about informal economic activity but is also essential portion of urban system. In all seven cases 

studies, street vending practices demonstrates how inclusivity, adaptability, informality, and resilience can 

Table 3 Comparative analysis. Source: Author

Table 4 Comparative analysis. Source: Author 
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coexist within an evolving urban form that promotes social resilience, supports local economies, and 

enhances cultural vibrancy/. 

7. Conclusion
This study seeks to shift from research to real world impact by transforming cultural and informal practices 

into practices that result in cities that are inclusive, resilient, and culturally rich. Further, this study aims 

and explores to address issues that require immediate attention in the context of street vending. Research 

on Street vendors can be scaled up and applied to different cities in order to encourage cultural continuity 

in modern cities, economic participation in urban areas, governance participation, and co-ownership of 

public space. 

Street vendors research widens the research perspective and their integration into urban planning. 

(Grammarly, 2023) 
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Abstract 

In the process of urbanization, “serial properties”, which share specific values while being physically unconnected, 
often experience a weakening of their cultural narrative networks. This fragmentation becomes particularly 
pronounced when "industrial ecology" forms their core value. This study focuses on 55 agricultural-industrial 
heritage sites (mainly from the 15th to mid-20th century) within Taihu Lake Urban Agglomeration, a core 
subregion of Yangtze River Delta in China nowadays. These sites, which are emblematic of regional cultural 
narratives, are increasingly obscured by the advancing urbanization. 

This study aims to use artificial intelligence to " stitch together" the fragmented urban serial properties, 
reconstructing their cultural narrative networks in digital space to create an innovative cultural expression. We 
propose and validate a digital heritage interpretation framework, driven by large language models (LLMs), and 
based on knowledge graph-retrieval augmented generation (KG-RAG). The framework empowers both regional 
heritage communities and tourists. 

Focusing on heritage sites, this study constructed a digital corpus exceeding one million words. Guided by Actor-
Network Theory (ANT), we designed a domain-focused knowledge graph schema that integrates industrial 
cultural narratives with the current heritage surroundings. For knowledge extraction and graph construction, we 
adopted a knowledge augmented generation (KAG) framework and few-shot learning strategies. 

The primary achievement of this study is the development of an "interpretation platform prototype" that 
integrates graph computing algorithms with route-planning algorithms to quantify narrative relationship and 
spatial accessibility among heritage sites, and generates several weighted candidate tour routes. Subsequently, 
a LLM service implements three core functions: 1) Interpreting the cultural narrative behind these sites in natural 
language; 2) providing real-time route planning and other visual interaction services in urban environments. The 
relationship between the public and urban serial properties can be individual and interactive. 

The significance of this study reveals through three dimensions. At the practical level, the "interpretation 
platform prototype" effectively connects urban serial properties, creating an inclusive cultural narrative network 
of regional communities, which strengthens the urban cultural diversity. At the theoretical level, the "digital 
heritage interpretation framework" offers a quantitative interpretation methodology for complex heritage 
networks by combining the knowledge graphs with LLMs. Furthermore, it serves as a digital application of the 
Historic Urban Landscape (HUL) approach. At the urban level, based on focusing the cultural narrative and 
enhancing public interaction through AI, urban heritage itself can transform from a passive “conservation object” 
into a dynamic “active agent”, empowering cities and regions to gain cultural vitality and future identities 
through these actions. 

Keywords 
Cultural narrative, urban heritage interpretation, AI-driven, Actor-Network Theory 
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1. Introduction
1.1. Background 

In urban environments, diverse cultural heritage sites play a significant role in shaping local culture and 
identity. Many such sites, despite being spatially dispersed, share narrative threads, collectively forming 
"serial properties" that embody specific heritage values (UNESCO,2012). These narrative carriers influence 
not only how urban culture is interpreted, but also how urban residents understand their individual 
identities. However, in rapidly developing cities and city-regions, the weakening of cultural narrative often 
produces “heritage islands” within the “urban ocean”. The dominance of several iconic heritage sites also 
exacerbates the interpretative inconsistency among serial properties. Particularly, the fragmentation is 
acute when "regional industries" constitute the core heritage value. The tangible traces of associated 
narratives are less legible than linear elements such as routes, canals or railways, and are also more likely 
to vanish due to restructuring and industrial evolution. Consequently, the fragmentation of identity 
recognition and value interpretation becomes significantly more severe in these contexts. 

The regional industrial serial properties of the Taihu Lake Urban Agglomeration, a core subregion of 
Yangtze River Delta, China, serve as the case (Figure 1). As one of China’s longest-developed regions, the 
area was famous for rice cultivation and sericulture due to the superior geographical conditions. 
Consequently, a large number of heritage sites are associated with these industries, ranging from Neolithic 
ruins bearing the earliest industrial traces to pre-modern workshops and bureaus, even state-owned silk 
factories built in the 1970s. These diverse sites constitute a unified “industrial heritage ecosystem” which 
shares interconnected cultural narratives. However, contemporary urban development is gradually eroding 
the heritage ecosystem through the rise of the township and village enterprise (TVE) economy (Liang, 2006), 
urban expansion and land hardening. As a result, the tangible heritage connection has become increasingly 
fragmented, making it important to re-stitch the intangible cultural narratives. 

Figure 1. Study Area and Heritage Sites.  Source: author’s own photograph. 

Alongside heritage conservation, heritage tourism, which is based on value associations such as “systemic 
protection” and “heritage ecosystem”, has also garnered significant policy support globally, including the 
U.S. “National Historic Trails” and the Japanese “Routes of History”. Similarly, China’s 2023 "Cultural 
Heritage Thematic Trails" policy aims to establish theme-oriented tourism routes linking heritage sites 
based on shared historical and cultural themes. However, the ambitious framework faces three 
methodological bottlenecks: 

1) Quantifiable Valuation: How to measure the "shared themes" within urban serial properties?
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2) Planning Methodology: How to effectively stitch together spatially dispersed heritage sites? 

3) Inclusive Interpretation: How to address the individual interests of visitors to reflect dynamic heritage 
values? 

Generative AI (GenAI) technology offers the potential to overcome these bottlenecks by producing heritage 
interpretation, which meets the demands of individual narratives and dynamic value systems. However, as 
of now, general Large Language Models (LLMs) still perform poorly in the heritage domain, particularly in 
terms of granularity and accuracy. Meanwhile, the training cost and data requirements of vertical LLMs 
remain prohibitive for a typical "serial property" scale. Consequently, we need a technical framework 
capable of constructing a computable value system and generating personalized cultural narratives at a 
manageable cost. To date, explorations in this area remain limited. 

Our study proposes an AI-driven heritage interpretation framework based on the Knowledge Graph 
Retrieval Augmented Generation (KG-RAG) architecture. The mechanism extracts knowledge graphs, which 
fit specific heritage value systems, from heritage-related texts, thereby constructing quantifiable value 
profiles and knowledge bases. Algorithms and LLMs can combine user interests with expert data to 
generate heritage trails grounded in value-based interpretation. The framework responds to the three 
bottlenecks mentioned above: 

1) Quantifiable Valuation: Through schema design, the framework can extract high-quality domain 
knowledge graphs, whose structure can measure the associations between serial properties and their 
shared value themes, rendering abstract cultural concepts computable. 

2) Planning Methodology: The quantified association metrics of serial properties function as critical 
parameters for route-planning algorithms, enabling the generation of personalized, thematic heritage 
trails between dispersed heritage sites. Furthermore, the aggregation of these routes also provides a 
valuable reference for future urban planning. 

3) Inclusive Interpretation: The KG-RAG-driven AI-agent platform provides adaptive value interpretations. 
By offering cultural narratives to individual users, the platform enhances public engagement and 
experiential depth of heritage interpretation and presentation. 

 

1.2. Related Works  

Even as the Historic Urban Landscape (HUL) theory has gained widespread recognition, the fragmentation 
of heritage is still prevalent for contemporary cities (Immonen, 2024), offering a snese of "time rupture” 
within urban environments (Wang, 2022). Consequently, the digital tools for enhancing public participation 
in heritage conservation have become a valuable urban public resource (Artopoulos, 2019). For example, 
an Extended Reality mobile application for interpreting the associative value of the Korean World heritage 
“Seowon” (consisting of nine dispersed heritage sites) was developed in 2023. The empirical study has 
shown that the application can help visitors to understand the interconnected cultural narratives, yet also 
has limitations with the limited, static content stored in databases. Visitors call for more personalized, 
story-like interpretations (H. Shim, 2023). 

AI holds distinct potential to address the above demands by supporting cultural experiences (Sánchez-
Martín, 2025). However, As of August 2025, evaluations indicate that over 65% AI-generated contents 
related to cultural heritage contain cultural misalignments (Bu et al., 2025), and inherent training patterns 
often amplify cognitive biases (Foka et al., 2024). The effective AI orchestration, rather than simple 
application, is the key to empowering heritage conservation. 

The effective AI orchestration relies on data engineering. For serial properties that emphasize associative 
narratives, Knowledge Graph technology, which is designed to construct related networks, has shown the 
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advantages. For example, UrbanKG project in China’s Guangzhou historic city has linked urban heritage 
with the contemporary city through one knowledge graph (Wang, 2025). However, these approaches 
remain largely oriented toward expert analysis and still lack the capacity to communicate their insights to 
the public through natural language. 

Knowledge-graph based Retrieval-Augmented Generation (KG-RAG) offers a potential to combine the 
graph structure with the narratives. The TravelRAG framework extracts heritage-related information from 
User-Generated Content (UGC) to construct knowledge graph as contextual information to improve 
accuracy (Song, 2024). However, for serial properties, how can we design a comprehensive framework 
from content modelling to data structure? The core challenge is how to balance the accuracy of heritage 
value narratives with the individuality of AI-generated contents. 

2. Methodology and System Design 
This section presents our research methodology and architectural design. It delineates the study objects, 
outlines the system architecture of the AI-driven interpretation framework, and describes the key technical 
implementation ranging from data structures, route planning algorithms, AI-agent orchestration to the 
prototype digital platform. 

2.1. Study Area and Heritage Objects 

As outlined in the introduction, our study focuses on the Taihu Lake urban agglomeration, the core 
subregion of the Yangtze River Delta, eastern China. The specific study objects are serial properties 
consisting of 55 regional agricultural–industrial (mainly rice cultivation and sericulture) heritage sites. The 
heritage cluster represents a regionally specific industrial structure and its corresponding modes of social 
organization, serving as the evidence of related production, commerce, circulation and administration. As 
the research on heritage conservation has deepened, the systemic value has attracted increasing attention. 

In 2023, responding to the policy, Suzhou local authorities, in consultation with our study team, approved 
a pilot project entitled "Cultural Heritage Thematic Trail in Southern Jiangsu " which aimed to stitch 55 
heritage sites together into a thematic trail network (Figure 1). The selection criteria for these sites are 
defined as follows: 

1) Thematic Relevance: Heritage sites should be directly correlated with the regional “industrial 
ecosystem” of rice cultivation, sericulture and symbiotic industries such as flour processing. 

2) Legal Status: Heritage sites should be listed in the official “historical and cultural sites protected at 
different levels”, so as to ensure the standardized management and coordination. 

3) Accessibility and Suitable condition: Heritage sites should be kept in a stable conservation status and 
open to the public, thereby eliminating uncertainties in physical access for tourists. 

2.2. System Architecture 

We developed an AI-driven interpretation platform prototype to progressively transform raw heritage 
textual materials into two distinct outputs: associative parameters for route-planning algorithms, and 
contexts for LLM-based cultural narratives and value interpretations generation. The platform prototype 
aims to integrate two main modules of route recommendation and narrative generation. Through the 
platform prototype, the cultural narrative network of urban serial properties can be individually 
Interpreted to both heritage communities and tourists. Specifically, the system is organized in four layers:   

1) Base Data Layer: The layer serves as the foundational infrastructure and comprises three modules: the 
heritage value association system, the structured heritage information database and an unstructured 
heritage text corpus. The layer’s core mission is to transform multi-source, multi-structured and multi-

1561



Lang, Y.; Shen, Y.; Li, X. Stitching cultural narratives 
 

 

 

format raw materials into machine-readable and computable formats, empowering subsequent 
processes. 

2) Graph–Vector Hybrid Database Layer: The layer serves as the association measuring engine, consists 
of three modules: knowledge extraction and vector embedding, schema organization and entity 
alignment, association strength computation. The layer’s primary task is to convert large quantity of 
unstructured text into a dynamic knowledge-graph database that encodes rich semantic relations and 
supports hybrid retrieval based on both symbolic links and embeddings. The retrieval results can 
support subsequent cultural narratives and route planning. 

3) Intelligent Application Layer: The layer acts as the central hub for user-interaction, including four 
modules: LLM-based AI agent, KG-RAG retrieval, route-planning algorithm, and frontend interaction 
platform. The layer interprets user intents through conversation and assists users in designing heritage 
tour plans. Simultaneously relevant heritage information and personalized value interpretations can 
be provided. 

4) Decision Analysis Layer: The layer facilitates the system's value feedback loop, composed of a user 
behaviours database and decision-support models. The layer collects privacy-compliant interaction 
data to provide quantitative decision support for heritage conservation or even city planning.  

 
Figure 2：System Architecture of the AI-diven interpretation framework. Source: author’s own photograph. 

2.3. Key Technical Implementation 

Based on the framework, we have developed a fully functional prototype digital platform (Figure 3). The 
deployment cost is intentionally kept affordable, requiring only a lightweight cluster consisting of two 
computing nodes (8 vCPU, 16GB RAM). The frontend is delivered through a standard web interface. 

 
Figure 3. Main content flow of the prototype digital platform. Source: author’s own photograph. 

2.3.1. Base Data and Structure Design 

1) Acquisition and cleaning of multi-source text data 
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To faithfully reflect the industrial culture narratives of the Taihu Lake urban agglomeration, we carried out 
a dedicated data engineering process. Through archival research, field surveys and community interviews, 
we compiled a multi-source dataset covering 55 cultural heritage sites and 586 unstructured text records, 
amounting up to 1.1 million Chinese characters.   

Within the dataset, the structured data primarily include tourism-related GIS data (such as coordinates, 
addresses, opening hours and accessibility conditions) and heritage management data (such as protection 
levels, tangible conservation objects, historical periods and core heritage values). The unstructured data 
comprises different types of text materials like local gazetteers, historical newspapers, academic journal 
articles, archival records, and oral history materials. Given the diversity of sources and formats, all 
unstructured materials were cleaned and converted into a unified markdown format as “AI-ready” data. 

More importantly, each text entry was annotated with metadata following “source–subject–confidence”. 
This mechanism provides the necessary logic for the LLM to resolve conflicts and select authoritative 
materials during context generation. 

2) Construction of the ANT-based Heritage Value Association Network  

Conventional knowledge graphs and heritage value systems tend to focus on static and concrete elements 
such as chronology and location, and thus exhibit epistemological limitations regarding the complex social 
impacts of heritage. We introduce Actor-Network Theory (ANT), whose potential for quantifying the 
deeper cultural values has attracted increasing attention (Pavlidis,2025), to address this gap. From the ANT 
perspective, the value system of regional industrial heritage within Taihu Lake urban agglomeration lies in 
the socio-ecological system, composed of three interconnected categories of actors: industrial objects, 
industrial processes and industrial groups. 

Industrial Objects include material entities such as rice, raw silk and silkworm cocoons, as well as symbiotic 
commodities like cotton yarn and flour. 

Industrial Processes cover full-lifecycle of activities surrounding production, including transportation, 
trade, management and associated ritual belief. 

Industrial Groups encompass key human actors, including traditional clans, literati officials, modern 
industrialists and their labours. 

 
Figure 4. Taihu Regional Industrial Heritage Value Association Network. Source: author’s own photograph. 

Consequently, we constructed the Taihu Regional Industrial Heritage Value Association Network, 
comprising 3 core value classes, 28 value sub-categories, and 76 sets of interaction relations (categorized 
into 6 semantic types, Figure 4). Based on the association model, abstract cultural narratives of heritage 
can be quantitatively represented. For an in-depth interpretation example, as the key precursor industry, 
the modern sericulture is tightly coupled with agricultural students returning from Japan in Taihu Lake area 
(Lu,2018), while traditional rice farming remains deeply influenced by local clans. The structural distinction 
has led to markedly different traces of transformation in industrial beliefs, which can now be captured and 
analysed through the value association network. 

3) Schema Extension Based on OpenSPG framework 
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The Semantic-enhanced Programmable Knowledge Graph (OpenSPG) framework and the corresponding 
open-source implementation KAG provides a unified KG-RAG solution that integrates knowledge extraction, 
vector embedding and hybrid retrieval. Compared to other technical solutions like GraphRAG (Edge,2024), 
we adopt OpenSPG framework primarily because its support for vertical domain ontology modelling (such 
as heritage conservation), which enhances LLMs’ ability to understand complex association through 
schema-constrained logical semantics (Liang, 2024). 

In OpenSPG, the graph data schema distinguishes three categories of entity: Entity, Event, and Concept. To 
enhance the adaptability to heritage information, we referenced CIDOC-CRM standard (CIDOC-CRM, 2024) 
and extend the schema through domain-specific schema innovations: 

Entity Category: Non-standard temporal expressions are common in historical texts, such as “mid-Guangxu 
period” or “spring in the 4th year of Qingli”. We defined a "Historical Time Point" entity type, which allows 
the storage of fuzzy temporal intervals. The chronological relationships of these temporal entities can be 
determined with LLMs and be recorded. 

Event Category: Given the complexity of the functional evolution in major cultural heritage sites, we 
defined a “Historical Function” event type, which is further decomposed into four subclasses: Cause, State, 
Suspension, and Transformation. This structure allows the graph to represent heritage value, such as the 
transformation of the Fan Clan's Charitable Estate (Song Dynasty) into a modern school (1920s). 

Concept Category: The KAG service performs less effectively when extracting abstract concepts such as 
“clan culture” or “literati spirit.” Consequently, we designed an alternative strategy. Since KAG service 
relies on Open Information Extraction to segment text chunks into granular, independent "Knowledge 
Units" (KUs), we introduced an LLM-based Few-Shot Prompting text classification to classify each KU into 
one or more abstract categories, which belong to the Heritage Value Association Network. This approach 
substantially improves the extraction performance of higher-level cultural concepts. 

We evaluated the extraction performance through a manually annotated benchmark knowledge 
constructed from 1500-character text chunks, yielding 88.8% accuracy and 84.2% recall. The final 
constructed knowledge graph comprises 141,419 entities and 371,469 edges, and records the vector 
embeddings for rich-text entities as the foundation for KG-RAG. After entity fusion with the structured 
heritage information database, we established a complete, traceable information chain: [Heritage with Info] 
– [Heritage Site Entity]– [Extracted Entity] – [Source Text] – [Domain Knowledge Unit] – [Thematic Value 
Sub-category]. Domain knowledge can remain traceable and maintainable through the data structure. 

 
Figure 5. Traceable information chain within the data structure. Source: author’s own photograph. 

1564



Lang, Y.; Shen, Y.; Li, X. Stitching cultural narratives 
 

 

 

2.3.2. Association-Driven Route planning Algorithm 

Our objective is to generate personalized heritage tour routes that satisfy both structured travel 
requirements and quantifiable narrative interests. The target heritage journey should be culturally 
coherent, personally relevant, and spatially efficient. Therefore, the optimization problem is an NP-hard 
routing problem. Considering our limited deployment environment and real-time interaction requirements, 
we designed a muti-layered heuristic algorithmic framework. 

1) Quantitative Calculation of Associations 

Firstly, we transformed qualitative heritage values into quantitative association measures that can be 
processed by the algorithm through three matrices: 

Transport Cost Matrices [A]: A set of 3 to 5 matrices of size [55×55] representing origin-destination (O-D) 
temporal transport costs between 55 heritage sites under different modes (such as public transit, walking 
or driving). These matrices are used to quantify the travel cost component of the route. 

Heritage-Value Correlation Matrix [B]: A [55×28] matrix measuring association strength between 55 
heritage sites and 28 value sub-categories. Based on the graph structure, we ran the Personalized PageRank 
(PPR) algorithm on the Neo4j database, using heritage site entities and thematic value sub-categories as 
source nodes. The resulting scores were normalized to yield the Matrices [B]. For example, we can quantify 
the association between “[Heritage Site Entity: Former site of Dingchang Silk Weaving Factory” between 
“[Process: Production–Infrastructure]” and “[Group: Bureaucracy-Governance]”.  

Inter-Value Narrative Association Matrix [C]: A [28 × 28] matrix that measures the narrative associations 
between different value subcategories. Within the knowledge graph, we computed the path connectivity 
(Frequency of [Value A] — [Knowledge Unit] — [Value B] paths) and normalized the results. For example, 
the calculation reveals that the relation between [Process: Circulation–Storage] and [Object: Rice-Paddy] 
is 43.7% stronger than that with [Object: Rice-Polished Rice], highly mirrors the historical facts of the 
industry. 

2) Interconnected Enrichment of Value Narrative   

Secondly, visitors’ interests in heritage are often partial or even implicit. Therefore, we contextualized user 
interests within the heritage value association network and constructed a personalized cultural narrative 
framework. The mechanism is developed in two steps: 

Interest diffusion: The User Interest Vector [D], represented as a [1×28] vector parsed by the LLM and 
normalized after scoring, is multiplied by the Association Matrix [C] to generate the Enriched Interest 
vector [D_enrich]. The mathematical operation simulates the process of one focal interest diffusing into 
the wider narrative network of the heritage value system. 

Personalized heritage association: We calculated the element-wise multiplication between the original 
value vector of each heritage site (corresponding to one row of matrix [B]) and the Enriched Interest vector 
[D_enrich] and produced the vector [M_h], which re-weighted the heritage attributes based on users’ 
specific perspective. Based on the vector [M_h], we computed the cosine similarity between all heritage 
site pairs to obtain a [55×55] personalized heritage association matrix [M], serving as the core metric for 
narrative connectivity. Therefore, the recommended route maintains coherent cultural narratives within a 
personalized context. 

𝑫𝑫𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 = 𝑪𝑪 ⋅ 𝑫𝑫 
𝑴𝑴𝒊𝒊 = 𝑩𝑩𝒊𝒊 ⊙𝑫𝑫𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 

𝑴𝑴𝒊𝒊,𝒋𝒋 = CosSim�𝑴𝑴𝒊𝒊,𝑴𝑴𝒋𝒋� =
𝑴𝑴𝒊𝒊 ⋅ 𝑴𝑴𝒋𝒋

|𝑴𝑴𝒊𝒊||𝑴𝑴𝒋𝒋|
 

3) Multi-Objective Optimization via Beam Search and Path Insertion 
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Finally, under the multiple constraints of user interest, narrative coherence and transport costs, we adopt 
a hierarchical multi-objective optimization strategy for route generation, consisting of two steps: 

Candidate Set Generation: We first generate several sets of heritage candidates using a beam-search 
greedy algorithm. Each candidate set is constructed to maximize intra-set personalized heritage association 
defined by the matrix [M]. To encourage diversity, we introduce Jaccard similarity as a penalty term, 
discouraging highly overlapping site combinations. 

Route Generation: For each candidate set, we employ the Path Insertion Heuristic Algorithm to construct 
the optimal sequence. We defined a weighted objective function as the total route score: 

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = 𝛂𝛂 ⋅ 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝒆𝒆𝒔𝒔𝒔𝒔𝒔𝒔 + 𝛃𝛃 ⋅ 𝑺𝑺𝑺𝑺𝒎𝒎𝒔𝒔𝒔𝒔𝒔𝒔 − 𝛄𝛄 ⋅ 𝑻𝑻𝑻𝑻𝑻𝑻𝒆𝒆𝒔𝒔𝒔𝒔𝒔𝒔 
Where [Score_sum] represents the aggregate score of heritage sites satisfying the users’ interests, 
[Sim_sum] denotes the cumulative score between sequential sites along the route, and [Time_sum] 
measures the total transport time cost. All components are normalized to comparable ranges. 

One python-based program iterates through the candidate sets, sorts the resulting routes by their Scores, 
and returns the top two distinct itineraries for the user to perform an A/B selection. The process ensures 
the route as a "narratively coherent, thematically aligned, and logistically feasible" heritage journey. 

 
Figure 6. The flowchart of Association-Driven Route planning Algorithm. Source: author’s own photograph. 

2.3.3. Agent Orchestration and Frontend Interaction Design 

To translate narrative generation and route recommendation into a direct user experience, we adopt the 
open-source LLMOps platform Dify as the foundation for the AI-agent. By composing multiple modules, 
users can interact with the framework through natural-language or click-based input. The AI agent then 
drives a set of visualization-rich services, ranging from cultural narrative interpretation to real-time route 
planning. Key modules include: 

Routing Dispatcher Module: As the core component for multi-turn dialogue, this LLM-based module can 
dynamically orchestrate various tools and third-party services, ranging from real-time weather inquiry, 
simple conversation, to main tools like route planning and deep narrative interpretation. The mechanism 
enables personalized requirements to be responded within a unified conversational flow. 

KG-RAG Retrieval Module: When faced with the queries, KG-RAG not only checks similar chunks based on 
the vector, but also rewrites user questions into Cypher queries for Neo4j, finally returning rich sets of 
entities and relations as high-quality context for the model (Liang, 2024). The combination of graph-
structured semantic relations and textual information ensures both scholarly accuracy and cultural depth. 
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Frontend Interaction Module: While standard LLMs can only generate output in text, the module enables 
the agent to embed invisible JSON instruction blocks within its responses. The frontend client can parse 
these commands and trigger visual actions synchronized with the text narrative, such as showing the 
heritage route on a WebGIS map, generating itinerary cards, or the KG visualization. This mechanism 
creates a "Text-Visual Synchronization" experience for the user. 

3. Discussion 
In this section presents a small-scale user test to evaluate the usability of our digital platform prototype. 
Furthermore, we discuss the broader meanings of the AI-driven framework in urban heritage interpretation 
and planning practice 

3.1. Experiment   

To evaluate the online platform, we conducted a pilot test involving 84 participants (34 men and 50 women, 
including both residents and tourists). In total, 184 AI-generated routes were collected for analysis. 

3.1.1. User feedback   

Participants expressed satisfaction with 141 of the 184 routes (77.1%). Over 75.0% of participants reported 
that the KG-RAG generated interpretations helped them understand previously unnoticed cultural 
narratives. Additionally, 57.1% expressed an intention to physically intended the generated routes within 
the next 3-6 months. These findings prove that the platform supports the construction of more holistic 
cultural narratives within dispersed urban serial properties. 

However, as a prototype, limitations remain. Negative feedback primarily centered on system latency 
(attributed to KG-RAG retrieval overhead), simplistic frontend visualizations, and the absence of real-time 
traffic data in the routing algorithm, which posed potential congestion risks for certain routes. 

3.1.2. Narrative Network of Urban Serial Properties 

 
Figure 7. Overlay analysis of the sequence data from 141 routes. Source: author’s own photograph. 

We overlaid the 141 user-approved personalized routes to analyse which heritage sites act as structural 
hubs in the narrative network shaped by both historical materials and personalization. The analysis 
revealed that, alongside traditional tourist landmarks, the "Wuxi Rongxiang Modern Architecture Complex" 
and the "Former Site of Wuxi Chamber of Commerce", which are strongly associated with Wuxi’s modern 
regional industrial history, exhibited exceptionally high network centrality. Historically, the introduction of 
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modern textile technology and the expansion of the flour processing industry drove the development of 
Wuxi in the fields of economy, construction, education system in the 1920s; the Rong family and the 
industrial and commercial groups they led made important contributions. 

The finding is noteworthy because in contrast, mainstream AI tourism platforms always focus on "star 
heritage sites" such as the Former Residence of Xue Fucheng due to their popularity. Our results 
demonstrate that within the ANT-based association network, heritage sites such as Rongxiang act as the 
key actors in the urban industrial narrative because of the quantitative historical relationships. The results 
suggest that our framework can uncover heritage nodes with cultural significance in specific cultural 
narratives. 

3.2. Significance of the Interpretation Platform Prototype 

Based on the above findings, our interpretation platform prototype demonstrates distinctive value along 
three dimensions: 

Practical dimension: Reshaping heritage legibility and connectivity. Experiment have shown that we can 
re-stitch dispersed serial properties in the urban environment based on deep historical semantic 
associations via AI-tools. This approach provides an operational, bottom-up digital solution for China's 
current "Cultural Heritage Thematic Trails" policy. 

Theoretical dimension: Toward a computable HUL framework. This study goes beyond qualitative cultural 
descriptions by introducing the ANT with KG algorithms. In doing so, the heritage values are not merely 
abstract concepts to be described, but also digital resources which can be quantified, weighted, and 
transformed into accessible knowledge services facing the for contemporary cities and publics. 

Social dimension: Empowering heritage as "Urban Actors". With AI intervention, heritage can transform 
from a static "conservation object" into a dynamic "active agent" capable of engaging in urban public 
dialogue. Plural cultural narratives not only enrich the tourist experience, but also, even more importantly, 
integrate heritage conservation into the dynamic processes of urban development by reinforcing 
community identity and cultural awareness. Ultimately, our framework helps to stitch fragmented cultural 
narratives in digital space and supports more inclusive urban transformation. 

4. Conclusion and Future work 
Our study focuses on the problem of “narrative fragmentation” in urban serial properties by introducing a 
digital interpretation framework driven by KG-RAG and AI agents. Using 55 industrial heritage sites in the 
Taihu Lake urban agglomeration as a case study, we developed a prototype platform. By constructing an 
ANT-based domain knowledge graph and employing path planning algorithms, spatially dispersed heritage 
sites can be stitched into thematic heritage trails and value interpretations supported by cultural narrative. 
Empirical results indicate that this framework not only enhances public understanding of heritage values, 
but also uncovers key heritage nodes in the urban environment, offering a novel technological paradigm 
for digital heritage conservation and inclusive urban transformation. 

So far, our study remains at an early stage. Future research will contain three key areas: 

Algorithmic optimization: The current algorithms and data structures adopted in the current framework 
serve to demonstrate feasibility. Future research will establish benchmarks to evaluate the performance 
of alternative algorithms, aiming to enhance computational efficiency and accuracy. 

Interaction and experience design: Currently, the digital platform offers relatively simple visualizations and 
interaction modes. Future iterations will explore more dynamic interfaces, including Extended Reality (XR) 
tourism and multi-modal interaction, to provide users with a more narrative-driven heritage experience. 
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Urban-Scale Analytics: Our current analysis of personalized user routes has yet to meet the potential of 
sequential behavioral data. Future research will develop more efficient analytical models which could 
support broader urban heritage management and more spatial planning strategies. 
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Abstract 

Street liveability is increasingly shaped by the interaction between digital technologies and the 
built environment, transforming spatial practices and everyday public life. While streets were 
historically spaces of encounter, commerce and civic identity, contemporary urban life is 
increasingly mediated by platform-based transactions, fragmented temporal rhythms and digitally 
oriented mobility. Drawing on assemblage thinking and agential realism, this paper argues that 
streets should be understood not as fixed spaces but as phenomena produced through intra-
actions between humans, technologies, material settings and socio-temporal processes. Digital 
proximity introduces new exclusions and behaviours, reducing opportunities for spontaneous 
contact and informal appropriation while enabling alternative forms of connection. Two 
contrasting cases illustrate this shift: Venice, where fractal urban morphology sustains human-
scale interaction, and Queen Street in Auckland, where digital infrastructures and redevelopment 
have increased circulation while diminishing informal presence. Based on comparative fieldwork 
(2018–2025), the paper proposes that urban liveability depends on prioritising socio-spatial 
encounters, temporal autonomy and informal appropriation over connective efficiency, reframing 
streets as relational digital-physical assemblages. 

 

Keywords 

assemblage theory, digital urbanism, street liveability, urban temporality 

1. Introduction  
Urban life is now deeply mediated by digital technologies. These tools reshape how people communicate, 
move through cities, conduct transactions, and ultimately how public spaces are experienced. The street 
has been historically described as an urban scenario where social interaction unfolds (Mehta, 2013), a 
theatre of people’s encounters  (Choay, 2001), material exchange (Ingram and Flint, 2011), and where 
urban identity is formed (Bolio Arceo, 2012). However, the contemporary city operates through dual 
geographies, where physical and digital proximities overlap but they do not align. For instance, a person 
could be at the centre of a crowded public space, while messaging, getting engaged into discussion 
platforms, and making transactions that are far beyond the immediate urban context (Bühlmann, 2024). 
Kitchin and Dodge (2014) called this phenomena “spatial transduction” referring to the spatiality of physical 
space can be transduced by various forms of shifts in contexts, especially software and digital technologies. 
Such technologies alter the conditions through which society, space, time, and thus spatiality, are produced 
(Kitchin and Dodge, 2014). In other words software creates new spatialities of everyday life through a 
process of transduction. The latter provides a peculiar understanding of spatiality that conceives the 
environment as ontogenetic in constant formulation. Therefore, it argues that the spatialities of everyday 
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life unfold in diverse ways through the mutual constitution of digital technologies and socio-spatial 
practices (Kitchin & Dodge, 2011). Thus, the street is no longer simply occupied. It is performed in hybrid 
ways — people are physically present yet often somewhere else at the same time. 

We argue that this tension is not reducible to a moralistic critique of technology (Verbeek, 2024), nor to 
utopian claims of “smart city” enhancement (Nam and Pardo, 2011). It represents a profound 
reconfiguration of street life as a socio-material phenomenon, where human bodies, digital infrastructures, 
governance instruments, and spatio-temporal practices produce and re-produce the conditions of urban 
coexistence (Townsend, 2004; Kitchin and Dodge, 2014). Thus, the street in the contemporary city becomes 
a structuring organisation of human and non-human agencies. On the one hand, it is shaped by platform 
logistics, sensory data, while on the other by pedestrian flows and spatial design, which enables some forms 
of participation while restraining others (Vercelli, 2013). 

The street is an essential public space in the city because is where urban identity is formed and the civic 
education is passed among users. Furthermore, it plays a key role as both physical and social infrastructure. 
Urban scholars such as Simone (2006), and Latham and Layton (2022) have long investigated public space 
as a social infrastructure. To them it is like a setting where collective life is created through proximity, 
shared rhythms and informal contact. For instance, Latham and Layton (2022) emphasise that social 
infrastructures are essential to sustaining community life, enabling gathering, cultural activity, physical 
exercise and relational wellbeing.  

Nevertheless, the infrastructures of the street are increasingly digital as much as the use of smartphones, 
delivery apps, QR payments, navigation systems, sensor-based surveillance and platformed mobility 
materialise in daily activities that constitute new apparatuses of public life. These devices, systems and 
processes do not merely facilitate behaviour; they condition (either facilitating or restraining) how people 
move, where they make a pause, what they see and who they encounter (Giray Küçük and Yüceer, 2022). 
In other words, we could infer that they alter and distort people’s temporal autonomy, the freedom to 
linger, explore or appropriate space. Thus, they reshape how we inhabit and live our streets as everyday 
relational environments. 

Through the following paragraphs, we will elaborate on the central argument of this paper, which is that 
digital and physical proximities of the street are entangled rather than separate, and therefore streets must 
be understood as digital-physical assemblages. As an emergent phenomena produced through the intra-
actions of humans, technologies, material infrastructures and socio-temporal practices. Drawing on De 
Landa’s (2016) assemblage thinking, Barad’s (2007) agential realism, and urban temporal studies, the 
present research aims to answer: 

1. How does digital proximity reconfigure the social and spatial nature of streets? 

2. What implications emerge for urban liveability and design? 

To answer these questions, this paper elaborates a conceptual framework that reconceptualises the street 
beyond spatial typologies or smart-city narratives. It emphasises performative intra-actions between 
bodies, materials, technologies and temporal rhythms (Simonsen, 2005). We illustrate this framework 
through a comparative discussion of two paradoxical urban contexts: Santa Croce in Venice, Italy, and 
Queen Street in Auckland. In the former, physical morphology sustains free pedestrian movement without 
motor vehicles, encouraging socialisation, while in the latter, a platform-mediated movement and street 
redesign have increased circulation while diminishing informal practices and spontaneous encounters. 
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These contrasting case studies enable a clearer understanding of how street liveability depends on 
nurturing conditions for relational presence, rather than simply facilitating connectivity. The paper 
concludes by proposing design and policy approaches that enhance the role of streets as everyday social 
infrastructures, supporting informal appropriation, temporal autonomy and human-scale coexistence 
within increasingly digitised urban environments. 

2. Streets as Entangled Phenomena 
2.1 The Temporalities of Street Life 

Urban life unfolds through multiple temporal rhythms rather than linear sequences. Crang (2003) argues 
that the city is not a matrix in which activities occur, rather, it is an ongoing entanglement of heterogeneous 
temporalities, shaped by repetition, unpredictability and everyday encounters. These rhythms form the 
experiential basis of urban place, not just as static locations, but as ongoing becoming, where temporality 
shapes how spaces are used, perceived and transformed. Crang (2003) argues that rhythms should be 
understood as patterned, overlapping pulses of activity and movement that make up the everyday time–
space of the city, rather than a single uniform tempo. They provide a way to think about how urban spaces 
are continually made and remade through recurrent cycles and flows of people, things, and events. 

In line with this argument, Moran (2015) conceptualises time as a socio-material practice, enacted through 
scheduling, memory, anticipation, events and opportunities. In other words and according to both authors, 
temporality is not merely measured by clocks, but rather is structured through temporal functions such as 
access, duration, inevitability, delay, and synchronicity. These temporal functions regulate and mediate 
who can participate in public life. For instance, the capacity to stay, to wander, to explore, or to appropriate 
a space temporarily. Therefore, time (not just space) becomes a political and material dimension of 
liveability. 

Minorities and vulnerable groups, such as children, have been argued to be segregated from urban life 
(Rishbeth, 2001; Musterd, 2003, 2006). For instance, the decline of children’s independent mobility in 
many cities exemplifies this loss of temporal autonomy (The Islington Play Association, 2022). When urban 
environments prioritise efficiency, speed and controlled circulation, they undermine slower, exploratory 
forms of street life (Dovey, 2025). In this sense, temporal restriction is also a spatial and social restriction, 
diminishing the street as a place of learning, discovery and unplanned interaction. Barbosa et al. (2023) 
work demonstrates how children’s decreasing ability to move through cities alone reduces their 
experiential agency and social learning opportunities. Thus, temporality is central to understanding street 
liveability: everyday rhythms, opportunities to linger, and the capacity for unstructured movement are not 
anecdotal qualities, but core elements of urban experience. 

2.2 Social Infrastructure and the Diminishing Encounter 

Social infrastructure denotes the spaces, relationships and institutional conditions that enable people to 
gather, interact and sustain collective life. Latham and Layton (2022) describe the street as a social 
infrastructure essential to human development, in particular because it enables leisure, the creation of 
urban culture, care and relational experiences. Streets serve as one of the most critical yet 
underappreciated forms of social infrastructure, facilitating encounters beyond the home, workplace or 
commercial institutions. 
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However, throughout history, and especially since the industrial revolution, changing patterns of mobility 
and communication have transformed the role of streets from spaces of contact toward conduits of 
circulation. For instance, in the 60’s Jacobs’ (1961) work signalled a shift in the way we plan our streets, 
from spaces to pass by rather than spaces to be. Later in the 90’s, Jacobs (1993) demonstrated that the 
more car traffic on the street, the less social interaction among residents. In the same vein, Madanipour’s 
(1996) research, which focused on socio-spatial segregation, highlights how urban design that prioritises 
movement efficiency can diminish opportunities for informal interaction. Currently, this shift is 
exacerbated by the rise of platform-mediated logistics such as food delivery, ridesharing, digital navigation 
and location-based services, which orient human behaviour toward pre-defined destinations (Farhangi, 
Rohracher and Meurling, 2025), often bypassing local engagement. 

Rather than lingering, people increasingly “pass through,” (or pass by) engaged in mobile digital 
transactions while physically present but socially absent. We might argue that in-person contact is replaced 
by digital connectivity; visibility is replaced by data traceability. Thus, the street is becoming less a space of 
contact, as described by Choay (2001), where the encounter with others is part of everyday life, and more 
like a node in a logistical network, in which the digital world overrides proximity and presence. 

Thus, it poses one of the main challenges of our contemporary cities, which is not to oppose technology, 
but rather to recognise how digital infrastructures can inadvertently erode the spatial conditions that 
support social encounter, particularly informal and intergenerational interactions that depend on 
unstructured urban rhythms. 

2.3 Assemblage Thinking and Agential Realism 

Assemblage theory (De Landa, 2016) lets me see streets as fluid gatherings of people, technologies, 
materials, institutions and ecologies that keep reconfiguring themselves. Agential realism (Barad, 2007) 
goes one step further: it shifts the focus from pre-existing ‘things’ to the phenomena that only appear 
through their intra-actions. In this view the street is never a ready-made container. It is continually brought 
into being by the entanglement of bodies, devices, pavements and rules. Apparatuses such as 
smartphones, payment systems, surveillance cameras, pavements, signage and street furniture do not 
merely observe or regulate behaviour; they materialise what becomes possible, producing boundaries 
between what matters and what is excluded. 

Digital infrastructures, therefore constitute apparatuses of street life, shaping how bodies, behaviours and 
temporal practices come to matter. These apparatuses enact what Barad (2007) calls “boundary-making 
practices,” determining who can linger, who becomes invisible, and which relations are deemed valuable. 
The performance of public space, as discussed elsewhere (Lara-Hernandez, 2023), thus emerges from the 
intra-actions of bodies, technologies, materials and governance, rather than from urban design alone. 

Taken together, assemblage thinking and agential realism justify a comparative, non-representational 
approach in which cases are read relationally rather than statistically. 

3. Streets as Digital-Physical Assemblages 
We have already explained that streets are not just static built forms, but rather they are essential part of 
the emergent phenomena are produced through the entanglement of bodies, materials, technologies and 
governance. This moves beyond the notion of the street as a “container” for human behaviour and instead 
treats it as a performative assemblage whose conditions of existence are continually produced through 
intra-active relations (Lara-Hernandez, 2025a). People walking, pausing, waiting, playing, scrolling, 
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performing transactions, working deliveries or simply occupying space do not merely “use” the street; they 
co-constitute the street’s social life through their actions, devices and spatial entanglements. 

3.1 Apparatuses of Street Life 

Material objects such as pavements, benches, shopfronts, digital interfaces such as mobility apps, QR 
payments, and governance instruments as traffic rules, zoning, and surveillance, act as apparatuses in 
Barad’s sense (2007), meaning they are not passive tools but boundary-making practices that produce what 
matters and what becomes invisible. A smartphone that helps people move and pay can at the same time 
pull their attention away from what is happening right around them and direct it toward virtual networks. 
Meanwhile, platform logistics (e.g., delivery apps, ride-hailing) generate temporal urgency, pushing bodies 
to move rapidly through space rather than occupy it for sociability. These apparatuses therefore structure 
proximity, determining whether streets become places to stay or conduits to pass through. 

Streets are no longer solely designed; they are continuously scripted and mediated by digital 
infrastructures. The latter does not imply determinism. Apparatuses enable as much as they constrain. But 
they alter how bodies relate to space, especially regarding where people are allowed to linger, how 
predictable behaviours become, and what is deemed a legitimate use of the street (e.g., transit efficiency 
over informal play or micro-commerce). Thus, street life emerges from the intra-active entanglement of 
heterogeneous agencies (Figure 1). 

 

Figure 1: Apparatus Assemblage of Street Life. Source: Author 
3.2 Fragmented Proximity and the Erosion of Spontaneity 

Digital infrastructures frequently create situations where people share the same physical space but rarely 
interact with each other (Koch and Miles, 2021). People may share a location physically while orienting 
their attention toward distant networks, producing a form of fragmented co-presence: together, yet 
socially elsewhere (Johnson and Keleman Saxena, 2022). Rather than enabling chance meetings, digital 
systems organise movement through non-spontaneous pathways (navigation apps, pre-ordered pickups, 
algorithmic recommendations). These routes limit exploratory behaviour, narrowing citizens’ experiential 
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repertoire. Crang’s (2003) assertion that urban rhythms arise from unpredictable collisions of time-space 
now stands in tension with platform-mediated predictability, where serendipity is replaced by efficiency. 

A digitally mediated street, therefore, becomes less a place of encounter and more a place of transactional 
passage, where connectivity replaces contact. The rhythms of stopping, lingering, observing or 
appropriating are disrupted by the imperatives of speed, synchronisation or delivery deadlines. The result 
is a subtle erosion of public life as an unfinished, improvised practice, replaced by an urbanism of scripted 
circulation. This fragmentation is evident in platform-heavy streets like Auckland's Queen Street, where 
digital predictability contrasts with Venice's embodied serendipity. 

3.3 Liveability as Relational Capacity 

The literature commonly associates liveability with comfort, safety, walkability, accessibility and aesthetic 
quality.  

From a relational perspective, liveability is the capacity of streets to support socio-material encounters, 
unstructured presence, exploration and appropriation. Following Pacione (2003), it reflects how urban 
environments are lived and perceived, shaped by social, spatial and temporal conditions that enable 
everyday interaction and wellbeing. Liveability, therefore extends beyond comfort, accessibility or 
technological efficiency, emphasising relational presence, informal appropriation and temporal autonomy. 
In line with assemblage thinking and agential realism, it emerges through intra-actions between bodies, 
infrastructures and rhythms. As Moran (2015) suggests, temporality provides opportunities for 
participation. Liveability depends on streets that allow slowness, unpredictability, intergenerational use 
and unplanned encounters. 

4. Methodology 
This study adopts a conceptual-comparative approach to develop and preliminarily test a framework for 
understanding streets as digital-physical assemblages. Drawing on assemblage theory (De Landa, 2016) and 
agential realism (Barad, 2007), the analysis proceeds through relational reading rather than statistical 
comparison. The framework is elaborated via synthesis of urban temporal, social infrastructure, and digital 
urbanism literatures. To illustrate and probe its applicability, two contrasting cases (Santa Croce in Venice 
and Queen Street in Auckland) are examined. These draw from ongoing fieldwork (2018–2025), including 
photographic documentation, site observations, and behavioural mapping, as detailed in prior publications 
(Lara-Hernandez, 2023; 2025a; 2025b). Cases were selected for their paradigmatic differences in mobility 
configuration and digital mediation, enabling exploration of how intra-actions produce distinct street 
phenomena. Findings remain preliminary, serving to refine the framework for future longitudinal and 
mixed-method testing. 

4.1 Venice: Analogue Fractal of Contact 

Venice works as a useful counterpoint. It still operates with almost no cars and very little dependence on 
digital navigation. Its urban life is shaped by the fractal repetition of canals, bridges, campi (squares) and 
narrow alleyways, creating micro and macro patterns that sustain pedestrian encounters and collective 
rhythms (Brown and Crompton, 2007). Psarra (2018) argues that the city’s seemingly complex morphology 
is produced by repetition of typologically simple elements, enabling discovery through movement without 
predictable mapping. This generates a unique condition: people learn the city through embodied 
wayfinding, not through digital aids(Denis et al., 1999). 
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The dual mobility network of water and land acts as an assemblage that encourages both circulation and 
contact (see Figure 2). Norwich (2003) notes that bridges and squares connect parochial communities, 
creating nodal points where movement intersects with sociability. Campi contain churches, artisan shops, 
residential edges and water sources, forming social infrastructures that historically sustained communal 
life. These assemblages do not merely preserve heritage; they enable everyday relational presence, 
encouraging lingering, commerce, micro-play and intergenerational cohabitation. 

Children, in particular, experience unusually high temporal autonomy in Venetian public spaces (Lara-
Hernandez, 2025b). Without cars and with abundant pedestrian micro-routes, children engage in open 
exploration, reinforcing Barbosa’s insight that mobility is a social learning tool. Venice, therefore, 
exemplifies a street assemblage where in-person contact precedes efficiency. Digital technologies may 
supplement life (navigation, booking), but they do not condition it. 

Observations are drawn from ongoing fieldwork, photographic documentation, and prior longitudinal 
research conducted between 2018 and 2025. 

 

Figure 2: Map of Venice illustrating a double fractal urban pattern. 

 

Figure 3: In-person contact in Calle Larga dei Bari in Venice. Source: Lara-Hernandez, 2023. 
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4.2 Queen Street, Auckland 

Queen Street in Auckland shows the opposite pattern. Recent redevelopment combined with heavy 
platform-mediated mobility has increased circulation but reduced informal presence (Manfredini, Jung and 
Hills, 2015). Between 2018 and 2022, Queen Street under the Auckland Council’s City Centre Masterplan 
went through a significant urban renewal. The main objective of the project was to prioritise pedestrians, 
by reducing car dominance, and introducing flexible design elements (Auckland Council, 2022). These 
changes included widened footpaths, integrated seating, and greenery zones, which certainly improved 
aesthetic quality. However, recent studies (Lara-Hernandez et al., 2025) have shown that the Queen St. 
renewal, though aesthetically pleasant, may also have introduced inhibitions through recognised expanded 
surveillance, more regulated spaces, or the displacement of informal users. This possibility aligns with 
existing critiques of beautification-led urbanism that prioritise visual coherence over inclusivity (Lara-
Hernandez, 2019, chap. 4). 

Digital logistics increasingly governs the rhythm of the street. On the one hand the increase of delivery 
drivers, ride-hailing pickups, QR transactions, e-scooter rentals, and navigation-driven pedestrian flows. On 
the other hand, it has been noted that pedestrians are constantly engaged with their mobiles while walking 
(Nuuns, 2016; Wenley, 2023). In this context, movement is scripted by apps rather than spatial ambiguity 
(Ray, 2025). 

Unlike Venice, where morphological complexity supports embodied discovery, Queen Street functions 
largely as a route to elsewhere, shaped by pre-determined itineraries. People move quickly, often engaged 
with phones, completing tasks, collecting goods, or waiting for pick-ups. Lingering is limited, children are 
rarely present, and informal appropriation is minimal beyond occasional tourists or students. Spaces 
intended for relaxation often become temporary waiting zones. This reflects a broader shift from street as 
social infrastructure to street as logistical interface. While walkability has improved, it is oriented toward 
acceleration rather than encounter, risking an ‘empty liveability’—visually appealing yet socially sterile. 
Table 1 provides a summary of this contrast through five relational indicators—mobility, temporal 
autonomy, informal appropriation, forms of contact, and digitality—highlighting how socio-material 
practices and temporal rhythms shape distinct modes of public life. 

Mobility was analysed to distinguish between embodied navigation and platform-mediated circulation, as 
it structures the pace and predictability of street use (Anciaes and Jones, 2022). Temporal autonomy 
assessed the capacity to linger, wander or appropriate space beyond logistical imperatives, linking directly 
to inclusivity and everyday learning (Clancy, 2014). Informal appropriation was examined as an indicator of 
relational liveability, revealing whether streets support unprogrammed practices such as play or 
spontaneous gathering (Lara-Hernandez, 2025b). Forms of contact differentiated routine encounters from 
transactional interactions, while digitality considered whether systems supplement or govern behaviour 
(Kitchin and Dodge, 2014). Together, these indicators foreground socio-temporal experience over spatial 
efficiency, revealing contrasting conditions of public life. 

Observations are drawn from ongoing fieldwork, photographic documentation, and prior longitudinal 
research conducted between 2018 and 2025. 
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Figure 4: Queen Street, Auckland (2018 left, 2025 right). Source: Lara-Hernandez, Walker, Burgess and Gabby, 
2025 

Table 1: Comparative Assemblage Characteristics: Venice vs. Queen Street 

Aspect Venice Queen Street 

Mobility Walk + Water Walk + Digital Platforms 

Temporal Autonomy High spontaneous movement 
Time scripted by 
apps/logistics 

Informal Appropriation Common (Observed in campi via fieldwork) Rare, transient, regulated 

Contact Embedded in daily routines 
Fragmented and 
transactional 

Digitality Supplementary Governing behaviours 

Implications for Liveability High relational capacity Efficiency over encounter 

 
The first question examined how digital proximity reconfigures the social and spatial nature of streets. 
Preliminary findings suggest that liveability cannot be achieved through physical redesign or digital 
enhancement alone. Technology does not inherently undermine public life; however, without spatial 
conditions that support unpredictability and encounter, digital systems tend to prioritise circulation over 
contact. Venice demonstrates how morphological diversity and pedestrian dominance sustain collective 
rhythms, while Queen Street shows that efficiency-driven improvements may weaken relational life. The 
second question addressed implications for urban design. Streets should retain capacity for unplanned 
presence rather than being organised solely around programmed movement. These findings remain 
preliminary and require further validation through longitudinal and mixed-method research. 

5. Discussion  
A strong relationship between streetscape design and sociability has been reported in the literature. In 
digital-physical assemblages, streets must be designed not merely as circulation corridors but as relational 
infrastructures that support co-presence, spontaneity and informal appropriation. This requires resisting 
the dominance of platform-logistics and prioritising spatial conditions that enable presence rather than 
speed. Three priorities stand out: 

Three practical priorities stand out for me. First, design for slowness and interruptibility — small obstacles, 
pauses, narrowings and shaded edges that slow people down and create chances for informal contact. 
Second, deliberately leave some spaces unprogrammed so markets, micro-play or spontaneous gatherings 
can happen without needing permission. Third, prioritise soft infrastructures — trees, edge seating, water, 
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tactile materials and shaded corners — because these features invite people to stay rather than just pass 
through. 

One clear pattern I noticed is that rhythms of circulation tend to be flat, predictable and fast, whereas 
rhythms of encounter are varied, improvised and slow. Urban liveability improves when spatial rhythms 
make room for encounter-based temporalities. Regarding the possibility of regulating Digital-Physical 
Urbanism, policy must address the fact that digital infrastructures shape urban behaviour without being 
spatially visible. Cities can either allow platform logistics to silently reorganise public life or intentionally 
regulate their impact. 

Key policy strategies include: 

a) Regulating Platform Behaviour in Physical Public Space 

Cities should treat delivery fleets, rideshare pick-ups, and e-scooter services as actors within the street 
assemblage. Designated pick-up zones, restrictions on doorstep logistics saturation, and shared-use 
delivery nodes can protect pedestrian rhythms and reduce congestion. 

b) Urban Investment in Social Infrastructure 

Funding must support public spaces that hold relational value: multifunctional squares, children’s 
independent mobility routes, and community-level interventions. Social infrastructures should be 
prioritised at the same political level as transport or digital systems (Witten and Carroll, 2016). 

c) Temporal Accessibility Standards 

Planning regulations must protect temporal autonomy, especially for children, elders and people with 
disabilities. This requires evaluating whether environments enable wandering, lingering, and non-
transactional occupation, criteria rarely included in traditional liveability metrics. Urban liveability must be 
regulated as a temporal right, not merely a spatial provision. 

Rather than offering prescriptive solutions, the discussion contributes a framework for reading digital-
physical streets as relational and temporal phenomena. 

6. Conclusion 
In contemporary cities, streets increasingly operate as digital–physical assemblages produced through the 
interaction of people, technologies, material settings and governance structures. Digitality does not 
inherently diminish public life; however, without spatial and policy conditions that protect relational 
presence, platform-mediated efficiency can override contact, eroding the street’s social role. Venice 
illustrates how quotidian rhythms, morphological diversity and pedestrian infrastructures sustain contact 
and temporal autonomy. Queen Street in Auckland demonstrates how redevelopment, when aligned with 
logistical digitality, risks producing visually improved yet socially vacant streets. 

The future of street liveability lies not in rejecting technology but in designing and governing urban 
environments to prioritise encounter, improvisation and informal appropriation. Efficiency cannot be the 
dominant measure. Everyday public life depends on friction, slowness, ambiguity, and the possibility of 
occupying space without a transactional purpose. Urban design and policy must therefore treat relational 
presence as a fundamental dimension of liveability, ensuring that digital-physical streets remain 
environments for shared existence rather than streamlined pathways of circulation. 

1579



Lara-Hernandez, J. A.,  Urban Streets as Digital-Physical Assemblages: 
Towards More Liveable Public Spaces 

 

 

 

Ongoing research will extend this framework through systematic behavioural mapping, children-focused 
observations, and comparative studies across additional global streets to further examine how digital 
infrastructures modulate temporal autonomy and informal appropriation. 
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Abstract 

With the dual impacts of globalization and urbanization, historic towns are increasingly facing challenges 
such as fragmented value perception and limited community participation. As a typical historic town 
inscribed on the UNESCO World Cultural Heritage List in 1997, the Old Town of Lijiang preserves rich ethnic 
cultural characteristics and historical wisdom embodied in its historic dwellings. Its cultural identity is under 
increasing pressure from tourism-driven economic development, commercial capital penetration, and the 
loss of indigenous residents.  
To address this core issue, this study proposes a value-oriented framework for the diagnosis and 
reconstruction of cultural identity, taking 147 historic dwellings-the core carriers of Lijiang’s cultural 
identity-as the key research object. A quantitative assessment system covering five dimensions was 
established, combining the Analytic Hierarchy Process and entropy weight method to determine indicator 
weights (with cultural value at 0.32, historical value at 0.23, social value at 0.20, scientific value at 0.12, 
and artistic value at 0.13), the study conducted a systematic diagnosis of the 147 historic dwellings, 
classifying them into four value grades. This used GIS technology to visualize the spatial differentiation 
characteristics of these dwellings, revealing that high-value dwellings cluster along the water system while 
low-value ones are impacted by excessive commercialization. This diagnosis further identifies the essence 
of Lijiang’s cultural identity crisis as a triple rupture: the rupture of historical stratification, the dissipation 
of collective memory, and the aphasia of contemporary narrative. 
Based on the results, it put forward a selected reconstruction approach. 1) Anchoring historical stratification: 
Implementing hierarchical conservation tailored to dwelling value, focusing on preserving core cultural 
elements while adapting to contemporary needs; 2) Activating collective memory: Establishing support 
systems for indigenous residents and creating participatory memory scenarios; 3) Innovating contemporary 
narratives: Designing routes of  holistic cultural experience, enriching experiences by transforming 
intangible cultural heritage, building an international dialogue platform. 
It turned abstract cultural identity into measurable value indicators and set up a “value quantification-crises 
diagnosis-path reconstruction” technical framework. A paradigm shift have come true  from single physical 
conservation to the coordinated development of "physical carrier-emotional identity-living inheritance", 
providing intuitive scientific evidence for the future culture responsiveness and sustainable development of 
the Old Town of Lijiang. Meanwhile, a "conservation-utilization-governance" ternary paradigm has been 
provided for other heritage sites seeking to balance conservation and development. 

Keywords 

Cultural Identity Reconstruction, Value Orientation, Crisis Diagnosis, The Old Town of Lijiang, Historic 
dwellings. 
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1. Introduction  

1.1. Research Background 

As critical carriers of cultural heritage, historic towns embody the historical memory, cultural traditions, 

and social values of local ethnic groups. Under the dual pressures of globalization and urbanization, historic 

towns generally face dilemmas such as fragmented cultural identity, inadequate community governance, 

and alienated commercial development. The root cause of these challenges lies in the erosion and 

dislocation of cultural identity. How to sustain and reconstruct the cultural identity of historic towns amid 

dynamic development has become a global issue. 

The Old Town of Lijiang, inscribed on the World Heritage List in 1997, is a typical historic town featuring 

the harmonious coexistence of humans and nature. Its historic dwellings embody the regional architectural 

art and living wisdom. Currently, these buildings are confronted with problems such as impaired 

authenticity, weakened cultural bearing capacity, and alienated functions, which directly undermine the 

foundation of the town’s cultural identity. Traditional qualitative descriptions and single-dimensional 

physical preservation are insufficient to address this complex issue. There is an urgent need to establish a 

technical framework that enables the quantification of cultural identity, crisis diagnosis, and targeted 

intervention. 

1.2. Research Significance 

While current heritage conservation theories generally recognize the importance of living inheritance, 

there remains a lack a systematic analytical framework for exploring the dynamic evolution mechanism 

and the causes of value logic disruption. Guided by a value-oriented approach, this study establishes a 

systematic framework encompassing heritage value quantification, crisis diagnosis, and cultural identity 

reconstruction. It transforms the abstract concept of cultural identity into measurable value indicators. 

This study proposes a three-dimensional cultural identity reconstruction framework of “historical layering-

collective memory-contemporary narrative", providing practical management tools and decision-making 

support for the Old Town of Lijiang. Furthermore, this framework can serve as a practical reference for 

other heritage sites of the same type. 

1.3. Definition of Core Concepts 

1.3.1 Cultural Identity 

It refers to the characteristic cultural symbol shaped by the historic town in its long-term historical 

evolution. It is a concrete system of values that is embodied in historical, cultural, and social dimensions. 

Cultural identity is a dynamic organism that depends on a specific ecosystem to sustain its vitality. 

1.3.2 Cultural Identification 

It refer to the subjective perception, emotional belonging, and value recognition of the cultural identity of 

historic towns by diverse subjects, and serves as the core objective of cultural identity reconstruction. 

1.3.3 Value Orientation 

The essence of human efforts to conserve cultural heritage lies in the multiple values it carries. Guided by 

a value-oriented approach, this study anchors the abstract cultural identity in specific value indicators, 

ensuring that the reconstruction of cultural identity does not deviate from the authenticity of heritage. 
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1.4. Literature Review 

1.4.1 Progress on Cultural Identity and Cultural Identification 

Internationally, cultural identity is widely viewed as a product of continuous negotiation, with research 

focusing on how interactions between residents, tourists and governments affect place authenticity. In 

China, studies have mainly examined cultural identification under rapid urbanization and tourism 

development, introducing concepts such as sense of place and nostalgia to emphasize its role in shaping 

belonging and urban uniqueness. Research perspectives have expanded from physical carrier conservation 

to include intangible heritage inheritance and public participation. 

1.4.2 Progress on Pathways for Reconstructing Cultural Identity 

International studies on reconstruction have developed multi-dimensional practices: emphasizing 

historical layering in physical conservation and stakeholder participation in memory activation. Chinese 

research has achieved fruitful results in physical protection and living activation. Physically, efforts focus 

on façade renovation and historic street restoration; intangibly, traditional crafts and folk activities are 

promoted to sustain cultural genes. 

1.4.3 Progress in Specialized Research on the Old Town of Lijiang 

Research on Lijiang Old Town shows a clear evolution. After its 1997 World Heritage inscription, early 

studies focused on authenticity and dwelling restoration. Between 2006 and 2015, research shifted to 

balancing tourism and conservation. Since 2016, studies have increasingly addressed community 

participation and cultural revitalization. Although heritage value identification has received growing 

attention, a systematic link between value dimensions and cultural identity remains insufficient. 

1.4.4 Summary 

Heritage conservation aims to sustain cultural significance and vitality, of which cultural identity is the core 

representation. However, existing studies rarely anchor cultural identity construction in a measurable 

heritage value framework. Relevant discussions remain theoretical and descriptive, lacking quantitative 

diagnostic tools. Current reconstruction practices (e.g., physical restoration, digital presentation) are often 

fragmented rather than integrated into a systematic framework. 

2. Research Overview 

2.1. Research Object 

The Old Town of Lijiang is located in the Gucheng district of Lijiang City, Yunnan Province, and covers 7.435 

square kilometers in total Figure 1. Its Outstanding Universal Value, as defined by UNESCO, is manifested 

through the following attributes: an outstanding example of human settlement in harmony with the natural 

environment; the functional utility of its ancient and complex water-supply system; an outstanding 

example of traditional architecture and townscape; a living testimony to the fusion of diverse cultural 

traditions over time; and a perfect integration of historical legacy with contemporary life. 

This research limits itself to the core area of the Old Town, known as Dayan Old Town, which has an area 

of 4.54 square kilometers to precisely identify the points for cultural identity reconstruction. With this basis, 

it translates the abstract problem of cultural identity into concrete, carrier-specific problems through 

quantitative heritage value assessment and diagnostic crisis analysis. 

 

1584



Lei, J.N.; Wang, Y.; Wu, W. Research on the Path of Cultural Identity Reconstruction 
in the Old Town of Lijiang Based on Value Orientation 

 

 

 

 

 

 

(a) Lijiang City 

 

 

 

 

(b) Gucheng District             (c) Scope of the Old Town of Lijiang  

Figure 1. Location map of the Old Town of Lijiang. Source: Author’s own work. 

2.2. Technical Route 

 

Figure 2. Technical Route. Source: Author’s own work. 

2.3. Research Methods 

2.3.1 Literature Analysis 

It involves the study of historical records, local gazetteers, archaeological reports, and academic 

publications. This will reveal its historical setting, social change, and the transmission of culture. 

2.3.2 Field Investigation 

Field research was conducted through site surveys, mapping, photographic documentation, and semi-

structured interviews with residents, business operators, and management officials. This yielded first-hand 

data on the current state of buildings and stakeholder perceptions. 

2.3.3 Qualitative and Quantitative Analysis 

By integrating AHP, expert scoring, and entropy weight method, it establishes a value assessment system 

to realize quantitative assessment. Meanwhile, qualitative content analysis is applied to conduct in-depth 

interpretation of the quantitative results.  

2.3.4 Spatial Analysis 

Assign attribute data to their respective locations in space using GIS. The cartographic visualization and 

spatial overlay analysis expose the spatial distribution patterns of cultural values and their correlations 

with other spatial factors. 
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3. Value-Based Analysis of the Cultural Identity of the Old Town of Lijiang 

3.1. The Cultural Identity of the Old Town of Lijiang 

The establishment of the town's cultural identity, with an evolutionary perspective from history, has passed 

through three key phases of accumulation. During the Ming Dynasty,it formed a pattern of multi-ethnic 

integration; during the Qing Dynasty, it evolved into a regional commercial node facilitated by the Ancient 

Tea-Horse Road; In the contemporary era, it has transformed into a global living heritage site. Based on 

this, five core identities are extracted. 

1) Plateau Settlement-embodying the geographic environment and rich species resources.  

2) Composite Hub-connecting early multi-ethnic trade with modern international exchange.  

3) Multi-Ethnic Coexistence-bearing witness to historic ethnic integration and the nation's pluralistic unity.  

4) Living Homeland-contains natural geographical features and humanistic spirit.  

5) Heritage Highland-characterized by multiple historical layers and multi-ethnic culture. 

Concurrently, it recognized both the tangible and intangible carriers of those identities. Of these, the 

historic dwellings are key spaces where residents establish emotional connections with the old town and 

form their cultural identification, serving as the core carriers of Lijiang's cultural identity. Therefore, the 

147 identified historic dwellings are selected as the core study samples for the value assessment and crisis 

diagnosis (Figure 3). 

 

Figure 3. Core study samples-147 historic dwellings. Source: Author’s own work. 

3.2. Constructing a Quantitative Assessment Tool for Cultural Identity 

A customized quantitative assessment tool is required to evaluate the status quo of Lijiang's cultural 

identity preservation manifested in its physical carriers. Guided by the principles of comprehensiveness, 

scientificity, hierarchy, universality, and operability, this study develops a hierarchical model for assessing 

the value of historic dwellings. The five core cultural identities identified in the previous section, translated 

into evaluative dimensions of historical, cultural, social, scientific, and artistic value. The model includes 

1target layer(A), 5 criterion layers(B), and 18 factor layers(C). 

By using the combination weighting method of Analytic Hierarchy Process (AHP) and entropy weight 

method, and passing the consistency test, the value assessment index system is constructed (Table 1). 

Table 1. Value Assessment System of historic dwellings. 
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4. Value Assessment-Based Diagnosis of the Cultural Identity Crisis of the Old 
Town of Lijiang 

4.1. Value Grading Assessment Results and Spatial Characteristics 

According to the value assessment index system, the 147 historic dwellings were scored by literature 

analysis and field survey. By calculating the weighted scores of all resource points under the criterion layers, 

the value assessment results of the historic dwellings in the Dayan Old Town were finally obtained. 

The assessment results were divided into four value grades according to their natural distribution 

characteristics (Table 2). The value grading and visual expression were implemented with GIS spatial 

analysis tools to clarify the value distribution characteristics (Figure 4-5). 

Table 2. Value Grading of historic dwellings. 

 

 

(a) Level Ⅰ Residential Buildings               (b) Level Ⅱ Residential Buildings 
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(c) Level Ⅲ Residential Buildings              (d) Level Ⅳ Residential Buildings 

Figure 4. Kernel Density Estimation of Historic Dwellings at Four Levels. Source: Author’s own work. 

 

Figure 5. typical historic dwellings in Dayan Old Town. Source: Author’s own work. 

1) There are 34 Grade I historic dwellings, mainly distributed in areas such as Xingwen Lane and Guangbi 

Lane. These dwellings retain traditional layout and carry living historical memories, serving as the core 

anchors of the cultural identity.  

2) There are 31 Grade II, mainly distributed in areas like Zhongyi Lane and Xingren Section. These dwellings 

preserve the core features of traditional architecture but have shortcomings in aspects such as the living 

inheritance of culture and residents’ cultural identification.  

3) There are 57 Grade II, mainly distributed in areas including Xingren Section and Huangshan Section. 

These dwellings have obvious deficiencies in terms of historical authenticity and cultural value.  

4) There are 25 Grade IV, mainly distributed in areas such as Xingwen Lane and Xinyi Street. They are most 

affected by commercial development. Most of these dwellings have been transformed into homogeneous 

homestays and shops, with traditional cultural symbols basically disappearing. 

Overall, the value of historic dwellings shows spatial differentiation (Figure 6). High-value are distributed 

along the water system; low-value are concentrated in tourist flow-intensive entrance areas, and the 

intensity of commercial development shows a negative correlation with the value grade of the dwellings.  
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Figure 6. Schematic Diagram of the Overall Value Level Distribution. Source: Author’s own work. 

4.2. Manifestations of the Cultural Identity Crisis 

4.2.1 Loosened Foundation of Cultural Identity 

The core problem is the damage to physical carriers bearing historical information, which mainly 

corresponds to the deficiency in historical and scientific values. 

Grade IV dwellings are normally subject to homogeneous commercial transformation. Surveys show that 

72% have become standardized guest rooms and 20% into ordinary restaurants (Figure 7). Historical 

elements like Dongba wooden carvings have disappeared, which makes it hard to carry the cultural identity 

of a "Multi-Ethnic Coexistence". Among Grade III, 56% have issues of modern materials replacing traditional 

ones (Figure 8). Moreover, Grade I dwellings face problems like faded Dongba scripts due to weathering 

and loose "Xuan Yu" (suspended fish-shaped decorations) without restoration. These do not shake the 

foundation of cultural identity, but long-term accumulation may still cause gaps in cultural memory details. 

     
Figure 7. Statistics on the Functional Usage 
of Grade-IV. Source: Author’s own work. 

Figure 8. Typical Issues. Source: Author’s own work. 

4.2.2 Emotional Disruption of Cultural Identity 

The emotional connection of cultural identity relies on communities’ sharing and inheritance of collective 

memory, mainly corresponding to shortcomings in social value. This is mainly manifested as the loss of 

indigenous residents, disappearance of living scenarios, and inheritance gaps. 

The out-migration rate of indigenous residents reaches as high as 80% in Grade IV areas. Author’s own 

work living scenarios such as neighborhood interactions and festivals have been replaced by homogeneous 

commercial operations (Figure 9-10). Among Grade II and III, young residents have vague understanding of 

history, resulting in intergenerational gaps in collective memory. While traditional festivals are hosted in 

Grade I, some have a tendency toward performativity, turning inheritance activities from daily necessities 

to commercial accessories. 
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Figure 9. Statistics on the Functional Usage 
of Historic Dwellings in Dayan Old Town. 
Source: Author’s own work. 

Figure 10. Traditional living scenarios have been replaced. 
Source: Lijiang Municipal Administration of Culture and 
Tourism. 

4.2.3 Lack of Vitality in Cultural Identity 

It is the effective transformation of traditional connotations into modern expressions that makes up the 

real contemporary vitality. The core of the current crisis is the static display of cultural and artistic values. 

Homestays converted from low-value dwellings only use Dongba script and Naxi costumes as superficial 

decorations, reducing cultural identity to mere photo spots. Grade II dwellings preserve traditional wood 

carvings but display them statically without interactive experiences. As the core carrier of the “heritage 

highland”, Grade I dwellings need greater international narrative capacity. 

5. Reconstruction Path of the Cultural Identity of the Old Town of Lijiang  

5.1. Anchoring Historical Stratification: Hierarchical Conservation 

Grade I dwellings are prioritized for refined restoration with traditional crafts and materials, supported by 

digital archives, and renovation that alters courtyard layouts is strictly prohibited. Grade II dwellings will 

gradually replace inappropriate modern components with traditional ones. For low-value dwellings, 

stylistic restoration will be carried out, and architectural culture will be integrated into commercial 

operations, with five dwellings selected as cultural business demonstration projects. 

Three spatial units are designated: core conservation, transitional restoration, and risk rectification. Core 

conservation units impose rigid commercial controls, allowing only ICH inheritance and cultural exhibitions. 

Transitional restoration units adopt commercial format ratio control and encourage the “front-shop, back-

residence” model. Risk rectification units reduce commercial scale, improve service quality, and add a 

historical interpretation system for the old town (Figure 11). 

 

Figure 11. Anchoring Historical Stratification. Source: Author’s own work. 
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5.2. Activating Collective Memory: Value Inheritance 

An indigenous resident supporting system will be established, offering subsidies for housing renovation 

and living assistance. The business formats of daily life such as community vegetable markets and 

convenient barbershops will be preserved. Based on this, combined with the spatial characteristics of 

different value grades, participatory and perceptible memory carriers will be created. In Grade I dwelling 

areas, indigenous residents and ICH inheritors will be invited to jointly participate in traditional festival 

interactions. In Grades II and III, courtyards with low utilization will be transformed into multi-functional 

public spaces. In the Grade IV renovated areas, 5 sites will be selected for construction of "Old Town Life 

Experience Halls", where tourists can perceive the authentic memory of courtyard life. 

It will systematically collect oral histories and old photos from residents to build a digital platform. The 

historical stories can be viewed by tourists by scanning a QR code, while residents can upload memory 

materials independently (Figure 11). 

 

Figure 11. Activating Collective Memory: Value Inheritance. Source: Author’s own work. 

5.3. Innovating Contemporary Narrative: Value Transformation 

With historical context and cultural characteristics as the link, a comprehensive cultural experience route 

is designed.  

1) Tea-Horse Road Traceability Route. Starting from the courtyard of Hengyugong Trading House, it 

connects heritage sites of different values including former caravan post stations and trading house 

courtyards. The core of this route will be the ICH Market at the south entrance. 

2) Multi-Ethnic Symbiosis Construction Route. This route starts with He Family Courtyard, linking houses 

that represent the integration of multi-ethnic groups. Architectural wisdom workshops, experiencing 

ethnic life scenarios, and participating in handicrafts are some activities integrated into this route. 

3) Plateau Settlement Wisdom Route. Starting from Jishan Lane, it goes south along the water system, 

connecting dwellings, ancient wells, and other sites. This route helps visitors understand the wisdom 

reflected in the Old Town’s living by water pattern. 

The ICH transformation shall enrich the experience of such routes. In Grade I, Dongba culture innovation 

workshops will be established. For Grade II and III, ICH experience activities shall be set up. In the renovated 

Grade IV, an ICH Market will be built to showcase Naxi silverware and Bai ethnic group’s tie-dye. 
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6. Conclusion and Outlook 

6.1. Conclusion 

This study, based on the value grading through a value assessment system, determines that the 

fundamental issue with the Old Town’s cultural identity crisis lies in the rupture of physical carriers-

emotional connection-contemporary narratives. A cultural identity reconstruction path of "anchoring 

historical stratification-activating collective memory-innovating contemporary narrative" is proposed to 

realize the living inheritance of the Old Town of Lijiang’s cultural identity. 

Guided by value orientation, this study transforms the abstract cultural identity into a quantifiable indicator 

system. The technical framework of “diagnosis-reconstruction” gives a specific plan for the living 

inheritance of the Old Town of Lijiang’s cultural identity. Meanwhile, it offers experience for the sustainable 

conservation and inclusive development of other historical towns. 

6.2. Outlook 

The cultural identity of historical towns is developing dynamically, and a dynamic model should be 

established. Although the reconstruction path is designed based on the regional characteristics of Lijiang, 

proposing the idea of general framework + personalized adjustment, its universality has not been verified 

through multi-case comparison. It is necessary to carry out cross-regional research to extract common laws 

and supplement personalized modules. 
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Abstract 

Guanlin is one of China’s two official “forest-style” shrines, dating back to late Eastern Han Dynasty. 
It is the final resting space of famous general of late Eastern Han Dynasty, Guan Yu, also known as 
the “Holy Ruler Deity Guan”. Over the past 1,800 years, the district has developed from rural area 
to Luoyang city’s new centre. Ritual, trade, residential, and industrial functions coexist here, along 
with architectural footprints from five key periods of Chinese History.  
However, like other regions, the area is also suffering from the problems brought about by 
extensive, rapid urbanization, such as outdated infrastructure and inadequate road networks. The 
local government sought to solve these problems through large-scale demolition and 
reconstruction. However, newly enacted laws and regulations do not permit such actions. We are 
entrusted with this project, finding a renewal strategy that complies. 
 
Guan Yu has long been a figure revered by Confucians, Buddhists, and Taoists. The Guan Saint Folk 
Custom forms a shared spiritual anchor for Chinese communities worldwide. As the earliest and 
most renowned ritual site dedicated to Guan Yu, Guanlin is not only a national cultural heritage 
site but also the heart of this living tradition. The most unique feature of Guanlin’s development is 
a “temple-market symbiosis”, which means the ritual and commercial activities have long been 
intertwined. During the Republic of China era, the Guanlin temple fair was once one of China’s 
largest markets. After the founding of the People's Republic of China, a unique form of community 
called “Danwei compounds” was created during the industrialization process, and they formed  
mutually supportive mixed communities together with the original villages. 
Our design promotes regeneration which balances preservation and adaptive reuse. Rooted in 
cultural continuity, we support the coexistence of rural and city, encourage sharing between 
residents and visitors, and carefully insert modern needs into this historic context. By weaving 
culture into everyday life, this project aims to demonstrate how cultural continuity can shape 
contemporary urban development. 
We advocated for a heritage-driven, community-cantered approach that integrates preservation, 
transmission, and revitalization. We proposed a planning strategy that preserves Guanlin’s 
historical spatial order through Fengshui principles, view corridor protection, and landscape design.  
Moreover, we analysed Guanlin area from the morphological perspective, traced its 
transformation across five historical periods, and identified four types of activity-based spatial 
drivers. This provided a theoretical framework for our intervention strategies. Through spatial 
design, cultural continuity is achieved, preserving and reinterpreting the urban fabric of different 
eras to construct a “temporal urban landscape”. The historic “temple-market-street” pattern is 
revitalized with pedestrian-friendly spaces and T-shaped “Living Streets”, reorganizing paths 
suitable for both ritual and daily use. 
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Rather than treating heritage as monument, our project supports a living heritage model-
embedding folk customs into shared spaces, retaining local residents, and fostering vibrant, 
inclusive communities that reflect both history and modernity. 

 

Keywords 

heritage, temple-market symbiosis, urban regeneration  

1. Background Overview  
1.1. Theoretical and Practical Background  

As far as China's urbanization process is concerned since the Reform and Opening-up, China has witnessed 

the world's biggest and fastest urbanization process. During this period, urban space was entirely occupied 

by incremental development. With the slowdown of the country’s economic growth and the increasing 

scarcity of high-quality land resources, urban construction has gradually evolved from single "incremental 

expansion" to "stock optimization". Urban renewal is an inevitable node of development that every country 

will experience after completing its urbanization level.  

The practice of urban renewal in China over the past several years has undergone a transformation from a 

dominant and material space focused reconstruction to a multi-participation space, social structure and 

economic regeneration. In this process, concerns such as historical and cultural protection, human 

settlement improvement, urban function optimization, stimulation of community vitality, and avoidance 

of "gentrification" have gradually awakened and received the academic attention. In 2021, Han D. Q. 

summarized the systematic methods and technologies presented by the Nanjing Xiaoxihu Block Protection 

and Renewal Project, which has been continuous up since 2015. According to a "people-centered" principle 

and the premise of historical and cultural protection, this method household-level research based on 

residents' wishes with a three-dimensional coverage protection system, relaxed planning, and design 

strategies according to the local conditions.1 In 2023, Dong Y. N. and Shen Y. put forward the theme of 

"cities renewed for people" in the urban renewal column of "Journal of Architecture". They demanded the 

integration of practical issues such as space justice, publicity and property rights, to create a system beyond 

the traditional Architectural and Planning disciplines, linking the fields of sociology and economics, to make 

urban renewal plans operable and implemented.2 These practical and theoretical results provide an 

important ideological direction and method reference for this Guanlin urban design project. 

1.2 Project Background 

The project is situated in Luoyang City, Henan Province, China. The urban design project of the Guanlin 

area is a compromise between the preservation of heritage and modern urban development, which is led 

by the local area and the crew of the author participated in the design and planning a project. 

1.2.1 A temple 
The project site contains the Guanlin Temple, a nationally protected cultural heritage site. The site to the 

south flow the Yi River which runs past the area, also had a visual contact with Yique which is the site where 

the UNESCO World Heritage Longmen Grottoes is located. Guan Yu is where Confucianism, Buddhism, and 

Taoism all have some sort of relationship with a person known as Guan Yu. Guanlin is one of only two 

officially recognized "forest-style" ancestral burial grounds in China, the other being that of Confucius. 
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Figure 1. Aerial View of Guanlin Temple. Source: Aerial and ground photographs by the author(s); portrait 
of Guan Yu adapted from online sources. 

1.2.2 "Temple-market Symbiosis" for Three Villages and One Market. 
In contrast to other areas of China, the local inhabitants believe in themselves and their distance from the 

Guanlin Temple and symbolic veneration of Lord Guan Saint. Three natural settlements coalesced around 

the temple, later formalized as villages. By the late Qing Dynasty, rituals venerating Guan Yu spurred the 

development of local markets for trading agricultural and handicraft goods. 

 

Figure 2. Market Frequency and Spatial Structure of the Guanlin Area in the Late Qing Dynasty. Source: 
Base map adapted from the 1934 Guanlin Town map; remaining analysis and graphics by the author(s). 
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Figure 3. Spatial Dynamics of the site from the 1960s. Source: Base map from Google Earth; village data 
compiled by the research team based on field interviews and local gazetteer records. 

 

Figure 4. Existing Site Conditions. Source: graphics by the authors. 

Following the founding of the People's Republic of China, these three villages built their specialty in 

agriculture and in the collective economy. In the early years of Reform and Opening-up, Zaojiaoshu Village 

and Guanlin Village collectively contributed land to formalize the traditional temple fair market, 

establishing the official Guanlin Market. This market grew into one of China's ten most prominent 

comprehensive marketplaces, once rivaling the fame of Yiwu. In 2001, its annual transaction volume 

reached 91 billion CNY, leading among China's three major wholesale and retail market clusters. But its 

traditional business of wholesale and retailing lost the advantages of the after rise of internet e-commerce. 

Consequently, wholesale industrial goods sectors relocated to Luoyang's New District, attracted by lower 

land costs and better transportation. 

      

Figure 5. The pedestrian flow is 1/10 of the same level of attractions in Luoyang. Source: Base map data 
from Baidu Map Open Platform. 

Figure 6. The living facilities are old and dilapidated, the entrance of the scenic area is poorly guided and 
the market decline. Photograph(s) by the authors. 

1597



Li,L.J.;Pang,Y.T.;Fang,R.;Yu,H.Y.; 
Shen,Y.;Zou K.;Han,D.Q. 
 

Heritage and Transformation in a Multi-layered 
Cultural Landscape 

 

 

As the economic pillar of the three villages, the market area has slowly stopped functioning as an industrial 

area due to its weakening. Recent urban expansion has further relegated the area to a marginalized urban 

fringe, leaving its residential communities and the market in a state of sustained decline. 

1.3 Policy Background 

The Guanlin Temple in Luoyang is a nationally protected cultural heritage site. Its 2013 conservation plan 

established strict protection zones and construction control areas, prioritizing relic preservation over local 

development needs. These regulations, restricting the height of buildings and density, have put up major 

constraints on urban development in this region and gradually led to the deterioration of this area into 

untenantable and local dilapidated district. 

The amendments to the Cultural Relics Protection Law of 2024 continue to uphold the limits to construction, 

but they promote the revival of historical resources by using exhibitions and cultural-creative industries. In 

addition, after 2021, urban renewal policies adopted strict limits on demolishment and floor-area ratios to 

prevent large-scale relocation and promote the flexible reuse of existing buildings. 

1.4. the Systemic Challenge of Project 

The project must address three core systemic challenge: 

(1) Which identity of district as a modern city should be created, and what kind of tangible and 

intangible cultural resources can be used? 

(2) Which physical spatial elements should be preserved, which new spatial carriers should be offered 

for intangible cultural heritage—and how can they be implemented by actionable planning and 

regulatory measures? 

(3) How can policy research and industrial proposals foster government-led collaboration between 

village collectives and social capital, in order to create promising industrial and employment 

prospects, establish a sound financial cycle, attract investment, and offer better living and 

employment options for hesitant residents? 

2. Resources and Constraints: An Integrated Evaluation 
The historical imprint encompasses architectural space, historical form, and social memory of use. Due to 

the difficulties above,  the project team has conducted historical and industrial research to identify and 

clarify cultural, locational, industrial, and human resources, and redefined the restriction of urban renewal, 

such as dismantlement and reconstruction ratio of the construction of buildings, as opportunities to 

discover the latent potential of the site. 

2.1 The Guanlin Area within Luoyang's Urban Pattern 

We focuses on integrating the Guanlin area into Luoyang's urban structure from three perspectives: 

(1) Preserving the Spatial-Relational Context: This involves safeguarding the visual corridor between 

Guanlin and the Yique grottoes, and preserving the outstanding river-field-village-temple topography 

from the temple to Yi River. 

(2) Structuring Belief and Custom Culture: By enhancing the Guansheng Street - Guanlin Road 

pilgrimage street system and connecting it with other sightseeing spots, and setting up daily and 
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festival tour routes, it provides for the organic assimilation and rejuvenation of cultural heritage into 

the city. 

(3) Clarifying the Area's Evolving Functional Role: Historically an agricultural zone, the Guanlin area 

transitioned to industrial uses after the founding of the People's Republic of China and is now 

primarily a residential district. The current goal is to solidify this area as a cultural and commercial 

center. 

2.2 The Temple-Market Symbiosis in Local Context 

History does not repeat, but is continually re-constructed.  The evolution of the Guanlin neighborhood 

hinges on the cultural archetype of Guan Yu and the development of the broader society from early modern 

China to collectivization, and ultimately the socialist market economy, are ultimately expressed by the 

evolution of Luoyang. 

(1) Market Evolution: Over 400 years, the Guanlin Temple Fair transformed from a local worship 

gathering into a comprehensive regional market. Its trade radius covered the plains south of 

Luoyang, supported by a radial road network centered on the temple. (Figure 8) 

(2) Settlement and Area Development: The Guanlin area presents itself as a historical palimpsest, where 

the inscriptions of five key periods—driven by the intertwined forces of worship, production, 

settlement, and commerce—are legibly layered. These include the foundation of Guan Yu’s tomb in 

the Eastern Han, Ming-era temple fairs, late Qing settlement formation, industrial land use in the 

1970s–80s, and market reorganization by the 2010s. (Figure 9) 

(3) Spatial Structure of “Temple-Market-Village-Route”: This project focuses on the protection of the 

path of the pilgrimage route, conventional village planning patterns and the historical road grid. 

(4) Composite Building Texture: The multi-period architectural fabric should be retained based on 

comprehensive value assessment. 

 

Figure 7. Timeline of the Guanlin Area. Source: Photographs from local gazetteers; mapping and graphics 
by the author(s). 
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Figure 8. A Survey Mapping the Existing Spatial Correlates of Guanlin's Historical Layers. Source: mapping 
and graphics by the authors. 

2.3 Concept and Vision 

We propose to establish an exemplar of urban renewal where historical heritage and contemporary life 

achieve co-prosperity, and is shared by both residents and visitors.  

This is an embodiment of a change in China's urban renewal paradigm, moving beyond large-scale 

demolition and reconstruction. Currently, within a new phase of urban transition, this government-led 

urban design proposes an organic renewal strategy. It emphasizes cultural continuity, temple-market 

complementarity and shared space experience. 

3. Project Outcomes 
This project solves the main issues presented in Section 1.2 based on interventions involving open space 

structure, functional organization, and pedestrian-centered activity planning. 

3.1 Three Core Interventions 

(1) Preserving the Visual Relationship with the Grand Landscape 

The skyline and density strictly follow the local statutory planning rules. Outside the protected visual 

corridors and construction control zones, moderate increases are allowed to recover the economic loss 

with the ancient vista from Guanlin to Luo River and Yique undisturbed. This vision and landscape 

relationship is a timeless sentiment cherished by ancient emperors and worshippers of Lord Guan Saint for 

centuries, and it shall be preserved for future generations. 
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Figure 9. Map of Luoyang City and landscape in 1734. Source: https://www.ditu114.com/ditu/662.html 

 

Figure 10. Conservation Principle in Design Proposal. Source: graphics by the authors. 

(2) Transitioning from Monocentric Residential Use to Temple Market-Village Village Clustering 

By investigating through the examination of history, community interviews, the unique social identity and 

local advantages of the three natural villages were discovered and built a basis of polycentric, coherent 

functional system. Compared with the traditional planning that relied only on temple tourism, this poly-

functional and cohesive blueprint can bring better viability. 
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Figure 11. Building Production Ecos systems from Village History According to the 1943 historical 
mapping. Source: graphics by the authors. 

Table 1. Program and Use Inventory. Source: drawings by the authors. 

(3) From Single-Location Tourism to Hybrid Cultural-Tourism Sites 

Currently, the Guan Saint Folk Custom activities mostly revolve around three huge annual ceremonies. The 

proposed model combines the two tracks of classical worship and modernization festivities to establish an 

annual cycle of cultural experiences. Using the processional routes and the open or rebuilt village squares 

and gathering halls, the site of the plan arranges the cultural performances of intangible cultural heritage 

on routine regular days as well as cultural performances at movement during holidays. This will ensure the 

creation of jobs and the generation of income for local residents by participating in traditional arts. Such 

Guan Yu-focused cultural processions have been successfully tested in several cities in China, such as 

Zhangzhou city in Fujian province and Yuncheng city in Shanxi province.  

Figure 12. Annual Timeline of Lord Guan Saint Cultural Activities in China. Source: drawings by the 
authors. 

   

Figure 13. Pedestrian Route Improvements on Regular Days or on Special Events. Source: drawings by 
the authors. 
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Figure 14. Event Performance and Parade in Guanlin Area. Source: adapted from online sources. 

3.2 Two Strategic Support Systems 

Based on verified spatial planning elements, the project team designed two thematic studies for the space 

adaptation in terms of spatial implementation and to respond to the government’s concern about the fund 

sources. 

（1）Decision-Matrix for Regeneration Models 

A systematic evaluation framework was developed to balance density zoning demands with regard to 

maintaining local culture and municipal residence. Without such a legally compliant assessment system, it 

would be difficult to justify adjustments to demolition plans or optimize the retention of existing buildings 

while minimizing resident relocation. 

The evaluation assessed each land parcel based on two key dimensions—spatial quality and historical 

value—considering factors such as structural condition, architectural character, age, era-specific 

significance, local identity, conflicts with statutory plans, cost of demolition/renovation, and owner 

intentions. This tool is broadly applicable to urban regeneration projects in historically complex contexts 

across China. 

   

Figure 15. Comparing demolition plans of previous urban design plan with the current optimization using 
evaluation matrix has concluded that, in the new plan, not only is both total demolition area and floor-
area ratio between demolition area and construction smaller but is in complete conformity to current 
national standard. Source: drawn by the authors based on government-provided data 

 

（2）Heterogeneity of Funding Makes Financing Feasible by Government Leadership, Public-Private-
Partnerships, and Residents Participation 

We systematically coordinated the interests of multiple stakeholders and residents to develop financially 

viable solutions. This enables the local government to identify sustainable financing channels beyond land-

based revenue.  

For instance, this adaptive reuse of the traditional steel plant formerly as a Community Center will utilize 

social and private funding. Rental profits and proceeds from other neighborhood services such as caring 
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for the elderly will maintain this Center's ability to run smoothly for decades, opening up a common open 

space for residents and visitors.  

Another innovative idea is a long-term cost-benefit analysis study for multiple plots. Phased and 

coordinated development lowers the initial relocation expenses and blended revenue streams through 

leases and well-planned self-operated projects ensure long-term monetization. 

  

3.3 Phased Development Plan 

The project’s flagship deliverables are technical elements that align with existing planning tools and 

regulatory requirements, as well as a phased development process. Based on detailed consultation with 

the local construction authorities and in light of the consideration of both public agendas and local interests, 

a three-stage theme-oriented implementation pathway has been put forward. 

Phase 1 centers on low-investment, high-visibility street-front interventions, the conversion of the steel 

plant to a community center, as it meets clear policy priorities and has secured funding; and the restoration 

of the Guanlin Village Market as a retail enterprise directly related to the livelihoods of residents. These 

are early actions that should create momentum and confidence. 

Phase 2 leverages the cultural IP to carry out market-space regeneration and functional upgrading, seeking 

additional policy-aligned funding to supplement physical refurbishment and industrial transformation. 

Phase 3 takes a resident-sensitive stance in reticent villages, respecting indigenous preferences and guiding 

incremental value creation through a combination of self-renewal and strategic infill development. The 

objective is to produce distinctive consumption environments, preserve the indigenous settlement layout, 

and build a humanistic economic model with high integration of primary and tertiary industries. 

Figure 16. Phased Development Plan. Source: drawn by the authors. 
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Figure 17. Anticipated Outcomes within a Three-Year Development Horizon. Source: drawn by the 
authors. 

4. Conclusion 
We interpret China’s progressively stringent and systematic urban regeneration and heritage conservation 

policies not as restrictions but as opportunities in historically complex places, including Guanlin.  

In this project, in addition to our traditional role of urban designers, we acted as strategic advisers and 

intermediates between the government, residents, and enterprises. With comprehensive and detailed 

planning and broad-based public-private partnerships, we pursued a stepwise urban regeneration 

blueprint, which offers a more stable and sustainable integrated solution for the preservation and 

promotion of Lord Guan Saint worship traditions, the perpetuation and valorization of Heluo culture 

intangible cultural heritage, and the environmental and socioeconomic value of residents, villagers, local 

enterprises, and collectives. 
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Abstract 

In many multicultural cities around the world, cultural differences within historic neighborhoods 
often lead to spatial tensions and contested identities. While such conflicts are common, 
Singapore’s Chinatown offers a distinctive case where diversity has been strategically leveraged 
for urban revitalization. This study examines how the Singaporean government’s top-down 
multiculturalism approach uses spatial governance to mediate ethnic tensions, offering insights for 
high-density, multi-ethnic cities seeking inclusive and culturally sensitive urban regeneration. The 
research explores two central questions: (1) How does the state construct a narrative of 
“multicultural coexistence” through spatial symbols such as street names and public art? (2) What 
lessons can this model provide for governing and renewing diverse urban districts? Drawing on 
qualitative methods—policy text analysis, field observation, and in-depth interviews—the study 
analyzes the Urban Redevelopment Authority’s conservation guidelines and naming archives, 
documents symbolic spatial practices (e.g., bilingual signage, festive displays), and incorporates 
interviews with 12 local residents and business owners as well as 3 planning officials. Key findings 
show how spatial symbols are depoliticized and reinterpreted to enhance social cohesion. Colonial 
street names, such as Smith Street, are retained but rebranded as neutral landmarks; bilingual 
signage minimizes ethnic distinctions. Public art and festivals, such as Chinese lanterns alongside 
Christmas decorations, are curated as harmonious displays, masking past racial tensions, such as 
the 1964 riots. The study also reveals that cultural tourism, which draws millions of visitors 
annually to Chinatown, legitimizes the diversity narrative, though local participation 
remains limited—evident in recent controversies over public murals and design approvals. The 
study proposes the concept of “Planned Pluralism”, expanding Laurajane Smith’s (2006) theory 

of Authorized Heritage Discourse by revealing how state power instrumentalizes cultural 
differences through spatial design (Diggit Magazine, n.d.). This case provides a transferable 
governance framework for cities navigating ethnic complexity. Time frame: The research is based 
on fieldwork, interviews, and policy analysis conducted primarily between January and June 2025, 
reflecting Chinatown’s current transformation. 
 

 

Keywords 

Cultural Governance, Multicultural Urbanism, Spatial Symbols, Heritage Politics, Chinatown 

1. Introduction  
Historic districts are usually endowed with multiple meanings, sometimes even multiple layers of meanings 

superimposed upon each other. Buildings, streets, and intact facades still exist. But we are constantly giving 
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them new connotations. In cities formed by immigration and racial diversity, these places eventually carry 

deeper meanings. They have become places where we accumulate ideas about culture, identity, and sense 

of belonging - often ones that we have not explicitly expressed. 

In such places, disagreement is inevitable. Sometimes cultural differences are simplified into some simple 

expressions, becoming a concise way of communication. And at other times, this difference is diluted, 

redirected - depending on which content can attract people. Conflicts regarding memory may not always 

erupt openly, but they gradually emerge around heritage areas. And this situation does not occur only in 

one city. 

The way Singapore handles these issues is unique. If left to develop freely, cultural differences usually do 

not form such a pattern. Instead, they are shaped by rules, classifications, conscious planning decisions, 

etc. This is particularly evident in Chinatown (which locals call "Ngau Chi Wan"). There are indeed 

protection policies here, of course. But these policies also involve visual control, the arrangement of 

activities, and a comprehensive and meticulously planned environment. 

Here, multiculturalism is clearly defined – it is explicitly written into the policies. Those racial categories – 

Chinese, Malays, Indians, other ethnic groups – have significant impacts on many aspects: housing, cultural 

projects, and so on. And they are not abstract concepts. They permeate every aspect of daily life, 

influencing the way a region is described, the style of decoration, and the way differences are presented. 

Historic districts play a crucial role in this. For example, Chinatown, Little India, Tanjong Pagar – these are 

common examples when it comes to the coexistence of multiple cultures. Especially Chinatown, which is 

usually regarded as a Chinese area. This is the common view today. But when delving deeper into its history, 

you will discover a more complex story – different ethnic groups such as Chinese, Indians, Malays, and 

Europeans have lived here at different times. What we see now is the result of some later choices: 

protective regulations were introduced, business models changed, and the official narrative was guided in 

a certain direction. 

Most studies on multiculturalism and cultural heritage focus on issues of identity or community negotiation, 

or on how to package ethnic cultures in a way that is accessible to tourists. Less attention is paid to the 

planning tools themselves - signage rules, protection guidelines, festival organization procedures, etc. 

These are often regarded as merely technical details. However, when national authorities actively 

coordinate related affairs, their symbolic significance often fails to receive the due attention. 

This study thus begins. It uses the term "planning multiculturalism" to describe the way cultural differences 

are handled through spatial selection. But please do not consider it as a fixed model. It is more like a series 

of practices - preserving street names, managing visual order, organizing festivals, designing public spaces, 

so that this coexistence can be seen and perceived (Building and Construction Authority, n.d.). Here are 

two key questions that need to be answered. First, how does Chinatown construct the concept of 

"coexistence" through everyday, ubiquitous spatial elements? For example, street names, signboards, 

public art, festival decorations, etc. Second, from a more macro perspective: What kind of insights might 

this approach bring to cities that are facing issues of cultural differences, heritage protection and 

redevelopment, have dense populations and tense situations? 

To explore this issue, this study refers to the following sources of information: planning documents, field 

observations, interviews with residents, business owners and planners. Its purpose is not to judge whether 

the multicultural image of Chinatown is "authentically present". Rather, it focuses more on how these 

symbolic arrangements are formed and how people come into contact with them in their daily lives. 
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How does the state shape urban space? In Singapore, spatial planning goes far beyond simple 

infrastructure—it is deeply tied to the construction of national identity. Multiculturalism here is not merely 

a demographic fact, but a heavily institutionalized political strategy. Chua (2003) makes the foundational 

point that this approach functions primarily as a mechanism for social control. Goh (2008) further tracks 

this trajectory from its colonial roots into today’s postcolonial structure. Even in recent comparative studies, 

Singapore's top-down intervention in managing residential and cultural diversity stands out sharply (Kuah, 

Kim and Le Queux, 2021). 

This rigid racial and social scaffolding naturally spills over into the realm of cultural governance. As Cano-

Mejía (2025) outlines, cultural governance provides a crucial lens to examine urban power dynamics. Look 

at how Singapore handles its arts and cultural spaces. Recent policies attempt to democratize access, 

moving beyond purely economic goals to actively remap the city's cultural landscape (Hoe, 2020, 2026). At 

the same time, Yeo and Heng (2016) remind us to question how these top-down spatial plans actually play 

out in everyday, diverse neighborhoods. 

Zooming in on historic districts, these competing agendas—national narrative, urban governance, and 

heritage preservation—often collide. Qian (2024) describes a kind of "decentralized centralization" in how 

heritage is managed today, a complex process that can easily overlook cultural 'blind spots' 

(Konstantopoulos, 2023). Chinatown is arguably the most intense site of this negotiation. Yeoh and Kong 

(2012) demonstrated how the district was systematically repurposed for both nation-building and the 

tourist economy. Within this engineered space, tourists' search for authentic experiences constantly rubs 

up against the officially curated storyline (Wei et al., 2016). Drawing these threads together, my study 

introduces the concept of “Planned Pluralism”. Building on Laurajane Smith’s (2006) Authorized Heritage 

Discourse and its subsequent critical interpretations (Diggit Magazine, n.d.), this concept examines exactly 

how broad multicultural policies morph into the micro-level spatial realities of Chinatown. 

 

2. Methodology 
For this project, I basically worked with three kinds of information : stuff that’s written down, stuff you can 

see on the street, and stuff people told me. To be honest, they kind of bounced off each other. The 

documents , walking around showed what things actually looked like. Conversations with people can help 

us gain a deeper understanding of the reasons behind all this and how they coexist. 

2.1 Document and Policy Analysis 

The analysis began with documents related to planning and conservation in Chinatown. Among these, the 

protection guidelines of the URA conservation were the most detailed (Urban Redevelopment Authority, 

2011, 2015, 2017). These texts set out expectations for street appearance, building facade, and signage 

order. They also indicate how commercial uses should be coordinated with the protection regulations. 

Although these documents are presented in the form of technical guidance, they reveal which visual 

layouts are reasonable and which ones are not allowed. 

Additional materials include records related to street naming and official explanations (Street and Building 

Names Board, 2017). These information were consulted to comprehend the process of the street names 

being explained, modified or remaining unchanged over time. Signage-related documents were also 

reviewed, including the “Signages: Do It Right” guide. This material specifies language use, sign size, and 
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placement (Urban Redevelopment Authority, 2015). Reading these documents together makes visible how 

visual and language use are regulated in a rather detailed manner. 

Materials produced by the National Heritage Board and the National Library Board were examined as well. 

These include exhibition texts, online narratives, and publicly accessible historical summaries. Attention 

was paid to how Chinatown’s history is presented, which events are mentioned briefly, and which are not. 

Festival-related materials were also collected, mainly to understand how seasonal events are described 

and scheduled. Taken together, these documents provide a sense of how cultural meaning is written into 

rules, guidelines, and daily routine. 

2.2 Field Observation 

Written materials were compared with what could be observed on site. Field visits were carried out during 

daily routine and during major festive periods. These visits were not concentrated within a short period of 

time but took place across years. The purpose was to observe how stable certain visual layouts are. 

Observation focused on streets with different levels of activity. Pagoda Street and Smith Street were visited 

frequently because of their dense pedestrian traffic volume and concentration of visitor-oriented 

businesses. Here, signage, temporary installations, and heritage-themed façades are especially visible. 

Temple Street and Sago Street offered a quieter contrast. Although similar rules apply, the spatial 

atmosphere is noticeably different. South Bridge Road was used as a reference corridor, especially during 

festivals , because large festive elements are often installed there. 

Seasonal displays received particular attention. Chinese New Year and Christmas decorations occurred  

repeatedly in different situations. Not for everyone festival as a separate event, the key point was that they 

recur repeatedly. Certain motifs appeared again and again, often in similar locations. Their placement along 

main streets suggested a level of coordination that went beyond individual shop decisions. 

These observations are helpful for clarifying how planning guidelines and symbolic arrangements take 

shape in everyday space. They also showed how crowd contact, respond to, or simply pass by these urban 

characteristics. 

2.3 Interviews 

Interviews were carried out with residents, shop owners, and planning officers involved in the area. The 

number of interviews is less important here than the frequently occurring elements. Conversations often 

returned to actual problems, such as tourism pressure, business stability, and changes in street atmosphere. 

Cultural issues meaning were raised, but not always in direct or consistent ways. 

Rather than treating interviews as a source of representative opinion, they are used in order to highlight 

its differences actors talk about signage, festivals, and conservation rules. Some comments were cautious. 

Others were brief. Together, they provide us with insights into how spatial arrangements are accepted, 

questioned, or simply taken for granted in daily life. 

3. Context of the Study 
3.1 Singapore’s Multicultural setting 

Over the past decade, Singapore’s population structure has not changed dramatically. Census of Population 

2020 shows that the resident population is mainly composed of Chinese (74.3%), Malays (13.5%), Indians 
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(9.0%) and other ethnic groups (Department of Statistics, 2021). These figures are commonly pointed to as 

evidence for national narratives of social steadiness. Racial categories continue to function as a basic 

reference when policies are discussed, and they appear repeatedly in public policies. 

The relatively stable population structure provides the basis to discuss the harmonious degree in multi-

ethnic areas. Rather than responding to sudden population changes, policies tend to mostly aim to 

preserve existing order. In this setting, In this setting, diversity is something to be managed and kept legible, 

rather than something expected to change quickly. 

 

Figure 1.Resident Population by Place of Birth 

 
Figure 2.Ethnic Composition of the Resident and Citizen Population 

Source: Department of Statistics Singapore, Census of Population 2020 

 

3.2 Chinatown: space, regulation, and everyday use 

Chinatown was designated as a Conservation Area in 1989. Within this designation, several subzones are 

identified, including Telok Ayer, Kreta Ayer, Bukit Pasoh, and Tanjong Pagar (Chinatown Heritage Centre, 

n.d.). These boundaries are administrative, but they will also affect the planning and mode of expression 

of this area. 

Today, Chinatown works in more than one way at once. It is a place of residence, a destination for visitors, 

and a site linked to these important matters. These uses overlap in everyday life. Shops operate next to 

temples. Tourist-oriented streets connect to quieter residential areas. None of this happens outside 
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regulation. Signage, facade treatment, street furniture, and even color choices are subject to conservation 

rules (Urban Redevelopment Authority, 2019). 

These rules do not simply protect buildings. They contribute to the way the area looks and feels. Visual 

order is kept in place through detailed controls, and public space is held within a narrow range of 

reasonable approach. Understanding Chinatown therefore requires attention not only to its physical layout, 

as well as to how such forms are guided and repeated through regulation. 

 

Figure 3.URA “Key Conservation Areas Map” 

Source: URA Conservation Department (2019), PDF  

 

3.3 A district in wider circulation 

Chinatown is also presented as a destination. Visitor numbers reach into the millions each year, and the 

area appears frequently in tourism material. Internationally, it is frequently presented as a place where 

Singapore’s approach according to diverse population could be seen clearly. 

This external visibility matters. The image of Chinatown travels beyond the district itself, shaping 

expectations of what multicultural coexistence looks like in Singapore. What tends to be shown becomes 

part of how the city is understood elsewhere. 
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4. From heritage narratives to planned pluralism 
In heritage studies, the idea of “Authorized Heritage Discourse” is commonly used to explain how official 

institutions decide what is treated as heritage and the way be interpreted. In Singapore, this way of thinking 

carries over beyond buildings and monuments. Narratives about multicultural coexistence also follow 

official lines. Heritage, in this sense, is not limited to material remains. It includes stories, images, along 

with wide variety of themes. Some histories are emphasized repeatedly, while others receive little 

attention. This pattern becomes visible in how Chinatown is described in public texts and exhibitions. 

4.1 Symbolic arrangements as planning practice 

Planning is usually discussed in terms of land use or infrastructure. In Chinatown, however, other elements 

are just as noticeable. Street names remain fixed. Public art and festive displays appear in predictable 

locations. 

Taken as a whole, these elements show a clear and orderly structure. Diversity appears as something calm, 

even, and well-controlled. These arrangements are produced through planning decisions, even though they 

are rarely described as such. 

4.2 Memory, conflict, and omission 

Not all parts of Chinatown’s history are treated equally. Labor disputes, social tensions, and inter-ethnic 

conflicts are mentioned less often in official accounts. When events such as the 1964 riots appear in public 

discussions, these are usually framed briefly and in general terms. 

National initiatives like Racial Harmony Day follow a similar pattern. Historical conflict is generally marked, 

and then is quickly redirected toward calls for togetherness. In spatial terms, this means that difficult 

histories are rarely given a visible presence. What remains is a simplified version of the past, easier to 

accommodate within public space. 

 

Figure 4. The Planned Pluralism Framework 

Source: Created by the author 
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5. Findings 
5.1 Depoliticized Heritage Symbols and the Reframing of Historical Memory 

In brochures and other official descriptions, what tends to be highlighted is not the origin of street names, 

but their present-day functions. Dining, pedestrian movement, and leisure activities are usually mentioned 

first, while how these names entered the urban landscape, or for what historical reasons, is only briefly 

noted, if at all. More clearly felt is this absence when planning documents are read together with everyday 

spatial experience. Considerable attention is given in URA conservation guidelines to the retention of street 

names and building forms. On the question of how historical meanings should be communicated in public 

space, however, there is little guidance. As a result, interpretation is possible, but often simply does not 

take place. 

Along Smith Street, the street name itself was repeatedly described by shop owners as something easy for 

customers to recognize, particularly for visitors. For some, it functioned mainly as a practical label for 

locating a business. Its colonial origin, by contrast, was not mentioned unless the question was raised 

directly. 

 

Figure 5.Investigation on the Language of Shop Signs in Kreta Ayer 

Source: Created by the author  

5.2 Curated Harmony Through Seasonal Festivals and Public Art 

Across different festive periods, a repeated visual situation appears in Chinatown. Decorations associated 

with different cultural calendars are often present at the same time. During Chinese New Year, for example, 

lantern installations are put up, while Christmas lighting is not removed. This overlap is most noticeable 
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along Pagoda Street, Smith Street, and South Bridge Road, where festive elements from different traditions 

remain visible within the same streetscape. 

Uneven, however, is their spatial distribution. Concentrated installations are found along South Bridge 

Road and Eu Tong Sen Street, where decorative elements are extensive and coordinated. Nearby streets 

show a different picture. Fewer decorations appear, and in some cases they depend entirely on individual 

shop decisions. On streets such as Sago Street and parts of Maxwell Road, festive elements are limited, and 

during certain periods, they do not appear at all. 

Table1. Christmas Decoration Intensity 

Intensity Level Streets Notes 
Deep Green (~70%) Cross Street Strongly driven by commercial properties; 

malls and offices install major Christmas 
décor. 

Medium Green (50–60%) South Bridge Road Influenced by nearby churches and religious 
institutions; visible seasonal lighting. 

Light Green (30–45%) Pagoda Street, 
Smith Street 

Shopfront-level Christmas decorations; 
tourist-driven festive displays. 

Gray-Green (<15%) Sago Street, 
Maxwell Road 

Weak or inconsistent Christmas presence; 
limited decorative activity. 

 

Table2. Chinese New Year Decoration Intensity (CNY Lantern Coverage) 

Intensity Level Streets Notes 
Deep Red (>80%) South Bridge Road, 

 Eu Tong Sen Street, 
New Bridge Road 

Primary CNY axis; main lantern installations 
and large-scale thematic displays. 

Medium Red (60–70%) Pagoda Street, 
Temple Street,  
Smith Street 

Tourist-dense streets; combined effect of 
official lantern sets and shopfront 
decorations. 

Light Red (20–40%) Sago Street, 
 Maxwell Road 

Mostly shop-led decorations; minimal official 
festive installations. 

 

 

Figure 6. Festival Symbol Coverage Gradient Across Chinatown 

Source: Created by the author  
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That this pattern repeats from year to year was mentioned by several shop operators. Festive 

arrangements were often described as “already fixed” or “the same every year”. Although small additions 

are sometimes made by individual businesses, the overall visual composition is rarely altered. Decisions 

about scale, placement, and timing tend to be made in advance, leaving limited room for adjustment at 

street level. In this setting, involvement takes the form of going along with existing arrangements rather 

than shaping them. 

What becomes visible through this coexistence is a streetscape that remains calm and orderly. At the same 

time, more difficult historical moments are largely absent from festive displays. Public celebrations rarely 

refer to events such as the 1964 racial riots, and when these are mentioned in official materials, the 

references are brief and detached from specific locations. The festive atmosphere on these streets has 

remained consistent over a long period of time, without leaving any visual space for other groups or for 

interference and disputes. 

5.3 Economic Logics and the Limits of Community Participation 

Rather than beginning with culture, many interviewees spoke first about money. Festive periods were 

described, in very practical terms, as times when business either works or does not. Visitor numbers, foot 

traffic, and short-term sales were mentioned repeatedly, sometimes before any reference was made to 

decoration or symbolism. Lighting, lanterns, and other visual elements were talked about mainly as things 

that “bring people in”, even when their meaning was not very clear. 

In this situation, keeping things stable appears to matter more than changing them. Rules about signage 

and decoration were often treated as part of the background, something already in place. A few shop 

owners said—often lowering their voice—that what was displayed mattered less than whether customers 

kept coming. Meetings were mentioned as well, though these were described as predictable. What would 

be accepted, and what would not, seemed to be known in advance. 

Something similar can be seen with public murals. Questions were raised, mostly by residents, about 

whether certain images related to everyday life in the area. These questions did not go very far. The designs 

that moved forward tended to rely on familiar images that are easy to recognize. Other ideas were 

mentioned in conversation but were not taken up. The murals that were eventually painted are clean, 

visible, and carefully maintained, yet few people referred to them as “their own”. 

Over time, choices like these add up. Once a visual solution is used, it is used again. After a few cycles, it 

no longer feels new, and it no longer needs to be discussed. Other options remain possible in theory, but 

they stay outside what is actually put on display. 

6. Discussion and Conclusion 
Looking across Chinatown, a pattern becomes visible. Planning decisions influence more than buildings and 

streets, and the stories that circulate in public space. Street names, signage, festivals, and regulated 

aesthetics work together to produce a particular image of coexistence. 

This image is effective in some ways. At the same time, it leaves limited room for disagreement and 

diversified development approaches . Historical conflict tends to fade into the background, and the chance 

for local association to promote narratives remains narrow. 

For other cities dealing with cultural difference, heritage, and tourism pressure, the case of Singapore 

suggests a feasible solution. Regulation and symbolic order can be closely aligned. However, whether this 
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method can be applicable to most situations remains to be further discussed. What it does show is that 

multicultural narratives do not emerge only from neighbor hood space. They could also be assembled, 

maintained, and repeated through planning practice. Chinatown therefore offers a useful case for thinking 

about the development of cultural significance within urban space. It reminds us that planning operates 

not only at the level of form and function, but also through repetition, selection, and omission. 
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Abstract 
This study investigates the potential impacts of tourism-oriented development models in historic 
districts on surrounding residents. From a subjective perspective, it assesses urban vitality and 
establishes a research framework that incorporates stated preference (SP) surveys and Structural 
Equation Modeling (SEM)-Logit models. It constructs an 'environment-perception-behavior’ 
chain to reveal the differences between tourists and residents in their perceptions of auditory 
landscape(AL), visual landscape(VL) and cultural atmosphere(CA), as well as their behavioral 
choices. Results indicate that although tourism-oriented development models fueled by social 
media can attract tourists in the short term, they ultimately compromise residents’ quality of life 
and the authenticity of historic districts through homogenization and spillover effects. Moreover, 
residents demonstrate heightened sensitivity to the AL, whereas VL and CA have stronger appeal 
to tourists. Under current regeneration strategies, residents’ perceptions are often overlooked, 
necessitating a reevaluation of urban vitality from their subjective perspective. The findings 
provide a theoretical reference for historic districts to identify suitable target residents and 
achieve sustainable urban renewal in the context of an aging population. 

Keywords 
Individual Perception, Tourism and Residence, Urban Vitality, Historic Urban Areas, Public Space 

1. Introduction
As the spatial carrier of urban historical-cultural heritages and residents’ daily activities, the public space of

Historic Urban Areas (HUAs) has been the typical research objects of contemporary urban studies in the context 
of sustainable development. Especially when the overall supply and potential expansion of public spaces is highly 
constrained because of the preservation of historically authentic buildings, landmarks, and urban spatial texture, 
the high-quality urban development is challenged by the continuous rise in activity demands from both residents 
and visitors. The tension between tourism and local needs could manifest itself in public spaces. 

Nowadays, China has a growing number of HUAs facing these challenges posed by both modernized 
lifestyles and aging societies. To some extent, the issue of population decline in HUAs is also related to the 
above-mentioned challenges. Both national and local governments are emphasizing the needs to address 
disparities between heritage preservation and social-economic development. The planning perspective usually 
includes enhancing the city competitiveness from cultural and tourism industries, while at the same time 
continuously improving residents’ living environments and promoting community identity.  

Especially after the COVID-19 pandemic, with the explosive spread of information through social media and 
online influencers, local governments have focused on popular instagrammable districts, introducing various 
policies to boost the development of the cultural and tourism industries. Many historical districts are now 
bustling with revitalized urban vitality, witnessing a surge in diverse commercial activity and visitor numbers. 
However, the rise of trending tourism models such as “flash-style tourism” and “Citywalk” has, while generating 
economic benefits, also exposed issues of excessive commercialization and overdevelopment. This short-term, 
profit-oriented development model often overlooks the protection and cultivation of local culture, potentially 
leading to the gradual loss of authenticity in Historic Urban Areas. At the same time, it could impose negative 
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impact on the quality of life of nearby residents, for example, through the overuse and degradation of public 
spaces and homogenized commercial formats. 

It is important to emphasize that original residents, as key carriers of cultural heritage in Historic Urban 
Areas, play an irreplaceable role in the continuation and development of historical culture. Their presence is a 
fundamental element in sustaining the vitality of old urban districts. HUA are not merely tourist attractions to 
be “built for commerce,” but more importantly, they are holistic community ecosystems that must be “built for 
life.” Only by ensuring the continuous improvement of living quality in old urban districts can more residents be 
attracted and retained, thereby achieving the sustainable vitality of Historic Urban Areas. 

As the primary agents of urban vitality, people are regarded as the creators of this vitality. Their needs for 
public spaces, combined with multidimensional perceptions—including auditory sensations, visual experiences, 
and cultural atmosphere—shape their overall experience of Historic Urban Areas. The cultural resources of HUA 
are embodied not only in the tangible elements of architecture and landscapes but also in the intangible 
dimensions of soundscapes and cultural atmosphere. From the theoretical perspective of demand perception, 
an in-depth study of individuals’ evaluative mechanisms regarding audiovisual experiences and perceptions of 
authenticity in Historic Urban Areas can deepen the understanding of the intrinsic relationships among spatial 
characteristics, cultural preservation, and vitality enhancement. This, in turn, provides a scientific basis for the 
comprehensive optimization of public spaces, ultimately elevating the spatial quality and attractiveness of 
Historic Urban Areas. 

2. Literature Review
The conservation and revitalization of HUAs have long been a central concern in academic discourse.

Existing research has predominantly focused on historic neighborhoods possessing outstanding cultural heritage 
value, emphasizing spatial strategies for their conservation and renewal alongside their resulting socioeconomic 
impacts(Pendlebury, Short and While, 2009; Shin, 2010). Moreover, HUAs are not only material carriers that 
connect a city to its past but also vibrant spaces embedded within the contemporary urban structure. Their 
activation relies on people’s shaping and participation through interaction and experience. Accordingly, a key 
direction in current research on public spaces in HUAs is to investigate human activities within these spaces(Liu, 
Jin and Dupre, 2022; Bernabeu-Bautista, Serrano-Estrada and Martí, 2023; Fang and Wu, 2025). However, 
contemporary practices of public space renewal in HUAs have, in some cases, generated latent conflicts among 
different stakeholder groups, making it difficult to achieve a dynamic balance between conservation and 
development. Empirical research addressing such latent tensions—particularly those arising between tourism 
and everyday residential use—remains scarce. In fact, preservation and development are not mutually exclusive, 
rather, opportunities for development can be found in the very objects being protected. However, while many 
studies and practices have focused on the creation of historical cultural streetscapes for visitor experiences and 
tourism development, only a few have examined their impact on residents’ daily lives in nearby neighborhoods 
(Wang et al., 2015; Zhu et al., 2026). The discussions on the potential trade-offs and synergies between residents 
and visitors through modeling analyses are even less. 

Furthermore, existing research has rarely explored revitalization pathways for HUAs from the perspective 
of urban vitality. Urban vitality holds significant importance for the sustainable development of historic districts 
(Jokilehto, 2017), as it not only strengthens residents' sense of community belonging but also attracts greater 
foot traffic for commercial activities, thereby furnishing the essential conditions for the revitalization of HUAs. 
Since Jane Jacobs' pioneering work (Jacobs, 1992), extensive research has explored the connection between the 
built environment and urban vitality. However, existing studies have predominantly focused on objective 
indicators of vitality, with insufficient investigation into its subjective perceptual dimensions (Ewing and Cervero, 
2010). At present, only a limited number of studies have attempted to integrate subjective and objective data 
in the assessment of urban vitality, and most of these rely on questionnaires, interviews, and field observations 
(Yang, 2018; Mu et al., 2021). Such data collection approaches tend to prioritize visual perception indicators 
while lacking quantitative analyses of multisensory and holistic perceptions. Individual public space selection 
behavior is fundamentally a complex decision-making process characterized by "environmental stimulus - 
perceptual mediation - behavioral response." According to the S-O-R theory in environmental psychology 
(Mehrabian and Russell, 1974), the built environment triggers multidimensional perceptual evaluations, which 
in turn drive behavioral responses. Current research on environmental perception primarily focuses on exploring 
the mapping relationship between built environment attributes and individual perceptions, or the causal 
mechanisms by which objective environmental factors drive behavioral choices—that is, the “environment-
perception” and “environment-behavior” relationships. In studies examining the “environment–perception” 
relationship, correlation and regression analyses are the most commonly employed methods (Zhang et al., 2018; 
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Lawrence et al., 2023). To address the complexity of multidimensional perceptions, structural equation modeling 
(SEM) has been widely used due to its ability to elucidate the interrelationships among latent variables (Guo et 
al., 2021). Some studies further explore the “environment–behavior” relationship, often employing discrete 
choice models to investigate the influence of objective factors on individual behavioral decisions (Kasraian et al., 
2021). In recent years, scholars have begun integrating SEM with discrete choice models (Logit) to deconstruct 
the complete chain of “environment–perception–behavior.” However, such studies have largely been confined 
to the field of transportation and mobility (Ding et al., 2018; Saeidi, Mesbah and Habibian, 2020), leaving the 
domain of urban public spaces relatively underexplored. In the context of HUAs, in particular, the regulatory role 
of intangible factors such as cultural atmosphere on behavior remains in need of theoretical development. 
Therefore, this study aims to examine the relationship among environment, perception, and behavior. It 
explores the differing needs for public spaces in HUAs among two distinct groups from a subjective perspective, 
with the goal of providing recommendations for the sustainable development of urban vitality.  

3. Case Study
3.1. Study Area

Nanjing, one of China's national historical and cultural cities, has its main urban spatial pattern formed by 
four Historic Urban Areas(HUA) enclosed by the Ming Dynasty city walls. Among these, the southern HUA played 
a central role in traditional residential life during the Ming and Qing dynasties. Today, its demographic profile is 
largely composed of elderly residents, and the area retains a wealth of cultural heritage elements—including 
the city wall, moat, heritage buildings, and historic districts. In recent years, it has experienced a continuous rise 
in tourism popularity. This study focuses on the Laomendong Historic District (LHD), a site that has undergone 
significant transformation under the Nanjing municipal government’s direction since 2010. In contrast to 
organically developed commercial districts such as the Confucius Temple area, LHD was intentionally planned 
and revitalized through the strategic integration of adjacent resources—including the Qinhuai River and the 
Ming city wall. It has emerged as a hybrid space shaped by commercial and cultural tourism functions, retaining 
a certain degree of spatial flexibility and still undergoing commercial transformation. As tourism popularity in 
the LHD increases, negative externalities such as traffic congestion and overcrowding have emerged. 
Additionally, the homogenization trend in commercial activities may lead to long-term risks, including the 
displacement of original residents and challenges to the sustainability of the district’s vitality. 

Fig. 1. Location Map of the Study Area, Source: Created by the author. 

As illustrated in Fig.2, the study area is characterized by a low-rise, high-density urban fabric that retains 
the unique spatial character of the HUA. Public spaces within this setting are fragmented and dispersed, largely 
composed of pedestrian alleys and small corner plazas, with relatively limited green space. In the aged 
residential areas, narrow alleyways are prevalent, while some multi-story residential compounds (RCs) built in 
the 2010s near the scenic area feature more coherent and intact internal public space layouts. Apart from the 
scenic area, which is primarily designated for commercial use, the dominant land use within the LHD is 
residential, with most buildings constructed 20–40 years ago. The southern boundary of the scenic area is 
defined by the Ming City Wall, while the other three sides are surrounded by high-density RCs. The distribution 
of POIs within the study area is relatively concentrated. A large number of dining and shopping POIs are clustered 
within the scenic area and along residential streets adjacent to it, while POIs related to daily services and other 
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functions are primarily located along the two main auto roads. As a typical sample of both historical authenticity 
and modern tourism-oriented development, the study area is representative of HUAs’ features in Nanjing. 

Fig. 2. Current Condition Analysis of the Study Area, Source: Created by the author. 

3.2. Typical Public Spaces
The study began by collecting a comprehensive set of multidimensional built environment data potentially 

related to individual perception within the area. In addition to relatively static spatial morphology, land use 
functions, and public facilities (Fig.2), it also included on-site collected samples of visual landscape and auditory 
landscape environment data from accessible typical public spaces. A total of 124 sampling points were 
established, spaced at approximately 50-meter intervals on average. Each sampling point includes data collected 
during daytime and nighttime periods on typical holidays, using a sound level meter to record 1-minute audio 
at each point, capturing the A-weighted equivalent continuous sound level (Laeq). Simultaneously, video 
recordings were conducted to provide visual data. 

This study employs the ADE20k public dataset to train the DeepLabV3+ model for semantic segmentation 
of panoramic images of public spaces, identifying and calculating the pixel proportions of elements such as sky 
and vegetation. Additionally, interpolation analysis was used to analyze sound level meter data. 

Based on the semantic segmentation results, six indicators were extracted: LAeq, vehicle, enclosure degree, 
person density, vegetation, and the number of POIs within a 30-meter radius. These were clustered into five 
categories using the k-means clustering (Fig.3). Points with high vegetation levels and tranquil auditory 
landscape are mostly distributed along the green belt near the city walls at the southernmost edge of LHD, with 
a few scattered within RCs. In contrast, points with high pedestrian volume and a large number of POIs are 
concentrated within the scenic area, with a small number along commercial street frontages. Points with heavy 
traffic flow and noisy environments are distributed along auto roads. Meanwhile, areas exhibiting extremely 
high enclosure degrees are typically found in the inner branch roads of the scenic area or within older RCs, 
reflecting the high-density spatial characteristic of HUA. 
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Fig. 3. Clustering of Typical Public Spaces, Source: Created by the author. 
Based on the above analysis, public spaces within the LHD demonstrate clear spatial differentiation in terms 

of their form, function, and environmental characteristics. To gain a deeper understanding of the mechanisms 
driving vitality in LHD, it is necessary to further quantitatively assess the subjective perceptual preferences of 
different population groups based on objective environmental data, and to reveal their associations with built 
environment characteristics. 

3.3. Perceptual Preferences and Activity Decision in Public Spaces
To investigate the "perception-behavior" connections, this study constructs an integrated SEM-Logit model 

to identify individual preferences for public spaces. A stated preference (SP) questionnaire was designed, 
targeting two distinct assumed user identities: tourists and residents (Fig.4). These questionnaires were 
randomly distributed across the study area. The SP questionnaire consists of three main sections. The first 
section collects basic demographic information, including gender and age, to facilitate statistical analysis of 
respondents' social backgrounds. The second section surveys public perceptions of public spaces based on the 
measurement model, employing a seven-point Likert scale to evaluate relevant variables and rate the public 
space scenarios within the LHD. The third section consists of the core SP tasks, which presents two scenarios 
with corresponding auditory landscape and visual landscape information, including a “neither” option. 
Respondents are asked to select one option based on their perception and understanding. Based on the 
objective environmental analysis, nine representative scenarios were selected from the sampled points (Fig.5). 
These cover a variety of public space types—including streets, plazas, and green spaces—both within and 
beyond the scenic area(Table 1). During the collection of objective environmental attributes, questionnaires 
were simultaneously distributed. The potential influencing factors were categorized into three latent variables: 
auditory landscape (AL), visual landscape (VL), and cultural atmosphere (CA), which collectively comprised 12 
observed variables (Table 1). 

Fig. 4. Framework, Source: Created by the author. 

Fig. 5. Distribution of 9 representative scenarios, Source: Created by the author. 
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Representative 
Scenarios 

Description Primary User Groups Cluster 

A Commercial Street within the Laomendong Scenic Area Tourists 4 

B Public Green Space within the Scenic Area Tourists 0 

C Residential Street Adjacent to the Scenic Area Tourists, residents 4 

D Sanqiba Lane, an Emerging Social Media-Popular Residential Street Tourists, residents 4 

E Plaza within an Older Residential compound Residents 2 

F Urban vehicular roads Tourists, residents 1 

G Green Space and Plaza within a Multi-story Residential Neighborhood Residents 3 

H Service Road in Front of Residential Buildings Tourists, residents 1 

I Street Surrounding a Pending Development Area Tourists, residents 1 

Table 1 Description of Representative Scenarios 

After screening, a total of 460 valid responses were obtained for the scenario perception evaluation 
(Cronbach’s α > 0.6, KMO = 0.892). Preliminary analysis indicates differences in perception scores for the LHD 
between tourists and residents: tourists generally rated the auditory landscape, visual landscape, and cultural 
atmosphere higher than residents, suggesting that the current tourism-oriented development holds greater 
appeal for tourists. Therefore, it is necessary to further analyze the differences between tourists and residents 
in their perceptual preferences and activity decisions based on these findings. 

After model refinement, the constructed Structural Equation Model (SEM) satisfied the requirements for 
both reliability and validity (Chi-square = 123.829; DF = 36; Chi/DF = 3.440; GFI = 0.958; AGFI = 0.908; RMSEA = 
0.073). Analysis of the measurement model indicates that VL perception remains the dominant channel for 
public environmental perception. Visually related factors in the VL and CA carry higher factor loadings, 
underscoring their prominent role in shaping perceptual responses. Regarding the AL, the public’s auditory 
preferences tend to emphasize sound quality rather than volume. They place greater importance on 
“Pleasantness” and “Natural Timbre.” 

Fig. 6. Structural Equation Model,  Source: Created by the author. 

Latent Variables Observed Variables Estimate-
Unstd 

C.R. P Estimate-
Std 

AL Perception 
(n1)  

Pleasantness of Soundscape (M1) 1 0.99 

Quietness of Sound (M2) 0.439 9.281 *** 0.399 

Natural Timbre (M3) 0.754 11.848 *** 0.712 

VL Perception 
(n2)  

Pleasantness of Landscape (M4) 1 0.936 

Richness of Landscape Elements (M5) 0.737 17.792 *** 0.703 

Natural Scenery (M6) 0.844 19.55 *** 0.76 

CA Perception 
(n3)  

Local Living Atmosphere (M7) 1 0.585 

Historic Decorative Patterns  (M8) 1.707 13.511 *** 0.889 

Historic Buildings (M9) 1.702 14.133 *** 0.906 

Spatial Scale of Historic District (M10) 1.69 14.243 *** 0.926 

Landscape with Historic Characteristics (M11) 1.62 13.633 *** 0.854 

Soundscape with Historic Characteristics (M12) 1.228 11.403 *** 0.652 

Table 2  Estimation of Parameters 
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Using the normalized path coefficients (Table 2), we calculated the overall scores of latent variables 
representing public perceptions of AL, VL, and CA in the LHD. These scores were then imported into Stata for 
parameter calibration (Table 3). The results indicate that the VL and CA have statistically significant effects, 
whereas the AL exhibits a lower level of significance (Table 4). This suggests considerable heterogeneity in 
respondents’ judgments and evaluations of AL across different scenarios. The current AL struggles to meet the 
preferences of all population groups. This finding further confirms that, although visual elements remain the 
most immediate channel for public perception of LHD, the sense of cultural atmosphere and auditory elements 
also play significant roles in comprehensive perception, with the perception of cultural atmosphere being 
particularly crucial as a key expression of the authenticity of LHD. 

The Logit coefficients were calculated separately for residents and tourists (Table 4), revealing significant 
differences in their environmental preferences for the LHD. Tourists tend to prioritize VL and CA perception, 
with considerable individual variation in their perception of AL. This may be because, under the budget travel 
fads characterized by limited money and time, tourists pay more attention to the travel experience brought by 
the richness of scenery and the local characteristics of history and culture, and this way of visiting the area leads 
to less attention to the auditory experience and higher tolerance for noise, especially considering that the 
majority of tourists do not visit the scenic spot repeatedly (only 19% of tourists expect to visit the scenic spot 
frequently). In contrast, the AL perception is more critical for residents, who have a more urgent need for overall 
environmental quality in urban areas due to the demands of long-term living. The CA perception for residents 
shows a higher p value, likely due to their deeper and more nuanced understanding of cultural characteristics, 
leading to greater perceptual differences. 

Latent Variables Calculation of Overall Scores 
AL perception (n1) n1=0.99*M1+0.399*M2+0.712*M3 

VL perception (n2) n2=0.936*M4+0.703*M5+0.76*M6 

CA perception (n3) n3=0.585*M7+0.889*M8+0.906*M9+0.926*M10+0.854*M11+0.652*M12 

Table 3  Calculation of Overall Scores 

Table 4  Regression Coefficients (Robust) 

Thus far, this study has demonstrated differences in perceptual preferences and activity decisions between 
tourists and residents. However, it still needs to be further verified whether the current objective environment 
can meet the perception needs of different users. Therefore, it is necessary to conduct a correlation analysis 
between subjective and objective data to identify the key environmental factors influencing user preferences, 
thereby providing support for planning decisions. 

3.4. Environment–Perception Correlation Analysis 
To identify how environmental differences influence perception, a Pearson correlation analysis was 

conducted between objective environmental variables and vitality perception ratings. The results are shown in 
Fig. 7. Overall, AL perception is the most sensitive to objective environmental changes, as these changes have a 
direct impact: pedestrian flow, the number of POIs, and traffic volume are the primary sources of noise, and 
their changes (e.g., honking) rapidly affect the perception of the AL. Additionally, sound propagation is highly 
sensitive to physical spatial barriers. Both the degree of architectural enclosure and the proportion of 
surrounding vegetation were found to significantly affect how the soundscape environment is perceived. 

The perception of the VL mainly depends on spatial visual information, showing a significant positive 
correlation with both green view ratio and architectural enclosure degree. Existing studies have demonstrated 

Variable Coefficient Std. Err. z P>|z| 
All samples 
Neither  3.1923*** 0.4847 6.59 0.000 

Soundscape Environment 0.3190 0.1963 1.63 0.104 

Landscape Environment 1.0567*** 0.3207 3.30 0.001 

Cultural Atmosphere 0.8529*** 0.3302 2.58 0.010 

Residents 
Neither 2.532*** 0.558 4.54 0.000 

Soundscape Environment 0.329 0.245 1.35 0.178 

Landscape Environment 0.780** 0.394 1.98 0.048 

Cultural Atmosphere 0.677 0.468 1.45 0.148 

Tourists 
Neither 4.587*** 1.065 4.31 0.000 

Soundscape Environment 0.230 0.308 0.74 0.456 

Landscape Environment 1.710*** 0.604 2.83 0.005 

Cultural Atmosphere 1.202*** 0.448 2.68 0.007 
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that suitable landscape environments and building densities could alleviate negative emotions (Fan et al. 2025). 
Traffic elements could disrupt the VL, negatively impacting the perception of VL. Noise indirectly affects the 
perception of the VL, likely because it distracts attention, and high-noise environments are often accompanied 
by visual clutter (e.g., dense crowds or excessive shop billboards), creating a negative overall impression. 

Compared to the VL and AL, there is uncertainty in the perception of CA. The number of POIs and pedestrian 
volume show a positive correlation with the perception of CA, possibly because such areas are often located 
within the scenic area, surrounded predominantly by archaize buildings. However, these variables alone are 
insufficient to effectively explain individuals' perceptual evaluations of CA, and the causality of which needs to 
be proved by further scientific experiments. 

Fig. 7. Pearson Correlation Heatmap,  Source: Created by the author. 

By analyzing the "environment- perception - behavior " chain, the study finds that elements of the scenic 
area have generated "spillover effects" in surrounding areas, and have affected the perception of residents in 
the LHD. The POIs of the scenic area have spilled over into adjacent RCs, where a growing number of 
Instagrammable restaurants and historical costume photography studios have gradually replaced traditional 
community-based retail services along local streets. Noise levels show a significant positive correlation with both 
the number of POIs and pedestrian volume. The high pedestrian volume driven by the scenic area 's popularity 
has led to spillover effects, increasing noise levels in the LHD. As shown in the sound heat map (Fig.8), public 
spaces shared by residents and tourists, such as residential streets near the scenic area (Scenario C) and the 
increasingly popularized residential streets in the northern residential area (Scenario D), both show the 
characteristic of high noise, with noise levels during both day and night exceeding the limit of 60 dB set by the 
national standard. Additionally, the number of POIs shows a strong positive correlation with pedestrian volume, 
as shops not only attract pedestrians but also tend to be located in already high-footfall areas, forming a 
mutually reinforcing relationship between these two spillover effects. 

Based on the results of the SEM-Logit model, the current approach to public space development in LHD has 
had a significant negative impact on residents’ daily lives. Residents demonstrate heightened sensitivity to the 
AL and have higher demands for acoustic quality. However, traffic noise has already encroached into residential 
areas, with adjacent roads showing evident noise pollution and persistently high sound intensity levels. These 
conditions have compromised the quality of public spaces within RCs. Notably, the number of POIs shows a 
significant negative correlation with the perception of the AL but no correlation with the VL. This indicates that 
the negative impact of spillover effects is transmitted through sound. Such findings underscore the limitations 
of assessing urban vitality solely through vitality intensity. Multidimensional perception is an indispensable 
factor in evaluating the quality of urban vitality. In conclusion, subjective perceptions should be integrated into 
the evaluation system for urban vitality. Furthermore, the selection of urban regeneration strategies for HUA 
must balance the needs of different population groups based on an understanding of their perceptual 
preferences. 

1625



Fei, X.; Ma, X.*; Wu, R.; Zhao, S.; & Zhang, Z. Will you be a good neighbor 
 of a vibrant historic district? 

Fig. 8. Sound Heat Map, Source: Created by the author. 

4. Discussion
Today, more and more HUAs are facing challenges such as population aging and youth outmigration,

leading to insufficient vitality. In response, local governments are actively pursuing preservation and 
regeneration efforts to revitalize these historic areas. In this context, urban regeneration practices in HUAs have 
evolved into various goal-oriented approaches and corresponding governance models, and has achieved rich 
and diversified practical results worldwide. Under different policy objectives, urban regeneration involves 
diverse stakeholder groups, often leading to complex conflicts of interest (Chen, Wang and Waley, 2020). This 
phenomenon is evident in the practices of numerous cities. For instance, the old town of Palma, Spain, has 
experienced gentrification due to tourism-driven development, resulting in the displacement of original 
residents (González-Pérez, 2020). Similarly, faced with the problem of Over-tourism in Venice, residents engaged 
in anti-tourism campaigns to preserve their quality of life (Seraphin, Sheeran and Pilato, 2018). Although policy 
responses followed—such as limiting tourist access—these measures also resulted in a noticeable decline in 
tourism, highlighting the difficulty of satisfying one group’s needs without affecting others. In post-pandemic 
China, tourism demand has increased markedly, and its development trajectory closely resembles the trends 
observed in many European cities. This highlights the necessity of adopting preventive strategies to mitigate 
potential tourism–residence tensions and to address the associated challenges of urban regeneration. The 
Chengnan area in Nanjing, a densely populated HUA that serves both residential and tourism functions, faces a 
similar challenge. Therefore, relying solely on commercial regeneration risks weakening the historical 
authenticity. For the LHD, regeneration should prioritize the preservation of cultural and historical identity. In 
the regeneration process, greater emphasis should be placed on the perspectives of residents representing this 
authenticity to ensure local participation (Nasser, 2003). Residents are not only consumers of urban services but 
also active participants in the transmission of urban memory and the construction of social networks. 

In today’s era of widespread social media, many local cultural and tourism departments have adopted 
“check-in” style as a core promotional strategy to enhance urban vitality, aiming to leverage the social media 
effect to rapidly boost tourism-driven economic growth. In the short term, this approach has indeed generated 
significant popularity and commercial benefits. A notable example is the rapid rise in popularity of “Zibo 
barbecue” during the 2023 holidays, which went viral on social platforms and drew large numbers of visitors. 
However, the trend faded within a few months, underscoring that the high vitality driven by the travel fads could 
be unsustainable. Similarly, this study demonstrates that the high popularity driven by the “social media effect” 
in the LHD has certain negative impacts on different population groups, particularly residents.  

For tourists, the tourism-oriented development results in a superficial understanding of the CA. Under the 
influence of the “restoration-as-original” strategy in tourism-oriented development, tourists are often 
unconsciously guided to form stereotyped perceptions of local culture. For instance, while most tourists give 
high ratings (Fig.9), some residents believe that the residential streets near the scenic area (Scenario C) fail to 
fully reflect the local living atmosphere, revealing differences in the two groups’ understanding of “local life.” 
Similarly, the results of the Logit model show that tourists consider the perception of CA to be very important 
and that they rate it highly uniformly, whereas residents show greater variability in perception (Table 4). This 
consistency implies that tourists’ perceptions have been shaped by the spatial transformation logic of urban 
regeneration. Tourists are drawn to visually appealing, restored historic façades, but they are less likely to 
perceive the potential loss of authenticity caused by tourism development. Such a singular perception of culture 
not only undermines the diverse expressions of local cultural identity, but also limits the depth of the tourism 
experience. This further demonstrates the potential risks of tourism-oriented development and highlights the 
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importance of retaining local residents, who can better carry on the deeper and more diverse historical and 
cultural understanding of HUA. 

For residents, the spillover of POIs such as snack and milk tea shops around the scenic area does not meet 
their daily living needs and fails to represent the authentic local lifestyle. Moreover, they have replaced the 
original community retail services that catered to residents, thereby undermining the convenience of daily life 
for the local population. The current regeneration approach of the HUA tends to overlook the creation of public 
spaces for residents. Although the public acknowledges that Sanqiba Lane (Scenario D) reflects CA (mean score 
of 14.04), it performs poorly in terms of VL (mean score of 9.25) and AL (mean score of 7.04). It is evident that, 
in the context of an aging population in Nanjing’s HUA, the current regeneration approach has led to a decline 
in public space quality. This may worsen the outmigration of original residents and the disappearance of 
established living patterns (with only 32.4% of residents choosing to reside long-term), further accelerating the 
loss of authenticity passed down by local residents and the decay of LHD. As more HUA adopt such regeneration 
strategies, it will become increasingly difficult to continue attracting tourists while retaining residents, leading 
to unsustainable urban development. 

Fig. 9. Scenario C rating,  Source: Created by the author. 

In the context of fostering sustainable vitality in HUA, for places like LHD, it is necessary to pursue not only 
the sustainable development of economic benefits, but also the sustainability of cultural inheritance. Shaping a 
high-quality urban environment from the perspective of residents' feelings could, on the one hand, leave more 
people to live here, establish a social network, and pass on the local culture, and on the other hand, allow tourists 
to feel the original cultural atmosphere of the local area and maintain the attractiveness of the urban area for 
tourism. In the short term, it is possible to balance the needs of tourists and residents through spatial and 
temporal management to reduce the negative impacts of spillover effects, in order to temporarily alleviate some 
of the possible contradictions and conflicts; in the long term, to address population aging and ensure the 
sustainable vitality of LHD, the focus should be on enhancing population attraction. To realize this goal, it is 
necessary to focus on retaining original residents as well as the continuous introduction of new residents. 
Through daily interactions and cultural integration between original residents and new residents, the latter could 
gradually assimilate into the cultural context of LHD. Over time, this process may foster the emergence of a new 
local resident group capable of cultural inheritance, thereby contributing to the sustained authenticity in the 
HUA. Currently, the majority of people drawn to LHD by its popularity are young adults, who are more adaptable 
to the emerging business forms and relatively more tolerant of environmental issues such as noise, making them 
suitable as target residents for the future of LHD. In recent years, national policies have increasingly advocated 
for youth-friendly cities. Therefore, it is possible to optimize the demographic structure to attract more young 
people to live in the area, and to enhance both the area's innovative capacity and its ability to sustain cultural 
heritage. In this way, the LHD could, in the short term, alleviate conflicts between tourists and residents and 
gain a transitional buffer period for adjustment and optimization, and revitalize itself through long-term 
transformation, achieving a win–win outcome between cultural heritage preservation and urban vitality. 
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Abstract 

San Antonio Hills in Northeast Pasco County, Florida, embraced cycling as central to its 
identity, economy, and inclusive growth. Facing outdated infrastructure, planners combined 
quantitative analysis and deep community engagement to strategically prioritize 
improvements. The resulting targeted, cost-effective upgrades enhanced cyclist safety, 
strengthened cultural identity, and reinforced sustainable regional development. 
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1. Introduction

1.1. Background 

The area in Northeast Pasco County, commonly known as the San Antonio Hills, or simply “The Hills”, 

is well known by cyclists for the rolling terrain that attracts riders from around the region and state. In 

2016, the project team were retained to assist the MPO with the preparation of a planning study to 

address multimodal (pedestrian, bicycle, automobile, and transit) safety issues. 

1.2. Context 

The study area is large, covering 100 square miles in the northeast portion of Pasco County. Though 

much of the study area lies adjacent to Hernando County, only networks within Pasco County were 

considered for improvement. The study area is mainly unincorporated, but also includes the 

municipalities of Dade City, St. Leo , and San Antonino. The corridors studied were those identified as 

active routes most used by cyclists in clubs such as Chain Gang Cycling and the Florida Freewheelers. 

The study area also includes the Withlacoochee State Trail, which in turn connects to the Coast to 

Coast Trail that crosses the state. Pasco County is also completing a route study that will connect the 

Withlacoochee State Trail to the Hardy Trail in Dade City. In addition, there are two Pasco County 

Public Transportation (PCPT) routes in the study area that makes stops at Pasco Hernando State 

College and the Trilby area. 

The Withlacoochee trail and trailhead and varying terrain make The Hills area an attractive destination 

for various kinds of bicyclists. Accommodating all these users safely will be an important investment 

in the local economy.
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2. Project Approach

2.1. Methodology 

Based on the data gathering and analysis done for the project, a methodology was developed to help 

prioritize which corridors demonstrate the greatest need. The individual corridors were evaluated 

based on 4 factors: 1. Public input, 2. Crash data, 3. Strava data and 4. Bicycle Level of Service (BLOS). 

Once the factors were determined the project team reached out to the BPAC for input regarding how 

to weight the various factors.The BPAC recommended using the following weighting for the various 

factors: 

• Public Input = 30% 

• Crash data = 30% 

• Strava data = 20% 

• Bicycle Level of Service = 20% 

The project team utilized the BPAC recommendations and then normalized and weighted the various 

factors accordingly to create a map that represents the level of need of the individual study corridors. 

(See Figure. 29-30) The corridors of need were then grouped into 4 categories: immediate (within 

180 days), near term (within 1 year), mid-term (2 to 5 years) and long term (6 to 10 years). The 

corridors identified as needing immediate improvement. 

Figure 1. Methodology – Weighted. Source: Authors. 

2.1 Public Input

Prior to commencing with the study for the NE Hills Multimodal Action Plan, Pasco County hosted a 

forum to gain input into residents and users concerns for the general study area. The meeting was 

hosted by Commissioner Kathryn Starkey and was held in Dade City and was attended by 

approximately 30 people. 
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The main concern from the farmers and residents of the area was the limited widths of roads. The 

local roads struggle to accommodate their trucks and equipment, let alone sharing the lane with cyclist 

traffic. The cyclists just wanted the opportunity to enjoy the scenery of the area and were apologetic 

on behalf of the minority of the cyclists that do not follow the road rules, but assured that the majority 

of the cyclists did indeed follow the “two-abreast” riding rule. One of the cyclists stated, “We need to 

live peacefully on the road, and respect everyone’s safety.” 

In the initial publish outreach, The project team presented an overview of the NE Pasco (The Hills) 

Multimodal Safety Action Plan Project to the Pasco County Community Traffic Safety Team in New 

Port Richey. The presentation gave an overview of the data gathered to date and there was a general 

discussion regarding multi-modal safety in the northeast Pasco County. 

In the following weeks, the project team interviewed over 150 bicyclists, runners, and walkers at the 

San Antonio Athletic Complex before and after their rides, runs, and walks. The event is part of the 

MPO’s Planning and Safety Study for the Northeast Hills area. Participants provided knowledgeable 

insights into preferred and avoided routes, road conditions and safety concerns for motorist and 

cyclists, signage, local facilities, and specific locations for improving the roads we all share. This 

region’s popularity comes from some of the most beautiful and challenging hill rides in the state. 

While the small towns, forests, open fields, and agricultural uses epitomize the rural context, most of 

the roads are two lanes with limited widths and no bike lanes or shoulders. Other concerns include 

roads that lack sidewalks safely connecting neighborhoods with parks, goods and services, schools 

and work, and transit. 

An initial finding was that while the roads lend themselves to higher speed car traffic and open terrain 

for the cyclists, slower moving tractors and other farm vehicles also operate on the same roads. The 

sometimes frustrating interaction among these road users spurred Commissioner Kathryn Starkey to 

initiate the study “to look for ways to improve the conditions and safety for both road users and 

bicyclists while enhancing the unique qualities of this area.” 

Figure 2. Sample of public input from interviews and survey. Source: Authors. 

In the final round interview, the project team interviewed around 50 people as part of the Dade City 

Farmers Market. Participants provided insights into road conditions and safety concerns for motorist 

and cyclists, signage, local facilities, and several locations for improving the roadway network. Many 

comments were received and documented by the project team. In addition, the MPO created an 

interactive map 
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simplify the comment process, which is accessible through the county website that people can do 

digital survey online. 

In the last, the project team presented an overview and status update of the NE Pasco (The Hills) 

Multimodal Safety Action Plan Project to the Joint Hillsborough, Pinellas, Pasco (Tri) County Bicycle 

and Pedestrian Committee. The presentation gave an overview of the data gathered to date and 

proposed methodology for prioritizing corridors of greatest need. 

2.2 Crash Data

Crash data was obtained from the Florida Department of Transportation from 2012-2016. The data 

was sorted and analyzed for both bicycle and pedestrian crash locations and run off the road crashes. 

During this time period there were 8 bicycle crashes with injury in the study area, but only 4 of those 

were on routes that were studied. A crash where a driver failed to the see the cyclist in the road as 

both were travelling east bound on Lake Iola Road, which is one of the study routes. At collision the 

right front of the vehicle struck the bicycle in the rear. both injuries and property damage. Adding 

shoulders is one countermeasure to this crash type that also benefits bicycles. There were 3 fatal run 

off the road crashes in the study area, but none of these occurred on a study route. 

In addition, there were 18 pedestrian crashes with injury in the study area, but only 6 were on routes 

that were studied. This time period also saw 4 crashes that resulted in fatalities. 

Run off the road crashes were also analyzed. These crashes did not involve pedestrians or cyclists, but 

could indicate that certain routes within the study area are particularly susceptible to run off the road 

crashes. One route that stood out was Bellamy Brothers Boulevard, which has a high number of run 

off the road crashes with both injuries and property damage. Adding shoulders is one 

countermeasure to this crash type that also benefits bicycles. 

Figure 3. Run off road crash data map. Source: Authors. 

2.2 Strava Data 

Strava is a smartphone application that allows athletes such as runners and bicyclists to track their 

workouts via their phone’s GPS capabilities. The developer of the application has shared aggregate 

data
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from Strava users with transportation agencies across the country, including the Florida Department 

of Transportation. This data can be used to map how often Strava users use particular roads or trails 

as thy exercise. The most recent available Strava user data for the roads of the study area was used to 

gain insight on how recreational bicyclists have been using the roadways and paths of this portion of 

Pasco County. 

Strava data capture a particular subset of a certain type of rider and should not be taken as necessarily 

representative of all types of bicyclists or bicycle trips. Strava data are an appropriate source of input 

for this particular study because the hilly terrain of Northeast Pasco County is a draw for recreational 

bicyclists and this project is intended to recommend ways to make the area more safe and comfortable 

for this type of bicyclist. 

Strava data can illustrate which routes are more or less popular among recreational bicyclists in their 

existing condition. The map in Figure 4 illustrates the frequency with which bicyclists who use Strava 

rode the roads of the project study network across all of 2015, the most recent full year for which 

data are available. This full-year data was account for seasonal variation in use. 

Figure 4. Strava data map. Source: Authors. 

2.2 Bicycle level of service 

Another factor analyzed by the project team for this study area is how well the area’s roadways 

accommodate bicyclists. While this study has solicited the opinions of area bicyclists and can infer 

some measure of suitability from the Strava data previously described, there are also more objective 

tools that evaluate bicycling conditions based on measurable attributes such as roadway geometry 

and traffic conditions. 

An evaluation of existing bicycling conditions was conducted the project study network (45 distinct 

segments across 72 miles) using the Bicycle Level of Service Model, based on data collected. The model 

is an objective measure of bicycling conditions for roadways which evaluates users’ perceived safety 

and comfort with respect to motor vehicle traffic and roadway conditions. With statistical precision, 

the BLOS 
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Model clearly reflects the effect on bicycling suitability or “compatibility” due to variations in the 

following primary factors: 

• Bike lane or paved shoulder width;

• Traffic volume, speed, and type;

• Outside lane width;

• Presence of on-street parking, and 

• Pavement surface condition.

The level of service analysis produces, for each study network segment, an objective score and 

“grade” which measures accommodation on that section of roadway, see Figure 5. The Bicycle Level 

of Service results for this study area are depicted in the Bike LOS map. 

Figure 5. Bike level of service (BLOS) map. Source: Authors. 

3. GIS analysis and result

3.1 Weighted GIS Mapping 

After all the factors were determined the project team reached out to the BPAC for input regarding 

how to weight the various factors. The BPAC recommended using the following weighting for the 

various factors: 

• Public Input = 30% 

• Crash data = 30% 

• Strava data = 20% 

• Bicycle Level of Service = 20% 

The project team utilized the BPAC recommendations and then normalized and weighted the various 

factors accordingly to create a map that represents the level of need of the individual study corridors. 

See 
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Table1. The corridors of need were then grouped into 4 categories: immediate (within 180 days), near 

term (within 1 year), mid-term (2 to 5 years) and long term (6 to 10 years), see Figure 6. 

Table 1. Identification of need by road segments. Source: Authors. 

Figure 6. Identification of need by segment map. Source: Authors. 
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4. Recommendation

4.1 ENGINEERING

There are several specific types of recommendations that the project team has identified to improve 

conditions for bicycling on the roads of the study area. These include resurfacing roadways, adding 

shoulders to the roadways, trimming vegetation to improve visibility through curves, posting warning 

signs, including some with activated flashers, in advance of blind curves. 

A. Resurfacing Certain roadways within the project study network were observed to have very rough

pavement, or, in one case, be completely unpaved. Rough surfaces can make bicycling challenging

and uncomfortable and may also cause riders to swerve suddenly as they attempt to avoid potholes

and other rough areas. Resurfacing these roadways with fresh, smooth pavement will make them

considerably more comfortable for bicycling.

B. Adding shoulders. Another fundamental change that could be made to roadways of the Northeast Pasco 

Hills study area is to create more surface where bicyclists may separate themselves from the path of

travel used by motorists on these roadways. A clearly demarcated shoulder at least four feet wide

will provide the separation that research has shown makes bicyclists feel more safe and comfortable

when riding on roadways.

C. Trim vegetation to provide clearance. There are several locations where roadside vegetation was

observed to obscure advance visibility through curves. Conditions such as these could allow motorists

to come up behind bicyclists and not see them until there is little time to react.

D. Signing at curves. Another means of alerting motorists to bicyclists on the roadway is to post signs

advising of the presence of bicyclists at locations where advance visibility of bicyclists is compromised,

or where a (future) shoulder or bike lane ends and bicyclists are re-introduced to the shared travel

lanes.

E. Activated flashers Signs warning of potential bicyclists could be supplemented with flashers activated

to indicate when actual bicyclists are present through a limited visibility curve. Flasher activation could

be programmed to persist for a period that would coincide with the amount of time needed for bicyclist

to be clear of the limited visibility zone.

4.2 Education

Local stakeholders such as the Pasco County Office of Tourism Development or the Greater Dade City 

Chamber of Commerce could develop or sponsor promotional materials to highlight the bicycling 

opportunities of the Northwest Pasco Hills area. 

In addition, a partnership should be developed with the Florida Department of Transportation (FDOT) 

and to implement their High Visibility Enforcement (HVE) for Pedestrian and Bicycle Safety 

program.The HVE program will entail both education and enforcement and will create deterrence and 

change unlawful traffic behavior. 

5. Conclusion

San Antonio Hills in Northeast Pasco County, Florida, embraced cycling as central to its identity, 

economy, and inclusive growth. To address the unpleasant riding experience issue from the outdated 

infrastructure, the county engaged the project team to produce a targeted planning study prioritizing 

improvements under a constrained budget. 
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The study began by interviewing over 150 local cyclists to pinpoint preferred and avoided routes, 

road-condition worries, and specific trouble spots. Next, the team developed a Bicycle Level of Service 

model integrating Roadway geometry, Posted speeds, Traffic volumes (ADT), and Pavement quality 

drawn from field surveys and GIS databases. Then overlaid crash data from FDOT by identifying bicycle, 

pedestrian, and roadway-departure incidents including crash locations and run off the road crashes. 

And Strava, a smartphone application that allows bicyclists to track their workouts via their phone’s 

GPS capabilities to create heatmaps to understand actual rider behavior and corridor popularity. 

Using GIS, the team mapped and weighted each metric under the guidance of the cyclist committee 

to produce a ranked list of corridors most in need of safety enhancements. The final report detailed 

recommended improvements, such as widened shoulders, high-visibility striping, and strategic 

signage, alongside cost estimates and an implementation timetable. Thanks to this data-driven, 

community-centered, and bottom-up study, the planning authority was able to secure funding and 

complete priority upgrades the following years, making The Hills safer and more inviting for all riders. 

Beyond Impact. Rural bicycling has become an integral part of community life in many places around the 

world, yet improving riding conditions remains a significant challenge for planners. This case study 

showcases how a community addressed unpleasant cycling experiences caused by outdated 

infrastructure and developed a targeted planning strategy that prioritizes improvements within a 

constrained budget. By blending rigorous quantitative analysis with deep community engagement, 

the team created a practical reference model for planners working in similar contexts. 
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Abstract 

Bhubaneshwar the capital city of Odisha in India is a historic town, with a 20th-century addition of 
the modern planned city portion and its expansion to meet the emerging needs of the society. The 
old town comprises 6th to 13th-century old living temples built in laterite and sandstones protected 
under the Archaeological Survey of India and State Archaeology, water tanks, ghats, a narrow 
street network, and residences of the Shevayat performing the rituals of the temples. Lack of 
maintenance of temple precincts and associated water tanks and traffic congestion are the major 
issues observed in this historic town. The present generation of the Shevayat community migrating 
to other professions which may disrupt the continuity of this temple town, is disregarded under the 
Smart City Mission. A structured perception survey questionnaire with closed-ended questions and 
local demarcations responses on the map of old town Bhubaneswar was prepared from the 
literature review and the survey collected 123 responses. The research integrates literature review 
observations, spatial mapping of the perception survey responses from locals using GIS, collected 
at different locations of the old town, and photographic documentation of visual observations to 
understand the sense of place and well-being. The evolution of Ekamra Kshetra, the historic town 
along with its modern expansion into the capital city of the state has had a significant impact on 
the sense of place and the wellbeing associated with the cultural heritage of the old town. A sense 
of pride and cohesion is observed in the locals because of accessibility and global outreach 
attracting domestic and international tourists and boosting revenue generation. The locals 
including Shevayats, their families, and others expressed that worshipping at temples, 
participating, witnessing, and celebrating the religious traditions and practices contribute to their 
place's attachment and dependence, retaining its identity.  The GIS-based spatial analysis of 
hotspots and coldspots from the local's perception of a sense of place and well-being in the old 
town included mapping of locations that - provide employment opportunities; have accessibility 
issues; have religious associations; have architectural significance; need waste management, 
environmental upgradation; and ensure safety. The research identified that elderly residents 
prioritized religious aspects and sacredness of the temple precincts comprising the green spaces 
and waterbodies, while a certain portion of the younger generation was looking forward to 
economic benefits and modern urban experiences. In conclusion, the research provides a holistic 
understanding of the local's perception of cultural heritage and its impact on their well-being. It 
mapped the locations in the old town that has identity, attachment, and dependence on the locals, 
and the areas that need improvement to ensure their collective well-being. It emphasized the role 
of cultural heritage – the living temples and their associated rituals and practices to safeguard the 
wholeness of historic towns. It addressed the challenges faced by the locals and the town to ensure 
its continuity and conserve the sacred geography of the Ekamra Kshetra. 
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1. Introduction  
Cultural heritage in any historic city is an integral part of its identity(Rodwell 2003), image, and 
character(Silva 2013), (Nursanty et al. 2023) encompassing both tangible and intangible expressions. 
Monuments, groups of buildings, and sites featuring combined works of man and nature have been defined 
as cultural heritage under the World Heritage Convention (UNESCO 1972). The practices, knowledge, skills, 
and artifacts recognized by local communities as learnings transcended through generations were defined 
as intangible cultural heritage (UNESCO 2003). The term ‘spirit of the place’ is generally used in studies 
related to the sense of place, especially in the context of place-making(Dameria et al. 2020a). The spirit of 
place encompasses both tangible, such as sites and buildings, and intangible, including memories and 
rituals. These contribute to a place's identity, immersing it with a sense of spirit. Intangible cultural heritage 
is central in understanding the concept of heritage and must be considered in legislation and conservation 
of cultural heritage(ICOMOS 2008).  

Cultural heritage is associated with values and significance, and perceptions of these vary amongst 
stakeholders.  The Burra charter and National Heritage Act of 2005 in Malaysia define cultural heritage 
significance as ‘cultural heritage having aesthetic, archaeological, architectural, cultural, historical, 
scientific, social, spiritual, linguistic, or technological value’ (Bakri et al. 2015). Currently, the evaluation of 
heritage significance relies not only on the experts but also on the local community (Havinga et al. 2020). 
Therefore, awareness, sensitization, and the local community's attachment to their cultural heritage are 
important for its continuity. Several researchers like (Chirikure et al. 2010), (Li et al. 2020) have observed 
that establishing people-centered approaches is necessary to recognize the local communities' need for 
continuity and their involvement in the conservation and management of cultural heritage. Hence, 
heritage-led placemaking is significant in enhancing social cohesiveness for local and community wellbeing.  

Historic cities embody the principles of traditional urban culture and cultural heritage, shaping and 
reflecting national and people's identities and establishing a connection to the past. Cultural identity issues 
are becoming prominent in a constantly evolving world. Social components, such as traditional lifestyles, 
craftsmanship, rituals, and festivals, which were previously (UNESCO 2023). Historic cities in India are 
unique because of their cultural context and geographical location, and are archives of knowledge systems 
that require documentation. Protecting India's cultural heritage requires revisiting historical bottom-up 
approaches through community participation, as informed by the heritage itself, with the knowledge 
systems approach (Thakur 2002). The involvement of the local community, who are stakeholders in cultural 
heritage, in decision-making processes for urban planning schemes is a step towards recognizing the 
knowledge systems in historic towns. An attachment to heritage and an understanding of its global 
significance are needed for the continuity of tangible and intangible cultural heritage. 

Considering all of the above in context to historic cities of India, taking the case of Bhubaneswar in Odisha, 
the paper aims to understand the following research questions: 

How do the historic town and its associated communities survive in the present times and confirm the 
continuity of rituals and practices? 

What is the perception of the local community about their sense of place and well-being associated with 
cultural heritage? 

How is the sense of place and well-being associated with the cultural heritage of historic cities impacted by 
the existing planning regulations? 
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This research aims to assess the importance of cultural heritage to local communities, thereby contributing 
to their sense of place and overall well-being. Considering the case of Old Town Bhubaneswar, the paper 
aims to understand the local community's perceptions of their built and natural heritage, as well as the 
relationships among their cultural identity, livelihood, and well-being. This paper identifies the dimensions 
of a sense of place that contribute to the local community's enhanced well-being. Hence, it investigates 
the place identity, continuity, place attachment, and place dependence of locals in relation to cultural 
heritage.  

2. Literature Review 
2.1 Role of the local community in continuity  

Community-based planning is discussed in the discourse on sustainable development, with a focus on 
fostering socio-economic change across interdependence among communities. Its successful 
implementation is dependent on integrated planning, social learning processes, and community support 
(Nasser 2003), (Deakin 2009). While the concept of community has been used in several social science 
discourses since the 1960s (Watson and Waterton 2010),(Waterton and Smith 2010) and more recently, 
diverse interpretations of the concept have emerged in relation to cultural heritage (Mydland and Grahn 
2012). The Nairobi Outcome on Heritage Authenticity, presented at the 2025 International Conference on 
Cultural Heritage in Africa (Nairobi), emphasized the evolution of heritage in relation to community, 
continuity, and identity. This represents a major change in global heritage governance, reconceptualizing 
continuity as a dynamic, community-centric approach rather than a result of preservation (Liu and Schofield 
2025).  

The community’s capacity to determine the significance of the past is crucial in preserving cultural heritage 
and passing it on to the next generations (Murzyn-Kupisz and Działek 2013), (Auclair and Fairclough 2015a). 
The living heritage method focuses on engaging the local community and the adaptation of heritage to 
contemporary requirements, in contrast to conventional conservation, which is predominantly expert-
led(Miura 2005), (Ashworth and Graham 2017). It considers both tangible and intangible aspects, which 
are closely linked to the community's religious and spiritual components (Turner and Tomer 2013), (Jigyasu 
2014). In 2003, ICCROM initiated a five-year campaign to emphasize the essence of heritage sites and their 
significance to contemporary community life (Rezaei and Khouadja 2025). Continuity in inhabited historic 
cities is significant for preserving not just their cultural heritage and historic urban character but also the 
connections the local community has with the immediate built and natural environment. These 
connections encompass values, practices, and traditions that determine a sense of belonging and identity. 
As highlighted by Kevin Lynch, it's the familiar connections that people wish to retain, and the loss of these 
can lead to a disconnect in sense of ownership and social stability (Khalaf 2020). Researchers like 
(Wijesuriya and Sweet 2018), (Liu and Schofield 2025) have stated that understanding community 
connections is essential for effective heritage management, though the current concept of continuity does 
not encompass its complexities. Therefore, it is necessary to consider local community perspectives when 
proposing conservation and heritage-sensitive development measures in historic towns. This research 
seeks to comprehend the role of the local community in the old town of Bhubaneswar, ensuring the 
continuity of its cultural heritage. 

2.2 Sense of place and well-being associated with cultural heritage  

The sense of place is significant in heritage conservation, as it provides essential guidance for spatial 
planning in historic towns (Puren et al. 2008). “It is the psychological feeling that a place brings”. Therefore, 
the sense of place is linked to the emotions with different locations in a historic town, shaped by the 
associations of the local community(Huang and Chang 2017). Cultural heritage in a historic town connects 
the sense of place with the sense of time. It focuses on how historic built structures, memories, and 
traditions are used as resources in the present, rather than just studying the past. This concept signifies 
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that the interpretations are shaped by current societal demands, allowing an imagined past to inform a 
heritage intended for the future (Ashworth and Graham 2017). Hence, placemaking plays a vital role in 
enhancing social cohesiveness, which is essential for community well-being. Several researchers, like (Hay 
1998), (Kyle et al. 2004), (Jorgensen and Stedman 2006), (Pérez-Ramírez et al. 2019), (Dameria et al. 
2020b), (Zhang & Li, 2021), (Indraswara et al. 2023), in the field of social sciences, architecture, urban 
planning, design, environmental psychology, and geography have considered place identity, place 
attachment, and place dependence as the dimensions of sense of place. In this paper, the sense of 
belongingness and attachment to a place (a historic town) are linked to its identity and connection to its 
local community. While place dependence denotes the appropriateness of a historic town for fulfilling the 
interests of the local community (Dameria et al. 2020c) . Therefore, heritage conservation is significant in 
retaining the sense of place in a historic town(place). 

The concept of the sense of place is necessary, as it can bring positive outcomes in historical environments, 
promoting emotional ties that encourage residential stability among inhabitants (Shamai 1991) and further 
leads to the resident’s well-being.. The recommendation on the Historic Urban Landscape(UNESCO 2011)  
focus on community well-being, stating that it can be attained through effective management of built 
heritage assets in a historic town, positioning conservation as a means to balance urban growth with quality 
of life. Promoting awareness about the significance of built heritage amongst the local community 
contributes to their well-being. Several studies suggest that continued engagement with cultural heritage 
leads to increased social capital and well-being (Auclair and Fairclough 2015b). The economic well-being of 
local communities is crucial for the preservation and sustainable development of the historic built 
environment. Some indicators of this well-being include household income and employment, but 
sustaining long-term well-being requires the economic viability and competitiveness of communities 
(Gražulevičiūtė–Vileniškė and Urbonas 2011). Several researchers have mentioned that cultural heritage 
significantly impacts subjective well-being in local communities and society through six factors: developing 
emotional connections, enhancing social relationships, providing preferred surroundings, promoting 
physical activities, and improving cultural accessibility (Sektani et al. 2023). This paper attempts to examine 
the sense of place and well-being of the local community in relation to the continuity of cultural heritage 
in a historic town. In Southeast Asia, communities are traditionally connected by shared resources, such as 
natural heritage and religious entities, shaped by humans and their spiritual associations rather than 
confined by location. This cultural interaction facilitated the coexistence and exchange of beliefs among 
the communities (Sapu 2009).  

 

Figure 1. Sense of place and well-being in context to cultural heritage in a histoirc diagram. Source: Author.  

2.3 Cultural heritage in old town Bhubaneswar 

The historic, sacred cultural landscape of Bhubaneswar, known as Ekamra Kshetra, encompasses types of 

cultural heritage, including unique temples, mathas, and various water tanks(Das 2023). These structures 
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helps to understand the continuing practices and rituals of sacredness. The old town area of Bhubaneswar, 

located within the Ekamra Kshetra Heritage Zone, has been on the UNESCO World Heritage Tentative List 

since 2014. Many heritage structures are present, dating back over 2,000 years, from the 3rd century BC 

to the 15th century AD (Permanent Delegation of India to UNESCO 2014). Some of these structures are 

protected by the ASI and state archaeology, while others remain unprotected. The area spans 510 hectares 

and falls under the jurisdiction of the BMC and BDA, with a population of 843,402.  

Not much information is available on the people who built the temples. The text Bhubanapradipa mentions 

two groups of people – the Pingala, artists, and Ahidhara, carpenters, as the architects. Lingaraj Temple 

precinct with Bindusagar lake, a major sacred site in the old town of Bhubaneswar, hosts a wide range of 

religious festivals throughout the year (Prothi Khanna 2019). Like temples, several tanks were excavated, 

and monasteries were erected, making them sacred to the locals and pilgrims visiting the area. 

Bhubaneswar continues to be a living center of pilgrimage in Odisha(Mohanty et al. 2021). This research 

explores the context of the historic old town of Bhubaneswar and its cultural heritage as a case study. 

 

 

 

3. Research Methodology 
The research used a qualitative method to explore the sense of places and well-being associated with 
cultural heritage in the old town of Bhubaneswar. It can be divided into four stages, first a thorough 
literature review is conducted to arrive at the research concerns and questions, followed by data collection 
using visual and perception survey, and GIS representation of the responses of the survey and its 
interpretation and conclusion.  

Figure 2. Rameswar Temple, Bindusagar Lake, Puja Panda sahi street, Mukteshwar temple, 
Rajarani temple, Lingaraj temple precinct 
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Figure 3.  Methodology diagram. Source: Author. 

3.1 Study area 

The old town of Bhubaneswar, also known as the Ekamra Kshetra Heritage Zone in the state of Odisha, 
India, is the study area of this research. Five zones are identified in the old town for the visual and 
perception survey of the locals, with major concentrations of religious heritage places and the associated 
community. The zones include the Mausima temple precinct, the Rajarani temple precinct, the 
Mukteshwar temple precinct, the Sahis, the Bindusagar lake precinct, and the Lingaraj temple precinct. The 
unique cultural heritage of the old town and the rituals and practices associated with the local community 
makes it appropriate as a study area to understand the sense of place and well-being associated with the 
cultural heritage. 

 

Figure 4.  Present map of Bhubaneswar demarcating the BMC, BDA area and the Old town; Mapping by 
author, Base map.  Source – BhubaneswarOne portal, Map of India portal; Study area zones marked. 
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3.2 Questionnaire survey 

A structured perception survey questionnaire with closed-ended questions with local demarcations 
responses on the map of old town Bhubaneswar was prepared from the literature review and the survey 
collected 123 responses. Based on the qualitative nature of the research, the sample size was not 
predetermined, and the snowball sampling method was employed, continuing until data saturation was 
achieved, at which point no new information emerged. First, the identified locals were briefed on the 
context of the research. Based on their willingness to respond, interviews were conducted for a duration 
of 15-20 minutes, and notes of the responses were taken for data analysis. If they were not willing to 
respond, the next person was identified and briefed about the context of the research. Hence, the research 
integrates literature review observations, spatial mapping of the perception survey responses from locals 
using GIS, collected at various locations of the old town, and photographic documentation of visual 
observations to understand the sense of place and well-being. The variables of sense of place and local 
well-being associated with cultural heritage were identified through the literature review, and a belief 
survey questionnaire was formulated. The list of variables and descriptions is given below. 

Variables Description and Perception Question type 

Built heritage I identify with the living temples in Old Town.  

Natural features – water 
bodies, forests, rivers 

I identify with the Pokharis and their associated rituals in Old Town.  

Religious places/Sacred sites I identify with the sacred sites in Old Town and be myself.  

Sacred ecological wisdom  The nature and human connection - Pokharis, the festivals associated with temples, yatras, 
and architectural excellence. It contributes to my connection with the old town.  

Religious association – 
festivals, rituals, and 
practices - Memories and 
experiences 

I am deeply attached to the festivals and rituals in the living temples, and participating in 
them brings me great happiness.                                       

Sense of pride I feel proud of the old town making a mark globally in tourism.  

Livelihood, Employment 
opportunities 

I support my family by earning a living through temple service. The earnings from temple 
service are insufficient to support my family. The Shevayat community is migrating to other 
occupations to support their families. There are many earning options in the old town, 
particularly in relation to the living temples.  

Unwillingness to move I happily choose to stay in the old town for the rest of my life.  

Pilgrimage, Heritage/ 
religious tourism 

The old town is a great destination for a pilgrimage, offering a unique experience of 
architectural beauty that attracts both domestic and international tourists, and generates 
earning opportunities for us.  

Planning regulations – 
preservation of sacred sites 

Preservation of sacred sites in the locality is considered in the existing planning regulations 
by the BDA.  

Community Participation There is active community participation in the rituals and festivals. Our opinion is taken into 
consideration in the decision-making process of the present government schemes.  

Satisfaction with living in the 
old town 

I feel good living here in the old town. There are certain issues related to living conditions 
that require attention.  

Family and community ties The connection with my family, learning temple service, and participating in community 
festivals makes me happy.  

Environmental upgradation I am concerned about the existing condition of the water bodies in the old town, the lack of 
maintenance in the precinct, and I believe that an upgrade is required.   
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Need waste management I am concerned with the present waste management by BDA in the old town.  

Ensure safety I feel safe in the sacred sites and precincts of the old town.  

Have accessibility issues I am concerned that the sacred sites are not universally accessible. There is traffic congestion 
during peak hours.  

 

3.3 Data analysis 

The visual survey identified locations that need attention, and the observations were noted. The perception 
survey responses from the locals were collected using a structured questionnaire and a map of the old 
town, which included location demarcation, and location specific hotspots and cold spots were mapped in 
QGIS. The goal of the data analysis was to determine the cultural heritage locations associated with the 
sense of place and well-being of the locals. The locals identified the zones of cultural heritage, places with 
religious associations, their memories, expressed their unwillingness to move from the Sahis, tourism 
opportunities, their satisfaction with living in the old town, and their community relationships. They also 
identified the locations that need environmental upgradation, need waste management, and places that 
have accessibility issues. These interpretation from the locals' responses, can be incorporated into policy-
making focusing on the local community's involvement in the decision-making process, as the next step. 

4. Results and discussions 
The old town of Bhubaneswar comprises temple precincts with associated rituals and festivals, water 
bodies, natural setting, the craft clusters, and the residences of the local community, the shevayats. These 
reflect the spirit of the old town, encompassing associated values of architecture, history, culture, 
landscape aesthetics, religion, and economics. From the visual survey, it can be observed that there is a 
lack of maintenance in the temple precincts and associated water tanks, and traffic congestion due to the 
narrow street network in this historic town.  

 

Figure 5. Bindusagar Lake; Kedar Gouri temple Pokhari; Ananta Vasudev temple precinct; Sahi street.                      
Source: Pictures taken by the author during the survey in July 2024                                                                          

The respondents have identified the locations of Lingaraj temple, Bindusagar lake precinct as of maximum 
significance(hotspots), followed by Mausima temple precinct, Mukteshwar temple precinct, and Rajarani 
temple precinct as built and natural heritage locations they could identify themselves with in the old town 
Bhubaneswar, compared to any other location which is not significant(cold spot). The respondents have 
identified the locations of Lingaraj Temple and Bindusagar Lake precinct as the most significant (hotspots), 
followed by Ratha Road for Rukuna Rath Yatra, Mausima Temple precinct, Mukteshwar Temple precinct, 
and Rajarani Temple precinct for their religious associations. The respondents have identified the locations 
of Lingaraj temple and Bindusagar lake precinct, Mukteshwar temple precinct, as of maximum 
significance(hotspots) for the employment opportunities associated with cultural heritage. 
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Figure 6. Built and natural heritage; Religious association;  Employment opportunities associated with cultural 
heritage. Source: Maps created by the author in QGIS using perception survey responses from July 2024. 

 

Figure 7.  Environmental upgradation; needs waste management; Has accessibility issues. Source: Maps 
created by the author in QGIS using perception survey responses from July 2024. 

The respondents have identified the locations of Sahis, Lingaraj Temple, and Bindusagar Lake precinct as 
the most significant (hotspots), followed by Mausima Temple precinct and Mukteshwar Temple, as 
locations with waterbodies that need revival in the old town of Bhubaneswar, compared to any other 
location that is not significant (cold spot). The respondents have identified the locations of sahis (residences 
of shevayats) as being of maximum significance (hotspots), followed by the Lingaraj temple and Bindusagar 
lake precinct, which require attention to garbage disposal issues. The respondents have identified the 
locations of sahis (residences of shevayats) as being their unwillingness to move, associated family ties, 
and having accessibility issues due to narrow roads, followed by the Mukteshwar temple precinct. The 
location demarcation, based on the responses of the local community, identified areas significant to them, 
the custodians of the cultural heritage of the old town. 

5. Conclusion  
In conclusion, the evolution of Ekamra Kshetra, the historic town, along with its modern expansion into the 
capital city of the state, has had a significant impact on the sense of place and the well-being associated 
with the cultural heritage of the old town. A sense of pride and cohesion is evident among the locals, thanks 
to accessibility and global outreach, which attract both domestic and international tourists, thereby 
boosting revenue generation. The locals, including Shevayats, their families, and others, expressed that 
worshipping at temples, participating in, witnessing, and celebrating the rituals, traditions and practices 
contribute to their place's attachment and dependence, thereby retaining its identity. The present 
generation of the Shevayat community, which is migrating to other professions and may disrupt the 
continuity of this town, is disregarded under the Smart City Mission. The GIS-based spatial analysis of 
hotspots and coldspots, based on locals' perceptions of a sense of place and well-being in the old town, 
identified locations that require attention. This understanding will help urban designers, planners, and 
policymakers incorporate the dimensions above, involve the local community in the decision-making 
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process, and contribute to heritage-led placemaking. Therefore, it is significant to document the cultural 
heritage and associated rituals and traditions, and preserve the knowledge systems associated with the old 
town to take our past to the future.  
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Abstract 

Ireland is a country which had experienced relatively little expansion of urban areas for almost a century, 

now followed by a subsequent half century of rapid expansion.  Over a prolonged period of evolution 

towns and cities had developed by accretion, with nucleated structures of a strong spatial identity. Rapid 

population growth and inward migration now create expansion within this settlement structure. Study of 

this condition yields some fascinating aspects of a settlement framework called upon to expand suddenly.  

Irish cities, though small by comparison, represent a microcosm of larger cities elsewhere. Small cities 

might still enjoy the freedom to become larger places, and their development plans display interesting 

concepts of vision. When a village becomes a city however the spatial upscaling can be blind. 

This paper describes a recent research study which looked at five Irish cities, examining proposed and 

realised expansion plans, reviewing the promise and performance of their development intentions. The 

source for this research is the statutory development plan which each settlement is obliged to produce, 

amended at six-year intervals, this amendment reacting to the challenge of changing circumstances. 

The results show distinct threshold limitations for cities of radial structure, or accidental radial evolution. 

In Ireland the expansion of individual settlements is also seen to mirror the expansion of the national 

settlement system reflecting a layout which is also radial but at different scales. 

With growing environmental constraints new urban edges are developing with higher density than are 

areas closer to the centre, prompting thought on how one manages a centre-first structure, and the 

growing relevance of this concept.  The clarity of these challenges in the study of smaller cities is shown 

to be of immense value in the recognition of long-term development thresholds which can be obscure in 

larger settlements.   

 

Keywords 

   Expansion Thresholds, Nucleated Settlement        

 

1. Context  
Ireland is a country which had experienced relatively little expansion of urban areas for almost a century, 

now followed by a subsequent half century of rapid expansion.  Over a prolonged period of evolution towns 

and cities had developed by accretion, with nucleated structures of a strong spatial identity (Bradley 1985). 

Rapid population growth and inward migration now create expansion within this settlement structure.   

Increasing wealth and mobility have encouraged outward movement of former residents from town 

centres to new suburbs as in many countries, but additionally in Ireland this movement extends to the 
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amenity of the surrounding countryside. In this trend towns and cities have been losing the heritage and 

spatial value of their central nuclei. Residential diffusion has already created suburbs, and scatter beyond, 

in all of which residents still expect the town to be present as a service centre. 

Initially planning authorities were blindly lenient to this movement but recent planning control has 

attempted to chase and catch this scatter with more serious attempts to cluster development in an urban 

framework of towns and cities. The research described herein looks at the promise and performance of 

development plans within this movement, in the context of their attempts to retain settlements as nuclei. 

2. Methodology 
The core of this research has concentrated on a trawl of urban development plans over a fifty year period, 

focussing on five settlements in particular, but with reference to others where examples beckon.        Under 

formalised planning regulations introduced in 1963 development plans for towns and cities are prepared 

by municipal authorities. These are revisited at five-to-six-year intervals for review and re-adoption. In 

recent years the system has been supplemented by a framework of local plans.  

Initially, in the 1960s and 1970s most plans were developer-lenient, facilitating an outward movement of 

residence which in turn led to the development of low-density environs which are now largely car-

dependent. Although the horse had bolted, the enduring promise by which development plans now curb 

this development displays increasing attempts to curtail scatter and re-densify settlements as nuclei, 

linking these with efficient public transport systems.                                                                                                         

The research has examined a sample of 94 development plans, looking in particular at the place of the 

nucleus and its treatment by the plan, illustrating its proposed place in the future settlement, wherever 

consideration of this is evident, including how access to it develops or reduces as concepts vary.  The 

research objective is not to assess the quality of the development plan but to use the plan as an historical 

document towards an understanding of emerging issues which relate to nucleation. The recognition of 

intended urban development is measurable from issue papers prepared by municipal authorities in the 

advancing six-yearly reviews of their development plans.  

 

3. Discussion 

 

3.1. Key factors 

An initial scoping reveals that four factors in particular emerge as having progressive relevance to 

nucleation, with relevance also to each other. The first of these is an adoption of the neighbourhood centre 

as a suburban nucleus. Second is the recognition, albeit gradual, of the original town or city centre as the 

dominant nucleus. Third is a growing acceptance of the need to develop sustainable transport linkage 

between neighbourhood centres and between these and a town or city centre. This need leads to the 

emergence of proximity planning in later plans in tandem with overall transportation planning.                                  

From the progressive importance of these first three factors, development plans show evidence of the 

thrust to strengthen central place in the slower growth and development of smaller settlements over time. 

In later plans this emerges as a distinct fourth factor and can be seen to represent the first serious 

consideration of heritage value where the original town or city centre might become the most valuable 
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nucleus. The interaction between these factors varies throughout the range of development plans in the 

nature and variety of settlement ranks for which they plan.  Recurring elements however which stand out 

as distinct within the research findings, shall now be specifically outlined. 

 

3.2. Neighbourhood centres as nuclei 

The Neighbourhood centre, applied a century ago in the UK and US as a social nucleus in the design of 

suburban neighbourhoods, is found with a range of variations in Ireland. Here in the immediate post-war 

period a distinct grouping of convenience retail services formed a common similarity to a neighbourhood 

nucleus, often retrofitted where a number of housing developments were sufficiently adjacent to justify 

retail market demand (Convery 1999). This could be seen as respecting an early fifteen-minute catchment 

when ownership of cars had not yet been achieved. The nucleus of this period did however not contain 

community facilities such as schools. The adoption of the neighbourhoods at full concept level, first begins 

to show universal evidence in development plans of the late nineteen seventies. Previous to that the 

earliest tranche of development plans show evidence of areas zoned for housing, generally on the 

expanding edge of the existing settlement, but often without any structured planning of facilities, while 

frequently pushing the location of such residence beyond a previously accessible walking distance of the 

settlements services. A strive for local identity and community within an already accepted scatter is 

perhaps a consequence of this state. Subsequent plans show aspirations to fit nucleus to place rather than 

the other way around.  

The scale of a neighbourhood vision can vary across the administrations of different settlements. In a 

comparison between two typical sample cities the identity of neighbourhood is applied to quite different 

concepts. In Galway, a city of pop. 80,000 the application of neighbourhood concept in recent analysis uses 

the pursuit of character areas (Browne, Coady, Pollard et al, 2024) to identify and describes forty-one 

potential neighbourhoods. In Waterford, a city of pop. 54,000 the development plan identifies just four 

potential neighbourhoods outside that of the city centre.                                                                                 

From our recent findings, the essential ingredients for a neighbourhood centre are generally listed (Kearns 

and Parkinson 2001) to facilitate a particular population, to be reachable by local individual mode such as 

pedestrian or bicycle, containing schools, convenience shops and identifiable social facilities.                                                    

Although the planned aspirations for a centre may be clear, its critical attraction to retailers as a focus of 

local service shopping is a field that is apparently difficult to manage, affected by such factors as image, 

brand choice, and shopper practice. Retail centres do compete. In some cases the neighbourhoods do also, 

being too small to attract a full range of services. The neighbourhood centre might ideally be served by a 

transit link to other places giving access to a higher rank of services in the modal range of the transportation 

framework. Many development plans however do not propose this as critical. 

 

3.3. The original town centre as nucleus  

Attempts to strengthen the original settlement centre as a nucleus have now become national policy in 

Ireland, conspicuous in all current plans, as the heritage value of the original town centre becomes strongly 

valued for identity and continuity. Residents of suburbs are seen to need a centre of local downtown 

association as part of district identity. An original village centre, of a single main street is thus called upon 

to become a downtown (Findlay and Sparks, 2009). Here the built form is frequently regarded as of 

inappropriate low-density for a central place. Preserving a physical heritage is thus in some cases seen as 
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preserving the residual form of a different period, at the expense of the settlement’s natural progress.  The 

issue has similar arguments to those of urban archaeology where the centre becomes an historic 

preservation of past heritage but gets in the way.  The plan is frequently required to argue for  physical 

conservation of the centre.  

Development plans appear to opt for various approaches to this issue.  One is where the plot structure is 

retained, keeping the street layout but encouraging denser plot use. It essentially rebuilds density within 

the form and layout of the original village street. This sacrifices the fabric of original buildings to provide 

for a place that has more vibrant relevance within the expanded settlement. Only the location of the centre 

retains historical identity.  Another common option is where the original village street is preserved with its 

original buildings and scale, providing historical continuity but filled with cultural uses rather than essential 

market services. Instead, an adjacent new centre is built in a form which serves the essential convenience 

requirements of the surrounding city.  

Fig.1 and 2 (Source Tailte Eireann Map permit no. CYAL50442193) 

                                                                                                                                                       

Every option appears to create a centre of different relevance for the inhabitants of the expanding 

settlement. To show the distinction we refer to two researched cases. One example shows Swords, (fig. 

1,2) originally a small village with a single street which now becomes the main street of a large town in a 

metropolitan area. A new district shopping mall absorbs much if the shopping demand just south of the 

village spine while the buildings of the main street have generally held their single or two-storey form, now 

accommodating smaller specialist shops, peppered with a number of single plot retail clusters                                   

(DoEHLG, 2010). No significant multi-storey residential use has been added. The original fabric is refilled 

with fringe units of lower space requirement. This area is retained to be a lightweight pedestrian precinct. 

The model here may be similar to that of a typical small settlement in middle-America where serious 

essential convenience shopping is carried out in a large single indoor mall close-by, but unrelated to, the 

original village street, where art workshops and low-rent outlets now locate separately.                                                 

A similar example is the settlement of Ashbourne, called upon to extend its role from village to town centre. 
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Here the single storey village street is left untouched while a new precinct of urban streets and squares, 

with multi-level residence above, creates a parallel urban centre of very different character and density, 

juxtaposed less than 100m to the west.                                                                                                                                                                                         

A ‘Town Centre First’ programme, which includes financial incentives, is a national attempt to sustain 

original town centres as primary nuclei, albeit in some competition with the development of 

neighbourhood nuclei as secondary. Under this programme, a re-introduction of residence is now 

attempted around the core to refill a two or three-storey fabric which had become derelict due to 

residential diffusion in the last century. The attempt is having some success. 

 

3.4. Transportation, proximity planning and the linkage of nuclei. 

Initially development plans were required to have a specific section proposing solutions to congestion. In 

the early plans these solutions tended to show the widening of roads to facilitate swifter movement of 

cars. Later development plans commonly show efforts to reverse the initiatives of earlier plans, particularly 

in aspects of transportation, density and the development of public transport routes. In fact over a twelve 

year planning period in one city an early plan had required specific parking spaces to be provided in 

development, the municipal authority imposing a cost penalty for their omission, while in a later plan the 

same authority would prohibit such car parking spaces, imposing a cost penalty for their inclusion.                                                                                                                                                                           

Cross-sections through towns and cities now show increased density towards the urban fringe as previous 

outward wastage of land is corrected and tightened. This creates a more dense edge or crust separated 

from the less dense but more extensive inner suburb. In this inner area the development of access to nuclei 

has had only limited success within an urban fabric of two-storey low-density suburban family housing 

estates. Such a large area of lower density between city centre and more-dense fringe appears to create a 

challenge for transportation planning in the larger cities.    

 

   

Figure 3. Typical Urban City (Limerick, Pop. 102287) Development Plan Transportation Overlay 
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The idea of “Identity vs. Role Confusion” (Erikson, 1950) explains the demand of a minor community to 
belong to a privileged group. The concept suggests that teenagers, in unprivileged communities, struggle 
to construct their sense of self and identity. They often encounter social and economic challenges that 
make them feel even more deprived of their peers and society. Creating an inclusive and supportive 
environment can integrate teenagers into the community and help young people to thrive. Urban 
planners could ensure that teenagers' needs for recreation, socializing, and self-expression are 
considered when designing public spaces.  

3.4. Amusement park    

Surprisingly, the Survey-2024 revealed that adolescents feel nostalgia for the amusement park (30%) that 
was eliminated after the reconstruction. The old playground (5%), which was upgraded during the 
reconstruction, is also an object of remembrance. Even though they haven’t been using it for years, 
one-third of teenagers miss those elements of the park. 

Nostalgia for playgrounds and attractions might relate to the memories of a carefree childhood. 8% of 
adults, who spent their childhood in the park or visited it, also associate the park with childhood.  

The theory of unconscious fantasy (Klein, 1932) can explain teenagers' feelings toward childhood.  
According to Klein, infants and young children develop unconscious fantasies, mental representations of 
their instincts, desires, and anxieties to make sense of their experiences and relationships.  

In this sense, the playground/amusement park was a place of exploration and interactions - “significant 
object”. Children fill the playground with meanings and emotions through unconscious fantasies that 
become part of the teenager's world and sense of self, as they grow. 

The application of Melanie Klein's theory in urban planning is a challenge. Even if communities' fantasies 
are revealed, their reflection in urban planning is subjective and might not be accepted.  

3.5. The fence 

The fence also provoked teenagers' nostalgia (1%). The fence is a historical element, so inhabitants got 
used to it as a recognizable element of the environment. Urban planners continuously debate about 
fencing. While a fence can protect by limiting access and setting operating hours, it also isolates 
vulnerable social groups. The perimeter of the fence creates a zone of alienation, making it difficult to 
monitor and control social behavior. Fences, walls, and counters - physical elements that are perceived as 
impermeable boundaries associated with territoriality (Aboualy et al., 2018). Newman (1972) and Nasar 
& Jones (1997) suggest that the clearly defined spaces improve the sense of safety.  

Bridges (2004) proposes the liminal space concept that refers to the in-between, transitional, or 
threshold areas between different states, places, or phases. This concept is widely used in observing 
migration processes and organizational transformation. In the context of the cities, it finds new meaning. 
Transitional areas between different neighborhoods, districts, or land use, vacant lots, and borders 
between public and private territories make cities full of liminal spaces.   

Urban planners usually employ the means of tactical urbanism to create the transition between two 
spaces. By using temporary solutions and gradually blurring the border, urban planners test the 
transformation of one space into another. 
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3.6. The arch 

The Mental Map-2024 revealed the expanded color palette, with the orange color prevailing. This 
recommends the importance of the design elements of the park. Teenagers spread an orange color on 
the neighborhood and marked the entrance arch as the zero point of the neighborhood. The “Orange 
Arch”- the main entrance that replaced a previous fence- had become a central landmark (Figure 3). Its 
function as a liminal space evokes an association with a transitional object. 

Figure 3. The main entrance in 2021 vs 2024. Source: Author. 

Winnicott (1953) saw the transitional object as an item that facilitates an individual to transfer from 
complete dependence to greater independence and to explore the external world. Certain elements of 
the environment can serve as “transitional objects” and provide a sense of familiarity, comfort, and 
connection with each other in urban communities. As the new object might have a new look for the old 
environment, it might be perceived as a new identity of the space.  In urban planning, temporary 
installations, pop-up events, or other flexible elements can inspire creativity and innovation by providing 
a “safe space” for residents.   

4. Limitations, future research, and conclusions

This research has several main limitations. The first relates to the subjectivity of the methodology. The 
data interpretation of the surveys, mental maps, and interviews is subjective, even though more than 2 
experts do it. Secondly, the methods' application to other social groups. For adults, the drawing method 
might not be effective and should be replaced by verbal data interpretation methods. The issue with 
subjectivity also concerns the author’s attitude towards the project, as they were deeply involved.  

From a system psychodynamic perspective, within individuals and communities, the dynamics of cities 
can evoke significant intrapersonal and collective responses. Urban planners and architects intuitively and 
respectfully approach the Genius Loci and embed local culture and identity; however, the sociocultural 
effects of interventions remain underexplored.  

This research reveals the importance of central public space for teenagers' self-identification and 
personal transformation in unprivileged remote neighborhoods.  

The social tension in the transformed neighborhood was revealed thanks to the teenagers' mental maps. 
The lack of identities or their collision that causes confrontation within communities can be explained by 
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the Theory of Large Group Identity. If implemented in urban planning, the theory suggests that architects 
and planners should lead and facilitate communities in building their identities and unite around them. 

The inner need for a place to address anxieties and concerns during times of change is represented in the 
collective demand for public space. The “Holding space” concept suggests that public spaces can become 
a therapeutic, safe, nurturing, and non-intrusive environment. Representations of the holding space 
concept in urban environments are spontaneous monuments and memorial objects. 

Teenagers, specifically in unprivileged communities, struggle to establish their sense of self and identity. 
The theory of “Identity vs. Role Confusion” can explain teenagers’ feelings of remoteness and desire to 
belong to the privileged group. Therefore, urban planners should ensure that teenagers' needs for 
recreation, socializing, and self-expression are met by actively involving them in the public space design 
processes.  

The theory of unconscious fantasy might explain teenagers’ nostalgia for the amusement park and their 
feelings toward childhood. Here, urban planners encounter the challenge of revealing and interpreting 
community fantasies and moderating them. 

The blurring of the boundaries in the urban environments occurred with the demolition of the fence. This 
act could be perceived by teenagers as an intervention that provoked a sense of loss of privacy. The 
liminal space concept supports the assumption. One of the methods to work with liminal spaces 
commonly exploited by urban practitioners is tactical urbanism. It proposes future transformations and 
increases a sense of safety.  

New elements in the urban environment can become a transitional object that facilitates community 
during the transformation and provides a sense of familiarity, comfort, and connectivity, Winnicott (1973) 
suggests. Transitional objects in urban planning can inspire creativity and innovation by recommending a 
“safe space” for residents, so they can experiment with new ideas and ways of interacting with the 
environment. 

Urban planners can create inclusive and sustainable environments by shifting their focus from creating 
perfect images to understanding the social and psychological impact of urban transformations. 
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Abstract

Creating inclusive and culturally vibrant public spaces remains a core challenge in urban
regeneration. A key measure of a project's success is how people use the renovated space, but
traditional evaluation methods like manual observation are often time-consuming and imprecise.
This research addresses this gap by developing and applying a reliable toolkit based on computer
vision (CV) algorithms to efficiently and accurately evaluate regeneration achievements.
The methodology was applied to the regeneration of Zhen Alley, a living street in Nanjing. Drone-
acquired videos from before and after the regeneration were processed using YOLOv5 and
Bytetrack algorithms to anonymously detect, trace, and classify pedestrian, cyclist, and vehicle
activities with decimeter-level precision. Pedestrian behaviors were classified into seven
categories, which informed six street quality indexes visualized in Kiviat diagrams.
The findings reveal that the regeneration successfully increased space for pedestrians, optimized
traffic flows, and regulated parking. Safety improved at the alley's northern entrance, and new
seating areas effectively attracted users. However, the analysis also demonstrated that increased
vitality within a limited spatial scale inevitably leads to a higher probability of conflict. This study
introduces an objective and efficient CV-based approach to track public activities, providing
robust empirical evidence to understand the complex relationship between spatial design and
human behavior. This method can help practitioners assess the effectiveness of urban
regeneration and inform the design of more responsive and inclusive public spaces.

Keywords

Public Space, Urban Regeneration, Behavioural Analysis, Computer Vision
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1. Introduction
At the forefront of urban life, public spaces are constantly modified to meet the needs of current lifestyle
trends. How to create public space with cultural characteristics and inclusiveness is still the core
challenge in urban practice. More than physical environments, how people use public urban spaces is a
key approach to measuring their quality (Kaparias et al., 2015, Motomura et al., 2022). Particularly, in
regeneration projects, the comparative observation between the original environment and the renovated
one can evaluate the effectiveness of its planning and design objectives.

Previous research often assesses public urban spaces by calculating behavior-related indexes through
observing recording or interviewing (Gehl and Svarre, 2013, Mehta and Bosson, 2021), and have been
applied to assist regeneration design or evaluate the regeneration’s achievements in vitality, safety and
walkability (Kaparias et al., 2015, Kang, 2019). However, most of these studies are either time-consuming
or limited in inaccuracy. Furthermore, as a key feature of pedestrian behavior, traditional methods
typically only provide qualitative conclusions in the form of trajectory maps(Gehl and Svarre, 2013, LV et
al., 2021, Musselwhite, 2022).

In recent years, the vigorous development of Computer Vision (CV) algorithms in behaviour recognition
and trajectory tracking has made it possible to detect and analyse more detailed behaviours in public
spaces more efficiently and accurately. This research develops a reliable toolkit based on CV algorithms
to efficiently and accurately detect, trace, and classify public activities with decimeter-level precision in
public spaces and thus evaluate its regeneration achievement.

This research investigated the regeneration of Zhen Alley, a once vibrant but chaotic living street. Videos
of key street segments acquired by drones were processed through CV technology (YOLOv5 and
Bytetrack) to detect and track pedestrians, cyclists, and cars. All drone operations were conducted in full
compliance with the prevailing airspace regulations and privacy statutes promulgated by the Nanjing
municipal authorities. In the analysis, the faces of pedestrians and cyclists captured in the videos were
blurred at the first step to ensure anonymity. Pedestrian behaviors were classified into seven categories
by Density-Based Spatial Clustering of Applications with Noise (DBSCAN) and behavior recognition
algorithms. Then, based on all behaviour data, six street quality indexes were calculated and visualized
using Kiviat diagrams, which assessed traffic, conflict and vitality of a certain street segment. Notably, the
group people ratio directly reflects social interaction, while the leisure activity ratio reflects leisure and
activity diversity. Comparing the diagram and trajectory mapping before and after the regeneration, the
relationship between spatial alterations and behavioral changes were revealed.

This paper is structured as follows. Sec.2 introduces the methodology, including how to construct the
reliable toolkit based on computer vision algorithms capable of efficiently and accurately recognizing,
tracing, and classifying the behavior of public space users with decimeter-level precision, as well as
methods for processing and analyzing the acquired trajectory data. Sec.3 is the case study,
comprehensively evaluating the effectiveness of the Zhen Alley’s regeneration project through both
qualitative analysis of behavioral trajectory maps and quantitative analysis of six street quality indexes.
Based on the application in this case study, briefly discuss the significance in the regeneration of public
urban space of this method. Sec.4 concludes with a discussion and proposes future developments for the
research.
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2. Methodology
This study uses a two-stage methodology, as shown in Figure 1, to advance from fundamental data to a
holistic assessment. The first stage involves identifying public open space user behaviors and tracing their
trajectories. In the second stage, this foundational data is used to calculate public urban space use quality
based on six significant indicators derived from classical urban design theory.

Figure 1. Research Framework. Source: Author.

2.1. Case Study Object and Data Collection

2.1.1 Urban Renewal Project of Zhen Alley

Zhen Alley is located in the central urban area of Nanjing, China, with a nearly 450-meter-long street as
its core. It is a once vibrant but chaotic living street. In August 2024, it was listed as one of the 13 urban
renewal pilot projects in Nanjing, and the "Zhen Alley - Jiangjun Alley Regeneration Plan" was
implemented. The Zhen Alley urban renewal project is characterized by its low budget, short cycle, and
fast pace. Along this nearly 450-meter-long street, the budget for infrastructure upgrades was only about
5 million yuan, and the first phase was completed in less than one year. The urban regeneration
assessment method proposed in this paper is designed to address the need for quickly identifying the
current state of public urban spaces and evaluating the effectiveness of the regeneration after
completion. Therefore, our method is highly suitable for application and evaluation in the project of Zhen
Alley.

2.1.2 Data Collection

The key regeneration nodes are the starting points of the pedestrian environment improvement project
in Zhen Alley - Jiangjun Alley. As noted by Jan Gehl, the quality of a pedestrian network relies heavily on
the attractiveness of its key nodes (Gehl, 2013). Improving these starting points serves to invite public life
back into the public space. This study selects three nodes for case study as shown in Figure 2. Node A, as
the entrance to the entire Zhen Alley community, is adjacent to the Sipailou campus of Southeast
University and aims to be transformed into a public space with iconic and cultural significance. Node B is
the node between Zhen Alley and Shuangjing Alley branch road, and its regeneration was carried out in
conjunction with the original public toilet and surrounding recreational spaces. Node C is the intersection
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of Zhen Alley and Zhujiang Road, an important urban road. The project carried out a comprehensive
renovation and upgrade of the shops and traffic at this node.

Figure 2. Comparison of nodes before and after regeneration. Source: Author.

This study used a DJI MAVIC 2 drone in tripod mode at an altitude of approximately 20 meters to collect
high-altitude video data of the node in their original state and after the regeneration was completed. In
the initial stage of the project, the original state video data of node A was collected from 10:30 to 11:00
on the morning of October 15, 2024, the original state video data of node B was collected from 16:30 to
17:00 on the afternoon of October 17, 2024, and the original state video data of node C was collected
from 17:30 to 18:00. After the regeneration of three nodes were completed, video data was collected by
drone from node A between 10:30 and 11:00 on October 1, 2025, from node B between 16:30 and 17:00
PM on September 28, 2025, and from node C between 17:30 and 18:00. Each video segment was 5
minutes long, and three segments were collected at each node at a time. Data collection was performed
during cloudy weather with a cool, comfortable temperature of around 26°C.

2.2. Recognizing Human Behaviors in Public Urban Space

2.2.1 Recognition and Tracing

This study employs the YOLOv5 (Jocher et al., 2022) object detection algorithm and the ByteTrack (Zhang
et al., 2022) multi-object tracking algorithm to track public urban space users in video footage. The model
used in this study is based on pre-trained weights from YOLOv5, trained on a synthetic dataset consisting
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of 1400 images collected by us using drones on several representative streets in Nanjing and Yangzhou,
China, 300 images from the CrowdHuman dataset (Shao et al., 2018), and 200 images from the Visdrone
dataset (Zhu et al., 2022). This model can quickly and accurately identify pedestrians, non-motorized
vehicles, and motorized vehicles as street users. To accurately recognize and trace the same person in
different video frames, this study uses the ByteTrack tracking algorithm combined with the YOLOv5
object detection algorithm, enabling precise tracing of every moving target in the public space and
providing reliable support for subsequent behavior analysis and data statistics.

2.2.2 Perspective Transformation

The trajectory data obtained through recognition and tracing is based on the video perspective plane,
and its coordinates are also pixel coordinates. These pixel coordinates can be mapped to the actual space
plane through perspective transformation (Niola et al., 2006). Points in the original image need to be
projected into a new coordinate system using a transformation matrix to determine the three-
dimensional space. The operation equation of this matrix has 8 unknowns (i.e., 4 sets of known mapping
points), including 4 points obtained through surveying and 4 points selected in the original image. By
utilizing a self-developed integrated measurement verification and optimization tool, we combined
quadrilateral convexity constraints (Nocedal and Wright, 2006) with quadrilateral inequality constraints
to run three algorithms in parallel: BFGS (BROYDEN, 1965), SLSQP (Kraft, 1988), and Trust-const (Celis et
al., 1985). The coordinates with the minimum error were selected as the final solution, thereby rapidly
converting field measurement data into the coordinates required for perspective transformation.
Through projection mapping, perspective distortion caused by the shooting angle is eliminated. Therefore,
when collecting data from the same space at different times, it is no longer necessary to control the
shooting position.

2.2.3 Behavior Classification and Mapping

Behavioral classification is the basis for evaluating the use of public space. Pedestrians are classified
based on their physical movement (dynamic or static) and social interaction patterns (Gehl and Svarre,
2013, Mehta, 2007) to evaluate the quality of public space usage. To be specific, this study calculates and
determines pedestrian behavior patterns in space using instantaneous velocity (v) and cluster number (N)
data. Pedestrian behavior patterns are categorized into seven types based on the DBSCAN (Ester et al.,
1996) algorithm: single person staying (S1), single person wandering (S2), single person walking (S3),
multiple people staying (M1), multiple people wandering (M2), group staying (G1), and group walking
(G2). These seven basic behavior types comprehensively cover pedestrian categories in public spaces and
show a strong correlation with basic pedestrian behavior data in actual calculations. Our team integrated
the algorithms described above into a toolkit. Users simply need to open the video and input the required
real-world distance data, the program will automatically process and output a data list in .txt format.
Finally, based on our self-developed visualization program using the Rhino and Grasshopper platforms, a
behavioral trajectory distribution map is generated.

2.3. Analysis approach

2.3.1 Comparison of Spatial Behavioral Trajectories

Qualitatively determine whether the use of space has improved by comparing the changes in behavior
trajectories before and after the regeneration of public spaces. One can qualitatively judge whether
newly added facilities are effective by observing whether the trajectories of people staying are
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distributed on them, such as seats and leisure facilities. Furthermore, the distribution of staying and
wandering trajectories can provide a rough indication of whether spatial vitality has been improved. On
the other hand, by observing whether the trajectories of pedestrians, non-motorized vehicles, and
motorized vehicles are all within their respective legal passage areas, one can roughly judge the level of
traffic order. This analysis approach, which visualizes behavioral trajectories in the specific space, not
only provides designers accustomed to visual perception with a tool to quickly and intuitively understand
space usage, but also can directly convince clients of the urgency of regeneration and the effectiveness of
the regeneration results, making it highly practical in real-world projects.

2.3.2 Quantitative Assessment of Public Space Quality

This study also establishes a quantitative assessment framework comprising six indexes derived from
pedestrian, cyclist and vehicle trajectory data. These indexes evaluate public urban space quality from
three dimension: Conflict (TF, BD), Traffic (TS, AS) and Vitality (LA, SA). All indexes are normalized to
facilitate cross-scenario comparisons. These indexes are used to generate the final Kiviat Diagram.

1. Trajectory Fluctuation (TF)

TF index evaluates the traffic fluctuation by quantifying the degree of angular variation in trajectories.
Higher values indicate weaker traffic flow and greater traffic complexity. Traffic disruption can explain
chaos and mixing, while also providing a basis for where people gather and linger. The index calculates
the mean of the absolute values of all instantaneous turning angles �� (i.e., the change in heading
between consecutive time steps) across all trajectories, denoted as ���� . To standardize this value and
provide relative meaning, ���� is divided by a predefined angle �0 (set to �

3
�������), which represents a

significant turn.

�� =
����

�0
, �ℎ��� ���� =

1
�

�=1

�

��� [1]

2. Blocking Degree (BD)

BD index aims to quantify instability in the traffic flow by detecting sharp velocity changes, which identify
conditions of block flow caused by conflicts or interruptions. The algorithm first reconstructs individual
trajectories by object ID. It then calculates the instantaneous acceleration �� = �� − ��−1 for each object
over consecutive time steps (1 second in this research). An event is counted as a “blocking incident” if
this acceleration �� exceeds a specific threshold set for that traffic mode. In this study, the pedestrian
threshold ����−� = 50��/�2 , the bicycle threshold ����−� = 200��/�2 and the car threshold ����−� =
400��/�2 . BD is defined as the total sum of blocking events ������ across all individuals (pedestrians,
cyclists and cars), divided by a constant scaling factor ������ (set to 100) for data scaling.

�� =
������, ���(�� > ����−�) + ������, ���(�� > ����−�)� + ������, ���(�� > ����−�)��

������
[2]

3. Traffic Speed (TS)

TS index assesses the overall fluidity of different objects in traffic. It calculates the average speed of
different objects in the public space and divides it by the maximum prescribed speed for that type of
object in the space. Standard speeds are first established for pedestrian ����, ��� = 6��/ℎ , cyclist
����, ��� = 20��/ℎ and ����, ��� = 30��/ℎ . After filtering out static (� = 0 ) data points, the average
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speed ����� for each traffic mode is calculated. Then a normalized speed �����,���� is calculated by
dividing its average speed by its standard speed:

�����,��� =
�����

����, ����
[3]

TS is ultimately defined as the weighted average of these three normalized speed values, weighted by
their respective data point counts �����.

�� =
�����,������� + �����,������� + �����,�������

���� + ���� + ����
[4]

4. Average Staying (AS)

AS index quantifies the behavior of pedestrians standing still or walking slowly in the space, which is an
important indicator of attractiveness. First, a low-velocity threshold ���� is defined to distinguish walking
from staying states (in this study ���� = 10��/�). AS is calculated as the ratio of pedestrian data points
with a velocity � below ���� (�����) to the total number of data points (������).

�� = �=1
������ [�� < ����]�

������
[5]

5. Leisure Activity (LA)

LA index qualifies the frequency of leisure-related behaviors occurring in a space based on the behavioral
classification (S1, S2, M1, G1). It is calculated as the ratio of �������� to the total behavior data points
������.

�� =
��������

������
, �������� = �����(�1) + �����(�2) + �����(�1) + �����(�1) [6]

6. Social Activity (SA)

SA index measures the frequency of social behavior in a space based on behavioral categories (M1, M2,
G1, G2). It is calculated as the ration of ������� to the total behavior data points ������.

�� =
�������

������
, �������� = �����(�1) + �����(�2) + �����(�1) + �����(�2) [7]

The above six indexes together constitute an objective evaluation framework for the quality of public
spaces based on the behavioral trajectory data of people and vehicles, and are presented visually using
Kiviat diagrams.

3. Analysis of the Regeneration Results of Three Spatial Nodes in Zhen Alley
3.1. Analysis of the Spatial Behavioral Trajectory Maps

This section uses the behavior trajectory tracking toolkit mentioned earlier to process all drone video
data and visualizes it to form trajectory maps. Based on these behavior trajectory maps shown in Figure 3
and Figure 4, it is easily to intuitively compare changes in people's behavior in these three spatial nodes
before and after intervention, and qualitatively assess the quality of the transformation.
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Figure 3. Behavioral Trajectory Diagrams before regeneration. Source: Author.

Figure 4. Behavioral Trajectory Diagrams after regeneration. Source: Author.

1. Node A

Before the regeneration, drone videos and trajectory maps revealed some instances of people staying
and wandering, concentrated in the sidewalks on both sides of the street and the community entrance in
the lower left corner. However, these areas lacked adequate seating or recreational facilities to meet the
needs of pedestrians. Furthermore, on-street parking of vehicles and haphazard parking of bicycles not
only reduced the space for pedestrians but also easily caused traffic conflicts and congestion.

After the regeneration, the node has been added seating facilities at the entrance steps of the north
store and the sidewalk area. At the same time, a special parking area for bicycle has been designated to
regulate parking. The width of the motor vehicle lane has been reduced to a one-way lane, and non-
motor vehicle lanes have been marked on both sides. Drone videos and trajectory maps visually revealed
that pedestrians were crossing zebra crossings more smoothly and, guided by ground markings, were
more inclined to cross on the sides of the road, improving traffic order and ensuring safer crossing
behavior. Meanwhile, newly added recreational seating facilities were utilized, compensating for previous
deficiencies and proving the effectiveness of the improvements. However, due to limited space, on-street
parking cannot be completely avoided, which significantly affects the pedestrian environment.
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2. Node B

Before the regeneration, the public restroom’s entrance opened directly onto the street, with non-
motorized vehicles parked on its both sides. Drone videos and trajectory maps revealed that pedestrians
and vehicles were mixed in the middle of the road, resulting in frequent traffic conflicts. Despite being a
highly vibrant area, this restroom exhibited a low level of spatial quality.

After the regeneration, the entrance to the public restrooms was changed from steps to a ramp, parallel
to the sidewalk. The facade was rebuilt with red brick and decorated with plants. Similarly, the driveway
was changed to a one-way lane, and non-motorized vehicle lanes were added on both sides. The effects
are obvious, as drone videos and trajectory maps show that, guided by the ground markings, pedestrians
are more inclined to walk on the sides of the road, and the phenomenon of crossing the road in the
center has been significantly reduced. The improvement in spatial quality not only optimizes traffic order
and safety, but also increases pedestrians' willingness to linger, and further reflects the enhanced vitality
of the entire Zhen Alley.

3. Node C

Before the regeneration, the most prominent issue at this intersection was that on-street parking
compressed the original two-lane road. Drone videos and trajectory maps show that the triangular plaza
in front of the Social Security Service Center was originally a good area for pedestrians to rest.

This intersection was relatively complex, with limited space for spatial changes. Therefore, the final
implementation only involved minor updates, including prohibiting on-street parking at this complex
intersection, adding ground markings for non-motorized vehicle lanes on both sides of the road and
standardizing their parking areas, and upgrading the storefronts of the corner shops. Although the
regeneration may seem minor, it has indeed served to improve the appearance and traffic order of Zhen
Alley, making it another entrance to the area.

3.2. Six Quality Indexes and Kiviat Diagrams

Figure 5. Kiviat Diagrams of Six Quality Indexes. Source: Author.
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This section uses the six quantitative indexes defined above — average stay (AS), traffic speed (TS),
trajectory fluctuation (TF), blocking degree (BD), leisure activities (LA), and social activities (SA) — to
compare and analyze the changes in spatial quality at the three key nodes (A, B, and C) before and after
the regeneration. These indicators are visualized as Kiviat diagrams as shown in Figure 5 and can be
summarized into three key dimensions: Vitality (LA, SA), Traffic (AS, TS), and Conflict (BD, TF).

1. Node A

For node A, while TF (-0.00916) remains almost unchanged, BD (+0.06034), TS (+0.05127), AS (+0.0384),
and LA (+0.0547) all increase slightly, and SA (+0.2541) increases significantly. This indicates that, without
altering the original spatial layout, the degree of trajectory fluctuation at this location did not change
significantly. It is noteworthy that the increase in traffic speed and average staying time demonstrates
that the regeneration has, to some extent, optimized traffic order at this node, while also increasing
people's willingness to stay and wander, thus encouraging more social and leisure activities. This is
consistent with what we observed in drone videos and behavioral trajectory maps. On the other hand,
limited by the confined spatial scale, the need to accommodate more activities and higher vitality
increases the likelihood of conflicts for passing pedestrians and vehicles. Therefore, it can be observed
that although traffic order has improved, sudden speed changes are actually increasing slightly, leading to
a rise in BD.

2. Node B

For node B, TF (-0.00134) also remains almost unchanged, BD (+0.20012), TS (+0.14186), AS (+0.11704),
and LA (+0.15483) all increase, while SA (+0.44927) increases significantly. The addition of ground
markings and the reconstruction of public toilet’s entrance effectively improved overall traffic flow speed.
The addition of greenery and the improvements of the interface quality have also increased people's
willingness to linger. This is consistent with what has been observed in drone videos and behavioral
trajectory maps. Similarly, the higher level of vitality comes at the cost of increased traffic conflict.

3. Node C

Node C initially exhibits primarily traffic characteristics, with high TF and low TS suggesting complex
traffic flow. After the regeneration, while TF (-0.01386), BD (+0.04134), AS (-0.05763), LA (-0.0317)
change very slightly, TS (+0.10797), SA (+0.09336) increase slightly. It is evident that, despite employing a
micro-update strategy for this node, regulating parking behavior and using ground markings to guide
traffic have improved traffic speed. The increase in the activity metric also indicates that improving the
interface to attract users to stay is effective.

3.3. Evaluation of Regeneration Effectiveness and Research Implications

Overall, in terms of spatial vitality and behavioral changes, the regeneration at all three nodes resulted in
improvements in vitality, indicating that the interventions were effective in attracting staying time and
social behavior. Node A, in particular, achieved its goal of better facilitating pedestrian staying time and
traffic flow diversion without a significant increase in conflict. Other nodes saw an increase in activity,
accompanied by a rise in BD. This was mainly due to temporary blockages at points where people
gathered, which increased the frequency of speed fluctuations and braking events, but remained within
an acceptable range.

Although the construction budget for the entire Zhen Alley project was only 5 million yuan, the urban
renewal effect has begun to show results in just a few months. From this study, we can find that the
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several selected nodes ’ traffic flow (BD, TS) has improved and the spatial vitality (AS, LA, SA) has been
significantly enhanced to varying degrees, which means it provides an excellent example of a low-cost,
fast-paced urban renewal project. This case study also provides strong empirical support for the
application of our research methods and tools in urban regeneration.

4. Conclusion
This paper provides a new method for effectively and objectively tracing people's movements in urban
spaces, which can be rapidly deployed and repeatedly validated. The primary contribution is a
methodological toolkit designed to evaluate the efficacy of low-cost, rapid urban regeneration projects. It
can also help to discover the relationship between spatial elements and human behaviour in public
spaces, provide empirical evidence for designing culturally responsive and inclusive public spaces and
assess the effectiveness of urban regeneration.

The case study of Zhen Alley affirmed the method's feasibility. Our analysis demonstrates that the
regeneration of Zhen Alley has increased the space for pedestrians to stay and move around, optimizing
traffic flow, and regulating parking behaviors. Notably, in the alley’s northern entrance, the regeneration
motivates pedestrians to follow traffic rules, improving the safety of crossing the road. The conversion of
stairs into seating areas effectively attracted resting and staying activities. At the other two nodes, the
general improvement in streetscape quality also effectively enhanced the vitality of the space. However,
the analysis also demonstrated that increased vitality within a limited spatial scale inevitably leads to a
higher probability of conflict. These findings will provide designers with valuable design feedback and
offer empirical experience for future urban public space’s regeneration.

Despite these findings, there are several limitations in this study. First, the reliance on drone videos
capture over in limited time means that findings may be susceptible to accidental factors, and statistical
randomness cannot be fully precluded. Furthermore, video instability due to airflow may introduce minor
inaccuracies in trajectory tracking. Future research that utilizes fixed cameras for long-term observation
will help obtain richer and more stable data.

Second, the computational processing speed and the accuracy of behavioral classification present areas
for improvement. The current model's classification of behaviors requires further refinement. For
instance, "staying" behavior is not yet differentiated into sub-categories such as 'standing' versus 'sitting'.
This ambiguity affects the precise calculation of activity metrics, as not all "staying" behaviors can be
definitively classified as 'leisure'.

In the future, this research methodology should be expanded and validated in broader urban scenarios,
rather than being limited to single case studies. An important development path is to incorporate human
subjective perceptions (such as thermal comfort or perceived safety) into the analytical framework.
Finally, the accumulation of large-scale real-world behavioral trajectory data will be crucial for calibrating
and improving the predictive accuracy of urban design spatial behavior simulations.
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Abstract 

Vienna’s social housing system stands out globally as a successful model for building inclusive, socially 
mixed, and resilient urban neighbourhoods. Developed over the past century, this system has consistently 
prioritized housing as a public good rather than a commodity, resulting in high quality, affordable homes 
for a large proportion of the population. Today, approximately 50% of Vienna’s 2 million residents live in 
publicly subsidized housing. A core strength of the model lies in its universal access: generous income 
eligibility thresholds allow low and middle income households alike to apply. This inclusive approach ensures 
a social mix that prevents the concentration of poverty and the formation of marginalized enclaves. 
Vienna’s social housing also emphasizes high architectural and urban design standards. Through combined 
architecture and housing developer competitions with strict design criteria and ecological standards, new 
housing developments incorporate generous green spaces, shared facilities, high energy standards, 
ecological materials and attractive building forms. These spatial qualities foster daily interaction, 
community engagement and a strong sense of local identity. The New European Bauhaus (NEB), criteria 
"sustainable, aesthetic, together" apply. Public housing is not pushed to the urban periphery. Instead, it is 
integrated into well connected, mixed-use urban districts with access to public transport, employment, 
social and cultural infrastructure. The city’s planning policies ensure that social housing is embedded in the 
fabric of everyday urban life, preventing spatial segregation and encouraging soft mobility, thereby 
implementing a 15 minute city concept. A key feature is affordability. Social housing rents average far below 
market rates and due to their high proportion, also market rents are moderate. Tenants benefit from long 
term leases, legal protections and participatory planning mechanisms. These factors contribute to strong 
social cohesion and long term neighbourhood continuity. The system is underpinned by public and non-
profit ownership, which guarantees affordability over time. The City of Vienna and non-profit housing 
associations play a central role in development and management, reinvesting surpluses into new housing 
rather than extracting profit. Crucially, the city has resisted selling off its housing stock, thereby maintaining 
public control over housing assets. Sustainability, renewable energy usage and climate resilience are key 
for each neighbourhood development. This abstract will present two brownfield redevelopment case studies 
that exemplify the Vienna model in practice: • Seestadt Aspern: One of Europe’s largest urban expansions, 
transforming former airfield land into a multifunctional district with over 20,000 planned residences, work 
places, social, cultural and commercial facilities, with a high capacity public transport system embedded in 
landscaped green spaces to prioritize walking and cycling with a renewable energy system, pedestrian- 
friendly climate-resilient public spaces and green buildings. • Wolfganggasse: A redevelopment of a former 
tram depot into a compact urban quarter featuring cooperative housing, social infrastructure and 
innovative live-work concepts. The abandoned former tram depot building was revitalized as a cultural 
community centre and a market-place. Each of these developments is based on a distinct, high quality 
masterplan, tailored to the site’s specific urban context and development goals. While their planning 
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frameworks differ in scale, form, and functional mix, all reflect Vienna’s commitment to social inclusion, 
design excellence, and environmental sustainability. These examples demonstrate how Vienna transforms 
left-over or underused land, typical brown-field sites, into socially integrated, sustainable, high quality 
urban neighbourhoods. They illustrate the programmatic tools, planning strategies, and principles for the 
built environment that define the Vienna housing model. The case studies also highlight how the system 
balances affordability, design and community life, offering transferable lessons for cities seeking to promote 
inclusive sustainable growth while providing urgently needed affordable housing. 

Keywords 

Inclusive neighbourhoods, sustainable brownfield redevelopment, high-quality affordable housing models

1. Introduction

First, a historic overview of the development of the Viennese housing system shall provide the framework 
for the understanding of today’s advantageous situation that attracts numerous international delegations 
striving to learn from the Vienna model. From 1917 onward until the present time the Viennese housing 
model has evolved and relied on the pillars which were established at the very beginning in 1922. Even in 
financially difficult times, the respective city governments resisted selling property to plug budget holes 
and guarded their assets - namely the municipal ownership of land. 

The Viennese housing system was developed with the help of renowned architects and urban planners as 
well as sociologists who did not only focus on designing functional and aesthetic buildings but also on 
creating neighbourhoods with social, cultural and technical infrastructure. This is an early version of today's 
15-minute city concept which advocates the provision of essential services within walking reach. At the
beginning of the 20th century the city fathers already had the foresight to create mixed city-districts with
socially integrated communities by using the land provision and the zoning to guarantee the fair
distribution of social housing estates across the entire city. Today, Wiener Wohnen manages Europe's
largest municipal housing portfolio, comprising 1,800 complexes with 220,000 individual flats and 5,500
business premises (Wiener Wohnen).

2. Historic Overview of the Evolution of Affordable Housing in Vienna since 1900

2.1 A housing crisis as the starting point for regulations of the private market in 1900

Vienna’s social housing system was developed out of necessity for urgent reforms in a severe housing crisis 
in the early twentieth century. From this crisis evolved an enduring and institutionally coherent model of 
housing and urban welfare policy that remains valid to the present day. At the turn of the 20th century, as 
industrialisation swelled the city’s population, Vienna had become the fourth-largest city in Europe, with 
roughly two million inhabitants (Weihsmann, 1985; Blau, 1999; City of Vienna, 2024). The housing situation 
had reached an unprecedented low, characterised by severe shortages, overcrowded tenements, 
homelessness, and widespread tuberculosis among the working classes (Weihsmann, 1985). Many workers 
lived in so-called ‘Bassena’ flats—one-room units with shared corridor water taps and toilets—and 
overcrowding was intensified by the presence of ‘bed lodgers’, residents who rented a bed for only a few 
hours at a time (Weihsmann, 1985; City of Vienna, 2024). 

The first step marking the birth of the social-housing programme was the introduction of national rent 
controls under imperial–royal authority in 1917. Although these controls made existing dwellings more 
affordable, they removed the economic incentive to take in roomers, thereby further reducing access to 
accommodation for the poorest households (Matznetter, 2002; City of Vienna, 2024). 
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2.2 Social reforms in the interwar period 

In the aftermath of World War I and the collapse of the Habsburg Monarchy in 1918, social reforms gained 
momentum, with the Social Democrats winning a decisive majority in the 1919 municipal elections. The 
establishment of Vienna as a federal city-state in 1922 enabled the introduction of a progressive housing 
tax in 1923, providing a stable fiscal base for large-scale municipal investment and positioning housing at 
the centre of social recovery (Blau, 1999; Matznetter, 2002; City of Vienna, 2024). This first municipal 
programme envisioned 25,000 dwellings within five years and was guided by the principle of providing 
“fresh air, light and sunshine,” a motto that keeps resonating with Vienna’s housing policy today (City of 
Vienna, 2024). 

During the interwar period known as Red Vienna (1923–1933), Vienna’s municipality had constructed 
approximately 60,000 apartments in 335 complexes (Blau, 1999; City of Vienna, 2024). These extensive 
housing developments integrated public services, green courtyards, schools, laundries, and health facilities, 
thereby translating the need for social reform into spatial innovation. This pioneering endeavour was 
abruptly interrupted by the constitutional crisis and civil war of 1934, which ceased the democratic 
municipal governance (Holzner and Huberman, 2022). The subsequent authoritarian regime (1934–1938) 
and the Nazi annexation of Austria (1938–1945) brought municipal construction to a halt and led to the 
ideological and functional repurposing of many existing housing estates. 

2.3 Reconstruction in the post-war period 

After 1945, roughly one-fifth of Vienna’s housing stock was either demolished or declared uninhabitable. 
Reconstruction became a national priority, and housing policy was institutionalised as a pillar of Austria’s 
emerging welfare state. The 1954 Housing Subsidy Act established long-term public funding, enabling a 
new wave of municipal construction (Matznetter, 2002). The Per-Albin-Hansson-Siedlung West was built 
in the “garden city” tradition with low-rise housing and generous green spaces, while in the 1960s and 
1970s the Per-Albin-Hansson-Siedlung Ost was constructed using prefabricated concrete, characteristic of 
Vienna’s industrialised post-war building boom. Later, the Alt Erlaa residential park (1976–1985) applied 
terraced high-rise typologies at a large scale embedded in large open green spaces and with extensive 
green terraces for each apartment. Its success was supported by a deliberately balanced social mix, 
achieved through variations in apartment sizes, rent structures, and allocation policies that encouraged 
families, singles, and elderly residents alike to move in. The wide range of shared amenities: cultural, 
medical and shopping facilities, nursery schools, roof-top pools, fitness-rooms, a residents-operated radio 
station, later also a TV -station, inspired and nourished the active community-life in Alt-Erlaa. Residents are 
so satisfied with their apartments, buildings and the neighbourhood that they never move out. (Förster 
and Menking, 2018). 

2.4 The evolution of the social housing system from 1980 until present 

From the 1980s onward, Vienna’s social housing system shifted into a mixed model of public regulation 
complemented with non-profit development. Limited-profit housing associations (LPHAs) became the 
principal actors in subsidised construction, operating under cost-rent regulations and municipal 
supervision. 1984, the City of Vienna founded an organisation called “Wohnfonds Wien” in order to 
manage their land properties, acquire new land and take the responsibility for refurbishment projects of 
City owned housing estates. In 1995 Austria joined the European Union; Vienna succeeded in retaining its 
unique model of limited-profit housing developer competitions for teams of developers, architects and 
multidisciplinary experts. This system has been essential for the development of vibrant and attractive 
neighbourhoods with affordable and socially inclusive housing. Wohnfonds Wien sells or leases city 
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property to housing developers and uses developer competitions for the allocation of land and quality 
assurance. If a developer fails to meet the promised quality, the property transaction can theoretically be 
reversed—though in practice this is averted by consultations of the adaptations with the jury, a re-
evaluation and expert-guided modification of the project. 

2.5 Increased housing demand and affordability pressures since 2008 

In response to rising housing demand and affordability pressures after 2008, Vienna introduced the SMART 
Housing programme in 2012, promoting cost-efficient, energy-conscious apartments, and launched the 
Municipal Housing NEW initiative in 2015, reintroducing direct municipal development. A distinctive 
characteristic of the Viennese model is its focus on developing entire neighbourhoods rather than isolated 
buildings. Since its initiation in 1995, the housing developer competitions have centred on neighbourhood-
scale developments in which Wohnfonds Wien offered several sites to different competitors. This allows 
the launch of large competitions for several city blocks with a thematic focus tailored to the neighbourhood 
(e.g., live–work typologies, intergenerational living, single parents, etc.). 

3. International Context: European Housing Crisis and Need for Inclusive Social Housing

Housing affordability has become a global problem, especially since the urbanization trend resulting in 
large numbers of people leaving their provincial homes in search of work in growing cities. Universally, 
these new urban dwellers encounter difficulties when searching a residence unless they possess sufficient 
means to afford market-rate apartments. In most cities, affordable housing estates no longer exist in 
sufficient numbers, not even for the local citizens and definitely not for newcomers. The housing-market 
has become a business and an investment opportunity, particularly since the new millennium and was only 
interrupted by the financial crisis in 2008 to 2009. Speculative apartment buildings have grown rapidly, 
often filled with small apartments intended as an investment for buyers to sublet at high prices. As a result, 
households worldwide spend an average of 31% of their income on housing costs such as rent and 
mortgage (SDG Report, 2025). Although Europe in general experiences a relatively lower burden at 21.4%, 
many European cities like Prague or Paris have become so expensive that young people cannot afford an 
apartment and have to either stay at home or move. Most cities that were in the possession of municipal 
social housing in the past, e.g. Berlin or the former communist cities, Prague, Bratislava, Warsaw, Bukarest, 
etc. either sold their properties to raise funds or handed them over to the respective renters to avoid the 
maintenance costs. Consequently, these cities have a high percentage of ownership and lack rental 
properties, particularly affordable ones. The international comparison of cities by Holzner and Huberman 
illustrated the direct relation between the percentage of ownership to the height of the rents. The more 
private ownership in the housing market exists the higher the rents are. Cities like Berlin which once had a 
large municipal housing stock are now in urgent need of reforms and new affordable housing construction 
on public land. The lack of foresight in the 1980s and 1990s resulted in dramatically higher prices: over the 
past eight years house prices have increased by 48% and rents by 18%, leading to affordability pressures 
even in high-income countries (European Parliament, 2025) and a so-called housing crisis which has 
become a decisive factor in recent elections: from cities as diverse as Amsterdam, Graz, Copenhagen and 
New York mayors have campaigned and won with the promise to provide affordable housing. Furthermore, 
these numbers do not properly reflect the disparities across income groups. Individuals in the bottom 
quintile of income distribution spend at least 40% of their disposable income on rent or mortgage payments 
(OECD), highlighting the disproportionate strain on low-income households. Young adults are also highly 
affected: in 2023, the average age for leaving the parental home in Europe reached 26.3 years (European 
Parliament, 2025). 
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The persistent gap between housing supply and demand exacerbates these challenges. Residential 
construction output in Europe dropped by 5.7% in 2024, following a 2.6% decline in 2023, while building 
permits fell by 14.6% (floor area) and 19.6% (number of dwellings) between 2021 and 2023 (European 
Parliament, 2025). Structural underinvestment, lengthy permitting procedures often exceeding a decade, 
and zoning restrictions are identified as major causes of this stagnation. 

The scale of unmet housing needs across Europe is striking: France requires 518,000 homes annually 
(198,000 social), Germany at least 400,000 (140,000 social), the Netherlands nearly 1 million by 2031, and 
Sweden over 500,000 by 2033 (Housing Europe, 2025). These shortages contribute to urban segregation, 
as low- and middle-income households are increasingly displaced from central urban areas. 
Vienna’s social housing model, however, provides a compelling example of how targeted policies can 
promote inclusivity and sustainability. By emphasizing mixed-income communities and leveraging 
brownfield redevelopment projects such as Seestadt Aspern, Village im Dritten, and Wolfganggasse, Vienna 
demonstrates how social housing can alleviate affordability pressures, counteract urban segregation, and 
create resilient neighbourhoods. Understanding these strategies offers valuable lessons for addressing the 
housing challenges confronting other European cities. 

4. The current affordable housing system in Vienna

Today, Vienna is one of the fastest growing cities in Europe. In spite of the typical demographic 
development of overageing and low birth rates, the Viennese population has grown continuously over the 
past 30 years due to migration from Austrian nationals, EU citizens, third country migrants and refugees 
from the Balkans in the 1990s, from Ukraine, Syria and Afghanistan. The graphic below highlights the 
growing pressures on Europe’s housing market as a result of urbanization and migration. As the comparison 
chart shows, Vienna recorded a population increase of +13.8% over the past decade—the second-highest 
growth rate among major EU cities. 

4.1 Number and distribution of housing types 

Around 60% of Vienna’s population lives in subsidized or otherwise 
publicly supported housing, making it one of the largest and most 
stable affordable housing systems worldwide (Socialhousing Wien, 
n.d.). 78% of the residents rent their dwelling, making Vienna a city
of renters  (Statistik Austria, 2024). This is a result of strong tenant
protections and a highly-developed non-market housing sector.
Social housing spans all 23 districts of the city, from the city centre
to the suburbs, ensuring broad integration of the weakened 
communities and thereby preventing segregation.
At the core of the affordable housing system of Vienna are the city’s 220,000 municipal apartments, which
house roughly 500,000 people (Socialhousing Wien, n.d.). This extensive stock which keeps affordable rents 
as principal, has a positive effect on the wider housing market.

4.2 Accessibility of housing 

Eligibility for both municipal and subsidized housing includes age, continuous residency in Vienna, 
citizenship or long-term residence status, and income limits. Crucially, Vienna sets its income threshold so 
high that approximatly 75% of the population qualifies for affordable housing, which ensures a strong social 
mix rather than a system reserved only for low-income groups (City of Vienna ,n.d). This mix ensures mixed 
communities in all 23 districts and avoids formation of areas with a negative reputation. 

Fig 1 Graphic by Architects Tillner & Willinger
(2025). Source: Statistik Austria (2024)
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A cornerstone of Vienna’s system is its large social housing stock of municipal apartments in which rents 
are legally capped. In the subsidized market of affordable-housing rents are based on construction and 
operating costs rather than market demand, protecting tenants from speculative price pressures and 
reinforcing social stability. 

4.3 Housing programmes and their costs for the renters 

New housing projects within Vienna’s affordable housing system are delivered through two programmes. 
One is city-operated by Wiener Wohnen and is called “Gemeindebau”; this is mostly municipal housing and 
offered at lower rents to renters with lower incomes. The second one which is the majority in new 
construction of affordable housing projects, is subsidized housing built by (mostly) non-profit housing 
developers. In the second category, the income threshold and the rents are higher, furthermore a 
downpayment of approximately € 15-20.000, depending on the size and location of the apartment within 
the building, is required. Within these programmes two different apartment typologies exist . 
SMART‑Wohnungen provide compact, cost-efficient apartments from around 40 m² upwards, with gross 
rents capped at approximately €7.50/m² without deposit payment, targeting young people, singles, and 
small households (Wiener Wohnfonds, n.d.; IBA Wien, 2024; Ganz Wien, 2025). The programme “Municipal 
Housing New” offers larger apartments with high-quality design, ecological performance, and adaptable 
layouts, suitable for families and residents at different life stages (IBA Wien, 2024). The eligibility rules 
differ because only lower income groups qualify for SMART housing. 

The City of Vienna is in the privileged position to be the largest holder of property in the city. This is the 
result of foresight and planning with respect for future generations by the City Fathers and Mothers since 
over a hundred years. With few exceptions the City never sold its land and guarantees the continuous 
provision of housing by rezoning sites and reclaiming unused brown-field sites, mostly those that were 
previously used for infrastructure, predominantly for rails in accordance with the train department ÖBB or 
an air-field. In parallel, the city strategically allocates land for new public and limited-profit housing, often 
reclaiming or repurposing urban plots to expand supply without driving up land prices. 
Vienna also invests in the renovation and modernization of its existing housing stock, including energy-
efficient retrofits, accessibility improvements, and upgrades of communal spaces. Non-profit housing 
associations are a key actor in Vienna’s housing system, partnering with the city to develop, manage, and 
operate subsidized apartments. They play a crucial role in maintaining affordability standards and ensuring 
high‑quality housing solutions (IBA Wien, 2023). 

5. Inclusive neighbourhoods through the four housing pillars

The City of Vienna initiated the housing-developers competition system as a key instrument for ensuring 
the envisioned high quality of the subsidised housing production on municipally owned land. The 
responsibility for the organisation, execution and quality control was transferred to the Wohnfonds Wien. 
Vienna’s housing-developer competition system is applied to all land owned by the municipality which is 
dedicated for housing and ready for development. Both municipal housing projects and developments 
undertaken by limited-profit housing associations are predominantly allocated through competitive 
procedures. Central to these procedures is the four-pillar model, which evaluates proposals according to 
four equally weighted criteria: Economy, Social Sustainability, Architecture, and Ecology. Only projects 
performing strongly across all categories are selected, securing consistent quality throughout the city’s 
housing portfolio. The evaluation is performed by Wohnfonds Wien together with representatives of city 
departments and an expert jury (housing developers, architects, landscape architects, and sociologists. This 
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multidisciplinary jury supports the development of inclusive neighbourhoods by analysing all the needed 
aspects for a vibrant community. 

5.1 Pillar 1- Economy 

The costs for the future residents as well as for the housing developer are evaluated. The economic experts 
examine the long-term affordability and financial feasibility of the submitted projects. The assessment criteria 
include construction costs, projected rent levels, financing structures, and the developer’s creditworthiness. 
Affordability plays a central role in maintaining socially mixed and inclusive neighbourhoods. Economic 
accessibility supports diversity and long-term social stability across the city’s districts. 

5.2 Pillar 2- Social Sustainability 

Projects must foster inclusive and cohesive residential communities. Submissions are assessed on their concepts 
for communal programming such as shared spaces, cultural and social uses, local commercial units that 
contribute to a vibrant street-life. Community-building strategies range from support for new residents to long-
term digital platforms. The management of communal facilities ensures that new housing developments 
cultivate supportive, inclusive, and adaptable neighbourhoods and integrate well into existing communities. 

5.4 Pillar 3- Architecture and Urban Design 

Excellence in architecture and urban design is key. The evaluation emphasises the urban design concept, 
including building placement, massing, and the quality of open spaces and the architectural quality of facades 
and floor-plans and the plinth. Generous circulation spaces with day lighting are valued for their potential to 
encourage informal encounters, while efficient, well-organised apartment floor plans are recognised as essential 
for residents’ well-being. 

5.5 Pillar 4- Ecology 

Considerations of environmental quality and climate performance include landscape design, greening strategies 
(communal and private gardens, facade and balcony greening), biodiversity enhancement, and recreational 
areas. The evaluation also includes ecological building materials, energy efficiency, and the integration of 
renewable energy systems. Through these criteria, subsidised housing development are alighned with Vienna’s 
broader climate and sustainability objectives. 

5.6 Principles and Outcomes of the Four-Pillar Model 

A defining feature of the Four-Pillar Model is its requirement for balanced performance across all categories. 
High achievement in one pillar cannot compensate for deficiencies in another. This holistic approach ensures 
that selected projects integrate affordability, community cohesion, architectural quality, and ecological 
responsibility. As a result, the model has significantly contributed to the durability, inclusiveness, and 
sustainability of Vienna’s subsidised housing stock. 

6. Housing-Developer Competition Procedure in Practice

6.1 Single phased or two-phased process

Vienna’s competitions for subsidised housing follow either a single or two-stage procedure, depending on the 
complexity and size of the sites. The single-phased process is applied for smaller or clearly defined sites with 
little flexibility for rezoning. The two-phased process is advantageous for selecting the best urban design and 
planning concept for larger sites before entering too deeply into details. 

Stage 1: Concept Phase- A reduced brief is provided, tailored to the site (urban planning objectives). Submissions 
are presented to a jury, which selects two to three projects for further development based on the Four-Pillar 
Model. 
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Stage 2: Project Development- Shortlisted teams elaborate their proposals along with the Four-Pillar Model. 
Final presentations are evaluated by the jury, which recommends a winning project for implementation. 

6.2 Quality Assurance Mechanisms 

Quality Advisory Board- In large urban development areas, whether subsidised, privately financed, or 
mixed, the Quality Advisory Board ensures neighbourhood-wide quality. Its responsibilities include 
participation in planning procedures, definition of quality targets, and monitoring of implementation. This 
mechanism expands the principles of subsidised housing quality to mixed-funding contexts. 
Land Advisory Board- For subsidised projects on developer-owned properties with fewer than 500 units, 
the Land Advisory Board provides oversight to ensure compliance with Vienna’s standards. This process 
safeguards consistency in subsidised housing across varying project scales and ownership structures. 

7. Learning from Vienna: The significance of housing as a public good

7.1 Vienna’s social housing model create inclusive and sustainable neighbourhoods

As described above, the advantageous assets from the City of Vienna are on one side the large property 
holdings with enough reserve for the future and the municipal apartments managed by Wiener Wohnen. 
On the other side, the City established Wohnfonds Wien, an organisation responsible for the future 
development of municipal sites with the aforementioned competition model. A second tier is the 
continuous land-acquisition to safeguard the resilience of the system; this is demonstrated in the reference 
project Wolfganggasse where Wohnfonds Wien purchased the site from ÖBB; the railway co. This resilient 
and well-organized system gives the municipal housing experts the power and the tools to develop high-
quality neighbourhoods on their sites. The strategy to involve stakeholders and the community before the 
zoning is determined contributes positively to the acceptance of densification and new construction 
because the needs of the participants are respected as much as possible. As a consequence the new 
projects offer more than housing but also goods and services for the entire neighbourhood. Three of the 
four pillars coincide with the principals of the NEB (New European Bauhaus) beautiful - sustainable - 
together. Vienna’s guiding principles: affordability, design quality, social and ecological sustainability, 
follow the same intentions as NEB to create sustainable and beautiful environments that are beneficial for 
the community and the stakeholders. Nevertheless, the transferability of the Vienna model to other cities 
presents significant structural challenges. The model relies on a set of essential legal and institutional 
preconditions, including effective rent control, a supportive framework for non-profit housing 
development, and stable long-term public investment in housing subsidies, foundations that require long 
term and consistent policy commitment. 

7.2 Lessons learned from brownfield redevelopment projects in Seestadt Aspern and Wolfganggasse 

The projects display the applicability of the strategies and goals set out in the social housing agenda of the 
City of Vienna which cascades down to the participatory planning processes and the 4-pillar system. The 
Seestadt site is located in the periphery of Vienna near single family houses and agricultural land. The 
Wolfganggasse site is centrally located within a densely built-up neighbourhood with large social housing 
blocks from the 1930s and post-war buildings. These neighbourhoods have a different social set-up and 
therefore the projects serve to illustrate the successful implementation of the Vienna Housing strategy.  
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8. Neighbourhood Development in Practice: Seestadt and Wolfganggasse

8.1 Seestadt Aspern - The Smart City Showcase 

8.1.1 Neighbourhood Development 

The largest brown-field development site in Vienna is located on a former air-field in the 22nd district on the 
outskirts of Vienna with good connections to Bratislava and the airport of Vienna. The master plan was the result 
of an EU-wide planning competition won by architect Johannes Tovatt with a distinct organisational structure 
based on a ring road as a backbone. In the centre of the plan he envisioned a large lake in a public park 
connecting to public plazas streets. A separate masterplan competition was launched for the public spaces and 
won by Jan Gehl, author of the book “Cities for People”31) and the renown planner of pedestrian-friendly public 
spaces. The open space concept for the streets, squares and parks was first developed by Jan Gehl in order to 
provide a strategic plan as a base for the detailed landscape design competitions following as the area was 
developed progressively. According to Gehl`s concept, the streets were given different themes, some more 
neighbourhood and leisure oriented, others more commercial but all prioritizing pedestrians. The City of 
Vienna`s transport network emphasize public transport with a new subway line, the U2 connecting Seestadt 
with the city centre in 20 minutes, buses and an excellent bicycle network. The subway was in operation when 
the first residents moved in, thereby accustoming them to a dense public transport network and securing high 
ridership for the future. Parking for cars was ruled to the periphery with decentralized shared parking structures 
that encourage walking and support communication with the neighbours. Different types of housing assure a 
mixed community and the envisioned “City of Diversity”. Attractive public spaces invite to walk or cycle. 
Managed Shopping Streets assure a useful and intelligent mix of services and contribute to the “City of Short 
Distances” with an atmosphere of vibrant urbanity comparable to grown inner-city districts. As a result, 
inhabitants have become a close-knitted community. In its final stage Seestadt will occupy a total area of 240 
hectares, within that 50% is allocated to green and open space. In buildings, 2.6 million sqm gross floor space 
will be realized with a 5 billion euros total investment. The plan foresaw by 2028, 10,500 high-quality housing 
units for over 20,000 people and up to 20,000 jobs at Aspern Seestadt. The development of the individual blocks 
is phased and competitions are launched for several sites at a time. A comprehensive set of urban design 
guidelines has to be followed in the competition in order to support the overall goal of active street-life and 
attractive public spaces. Some sites are reserved for commercial uses, some for affordable housing, others for 
market-rate housing. All the housing projects have to include 20% non-housing uses in the plinth in order to 
support the overall use and planning concept of the masterplans by Tovatt and Gehl. 

8.1.2 Housing Project – Seebogen 

8.1.2.1 Project Overview 

The Seebogen competition was launched in 2018 by 
Wohnfonds Wien. The brief requested an urban design 
concept, landscape design, use concept for commercial, 
cultural and common spaces in the plinth and a mix of 
housing typologies on a total floor area of 29,000 m². 
The architects and the non-profit housing developer planned a total of 236 residential units: 94 subsidized 
rental apartments, 47 ‘SMART’ apartments with super subsidies, 50 subsidized condominiums and 45 
privately financed apartments. For the 20% non-housing uses, the project includes 21 offices and 
commercial spaces, a gym, a library, communal rooms, a cultural centre and a climbing hall. The 

Fig 2 Architects Tillner & Willinger. Photo: Hertha Hurnaus.
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competition was won by the team Architects Tillner & Willinger, einszueins architecture and the buildings 
were completed in May 2021. The project contributes to the development of a vibrant city district with a 
diverse social, cultural and commercial infrastructure and the integration of the 15-minute city concept. 

The active use concept made Seebogen into an attractive residential complex with short distances and 
diverse uses. The 20% area rule of non-residential uses is the basis for the lively urban space; together 
with the location adjacent to the park, it provides particular potential for an active and sustainable 
lifestyle. Amongst the ground floor programmes are: sports and culture facilities which connect to the 
sports and games focus of the park, ground floor studios offer a range of services close to home, a 
workshop is also available for interested neighbours, the library and WienXtra form a knowledge and 
youth centre, which is located nearby an education campus. All of these make the new city block into a 
neighbourhood centre. 

8.1.2.2 Active Neighbourhood 

The open centre and common rooms were designed and furnished together with the residents and 
neighbours. During the planning process, coordination and planning workshops were held to facilitate 
active exchange with interested parties, such as neighbouring building groups, in order to identify synergies 
and complementary uses. This collaborative approach forms the basis for a good, lively neighbourhood, in 
which the residents of the assisted living group were also actively involved. 

8.1.2.3 Urban Design 

As part of the competition, an urban design concept was developed for the entire site, aiming to increase 
density at the edges in order to form an open centre. This approach strengthens the identity of the block 
and creates a lively neighbourhood atmosphere between the buildings. At the perimeter, the buildings 
form a clear and defined contour to the street and square, whilst projections and recesses on the interior 
structure the open space into more private and communal areas. Views are directed towards the depths 
of the site, opening onto green spaces and opposite façades. 

The staggered building heights create a small-scale appearance whilst ensuring optimal natural lighting for 
both the flats and open spaces. As a result, 80% of the flats receive natural light from two directions, and 
north-facing flats are largely avoided. The ground floor plays a particularly important role in activating the 
street space and the centre of the block. Public uses are oriented towards the street and connected to the 
courtyard, whilst communal uses are oriented towards the courtyard and offer shared meeting places for 
the neighbourhood. 

8.1.2.4 Housing Concept 

The housing concept offers a wide range of living and working options, encompassing various rental and 
ownership models. Compact and affordable apartments are distributed across all floors of the buildings, 
complemented by a variety of communal and shared spaces. Additional amenities such as flexible rooms, 
laundry rooms, workshops, and winter gardens on each floor further expand the range of facilities available 
to residents. Surrounding balconies and loggias serve as extensions to the compact living spaces, enhancing 
the overall quality of the dwellings. 

The design of the northern section is based on a modular and adaptable system, allowing for adjustments 
to meet the evolving needs of residents across three stages of the lifecycle: before construction, after 
completion, and in the long term. This flexibility enables a needs-based mix of residential and non-
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residential uses, accommodating changes to both floor plans and the building structure. As a result, the 
building is designed to remain functional, relevant, and adaptable over time. 

8.2 Wolfganggasse 

8.2.1 Neighbourhood Development 

Wolfgangasse is a brownfield development site on a 
former tram depot, adjacent to a major train station. 
Following the Austrian Railways' release of the site, 
Wohnfonds Wien acquired it for redevelopment. 
Given the need for rezoning, Wohnfonds Wien 
initiated an inclusive participatory process, engaging residents of the surrounding densely populated 
neighbourhood. A competition was launched for urban designers to collaborate in a cooperative planning 
process together with the City, local district representatives, community groups and other stakeholders. 
Three architects were selected: Claudia König (König-Larch), Silja Tillner (Architekten Tillner & Willinger), 
and Mascha & Seethaler. Together with the planning department, Wohnfonds Wien and the stakeholders, 
they developed a range of urban development scenarios. Throughout the process, community 
representatives expressed a strong preference for site permeability, publicly accessible green spaces, and 
the refurbishment of the historic tram depot building. Preserving the historic structure whilst achieving the 
envisioned density and required floor space presented a significant planning challenge, which was 
ultimately resolved successfully. Today, the large hall has been transformed into a vibrant community 
centre hosting a market, cafés, and cultural events including film screenings and concerts. The participatory 
approach taken during the planning phase has been widely appreciated by the neighbourhood, with both 
established and new residents actively supporting one another and making use of the social, commercial, 
and cultural facilities on offer. 

8.2.2 Housing Project – Wolfganggasse 

The project comprises a total floor area of 31,000 m² and 850 subsidised apartments, completed in 2018, 
responding typologically to the demands of high urban density. The staggered height profile picks up on 
the scale of the surrounding buildings, mediating between the existing fabric, the central coach house, and 
the new development. The varied high points connect the building structure to its wider urban context, 
establishing a coherent and sustainable identity for the new development. Roof terraces on the connecting 
structures provide well-sunlit and wind-sheltered open spaces for residents, complementing the central 
courtyard below. 

The majority of apartments are oriented towards multiple aspects, avoiding an exclusive north or street-
facing orientation. Surrounding loggias with staggered balconies provide attractive private open spaces for 
residents, whilst simultaneously generating shared open areas that encourage informal communication 
between neighbours. A mixed-use programme comprising approximately 80% residential and 20% office, 
retail, and restaurant space within the two-storey plinth supports the sustainable development of the 
neighbourhood and the long-term activation of the ground floor. 

The building is based on a modular structure that ensures flexible programming and a varied use mix in the 
short term, whilst remaining adaptable to changing demands over its lifecycle. The relationship between 
the building and its surrounding neighbourhood is considered central to the sustainable development of 
the wider urban fabric. The broad range of compact, flexible, and affordable apartments is complemented 
by a diverse offering of communal spaces, which actively promote integration and informal social 

Fig 3 Architects Tillner & Willinger. Photo: Rupert Steiner.
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interaction amongst residents. The roof terraces, featuring central shared areas that connect all staircases, 
offer a unique panoramic quality and a distinctive amenity for the building community. 

9. Conclusions

Housing as a public good is achieved effectively by Vienna's social housing model, guided by a long-term 
vision for urban development and underpinned by consistent political commitment. The two brownfield 
redevelopment projects examined in this paper illustrate how the four-pillar competition system 
successfully translates principles of affordability, social sustainability, architectural quality, and ecological 
responsibility into built reality. It is nonetheless important to recognise that Vienna’s achievements rest on 
a unique historical context, particularly its century-long tradition of municipal land ownership. Cities 
seeking to draw lessons from this model must therefore carefully assess which instruments are adaptable 
to their own legal and financial environments. These are e.g. the distribution of affordable housing projects 
across the city, mixed-income eligibility, or the housing-developer competitions.  At a time of acute housing 
crisis, Vienna offers compelling evidence that affordability, design excellence, and social inclusion are not 
competing priorities, but mutually reinforcing ones. 
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Exploring micro-renovation of urban micro-spaces
based on scene theory

A case study of Mingjiayuan Community in Chongqing
Siyi WANG; Hong JIANG, Southeast University, China

Abstract

The more important the concept of building a people-oriented city, the more emphasis urban
renewal places on shifting from physical space renovation to people-centered quality
improvement. Cultural attribute and social value should become salient. Unit Community, as a
special residential form in Chinese cities, painfully transformed from a familiar society into a
society of strangers during the rapid urbanization period. It is under such a background that the
introduction of scene theory has provided a new perspective for urban development-cultural
factors and scenes.
The paper discusses, with scenario-based micro-upgrades, how the "Post-Unit Community"
triggers the vitality of the public space, including how spatial design may rebuild carriers of
community cultural identity or how limitations in traditional spatial upgrade models have been
exposed during the reconstruction of cultural identity and the cultivation of social capital.
Another critical aspect this research has focused on is discussing how to build a synergistic
mechanism between cultivating social capital and enhancing spatial resilience. Finally, there is a
need to further explore the use of scenario theory in community microspace renovation: how to
rebuild collective memory anchors through spatial narratives and promote a paradigm shift in
the reconstruction of cultural ecology instead of physical space restoration in communities.
The collection of data and analysis of the process of location selection and investigation of needs
on the part of residents were done through the questionnaire, in-depth interviews, observation,
and note-taking. The spatial design and on-site construction in this translation framework for
community-level use were developed from the research system of scene theory that empowers
and revitalizes the scenes of the community by way of design, co-creation, and activities.
The scenario theory is used in this paper as an important entry point to develop the case study of
atmosphere and vitality construction in the community's public cultural space, thus optimizing
and improving methods in spatial organization and resident cultural consensus for common
problems in designing "cultural forms, people, and place" in cultural space through analyses and
summaries. This paper uses green space as the medium and will show just how the micro-spatial
scenario can shape social relationships. Thus, it fills a deficiency in research on the organization
of urban community public cultural space under the guidance of scenario theory.
This research developed a composite community garden through adaptive design strategies,
which balanced regional cultural continuity with compatibility in contemporary lifestyles
reflected in modular planting units and flexible activity spaces. The result of this research is to
create a new paradigm for diverse cultures to coexist in high-density urban environments.

Keywords

Scene theory, Urban Renewal, Micro-Spaces, Unit Communities
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1. Introduction
1.1. Background: People-Oriented Cities Built by the People

Public participation theory first originated in the West, and it wasn't until the 1960s that scholars around
the world proposed that urban governance should be participatory, conducting far-reaching practical
explorations and theoretical research. After entering the 21st century, international research applied
digital technologies (Alkhateeb et al., 2025; Nizamani et al., 2025) and artificial intelligence in community
renewal and adopted a cross-theoretical approach (Pasta et al., 2025), using interdisciplinary approaches
(Awashra et al., 2025; Sant’Anna et al., 2025) to summarize, reflect on and evaluate the public
participation models in practice (Mannakkara et al., 2025; Novacevski and Legacy, 2025). Scholars all over
the world continue promoting multi-stakeholder collaboration, co-construction, and sharing for the
realization of integration among different parties.

Practical explorations have been done in many cities like Shanghai, Beijing, and Changsha. For example,
Liu Yuelai's Siye Caotang team built Chuangzhi Community Garden (Kou et al., 2019). Shen Yao once tried
to link kids and community residents in developing child-friendly communities (Yao and Xiaoyan, 2017). In
the early 2020s, some Chinese scholars summarized strategies according to various practical cases and
explored mechanisms of community renewal which could meet the national conditions of China (Tang et
al., 2022). Gradually, a systematic policy framework has come into shape in urban development and
renewal, being developed around the core direction of "people-centeredness" and making it clear that
"people-oriented cities are to be built by the people".

1.2 Specificity of the Practical Object: Post-Unit Communities in the Transition from

Unified Management to Marketization

A post-unit community is a big target in the implementation of urban renewal in China. Until recent times,
the unit-based community had been the centralized-living community of its members, uniformly
managed in functions by the unit organizations concerning resource allocation, social control, and
integration (Zhang and Chai, 2014). However, during institutional transformation and with urbanization,
large numbers of post-unit communities came into being because the community spaces separated from
the unit organizations; their living services were transformed from welfare-oriented to those of market or
non-governmental organizations, and their governance model was transformed from centralized to multi-
subject participation (Xu et al., 2025).

For instance, a representative post-unit community has the same working and living background as
residents in Mingjiayuan Community (“Place attachment in gated neighbourhoods in China,” 2018). After
the unit system collapsed, the original carriers of identity disappeared, and the relative deprivation of
residents increased. After a couple of transformations in space, although the community environment
improved, its maintenance cycle was short and could not effectively respond to the spiritual needs of
residents. Therefore, it urgently depends on self-improvement by the community itself, taking public
space as a link to strengthen connections inside the community among people, space, and activities;
reshape community identity through cultural cohesiveness, promote community vitality, optimize
neighborhood relationships, thus promoting co-governance of community culture.
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2. Methodology
2.1. Definition of Relevant Concepts

2.1.1. Micro-Spaces

Academia defines micro spaces in urban areas, which from a narrow point of view means to serve the
basic functions for residents in their daily life and to control the D/H ratio, with the Chinese industry
standard provisions that generally falls between 300 to 5000 square meters. In a broad sense, it is a kind
of space which has emerged and existed under buildings and streets in an urban space (Zhang et al.,
2023). Micro space is an organic part of city public space (Zhou et al., 2022) and has meaning in an urban,
social and architectural way (Zhu, 2023) and meaningful in urban, social and architectural meaning. In
that case, micro spaces will mean those squares or green public spaces in the street, or inside it or within
the community, that have an influence on the lives of residents and feature rest, stay and social
interaction functions.

2.1.2. Scene Theory

It can be described as an interrelationship between space, activity, crowd, and cultural values. In
"Scenescape: How Qualities of Place Shape Social Life", Daniel Aaron Silver first explained post-industrial
urban economic and social phenomena from a consumption perspective. Then, he suggested that a scene
could be an integrated whole of amenity facilities and activities and provide meaning and value to space,
making the experiences more satisfying. Once again, it is possible to describe a scene as "a public space
with meaningful facilities/symbols and specific activity tendencies" (Mao et al., 2023) including
neighborhoods, amenities, diverse crowds, activities, and cultural values (Wang and Zhou, 2024). It
defines places holistically, having something to do with ongoing on-site activities which integrate place
characteristics, participant activities/crowds, social group features, and spatial-environmental traits
(Silver, 2012).

2.1.3. Compatibility between Scene Theory and Micro-Spaces

That is to say, the micro-space should be small in scale, open to the public, serving the community, and
meeting the fragments of residents' daily needs for rest and communication. Only the amenity facilities
combined with human-scale events that precisely match the functional positioning in daily life can realize
its core. It is possible that the application of scene theory will dig into the cultural values, direct
diversified activities, implant suitable amenity facilities, and construct characteristic scenes reflected
from its "small but refined" features. Not only would it turn micro-space into positives from negatives,
but it would also meet new trends in urban renewal by attaching great importance to social and cultural
attributes.

2.2. Purpose and Significance of the Practice

It is based on scene theory, elaborating on main features of crowds in behavioral and path choice
preference, the interactive relationship among "cultural forms, people, and places" (Ping, 2022), and
common problems arising during designing of cultural space. Besides, it pursues optimization for
residents' spatial organization and cultural consensus. In view of experiences gained from community
garden construction in Mingjiayuan, theoretically it summed up public participation model at renewal
within micro-space of community and provided empirical templates for the future renewal of
communities.
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2.3. Practice Process of Micro-Renewal of Micro-Spaces in Mingjiayuan Community Based

on Scene Theory

The "Garden Circumference Rate" construction team, sponsored by the innovation and entrepreneurship
training among college students, practices micro-renewal with the community and residents to explore
how space renewal can help in building community cultural connections (figure 1).

Figure 1. How to use the command ‘Insert Caption’. Source: Drawn by the author.

2.3.1. Early Stage of Practice: Investigation on Basic Conditions and Residents' Needs

(1) Desk Study

It was born in the staff quarters of a third-line construction factory. The community of Mingjiayuan is
intact, with deep-seated industrial memories and a high degree of aging (table 1). Restructuring the
enterprises and factory relocation would probably raise the needs for neighborhood interaction among
its residents.
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Table 1. Timeline of Community and Unit Changes. Source: Drawn by the author.

Figure 2. Location of Mingjiayuan Community. Source: Drawn by the author.

It is a subsidiary entrance at the north gate of the community, which has been overgrown with weeds
and disturbing residents for ancestor worship activities (figure 2). However, on-site condition had only
simple components, serving the daily life of the residents (figure 3). Thus, it fits the condition and
necessity of micro-renovation (figure 4).

Figure 3. Comparison of Multiple Sites. Source: Drawn by the author.

Figure 4. Sight and Traffic Flow Relationship of the Selected Site. Drawn by the author.
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(2) Integration of Residents' Needs: Entrance Image Display and Social Needs

Through questionnaires, in-depth interviews, and garden classes, the needs of residents are obtained:
community expects to raise the image at the entrance and solve problems on-site; rest space is needed
by the elder residents; middle-aged and young parents care about natural education for children and
social scenes for them; kids want interesting play spaces and green interactive spaces. Based on the
above, the composite space goal "image display + rest and social interaction + children's activities" has
been confirmed by the design team.

2.3.2. Middle Stage of Practice: Design and Implementation

(1) Co-Design

In the process, it popularized the background and meaning of the project among the residents and used
the "resident-led and team-assisted" design model in the garden class. Through the hand-painted works
(figure 5), key points of the design were collected. Several rounds of program communications were
organized with the community and representatives of the elderly residents and parents. It dynamically
solved many problems in space occupation by foam boxes, public-private disputes over vegetable
planting, and wall transformation conflicts. Lightweight "one-point-one-line" programming was decided.

Figure 5. Children's Hand-Painted Works. Taken by the author.

That would be Blossom-Shade Corner. The "one point," depending on an existing flower bed,
supplements the plants to add three-dimensional structures and forms a community image point. The
"one line," depending on a curved wall, can flexibly build in a modular way and meet various needs of
activities through functions such as projection. Naturally, the two points can create visual interactions
(figure 6). It will not only improve the use of space but also leave room for future activities(figure 7).

Figure 6. Design Analysis Diagram. Drawn by the author.
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Figure 7. Design Renderings( Left: Before renovation; Right: Renovation illustration). Drawn by the author.

(2) Co-Construction and Implementation with Multi-Subject Participation

Then a co-construction team was established with a normal combination of "design team + residents +
volunteers" to divide up the labors in promotion.

Waste hollow bricks, foam boxes and wood strips were provided by residents; resident carpenters
processed wood strips into flower racks. Besides, kids participate in transformation of old things on the
spot by graffiti on them (figure 8). Cleaning the site, building wooden frames (figure 9), arranging flower
borders are organized by design team and volunteers. The community coordinated use of this site and
preparation for some of the materials (figure 10). From design to construction, participation by residents
in the whole process was accompanied with very high enthusiasm, voluntary donation of plants,
adjustment of seat arrangement.

Figure 8. Transformation of Old Objects. Taken by the author.
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Figure 9. Garden Planting and Construction Process. Taken by the author.

Figure 10. Garden Installation Construction Process. Taken by the author.

2.3.3. Late Stage of Practice: Achievement Presentation and Long-Term Operation

(1) Transformation Achievements

This design enhanced the livability and comfort in the front entrance of the community, enabling a sight
corridor that allowed the central flower border in the community to become a highlight on the façade
(figure 11). These create rest points for residents who can stop and look at this flower border or rest and
chat at hollow brick seats.

Figure 11. Garden Construction Achievement Diagram. Taken by the author.
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(2) Long-Term Operation Mechanism

The initial ideas should be directly communicated to the residents, supported, and endorsed by the
community in the very beginning of the preparation. Field investigation and early popularization went
very well. Most of the financial support comes from the innovative practice projects of the university.
Partial financial support is provided by the community, with some material assistance contributed by the
residents.

Through two visits after the completion of the garden, they found out that the residents participated in
the building of the facility and would consciously maintain rather than be destructive to the garden. In
the process of long-term operation, the team contacted the youth volunteer team of the university
School of Architecture to establish "Garden Day" and established a mechanism of "residents'
independent maintenance + regular support from volunteers + community publicity and guarantee". The
activities include maintenance of Blossom-Shade Corner and other community landscapes, recording of
plant growth to form a garden log, interesting competitions, popular science classes, handcraft
production activities for kids and the elderly.

3. Discussion: Practice Mechanism of Micro-Renewal of Micro-Spaces Based
on Scene Theory
3.1. The theoretical basis of practice mechanism

It works together with other major factors of scene theory-space activities, crowd, and cultural values-in
encouraging the micro-transformation of micro-space, making those abstract theories implementable.
Guided by the core idea of "people-oriented cities built by the people", three objectives of activation of
space vitality, rebuilding the identity of cohesiveness and participation in co-construction of residents are
set up with the targets of spatial, social, and practical problems of communities. In the design mechanism
for co-construction of community gardens, the status of the residents will be raised from onlookers to co-
construction so as to improve the sense of ownership in the community, the livability and spatial
resilience.

3.2. Participation Mechanism of Multi-Subject Collaboration

3.2.1 Subject Structure

It was in such a multi-subject structure that the collaboration of four parties-"design team + community +
residents + university volunteers"-made explicit the value of the role of each subject.

It will be the community's official endorsement, lower the threshold in communication and publicity, and
enhance residents' trust in the team. The main contributors will be materials, skills in manual work, and
creative ideas provided by all age groups of residents; in later stages, when running for a long time,
professional support by university volunteers will support it. It is the design team's responsibility to give
professional guidance on research in demand, designing the program with technical support, organizing
all parties, and making sure practice goes in line with theory and goals.

3.2.2 Design of Participation Channels and Processes

In design, the principle of public participation in the whole process was adopted, with channels for multi-
level participation. In the demand collection stage, in the form of poster publicity and garden classes, the
significance of the construction of community gardens was popularized and demands were collected
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through hand-painted works, questionnaires, and in-depth interviews. In the program design stage,
multi-round program communication was organized to balance the future planning of the community
with the real needs of residents so as not to design anything unrealistic. In the co-construction and
implementation stage, the team will be responsible for the overall division of labor and coordination,
while the site cleaning, flower border arrangement, and installation construction are completed together
with the residents to deepen the sense of participation. During operation and maintenance, it was
supported by volunteers from both the community and the university, with residents as the mainstay.
"Garden Day" encourages self-maintenance of community gardens by residents themselves.

3.3 Low-Cost and Efficient Co-Construction Approach

In this case, the micro-renewal is often restricted by funds. Therefore, an approach to transformation of
micro-interventions had to be adopted in order not to have too much construction. These include
overgrowth of weeds, disturbance to residents brought about by ancestor worship in the early days:
additional planting of plants in an abandoned greenbelt; three-dimensional flower racks built and hollow
bricks laid along an arched wall, modular, can be recombined and adjusted in the later stage to adapt to
the needs of the residents without large-scale transformation. In terms of materials, integrating resource
inputs from multiple subjects has been done in order to reduce transformation costs: most raw materials
came from collecting old objects in the community and were transformed with the technical skills of the
residents themselves, reducing their dependence on resources from outside.

3.4 Sustainable Long-Term Operation Model

Long-term maintenance can satisfy the value demands of the subjects in this process: residents
participate in the maintenance, bringing about spatial benefits such as resting and social interaction,
acting out new "Garden Day" collective memories that reflect demands of emotional identity. Continuous
maintenance could improve the image at the entrance of the community. The cost of governance over
the negative space can also be reduced hence enhancing efficiency in the governance of the community.
To the volunteer team from the university, practical data and cases could be transformed during
maintenance to help realize academic value.

Meanwhile, through the core indicator system of the garden log, it has to continue to track the use
frequency and feedback opinions of residents throughout the growth cycle of plants and feed back to the
design of subsequent "Garden Day" events. In addition, it needs to join some adjustments according to
the feedback of the residents, such as adding children's interactive links, so as to make the depth of
popular science meet the needs of residents and avoid such a dilemma as idleness and decline of space
after transformation.

4. Conclusion
4.1 Replication of the Project: Providing "People-Centered" Practical Reference

Approach of co-design, co-construction, and co-governance avails the possibility of people-oriented cities
built by people, breaking the limitation of micro-spaces acting only as "green supplements." It
supplements the shortcomings of small spaces in social, cultural, and identifying functions to make up
deficiencies caused by traditional renewal in humanistic care and set an example for high-density urban
space utilization. These are two of the most important roles being played: the community and local sages.
The community can give official endorsement to the projects besides supporting in terms of participation
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by residents, as in strong support accorded in Mingjiayuan. Local sages have acted as "pioneers" in
breaking participation deadlocks; for example, leading and publicizing factory-family trio through
community links attracts more and more residents.

4.2 Transferability of the Project: Adapting to Different Objects

In community public space construction, the core needs are continuity in culture, connection with crowds,
and multi-party cooperation (Zhuang et al., 2025). On-site research, cultural exploration, ecological co-
construction, and multi-stakeholder operation can be realized by transferring project experiences into
other communities. The most important way is how to rebuild the relations between residents: it
involves strategizing for different groups and finding common interests, hobbies, or life experiences that
would strengthen emotional interaction.

4.3 From Individual Case to Systematic Exploration

Further, it can go to develop from a single community practice into a networked green-cultural space
system. On the basis of resident participation, supported by professional forces, design team associates
links, providing optimization plans. The government commissions community planners to develop green
space coordination, volunteer recruitment, and digital management. Large green spaces can host
cultural-commercial activities, triggering value.

This project proves that, based on the theory of scene, turning theory into an operable mechanism
effectively promotes social interaction and cultural identity in the community by transforming space with
activity and culture. Rooted in the daily life of residents, material and psychological belonging has been
developed, improving life satisfaction through co-construction while activating place memory for
sustainable development.

5. References
Alkhateeb, G., Veldi, M., Storie, J.T. and Kulvik, M. (2025) ‘AI-assisted landscape character assessment: a

structured framework for text generation, scenario building, and stakeholder engagement using
ChatGPT’, Land, 14 [online]. Available at: https://doi.org/10.3390/land14091842 (Accessed: 1
November 2025).

Awashra, I., Thompson, A.W., Floress, K., Arbuckle, J.G., Church, S.P., Genskow, K., Prokopy, L.S., Rui, Y.
and Tesdell, O. (2025) ‘Generative AI text-to-image for community participation in landscape
planning’, Landscape and Urban Planning, 264 [online]. Available
at: https://doi.org/10.1016/j.landurbplan.2025.105464 (Accessed: 1 November 2025).

Kou, H., Zhang, S. and Liu, Y. (2019) ‘Community-engaged research for the promotion of healthy urban
environments: a case study of community garden initiative in Shanghai, China’, International
Journal of Environmental Research and Public Health, 16 [online]. Available
at: https://doi.org/10.3390/ijerph16214145 (Accessed: 1 November 2025).

Mannakkara, S., Mankelow, C., Rodrigo, N. and Newport, C. (2025) ‘From community involvement to
project outcomes: insights from the Mangaia harbour adaptation project’, International Journal
of Disaster Risk Reduction, 129 [online]. Available
at: https://doi.org/10.1016/j.ijdrr.2025.105757 (Accessed: 1 November 2025).

Mao, W., Hong, S., Chai, T., Shen, Junchao and Shen, Jie (2023) ‘Cultural landscape reproduction of typical
religious architecture in Qingjiangpu based on scene theory’, Applied Sciences, 13, p82 [online].
Available at: https://doi.org/10.3390/app13010082 (Accessed: 1 November 2025).

Nizamani, M.M., Qureshi, S., Tarashkar, M., Zhang, H.-L., Zhou, Q. and Lai, Z. (2025) ‘Ethical AI: human-
centered approaches for adaptive and sustainable urban planning and policy’, Land Use Policy,

1742

https://doi.org/10.3390/land14091842
https://doi.org/10.1016/j.landurbplan.2025.105464
https://doi.org/10.3390/ijerph16214145
https://doi.org/10.1016/j.ijdrr.2025.105757
https://doi.org/10.3390/app13010082


Wang, S.Y.; Jiang, H. Exploring Micro-Renovation of Urban Micro-
Spaces Based on Scenario Theory

157 [online]. Available at: https://doi.org/10.1016/j.landusepol.2025.107650 (Accessed: 1
November 2025).

Novacevski, M. and Legacy, C. (2025) ‘Is the standardisation of public participation squeezing place from
planning?’, Geographical Research [online]. Available at: https://doi.org/10.1111/1745-
5871.70038 (Accessed: 1 November 2025).

Pasta, F., Johnson, C. and Can, S. (2025) ‘Living heritage as shared knowledge: advancing community-led
reconstruction in post-earthquake Antakya’, Environment and Urbanization [online]. Available
at: https://doi.org/10.1177/09562478251365120 (Accessed: 1 November 2025).

Ping, H. (2022) ‘Pursuing the nature of community: community building practice and reflections’, Social
Sciences in China, 43, pp161-172 [online]. Available
at: https://doi.org/10.1080/02529203.2022.2051892 (Accessed: 1 November 2025).

‘Place attachment in gated neighbourhoods in China: evidence from Wenzhou’ (2018) Geoforum, 92,
pp144-151 [online]. Available at: https://doi.org/10.1016/j.geoforum.2018.04.017 (Accessed: 1
November 2025).

Sant’Anna, E.S., Mayer, V.F., Luz, A.B.T., Marques, O. (2025) ‘Community-centered tourism planning with
traditional peoples in Brazil: methodological insights from participatory action research’, Tourism
Planning and Development [online]. Available
at: https://doi.org/10.1080/21568316.2025.2558673 (Accessed: 1 November 2025).

Silver, D. (2012) ‘The American scenescape: amenities, scenes and the qualities of local life’, Cambridge
Journal of Regions, Economy and Society, 5, pp97-114 [online]. Available
at: https://doi.org/10.1093/cjres/rsr028 (Accessed: 1 November 2025).

Tang, D., Gong, X. and Liu, M. (2022) ‘Residents’ behavioral intention to participate in neighborhood
micro-renewal based on an extended theory of planned behavior: a case study in Shanghai,
China’, Habitat International, 129 [online]. Available
at: https://doi.org/10.1016/j.habitatint.2022.102672 (Accessed: 1 November 2025).

Wang, Y. and Zhou, Y. (2024) ‘Metro cultural scene: a new community scale in urban scene
research’, Environment and Planning B: Urban Analytics and City Science, 51, pp1931-1947
[online]. Available at: https://doi.org/10.1177/23998083241227753 (Accessed: 1 November
2025).

Xu, Y., Wang, H. and Xia, B. (2025) ‘Framing participatory regeneration in communal space governance: a
case study of work-unit compound neighborhoods in Shanghai, China’, Buildings, 15, p3384
[online]. Available at: https://doi.org/10.3390/buildings15183384 (Accessed: 1 November 2025).

Yao, S. and Xiaoyan, L. (2017) ‘Exploration on ways of research and construction of Chinese child-friendly
city: a case study of Changsha’, Procedia Engineering, 198, pp699-706 [online]. Available
at: https://doi.org/10.1016/j.proeng.2017.07.121 (Accessed: 1 November 2025).

Zhang, C. and Chai, Y. (2014) ‘Un-gated and integrated work unit communities in post-socialist urban
China: a case study from Beijing’, Habitat International, 43, pp79-89 [online]. Available
at: https://doi.org/10.1016/j.habitatint.2014.01.011 (Accessed: 1 November 2025).

Zhang, J., Qi, R. and Zhang, H. (2023) ‘Examining the impact of crowding perception on the generation of
negative emotions among users of small urban micro public spaces’, Sustainability, 15, p16104
[online]. Available at: https://doi.org/10.3390/su152216104 (Accessed: 1 November 2025).

Zhou, X., Li, Hongwei, Zhang, H., Zhang, R. and Li, Huan (2022) ‘A study on the cognition of urban spatial
image at community scale: a case study of Jinghu community in Zhengzhou City’, Land, 11, p1654
[online]. Available at: https://doi.org/10.3390/land11101654 (Accessed: 1 November 2025).

Zhu, J. (2023) ‘Micro-regeneration in Shanghai and the public-isation of space’, Habitat International, 132,
p102741 [online]. Available at: https://doi.org/10.1016/j.habitatint.2023.102741 (Accessed: 1
November 2025).

Zhuang, L., Long, J., Kamete, A.Y. and Wang, Y.P. (2025) ‘Neighborhood attachment in Chinese cities: a
case study of Chengdu’, Urban Geography, pp1-28 [online]. Available
at: https://doi.org/10.1080/02723638.2025.2549282 (Accessed: 1 November 2025).

1743

https://doi.org/10.1016/j.landusepol.2025.107650
https://doi.org/10.1111/1745-5871.70038
https://doi.org/10.1111/1745-5871.70038
https://doi.org/10.1177/09562478251365120
https://doi.org/10.1080/02529203.2022.2051892
https://doi.org/10.1016/j.geoforum.2018.04.017
https://doi.org/10.1080/21568316.2025.2558673
https://doi.org/10.1093/cjres/rsr028
https://doi.org/10.1016/j.habitatint.2022.102672
https://doi.org/10.1177/23998083241227753
https://doi.org/10.3390/buildings15183384
https://doi.org/10.1016/j.proeng.2017.07.121
https://doi.org/10.1016/j.habitatint.2014.01.011
https://doi.org/10.3390/su152216104
https://doi.org/10.3390/land11101654
https://doi.org/10.1016/j.habitatint.2023.102741
https://doi.org/10.1080/02723638.2025.2549282


Wang, T.; 
Wu, S.T.; 
Wu, T. 

Architectural Identity and Cultural Continuity in 
Harbin: A Placemaking Strategy for Inclusive 

Urban Transformation

Research Paper 

Architectural Identity and Cultural Continuity in 
Harbin: A Placemaking Strategy for Inclusive Urban 

Transformation 
Tian WANG1＊, Songtao WU1, Tong WU1,2. 

1School of Architecture and Design, Key Laboratory of Cold Region Urban and Rural Human Settlement 
Environment Science and Technology, Ministry of Industry and Information Technology, Harbin Institute 

of Technology, Harbin 150001, China 
2School of Architecture and Design, China University of Mining and Technology 

Abstract 

Background: Harbin, a city shaped by over a century of global exchanges, presents a 
unique architectural landscape that blends Russian, Jewish, Chinese, and Western European 
styles. Known as the “Oriental Moscow” and “Eastern Paris,” its urban form reflects a multi-
ethnic, multi-cultural historical trajectory. As Harbin experiences rapid urban expansion 
and modernization, the challenge lies in preserving and activating this rich architectural 
heritage while ensuring inclusivity and continuity. The city’s built environment plays a pivotal role 
in forming identity and fostering intercultural coexistence, making it a vital case for inclusive 
urban transformation. Research Objective: This study examines how Harbin’s diverse 
architectural heritage can be reinterpreted and integrated into contemporary urban 
development to promote cultural inclusivity and place-based identity. It addresses the central 
problem of homogenization in new urban districts and the neglect of cultural narratives in 
spatial planning. The goal is to formulate a spatial and design framework that embraces 
Harbin’s stylistic hybridity—especially its “dual-zone” model of classical revival and regional 
renewal—as a catalyst for inclusive urban regeneration and meaningful place-making. Main 
Findings and Significance:The study reveals that Harbin’s architectural identity is not a static 
heritage but an evolving narrative that has the potential to underpin inclusive and resilient urban 
transformation. The core finding is that the city's “tripartite architectural coding”—a 
synthesis of classical European styles, localized Chinese adaptations (e.g., Zhonghua Baroque), 
and Soviet-era modernism—offers a rare opportunity to integrate multiple cultural expressions 
into contemporary place-making. In older districts like Daowai, the adaptive reuse of 
Zhonghua Baroque buildings supports cultural tourism and informal social spaces, reinforcing 
local identity. Central Avenue’s stylistic continuity and pedestrian focus highlight how preserved 
aesthetics foster inclusive urban rituals. Meanwhile, newer areas often lack this cohesion, 
leading to identity fragmentation. To address this, the research proposes an “Inclusive Style 

Zoning Strategy” based on Harbin’s historical three-fold planning logic:（1）Organic renewal 
zones (Classical Revival): Encourage preservation and reinterpretation of Gothic, Baroque, and 

Neoclassical structures using flexible reuse policies and façade restoration standards.（2）New 
development zones (Regional New Style): Promote contemporary architecture that references 
local traditions and materials while integrating community spaces that reflect collective 

memory.（3）Cultural landscape corridors: Strengthen visual and spatial links between 
landmark buildings and natural features (e.g., Songhua River, green boulevards) to reinforce 
a legible cultural narrative. Furthermore, design handbooks and pattern language guides for 
architects and planners are suggested to ensure stylistic sensitivity in new construction, 
avoiding cultural erasure. The study also advocates for participatory design processes to include 
residents’ voices in shaping urban identity. Overall, 
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the findings contribute to theory by demonstrating how architectural style can be a vehicle for 
cultural inclusion and social sustainability. For practice, it provides a replicable framework for cities 
facing similar tensions between modernization and identity preservation. 

Keywords 

Architectural style, historical heritage, urban transformation 

1. Introduction
Harbin is the product of more than a hundred years of exchange with all corners of the world, its buildings 

and landscapes have styles of Russian, Jewish, Chinese and Western European countries. Nicknamed 

“Moscow of the East” and “Little Paris of the East”, its history is written by the story of coexisting of multi-

ethnic and multi-culture. Faced with the speedy development and modernization of Harbin, how to 

preserve and revitalize this precious heritage as to provide for inclusion and continuity is a difficult task 

(Fig. 1). The built environment has an important role to play in the making of both identity and coexistence 

between cultures making Harbin key case of inclusive urban transformation. 

Figure.1 The development of Harbin architectural style originated 

2. The background of the development of Harbin architectural style

2.1 Internal factors-the special soil for the development of Harbin architectural style 
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Figure.2 Changes in Harbin's urban development planning map 

China-Eastern Railway built in the beginning of the Industrial civilization gave rise to the transition of Harbin 

from a farming village to an international metropolis. During this transition, the urban scale of Harbin was 

constantly expanding, the urban environment of Harbin and the urban architecture culture underwent 

changes, which could be found through the following four stages.（1）1897–1907: The full-fledged 

construction of the China - Eastern Rail way began, which marked the planning & development of the New 

Harbin.（2）1908–1931: Opening as a treaty port brought massive population influx, constantly 

expanding cities.（3）1932–1945: Japans occupation, military forces carry out war-defense-type 

planning.（4）1946–1949: Post-liberation era was focused on Industrial Growth and City Infrastructural 

development.（ Figure 2） 

At that time, the development and construction of Harbin was mainly the result of colonial adventurism. It 

was obvious that this city would not have the clout to attract main stream, established, architects, 
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engineers or developers. Instead, Harbin attracted young architects, engineers, and developers with great 

skills, good ideas, and a strong work ethic, but few chances back in Europe to show what they could do. 

With the constraint of tradition gone, and dogmatism towards local culture abandoned, they were free to 

bring in new ones of their own. 

For the culture of the architecture, every well-known European architectural form and style can be found 

here.Russian,Byzantine,Gothic,Art Nouveau,Romanticism,Renaissance,Baroque,Neoclassical,Jewish, etc. 

additionally Japanese classical and modern and Chinese traditional were there as well Harbin is a multi-

cultural city with various religions, due to many cultural influences. In addition to traditional Chinese 

Taoism and Buddhism, and Russian Orthodox Christians’ religions and Buddhism, Harbin introduced and 

received religions are also Catholicism, Protestantism, Islam, Judaism, as well as Japanese Buddhism and 

Shintoism. Early 1930s, the religious buildings, churches and temples, of this city numbered at 99; their 

varied architecture added further beauty to Harbin’s urban scenery. 

2.2 External factors-the international background of the formation of Harbin architectural 
style 

European classical architecture’s profound impact on Harbin’s architectural style can’t be separated from 

Harbin’s social conditions and geographical environment at the time. The two countries bordering 

Heilongjiang, Russia and China, made it a natural fit for Harbin, the provincial capital of Heilongjiang 

province, to be considered Russia’s main foothold in China. By the late 19th century, Russia had been 

influenced by various European architectural styles across Europe. With the Russian troops entering Harbin, 

the European styles blended with Russia’s regional architectural traditions, becoming part of the building 

culture within Harbin. Over many years of development, this fusion grew into a very rich variety of 

buildings(Geng, S. 2021). The invasion by the Japanese in 1932 brought regional Japanese architectural 

styles to Harbin. Afterwards, modernist influences came in, colliding and fusing with the pre-existing 

European ones, finally ending up together in symbiosis and development (Zh Zhang 2024). 

And Harbin is trying to establish its own city architecture, its trend can be seen as a diverse trend. It vividly 

mirrors the clashing and developing of all Western architectural directions--from the old ones all the way 

to the new trends in the whole 20th century --while still being able to show the traditional styles of some 

eastern regions in authentic manners. The architectural movements were the revival of old Greek and 

Roman architecture, Gothic Architecture, Baroque Architecture, Romantic architecture, Eclectic building, 

and Russian building, etc. 

2.3 Classification of historical building styles in Harbin city 

Modern Harbin Urban Architecture Artistic Character Trend toward the Diversified. It comprehensively 

displays the clash and fusion of old and new Western architectural ideologies from the early 20th century, 

but it also genuinely portrays traditional styles from some regional architectural traditions. Thus, from a 

holistic aspect, it could be mainly classified into three types: 

By architectural style, there are eleven types: Art Nouveau Buildings, (Byzantine Architecture), Art Deco 

Architecture, Baroque Architecture (Shao, L. 2023), Gothic Architecture, Arts and Crafts Architecture, 

Chinese Baroque Architecture, Eclectic Architecture, Renaissance Architecture, Early Modern Architecture, 

Castle Building Architecture. 
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Second, according to the architecture of different ethnic regions, it can be divided into 4 kinds: Russian-

style architecture，Jewish architecture style，Islamic mosque architecture，and traditional Chinese 

architecture style. Modern day Harbin has examples of other forms as well, they mostly express themselves 

to the different local ethnicities and regions via form. There are examples like buildings with a Russian 

national flavor, two groups of temple structures - Jielesi Temple and the Confucian Temple, executed using 

traditional Chinese architectural forms, a mosque with an Arabian regional style, and the Jewish religious 

school building on Tongjiang Street in Daoli District. Though there are not many, they do make a great deal 

of difference in bringing the artistic character of modern-day Harbin’s construction. 

Three, categorize buildings by their characteristic architecture styles from certain decades, mainly typical 

buildings of the 1950s to the1980s with unique styles. Like the Main building of HIT, Workers’ Cultural 

Palace, Harbin Institute of Technology school of architecture, Heilongjiang provincial people’s government 

building, the main building of HLJU, the main building of NFEU, the children’s palace and friendship palace 

in Harbin. These structures are important connections in the architectural historical context of Harbin and 

they have the characteristics of the styles from their own eras. 

3. Methodology 
This study was commissioned by the Harbin City Urban and Rural Planning Bureau to do some 

organisational research as well as produce urban renewal guidelines. Different research methods were 

applied at different times in the special study on the layout of architectural landscapes in Harbin. 

Literature and Drawing Analysis: This part extracts basic restrictions from urban design elements like 

present-character district,road axis,waterfront corridor according to the historical archives and the design 

results of Harbin Municipal Archives and urban planning and design institute of HIT 

Typological “Gene” Identification: Using already established architectural styles, visual recognition 

techniques were employed to figure out key features of Baroque and Russian type buildings – features like 

steady form traits, cornice proportion examples, sequence of windows, parapets with designs on them – 

then these were turned into ‘pattern checklists’ for when someone wants to build something or modify an 

existing building. 

4. Harbin city architectural style development orientation 
The developmental dilemma for Harbin’s main urban area is achieving harmonization between the “old 

city” and “new city” in terms of their architectural styles. By using research methods (tertiary zoning and 

binary zoning) as well as learning from “old city” and “new city” area building precedents from well-known 

international cities like Paris, London, Frankfurt, Moscow, etc., and based on the old city of Harbin where 

the architectural style bears a close relation with urban development, history, and architecture, the city’s 

development direction for both old and new cities should be determined. within the old city, respect for 

historical buildings, maintenance and promotion of the original architectural character, and ensuring that 

architectural control organically unites with the old city. In the new city area, focus will be on being 

different and standing out compared to the old city. YAN et al., 2024. Compared the reuse models of 

museums, cultural centers, and community spaces and found that once a project is guided by a“ 

conservation-oriented design brief,”functional transformation can be realized while the building’s spirit 

and logical relationship of space can be preserved (YAN, S. 2024) To control the introduction of 
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architectural styles into the urban landscape, the establishment of planning guidelines for architectural 

styles made it possible to manage architectural styles systematically and legally. 

4.1 The design technique of organic renewal area is "classical revival" 

Organic Renewal Zone (Retro Revival): The reuse of Gothic, Baroque and Neoclassical architecture is 

promoted via flexible reuse policies and façade restoration. Study on Harbin’s urban architectural style 

development positioning, it puts forward dual zoning control mode that divide the city to organic renewal 

area and new urban area. Organic renewal zone (the old city area, general urban area): According to 

elements like urban location, building times, and construction characteristics, buildings inside the organic 

renewal zones include old building and new building. Historical buildings focus on the special historical 

architectural characters of its era to restore it. New buildings should have some elements and symbols 

from old building but it’s okay to be innovative as well. 

For example, in representative buildings of the Russian Revival style, the colors of the buildings are vividly 

bright: Churches have mainly red brick walls, while brick - wood buildings are usually white walls that are 

warm yellow and paired with gray or green tiles. The wooden buildings kept the yellow and the white as 

main colors, the carvings have been made in bright colors. Architecture in Orthodox Church windows and 

doors, we can find in this way is very novel and elaborate window and door frames. Tops will end in curves. 

Window divisions are divided proportionately, most often vertically, with only a few square windows; they 

tend to be 1:2 to 1:3 in proportion, but there are still a few. Wooden structures have many door and 

window frames that consist of several different pieces of wood. Small pedments, with semi circular 

moulding, often come above windows, mostly by a ratio of 1:2. Brick structure uses simple doors and 

windows, with doors and windows also decorated, such as using trim. Vertical proportions are most 

commonly used and mostly between 1:2-1:3 (figure 3): 

The dome is the most prominent and distinctive part of Russian style, with two typical forms: the tent top 

on wooden buildings and the onion head on brick buildings. These two shapes allow for rich and lively 

layouts in simple designs and makes Russian architecture a symbol of harbin as there are many sloping 

roofs and single stories that have a very steep slope, making up an important part of the active building 

images. Apart from churches, some multi-story buildings have flat roofs; Important buildings, or certain 

parts of important buildings where the combination of domes constitutes the symbol of the building, and 

the treatment of eaves and eaves is very numerous, especially in buildings without sloping roofs and 

undulating and tiered line heads and mortar lines are used to make changes in several different levels. 

There are quite a few decorative methods in the Russian architectural style, showing great traditional 

Russian national feelings. especially when it is in "Russian style" wooden style, its eaves, doors and windows 

are surrounded by a set of complicated yet exquisite lines formed by several layers of wooden boards, and 

the columns and railings formed by wood products also have unique forms; wooden columns and boards 

are carved into all kinds of patterns and styles, and Russian traditional wooden carvings and decorative 

patterns such as doorways and sunrooms come from the typical decorative style of Russian folk wooden 

style. On brick and wooden buildings with battlement style parapets and bell-shaped eaves, and on the top 

and waistline of mountain walls and brick lintels of windows with a variety of lines are typical Russian style. 
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Figure.3 Analysis of construction proportions of Russian style Windows 

Since the late 19th century, Harbin has displayed a picture of a city where various cultures mix with each 

other. Its architectural appearance is highly reflective of this multi-path trajectory, it's the impact and 

fusion between a collection of Western architectural traditions and innovations can be seen all here. Here 

one can experience the “classic revival” of many different traditional styles. Harbin is considered one of 

the cities in East Asia with the greatest diversity in architectural styles, which greatly influences its urban 

style and blends architectural elements from different European periods and styles. It has the magnificence 

of Greek Revival Architecture, the solemnity of Roman Revival Architecture, the individual freedom of 

Gothic Revival Architecture, the flowing accuracy of Russian Architecture, and the ornate romanticism of 

Baroque Architecture. It also takes in the order and spaciousness of urban design as well as the order and 

spaciousness of Baroque. 

4.2 The design technique of the new urban area of the times is "regional new wind" 

New Development Zone (Regional New Style): buildings that are contemporary and also incorporate the 

communal spaces for the collective memories, as well drawing from the regional culture and materials 

Times New City District: According to the location of the buildings, the construction period, and 

architectural appearance, the buildings in Times New City can be divided into old buildings and newly built 

buildings. As for existing buildings, because they have a special regional background in the process of 

international architecture development, whether it’s renovation or renewal, it should be harmonious with 

the surrounding environment and has its own characteristics of the building in Harbin. new construction, 

accept modern and new ideas, strongly push for bold and novel elements, images, and architectural 

symbols from global modern buildings. 

When it comes to defining the architectural style of its new urban districts, modern day Harbin increasingly 

combines regional traits with contemporary trends, reflecting a kind of “regional innovation” – for example, 

introducing more modern, sleek elements into Neoclassical architecture, which itself is built on an already 

existing classical and elegant base. Art Deco architecture applies art and craft techniques and modern 

decorations to get a more harmonious and prettier look. Art nouveau buildings exhibit both new creative 

decorative forms as well as old forms. Technology aesthetic architecture uses new technology to showcase 
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the local characteristics and characteristics of a culture. New Urbanism architecture is about regional 

architecture from the point of view of urban design. 

4.3 Cultural landscape corridor: road-waterfront composite network reconstruction 

It plans to make both of the cities' main thoroughfares and waterfronts "key scenic axes". These include 20 

urban roads with image display functions: Youyi Road, Xuefu Road, Dazhi Street, Zhongshan Road, 

Changjiang Road, Nanzhi Road, Xianfeng Road, Songpu Avenue, and Songbei Avenue. The master plan 

clearly states that these roads form a skeleton for transportation as well as for external connectivity and 

are also very important places where people can “understand the city’s buildings”. They have to be made 

to fit with urban design priorities for their design and management. In terms of waterfront axis, the 

Songhua River and Hulan River banks are both designated as living waterfronts. Together with Majiagou, 

Hejiagou, Xinyigou, Ash River, and the newly constructed Songbei Canal, they constitute a multi-layered 

three-dimensional scenic water axis. Therefore, the 'road-waterfront-blue-green finger-like water system' 

could be transformed into a cultural landscape corridor network. Roadside trees and waterfront greenbelts 

weave landmark building clumps, public plazas, and riversides into a continuing, readable tale. In order to 

enhance the visual and spatial relationship between these prominent buildings and nature (Songhua river, 

Green Avenue of trees and so on) we can create a very great narrative of culture. 

Land – water transition, increased public access: will be the primary key narrative nodes. Bridge approaches, 

wharves, plaza intersections and greenbelt openings will be set up as “narrative beat points” with improved 

wayfinding and interpretations systems, historical-stylistic-landscapes themes, embedded nighttime 

lightings and small cultural facilities, pocket exhibition pavilions, street theaters. For the waterfront section, 

relevant studies already suggested solving for riverfront building silhouette, sculptures, plazas, nighttime 

view. The same set of “nightscape-landscape-wayfinding” can be applied to the road axis and blue-green 

finger-like corridors, thus forming a unified yet distinct landscape view. 

Figure 4 Harbin’s comprehensive urban character block (unit) planning map, this map shows the location 

of 40 different thematic units distributed in Harbin according to architectural style zoning. Including: 1 

Chinese Baroque classic unit, 3 memories of the first five-year plan revival units, 4 scenic tourism units, 3 

forest landscape units, 6 new urban composite units, 7 new axis units, 8 industrial core landscape units. 

Architectural style units are areas with a cluster of urban functions, a clear positioning for development, a 

prominent architectural character, and a coordinated unity. They are important showcase districts for 

Harbin's architectural cultural identity. Building styles within planned units must remain controlled. Historic 

buildings’ legal status on preservation should be protected by law for those on key spatial junctions This 

achieves the positioning requirements for the organic renewal zones: “Classical Revival”. And the 

contemporary new districts: “Regional Innovation” completely. 
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Figure 4 Harbin city characteristic patch (unit) planning map 
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5. Main findings and significance 
From the literature research, it can be seen that Harbin's architectural identity is not a static heritage, but 

also a process of continuous evolution, and it has the possibility to support inclusive and resilient 

reformation of the cities. The cities’ multi-faceted identity from past and present doesn’t stop modern 

development but it becomes a medium for making new cultural distinctive and welcoming spaces. Take 

pieces of what is already known for architecture styles and then rework them into an evidence based 

integration and a new DNA to architecture emerges, creating fresh opportunities to bring various cultural 

expressions into making places today. Daowai in old districts and similar adaptive uses of Chinese Baroque 

to support cultural tourism and informal social space to enhance local identity are at their most exemplary. 

And in Central Street’s continuously displayed and pedestrian oriented way, we find how to maintain the 

aesthetic continuity in order to promote inclusive urban rituals too. But New districts don’t give that to 

them, So they end up with chopped up identities. It could also be applied to other multi-heritage cities in 

their journey between modernization and preservation. 

Also the development of design manuals, pattern languages for architects, and planners so that any new 

construction will be sensitive to the existing styles and not erase a culture. It also calls for participatory 

design processes involving the local populace in the formation of urban identity. In general, it does show 

theoretically how an architecture style can act as a way for cultural inclusion and social sustainability. It 

also practically gives guidelines that are replicable to be used on cities with the same pressures with 

modernity and identity. 
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Abstract 

Urbanization has profoundly reshaped human living spaces and daily behaviors, impacting all age 
groups, especially school-age children, who are vulnerable to environmental changes. In recent 
years, children’s commuting-to-school environments and travel modes have undergone significant 
transformation. The proportion of motorized journeys has risen, while independent travel has 
declined, exposing children to higher levels of traffic, noise, and safety risks. These shifts, closely 
linked to urbanization, have introduced new sources of psychological stress on children. As a result, 
concerns regarding children’s mental health have grown worldwide, with rising rates of anxiety, 
depression and stress-related symptoms becoming increasingly evident.  

The commuting-to-school environment functions as a vital link between home and school, 
representing the urban space where children spend the most time and encounter the greatest 
variety of experiences. This setting has a direct effect on their emotional state, social interactions, 
and perception of well-being. However, current educational and urban planning practices tend to 
emphasize physical health, often overlooking the crucial role of mental health. Furthermore, 
children's perceptions of their environments, as well as their needs, vary considerably across 
different stages of development. 

In response to this gap, the study explores how the urban commuting-to-school environment 
affects the mental health of children at different age levels and investigates the pathways and 
mechanisms through which these effects occur. This study takes Harbin City as a case study, and 
employs a combination of literature review, child-friendly questionnaires, and cognitive mapping 
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to build a comprehensive model describing the relationship between commuting environment and 
children’s mental health. The study identifies four key dimensions of the commuting environment 
(safety, comfort, convenience, and variety). Three categories of mediator are considered: stress 
perception, experience of autonomy, and sense of social connectedness. Children’s mental health 
is measured using self-reported scores from the MHS-CA Children's Mental Health Scale self-scores.  

A total of 900 students, equally divided among primary (ages 6-10), middle (ages 11-14), and high 
(ages 15-18) school group in Harbin City, were randomly selected, and 886 valid questionnaires 
were returned. After preprocessing the data, structural equation modeling was applied to analyze 
multiple mediation effects, while group comparisons assessed differences across age groups. 

The results demonstrate that all four dimensions are positively correlated with children's mental 
health. Among these, perceived stress and sense of social connectedness act as mediators, 
especially in the safety and variety, whereas autonomy experiences mediate the influence of 
security, comfort, and convenience on psychological well-being. Age group  analysis reveals distinct 
patterns: for primary school children, the pathway from safety through stress perception to mental 
health is most pronounced, indicating that lack of safety leads to heightened stress and poorer 
mental health; Middle school students show the strongest mediating role of autonomy, likely due 
to increased psychological sensitivity period; While for high school students, the link between 
convenience, stress perception, and mental health is most significant, indicating that ease of school 
access at this stage greatly influences their psychological state.  

This study systematically uncovers how different features of the urban commuting-to-school 
environment affect children’s mental health at various developmental stages. It highlights the need 
to pay attention to children who are in a disadvantageous position in urban planning decision-
making, and helps to make up for the neglect of mental health in the current research related to 
child-friendly cities, improve urban inclusiveness, and promote the development of urban design 
refinement. 

 

Keywords 

Commuting-to-school environment; Child-friendly city; Children's mental health; Structural 
equation modeling 

1. Introduction  
In recent years, children’s mental health has received increasing attention from the international academic 
community and the government. According to the statistics from World Health Organization (WHO) and 
UNICEF, there are 13 percents of children and adolescents aged 10–19 experiencing a mental health 
problem. These mental disorders not only directly affect children’s academic performance and social 
adaptation but may also have a long-term impact on children’s social functioning in adulthood. It has been 
found empirically that children’s mental health is closely related to their cognitive ability and achievement, 
peer group and friendship, and self-identity as the basis for social development (Nakajima et al., 2024a). 

The influences on children’s mental health are multidimensional and complicated. Apart from family and 
school, the role of urban environment has attracted more and more attentions as an external factor. With 
the rapid urbanization, the urban environment has remoulded the living environment and behaviour of 
people every day. And school-aged children, as an especially vulnerable group, have experienced 
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significant changes in the school commuting environment. These changes may act as invisible stressors and 
affect children’s mental states through multiple paths.  

Due to their developmental characteristics, children are more likely to be affected by the negative impact 
of invisible stress. As the spatial link between home and school, the school travel environment is the urban 
space that school-aged children interact with the most and most often. It directly affects children’s 
emotional experiences, social interactions and subjective well-being.  

Under such circumstances, this study attempts to explore how the urban school travel environment affects 
the mental health of school-aged children through multiple paths. Taking structural equation modelling 
(SEM) into use, this study explores the age-specific differences in the above-mentioned paths. 

2. Framework 
2.1. Basis for Model Construction 

The characteristics of the urban environment encountered by children during travel play a decisive role in 
their travel experiences. Based on environmental psychology theory, individuals’ evaluations of 
environmental characteristics will influence their emotional arousal and cognitive load (Li, Wang and Zhou, 
2023). According to the above theoretical basis and empirical studies, this research classifies the school 
travel environment into four dimensions—safety, comfort, convenience, and diversity—and discusses their 
possible mechanisms affecting mental health. 

Safety is the basic condition to realize the independent travel of children. Existing studies have found that 
low traffic safety perceptions will directly reduce children’s willingness to travel independently and limit 
their activity space (Vlaar et al., 2019). At the same time, social and economic differences, discrimination, 
and even the sensory environment of the urban environment are all linked to a higher risk of mental health 
problems (McCay, 2019). Children  who live in areas with perceived unsafe conditions will experience more 
anxiety and psychological stress (Bouter et al., 2023). In contrast, positive interactions between neighbours 
and cohesive communities can help alleviate stress and improve mental health (Alderton et al., 2019). 

A comfortable physical commuting environment is also very important for mental health. Existing studies 
have found that smooth and safe roads and sidewalks not only affect travel safety but also affect physical 
activity and outdoor experience, which in turn affect mental health (Arif and Ullah, 2025). In addition, urban 
noise is strongly associated with poor sleep, increased psychological stress, and other health problems 
(Rudolph et al., 2019). If the urban environment is not suitable for children, it will bring burden and reduce 
the willingness to commute actively (Clemens, Von Hirschhausen and Fegert, 2022). 

Commuting conditions in terms of convenience facilitate children’s autonomy and sense of control over 
their environment. Commuting convenience has been associated with not only more opportunities for 
physical activity but also spatial cognitive development, greater environmental familiarity, and mental 
health (Költő et al., 2021). In addition, the convenience of public transportation during commuting directly 
affect travel experiences (Vlaar et al., 2019).  

Diversity indicates the range of children’s exposure to city resources. Natural environment has been proven 
to positively affect mental health through facilitating physical activity, recovering emotions, and improving 
cognitive health (Mavoa et al., 2019; Poulain et al., 2020a; Nigg et al., 2022). Meanwhile, diverse activity 
spaces in cities provide possibilities for play and exercise, serve as significant contexts for social 
cooperation, skill training, and interest cultivation (Teeuwen, Psyllidis and Bozzon, 2023). Diversity and 
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clarity of informational signage help children to interpret urban structure, reduce the uncertainty and 
anxiety of getting lost, and increase their sense of belonging to the city (Gong et al., 2019). 

2.2. Effects of School Travel Environments on Children’s Spatial Experience 

Mental health includes two aspects: short-term emotional symptoms and long-term psychological health. 
Perceived stress represents the emotional appraisals in the short run. Persistent or repeated high levels of 
stress may lead to emotional exhaustion, anxiety, or sleep disturbance. Autonomous experiences include 
freedom, competence, and control, which contribute to better coping and emotional regulation. Social 
connectedness refers to receiving emotional support, information resources, and ways to share problems. 
Strong social ties have been found to decrease the risk of developing depression and anxiety and to 
increase positive affect (Lin and Yu, 2011). 

First, perceived stress reflects whether the environment is threatening and whether it consumes emotional 
and cognitive resources (Varas-Julca, Palacios-Serna and Santana-Mora, 2024). Second, autonomy 
experiences are believed to be essential for self-efficacy and mental development. Daily experiences of 
exploration and control make children feel good emotionally in the short term and enhance their self-
esteem in the long term (Chen et al., 2025). Third, social connectedness refers to the quality of interactions 
with peers, neighbours, or adults. Peer companionship, brief interactions with neighbours, and a sense of 
community among residents near school entrances provide social support and reduce feelings of loneliness 
(Fallavollita and Lyons, 2023).  

2.3 Research Hypotheses 

Most studies focus on a single environmental factor, rather than exploring the joint impact of multiple 
factors, which may blur the links between the two. It is also possible that perceived stress, autonomy, and 
social connectedness are the key mediators between the travel environment and children’s mental health. 

Therefore, to explore the process of how the travel environment affects children’s mental health, this study 
develops a moderated mediation model in which perceived stress, autonomy experiences, and social 
connectedness are proposed as mediators. In turn, SEM is used to explore the relationships among 
variables and test the paths between environmental satisfaction and mental health. The hypotheses are:  

H1: Perceived stress has a direct effect on mental health. 

H2: Autonomy experiences have a direct effect on mental health. 

H3: Social connectedness has a direct effect on mental health. 

H4: Environmental satisfaction, containing safety, comfort, convenience, and diversity, indirectly affects 
mental health through perceived stress, autonomy experiences, and social connectedness. 

 

Figure 1. Path Hypothesis. Source:  By the author 
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3. Methods 
3.1. Study Sample and Questionnaire Design  

This study was conducted in Harbin, a major city in Heilongjiang Province in northeastern China and the 
second-largest urban centre in the region. School-aged children were classified into three groups based on 
their educational stage: primary school students (ages 6–10), middle school students (ages 11–14), and 
high school students (ages 15–18). A random sample of 300 students was drawn from each age group, 
resulting in 900 distributed questionnaires. After data cleaning, 886 questionnaires were deemed valid. 

The questionnaire used in this study consisted of six sections. The first section collected basic information, 
including sociodemographic characteristics (age and gender) and commuting-related variables. The second 
section measured satisfaction with the school travel environment and included four dimensions: safety, 
convenience, comfort, and diversity. Each dimension consisted of three items, and all items were rated on 
a five-point Likert scale. Participants rated 12 items from 1 (strongly disagree) to 5 (strongly agree) based 
on their subjective perceptions of the statements in the questionnaire. 

 
Figure 2. Research Area. Source:  By the author 

Table 1 Queso� nnaire items 

 Items Range 

Basic Informa� on 
Age - 

Gender - 
 Travel Time - 
 Travel Mode - 

Sas� faco� n with Commung� -
to-school Environment Safety 5 points 

 Comfort 5 points 
 Convenience 5 points 
 Diversity 5 points 

Stress Percepo� n Percepoon of Environmental Stressors 5 points 
 Sources of Environmental Anxiety 5 points 

Autonomy Sense of Choice and Control 5 points 
 Perceived Competence 5 points 
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 Opportunioes for Exploraoon and Interest 5 points 
Social Conductedness Quality of Peer Interacoon 5 points 

 Feelings of Community Belonging 5 points 
 Perceived Supporoveness of Social Spaces 5 points 

Mental Health Anxiety Experience 7 points 
 Pleasant Experience 7 points 
 Emooonal Response 7 points 

Table 2 Environmental SaPsfacPon QuesPonnaire 

Dimension Variable 
Corresponding descripo� ns 

(1=Strongly disagree, 2=Disagree, 3=Neutral, 4=Agree, 
5=Strongly agree) 

Safety Traffic Safety I feel safe crossing the street because vehicles and bicycles 
yield to me. 

 Public Security On the road, I don’t worry about encountering dangerous 
individuals or strange incidents. 

 Atmosphere of the 
Environment 

The overall journey to school makes me feel comfortable and 
happy. 

Comfort Road Condioons The path I walk on is smooth, without potholes, so I don’t need 
to worry about tripping. 

 Heat Environment In summer, it’s not too sunny or hot while walking, and in 
winter, I don’t feel parocularly cold or bothered by the wind. 

 Sound Environment The sounds along the way are not noisy, and there are no 
persistent annoying noises (like constant honking). 

Convenience Accessibility of 
Public Transport 

If I need to take a bus or train, the staoons are conveniently 
close to both my home and school. 

 Connecovity of the 
Street Network 

The route to school is easy to find and straighsorward, without 
needing to detour frequently. 

 Degree of Crowding During the commute to and from school, the path is not 
overcrowded, so I can walk comfortably. 

Diversity Landscape Diversity The scenery along the way is pleasant, with green trees, small 
flowers, or interesong buildings, making it enjoyable. 

 Acovity Space 
Diversity 

If I want to stop and chat with classmates or play for a while, 
there are suitable spots along the way. 

 Signage Diversity The road signs, maps, and traffic signals are clear and easy to 
understand, so I don’t get lost. 

The third to fifth sections assessed perceived stress, autonomy, and social connectedness. For perceived 
stress, participants were guided by two core questions, and responses were collected using two five-point 
scales ranging from 1 to 5. Autonomy was measured through three components. These feelings 
corresponded to three states: a sense of freedom or ease, a sense of control or self-direction, and a sense 
of excitement or curiosity. Social connectedness was evaluated through the quality of peer interaction, 
feelings of community belonging, and the perceived supportiveness of social spaces along the route. A 
social connectedness index was created by summing the scores from these three items. 

Table 3 QuesPonnaire about MediaPng Variables 

Latent 
variables Observed variables Descripon�  
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Perceived 
Stress 

Percepoon of 
Environmental Stressors 

How would you describe the level of stress you experience 
during your daily trips to and from school? 

 Sources of 
Environmental Anxiety Do you feel anxious on your way to or from school? 

Autonomy Sense of Choice and 
Control 

How oven do you feel a sense of freedom /unrestrained 
during your commute to school? 

 Perceived Competence How oven do you feel a sense of control /autonomy during 
your commute to school? 

 Opportunioes for 
Exploraoon and Interest 

How oven do you feel a sense of excitement /curiosity 
during your commute to school? 

Social 
Connectedn

ess 

Quality of Peer 
Interacoon 

I am able to communicate well with my peers on the way to 
and from school. 

 Feelings of Community 
Belonging 

My school commute gives me the peer contact and sense of 
community I need. 

 
Perceived 

Supporoveness of Social 
Spaces 

The social spaces along my school route are what I hope for. 

The sixth section assessed mental health using the self-report emotional status items from the Mental 
Health Scale for Children and Adolescents (MHS-CA). The MHS-CA is a standardized psychological 
assessment tool that evaluates five dimensions of mental functioning through a set of structured questions. 
Due to this study focuses specifically on the emotional aspect of school-aged children’s mental health, only 
three items related to the emotional dimension were selected for evaluation. 

Table4 Mental Health Assessment Dimensions and Their Corresponding Descripo� ns 

Lev Endpoint（1） Aspect Right Endpoint（7） 
I experience unexplained anxiety or intense 

fear in certain situaoons throughout the day, 
which severely affects my life. 

Anxiety 
Experience 

I live a relaovely relaxed and 
content life, never feeling tense. 

 I am unable to derive any pleasure from life 
and feel that existence is devoid of meaning. 

Pleasant 
Experience 

I feel parocularly joyful and 
happy, and even when facing 

difficuloes, I believe I can 
overcome them. 

I struggle to control my emotions, often 
feeling irritable, sad, prone to crying, or easily 

emotionally affected.  

Emooonal 
Response 

My emotions remain stable, my 
reactions are proportionate, and 

I am able to manage my 
emotions effectively.  

3.2 Data Analysis 

In the preliminary stage of data analysis, subjective responses from the questionnaire were examined using 
IBM SPSS Statistics Version 29. Structural equation modelling was then conducted in SPSS AMOS to perform 
a multiple-mediator path analysis. 

As the main variables in this study were measured through rating scales, several data quality checks were 
performed to ensure the validity of subsequent analyses. Internal consistency for each dimension was 
assessed using Cronbach’s alpha, with the results presented in the table below. A coefficient above 0.6 is 
generally considered acceptable, and all values in this study ranged between 0.8 and 1, indicating excellent 
internal consistency (Kenny and McCoach, 2003). Model fit was evaluated using common goodness-of-fit 
indices. Taken together, these findings demonstrate that the proposed model shows strong overall fit. 
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Building on this, we assessed the convergent validity (AVE) and composite reliability (CR) of each scale 
dimension. Standardized factor loadings for all measurement items were obtained from the structural 
model, and the AVE and CR values for each dimension were then calculated using their respective formulas. 
All AVE values exceeded 0.50 and all CR values were above 0.70, indicating strong convergent validity. 

4. Results and Discussion 
4.1 Descriptive Characteristics of the Sample  

The distribution of participants’ gender, age, travel time to school, and travel mode is summarized in the 
table 5. Overall, most students across age groups spent less than 30 minutes commuting to school, and the 
proportion of active travel remained relatively low. Travel time generally decreases with age, whereas the 
share of active travel increases among older students.  

The comparison by gender shows no significant difference. With respect to age, students in the primary 
school group exhibit slightly higher average mental health scores compared with those in the middle and 
high school groups. An examination of commuting time reveals a clear pattern: mental health levels 
increase notably as commuting time decreases. The survey also indicates that students who commute 
actively show considerably better mental health than those who rely on passive modes of travel. These 
findings are highly consistent with those reported in previous research in Japan (Nakajima et al., 2024b). 

Table 5. Sample Description（n=886） 

  Primary School 
Group 

Middle School 
Group 

High School 
Group Average 

Number of Participants 295 295 296 / 
Male-to-female ratio 1.153 1.021 1.242 1.135 

Age 7.3 13.5 16.7  
Travel 
Time 

Less Than 10 mins 43.70% 38.10% 58.20% 46.70% 
10 Minutes to Half an Hour 32.80% 46.90% 33.60% 37.80% 

More Than Half an Hour 23.50% 15% 8.20% 15.50% 
Active Commuting 22.80% 38.7 42.60% 34.70% 

 

Figure 3 Comparison of Mental Health Scores Across Different Categories. Source: By the Author 

a
a 

 

b
a 

 

c
a 

 

d
d
a 
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4.2 Structural Equation Modelling Analysis 

4.2.1 Overall Analysis 

In this study, mental health was modelled as a latent variable, while the four dimensions of environmental 
satisfaction, perceived stress, autonomy experience, and social connectedness were specified as observed 
variables.  

The overall model indicates that all four dimensions of environmental satisfaction exert significant indirect 
effects on mental health through the mediating variables. Specifically, safety shows a significant negative 
indirect effect on mental health through perceived stress. Autonomy experience plays a significant 
mediating role in the relationship between safety and mental health. Social connectedness demonstrates 
a significant mediating effect between diversity and mental health. Regarding perceived stress, the relative 
influence of the four environmental factors decreases in the following order: safety, convenience, comfort, 
and finally diversity.  

Community security contributes most strongly to the perception of safety. Road surface conditions 
represent the most influential factor within the comfort dimension, which may be associated with the long 
winter season in Harbin where snow and ice frequently impair pavement quality, significantly affecting 
school commuting experiences. For convenience, the availability of public transportation is the most 
influential factor, aligning with findings from Pesola et al. (Pesola et al., 2020). Landscape diversity exerts 
the greatest influence on overall environmental diversity, which is consistent with the observations of 
Poulain et al. (Poulain et al., 2020b). 

4.2.2 Structural Differences Across Age Groups 

A multi-group analysis based on structural equation modelling was conducted to compare how commuting 
environments affect mental health across different age groups. The figure below illustrates the structural 
patterns through which the commuting environment influences mental health among school-aged children 
of varying ages.  

The comparison of meaningful patterns presented in the structural differences between the overall model 
and age-specific models is shown below. For the younger group, the effect of perceived safety on stress is 
much stronger than that of the other factors. Moreover, the mediating effect of autonomous experience 
is relatively weak among 6–10-year-old children. In contrast, for the middle-age group, the most prominent 
paths from environmental comfort and convenience to autonomous experience are shown. For the oldest 
group, the strongest effect of environmental convenience on the perception of stress is shown. In addition, 
social connectedness plays a more important mediating role in this age group. Convenience and comfort 
also have a greater influence on mental health than safety or diversity. Within the younger group, public 
security is the most influential component of perceived safety, and traffic safety is the second most 
influential component. The convenience of public transportation was ranked as one of the most influential 
factors for the three age groups. 
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Figure 4 Structural Equation Model. Source: By the Author. a, Overall Structural Equation Model. b, Primary 
School Group. c, Middle School Group. d, High School Group. 

5. Conclusion and Implications 
This study aimed to clarify the structural relationships among the commuting environment, perceived 
stress, autonomous experience, social connectedness, and the mental health of school-aged children. By 
establishing a structural equation model, we found that the satisfaction of the four dimensions of the 
commuting environment have an indirect effect on mental health through perceived stress, autonomous 
experience, and social connectedness. 

Age-stratified multi-group analyses showed that there were clear developmental differences in the 
mechanisms through which the commuting environment influenced mental health. For the primary school 
group, the path from “sense of safety - perceived stress - mental health” was most significant. For the 
middle school group, the path from “autonomous experience - perceived stress - mental health” was most 
significant. For the high school students, the path from “convenience - perceived stress - mental health” 
was most significant. 

This study connected the satisfaction of the commuting environment with psychological well-being and 
perceptions of environmental use, thereby identifying which environmental elements have the greatest 
impact at different developmental stages, providing a basis for guidance for planners who wish to improve 
the commuting environment more accurately.  
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Abstract 

The world heritage sites in poor areas of China’s rapidly developing rural landscape face two crises: 

the disintegration of local cultural memory and the predominance of top-down preservation 
strategies, both of which contextualize things out of their natural settings. Yongle Palace Axis 
Revitalization Project in Ruicheng County, Shanxi Province, is a case study of cultural tourism driven 
rural urbanization. Yongle Palace, a giant Taoist building dedicated to Lü Dongbin, one of the Eight 
Immortals, was annihilated by hydropower development in the 1950s. Although the holy setting 
was erased, the cultural context remained in people ’ s memory. Through the concept of 

museumization, architect Wang Hui and his team reinterpreted the nonexistent site in 2022, a 
radical shift from the strategy of preserving monuments in a static state to a dynamic scenario of 
culture and participation. Instead of restoring the temple building, the idea transforms the ruins 
into a public cultural field for ritual, education and tourism. The design employs three connected 
dimensions: culturality, narrativity and regionality. Relics, bits of vernacular and modern materials 
are juxtaposed into a dialogue between visible and invisible things. The lost Taoist axis space is 
reassembled through simple and reversible intervention at three levels. At the site, modern 
construction methods juxtapose relics and bits of vernacular, reinterpreting the traditional building 
types and tectonic archetypes with modern techniques and craftsmanship. The site is reinvented 
narratively as an “educational pilgrimage”. Visitors connect to the memory of place through digital 

storytelling and sensory engagement. At the regional level, modern construction methods 
reanimate local materials and tectonic archetypes. By employing a participatory governance 
scheme involving local authorities, households and religious practitioners, the project makes 
history a collective civic asset. Unlike the conventional conservation practices commonly seen in 
Yongle Palace rehabilitation, this synthesis invents a living heritage model where ecological, 
cultural and spatial processes blend together. Hence, Museumization mediates between historical 
continuity and rural regeneration through redefining heritage as an active network of people, 
material and meaning. Symbolically ultimately real on the one hand in thinking about the 
prospects for villages in China where partipation education and conservation converge in this new 
kind of cultural pilgrimage merging the sacred and the profane. 

 

Keywords 

Cultural Tourism, inclusive Placemaking, Rural Urbanization, Heritage Revitalization, 
Museumization, Collective Memory 
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1. Introduction  
The ongoing urbanisation of China with the accompanying loss of the rural and the subsequent loss of 

identity have put many heritage sites on the peripheries both economic and spatial (Mu and Sun, 2020). 

Fast urbanization accelerates rural landscape losses as well as cultural identity. Traditional models of 

conservation, which tend to be top-down, logic has tended to separate the artefacts from life (Wang, 2018), 

so freezing monuments do not reflect contemporary social realities. Protecting the rural heritage, 

architects have tried to struggle to find an appropriate balance between relevance and authenticity (Soykök 

Ede, Taş and Taş, 2025). The repair project in Ruicheng County, Shanxi Province for Yongle Palace is host 

to this new model rural urbanization, inclusive placemaking and cultural tourism. 

Yongle Palace is a giant Taoist building dedicated to Lü Dongbin one of the Eight Immortals which was 

uprooted in the 1950s with the Sanmenxia Hydropower Project (Figure 1, Figure 2, Figure 3). The sacred 

landscape was cut and pasted in relocation the cultural continuity is broken only bits of memory are sited 

in the rural landscape. Architect Wang Hui and his team at Urbanus undertook the Yongle Palace Axis 

Revitalization Project on this site in 2022. They proposed not to rebuild the temple, but to use the ruins as 

a “living museum”. So the absence from history becomes a space for ritual, pedagogy and communal 

activity. 

The article examines how the project reinterprets the position of heritage in modern rural development. 

The design is a clear example of the shift from a monument centred preservation approach to a more 

participatory museumisation, where heritage is this dynamic in relation to the whole is used to bridge 

ecology and history and community. The article examines how the spatial design might act as a mediator 

between memory and modernisation by situating the project within the wider debate around cultural 

tourism and rural regeneration. This offers an reproducible model for inclusive and flexible rural futures. 

 

   

Figure 1. Ma Junxiang et al., The Chaoyuan Tu (Audience with the Celestial Deities), Yuan Dynasty. Source: 
Public domain image via Wikimedia Commons. 

 

 

Figure 2. Yongle Palace in 1956. Source: URBANUS. 
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Figure 3. Original Yongle Palace site after relocation. Source: URBANUS. 

2. Methodology 
Museumization is a theoretical and practical model interpreted by architect Wang Hui to revere cultural 

heritage as a living system (Lu, 2016), one that is participatory. It positions legacy in a continuum along 

social practice, geographical experience, and ecological adaptation, instead of fixating on monuments as 

immovable remnants to be protected in separate from. Culturality, narrativity, and regionality are three 

dimensions of Yongle Palace Axis Revitalization Project, which together compose the methodological 

framework of this study. They are mixed in this way. 

Culturality means that Taoist cosmology and ritual symbolism are reinterpreted as contemporary cultural 

resources (Hu, 2010). The design employs small, reversible changes to express the spirit of the site, instead 

of entirely rebuilding the ancient temple. The lost temple axis is reconstructed as a cultural space where 

natural elements, vernacular materials, and pieces of antiquities intermingle (Figure 4). By staying within 

the principles of "minimum intervention" (ICOMOS, 1964) and "recognizability"(ICOMOS, 2003), this 

approach ensures that the authenticity of the site is maintained, while allowing for the addition of another 

layer of significance. 

 

 

Figure 4. Gatehouses, granaries, monastic cells, Lv Gong Shrine，and native trees. Source: URBANUS. 

 

Narrativity is a characteristic of the spatial strategy, as well as the interpretive technique. The idea 

transforms the Taoist temple pilgrimage sequence into a "educational pilgrimage" (Pine and Gilmore, 1999; 

Wood, 2001), turning the experience of visiting into a contemplative and instructive exercise. Named 

Rebirth of the Courtyard, the west zone preserves the 1980s Lv Gong Shrine into a circular tunnel that 

collects the scattered granaries and courtyards into an ensemble. The approach of "void projection" is used 

in Reappearance of Yongle Palace, the east zone, to draw attention to the disappeared halls through 

planting patterns and topography contouring. Thanks to this spatial narrative, the visitor is able to 

experience the traces of invisible heritage through movement, light, and memory (Figure 5, Figure 6). 
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Figure 5. Renewal of Lv Gong Shrine and Yongle Palace Axis. Source: URBANUS. 

 

 

Figure 6. Renewal of Lv Gong Shrine and Yongle Palace Axis. Source: URBANUS. 

 

The project’s interaction with the regional construction customs and environmental context is referred to 

as regionality. The project abstracts the geological logic of the native typologies of the Loess Plateau, 

including dikeng yuan (sunken courtyards) (Zhao, Tang and Lü, 2010) and yaodong (cave houses) (Lei, 2005), 

into contemporary forms. The tactile quality of rammed earth is simulated using light steel structures and 

bio-concrete panels without compromising the environment or reversibility. By employing traditional 

craftsmanship using modern methods, this approach is technically sustainable as well as resonant with the 

culture it serves. (Figure 7). 

Study of field documentation, spatial analysis and theoretical discussion is incorporated into this study’s 

qualitative technique and interpretive strategy. Interviews with local practitioners, drawings of buildings 

and sites, as well as field visits provide empirical information about the process of negotiation between 

modernization and remembrance by the project. A relational viewpoint that views the architecture–

people–environment relationship as interconnected elements that compose the life of the site is used to 

interpret the findings. From this viewpoint, the Yongle Palace Axis Revitalization is regarded as a live 
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cultural process as well as a design project—a continuous dialogue between past and present, nature and 

culture, permanence and change. 

 

Figure 7. Interpretation of Loess Plateau Typologies through Open Regionalism. Source: URBANUS. 

3. Discussion  
3.1. From Preservation to Activation 

The Axis of Yongle Palace The concept of heritage practice has experienced a significant transformation 

with revitalization from preservation for conservation to preservation for activity. Traditional preservation 

methods used in conservation have historically placed a greater emphasis on static protection and material 

authenticity, which often leads to monuments that are divorced from the social and cultural contexts of 

daily life (Jokilehto, 1986). The Museumization framework interprets legacy not as a passive container but 

as an active medium that constantly generates new economic, cultural and educational qualities (Zhou, 

2016). 

The design transcends the traditional concept of protecting antiques by treating the ruins as a living 

museum. It activates the site through participation, learning and ritual as a dynamic whole that interacts 

with its surroundings. The project is also a platform for the community, an educational garden, and an 

informative museum. Visitors are no longer passive observers but walk, think and decode the layers of 

history inscribed on the landscape as part of a shared cultural process. This interaction transforms the 

concept of authenticity from the preservation of material integrity into a continuity of experience (Figure 

8). 

Both the position and nature of the community and the role of the architect are redefined by the shift to 

activation. The architect is a translator who transforms historical meaning into new spatial experience 

rather than a paternal restorer. Then the cultural prosperity of the place is co-created by the local people. 

Festivals, rituals, and barbecues are just some of the forms of everyday usage that make up part of the 

process of preservation. 

Heritage is shifted from a source of worship to a means of cultural performance through this repositioning 

(URBANUS, 2024). Through engagement and use, the site is transformed from a place of doing over to one 

of presenting, a place where preservation occurs. This approach is consistent with a broader definition of 

sustainability, one in which it is understood that heritage can only survive if it is relevant through adaptive 

interpretation rather than in a state of inaction (Wang, 2016). Thus the Yongle Palace project is an example 

of how a destroyed temple can be converted into a new source of shared meaning through architectural 

design, one that simultaneously bridges the preservation of memory over time and the revitalization of 

local life over place, as well as conservation ethics and living culture. 
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Figure 8. View of the Central Axis. Source: URBANUS. 

 

3.2. Spatial Narrativity and Cultural Experience 

Spatial arrangement of the Yongle Palace Axis Similar to the dramaturgy of many contemporary museums 

(Cullen, 1961), where movement, light, and atmosphere are the medium of understanding, revitalization 

creates a kind of sequential narrative (Figure 9). It organizes an immersive journey that symbolically 

reenacts the Taoist quest for enlightenment instead of rebuilding the lost temple (Andriotis, 2009). From 

Rebirth of the Courtyard to Reappearance of Yongle Palace, people move from west to east, a movement 

that also represents a shift from material existence to spiritual consciousness. 

The gateway to sacred consciousness is the circular courtyard carven into the western threshold, inscribed 

with Diagram of the Unity of Heaven and Humanity (Neijingtu) (Cheng, He and Liu, 2012). Preserved Lv 

Gong Shrine and the surrounding acacia trees form a reflective enclosure where the lines between building 

and landscape dissolve. A recurrent idea in Taoist cosmology, the idea of balance between nature and 

humanity is expressed in this spatial moment. 

 

 

Figure 9. Spatial Narrative and Immersive Experience. Source: URBANUS. 

The geography gradually opens up as people move eastward, an exposure of a linear landscape of flora and 

voids where the former halls once stood. Encouraged to recreate what they can no longer see, visitors are 

stimulated by these "architectural absences". Ancient images are converted into a kind of multisensory 

immersion by the mural corridor at the eastern end. Reflected light, mirrored surfaces, and changing 

shadows give people the impression that the wall paintings are living environments instead of fossils 

(Figure 10). 
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This narrative creation converts visiting into an embodied learning process. Perception becomes memory; 

walking becomes reading. The sequence prompts visitors to engage with the heritage environment in a 

physical, emotional, and intellectual manner. The narrative is indefinite and non-prescriptive, allowing each 

individual to construe his/her own meaning (Figure 11). 

 

 

Figure 10. Multisensory Immersion in the Mural Corridor. Source: URBANUS. 

 

 

Figure 11. Embodied Spatial Experience. Source: URBANUS. 

 

This project reshapes the spiritual of Yongle Palace that was invisible into a contemporary cultural 

experience through this choreography of space, time, and movement. It triggers collective memory 

through reimagining instead of rebuilding. It shows how narrative can be a powerful tool in activating 

legacy. Through this, the project transcends the preservation function of architecture and converts it into 

a language that connects the sense and history, that unifies the material fact and cultural imagination. 

 

3.3. Regionalism and Technological Mediation 

Yongle Palace Axis Revitalization possesses a sophisticated view of regionalism that values both history and 

innovation. It converts the spatial logic, material tactility, and environmental adaptability of old 

architecture in Yongle Palace’s local architectural culture into a modern language instead of reenacting old 

architecture. This approach acknowledges that with the advancement of cultural and technical 

development, the Loess Plateau’s cultural context is continuously modifying the identity of the region. 

The architecture responds to the vernacular typologies of Loess Plateau, like the dikeng yuan and yaodong. 

New architectural elements are extracted from these classic shapes that are famous for their symbolic 

meanings and climatic performance. The arching shapes of the entrance pavilion and mural corridor repeat 

this cadence of earth caves and the light steel and bio-concrete panels give them flexibility and reversibility 
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(Figure 12). The texture of the panels harmonizes with the surrounding view by simulating the feel of 

rammed earth on its surface. 

 

 

Figure 12. Mediation between Memory and Modernity. Source: URBANUS. 

 

This combination of new fabrication technology with old material aesthetics shows us one way forward for 

sustainable regional construction (Frampton, 1998). This notion is environmentally sustainable and 

culturally relevant because it blends industrial technology with handiwork. Therefore, inscribed in place 

but informed by knowledge from everywhere, the architecture mediates between memory and modernity. 

Innovation in material use is one benefit of technological mediation. The project enhances visitors’ ability 

to perceive depth and layering in space by deploying discreet amounts of digital and sensory input, such as 

light modulation, reflective surfaces, and soundscapes. By allowing visitors to ‘see’ the architecture of the 

lost temple (even though it is invisible), these technologies are augmenting, rather than replacing. 

The concept provides an alternative definition of regional identity in the blending of physical and digital 

skin, material and immaterial. Authenticity today means preserving the relationship triangle of people, 

place, and technology, not just the original form. Yongle Palace is an excellent example of how new 

methods can preserve old values, and how local places can be effectively addressed today using new 

instruments. 

 

3.4. Socio-Cultural Impact and Future Potentials 

The Yongle Palace Axis Revitalization adds sociocultural value to the surrounding rural context in addition 

to its obvious built and environmental achievements. A lonely fragment once, this site is now the region’s 

center of culture that unifies places, temples and communities into a continuous whole of cultural corridors. 

This shift in the site’s impact has enhanced a sense of belonging and identification amongst the residents, 

increased tourism to the surrounding area, and created job opportunities. 

Beyond its built achievements, the project also advocates for a participatory form of governance. Local 

government, heritage NGOs, religious communities and villagers collaborated to convert the site’s 

management from top-down control to one of collective stewardship. Heritage protection is now a shared 

activity that engages the locals in upkeep, tours, activities and ceremonies. This participatory approach 

ensures that the project’s vitality extends beyond its architectural completion and is embedded within the 

social fabric of the village (Figure 13). 
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Homestays, workshops and small-scale crafts are examples of low-threshold forms of cultural 

entrepreneurship that have been economically produced by the Revitalization and support sustainable 

rural livelihoods. More importantly, it has redefined tourism as a form of local cultural exchange based on 

participation and self-consumption rather than a form of foreign consumption. 

 

 

Figure 13. Participatory Activities and Spatial Renewal in the Yongle Palace Revitalization Area. Source: 
URBANUS. 

 

But there are still many more questions. Beyond the waves of enthusiasm, how can the public continue to 

be engaged? How much is it playing heritage for spectacle when ruins are aesthetically reinterpreted by 

artists? How can historical accuracy and creative design begin to thrive without the other being 

compromised? These questions all lead to the ongoing debate of culture, commercialisation and 

conservation. 

The Yongle Palace project’s greatest quality is that it is not closed. It is not seeking to produce a final result, 

but to begin a living process that is continually changing via use, discussion and reinterpretation. In this 

way, the project’s scope extends beyond its own boundaries and offers a framework that can be adapted 

by many other rural areas in China and beyond. The rehabilitation of Yongle Palace positions itself as a 

prototype for a new future where memory and change, preservation and creativity, may all live together 

harmoniously by demonstrating how a cultural project can be a stimulus for social and ecological 

regeneration. 

4. Conclusion  
Urbanus' Yongle Palace Axis Revitalization Project is an ambitious and thoughtful exploration of 

resimulating rural history from the angle of museumization. Through this project, we can see how legacy 

may evolve from an item to be preserved to a complex and interactive cultural landscape by blending 

traditional cultural values with modern design methods. How may legacy be displayed, experienced, and 

comprehended in a rural context? The project recasts how reconstruction of culturality, narrative, and 

regionality may be carried out by reenacting legacy into a live platform where information is disseminated, 

collective memory is recorded, and culture is educated. Not only does it transcend the one-dimensional 

focus on legacy material, but it also creates a new type of public participation. 

However, the success of change also raises some thorny questions that deserve thoughtful consideration. 

The application of abstraction and symbolism may obscure the historical context of the original site 
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because modern-day means of expression increasingly intervene with our perception of the past. There is 

a risk of diluting the richness of cultural meaning into a superficial layer of visual consumption when our 

sense of regional identity is constructed with the aesthetic concept of modernity.  

Similar to this, using spectacle and interaction may detach legacy from its local community and its 

embedded cultural context even though the project successfully attracts public attention even though 

despite these methods may detach legacy from its local community and its embedded cultural context 

even though despite these methods may detach legacy from its local community and its embedded cultural 

context even though despite these methods may detach legacy from its local community and its embedded 

cultural context even though despite these methods may detach legacy from its local community and its 

embedded cultural context.  

More than aesthetic invention or physical renovation, heritage revitalization depends on its ability to 

maintain sincere connections of culture and emotion between the local people and tourists. The project’s 

long-term cultural impact will be precarious if these connections fail to take root in the everyday lives of 

the local people. Then, instead of being permanent bases for collective identity, heritage risks becoming a 

temporary performance. 
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Abstract 

The Grand Canal of China, this cultural vein flowing for a thousand years, not only connects 
important waterways between the north and south of China but also serves as an important carrier 
for the inheritance and development of Chinese civilization. Since its inclusion in The World 
Heritage List in 2014, its protection and development have entered a new stage. As a testament to 
the continuity and vitality of Chinese civilization, it is of utmost importance to shape high-quality 
waterfront spaces along the Grand Canal. Based on the characteristics of the Jiangnan section of 
the Grand Canal, and taking the Wuxi section as an example, this paper summarizes the typical 
features of the Jiangnan Canal and the main issues faced in its space shaping, and explores space 
shaping strategies from the perspectives of cultural inheritance, ecological restoration, and 
sustainable development. It clarifies the path for the space shaping of the Grand Canal in Wuxi and 
provides reference for the design of space shaping policies for the Grand Canal of China.. This study 
aims to establish a scalable system for shaping cultural spaces, providing theoretical support for 
exploring the use of culture to reshape and revitalize urban communities. Its practical applications 
in planning or policy formulation include: Provide a "Chinese solution" for shaping cultural diversity 
spaces that can be promoted. Create the "Space shaping Toolkit" which has been verified by the 
Planning of Jiangsu section of the Grand Canal, including: highlighting historical and cultural 
characteristics, reshaping multicultural spaces, optimize ecological pattern , activating vibrant 
urban communities, controlling style and form and so on. This can be replicated and promoted to 
the entire Grand Canal, generating a demonstration and radiation effect, providing new methods 
for sustainable management of cross-regional living heritage, and offering a "Chinese solution" for 
exploring innovative cultural expression methods, promoting spatial design strategies for social 
interaction and cultural diversity, and balancing urban tourism and local community rhythms.  

 

Keywords 

Grand Canal of China, Cultural inheritance, Ecological protection, Sustainable development, Space 
shaping 
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1. Introduction  
The Grand Canal of China is the longest and largest canal in the world, stretching nearly 3,200 kilometers 
in length. With a history of over 2,500 years since its excavation, it comprises three sections: the Beijing-
Hangzhou Grand Canal, the Sui and Tang Dynasties Grand Canal, and the Eastern Zhejiang Canal. Running 
through the north and south of China, it stands as one of the great engineering feats created in ancient 
times. It carries the history of China's socio-economic development and civilizational progress, serving as 
an important symbol of Chinese civilization. 

In 2014, the Grand Canal of China was inscribed on the World Heritage List. In the post-inscription era, the 
Grand Canal has been elevated from a "cultural heritage" to a "national strategy". In 2019, the "Outline of 
the Grand Canal Cultural Protection, Inheritance and Utilization Plan" proposed the following basic 
principles: "In accordance with the requirements of high-quality development, we must strengthen cultural 
self-confidence, adhere to the guidance of culture, persist in putting people at the center, jointly focus on 
protection, avoid large-scale development, adhere to scientific planning, emphasize protection, make the 
past serve the present, strengthen inheritance, optimize layout, and utilize reasonably." This article 
attempts to take the Wuxi section of the Grand Canal as a case study to explore how to determine a space 
shaping approach that combines protection, utilization, and inheritance based on the characteristics of the 
Grand Canal and with an eye towards the future. 

 

2. Methodology 
This study employs fundamental research methods such as literature review, survey research, ecological 
baseline and pollution analysis, physical environment analysis of urban built-up areas, and GIS spatial 
analysis. Based on in-depth research, sorting, and refinement of the typical characteristics of the Grand 
Canal in the Jiangnan region, it explores space shaping strategies from the perspectives of cultural 
inheritance, ecological restoration, and sustainable development. 

(1) Exploration of research methods under the guidance of cultural inheritance.  

From the perspective of river basin civilization, clarify protection requirements at all levels, excavate 
relevant remains beyond the protected objects, and expand the value connotation of the Grand Canal as a 
world cultural heritage. Based on the historical pattern of urban settlement development driven by the 
water network system in the Jiangnan Grand Canal basin, we attempt to re-energize the urban water 
network framework and river tip space, and optimize the overall spatial layout. 

(2) Exploration of space shaping methods from the perspective of ecological restoration and sustainable 
development.  

Comprehensive methods such as ecological background and pollution analysis, and physical environment 
analysis of urban built-up areas are employed to explore ecological restoration measures for high-density 
built-up areas that "utilize multiple purposes for one place, enhance connectivity, and adopt differentiated 
strategies for different areas." Methods such as network vitality group images, crowd heat distribution, 
POI big data, and urban spatial big data analysis are used to explore spatial vitality shaping measures that 
"guide crowd activities in different time periods." Through multidisciplinary expert assessments of the 
current riverfront interface, landscape environment, and important nodes, visual quality evaluations are 
conducted to explore canal style shaping measures that "comprehensively optimize visual quality." 
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3. Typical characteristics of the Grand Canal in Jiangnan Section  
The various sections of the Grand Canal in China were formed in history based on their water sources, 
gradients, environmental conditions, and different excavation times. Overall, it is divided into 10 major 
sections: the Tongji Canal section, the Wei River (Yongji Canal) section, the Huaiyang Canal section, the 
Jiangnan Canal section, the Zhedong Canal section, the Tonghui River section, the North Canal section, the 
South Canal section, the Huitong River section, and the Zhonghe section. The Jiangnan Canal section refers 
to the section from Zhenjiang to Hangzhou. The watershed of this canal geologically belongs to the alluvial 
plain of the Yangtze River Delta, with a dense river network and numerous water systems. The region's 
extensive natural water network connecting rivers to lakes and the artificial waterways excavated 
successively since the Spring and Autumn Period have combined to form a complete "main line-branch 
line-end line" river network system of the Jiangnan Canal. This dynamic canal water conservancy regulation 
system and transportation system have laid the environmental foundation for Jiangnan civilization. The 
Wuxi section of the Grand Canal, as a segment of the Jiangnan Canal, possesses typical characteristics of 
the Jiangnan Canal. 

3.1. Constructing the geographical matrix of water network 

The Wuxi section of the Grand Canal, connecting rivers and lakes, is an integral part of the water network 
in the basin. The plain and polder areas of the Grand Canal water system in Wuxi are typical lake-plain 
water networks, characterized by flat terrain and well-developed water networks. The Wuxi section of the 
Grand Canal serves as the main artery of the canal system, regulating the reciprocal flow between rivers 
and lakes. By connecting the Yangtze River and the Taihu Lake, it boasts abundant water sources. As the 
core artery of the regional water network, it links numerous artificial rivers, forming a water system with a 
"one main artery and multiple branches" superimposed capillary network in Wuxi, which constitutes one 
of the important fundamental characteristics of the plain and hilly landform in the Wuxi area. The planar 
morphology of the Wuxi section of the Grand Canal features a multi-crossing water system, creating 
numerous "spurs" at the intersections of water systems, including Beijian, Jiangjian, Nanjian, Xiaojian, and 
Shuanghejian outside the North Gate. These spurs are a major feature of Wuxi's landscape, formed in 
relation to the direction of the canal system and geological tectonic movements in Wuxi. They also serve 
as high-quality spaces for contemporary urban construction and development. 

3.2. Facilitate the development of towns and settlements 

The extensive regions traversed by river networks gradually fostered the development of numerous towns 
and settlements that relied on these waterways. In the 12th century BC, the irrigation techniques from the 
Central Plains, introduced by Taibo to the State of Wu, laid the technical groundwork for canal excavation. 
King Fuchai of Wu excavated the ancient Wu canal in a bid to dominate the Central Plains. Following the 
canal's formation, its convenient transportation spurred the emergence of towns and markets along its 
banks. During the Sui Dynasty, the Grand Canal linked the Jianghuai region, Guanzhong, and the middle 
and lower reaches of the Yellow River, elevating the Jiangnan area to one of the country's two primary 
economic zones. The population growth in the river basin spurred further agricultural development, and 
along the canal and newly established water routes, towns and markets continued to flourish. The Beijing-
Hangzhou Grand Canal, constructed during the Yuan Dynasty, connected the north and south, with the 
middle and lower reaches of the Yangtze River emerging as a national economic hub. The long-term 
economic development's influence on the river basin became fully apparent during this era. As cities 
expanded, security concerns became increasingly pressing, prompting the Wuxi Canal to be rerouted from 
a "straight river through the city" to a path outside the city walls. 
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Figure 1 Schematic diagram of the evolution of the ancient city layout influenced by the canal（Figure source: 
drawn by the project team） 

3.3. Driving the economic lifeblood of cities and towns 

Long before the completion of the Grand Canal in the Sui Dynasty, the Wuxi section of the Grand Canal 
already existed. The completion of the entire Grand Canal in the Sui Dynasty led to frequent travel and 
trade between the north and the south, with a bustling cargo transportation. The development of water 
transportation made Wuxi, with its advantageous position as a waterway hub, become a regional material 
transfer center, forming well-known distribution docks, among which the four major docks for "cloth, rice, 
silk, and money" were the most famous. In 1905 AD, after the end of the canal transportation function of 
the Grand Canal, the Wuxi section of the Grand Canal still assumed the inland shipping function of the 
Suzhou-Wuxi-Changzhou and Hangzhou-Jiaxing-Huzhou regions. During the late Qing Dynasty and the 
Republic of China, Wuxi became one of the first modern industrial cities in China to establish machine 
production as a hallmark, and national industry and commerce developed vigorously in Wuxi. The role 
changes of the Jiangnan Canal, including the Wuxi Canal, in the entire Grand Canal system directly 
influenced the rise and fall of the basin, witnessing the transformation of the middle and lower reaches of 
the Yangtze River from being centered around the Taihu Lake to becoming a national economic center, 
from being a secondary economic region to becoming the economic heart of the country. 
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3.4. Coexistence of civilizations in the Jiangnan region 

The fluidity and accessibility of water transportation have shaped the urban cultural character of Wuxi, 
which is flexible, diligent, materialistic, and pragmatic. Water conservancy projects have become the city's 
origin memory. The various heritage elements of the Grand Canal along the Wuxi section include 2 
elements listed in the World Cultural Heritage List, 14 national-level Grand Canal heritage elements, 15 
provincial-level elements, and 16 municipal-level elements. Apart from the heritage elements identified 
during the application stage based on the declared canal categories, which focus on the core value of water 
conservancy engineering achievements, the cultural connotation of the Grand Canal is broader. For 
example, the ten temple system in Wuxi city and other temples built along the canal outside the city reflect 
that since the Ming and Qing dynasties, Jiangnan has been a region with heavy taxes, and citizens or 
villagers have used part of their wealth to give back to and bless their gods. The development of folk culture 
is essentially backed by the development of commercial culture and its intricate connections with the canal. 

 

4. Strategy for Wuxi Grand Canal space shaping 
Based on the typical characteristics of the Jiangnan Canal, the author believes that we should adhere to 
the long-term goal of protecting and inheriting the Grand Canal culture and promoting ecological 
civilization. We should ensure that the implementation of protection requirements is aligned with 
development needs, extract the historical characteristics of the Jiangnan Canal section of the Grand Canal, 
explore its transformation and development in the contemporary era, demonstrate transformation and 
upgrading, and provide a comprehensive approach for the space shaping of the Grand Canal through 
discussions on a series of technical methods from three perspectives: cultural inheritance, ecological 
protection, and sustainable development. 

4.1. Cultural Inheritance: Revitalizing the Water System Space Network of Jiangnan Canal 

Cities 

(1) Analyze cultural context and elucidate unique values 

The space shaping of the Grand Canal should first be based on an accurate understanding of the cultural 
context and value characteristics of the Grand Canal. Analyzing the Wuxi section of the Grand Canal from 
a global perspective, the entire Grand Canal, and the Jiangnan Canal section at different scales, sorting out 
the historical development process in the long term, the changes in the urban settlement system along the 
canal, analyzing and interpreting the unique value and characteristics of the Wuxi section of the Grand 
Canal, and clarifying that it is a model of urban river interaction and dynamic utilization. As a living heritage 
still in use, not only should attention be paid to the protection of its cultural heritage, but also to the 
continuation of its contemporary functions, providing clear target positioning and high-quality construction 
guidelines for the shaping of the Grand Canal space. 

(2) Hierarchical organizational network, activating the river tip space 

On the basis of grasping the value positioning, establish a holistic cultural pattern. Through the study of 
the development stages of Wuxi city, it was found that Wuxi has already gone through a stage of taking 
rivers as veins and roads as axes. In response to the limited urban characteristics of Wuxi's development 
hinterland, based on the historical development model of the Jiangnan Canal basin water network system 
driving the development of urban settlements, taking the transformation and development of the Grand 
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Canal as an opportunity, the urban water network skeleton is reactivated, key spatial elements along the 
canal are extracted, and the overall spatial layout of the city is optimized. 

 

Figure 2 Construction diagram of cultural space network（Figure source: drawn by the project team） 

To construct a "one main line with multiple branches" historical and cultural spatial network, in addition to 
the main axis of the Grand Canal, the connecting waterways from the downtown to key cultural areas will 
be regarded as the primary cultural branches, while the connecting waterways from the downtown to 
general cultural areas will be regarded as the secondary cultural branches. 

(3) Introduce narrative expression to strengthen living inheritance 

By comparing historical base maps with current maps, various types of historical and cultural resources are 
spatially located, and protection requirements for historical and cultural resources at all levels and types 
are clarified. Through the overlay method of historical and cultural elements, information on historical 
events and cultural allusions is summarized, and current historical and cultural resource points are 
overlapped with themes such as modern industrial and commercial facilities, water conservancy and 
hydraulic facilities, official warehouses and shrines, town guilds, Kangxi's southern tour, gardens, scenic 
spots, and folk customs, to create a water loop. Based on the idea of "promoting protection through 
utilization", the current preservation status, display, and rational utilization of the remains are 
comprehensively considered. For resources that can reflect a specific cultural theme in a certain historical 
period, themed display routes are organized, and a connection between value, carrier, and event is 
established. 
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Figure 3 Slow-moving network planning diagram               Figure 4 Water route planning map       

（Figure source: drawn by the project team） 

4.2. Ecological protection: Forming an ecological restoration pattern for high-density 

developed areas 

(1) Multiple uses within a single area, Enhancin connections, and Strategies for different areas 

Due to the overall ecological degradation of the Wuxi section of the Grand Canal and the severe imbalance 
in ecological restoration capabilities among different districts, as well as the scarcity of vacated land, an 
overall approach of "multiple uses for one site, enhanced connectivity, and differentiated strategies for 
different areas" has been established for the ecological restoration of the Wuxi section of the Grand Canal, 
under the premise of strictly protecting existing ecological red lines and permanent farmland areas. 

   

Figure 5 From left to right: urban ecological carrying capacity analysis map, green space recreation service 
capacity analysis map, heat and wind status analysis map（Figure source: drawn by the project team） 

"Multiple uses within a single area" refers to integrating multiple ecological service functions within a single 
ecological patch or corridor land. For example, integrating wider ecological corridors and wind corridors, 
combining riverfront blue line setbacks with riverside constructed wetlands, and combining ecological 
patches with urban cooling islands to improve the land use efficiency of ecological patches and reduce 
conflicts with urban construction. "Enhancing connectivity" is based on the reality that patches along the 
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Grand Canal are scarce and difficult to increase in large areas. While protecting existing important patches, 
the limited ecological vacated space is focused on constructing corridors to restore connectivity between 
internal and external patches, as well as within internal patches. "Strategies for different areas" are based 
on the different ecological restoration capabilities, especially sewage treatment capabilities, of various 
areas along the Grand Canal, to formulate different ecological restoration measures and reduce non-point 
source pollution. 

    

Figure 6 Landscape ecological pattern planning map     Figure 7 Carbon reduction planning map       

（Figure source: drawn by the project team） 

(2) Ecology-oriented, Implementing in layers, and Balance competing interests 

On the basis of protecting existing important patches, a total of four levels of 207 ecological corridors will 
be constructed along the Grand Canal, based on river and road greening. The first level is the municipal 
corridor, the second level is the corridor mainly composed of tributaries of the Grand Canal and coastal 
greening, with a width of about 50 meters, mainly connecting ecological patches with an area of more than 
20,000 square meters and in good condition; the third level is based on roadside forest belts with a width 
of more than 25 meters, connecting small patch groups with an area of 5,000-20,000 square meters, mainly 
including scattered woodlands, cultivated land, and garden plots; the fourth level combines low-level rivers 
in the basin and well-greened roads to connect scattered patches in the above patch groups. The 
connectivity and overall service efficiency of patches will be enhanced through the corridor system. At the 
same time, combining rainwater analysis, wind tunnel analysis, etc., ecological patches, corridors, urban 
cold islands, wind corridors, rain gardens, riverside constructed wetlands, and pedestrian greenways will 
be layered and combined to comprehensively solve problems such as urban heat island, non-point source 
pollution entering rivers, and insufficient ecological services, and improve land use efficiency. 
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Figure 8 Ecological pattern restoration along the Grand Canal（Figure source: drawn by the project team） 

4.3. Sustainable development: Shaping a diverse and vibrant space that embodies regional 

characteristics 

(1) Shaping the spatial vitality for guiding crowd activities through time-sharing 

As an important spatial corridor in the region, the Grand Canal's riverside space constitutes a crucial part 
of urban public space. The richness and inclusiveness of activities determine the participation and activity 
levels of the space. The shaping of water system space should focus on extending towards diversified urban 
life, integrating multiple composite functions such as culture, commerce, entertainment, and sports, 
clarifying the principles and requirements for the development and utilization of shorelines, arranging 
environmental recreation facilities that match the crowd, and creating high-quality riverside space. 

(2) Shaping the style and features of transportation routes through comprehensive optimization of visual 
quality 
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Conduct a visual quality assessment based on multidisciplinary expert evaluations of the current riverfront 
interface, landscape environment, and key nodes. Based on the requirements related to ecology, historical 
and cultural features, and urban image, assess the landscape visual impact brought by different engineering 
measures along the canal interface. On the basis of the assessment, according to the characteristics of the 
scenery along the Grand Canal, propose requirements for area style guidance (landscape style zoning), line 
(riverfront interface), and point (viewing points and landmark landscape nodes), optimization of riverfront 
interface and skyline shaping, protection of view corridors, and viewing and overlooking. 

 

 

Figure 11 Building height control matrix along the transportation interface（Figure source: drawn by the 
project team） 

Through the physical space analysis method, the system elements (historical and cultural system, ecological 
landscape system, road traffic system, etc.) and characteristic elements (water perception characteristics, 
land price characteristics, etc.) of the Wuxi section of the Grand Canal are analyzed using spatial analysis 
techniques such as GIS to predict the optimal three-dimensional physical space form along the Grand Canal 
in the future. Emphasis is placed on the inheritance and adaptation of the style and features of the old city 
of Wuxi, providing a foundation for the reasonable establishment of mechanisms for the renewal and 
development of the old city. By integrating various control factors, a height and form control method 
featuring "four controls (height control of protected areas, riverfront interface control, sight corridor 
control, canal bay scenery control) and one enhancement (skyline enhancement)" is proposed for the areas 
along the Grand Canal. This provides a rational basis for height zoning and technical support for subsequent 
detailed planning of height control. 
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Figure 12 Sight corridor factor control diagram                          Figure 13 Multi-factor overlay analysis chart 

（Figure source: drawn by the project team） 

5. Conclusion  
Currently, the shaping of spaces along the Grand Canal is still in the exploratory stage. Balancing historical 
and cultural preservation, ecological protection, and high-quality development has become a new 
requirement for the space shaping of the Grand Canal in the new era. This study focuses on the 
characteristics of the Jiangnan Canal section, aiming to "revitalize the historical development model of 
Jiangnan water network cities", "restore the ecological environment of high-density built-up areas", and 
"shape a canal vitality space with regional characteristics". It proposes technical methods for 
comprehensive cultural promotion, ecological restoration, landscape shaping, and industrial development, 
providing reference for the space shaping of the Grand Canal. 
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Abstract 

In March 2025, a strong earthquake struck Inwa Ancient City in Myanmar, which dramatically 
destroyed thousands of brick and stone pagodas. The goal is to overcome the major challenges on 
issues such as a shortage of resources right after the disaster event and delays in assessment. 
This research develops a rapid and quantifiable earthquake trauma assessment framework of 
cultural heritage to support scientific decision-making on priorities in restoration. This paper first 
estimated the value of cultural heritage from the four dimensions of age, form, spatial pattern, 
and pre-earthquake preservation status of 426 pagodas based on a pre-earthquake systematic 
survey that had set up a high-precision geographic information system. Then, through the deep 
learning semantic segmentation model, pre-and post-earthquake high-resolution remote sensing 
images were compared and analyzed to automatically identify and classify the damage levels of 
pagodas caused by the earthquake. Finally, through spatial overlay in GIS, the results of value 
assessment and damage assessment were synthesized to get the "cultural trauma degree" of each 
pagoda. 
The value-integrated rapid assessment presented in this study not only provides a direct basis for 
precise post-disaster policy decisions in Inwa Ancient City but also a technical approach that can 
be replicated in disaster resilience assessments and emergency management of cultural heritage 
in the Global South. 

 

Keywords 

Inwa, Multi-data, Earthquake, Cultural Trauma 

1. Introduction  
Accelerated global climate change and the frequency of extreme disasters in recent years have brought 

the issue of "resilience" in cultural heritage to the attention of international organizations such as UNESCO. 
In 2007, a UNESCO assessment report showed that climate change has already had a significant impact on 
World Heritage sites and creates severe risks. The United Nations 2030 Agenda for Sustainable 
Development, adopted in 2015, further integrated protection of cultural heritage into the global agenda; 
Goal 11.4 explicitly called for enhanced responses to climate-related threats. In 2022, the ICOMOS even 
announced "Heritage and Climate" as the theme for the International Day for Monuments and Sites, 
further highlighting the urgency for heritage adaptation to climate change. 

From the perspective of the Global South, cultural heritage is an important carrier of identity and 
provides a key resource for enhancing tourism and poverty reduction. However, its vulnerability in the 
event of disaster is quite prominent. Taking Southeast Asia as an example, world-class heritage sites such 
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as Angkor, Bagan, and Inwa possess extremely high value but are in a state of inadequate protection due 
to a dual lack of funding and technology. The low structural redundancy and rapid material aging these 
ancient structures have mostly been built under low-technology and low-intensity construction conditions. 
Under the combined impact of earthquakes, floods, typhoons, and other disasters, they show significant 
systemic vulnerability. Once damaged, the "Outstanding Universal Value" carried by them would face 
irreversible loss. Therefore, how to quickly, accurately, and replicably assess the degree of heritage damage 
after a disaster and formulate a scientific restoration sequence based on this has become a key scientific 
issue that urgently needs to be resolved in the field of heritage protection. 

On March 28, 2025, a magnitude 7.9 earthquake hit Myanmar, and the focal depth of 30 kilometers was 
the largest magnitude earthquake this year. Inwa is close to the epicenter and has served as the capital of 
Myanmar four times. There are 426 brick and stone pagodas from the 15th to 18th centuries in Inwa, 
possessing important historical, artistic, and religious compound values. This disaster caused more than 
70% of the pagodas in this area to be badly damaged. However, after this disaster happened, most of the 
government resources were focused on humanitarian relief; thus, it was difficult to organize systematic 
assessments and surveys for heritage buildings in a short period of time. Therefore, many brick and stone 
heritage structures were in danger of further damage. In such a situation, urgent work like a rapid general 
disaster damage assessment was needed to form an overall survey of heritage damage that would be 
helpful for subsequent in-depth surveys and orderly restoration. 

The research team of this study conducted systematic field surveying and architectural mapping in Inwa, 
Myanmar in 2018. It acquired highprecision pre-earthquake baseline data such as architectural form, 
structural characteristics, and preservation status. （Figure 1） Baseline information was obtained for use 
in possible disaster response and heritage reconstruction. This study conducted a cultural heritage value 
evaluation for each pagoda within the ancient city based on this batch of pre-earthquake field data. Then 
it showed the automation of identification and grading of building damage by fusing deep learning 
algorithm with multitemporal high-resolution remote sensing images before and after the earthquake. 
Integrating the two datasets together, this study established the quantified assessment system of the 
cultural trauma degree of various pagodas in Inwa. The system was intended to provide scientific decision-
making support for deciding post-disaster restoration priorities and resource allocations.  

Figure 1. Inwa Ancient City Cultural Heritage Database. Source: Drawn by the research team. 
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2. Methodology 

2.1 Study Area 

It is located in Mandalay Region, Myanmar. Inwa Ancient City has been the capital of Myanmar for almost 
360 years and was considered the powerhouse of Upper Myanmar. It has become the most important 
representative of ancient cities in the Mandalay City group due to the integrity of its large-scale heritage 
preservation and unique historical background. 

Within Inwa Ancient City, there are scattered pagodas and temples. They were continuously added to, 
renovated, and reconstructed across four dynasties: "First Inwa (Ava Dynasty, 1364–1555), Second Inwa 
(Taungoo Dynasty, 1597–1752), and Third and Fourth Inwa (Konbaung Dynasty, 1763–1837)." The Ava 
Dynasty laid the foundation for the early Pagan–Ava style of brick pagodas. The Taungoo Dynasty added 
golden spires, bellshaped domes, and ambulatories during post-war reconstruction, forming a "pagoda-
temple integration" pattern. The Konbaung Dynasty concentrated on construction when relocating the 
capital to Ava, using pagodas as spatial declarations of royal legitimacy, and reached a peak in quantity and 
artistry before the 1839 earthquake. After nearly five centuries of cumulative construction, there are still 
remains today. According to incomplete statistics, more than 60–70 temples and pagoda groups remain 
today. Some temples contain dozens of pagodas, and countless pagodas are hidden in the wild, covered by 
trees and on the verge of collapse. There are 426 pagodas remaining through team field surveys that 
together write a visible "Inwa dynastic history," recording political-religious changes in Myanmar from the 
center of the Burmese people to multi-ethnic governance and from exclusive veneration of Buddhism to 
cultural integration. (Figure 2)  

Figure 2. The Inwa Pagodas Record. Source: Drawn by the author. 

2.2 Research Framework and Methods 

The logical and clear technical route of this study is divided into three major steps with the aim of 
systematic quantification of seismic cultural trauma degree for pagodas in Inwa Ancient City. 

First, the evaluation of the cultural heritage value is conducted. The present study constructs a value 
evaluation system from four dimensions. These are: (1) Age: According to the four historical periods when 
Inwa Ancient City served as the capital (Ava Dynasty, Taungoo Dynasty, early Konbaung Dynasty, late 
Konbaung Dynasty), scores are assigned from 4 to 1, giving higher scores to earlier periods. (2) Pagoda 
specifications and forms: For main pagodas, 4 points were given; for subsidiary pagodas, 1 point was given. 
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(3) Contribution to spatial pattern: The authors hereby present that Inwa Ancient City has a dual-driven 
spatial structure of "royal power and religious power." The northern inner city represents the area of the 
royal palace, and an east-west axis through the city from this zone connects the fortress, important 
pagodas, royal palace, defensive towers, and important city gates. In the southern part lies the religious 
area, whose north-south axis connects the river with the royal palace, important temples, residential areas, 
and the outside world. In general, the development of Inwa Ancient City is inextricably linked with the 
power of royalty and religion; besides being inseparable, they are mutually restrictive and together drive 
the development of the capital. So, in the assessment, whether the pagoda was within the royal palace, on 
the main axis, or at the core node was assessed, in which every single one was given 1 point for each 
criterion and cumulative scoring was done. (4) Pre-earthquake preservation completeness: Based on the 
data of the field survey in 2018, the pre-earthquake state of the pagodas was divided into three levels: 
"intact", "basically intact", "severely damaged", and their scores were added as 4, 3, and 0, respectively. 
The total cultural value score for every single pagoda is obtained by summing the scores of the four 
dimensions. 

Then, seismic deformation and damage degree assessment are conducted. In this study, the semantic 
segmentation technology of deep learning is adopted to handle high-resolution remote sensing images 
before and after earthquakes. Specifically, it uses the classic U-Net network architecture, taking ResNet34 
as the backbone network to build a two-stage model: it trains the model using pre-earthquake images in 
stage one to capture the contour and location of each pagoda, and then in the second stage of the 
processing, using a two-branch network structure that takes input from both pre- and post-earthquake 
images simultaneously, shares weights trained in the first stage to efficiently identify the changes after 
earthquakes and categorizes their damage degrees into four levels, respectively, namely "unaffected," 
"moderately severe," "very severe," and "extremely severe." 

At last, the cultural trauma degree is synthesized. The assessment results of the scores of cultural value 
and earthquake damage level are overlaid in space on the GIS platform. The key logic behind the method 
of calculating the degree of cultural trauma is that the pagodas with higher pre-earthquake value and more 
serious post-earthquake damage have suffered greater cultural trauma. By executing a quantitative 
overlay, a total score of the cultural trauma degree for each pagoda is given and visually presented in space. 

2.3 Data Collection and Preprocessing 

This research relies on high-quality multisource data, the collection and processing of which are done in 
three steps. 

First, a basic spatial database is established. Based on the large-scale field investigation results of the 
research team in Inwa Ancient City in 2018, a high-precision heritage geographic information system was 
established on the ArcGIS Pro platform, locating all 426 pagodas in space with point vectors, recording the 
attribute information of each pagoda, such as dynasty, name, pre-earthquake preservation status, 
main/subsidiary pagoda level, etc., and forming core baseline data in later value evaluation. 

The second step is the acquisition of multi-temporal remote sensing images. Through Changguang 
Satellite Company, an order for High-definition images from the "Jilin-1" Wide Field 01 satellite was made 
for two periods, pre-earthquake and post-earthquake, of the study area: March 1st, 2025, and April 3rd, 
2025. The resolution is 0.75m, with less than 5% cloud cover and a less than 8° difference in the side view 
angle, which can effectively ensure that the images before and after the earthquake are comparable, while 
satisfying the severe requirements of disaster detection. 
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Third, the deep learning sample data is generated. With the pagoda vector points as the center in the 
GIS platform, two-period images are batch-cropped with a fixed window of 128×128 pixels, corresponding 
to approximately 96 meters×96 meters on the ground, generating 128 pairs of "pre-earthquake-post-
earthquake" corresponding image slices. This not only reduces the data volume but ensures that each 
sample fully covers the pagoda body and its peripheral environment. The samples are then manually 
annotated using Labelme software: pre-earthquake images are annotated with pagoda contours, and post-
earthquake images are annotated according to the aforementioned four damage levels based on visual 
interpretation. As there is a problem in the quantity of samples, the CutMix data augmentation technique 
is used in concert with rotation and flipping methods to increase the dataset and lay the foundation for 
model training. (Figure 3)  

Figure 3. Earthquake Damage Assessment Data Collection. Source: Drawn by the author. 

2.4  Results and Analysis 

(1)  Spatial Pattern of Cultural Value 

According to the value assessment system put forward in this paper, the score for each of the 426 
pagodas was given and visualized with ArcGIS (Figure 4). It can be found from the figure that the high-value 
pagodas are not at all scattered around but highly agglomerated along the two core axes-royal axis and 
religious axis-and the key nodes in the historical development process of Inwa Ancient City, especially in 
the northern and southern core areas of the palace district and religious district respectively. This spatial 
pattern of distribution definitely confirms the dual role in shaping the historic urban pattern by the royal 
power and religion and further justifies the rationality of this assessment system. 
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(2) Spatial Heterogeneity of Seismic Damage 

After prediction by the two-stage deep learning model, pixel-level damage level results for all pagodas 
were obtained. A post-earthquake damage spatial distribution map was created through spatial mosaicking 
and attribute linking (Figure 5). The analysis result shows that the seriousness of the damage to the pagodas 
reflects obvious spatial heterogeneity. Seriously damaged pagodas are relatively concentrated in areas 
either with poor geological conditions or aging building materials. Therefore, the model identified a 
continuous damage state of structurally intact to complete collapse quite effectively, thereby realizing the 
quick and objective assessment of the disaster situation. 

 

Figure 4. Cultural Value Assessment Results. Source: Drawn by the author. 

(3) Degree in Cultural Trauma Assessment 

By overlaying the map of the cultural value scores with that of earthquake damage distribution, a 
comprehensive evaluation map of the cultural trauma degree of the pagodas in Inwa Ancient City was 
finally obtained (Figure 6). This intuitively reflects the areas suffering from the most serious losses in 
cultural heritage. The pagodas with both a high historical value, such as being situated in the core of the 
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early capital and possessing large-scale forms, and having gone through "very severe" or "extremely 
severe" physical damage are marked as "hotspots" of cultural trauma and should be listed as the top 
priorities for post-earthquake restoration and resource allocation. The result provides a scientific basis for 
decision-making by linking the abstract heritage value loss with specific physical damage.  
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Figure 5. Earthquake Damage Assessment Results. Source: Drawn by the author. 

 
Figure 6. Cultural Trauma Assessment Results. Source: Drawn by the author. 

3. Results 

3.1. Proportion of Final Cultural Trauma Degrees  

In general, the cultural trauma degrees have significant differences: 27 pagodas have extremely high 
trauma levels, 74 have high trauma levels, 195 have moderate trauma levels, and 130 have low trauma 
levels. Pagodas with extremely high trauma levels are visibly concentrated in the royal city in the northern 
part of the ancient city and the core religious area in the south. This is highly consistent with the historical 
spatial structure of the Inwa ancient city driven by the dual centers of "royal power-religious power" in its 
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history. That means the heritage in the core functional areas suffered the most serious loss in cultural 
values during the earthquake. (Figure 7) 

 Figure 7. Proportion of Final Cultural Trauma Degrees. Source: Drawn by the author. 

3.2. Data Composition Analysis 

In order to further disclose the inner composition mechanism of the degree of cultural trauma, cross-
analyses were conducted for its two core components, which are cultural value and earthquake damage. 
(1) Correlation Analysis between Cultural Trauma Levels and Cultural Value Levels 

Of the highly traumatised pagodas, 11 had high value points making up 42%; 16 had extremely high value 
points, making up 58%. Of those highly traumatised, 3 had low value points, accounting for 4%; 28 had 
middle value points, accounting for 38%; 24 had high value points, accounting for 32%, while 19 had 
extremely high value points, accounting for 26%. Of the pagodas in a moderate trauma state, 4 had low 
value points, accounting for 2%; 43 had middle value points, accounting for 22%; 113 had high value points, 
accounting for 58%; while 39 had extremely high value points, accounting for 20%. Of the pagodas showing 
low trauma, there are 39 with low value points, accounting for 30%; while 91 have middle value points, 
accounting for 70%. 
(2) Correlation Analysis between Cultural Trauma Levels and Earthquake Damage Levels: 

All pagodas having very high trauma possess very high damage levels. From the highly traumatized 
state of the pagodas, the contribution of medium-level damages includes 22 or 30% and high-level 
damages include 22 or 30%, while very high damage amounts to 30 or 40%. Among the moderately 
traumatized pagodas, low damage levels were found in 117 or 60% and medium in 78 or 40%, while in 
the pagodas in low trauma, 120 or 92% had low damage levels and 10 or 8% had medium damage levels. 

It can be seen from the data composition that the points with the extremely high earthquake damage 
level basically caused extremely high trauma and high trauma. The points at the low damage levels but 
extremely high in value are also categorized under high trauma. (Figure 8) 

 
Figure 8. Correlation Analysis Results. Source: Drawn by the author. 
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4. Disscussion  

4.1 Discussion on Categorized Policy Measures 

One of the most important application values of this batch of assessment results is that they can provide 
a direct basis for differentiated protection and restoration strategies. According to the degree of trauma, 
a clear course of action can be identified: For those heritage sites with "extremely high trauma," it is 
necessary to immediately start the highest-level emergency protection and systematic restoration because 
their value is very great and the damage is serious; any delay may result in losses that cannot be recovered. 
In heritage sites with "high trauma," different situations need to be distinguished-if they have been 
selected because of their high value, they should be given priority for preventive reinforcement and 
planned restoration; if they have been selected because of high damage, the focus should be on structural 
emergency rescue. Objects with moderate and low trauma levels can be integrated into routine monitoring 
and batch maintenance plans. Such a classified policy based on the assessment result can precisely allocate 
limited protection resources to the most urgent and most critical sites, giving full play to the effectiveness. 

4.2 Discussion on the Weighting of the Assessment Framework and Directions for 
Optimization 

The current assessment framework places more weight on the "degree of damage." Indeed, it may lead 
to a phenomenon: Some pagodas without top-level intrinsic value and cultural significance may also gain 
a high trauma level in the assessment due to extremely severe physical damage and thus are ranked high 
in the restoration priority order. The result reflects the choice that the framework has made between 
"urgency of protection" and "importance of value," with its original intention to focus resources on rescuing 
endangered assets. However, it also suggests the direction for optimization of the framework in the future: 
In subsequent iterations, more diversified decision-making dimensions such as "restoration feasibility," 
"technical difficulty," and "cost-effectiveness" can be introduced, or the "heritage value" can be further 
decomposed into more refined secondary indicators (such as historical, artistic, scientific, and 
socioeconomic values) to form a more comprehensive priority assessment system. In this way, resource 
allocation is not only based on "the degree of danger" but also reflects "the comprehensive value" of 
heritage more effectively. 

5. Conclusion 
Faced with the urgent needs of suddenly occurring disasters, this study has succeeded in constructing 

and implementing a rapid assessment framework for "cultural trauma degree" that integrates cultural 
heritage value and earthquake physical damage; it is able to achieve precise investigation and quantitative 
ranking of 426 post-disaster conditions of pagodas in Inwa Ancient City. A future, more generalized heritage 
protection decision-making model will still need more diversified dimensions, including restoration 
feasibility, technical difficulty, cost-effectiveness, and community sentiment. This study has taken an 
essential step in accelerating disaster risks under climate change, establishing a scientific, efficient, and 
sustainable heritage resilience protection paradigm in resource-constrained environments. It provides a 
key methodological basis and supporting evidence in decision-making, and its core ideas have great 
reference significance for cultural heritage sites under similar challenges in the world. 
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Abstract 

Public squares are essential for enhancing the quality of life for urban habitants, which offers a 
proper environment for multiple daily activities including leisure, entertainment, and dining. It is 
found that these spaces are significantly more crowded during weekends and holidays, and 
pedestrians are less during weekdays. The number pedestrians in these spaces fluctuates 
significantly over time. However, current design studies often focus on high or low density using 
scenarios and overlooking the balance between these patterns, which is not capable to 
comprehensively assist design. 
This research employs agent-based simulation and a social force model to predict pedestrian 
dynamics in urban public squares. By simulating both high-density (holiday) and low-density (daily) 
situations, the self-organization behaviours that emerge under varying conditions is analysed. It is 
found that the inner corner of a square is liable be low-density, and the connections between the 
street and the square are prone to be high-density. For the square in the T-junction, a triangle 
region near the through street tend to have low-density, and there are high-density regions near 
the route between the end street and through street; For the square at the crossroads, there are 
four small regions that are relatively low-density. Furthermore, the size and distribution of 
overcrowded and vacant spaces correlate with the specific space. It can be suggested that effective 
design strategies can mitigate overcrowding and optimize the use of available space, by adapting 
to the spatial shape and taking consideration of both the high and low density using scenarios. This 
research leverages agent-based simulation for the quantitative analysis of using condition of urban 
squares with different locations and specific using scenarios. The design solutions can be derived 
by comprehensively analyse the using situation of pedestrians with varying amount and walking 
destinations. Taking advantages of this method, the urban public square design can be more 
accurate and objective. 

Keywords 

Design strategy; Urban public square; Agent-based model; Social force model; Quality of life 
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1. Introduction  
The attractiveness of shopping, dining, entertainment and other functions in urban pedestrian spaces is 
increasing to pedestrians, and the situation of excessive pedestrian gathering has become more and more 
serious, which leads to a series of problems such as poor leisure activity experience and even personal 
safety (Li et al., 2020). Public squares play a role in gathering people and connecting different routes, which 
is an important node that the gathering of people and the usage of space need to carefully coped with. 
Currently, crowd management and guidance are the widely used methods to solve the problem of 
excessive pedestrian gatherings. However, access restrictions harm pedestrians' leisure experience, and 
the importance of passive urban design methods that guide pedestrians to avoid excessive gatherings is 
recognized. 

The passive design methods are usually based on prediction and analysis (Helbing et al., 2005). Walking 
behaviour prediction models are capable of predicting the movement status of pedestrians and 
correspondingly analyse the walking space, which can be divided into macro models, including continuum 
models (He et al., 2023) and network models (Moustaid and Flötteröd, 2021), and micro models, including 
social force models (Helbing and Molnár, 1995), speed obstacle models (Takanashi, 2024), and discrete 
choice models (Robin et al., 2009). Microscopic models have higher accuracy in simulating pedestrian 
movements and are suitable for analysing walking conditions in spatial environments and predicting 
trajectories of small-scale pedestrians (Hoogendoorn et al., 2014; Duives et al., 2016). This study mainly 
focuses on predicting and analysing pedestrian walking behaviour in urban pedestrian spaces in a single 
urban square, and is mainly applied to propose relevant design strategies. Therefore, microscopic models 
fit this research better. 

Dobler et al. (2021) found that the usage of urban public space can be categorised as using scenarios on 
weekdays and weekends. The performance of environmental elements on low-density and high-density 
are found to be extremely different (Li et al., 2024). However, existing researches mainly engages in the 
design solution for low-density (Khotbehsara et al., 2025) or high-density situations (Villani and Talamini, 
2023). The balance of low-density and high-density situation is still not properly settled to improve the 
quality of life of people. 

This study aims to use the agent-based framework to predict pedestrian density distribution in urban public 
squares in high and low density conditions based on social force concept. The model proposed in this study 
can be used to assist in proposing design strategies accordingly. The pedestrian density distributions in 
different prototypes of urban public squares under normal and crowded conditions is considered 
simultaneously to balance both conditions to propose proper design solutions. 

This paper first provides the research methodology to simulate the pedestrian density distribution. 
Accordingly, the results of the prediction results are subsequently described. Then, the application 
prospects are discussed. Finally, several conclusions are presented. 

2. Methodology 
The influencing factors shaping basic forms of urban public squares can be divided into straight and turning 
corridors, which determines direct and turning behaviours in the tactic layer. The model proposed in this 
study is a 2-layer agent-based model. The tactic model is a path planning model that predicts the current 
walking aim and gradually leads to the destination; The operational level is based on the walking aim 
predicted in the tactic layer model to perform instant walking behaviour. The pedestrian density 
distribution can be predicted through simulating walking behaviour of pedestrian crowds in the agent-
based model. After the above steps, the relationship between influencing factors and pedestrian density 
distribution can be built, as shown in Fig. 1. 
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Figure 1 The logic of walking behaviour model. Source: Authors. 

2.1. Tactic layer model 

The influencing factors causes two kinds of tactic layer behaviours, which are direct behaviour and turning 
behaviour, as shown in Fig. 2. Based on the needs of reaching the target, the walking aims of pedestrians 
are determined by direct behaviour and turning behaviour. 

● Direct behaviour 
When pedestrians and their walking aims are in the same corridor, they will adopt the direct behaviour in 
the urban public square (Hoogendoorn and Bovy, 2005). Influenced be direct behaviour, pedestrians will 
cross the entire space with the shortest path, which means that the pedestrian's path planning at this time 
is a straight line towards the destination, with the expected direction directly pointing from the current 
position to the destination, reflecting the behaviour of approaching the destination. The walking aim of 
pedestrians' direct behaviour remains stable throughout the walking process, as shown in Figure 2. 

● Turning behaviour 
This study divides the turning behaviour of pedestrians under the influence of changes in the direction of 
the passage into three phases, namely the straight stage before turning (Phase 1), the passing turning 
region stage (Phase 2), and the straight stage after turning (Phase 3), as shown in Fig. 2 (Sun et al., 2023). 
The first phase is the straight stage before turning. In this phase, the pedestrian's tactic layer walking 
strategy is to go straight parallel to the boundary of the channel. The second phase starts at a distance of 
𝑥𝑥𝑝𝑝 upstream of the connecting region of the two corridors, and uses an elliptically global path planning 
method. The local path planning strategy is set an attentional scope with a radius of r. The connecting point 
in the walking direction is the walking aim in this phase. 𝑥𝑥𝑝𝑝 is a random number with a mean of 5.82 m and 
a standard deviation of 2.4 m, and r is 3 m. The third phase is the straight stage after turning. In this phase, 
pedestrians will shift to direct behaviour. 
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Figure 2 Walking aim setting of different tactic layer behaviours. Source: Authors. 

2.2. Operational layer model 

The social force model treats the influence on pedestrian movement as the form of force, predicting the 
acceleration of pedestrians after being affected by other influential factors. In the social force model 
proposed by Helbing et al. (2000), the pedestrian's motion acceleration (a) is influenced by expected 
walking vectors, physical boundaries, and other surrounding pedestrians. These effects on pedestrian 
movement can be understood as the forces acting on pedestrians from these three effects. If the influence 

from the expected walking vector is f⃗i
0
, the influence from the physical boundary is f⃗i

wall
, and the influence 

from a single surrounding pedestrian (j) is fij
��⃗ , the calculation method for pedestrian acceleration (a) is 

shown in Eq. 1. 

 𝑎𝑎 = f⃗i
0

+ f⃗i
wall

+ � fij��⃗
𝑗𝑗

 (1) 
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3. Result 
Pedestrian squares are liable to exist at the intersection of streets. The urban pedestrian square at the 
intersection of streets can be divided into two spatial forms: the square at the T-shaped intersection and 
the square at the cross intersection. According to the importance of the cross axis in the region, these two 
spatial forms can be further divided into the intersection of the main axis and the secondary axis, and the 
intersection of the main axis and the main axis. The simulation includes a normal condition (low pedestrian 
flow) and a crowded condition (high pedestrian flow). 

3.1. Pedestrian space at T-shaped intersection square 

According to the axis level of the T-shaped intersection node, the pedestrian space of the T-shaped 
intersection square is divided into the interacting of the main street and the secondary street, and the 
interacting of main street and main street. 

The using scenario of main street and secondary street is shown in Fig. 3. It can be found that the density 
of inner corners of the square are quite low. In addition, there is still a large area in the middle and near 
the through street that shows a low pedestrian density. For high-density regions, it can be noticed that the 
area near the end road can be extremely crowded, and the route connecting the end road and the through 
road can also be quite crowded in holiday and week (crowded) condition. 

 

Figure 3 Prediction result of pedestrian space at T-shaped interaction square of the main street and the 
secondary street. The area enclosed by the green dashed line is low-density region, and the area enclosed by 
the red dashed line is high-density region. Source: Authors. 

The using scenario of main street and main street is shown in Fig. 4. Comparing with the main street and 
main street condition, it can be found that the low-density region in the middle is apparently smaller, and 
extremely crowded area moves from the region near the end street to the region near the through road. 
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Figure 4 Prediction result of pedestrian space at T-shaped interaction square of the main street and the main 
street. The area enclosed by the green dashed line is low-density region, and the area enclosed by the red 
dashed line is high-density region. Source: Authors. 

 

3.2. Pedestrian space at cross intersection square 

According to the axis level of the cross intersection node, the pedestrian space of the cross intersection 
square is divided into the interacting of the main street and the secondary street, and the interacting of 
main street and main street. 

The using scenario of main street and secondary street is shown in Fig. 5. It can be found that the density 
of all the four inner corners of the square are quite low. In addition, there are also four small elliptical 
regions around the central part show low-density. For high-density regions, it can be noticed that the area 
near the end road can be extremely crowded, and other regions are not easy to be over-crowded. 
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Figure 5 Prediction result of pedestrian space at cross interaction square of the main street and the secondary 
street. The area enclosed by the green dashed line is low-density region, and the area enclosed by the red 
dashed line is high-density region. Source: Authors. 

The using scenario of main street and main street is shown in Fig. 6. Comparing with the main street and 
main street condition, it can be found that the low-density region in the middle is more like a circle, and 
extremely crowded areas are much larger. 

 

Figure 6 Prediction result of pedestrian space at cross interaction square of the main street and the main 
street. The area enclosed by the green dashed line is low-density region, and the area enclosed by the red 
dashed line is high-density region. Source: Authors. 

4. Discussion 
A couple of elements should be set up in a pleasant location for pedestrian environment. Based on the 
prediction results of pedestrian density distribution, design strategies for pedestrian space can be 
proposed accordingly. 

For high-density regions, it can be noticed that they are prone to gather near the connecting of streets and 
squares. In some cases, the crowded areas can be dangerous if pedestrians continue to accumulate. There 
are still low-density regions exists. Low-density can be used to design activities according to their positions. 
For the area of inner corners, pedestrians can sit and rest here, and for the area near the central space of 
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the square, pedestrians will not want to stay there. In this kind of space, elements, such as street lights and 
trees can be designed there. 

This study identified vacant areas and crowded areas of urban squares in both daily and holiday conditions, 
taking consideration of all kinds of pedestrian flow scenarios. Understanding the using scenarios of 
pedestrian in advance. Designer can make plans and avoid inappropriate spaces before the square is really 
built and propose a design strategy to fully utilize the pedestrian space in the square. 

5. Conclusion  
The pedestrian space in the square can significantly improve the comfort of pedestrians. This study has 
used a two-layer agent-based model to simulate the pedestrian density distribution in both daily and 
holiday conditions, which can assist in the design of urban squares. 

Firstly, the overall trend of pedestrian density distribution in daily use (normal) and holiday use (crowded) 
is roughly the same. However, for some forms of pedestrian squares, there are certain differences in scope 
between the two, which should be treated with caution in design. 

Secondly, the intersection space between streets and squares is particularly prone to pedestrian 
overcrowding, especially when the direction of pedestrian flow is a branch road. The pedestrian density at 
the junction of the branch road and the square will be very high. In addition, there will also be pedestrian 
overcrowding between the end road of T-junction and through street. 

Thirdly, there may be local low-density areas in the interior corners of pedestrian squares and near the 
centre of the square. The low-density area in the centre generally deviates from the geometric centre of 
the square, and the specific location of the low-density area may vary depending on the form of the square. 
When applying low-density areas, they should be closely combined with the specific situation of the square 
to avoid the design results being counterproductive. 
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Abstract 

In the context of accelerated urbanization, the unique spatial character of many historic residential 
neighborhoods has been eroded, leading to monotonous and homogeneous urban environments, 
which poses a big  challenge to urban diversity and city cultural identity. This paper proposes a 
systematic methodology for identifying and reconstructing the spatial identity of historic 
residential neighborhoods, based on textual analysis integrated with multi-criteria decision-
making and image generation techniques. Taking the Diaoyutai historic district in Nanjing as a case 
study, the research synthesizes multi-source textual data such as resident questionnaires, online 
reviews, and media reports. Through high-frequency keyword extraction and semantic clustering, 
a spatial feature indicator system is constructed. The Analytic Hierarchy Process (AHP), Entropy 
Weight Method, and TOPSIS are then applied to evaluate the priority of each spatial feature. A 
latent diffusion model helped us produce conceptual images that give a visual expression of the 
spatial identity. The findings indicate that: (1) The spatial identity of historic residential 
neighborhoods is composed of both physical scenes and human activities; (2) There are systematic 
differences in the prominence of spatial features across textual sources; (3) The generated 
conceptual images can serve as visual references for neighborhood revitalization design. This study 
provides a novel design approach and decision-making support for balancing tourism development 
and local cultural continuity in the regeneration of historic residential neighborhoods. 

 

Keywords 

historical residential neighborhoods, spatial character, text mining, multi-criteria decision-making, 
image generation 

1. Introduction  
China’s rapid urbanization has brought profound changes to many historic residential neighborhoods. 

Under the conventional approach of “demolish large areas, rebuild from scratch,” these areas—once rich 

in urban memory and local identity—have often lost their distinctive character, replaced by cookie-cutter 

built environments. This shift erodes urban cultural diversity and weakens residents’ attachment to their 

communities, which in turn threatens the long-term vitality and sustainable growth of cities. The 

2021 Opinions on Strengthening the Protection and Inheritance of Historical and Cultural Heritage in Urban 

and Rural Construction calls for a balanced strategy combining “retention, renovation, and demolition,” 

stressing the need to preserve and adaptively reuse existing buildings while keeping historical context alive. 

1812



 
Xiao, M.R.; Hu, D. ; Zhang, S. Q. 

Evaluating Renovation Priorities for Living 
Infrastructure in Old Urban Neighbourhoods 

 

 

 

Still, a key question remains: how can renewal practices scientifically identify and effectively carry forward 

the unique spatial character of historic residential communities? Take Nanjing, a major city in eastern China, 

which is home to many old yet distinctive neighborhoods. According to the Nanjing Old Residential 

Community Renovation Action Plan (2021–2025), over 936 old residential communities are slated for 

renovation, with many struggling with aging public spaces and deteriorating living infrastructure. Such 

outdated facilities not only lower residents’ quality of life but also create major hurdles for modernizing 

community governance. 

Nanjing holds official status as a national-level historical and cultural city. Across its urban area, many 

residential neighborhoods dating from the mid-20th century still stand, preserving rich layers of urban 

memory and everyday life. One such case is the Diaoyutai Historical Community, located in the older 

southern part of the city near the Inner Qinhuai River. Developed between the 1950s and 1980s, it remains 

a typical residential-focused historic neighborhood. Unlike tourist-driven destinations such as Confucius 

Temple (Fuzimiao) or Laomendong, Diaoyutai retains a strong sense of daily living, where the spatial 

character grows directly out of residents’ routine activities. Nevertheless, ongoing urban renewal efforts 

have brought practical problems to the community, including outdated infrastructure and worsening 

housing conditions, making systematic upgrades necessary. In response, this study designs a 

two-dimensional evaluation framework—“renovation potential” and “renovation feasibility”—that 

incorporates multiple multi-criteria decision-making methods (e.g., AHP, TOPSIS, and fuzzy comprehensive 

evaluation). This framework offers a systematic way to determine which renewal priorities are most 

justified, helping guide targeted government investment and more differentiated governance strategies. 

Past research on identifying and preserving the spatial character of historic neighborhoods has often relied 

on methods like image theory, cognitive mapping, interviews, and questionnaires (Sun et al., 2019). Most 

of these studies focus on tourist-oriented historic districts, leaving residential-type historic neighborhoods 

which actually make up a larger share of urban historic areas. More importantly, while tourism-oriented 

districts tend to have rich visual and documentary records, residential historic neighborhoods rarely keep 

systematic photo collections or written archives. Their spatial character lives on mainly through residents’ 

everyday experiences and collective memory. Traditional approaches such as on-site surveys or archival 

research find it hard to fully capture these “living” spatial qualities. As a result, a key methodological hurdle 

in renewing residential historic neighborhoods is how to efficiently extract spatial characteristics from 

residents’ memories and public narratives, and then turn them into visual design references. 

In response to these challenges, the current study introduces a method that combines text mining and 

artificial intelligence to identify and represent the spatial character of historic neighborhoods. Text mining 

refers to the process of drawing useful information from large collections of text; common techniques 

include text classification, concept extraction, and sentiment analysis (Spoormans et al., 2023). The 

research draws on resident surveys, online review texts, the Analytic Hierarchy Process (AHP), the Entropy 

Weight Method, the TOPSIS multi-criteria decision-making model, and deep-learning image generation 

tools such as Generative Adversarial Networks (GANs) (Wang et al., 2025). From multi-source textual data, 

key spatial features are extracted, their priorities are assessed quantitatively, and conceptual images are 

produced for design use. The result is a science-based decision support tool for renewing residential 

historic districts, one that balances residents’ needs with the preservation of cultural heritage. 

Earlier studies have built a methodological foundation for identifying spatial character in historic areas, but 

gaps still exist in how methods are integrated, which types of neighborhoods are targeted, and how well 

data sources can be adapted. Specifically: (1) text mining and MCDM methods are rarely used together; (2) 

residential historic neighborhoods have received very limited attention; (3) there is no systematic approach 
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for turning resident memories into visual design references. To fill these gaps, this paper develops an 

integrated framework following the sequence of "text mining – priority assessment – image generation," 

offering a practical and scientifically grounded path for recognizing and expressing spatial character in the 

renewal of residential historic neighborhoods. 

The rest of this paper is organized as follows. Section 2 lays out the research framework and methods, 
which combine text analysis with multi-criteria decision-making. Section 3 presents an empirical analysis 
of the Diaoyutai Historic Community in Nanjing as a case study. The paper ends with a conclusion and a 
discussion of directions for future research. 

2. Methodology  
The proposed framework in this study is text-aware and built on multi-criteria decision-making. It 

reconstructs the spatial identity of historic residential neighborhoods by going through five steps: data 

acquisition, semantic extraction, weight calculation, preference evaluation, and image generation. Drawing 

on established work in multidimensional decision theory and adaptive reuse, this section walks through 

the data sources, how features are constructed, and the main algorithm processes. 

2.1. Case and Data 

This study focuses on the historic residential district of Diaoyutai in Nanjing. A text corpus was built from 

three types of sources: 1. Community residents' questionnaires and interview records: Using structured 

and semi-structured questionnaires to obtain residents' descriptions of the district's physical environment, 

daily activities, and emotional identification. 2. Online reviews and social media texts: Collecting comments 

and discussions related to the Diaoyutai district from local forums, social platforms, and review websites, 

reflecting the spatial experiences of a broader user group. 3. News reports and policy documents: Selecting 

texts related to district renewal, historical preservation, and community governance to supplement 

narratives at the institutional and planning levels. 

The introduction of multi-source texts not only continues the tradition of integrating the 'expert-public-

institution' triadic perspective in urban heritage decision-making research, but also provides a rich 

semantic foundation for the subsequent construction of the indicator system. 

Perform a standard natural language processing workflow on the original text, including: character 

normalization and noise removal (removing HTML tags, punctuation, redundant spaces, etc.); word 

segmentation and part-of-speech tagging, identifying entities such as place names, functional spaces, and 

activity types; stop word filtering and synonym normalization (e.g., unifying terms like 'riverside/along the 

river/by the river'); preliminary screening based on word frequency and TF-IDF, removing common words 

that contribute little information. The resulting candidate word list is then manually reviewed and merged 

to form the initial vocabulary pool for neighborhood spatial features and activity features. 
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2.2.Construction of Spatial Feature Indicator System 

Based on multi-source texts, this study adopts a 'semantic clustering and conceptual induction' approach 

to organize high-frequency words into two main dimensions, several criterion layers, and an indicator layer: 

1. Physical space dimension: including riverbank landscape interfaces, street and alley types, courtyard and 

open space forms, architectural style characteristics, etc.; 2. Social activity dimension: including residents' 

daily interactions, leisure and recreational activities, commercial and tourism activities, cultural and 

community activities, etc. This organizational method logically corresponds to the commonly seen 

'physical–functional–cultural' multidimensional structure in adaptive reuse research. However, this study 

further 'textualizes' and 'quantifies' it to facilitate integration with subsequent MCDM algorithms. Each 

specific indicator (Cj) is supported by multiple semantically similar high-frequency words, supplemented 

with a brief definition and example texts to ensure consistency of the indicator’s meaning during expert 

scoring and model computations. 

2.3. Indicator Weight Calculation: The Subjective and Objective Integration of AHP and 

Entropy Weight 

2.3.1. AHP for Subjective Weights 

Referring to the procedure proposed by Saaty, this study first constructs a hierarchical structure of 'goal–

dimension–criteria–indicators', and then invites experts in the fields of urban planning, architectural 

heritage, and community governance to form an evaluation team to conduct pairwise comparisons of 

elements at the same level, thereby forming a judgment matrix; 

𝐴 =  [𝑎𝑖𝑗] 

Solving the weight vector using the eigenvalue method; 

𝑤𝐴𝐻𝑃 

2.3.2. Entropy Weight for Objective Weights 

And perform a consistency check on the matrix (CI, CR) to ensure that the experts' judgments are 

statistically coherent. This step continues the approach of 'expert knowledge-led weight construction' used 

in heritage conservation decision-making. To reduce the potential bias caused by relying solely on 

subjective judgment, this study further uses the entropy method to derive objective weights from the 

perspective of data distribution. Let the standardized value of the ( j ) indicator in the( i ) text sample be Xij; 

Then the information entropy of indicator (j) is: 

𝑒𝑗 =  −𝑘 ∑ 𝑝𝑖𝑗 ln 𝑝𝑖𝑗

𝑚

𝑖=1

 

where 𝑝𝑖𝑗 =
𝑥𝑖𝑗

∑𝑚
𝑖=1 𝑥𝑖𝑗

 and 𝑘 =
1

ln 𝑚
 is a normalization constant. 

The entropy weight is then given by: 

𝑤𝑗
𝐸𝑁𝑇 =

1 − 𝑒𝑗

∑𝑛
𝑗=1 (1 − 𝑒𝑗)

 

A higher entropy weight indicates greater variation of the indicator across samples, implying stronger 

importance for distinguishing different spatial features. 
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2.3.3. Comprehensive Weight Integration 

Considering both subjective and objective information, the final integrated weight 𝑤𝑗 for each indicator is 

calculated using a weighted combination: 

𝑤𝑗 = 𝛼𝑤𝑗
𝐴𝐻𝑃 + (1 − 𝛼)𝑤𝑗

𝐸𝑁𝑇, 0 ≤ 𝛼 ≤ 1 

 

The value of 𝛼 is determined based on expert opinion and model stability analysis. This step introduces a 

data-driven correction mechanism while maintaining the interpretability of the expert logic, enhancing the 

robustness of the weighting system. 

2.4.  Priority Evaluation of Spatial Features based on TOPSIS 

After obtaining the comprehensive weight vector 𝑊 = [𝑤1, … , 𝑤𝑛], the Technique for Order Preference 

by Similarity to Ideal Solution (TOPSIS) is used to evaluate the priority of each spatial feature. Let 𝑉 =

[𝑣𝑖𝑗] be the standardized weighted decision matrix. The Positive Ideal Solution (PIS, 𝐴+) and Negative Ideal 

Solution (NIS, 𝐴−) are defined as: 

𝐴+ =  {max 𝑣𝑖𝑗|𝑗 ∈  𝐽𝑏; min 𝑣𝑖𝑗| 𝑗 ∈  𝐽𝑐} 

𝐴− =  {min 𝑣𝑖𝑗|𝑗 ∈  𝐽𝑏; max 𝑣𝑖𝑗| 𝑗 ∈  𝐽𝑐} 

where 𝐽𝑏 and 𝐽𝑐 are the sets of benefit-type and cost-type indicators, respectively. The Euclidean distances 

from each spatial feature 𝑖 to the PIS (𝐷𝑖
+) and NIS (𝐷𝑖

−) are calculated:  

𝐷𝑖
+ = √∑

𝑛

𝑗=1

(𝑣𝑖𝑗 − 𝑣𝑗
+)2 

𝐷𝑖
− = √∑

𝑛

𝑗=1

(𝑣𝑖𝑗 − 𝑣𝑗
−)2 

The relative closeness coefficient 𝐶𝑖 to the ideal solution is then computed: 

𝐶𝑖 =
𝐷𝑖

−

𝐷𝑖
+ + 𝐷𝑖

− 

A higher 𝐶𝑖 value indicates that the spatial feature is closer to the ideal state, thus having a higher priority 

in the reconstruction of the neighborhood's spatial identity. This process methodologically corresponds to   

the "alternative ranking and screening" in adaptive reuse research (Piñero et al., 2017; Spoormans et al., 

2023;), but this study replaces "al-ternatives" with "spatial features" to suit the context of historic 

residential neighborhoods. 

 

 

1816



 
Xiao, M.R.; Hu, D. ; Zhang, S. Q. 

Evaluating Renovation Priorities for Living 
Infrastructure in Old Urban Neighbourhoods 

 

 

 

 

2.5.  Conceptual Spatial Image Generation based on Deep Learning  

After obtaining the spatial feature priorities, this study further introduces a cross-modal generation 

mechanism to construct a visualisation path from "spatial semantic structure" to "spatial imagery 

representation". This step aims to map the high-weight features obtained from the MCDM framework from 

abstract indicator dimensions to concrete spatial context expressions, thereby providing cognitive visual 

support for the spatial identity reconstruction of historic neighbourhoods. Its methodological logic follows 

the analytical path of "translating indicator systems into design interpretations" found in industrial heritage 

conservation and adaptive reuse studies(Yau, 2009), but achieves a higher level of semantic-visual 

alignment and cross-modal generation through deep learning models. 

The generative algorithm selected for this study is the Latent Diffusion Model (LDM)(Li et al., 2025), whose 

performance and controllability in text-to-image generation tasks have been verified in multiple visual 

generation benchmarks. LDM accomplishes cross-modal generation through three core modules: 

Text Encoder: A pre-trained semantic encoder based on the Transformer architecture (e.g., CLIP's text 

encoder) encodes structured text prompts into continuous semantic vectors, which serve as conditional 

input for the diffusion process. 

Latent Space Compressor (Variational Autoencoder, VAE): An encoder compresses the high-dimensional 

pixel space into a low-dimensional latent space, allowing the diffusion process to run in the latent space, 

improving generation efficiency and enhancing the stability of semantic control. 

Reverse Diffusion Sampler (Denoising UNet): Starting from Gaussian noise in the latent space, clean 

samples are gradually estimated through multi-step reverse diffusion. Guided by the text embedding 

vectors, this process generates image latent variables that conform to semantic constraints, which are 

finally decoded by the VAE into visual images. 

Compared to traditional GANs or pixel-space diffusion models, LDM performs sampling in the latent space, 

maintaining high-resolution generation capability while offering superior semantic alignment, structural 

coherence, and text-conditioning controllability. These characteristics make it particularly suitable for 

generating urban spatial scenes, environmental relationships, and spatial atmospheres. 

For text prompt construction, this study uses the spatial feature weights obtained in Sections 2.3-2.4. High-

weight physical features (e.g., "riverside interface", "alley scale", "courtyard morphology") and social 

activity features (e.g., "neighbourly interaction", "nighttime leisure", "community micro-commerce") are 

combined into structured prompts according to a semantic framework of "spatial carrier - activity 

composition - atmospheric intent". Keyword boosting and intensity modifiers are used to map the weight 

information to the emphasis level in the language, enhancing the saliency of different features in the 

generation task. 

During the generation process, multiple candidate images are generated for each prompt. A dual screening 

mechanism is employed to ensure the semantic accuracy and spatial rationality of the generated results: 

1. Semantic Consistency Check: A CLIP-based similarity metric (CLIP score) automatically filters out 

images with significant semantic drift. 
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2. Spatial Cognition Review: Experts in planning and architecture review the candidate images for 

structural composition, including the authenticity of spatial configuration, the logic of activity 

scenes, and the rationality of lighting environment and street atmosphere. Representative images 

that accurately express the neighbourhood's spatial features are retained. 

Finally, the generated images are organized into an "Atlas of Spatial Identity Imagery" according to 

categories such as "riverfront landscape interface - street space types - courtyard and semi-public spaces - 

activity-dominated scenes". This atlas serves not only as a cross-modal explanatory device for the 

preceding quantitative analysis but also as a concrete spatial vision articulation tool in urban design, 

regeneration strategy discussions, and community communication, thereby supporting the multi-level 

reconstruction of spatial identity in historic residential neighbourhoods. 

3. Results and Discussion  
3.1.  Multi-source Textual Features and Semantic Structure 

To identify the dominant spatial characteristics embedded in residents’ everyday narratives, social-media 

impressions, and institutional descriptions, this study first extracted eight spatial–activity features from the 

corpus and summarized their co-appearance patterns using multiple visualization techniques. 

Figure 1 illustrates the correlation matrix derived from binary feature presence across 369 text samples. 

Several structural tendencies emerge: 

• river–alley–historic form a clear material-space triad, with moderate positive correlations (0.19–

0.25), showing that descriptions of “Qinhuai River”“ Bluestone paved road” and “Old house” 

frequently co-occur in the same textual context. 

• nightlife-commerce exhibit a strong linkage (0.23), consistent with the prominence of “Small 

Tavern—Craft Beer—Check-in Shop” in social media descriptions. 

• daily-alley shows meaningful correlation (0.28), revealing that accounts of neighborhood 

interaction typically occur in the spatial frame of “Alley/Street Lane”. 

• courtyard remains weakly correlated with all other features, supporting its marginal visibility in 

the corpus. 

 

3.2.  Differences in Feature Perception by Data Source 

3.2.1. Radar Chart: Source-based Feature Presence 

Figure 2 compares the proportion of each spatial feature appearing in the three primary text sources 

(survey, social media, news). Key patterns include: 

• Social-media texts exhibit the highest presence of river, alley, historic, and nightlife, confirming 

the dominance of “Old street scenery + nightlife” as a popular experiential narrative. 

• Resident survey emphasizes alley, river, and daily, reflecting a more grounded “Livelihood-

oriented — Neighborhood-oriented” perception of the neighborhood. 

• News and institutional texts highlight alley, historic, and commerce, while nearly 

ignoring daily and nightlife, indicating a governance-oriented framing. 
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3.2.2.  Heatmap of Feature Presence by Source 

To further illustrate cross-source differences, Figure 3 visualizes the feature–source matrix extracted from 

the corpus. Observations: 

• historic is salient in both social and news sources but relatively muted in survey. 

• nightlife is almost exclusively platform-driven, with negligible presence in survey/news. 

• culture and courtyard appear weak across all sources, explaining their low priority in later decision 

evaluations. 

         

Figure 1. The correlation matrix derived from binary feature presence across 369 text samples. Source: Author. 

Figure 2. Feature Presence by Source (Radar Chart). Source: Author. 

 

3.3.   Co-occurrence Patterns of Spatial Features 

Given that the node-layout network visualization suffered from clustering distortion in the low-dimensional 

projection, this study adopts the fallback co-occurrence heatmap (binary co-presence counts) for clearer 

interpretation. 

Figure 4 displays the frequency with which two features are mentioned within the same textual unit. Key 

insights include: 

• Strong co-occurrence among alley-river-historic reinforces their centrality as composite spatial 

identity anchors. 

• nightlife-commerce co-appearance confirms the alignment between young urban consumption 

patterns and platform-mediated representations. 

• courtyard again shows minimal co-presence, evidencing its limited perceptual salience across text 

sources. 
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Figure 3. The feature–source matrix extracted from the corpus. Source: Author. 

Figure 4.Co-occurrence heatmap of spatial features.. Source: Author. 

 

3.4.   Priority Ordering of Spatial Features Based on the TOPSIS Model 

The multi-criteria decision-making (MCDM) process synthesizes subjective (AHP-based) and objective 

(entropy-based) weights to evaluate the importance of each spatial feature in reconstructing the 

neighborhood’s spatial identity. 

Using the weighted feature-source matrix, Figure 5 presents the TOPSIS closeness coefficients (Cᵢ) for the 

eight features. 

As shown in Figure 5, the ranking results (from highest to lowest) are: 

Spatial features with strong multi-source endorsement—especially alley and historic—achieve the highest 

closeness to the ideal solution, while low-visibility features (culture, courtyard) fall to the bottom. 

3.5.   Conceptual Spatial Imagery Generated Through Cross-modal Diffusion Models  

Following the identification of priority spatial features through the AHP-entropy–TOPSIS workflow, this 

section presents the visual reconstruction of spatial identity using a cross-modal text-to-image generation 

model. Building upon the methodological design in Section 2.5, the aim is not to reproduce an accurate 

depiction of the Diaoyutai neighborhood, but to synthesize the conceptual spatial atmosphere implied by 

multi-source textual narratives and feature importance. 

The ranked results in Figure 5 show that alley, historic, commerce, and river constitute the core of the 

neighborhood’s spatial identity, while daily and nightlife play secondary but meaningful roles. These 

weighted features were therefore embedded into structured prompts following the semantic framework . 

Examples include: 

• “Narrow stone-paved alley, historic residential facades, residents chatting at doorfronts, soft 

warm lighting, intimate neighborhood atmosphere.” 

• “Riverside corridor facing the Qinhuai River, mixed commercial frontage, small bars and night retail, 

reflections on water, lively evening ambiance.” 
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• “Historic courtyard space with semi-public edges, small-scale community activity, vernacular brick

textures, calm low-light mood.”

Figure 5. The ranking results. Source: Author. 

Figure 6. Generated spatial concept image. Source: Author. 

The intensity of each phrase was adjusted according to feature weights (e.g., alley ↑, culture ↓), ensuring 

that the generated imagery aligns with quantitative evaluations. The AI-generated conceptual image based 

on the text is shown in Figure 6. This image can be used as a preliminary conceptual illustration for the 

urban design and renovation of residential historic districts. 

4. Conclusion 
This study has established a text-driven methodological framework for identifying and reconstructing the 

spatial identity of historic residential neighborhoods, integrating textual analysis, multi-criteria decision-

making, and deep learning image generation. Applying this framework to the Diaoyutai district in Nanjing 

demonstrates its capacity to systematically extract and prioritize spatial features from multi-source textual 

data and translate them into conceptual visual representations. 

Key findings confirm that the spatial identity of residential historic districts is composed of both physical 

elements—such as riverside interfaces, alley networks, and historic building forms—and socio-behavioral 

patterns, including daily interactions and commercial activities. The divergence in feature prominence 

across resident surveys, social media, and institutional texts underscores the necessity of calibrating data 

source influence according to specific revitalization objectives. 

The integration of AHP, entropy weighting, and TOPSIS provides a robust mechanism for quantifying 

feature priorities, offering a reproducible alternative to purely qualitative approaches. Furthermore, the 

use of a latent diffusion model enables the translation of semantically and statistically salient features into 

conceptual images, bridging the gap between textual narratives and visual design cues. 
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This approach offers a scalable and evidence-based tool for urban designers and planners, supporting the 

regeneration of historic residential neighborhoods in a manner that respects local identity, accommodates 

contemporary needs, and sustains cultural continuity. Future research could extend this methodology to 

other types of neighborhoods, incorporate dynamic textual streams, or refine the cross-modal generation 

process for enhanced contextual accuracy. 
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Abstract 

This article explores a way of urban regeneration with the concept of "rewritten palimpsest", that 
is, the city is the accumulation of materials, entities, forms, memories and missing, and all design 
behaviors can be understood as the process of continuous writing, rewriting and covering on 
existing texts. Taking the regeneration practice of the Subei Area on Guangling Road, Yangzhou, 
China, as an example, first of all, interpret its stratified historical structure and hidden urban order. 
By sorting out the evolution of urban fabric and context in the process of development over time, 
it reveals that there are not only the unchanged main lines, such as a financial lineage from 
piaohao to modern banks, the cultural genes attached to the garden, poetry society, cinemas and 
schools, but also new emergence and disappearance. At the same time, the fabric does not 
correspond to the evolution of the cultural context. When the financial attributes of piaohao are 
continued by the bank, the two are very different in form, but the fabric of piaohao is continued by 
school and residential structures. Based on the historical interpretation, the rewriting method of 
the city is discussed from different aspects such as the replacement and interpretation of function, 
how to identify misaligned traces, and the preservation and adjustment of elements. 

 

Keywords 

stratified history, urban order, fabric, context, urban rewriting 

1. Introduction 
At the moment when urban construction is shifting from incremental expansion to renewal of existing 
structures, the conceptual significance of "written palimpsest" is becoming more and more prominent, that 
is, the city is the accumulation of materials, entities, forms, memories and missing. All design actions can 
be understood as continuous writing on existing texts, and the process of rewriting and covering, and 
becoming a new superposition of engraving and imprinting (Pezzetti, 2025). However, the past is always 
hidden under reality. The fundamental premise of exploring the intriguing urban evolution process and 
effectively promoting urban regeneration lies in the reinterpretation of the city, so as to establish a time 
and space connection between the old and the new. 

The Guangling Road area in Yangzhou is a typical sample. Unlike extensive historic residential areas, 
Guangling Road is a multi-source composite "urban segment" featuring buildings from multiple periods 
and types. On this three-mile Guangling Road, the Subei Cinema and its surrounding plots (the Subei Area) 
can be the first to be regenerated on a trial because of its concentrated lot and even the key node identity 
of urban historical characteristics. Its practical path is to explore the layered historical structure and hidden 
urban order through the inheritance and evolution of fabric and context, and then realize the regeneration 
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and rewriting of the plot from the function, traces and elements, and finally expand the concept of "written 
palimpsest" with the resonance of fabric and context. 

2. Unearthing: The Stratified Historical Structure 
2.1. Formation 

According to historical materials, the earliest public building in the Subei Area is the Rishengchang Piaohao 
(remittance bank)  at the end of the Qing Dynasty (c. 1840-1912) (Figure 1) , which is inseparable from the 
prosperity and development of canal transport and salt industry in Yangzhou in the Ming and Qing 
dynasties. An old saying notes that “Money follows salt”. Financial institutions naturally gathered around 
the residences of salt merchants. In addition, Zuowei Street (now Guangling Road, formed by the old 
Zuowei Street in the new urban area and Quekou Street) functioned as a main thoroughfare adjacent to 
the dense residential areas of salt merchants, thus becoming the top choice for financial institutions (Figure 
2). By the Tongzhi–Guangxu period (1862–1908), there were already seven to eight piaohao in operation 
in Yangzhou. Among these, Rishengchang, located on Guangling Road, was not only the earliest established 
but also the most prominent one. 

 

Figure 1. Evolution of Streets, Plots, and Urban Fabric in the Subei Area. Source: Authors. 
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Figure 2. Relationship between Financial Institutions and Salt Merchants: A Spatial Analysis. Source: 
Authors. Note: Salt merchant residence data sourced from Residence Space Research of Salt Merchants in 
Historical Area in Yangzhou (Wang, 2012). 

The original layout of the Rishengchang complex, though obscured over time, can be inferred from the 
remaining structures (Figure 3). The main courtyard along the Central Axis, linked by a single pathway, was 
organized with business, office, and residential functions from front to rear. The eastern and western side-
wings, meanwhile, accommodated auxiliary rooms. 

 

Figure 3. Conjectural Plan of Rishengchang Piaohao, Late Qing Dynasty. Source: Drawn by authors; satellite 
imagery from U.S. Geological Survey. 

It can thus be concluded that the architectural history of the Subei Area, which began in the late Qing 
Dynasty, boasts a cultural foundation dating back to the Ming Dynasty (1368–1644). This foundation 
originates from the symbiotic relationship between Yangzhou city and the salt merchants, a relationship 
that formed the critical basis for subsequent evolution. 
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2.2. Division 

As the canal-transport salt system declined, the traditional financial industry fell into collapse. 
Rishengchang ceased operations in 1916, and amid its downturn, its northeastern garden was converted 
for use as the Juyuan Flower Market. It served as a venue for activities hosted by Ye Chun Hou She (the 
Later Ye Chun Literary Society). 

The term "Yechun" originally denoted a teahouse. In the third year of the Kangxi reign (1664), Wang 
Shizhen and other poets created a sequence of "Yechun" poems at this teahouse, lifting the name to 
widespread renown. The teahouse was later purchased by Prefect Tian Yurui, who rebuilt it as the "Yechun 
Poetry Society," a celebrated garden estate. Following the site’s decline during the Tongzhi period (1862–
1874), Yangzhou scholars established the Ye Chun Hou She literary society in the Guangxu era (1875–1908). 
Their gatherings were frequently held in urban gardens, including the "Fenglai Hall" within the Juyuan 
Flower Market on Zuowei Street. This is the focus of this case study. The society ultimately relocated to the 
western area of Xuyuan (Yin, 1999) (Figure 4). Over the course of this long-term evolution, the concept of 
"Yechun" underwent constant transformation. It shifted from a tea house to a garden and finally to a 
literary society, while always preserving the core elements of literati culture and the garden. 

 

Figure 4. Evolution of "Yechun" in Yangzhou: Qing Dynasty to Present. Source: Authors. 

The Juyuan Flower Market examined in this case was probably founded during the transitional period from 
the late Qing Dynasty to the early Republic of China (c. 1840-1910s). It functioned not only as a place for 
selling flowers but also as a cultural salon where literati gathered to appreciate flowers and enjoy tea. The 
painter Chen Kanghou set up his studio there, and through his close friendship with Ji Lianggong of Ye Chun 
Hou She, the location became one of the group's key venues. 

The subdivision of the original large plots commenced with the site's evolution from a Piaohao into a flower 
market. This transformation was grounded in two inherent characteristics of the original Piaohao: its clearly 
defined functional and morphological zones, and its layout based on multiple courtyards and pathways. 
These features provided the foundational logic for the site's subsequent subdivision (Figure 1, Figure 3). 
The Juyuan Flower Market took over the rear garden of Rishengchang. Despite the change in ownership, 
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this part continued its original architectural function and spatial role, while the rest of the property was 
adapted into residences. 

2.3. Transformation 

Between the victory of the War of Resistance against Japan in 1945 and the basic completion of socialist 
transformation in 1956, urban construction in the Subei Area entered a distinct new stage. Essential 
modern urban functions, such as commerce, administrative offices, and education, began to unfold. 
Notably, even the financial industry, which had been absent for nearly three decades, experienced a revival. 

(1) Bank 

The financial business on Zuowei Street, originally prosperous due to the canal and salt trades, did not fade 
with them but instead continued to thrive. During the Republic of China period, the street remained a key 
financial district. According to statistical records, from the late Qing Dynasty until 1937, over 65% of banks 
in urban Yangzhou were located here, a concentration that intensified after the war, approaching 90% 1 
(Figure 2). 

In 1946, under the overall circumstances, the Yangzhou Branch of Jiangsu Bank reopened at the former 
Rishengchang site, reactivating the financial function of the plot. The shift from piaohao to bank marked a 
pronounced architectural transformation, representing a microcosm of the evolution of financial buildings 
since the late Qing Dynasty (Figure 5). Typically, banks employed centripetal and centralized layouts, which 
differed markedly from the sequential courtyard layout of piaohao (Hao and Xie, 2013). 

 

Figure 5. Form Comparison between Piaohao and Modern Banks. Source: Authors. 

(2) Cinema 

While cinemas had been introduced earlier in the Republic of China period, Yangzhou's first purpose-built 
cinema, the Subei Cinema, was not completed until 1949. Before its construction, theatrical activities in 
Yangzhou were housed either in traditional "theater" buildings or in newer "stage" venues. The completion 
of the Subei Cinema marked the beginning of a concentrated phase of modern theater construction in the 
city (Figure 6). These new buildings were largely designed to host public gatherings, not just entertainment, 

 
1 Data from Yangzhou Financial Chronicles (Yangzhou Financial Chronicles Compila�on Commitee, 1996, pp. 82-83), 
"Survey of Banks in Yangzhou (Late Qing–1937)," and "Survey of Banks in Yangzhou (1946–Jan. 1949)." 
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and were therefore consistently located on the widened thoroughfares of the time. The Subei Cinema, 
however, constituted a partial exception. It was built before the city's liberation and originally sited near 
Xiaodongmen and Jiaochang likely for commercial reasons. It was later acquired and remodeled by the 
administrative bureau to fulfill the dual needs of public assembly and entertainment. 

 

Figure 6. Distribution of Performance Venues in Yangzhou. Source: Authors. Note: Information cited 
from Yangzhou Film  Chronicles (Yangzhou Film Chronicles Compilation Group, 1999) and Jiangsu 
Traditional Opera Chronicles·Yangzhou Volume (Jiangsu Traditional Opera Chronicles Editorial Committee 
and Jiangsu Traditional Opera Chronicles·Yangzhou Volume Editorial Department, 1997). 

In terms of the plot, the Subei Cinema was converted from a residential property formerly owned by Sun 
Liren (Yangzhou Film Chronicles Compilation Group, 1999, pp. 41-42). This adaptation from a dwelling to a 
public cinema constituted a dual transformation. It signified not only the emergence of a modern building 
type with a new function but also the introduction of a new urban fabric that broke from traditional scale 
(Figure 1). Furthermore, the Subei Cinema proved to be one of Yangzhou's most enduring cinemas, 
operating continuously from 1949 until 2004. 

(3) School 

With the Ye Chun Hou She permanent relocation to the west of Xuyuan in Shouxi Lake, the Fenglai Hall 
within the Juyuan Flower Market on the former Rishengchang site fell silent until 1952, when it was 
converted into the kindergarten of Yangzhou City Central Primary School, later known as Guangling 
Kindergarten (Yangzhou Municipal Education Commission, 2000, p. 39). While the new function was 
educational, it sustained certain cultural qualities of Hou She. The garden-like layout, reminiscent of either 
the Rishengchang rear garden or the Juyuan Flower Market, remained partially identifiable. 

(4) Office 

After 1949, the western section of residential buildings in the Subei Area was converted into premises for 
the Yangzhou Regional Administrative Office Commercial Bureau and the Yangzhou Textile Products 
Company (Yangzhou Commercial Chronicles Compilation Committee, 1992, pp.16-19). While these were 
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new official entities, their establishment did not result in a change to the building fabric (Figure 1). A shift 
occurred after the 1983 administrative reform: the Commercial Bureau embarked on a program of 
demolition and new construction, eventually moving out around 2000 and being replaced by the 
Federation of Industry and Commerce. The Yangzhou Textile Products Company, conversely, even after its 
conversion into a Labor Protection Supplies Store, maintained the original residential-style layout for its 
commercial offices. 

3. Rewriting: Function, Trace, and Element  
By 2020, influenced by the trends of the era, the Subei Area retained only some residential buildings and 
street-front commerce, with most other plots left vacant. Behind this desolate scene lies a complex process 
of transformation, evolving from a site where piaohao coexisted with a large residential compound into 
one that was adaptively reused and subdivided into multiple functional units. A consistent financial thread 
persisted throughout this evolution, manifesting in the progression from traditional to modern banks, and 
from garden courtyards that hosted literary gatherings, to the cultural gene embodied in later cinemas and 
schools. 

In terms of the physical medium, the street and alley system that defines the plot demonstrates remarkable 
stability. In contrast, the buildings themselves, which carry the cultural essence, manifest in various ways 
through continuation, gradual change, or displacement. For instance, the building fabric of piaohao persists 
in subsequent schools and residential buildings, while it functional attributes endured through the bank, 
their physical fabric assumed a different form. Cinemas, however, introduced a completely new and potent 
intervention in both fabric and context. Meanwhile, office buildings first perpetuated existing forms before 
assuming a new form (Figure 1). 

This raises fundamental questions for the future of the Subei Area: what should its path forward be, and 
how do we balance the continuation of its physical fabric with the transformation of its cultural context? 

3.1. Function: Replacement and Reinterpretation 

Functional adaptation in existing building renovation invariably involves a complex negotiation among 
multiple stakeholders. The inherent use-value of the structure, or the physical adaptability of its spaces, is 
not the sole criterion for selecting new functions. More critical is the integration with historical context and 
value, coupled with a response to contemporary social needs (Coomans, 2020) (Figure 7). 

 

Figure 7. Subei Cinema: Pre- and Post-regeneration Comparison. Source: Drawn by authors; photo by 
Hongda Shu, used with permission. 

A case in point is the Subei Cinema, whose vast auditorium had been reduced to storage while reverting to 
its original use was precluded by modern projection standards. The adopted solution subdivided the 
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building into two parts. The street-facing portion, containing the original lobby, balcony and projection 
room, was adapted into exhibition space for a Film Memory Museum. Meanwhile, the rear section housing 
the former stalls and screen area was converted into a hotel lobby. 

The original cinematic experience, however, has been reinterpreted through design. An observation 
window was incorporated on the Memory Museum's second floor, between the two sections, allowing 
visitors to look down into the hotel lobby as if from a cinema balcony. At the same time, the place where 
the original projection screen once hung is completely opened, and a transparent glass curtain wall is set 
up, which made the outdoor scenery spill into the interior, like a movie being screened (Figure 7). 

3.2. Trace: Dislocation and Identification 

Although the Subei Area retains the historical information of many periods, the timeline is not continuous 
and confusing. In particular, the misalignment of fabric and context makes the "hidden order" of the city 
complicated and difficult to distinguish. Therefore, the key to solving the problem is to identify the 
misplacement and express it. 

The focus is on the Piaohao compound, which has experienced the evolution of the division of the north 
garden and then the subsequent development of the three building axes. In the current situation, only 
some buildings continue its historical fabric, and different measures have been taken for different parts in 
the design(Figure 8). 

 

Figure 8. Responding to Historic Fabric in Design. Source: Authors. 

The Industrial and Commercial Bank of China, for example, although it continues the financial context of 
piaohao, the building fabric and axial orientation are completely different from the original. Although the 
architectural fabric of the surviving buildings of piaohao has not changed, it has long been transformed 
into residential buildings in terms of function. The turning point lies in the inconspicuous bank vault 
sandwiched between the two, which is on the axis of the original piaohao. Therefore, the four-bay facade 
opposite the piaohao is completely opened, and then combined with the exhibition design, whether it is 
the financial context or the fabric of the piaohao, it can be specifically perceived here. 

Much like the back garden of the former piaohao, although this site has undergone considerable 
transformation over time, and its present state is dilapidation and overgrown vegetation, what has never 
changed is the "cultural" attribute of "garden" as the carrier. Therefore, this place is still used as a garden 
and divided into four courtyards, each with a different scale. 
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During preliminary leveling work for the garden construction, an unexpected discovery was made: an 
underground air-raid shelter, estimated to date from the late 1970s. The design was subsequently adapted 
to incorporate this structure, integrating construction information in different periods and forms, which 
makes up the last piece of the historical puzzle of the Subei Area. 

3.3. Element: Preservation and Adaptation 

When the strategy of preserving the historical authenticity of the building by retaining its original function 
is no longer adopted, alternative approaches such as those centered on spatial experience must be 
considered (Della Torre, 2020). Therefore, it is necessary to carefully judge which architectural elements 
need to be retained and which components need to be used appropriately. Especially when the building 
has undergone many renovations, which period should be chosen to ensure the correct spatial cognition? 
Only by adhering to the "hidden order" of texture and context evolution can we clarify the elements that 
need to be strictly retained and highlighted or can be flexibly explained and adjusted. 

The Subei Cinema, for instance, as a typical representative of important public buildings in Yangzhou in the 
early People's Republic, the change of its main facade reflects the artistic aesthetics and construction 
techniques in the context of its time. It is also the core element of the spatial shaping and memory of 
Guangling Road. Ensuring the true and credible reconstruction has been a clear design principle from the 
beginning.   

The Subei Cinema underwent two documented facade renovations, in 1950 and 1951-1952 (Figure 9),  
during the period of the administration of Subei Administrative Office. Fortunately, three historical photos 
from 1951, 1952, and 1956 were collected. Because the facade image after 1952 is a mature and stable 
existence, the restoration design is mainly based on the 1956 photograph, supplemented by the 1951 and 
1952 images, and take the current facade height as the benchmark. With the help of modelling, the 
perspective distortion can be corrected, and a more reasonable facade control dimension can be presumed. 
Additionally, on the basis of researching the surviving buildings in the 1950s, details such as canopies, wall 
ceilings, and column bases have been carefully scrutinized. 

 
Historical Photo, Tentatively Dated May 24, 

1951 

 
Historical Photo, November 19, 1952 
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Detail of Historical Photo, November 19, 1952 

 
Historical Photo, Tentatively Dated Winter 1956-1959 

(a) Historical Photo of Subei Cinema 

 
(b) Proposed Restoration of South Elevation 

 
(c) Rendering of South Elevation Restoration 

Figure 9. Restoration of Subei Cinema South Elevation. Source: Drawn by authors; historical photograph 
from unknown source. 

4. Conclusion 
This article tries to explore a more accurate methodology of urban regeneration, especially in the urban 
segment with multi-source, layered and composite characteristics such as Guangling Road, the 
interpretation of history is often more important than design-based research. The Subei Area has 
experienced more than a hundred years of historical evolution, and the city has accumulated meaning 
through the growth, evolution, superposition, disappearance and continuation of material and non-
material, fabric and context. Only through historical interpretation can its layered historical structure and 
hidden urban order be clear. This also provides a strong foundation for the future city rewriting. 
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This methodology is of great value in solving the complex problems of contemporary urban regeneration. 
It enables architects and planners to get rid of the binary choice between strict protection and thorough 
reconstruction and adopt the idea of coevolution, which can not only recognize the depth of history, but 
also adapt to the necessary reforms. In the end, sustainable urban regeneration depends on interpreting 
the city as a multi-dimensional text. In this text, the past, present and future are intertwined and coexist 
in dynamic tension, and the thoughtful rewriting can reveal new possibilities while respecting the 
accumulated meaning. 
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Abstract 

Spatial Images are the mental images created by people in their mind based on how they perceive 
the environment around them, and this type of image is essential to represent how the stylistic 
integrity, distinctive character, and continuity of value, for a particular district, are representative 
of a unique cultural heritage, and it is also an essential means of conveying the unique cultures 
associated with each historic district across the Americas. Unfortunately, due to the lack of 
sufficient protection and rehabilitation practices for these areas, the spatial images for many 
historic districts are being homogenized, simplified, and made superficial. This occurs because the 
focus of many planning practices on static preservation and redevelopment of historic districts is 
based primarily on the main characteristics that help define the spatial images, rather than on 
developing and enhancing these spatial images. Therefore, the purpose of this research is to 
propose a new methodology for improving spatial images by utilising "catalyst theories." The study 
proposes using the main components of the spatial image (i.e. landmarks, nodes, paths, edges and 
districts) as catalysts to achieve this. The study is based on an approach to micro-intervention that 
utilises the identification and intervention of each of the spatial image elements, creating a chain 
reaction, and using that chain reaction to enhance the spatial image's legibility, imageability, and 
meaning expressiveness of historic district environments. As an example of how each of the 
catalyst theories is applied, the study includes a case study of the Yuyangzhai District in the city of 
Nanyang, China. Nanyang is a riverfront area with a long history of shipping and merchant culture. 
The case study demonstrates the way in which the selection of catalysts (Tianfei Temple, alleyways, 
and riverfront), their careful restoration and activation, connection of the spaces through spatial 
mending and enhancement of cultural meaning through programming and narrative, is a practical 
method of reconciling the preservation of historical environments with their renewal through 
strengthening the visual, recognisability, and cultural resonance of the spatial images of historic 
districts. In this respect, the methodology proposed in this study provides a systematic avenue for 
living heritage for all historic districts. 

 

Keywords 

Spatial Imagery, Catalyst Theory, Historic District, Urban Regeneration, Cultural Heritage 

1. Introduction  
Historic districts are an important part of a city's local Cultural Identity and Collective Memory. They 

provide the basis by which the people of a community form their collective memory, of what the 

community represents and of how it has evolved. A historic district's Spatial Imagery—the image or mental 
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picture that individuals create about a district (Lynch, 1960)—is the primary means that an individual uses 

to develop an understanding of the district's character, as well as an understanding of the District's 

Environmental Coherence and embedded cultural narratives. Therefore, it is through that imagery that the 

Urban Form Integrity (that is, the Unique Local Characteristic), the Unique Local Feature, and Cultural Value 

Continuity can be communicated and sustained. 

Many contemporary renewal efforts within historic districts (that is, the renewal of Old City) currently face 

an array of serious challenges that impede the integrity of the Historic District's spatial imagery. Among 

the most troubling are the following: Mechanical Protection precipitates “Preservation Induced Decline" 

of Historic-Cultural Characteristics, Homogenising or replacing Traditional Cultural Characteristics through 

Renovation, creating a disconnection between People-Place-Culture, and Developing New Structures on 

the basis of Aesthetic Appeal above and beyond Cultural Meaning. Ultimately, as a result of these 

developments, a district's Spatial Imagery frequently becomes a Generic or Fragmented representation of 

the Historic-Cultural Identity of that district, resulting in a loss of the transmission of Cultural Values 

through the district. 

To address these and other issues, the paper proposes a Micro Renewal Pathway based on Catalyst Theory 

as the basis to enhance the spatial imagery of Historic Districts. This Micro Renewal Pathway will represent 

Spatial Imagery not simply as an outcome of the Renewal Process but also as a Catalytic Driver of the 

Renewal Process. By developing each of the four spatial imagery elements (landmark, node, path, edge, 

district) and their respective core attributes (Legibility, Imageability, and Meaning) to align with a Strategic 

Incremental Approach employing Urban Catalysts, the study seeks to systematically enhance the Spatial 

Imagery of Historic Districts as a means to support their cultural vitality and Sustainable Renewal. 

The balance of this paper will be presented in four major sections: Section 2 describes Catalyst Theory; 

Section 3 presents the Research Methods employed to form the basis of Catalyst Theory; Section 4 presents 

a discussion of Catalysts and thence Catalyst Theory; and Section 5 presents the conclusion and 

Recommendations for Future Research. 

2. Methodology 
The methodology of this research is Case Study, qualitative, Theory-Driven. Theoretical synthesis and 

applied design development are combined in this research and are the basis for two main components of 

this research. The first component consists of developing a theoretical framework for this research through 

reviewing literature. Two main concepts that make up the theoretical framework are: (1) the use of spatial 

imagery in the built environment and (2) the effect of catalysts on urban design and retail districts. To form 

the theoretical synthesis of both concepts, three steps were taken to develop this theoretical framework: 

(i) A thorough Literature Review of the definitions of each of the two core concepts; (ii) An Analytical 

Synthesis of the similarities between the two core concepts; and (iii) A Theoretical Integration of the 

similarities (and differences). Thus, the outcome of the Analytical Synthesis, Theoretical Integration of 

Different Concepts, and Theoretical Framework Development resulted in the development of a new 

Framework for the Enhancement of Spatial Imagery in Historic Districts. 

The second component focuses on case examples of the applied use of the Framework on a specific historic 

district. The Yuyangzhai Historic District of Nanyang serves as a case example due to its distinguishable 

historic layers, the identifiable but challenged nature of the spatial imagery of the district, and the existence 

of significant planning data available to conduct this research. The research method of this component is 
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identified as Design Based Research and consists of applying the Catalyst Framework to this historic district 

following a sequence of steps: 

 Research Method: Historical Maps, Planning Documents, Field Studies, and Observations were all utilized 

to understand the district's current spatial imagery state and identify important aspects (such as landmarks, 

nodes, etc.), while evaluating their current condition (i.e., strengths/weaknesses in terms of legibility, 

imageability, and meaning). 

Procedure for Implementation of Framework: The step by step process referred to as Catalyst (Select, 

Intervene, Chain React, Synergize) was used to systematically develop a Strategic Renewal Scheme for 

Yuyangzhai. This included creating a potential catalyst map, developing physical and programmatic 

interventions, creating spatial linkages, and creating cultural activation strategies for Yuyangzhai. 

Evaluation: After applying the framework, it was then reviewed not as built results, but rather as a 

predicted pathway. The evaluation focused on how each phase of the catalyst process improved the three 

main characteristics of spatial imagery: legibility, imageability, and meaning expressiveness. 

By using this methodology, theoretical principles can be transformed into practical context-specific 

strategies to demonstrate the feasibility of the framework and provide an opportunity for critical discussion 

on the framework's strengths and weaknesses. 

3. Theoretical Framework: Spatial Imagery and Catalyst Theory 

3.1. Deconstructing Spatial Imagery in Historic Districts 

Historically, visual images were often a good way for people to form a comprehensive representation of 

their physical surroundings or neighborhoods. The term imageability, which was coined by Kevin Lynch 

(1960), has since become a popular term to describe this process by which a physical environment provides 

multiple sensory cues to a person as they move through it, creating an image or representation of that 

place within their mind. 

Spatial imagery helps define the historical character of each district, because the various visual elements 

found within each district provide its distinctive character. In addition to creating a mental image of the 

physical environment, the knowledge that a certain place possesses a unique identity provides a dataset 

of descriptive information about the district's individual components, how they are arranged with respect 

to each other, and the relationships between the various visual elements. 

The identity, structure, and meaning associated with an individual district are all related to the visual 

imagery of that district. The three primary characteristics that are important when evaluating or improving 

an area are: 

Legibility: How easily identifiable are the various components of a district, and how do these components 

communicate to the observer that they belong to that district and can be organized into a coherent pattern? 

Imageability: How clearly does the physical environment of a district create vivid, clear memories for 

individuals as they experience them? 

Meaning Expressiveness: How effectively does the spatial environment of a district communicate the 

district's historical and cultural messages through visual means? 
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Figure 1.The construction process of spatial imagery in historic districts Source: self-illustrated by the 
author. 

3.2. Catalyst Theory: An Approach to Enhancing Urban Design 

Attoe & Logan (1989) initiated the concept of Catalyst Theory in the field of Urban Design (UD). The concept 

asserts that through strategically planned 'Catalyst' or limited interventions (as opposed to large-scale 

interventions, for example, the redevelopment process), it is possible to trigger an urban chain reaction 

that will increase both the quality and vitality of the Urban Environment. The approach to the historic 

districts, for example, suggests that an incremental yet strategic approach to enhancing a historic district 

is the preferred method over the more traditional approach of total redevelopment. The research outlined 

in this paper suggests a more comprehensive (integrated) approach than the current approaches that treat 

elements of the spatial image of the urban landscape (Landmarks, Nodes, Paths, Edges, Districts) as the 

core catalysts. 

3.3. An Integrated Approach to Enhancing Urban Design 

In this paper, we propose an integration of effective spatial imagery elements of the urban landscape 

(Landmarks, Nodes, Paths, Edges, Districts), as the primary catalysts for our proposed integrated, enhanced 

urban landscape. We present (4) elements of a catalyst process: (1) Catalyst Selection - selecting spatial 

imagery elements with both high potential for impact and community/public recognition; (2) Element 

Intervention applying controlled physical interventions (on a micro-scale) to the selected catalysts to 

enhance the intrinsic quality and visibility of the element; (3) Chain Reaction - establishing physical and 

visual linkages (e.g. linking street networks) between existing catalysts to create a coherent, legible 

network; and (4) Synergistic: introducing programmatic, functional and narrative levels (cultural events, 

thematic routes, business incubation) to the space, to create a contemporary, active, dynamic element in 

the overall urban landscape and strengthen its value as a historic/cultural landscape. Together, these 

elements will provide a structured, yet flexible, means to enhance the spatial image of the Urban Landscape 

and to enhance the Cultural Resonance of the Urban Landscape. 
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Figure 2. Attributes and characteristics of historic districts. Source: self-illustrated by the author. 

4. Case Study: Yuyangzhai Historic District, Nanyang 
4.1. Case Context and Image 

The Yuyangzhai site is located in central Nanyang to the south of the Baihe River, which has historically 

served as a major transportation route for goods via the river and has, therefore, contributed to the mixing 

of various types of cultures (i.e ., shipping, trade merchant, religion, and immigrant) that exist today in the 

community.The analysis of the current spatial imagery in the Yuyangzhai Historic District highlights both 

the positive aspects and obstacles existing within it (regarding its assets and challenges).Some important 

assets are historic places (landmarks), such as the Tianfei Temple and Sanhuang Temple, which are rich in 

history but are currently in poor condition (i.e., they have been abandoned or are in a state of disrepair) 

and lack visual connections to one another.While the street layout still retains the general pattern of 

traditional streets (historically), it suffers from low environmental quality, a lack of visual connection to 

cultural nodes (or "tourist attractions"), and a weakness of visual connection between the historic district 

and surrounding areas.The Baihe River serves as a prominent visual edge for the historic district; however, 

there is no significant historic connection (or relationship) between it and the historic district as a whole. 

 

Figure 3.Current location status. Source: self-illustrated by the author. 
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Figure 4.Historical Evolution and Historical Relics. Source: self-illustrated by the author. 

4.2. Applying the Catalyst Framework 

Selection: Catalysts included landmark sites (Tianfei Temple, Sanhuang Temple, remnant gate), nodes 

(Yang Family Courtyard complex), paths (traditional alleyways), and the riverfront edge. 

Intervention: Proposals focused on the careful restoration of key temples and courtyard buildings, and the 

sensitive enhancement of street facades and public spaces to improve material legibility. 

Chain Reaction: Spatial mending was proposed as an overall strategy for reconnecting the fragmented 

items of the area. This would include reinstituting a visual and/or physical relationship between temple 

complexes, courtyards and, the riverfront while maintaining the structure of the traditional gridded streets. 

Synergy: The proposed "Shipping Culture Memory Corridor" was a concept developed as a narrative 

running through the overall area. A number of additional complementary programs were developed 

including markets for culture, Heritage Interpretation and Recreational Programming along the riverfront 

to enliven the environment and make it easier for residents and tourists alike to understand the significance 

of past generations. 

 

Figure 5.The synergistic effect of spatial imagery. Source: self-illustrated by the author. 

5. Discussion: The Catalytic Enhancement of Spatial Imagery 
The Yuyangzhai example shows that the catalyst process directly influences the three basic qualities of 

spatial imagery. As each individual catalyst is made more recognizable through improvement and 

clarification during the first, or Intervention, phase; in addition, as each individual catalyst becomes part of 
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a larger, connected system in the second, or Chain Reaction, phase, the clearer the catalysts become.The 

second attribute, strengthened imageability, receives much of its strength through the Chain Reaction. 

The Chain Reaction phase produces stronger and more coherent sequences of images seen from where 

pedestrians walk from the street to the temple gate and along the walkable routes connecting various key 

cultural sites; thus, the district becomes a more vivid and memorable environment. 

The Synergistic Effect stage creates the third and final basic quality: increased meaning expressiveness. By 

bringing in story-telling themes (e.g., shipping culture) along with appropriate supporting activities (e.g., 

festivals and crafts), the Synergistic Effect not only creates a context for the interpretation of the physical 

space but, by creating and performing as an ongoing story, gives an emotional connection to the cultural 

component of the district by changing it from simply a group of old buildings to a stage for the performance 

of the ongoing stories of culture. 

The above explains how through a sequenced, multi-faceted approach, a historic district's perceptual and 

experiential quality can increase. 

6. Conclusion 
The findings of this study demonstrate how closely matched the characteristics of spatial imagery in historic 

districts are with the mechanisms of action that comprise urban catalyst theory. As such, by combining 

these elements we have proposed a systematic micro-renewal strategy that has the potential to preserve 

and increase the legibility, imageability, and cultural significance of these historic areas. The example of 

the Yuyangzhai project illustrates how the proposed methodology will then take a strategic approach by 

first focusing on pinpointing the best opportunities for intervention at the level of individual imagery 

elements, followed by reconnecting the district spatially and structurally with other parts of the city, and 

finally, developing and activating the cultural assets associated with these areas. 

The two primary contributions of this research are theoretical and practical. Theoretically, this research 

contributes to the academic discussion on urban conservation by proposing a systematic model that 

connects perceptual theory (spatial imagery) with actionable urban design strategy (catalyst theory). 

Practically, this research provides urban planners and designers with a replicable, scale-sensitive toolkit for 

regenerating historic districts that prioritizes cultural sustainability and not just physical sustainability. 

The major lesson learned from this research is the significance of the order and synergies between physical 

repair, spatial reconnection and cultural development/activation, to fully realise all of the benefits which 

result from the application of this methodology. Future research should focus on developing quantitative 

and participatory approaches to assessing how spatial imagery is perceived, as this information will inform 

the process of selecting catalysts for regeneration of historic districts. In addition, it is necessary to 

implement and monitor the long-term dynamics of this framework to determine its resilience and 

adaptability to diverse socio-political and economic conditions. This approach demonstrates great 

potential to be scaled and adapted to other historic urban areas experiencing similar identity preservation 

and revitalisation challenges. 
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Figure 6.Enhanced representation effect of spatial image of Yuyangzhai. Source: self-illustrated by the author. 
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Evaluating the historical and cultural value of
Guanlin ancient town

——multidimensional framework integrating space syntax and
analytic hierarchy process

Sumin Zeng,Southeast University,China

Abstract:
As a historical and cultural hub in the northwest region of Yixing City, Guanlin Ancient Town traces its 

origins back to the Qin and Han dynasties (221 BCE–220 CE) and served as the fiefdom of the Marquess of 
Outing during the Eastern Han Dynasty (25–220 CE). Boasting profound cultural heritage and a distinctive 
spatial morphology, the town exemplifies a well-preserved historical settlement. To systematically assess its 
historical and cultural value, this study synthesizes archival records, local chronicles, architectural relics, and 
spatial patterns, alongside analyzing its sociocultural evolution, to identify the key factors shaping its 
development. Based on this foundation, an evaluation index system is constructed across four dimensions: 
historical evolution, urban layout, architectural features, and sociocultural characteristics. Methodologically, a 
hybrid qualitative-quantitative approach is adopted, integrating textual research, field surveys, space syntax 
analysis, and the Analytic Hierarchy Process (AHP) to conduct a comprehensive, multidimensional evaluation of 
the town’s historical and cultural significance. The findings aim to provide a scientific basis and theoretical 
framework for the formulation of future conservation strategies.
Keywords (6 words total):
Urban heritage, Spatial syntax, AHP, Conservation planning, Chinese towns, Morphology

1. Introduction
Historical towns are important spatial carriers of Chinese civilization and possess irreplaceable

historical value. In the context of the rapid global urbanization process, these precious historical towns are
facing the challenge of balancing protection and development[1]. Establishing a scientific and systematic
assessment system is helpful for the protection of historical towns. Traditional value assessment mostly
relies on qualitative descriptions and expert experience, which although deep[2][3], often lacks objective
and collected quantitative support and is difficult to cope with the challenges of complex spatial and
social-cultural system analysis[4].

The Guanlin Ancient Town has a long history. Since the Song Dynasty, it has been a major commercial
center in southern Jiangsu Province and a typical representative of small historical towns in the Jiangnan
region. However, at present, no historical protection and development planning has been carried out in
this town, and it urgently needs to conduct an assessment of the historical and cultural value of the town
and propose relevant protection and development suggestions[5]. Therefore, this study aims to construct
an assessment framework, combining qualitative analysis of historical documents and quantitative
analysis of spatial morphology[6][7], to conduct an objective and systematic assessment of the historical
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and cultural value of Guanlin Ancient Town.
In order to comprehensively assess the historical and cultural value as well as the spatial

characteristics of Guanlin Ancient Town, this paper first establishes the evaluation factors through
literature review and on-site investigation, and then determines the weights of each factor using the
analytic hierarchy process to achieve the objective quantification of subjective judgment[8]. At the same
time, relying on the spatial syntax theory, the integration degree and selectivity of the street and alley
system are analyzed, and the layout characteristics of the ancient town are studied from the spatial
perspective[9].

2.Literature Review

2.1 Research Progress on the Value Assessment of Historic and Cultural Villages and Towns
Early studies on the value assessment of historical and cultural ancient towns focused on the

historical value assessment of individual buildings[11]. Later, attention gradually shifted to the overall
environment, and a multi-level value assessment system covering history, society, culture, and economy
was proposed. The various charters proposed by the International Council on Monuments and Sites
emphasized the importance of the overall protection of historical towns[12], including the layout, spatial
relationships, and functions of the historical towns. Based on this, domestic research, at the policy level,
proposed to select historical, cultural, and scenic cities, towns, and villages from aspects such as historical
value, artistic value, scientific value, and social and cultural value[13]. However, at present, the research still
lacks sufficient depth in the combination of spatial form and value assessment. Most studies treat spatial
form as a static material element rather than a dynamic core element that interacts with other
elements[14].
2.2 Spatial Syntax in Heritage research

Spatial syntax is a theory and method proposed by Bill Hillier and others. This approach is often
employed in quantitative analysis of the relationship between spatial layout and human activities[15].
Indicators such as integration degree and selectivity can be used to analyze the accessibility, centripetal
nature, and potential for flow through of the spatial system[16]. In the field of historical heritage
conservation, spatial syntax has been widely applied to study the evolution logic of historical towns, the
social nature of space, and the organization of spatial flow lines[17]. By analyzing the integration degree of
space at different radii, one can understand the spatial structure hierarchy from the local to the overall. In
the assessment of historical cultural value, the application of spatial syntax can link abstract cultural value
with concrete spatial structure, and quantify qualitative indicators such as town layout and street
texture[18][19].
2.3 Analytic Hierarchy Process in Heritage Research

The Analytic Hierarchy Process is mainly applied in decision-making for complex issues[20][21]. In the
research on the historical value assessment of heritage protection, this method can systematically and
scientifically calculate the weights of various index factors in the evaluation system[22], converting
subjective scoring into more analyzable and consistent results[23].

In conclusion, the existing research on the assessment of historical cultural value of historical towns
has rich theoretical foundations and applicable methods. However, there is still a gap in the research that
combines the spatial quantification analysis of spatial syntax with the decision analysis of the Analytic
Hierarchy Process and implements it in practice[24][25]. Therefore, this study attempts to explore a historical
town value assessment method that combines spatial syntax and the Analytic Hierarchy Process, and
proposes targeted suggestions for protection and development.
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3. Research Methods and Data

3.1 Construction of the Evaluation Index System
Based on the on-site investigation of Guanlin Ancient Town and the analysis of relevant literature, this

study constructed an evaluation system for Guanlin Ancient Town.
3.2 Data Collection and Processing

1. Historical and Social Cultural Data: By consulting local documents such as "Yixing County Annals"
and "Guanlin Town Annals", and conducting interviews with local residents and cultural inheritors,
relevant information about the history and evolution of the town, important historical events, and folk
activities was collected.

2. Spatial Data: Through on-site investigation and drone aerial photography, detailed maps of the
town's area were obtained, including building outlines, street networks, public spaces, etc., for spatial
syntax analysis. At the same time, important information such as architectural styles was obtained for style
assessment.

3. Expert Scoring: Ten experts in urban planning, architectural history, and cultural heritage
protection were invited to conduct pairwise comparisons of the importance of each factor in the criterion
layer and indicator layer using Saaty's 1-9 scale method, construct a judgment matrix, and obtain final
scores.
3.3 Calculation of AHP Weights and Consistency Test

Using Yaahp to process the experts' scores, the weights of each level of elements were calculated,
and consistency (CR) tests were conducted. The CR values of all judgment matrices were less than 0.1,
passing the consistency test, indicating that the weight allocation was reasonable and effective. The final
calculated weights of each indicator are shown in Table 1.
3.4 Spatial Syntax Analysis

The processed street and alley axis diagrams of Guanlin Ancient Town were imported into the
Depthmap software to construct an axis model (Axial Map). The following analyses were conducted:

1. Integration Analysis: Considering the historical street and alley features that are winding and
narrow, integration analyses were conducted with R=n, R=2, and R=3, reflecting the importance of the
space in the entire system, the accessibility within the neighborhood, and the potential for aggregation.
This analysis was used to quantify the assessment of "street and alley accessibility" and "street and alley
texture" indicators.

2. Choice Analysis: This analysis can evaluate the potential of historical streets and alleys as travel
paths, identify potential vitality points of the network, and analyze "space utilization" and "accessibility of
historical buildings", providing quantitative support for the subsequent renewal and utilization of Guanlin
Ancient Town.

4. Case Analysis: Comprehensive Evaluation of the Historical and Cultural

Value of Guanlin Ancient Town

4.1 AHP Evaluation Results and Analysis
Based on the expert scores and AHP weight calculations, the weights of each indicator for the

evaluation of the historical and cultural value of Guanlin Ancient Town and the final scores are shown in
Table 1.
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Table 1: Weighting and Scores of Historical and Cultural Value Evaluation Indicators for Guanlin Ancient Town

（Compiled by the author）
From the evaluation results, the following conclusions can be drawn:
1. Overall historical and cultural value analysis: The comprehensive score of Guanlin Ancient Town is

6.74 points, which is at a moderately high level. Guanlin Ancient Town possesses significant historical and
cultural value, but there is still considerable room for improvement in overall protection and revitalization.

2. Advantage items analysis: The weight of historical and cultural elements is the highest (0.1890),
with a score of 7. The weighted score of this factor for the ancient town is (1.323), indicating that the
ancient town has abundant material and intangible cultural heritage preservation. Historical status and
influence (0.1020) and historical building accessibility (0.1094) both receive high scores of 8, indicating
that the ancient town has a high historical influence and status, and the accessibility of the streets is good,
allowing convenient access to historical elements, thus the ancient town has considerable potential for
revitalization and renewal.

3. Disadvantage items analysis: The weight ranking second, the utilization rate (0.1720), has the
lowest score of only 5. The problem of abandoned, idle, and inefficient utilization of historical cultural
space in Guanlin Ancient Town is relatively significant, which is also a key negative factor affecting the
overall value score. In addition, the architectural style (0.1043) has a score of only 6, indicating poor
overall style coordination of the ancient town.
4.2 Inter-verification of spatial syntax analysis and AHP results

The analysis results of spatial syntax provide an explanation at the spatial structure level for the
above AHP evaluation conclusions.
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Figure 1: Analysis Diagram of Global Integration Degree (R = n)（Compiled by the author）
Figure 2: Analysis Diagram of Local Integration Degree (R = 3)（Compiled by the author）
Figure 3: Analysis Diagram of Local Integration Degree (R=2)（Compiled by the author）

Analysis of "Street Accessibility" and "Historical Building Accessibility": The global integration degree
analysis diagram (Figure 2) shows that there is a main street running north-south in the core area of the
ancient town, with the highest integration degree. This indicates that this street plays a significant role in
the accessibility of the entire ancient town spatial system and has strong accessibility and the potential to
gather people. Field investigation confirmed that this main street connects several of the most important
historical buildings in the ancient town. This is consistent with the results of obtaining high scores (8
points) for "Street Accessibility" and "Historical Building Accessibility" in the assessment.

"Depth Analysis of Spatial Utilization" and "Street Pattern": By comparing the local integration degree
diagrams R=3 (Figure 3) and R=2 (Figure 4), it can be found that in some secondary alleys connected by the
main street, the R=3 integration degree is acceptable, but the R=2 integration degree drops sharply. This
indicates that although the alleys in the ancient town have good connectivity at the neighborhood level,
there are problems of lower accessibility at the more microscopic pedestrian level. This has led to
insufficient vitality in some areas and difficulty in effectively utilizing the space. Objective verification
confirmed the result of extremely low "Spatial Utilization" score. At the same time, this spatial
characteristic of Guanlin Ancient Town, where the streets have clear hierarchy but the local patterns are
not connected, corresponds to the medium score (7 points) for "Street Pattern" assessment.

Indirect Analysis of "Architectural Style" (C8): From the selective analysis diagram, street alleys with
transit traffic functions were identified. Comprehensive analysis revealed that the architectural styles on
both sides of the street alleys with transit traffic functions were the most severely damaged, indicating
that external traffic interference has a significant negative impact on the traditional architectural style.

5. Discussion
This study combines the Analytic Hierarchy Process and Spatial Syntax to not only quantify the

historical and cultural value of Guanlin Ancient Town but also reveal the causes and composition of
historical and cultural value.

Firstly, it has both historical value judgment and spatial analysis. The Analytic Hierarchy Process
determines the importance of various indicators from different levels of value cognition, while Spatial
Syntax objectively explains the reasons for the score of value factors in the assessment of historical and
cultural value from the perspective of material space. This combination overcomes the limitations of a
single method, making the assessment conclusion both value-oriented and objectively empirical.

Secondly, suggestions for the protection and development of Guanlin Ancient Town:
1. Designate priority renewal areas: From the assessment results, poor spatial utilization efficiency is

a major disadvantage for the development of the ancient town. Based on the spatial syntax analysis,
priority should be given to the micro-renewal and transformation of those idle buildings and alleys with
low local integration degrees, such as introducing small cultural creative workshops, community libraries,
or distinctive guesthouses, to activate the space through functional implantation.

2. Style Control Strategy: For areas with severely damaged architectural styles, a core style control
area should be designated, and the buildings on both sides of the main roads should be subject to key
rectification and restoration, controlling the height, volume, and form of the buildings to coordinate the
overall style of the ancient town.

3. Optimization of Tourist Flow Lines: Use the main street with good accessibility as the main
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development axis for tourism. At the same time, through the setting of landscape nodes, guiding
identification systems, etc., divert tourists to areas with historical elements but insufficient vitality,
construct a balanced development tourist line network, relieve the pressure in the core area, and activate
the vitality of the ancient town.

6. Conclusion
This study constructed a method for historical town value cognition combining the Analytic Hierarchy

Process and Spatial Syntax, and conducted an empirical assessment of the historical and cultural value of
Guanlin Ancient Town. The study confirmed:

1. Guanlin Ancient Town has a profound historical cultural heritage, with high value in the richness of
historical cultural elements, historical status, and the accessibility of main heritage points.

2. The core challenge faced by the ancient town lies in the low efficiency of space utilization and the
degradation of architectural styles in some areas. The study revealed that spatial utilization is related to
the accessibility of street patterns. The combination of the analytic hierarchy process and spatial syntax
enables the realization of an integrated "value-space" diagnostic analysis. It not only obtains the historical
value of the ancient town but also analyzes the causes of value and the reasons for its deficiencies,
providing a strategic basis for formulating the protection and development strategies of the ancient town.
Future research can build upon this foundation and further incorporate social economic data, tourist
behavior trajectories, etc. as the basis for analyzing the historical value of the ancient town, constructing a
more dynamic and comprehensive historical value assessment model, and promoting the scientific
protection and development of the ancient town.
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Abstract

Against the backdrop of population ageing and "youth-friendly city" initiatives, promoting
intergenerational inclusivity has become essential to keep social vitality in historic urban areas.
However, the existing fragmented approach to the conservation of cultural resources has
resulted in a disconnect between tangible and intangible elements. Such fragmentation breaks
the cultural narrative and contributes to intergenerational estrangement (including activity
avoidance, spatio-temporal separation, and attitudinal alienation) that will eventually undermine
the transmission of cultural identity, affect the process of social integration, and impinge upon
inclusive urban transformation.
In order to address these issues, this study presents a framework motivated by cultural resource
identification to promote intergenerational inclusivity by taking Nanjing's historic urban area as a
case study. Guided by an integrated "resource-culture-identity-behavior" approach, the research
incorporates GIS spatial analysis, stated preference surveys, structural equation modeling (SEM)
and multinomial logit (MNL) models. The analysis supports the causal link between resource
fragmentation and intergenerational division. Furthermore, through structural equation
modelling, the results show systematic resource identification reinforces the sense of continuity
of the culture and promotes integration of identity, thereby fostering intergenerational
interaction. Dynamic simulations are also used for projecting out the effects of related
interventions over the long term.
The findings suggest that fragmented resource conservation is at the core of intergenerational
division in three dimensions, namely activity, space-time, and attitude. Establishing a "point-line-
plane" cultural network is an effective way to restore the cultural context and strengthen the
collective identity. Spatial optimization and building identity activities based on such a network
contribute to building sustainable mechanisms of co-creation of the community, which
contributes significantly to the vitality of the local community. By suggesting a three-dimensional
strategy, "systematic resource identification, intergenerational scenario embedding, and identity
integration cultivation," this study innovatively connects the resource identification process with
cultural identity and urban transformation, providing empirical evidence for promoting inclusive
urban development.

Keywords

Historic-Urban-Areas; Intergenerational-Inclusivity; Resource-Identification; Cultural-Identity;
Inclusive Transformation
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1. Introduction
1.1 Research Background

China's urbanization has become the high quality in the 21st century. As bearers of the roots of cultural
history, the protection and renewal of historical urban areas are of great importance to social stability
and cultural identity. However, a large number of historical and cultural resources have not been
included in the statutory three-level protection system, showing islanded and fragmented characteristics.

Meanwhile, there is a separation of the protection of tangible and intangible heritage, which results in
the break of cultural narratives. Internationally, the protection of heritage should be considered to
balance historical value and current adaptability, which, according to the current practices in China, has
the following limitations: it focuses too much on high-quality tangible heritage, ignores dynamic cultural
landscape and intangible elements of daily life, making the value cognition of heritage single.

At the same time, the superposition of the population ageing process and the "youth-friendly city"
strategy has made non-kin intergenerational coexistence common in historical urban areas. However,
fragmentation of resources has worsened intergenerational conflicts, creating separation in space,
activities, and emotions threefold, which is incompatible with the aim of SDG11 (Sustainable
Development Goal 11) to build inclusive and resilient cities.

Fig. 1-1 Composition chart of heritage protection system. Source: Self-drawn

1.2 Research Questions

The basic research question of this study is: How to overcome the limitations of the statutory protection
system, build a systematic identification of historical and cultural resources with "tangible-intangible"
coordination and "point-line-area" linkage, and link intergenerational cultural identity and identity
integration, and finally promote intergenerational integration and activate spatial vitality in historical
urban areas?

1.3 Research Objectives and Significance

The core objectives of this study are: firstly, to combine the theories of multi-discipline and spatial
analysis methods, and build a joint theoretical framework of "resource-culture-identity-behavior", to
clarify the internal mechanism and key paths of systematic resource identification driving
intergenerational integration; secondly, to take Nanjing's historical urban areas as the empirical object,
verify the impact of resource identification on intergenerational cultural identity, identity integration, and
behavioral integration through the quantitative research, and clarify the difference of the role of
different resource types and spatial scenarios; and finally, to propose a three-dimensional operable
strategy of "systematic resource identification-intergenerational scenario ".

The research significance is reflected in three aspects: theoretically, to break the disciplinary separation,
establish a linkage analysis framework of "spatial resources-social integration", expand the dimension of
resource value cognition, enrich the "humanistic paradigm" of historical urban area renewal; practically,
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to provide resource identification standards and intergenerational integration scenario design schemes
for Nanjing and other similar historical urban areas, helping them transform from "morphological
renewal" to "vitality regeneration"; globally, based on the uniqueness of China, construct a Chinese
solution of "culture-driven social integration", respond to the concept of heritage protection of World
Heritage Convention (UNESCO).

Fig. 1-2 Cluster analysis chart of key words in related researches in China historical districts.

2. Methodology
2.1 Construction of Theoretical Framework

Based on the interdisciplinary perspective, this study takes Place Attachment and Memory Place Theory,
Social Identity Theory, and Planned Behavior Theory as the foundation, and constructs a logical closed
loop of "resource-identity-integration". The three theories offer the basis for verifying the impact of
resource identification on cultural identity, intergenerational identity integration, and the causal
relationship of variables from the dimensions of "space-emotion", "society-identity", and "attitude-
behavior" respectively, jointly forming a system of research with both depth and coherence.

Independent variable (integrity of historical and cultural resource identification): Refers to the
completeness of the systematic identification of historical and cultural resources by the "point-line-area"
network system ("points" are isolated cultural carriers, "lines" are linearly connected spaces and "areas"
are characteristic cultural districts), quantified by the "resource connectivity index".

Intermediary variables: Cultural identity: Emotional acceptance and cognition of intergenerational groups
towards the culture of historical urban areas including two dimensions: perception of cultural continuity
and resource familiarity Identity integration: Degree of transformation of intergenerational groups
towards the unified identity of "co-builders".

Dependent variable (intergenerational integration): Referring to the interactive symbiotic state of
intergenerational groups in spatial, behavioral and emotional aspects, including three dimensions:
frequency of interaction, willingness to participate, and spatial sharing behavior.

Control variables: Age, length of residence, education level are chosen to ensure the validity of research
conclusions.

2.2 Research Methodology

Nanjing's historical urban areas are chosen as the empirical case according to three typical characteristics:
on one hand, in terms of intergenerational structure, aging communities are located next to youth
gathering areas with prominent contradictions; on the other hand, in terms of resource endowment,
cultural resources are rich but protection is fragmented; on the other hand, in terms of practical needs,

1856



Zhai, G.F. Research on Inclusive Transformation of
Historical Urban Areas Driven by Identification of

Historical and Cultural Resources

urban renewal ignores the repair of intergenerational relations, and relevant solutions are urgently
needed.

This study uses the dual-source data system to guarantee the scientificity and objectivity of research
conclusions. The specific data sources and data collection methods are as follows:

Spatial data: "Point-line-area" resource data of core districts are collected by vectorization (according to
ArcGIS10.8, based on 2024 1:2000 digital map) and UNet semantic segmentation (according to Gaofen-2
satellite images), to build a spatial database and calculate the "resource connectivity index";

Questionnaire data: Targeting young people (18-35 years old) and elderly people (60 years old and above)
who have lived/worked for more than 6 months, normal communities in three core districts are selected
for research by stratified sampling. The sample size is calculated based on Krejcie & Morgan formula and
the questionnaire structure is corresponding to the core variables.

This study uses a progressive analysis system of "descriptive analysis - reliability and validity test -
mechanism verification - effect prediction":

1. Descriptive analysis: Based on the difference in cultural identity and identity integration, the sample
attributes and characteristics of the core variables are counted by using descriptive statistics with the
help of the software package, namely the computer program 'SPSS26.0', and the cross-analysis is
conducted between the differences in intergenerational groups in order to lay the foundation for
modeling.

2. Reliability and validity test: With the help of SPSS26.0, the reliability of the scales of cultural identity
(a=0.823) and identity integration (a=0.811) are high, KMO=0.938, Bartlett test is significant, 3 common
factors are extracted, and the construct validity is good.

3. Mechanism verification: AMOS24.0 is used to construct a SEM (Structural Equation Model) chain
mediation model to verify the transmission path and mediating effect of "resource identification-cultural
identity-identity integration-intergenerational integration"; SPSS26.0 is used to construct a MNL
(Multinomial Logit) model to quantify the impact of 4 types of attributes such as historical display
methods on intergenerational spatial sharing behavior.

4. Effect prediction: Vensim PLE9.0 is used to build a system dynamics model, three types of scenarios are
established for 5-year simulation, and the "intergenerational integration index" is output to predict the
effect of different strategies.

2.3 Data Processing Process

Raw data are processed according to the process of "cleaning-standardization-integration-verification": In
the cleaning stage, invalid samples with excessive missing values, logical contradictions and regular
responses are selected and the balance of sample distribution is tested; in the standardization stage,
scores of each variable dimension and "intergenerational integration index" are calculated and extreme
values are processed by mean substitution; in the integration stage, binary variables for SP experiment
data are generated and attribute selection probabilities are calculated; in the verification stage, normality
test and multicollinearity test are conducted. KS normality test is carried out on core continuous variables
(i.e. cultural identity score and intergenerational integration index) and the results indicate p>0.05
(cultural identity p=0.123, intergenerational integration p=0.087) that satisfies the normality assumption
of the SEM model. The variance inflation factor (VIF) is computed by the statistical package (SPSS) and all
independent variables have a VIF<3 (maximum VIF=2.17), which means that there is no problem of
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multicollinearity, which guarantees the unbiased estimation of the model, guarantees that the data meet
the assumptions of the modeling, and finally, creates a clean and standardized dataset.

3. Analysis of Resource Identification and Intergenerational Status in
Nanjing's Historical Urban Areas
3.1 Results of Cultural Resource Identification

Technical Application Process This study will use the combined technology of "GIS spatial analysis +
semantic segmentation" to systematically identify historical and cultural resources in historical urban
areas (Chengnan, Fuzimiao, Laomendong, Maogaoqiao) in the core area of historical urban areas of
Nanjing, so as to realize full coverage of tangible and intangible resources. The specific application logic is
as follows: Based on the 2024 digital map of the historical urban areas of Nanjing (1:2000 scale) provided
by Nanjing Municipal Bureau of Planning and Natural Resources, spatial vectorization was completed
with the help of ArcGIS 10.8 software, and core resources were labeled one by one according to the
"point-line-area" resource classification standard. Among them, "point" resources consist of 358
historical resource sites such as Former Residence of Ganxi and Laomendong Ancient Building Complex;
"line" resources consist of 151 historical streets such as Qinhuai River Cultural Corridor and Gutong Lane
in the old southern city; "area" resources delineate 22 historical style districts such as Fuzimiao Folk
Custom Area and Chengnan Historical and Cultural Block. Finally, the "Spatial Distribution Map of
Historical and Cultural Resources in Nanjing's Historical Urban Areas" was obtained, and the spatial
coordinates, protection levels, and core connotations of the resources were clarified. to solve the blind
spot problem of GIS technology in identifying intangible resources, a U-Net semantic segmentation model
was constructed based on the PyTorch framework. Using 2024 Gaofen-2 satellite images (0.8m
resolution), and field-shot panoramic images as input, the physical carriers of intangible cultural
resources were automatically identified. Focus was laid on the capture of 12 types of carriers of 88
intangible cultural heritages, including folk art inheritance venue such as Yunjin Workshop, traditional
snack gathering venue such as Laomendong Food Street, and folk activity venue such as the main venue
of the Qinhuai Lantern Festival in Fuzimiao. After the verification of accuracy, the identification results
were linked with the GIS spatial database to realize the spatial matching of "tangible resources-intangible
resources". collaborative application of the two technologies not only completes the spatial positioning
of resources, but also makes up for the defect of "valuing tangible resources over intangible ones" in
traditional identification, providing accurate data support for the quantification of the completeness and
fragmentation characteristics of resource identification.

Fig. 3-1 Spatial
Statistics of Point-
type Historical and
Cultural Resources

Fig. 3-2 Spatial
Statistics of Line-type

Historical and
Cultural Resources

Fig. 3-3 Spatial
Statistics of Area-

type Historical and
Cultural Resources

Fig. 3-4 Spatial
Statistics of Natural-
type Historical and
Cultural Resources

Fig. 3-5 Nanjing
historical spatial

network construction
diagram
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Characteristics of the "Point-Line-Area" Resource Network According to the identification results, the
"point-line-area" resource network in the historical urban areas of Nanjing, there are serious
fragmentation characteristics, and there are regional differences in resource density. The specific
manifestations are as follows: The core characteristics of fragmentation are reflected in three aspects:
First, the isolated distribution of "point" resources: Among 358 core "point" resources, 65.4% (234 sites)
are surrounded by modern buildings, such as the Former Residence in Ganxi surrounded by high-rise
residential buildings, having no spatial linkage, and only 34.6% (124 sites) form small-scale resource
clusters; second, the serious fragmentation of "line" resources--of 151 "line" resources, 71.5% (108 lines)
are fragmented to some extent, e.g., Gutong Lane in the old southern city is cut into 3 sections by
modern roads, and only 28.5% (43 lines) have complete linear connectivity; third, the disconnection
between internal and external "area" resources-22 "area" resources, 68.2% (15 areas) have the problem
of separation between tangible and intangible resources, such as Fuzimiao area has not formed
"architecture-folk custom-activity" collaborative system, and only 31.8% (7 areas) have partial linkage.
There are obvious regional differences in resource density: Laomendong and Fuzimiao areas are high-
density and low-fragmentation areas, with resource densities of 1.2 sites per hectare and 1.1 sites per
hectare respectively, and resource connectivity indexes of 68.3% and 65.7%, which have benefited from
centralized renewal and systematic protection; some old communities in Chengnan (such as the old area
of Maogaoqiao Sub-district) are low density and high fragmentation areas, the resource density is only
0.3 sites per hectare, and the connectivity index is 32.5%, historical buildings are scattered, there are no
intangible resource carriers, and there is a "resource island" phenomenon. the above characteristics
show that the protection level of historical and cultural resources in historical urban areas of Nanjing is
not good enough, and fragmentation has become the core problem of resource network.

Tab. 3-6 Statistical tables of various types of historical spatial data

3.2 Characteristics of Intergenerational Groups and Differences in Cognition and Identity

Basic Characteristics of Samples Based on the data of 628 valid questionnaires from the historical urban
areas of Nanjing, the basic characteristics of the intergenerational groups (young group: 18-35 years old,
elderly group: 60 years old and above) show that there are significant differences, as follows: In terms of
age and time of residence, there are 326 young people (accounting for 51.9%) and 302 old people
(accounting for 48.1%), with a balanced and representative intergenerational distribution of samples;
85.1% of the elderly group are local long-term residents with a residence length of 10 years (52.3% with
20 years), mainly consisting of native Nanjing residents; the young group is mainly composed of new
residents with a residence length of <10 years (43.6% with <5 years), mainly consisting of non-local
groups working/studying in Nanjing; in terms of occupation and educational level, the elderly group is
mainly composed of retired people (78.5%), followed by individual operators (12.6%) and other
occupations (8.9%); the main sectors of the young group are the employees in the enterprise (56.4%), the
students (23.3%), followed by the freelancers (15.3%) and other occupations (5.0%) In terms of
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educational background, 92.3% of the young group have a bachelor's degree or above (18.7% with a
master's degree or above) and 63.2% of the elderly group have a high school education or below (27.5%
with a junior high school education or below), indicating significant intergenerational differences. 263
The differences in length of residence, occupation and educational level among intergenerational groups
provide the basis for a sample for further analysis of cognitive and identity differences.

Fig. 3-7 The sample plot of
sampling points in the study area
was calculated

Fig. 3-8 Fragmentation evaluation
chart of historical spatial pattern

Fig. 3-9 Map of the three
historical protected areas

The intergenerational differences of cognition and identityBased on the scale data and statistical analysis,
the intergenerational groups showed significant differences in the three dimensions of cultural resource
familiarity, fragmentation perception and identity identity. The specific performance is as follows : In
terms of cultural resource familiarity, the elderly group has the highest familiarity with 'point' resources
(historical buildings, place name stories), with an average score of 4.2 (Likert 5-point scale). The
familiarity with the names of the former residences of western Jiangxi and Qinhuai River is more than 4.3
points, but the familiarity with intangible resources (folk art, traditional snacks) is relatively low (average
score 3.1 points) ; the young group's familiarity with all types of resources is lower than that of the
elderly group, among which the familiarity with intangible resources is the lowest (average score of 2.1),
and the familiarity with historical buildings and place name stories is 3.0, mostly staying at a superficial
cognitive level of "heard of but not understood".In terms of perception of fragmentation, the young
group has a stronger perception (average score of 3.8), with 62.3% believing that "historical and cultural
resources are scattered, making it difficult to feel the complete context" (score ≥4 points in item B2); the
elderly group has a relatively weak perception (average score of 2.5), with only 31.5% acknowledging
obvious resource fragmentation, which is related to the local cognitive habits formed by the elderly
group's long-term residence.In terms of identity recognition, the elderly group has the highest
recognition of the "traditional guardian" identity (average score of 3.9), with 76.8% believing that "they
have the responsibility to inherit traditions" (score ≥4 points in item C1), and the lowest recognition of
the "co-builder" identity (average score of 2.7); the young group has the highest recognition of the
"outsider/newcomer" identity (average score of 3.5), with 68.1% believing that "it is difficult to integrate
into local culture" (score ≥3 points in item C4), and also has a low recognition of the "co-builder" identity
(average score of 2.6).The opposition between intergenerational groups in cognition and identity is
essentially the rupture of cultural inheritance caused by resource fragmentation, which is consistent with
the mechanism expectation in the theoretical framework that "resource fragmentation → rupture of
cultural identity + identity solidification".
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4.The Influence Mechanism of Resource Identification on Intergenerational
Integration
4.1 Structural Equation Modeling Analysis Results

To confirm the chain mediation mode of "resource identification completeness - cultural identity -
identity integration - intergenerational integration," this study built a structural equation model
according to 628 valid questionnaires in Nanjing's historic urban area. After model fitting and
optimization, the direct impact of resource identification completeness on intergenerational integration
was found to be non-significant, suggesting that it works entirely through mediating variables. The
separate mediating effect of cultural identity, identity integration and the chain mediation effect
explained 35%, 40% and 25% of the total influence respectively. The total mediation effect value was 0.80,
which confirmed that resource identification plays a significant role in influencing intergenerational
integration by these intermediary pathways and validated the theoretical framework.

4.2 Multinomial Logistic Regression Analysis Results

To measure the effect of resource identification completeness on intergenerational preferences in
regards to aspects such as historical presentation methods and spatial usage, this study constructed a
multinomial logistic regression model using SP experimental data. Of historical presentation methods, a
connected storyline had the highest value of utility. For spatial usage, the utility of intergenerational
shared spaces was significantly higher. In regards to activity formats, co-creation activities proved most
effective to foster intergenerational consensus. As for promotional themes, "collectively safeguarding our
homeland" was given the most recognition. A key finding was that the combined solution with the
connected storyline, intergenerational shared spaces, co-creation activities, and the "collectively
safeguarding our homeland" theme achieved a comprehensive utility value of 5.84, representing the best
configuration for the promotion of intergenerational consensus.

4.3 Dynamic Simulation Prediction Results

To confirm the long-term effectiveness of integrated strategies of resource identification, contextual
embedding and identity cultivation, this study developed a system dynamics model for dynamic
simulation. Under the baseline scenario, the extent of intergenerational integration did not show a
significant improvement. The resource identification-only scenario led to an increase in integration to
55%, whereas the comprehensive strategy scenario led to a significant increase in integration to 78% with
stabilization occurring after 2028. These results show that resource identification is the foundation, and
contextual embedding and identity cultivation are important driving forces. The synergy of these three
elements can significantly increase the level of intergenerational integration, with the aim of achieving
the goals of inclusive transformation of historic urban areas.

4.4 Hindrance Mechanism of Resource Fragmentation on Intergenerational Integration

Combined with sample characteristics, cognitive differences and data from the SP experiment, resource
fragmentation prevents intergenerational integration in a three-dimensional path of "activity avoidance,
time-space separation, and attitude alienation". The specific mechanisms are as follows:

Activity Avoidance: No Overlap in Space Use: Resource fragmentation causes intergenerational groups to
have differentiated spatial preferences, avoiding common activity spaces. The elderly group would prefer
activity spaces related to traditional resources - 65.2% chose the "elderly activity room + traditional art
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teaching" plan (D1 Plan A) in the SP experiment, and believed that activity spaces of this type "conform to
living habits and allow access to familiar culture", while the selection rate of modern maker spaces, trend
exhibitions and other plans is only 18.7%; the young group would prefer spaces with modern functions -
70.3% chose the "maker space + modern exhibition" plan (D1 Plan B), and believed that traditional
activity spaces "lack attractiveness The difference in spatial preferences between the two groups is due
to the fact that fragmented resources are not able to offer a common carrier that suits the needs of both
generations, ultimately leading to no overlapping in activity spaces and a fragmented state of "each using
their own independent spaces".

Time-Space Separation: Asynchronous Activity Rhythms Resource fragmentation aggravates the time-
space mismatch in the use of resources by intergenerational groups. In the time dimension, the elderly
group active in the day (6:00-9:00 in the morning and 14:00-17:00 in the afternoon), mainly engaged in
activities around community parks, elderly activity rooms and historical buildings, and the young group
active in the night (18:00-22:00), mainly in cross district night markets, cultural venues and commercial
districts, the time-space overlap rate is only 12.3%. In the spatial dimension, the activity range of the
elderly group is mainly concentrated in the community of their own (radius <=1 km), which is mainly
based on scattered small-scale resource points in the vicinity; while the activity range of the young group
covers multiple districts (radius >=3 km), owing to the problem of resource fragmentation, it is difficult to
have natural intersections with the elderly group in activity paths, which shows significant time-space
separation characteristics.

Attitude Alienation: Irreconcilable Cognitive Opposition Resource fragmentation causes the opposite
cultural attitudes between intergenerational groups, which aggravates the alienation. 75.3% of elderly
group agree that "young people do not value the traditions of historical urban areas" (item B2), young
people "focus on modern life and ignore cultural inheritance", hold negative cognitions on the cultural
attitudes of young people; 60.2% of young group agree that "traditional activities are boring and the
elderly are too conservative" (item E2), traditional cultural activities of historical urban areas "scattered
and boring, This cognitive opposition results from the fact that fragmented resources cannot build up
shared cultural narrative among generations, which makes it difficult for the two generations to build up
common cultural cognition foundation, and finally makes it difficult for the two generations to build up
intergenerational emotional connection and integration.

In summary, the resource fragmentation in the historical urban areas of Nanjing is not only reflected in
spatial scattered forms, but also aggravates the cognitive and behavior fragmentation of the
intergenerational groups through the chain mechanism of "activity avoidance--time-space separation--
attitude alienation", which lays the foundation for the subsequent verification of theoretical hypotheses
and strategy design.

5.Construction of Inclusive Transformation Strategy
5.1 Framework of Three-Dimensional Strategy System

The system creates a closed loop that includes "resource identification as the foundation, scenario
embedding as the bridge, and identity cultivation as the core". Each strategy has clear goals and
implementation measures, and deeply bound to the "point-line-area" resource network, which not only
fit the actual urban resources, but also accurately respond to the demands of "cities in action" for
operability and sustainability.
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The foundation layer is to conduct systematic identification of resources, and the core of constructing an
integrated resource network, repairing the rupture of cultural narratives, and consolidating urban
cultural resilience. A "tangible-intangible" linked database is created by GIS and semantic segmentation
technologies creating a dynamic optimization mechanism.

The carrier layer conducts intergenerational scenario embedding, the core of creating accessible
intergenerational interaction space and activities, solve the problem of intergenerational separation, and
improve the quality of life for the residents. Integrate intergenerational interaction into daily city life, and
increase community vitality and inclusiveness.

The target layer is to conduct the cultivation of identity integration, the core of breaking the
intergenerational identity opposition, enhancing the urban social resilience.

5.2 Alignment with the United Nations Sustainable Development Goal (SDG11)

This strategy system deeply responds to the pursuit of sustainable development by "cities in action", and
helps achieve the core sub-goals of SDG11 through specific measures, clearly interpret the practical path
of improving the quality of life and resilience: First of all, align with SDG11.4, realize a virtuous cycle of
protection, inheritance and innovation of cultural heritage through systematic resource identification and
living inheritance, and enhance the urban cultural resilience; second, in line with SDG11.3, to eliminate
intergenerational barriers in terms of space, activities and identity, to reduce social exclusion and to
enable different intergenerational groups to share the fruits of urban development, directly improving
the quality of life, third, in line with SDG11.7, to design shared spaces that are both age-friendly and
youth-friendly, to ensure fairness and inclusiveness of public spaces, to consolidate the spatial foundation
of urban quality of life.

6.Conclusions and Prospects
6.1 Summary of Research Conclusions

Taking Nanjing's historical urban areas as an empirical case, this study forms core conclusions through
"current situation diagnosis-mechanism verification-strategy construction", providing theoretical support
and practical guidance for "cities in action": first, current situation conclusion: resource fragmentation is
the core inducement of intergenerational separation and hindered improvement of urban quality of life
and resilience. The "point-line-area" resources in Nanjing's historical urban areas are significantly
fragmented, resulting in the "three-dimensional separation" of intergenerational activity avoidance, time-
space separation and attitude alienation; second, mechanism conclusion: "resource identification-cultural
identity-identity integration" is the key chain mediation path of intergenerational integration, with a total
mediation effect of 0.80 (p<0.001), which can confirm that resource integration can be transformed into
social integration benefits, which in turn provides a scientific basis for cities to interpret the linkage path
of "culture-society-quality of life"; third, strategy It can not only be directly applied to the urban renewal
of Nanjing, but also be adaptable to other similar urban areas such as Beijing Hutongs and Suzhou
Ancient City, which can provide a reusable scheme for 'cities in action' to improve resilience and quality
of life.
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Fig. 4-1 Spatial Overlay Analysis Map of Point, Line and Area Historical and Cultural Resources

6.2 Theoretical Contributions and Practical Value

This study, by breaking the disciplinary division between "resource protection" in urban planning and
"intergenerational integration" in sociology, establishes a collaborative theoretical system of "resource-
identity-integration", and for the first time, the spatial resource integration and the intergenerational
psychological-behavioral changes are incorporated into a unified analysis system, quantitatively verifying
the "tangible-psychological-behavioral" transmission mechanism, clarifying the effect intensity of each
link (for example, the contribution of identity integration reaches 40%), and providing cities for the first
time a reusable quantitative paradigm for interpreting the internal improvement path of their quality of
life

At the same time, it provides multi-dimensional support for "cities in action": on the one hand, it provides
directly implementable renewal schemes for Nanjing, which can be quickly transformed into urban
actions, directly improve the interactive experience and quality of life of residents; on the other hand, it
provides reference for similar historical urban areas. The core logic of "resource integration-identity
reconstruction-integration promotion" can be widely used, and only the details need to be adjusted
according to resource endowments, reducing the practical cost of other cities, and helping more cities to
improve resilience and quality of life through inclusive renewal.

Future directions: firstly, conduct multi-case comparative studies, select different types of urban areas,
such as Beijing Hutongs and Suzhou Ancient City, form a classified guidance strategy manual, and provide
adaptive paths for improving the quality of life and resilience of more cities; secondly, follow up the pilot
districts in Nanjing and monitor the effect of implementation and strategy adjustment, and make sure to
continuously improve the resilience and quality of life in cities; thirdly, introduce artificial intelligence
technology to deepen the research, dynamically optimize the design of the activities, improve the
efficiency of resource identification, make urban actions more precise and efficient, and further optimize
the development.
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Abstract 

This paper takes the Guiling Fortress Site in Fuling District, Chongqing City as the research object. 
Based on the grand background of the Song and Yuan mountain fortress defense system, it 
comprehensively employs methods such as literature analysis, GIS spatial analysis, and knowledge 
mapping to systematically extract and explain its multi-dimensional value as a military stronghold 
in the southwestern Sichuan region during the Southern Song Dynasty. The study reveals the 
strategic pivot position of Guiling Fortress in the regional defense network and constructs a 
complete heritage value system from four perspectives. On this basis, the paper further explores 
the transformation path of Guiling Fortress from historical relics to contemporary cultural 
landmarks, and innovatively proposes cross-scale revitalization strategies from the perspectives of 
region, urban community, and other levels. This research not only provides theoretical basis and 
practical blueprint for the protection and utilization of Guiling Fortress, but also offers a reference 
model for the sustainable revitalization and value transformation of similar military cultural 
heritage. 
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1. Introduction
1.1. Background 

Military cultural heritage is a product of history, and its historical value reflects its essence. It is the relics 
and artifacts formed by people of all dynasties in military activities and the entire process of their historical 
development. At present, the international community's protection of historical and cultural heritage has 
shown a trend of emphasizing integrity and integration, and the scope of protection is constantly expanding. 
In this process, military heritage, as a unique category, is attracting more and more attention from experts 
in the field. It not only carries the weighty history, but also demonstrates an irreplaceable and profound 
significance in building national cultural identity and preserving the historical memory of the nation. 

1.2. Literature Review 

Research on the Song and Yuan Dynasty mountain fortress ruins in the Sichuan-Chongqing region of China 

has long been underway and has gradually come into the public eye with the recent joint application for 

World Heritage status of the Song and Yuan mountain fortresses in this area. For instance, Peng Feng's 

1 National Natural Science Foundation of China : Wang Yan, 52208051,Formation mechanism, feature identification and 

value system of cultural routes in Taihu Lake Basin based on Historical Information Atlas 

1866



Zhang, X.; Wang, Y.; Wu, W. Value Extraction and Cultural Landmark 
Construction of the Guiling Fortress Site in 

Fuling, China 
"Building Fortresses for Defense and Mutual Support between Jing and Shu: The Adjustment of the Southern 

Song's Defense Policy in Sichuan and Its Impact" analyzed the adjustments in the Southern Song's defense 

policy before and after the Battle of Diaoyu Fortress and explored the far-reaching influence of these 

policies on the overall defense pattern in Sichuan and Chongqing. Wang Zhejun's "Research on the 

Administrative and Economic Operations of the Mountain Fortress System in Sichuan during the Song-

Mongol (Yuan) Wars" explored the economic and political characteristics of the Sichuan-Chongqing region 

during the Song-Mongol (Yuan) Wars. Li Zhen's "Research on the Characteristics of the Southern Song's 

Anti-Yuan Mountain Fortress Defense System in the Upper Reaches of the Yangtze River from the 

Perspective of Cultural Landscape" analyzed the correlation between the layout of the mountain fortress 

system and the distribution of major transportation networks from two aspects: the overall pattern of the 

mountain fortress system and the selection of key defense points. 

With the development of the world's social economy, the construction of cultural spaces and cultural 

landmarks plays an increasingly important role in enhancing the quality of cities and promoting their 

sustainable development. Research on the construction of urban cultural landmarks and cultural spaces 

has also been carried out. Wei Wei's "International Experience and Implications of Shaping Urban Cultural 

Spaces: A Case Study of London, New York, Paris and Tokyo" explores how leading international cities shape 

their cultural spaces, with the aim of providing strategies and paths for the cultural-led development of 

Chinese cities in the transition period. Ai Wenjing's "The Construction of Communicability in Urban 

Historical Spaces: A Study on the Construction Strategies of the Communication Images of Urban Cultural 

Landmarks" approaches from the perspective of communication studies, discussing how urban cultural 

landmarks can achieve the "communicability" between history and the present through landscape shaping 

and image communication, thereby exploring feasible paths for cities to build internal citizen identity and 

convey their cultural images externally. Bo Gao's "The Effect of Memory Construction of Cultural Landmarks 

on Urban Development" takes Chinese cities as examples to explore how cultural landmarks influence 

urban development through memory construction, and argues that cultural landmarks are not only 

physical existences of cities but also core carriers that carry urban memories, shape spiritual identities, and 

drive economic development. 

At present, research on the Song and Yuan Dynasty mountain fortress ruins in the Sichuan-Chongqing 

region has initially formed a system. Scholars have revealed the historical role and spatial characteristics of 

these mountain fortresses in the wars of the Song and Yuan Dynasties from the perspectives of policy 

adjustments, economic operations, and defense patterns. However, existing achievements mostly focus on 

core sites such as the "Eight Pillars of Sichuan", and there is still a lack of in-depth exploration of the regional 

overall defense network and some peripheral mountain fortresses. Meanwhile, against the backdrop of 

the global cultural turn, scholars at home and abroad are increasingly emphasizing the role of cultural 

landmarks and urban spaces in shaping urban identity and promoting sustainable development. Relevant 

research, from the dimensions of memory construction, image dissemination, and spatial shaping, provides 

theoretical support and practical paths for the contemporary transformation of historical heritage. Against this 

background, how to place the Song and Yuan Dynasty mountain fortress ruins outside the "Eight Pillars of 

Sichuan" within the perspective of cultural landmark construction and achieve their transformation from 

war remnants to urban cultural resources has become a direction worthy of further exploration. 

2. Methodology
2.1. Research Object 

(1) The Song-Yuan Mountain Fortress System

At the end of the Southern Song Dynasty, with the Mongol army advancing southward and occupying half 

of the territory including Chengdu, the capital of Sichuan Province, the defense system that the Song 
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Dynasty had built along the mountainous areas around the Sichuan Basin collapsed. The Southern Song 

Dynasty's ruling area in Sichuan was left with no natural barriers to defend. To safeguard Sichuan, which 

served as the upstream barrier of the Southern Song territory, the Southern Song Dynasty stepped up its 

defense deployment in Sichuan. It began to build fortified cities and water forts by taking advantage of the 

natural barriers of mountains and rivers. Along the three major rivers running from north to south in 

Sichuan (the Jialing River, the Tuo River and the Min River), as well as the strategic locations along the 

Yangtze River, which flows from west to east after the confluence of the three rivers, the Southern Song 

Dynasty constructed mountain cities and water forts. It moved the state and county seats that had no 

natural barriers to these mountain cities and water forts to curb the advantage of the Mongol cavalry. Thus, 

a defense system was established, which combined mountain and water cities as points and rivers as lines, 

with the points and lines supporting each other. 

Figure 1. Distribution Map of Mountain Fortresses Built by the Song Military in Different Periods. Source: Author. 

During the Song-Yuan Wars, the mountain fortresses in Sichuan Province could be classified into four 

administrative levels: provincial administrative commissions, circuits, prefectures, and counties. 

According to the on-site research by archaeologists, there are still over twenty mountain fortresses built 

by the Song army in Sichuan Province with clear remains. Almost all the mountain fortresses in 

Sichuan during the Southern Song Dynasty were constructed on perilous mountains. After the Song-Yuan 

Wars, they were all relocated to the old cities on plains and low hills, thus not being occupied by 

later cities and largely preserved in their entirety. Many sections of the Song Dynasty fortress walls still 

remain on the surface, and nine Song Dynasty fortress gates have been preserved, providing 

physical evidence for modern research on the history of the Song-Yuan Wars, urban history, fortification 

history, and the local history of the regions where these mountain fortresses were located. 

(2) The Guiling Fortress Site

The ruins of Guiling Fortress (also known as Santai Fortress or Santai Fort) in Fuling District, Chongqing, 

are located on Santai Mountain on the north bank of the Yangtze River. It was an important military 

stronghold built by Yang Li, the governor of Fuzhou, in 1266 (the second year of the Xianchun era of the 

Southern Song Dynasty), upon imperial order. The same year, the administrative center of Fuzhou was 

also moved here, making it an integral part of the mountain fortress defense system during the Song-

Mongol (Yuan) War 
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and the military and political command center of the Fuzhou battlefield until it was captured by the Yuan 

army around 1280. 

The ruins are built along the mountain terrain, forming a multi-layered fortress wall layout consisting of a 

ring wall on the mountain top and four outer walls in the east, south, west and north. It features a step-by-

step defense system. Archaeological discoveries include fortress walls, fortress gates, gun platforms, leishi 

(ancient "cannonballs" used in warfare), the foundation of the government office, drainage ditches, and 

other relics from the Song and Yuan periods. The overall preservation is relatively good. 

Figure 2. On-site photos of the Guiling Fortress Ruins in Fuling District, Chongqing, China. Source: Partially 
compiled by the authors; partially acquired from the Fuling Municipal Archives. 

2.2. Research Methods 

This research is based on archaeological literature, contemporary studies, and field investigations. The 

selected materials include the History of the Song Dynasty, the History of the Yuan Dynasty, local chronicles, 

etc. The History of the Song Dynasty, the History of the Yuan Dynasty, and the Chronological Records of 

the Song Dynasty are taken as the key research materials, with local chronicles, books related to Chinese 

military history, and relevant research papers serving as supplementary materials. Through the method of 

literature analysis, the historical context of the Song-Yuan wars in the Sichuan-Chongqing region and the 

development stages of the Song army's mountain fortress system are grasped, laying the foundation for 

GIS analysis and the construction of a knowledge graph. 

The Geographic Information System (GIS) is a comprehensive information technology that integrates 

disciplines from various fields, including geography, cartography (or geomatics), and computer science. It 

functions as a technological system, supported by computer hardware and software, designed to acquire, 

store, manage, process, analyze, display, and describe geographically distributed data concerning all or 

part of the Earth's surface (including the atmosphere). In the realm of cultural heritage in China, GIS 

applications primarily concentrate on three areas: platforms for cultural relics information management 

and protection, visualization research for archaeological data, and disaster risk assessment of cultural 

heritage sites. Leveraging the spatial analysis capacity of GIS, this study aims to elucidate the proximity and 

connectivity among key geographical entities, thereby thoroughly investigating the spatial distribution 

patterns of the Song-Yuan mountain fortress sites across the Sichuan-Chongqing region. 

1869



Zhang, X.; Wang, Y.; Wu, W. Value Extraction and Cultural Landmark 
Construction of the Guiling Fortress Site in 

Fuling, China 

3. Discussion
3.1. GIS-Based Analysis of Mountain Fortress Defense Priorities 

The strategic significance of the Sichuan region became increasingly pronounced after the Qin and Han 

dynasties. Subsequent periods, including the Three Kingdoms, Wei-Jin, Northern and Southern Dynasties, 

and particularly the Sui and Tang Dynasties, featured sustained development that ultimately laid the 

foundation for the transport routes utilized during the Song Dynasty. Consistent with this history, Song-

Yuan mountain fortress sites were all situated adjacent to Sichuan’s main water and land transport lines. 

Those fortresses situated along land routes served a crucial supplementary role, with all sites collectively 

underpinning the effectiveness of the anti-Yuan fortification system. 

Statistical analysis of extant, representative Song-Yuan mountain fortresses reveals that the construction 

of anti-Yuan defenses in the Upper Yangtze River region was closely correlated with three key factors: the 

natural environment, the characteristics of warfare, and the evolution of fortification construction 

technology. This strategic alignment demonstrates the integration of culture and nature inherent in the 

cultural landscape. Furthermore, in direct response to the formidable Mongol-Yuan cavalry, the Southern 

Song military and populace leveraged the region’s unique topography and geomorphology, utilizing locally 

sourced building materials to create an advanced, adaptive defense system. 

Concurrently, the regional defense capacity of an individual mountain fortress within the entire Song-Yuan 

mountain fortress system is collectively determined by three interdependent factors: the defensive profile 

jointly constituted by its fortification facilities and the local topography and geomorphology; the 

administrative functions relocated onto the mountain fortress during the wartime period; and the inherent 

convenience of water and land transportation routes afforded by the fortress's location. 

Table 1. Layout of Defensive Facilities in the Song-Yuan Mountain Fortress System of the Sichuan-Chongqing 
Region, China. Source: Author. 

The Analytic Hierarchy Process (AHP) is an objective analytical method that effectively organizes and 

synthesizes subjective human judgments. It functions as a systematic and hierarchical analytical tool 

capable of efficiently integrating subjective and objective, as well as qualitative and quantitative analysis. 

Scores are assigned to mountain fortresses based on criteria including accessibility, defense capability, 

administrative rank, and topography/terrain. The Analytic Hierarchy Process is subsequently applied to 

ascertain the relative degree of importance of each evaluation criterion. By comparing the significance of 

these criteria, the study determines the evaluation factor weights (w) for accessibility (B1), defense 

capability (B2), administrative rank (B3), topography/terrain (B4), and holding duration (B5), thereby 

constructing the evaluation matrix shown in the figure. 
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Despite recent improvements, Matai Street’s public space system remains limited, uneven, and underused. 
Most spaces are small, fragmented, and often “visible but unusable” due to accessibility, environmental, 
and governance constraints, resulting in a weak foundation for sustained intergenerational integration. 

First, opportunities for intergenerational contact are limited. Encounters are mainly tied to family needs or 
organized activities (Figure 13, a), which are often formal, short-term, and lack continuity, making it difficult 
to support everyday interaction (Kaplan et al., 2020). 

Second, perceptions of the community differ across generations. Younger users are attracted by 
accessibility and amenities and use public spaces more actively (Mitchell and Burton, 2006). In contrast, 
non-local elderly often perceive the environment as noisy or unfamiliar (Figure 13, b), while long-term 
elderly residents rely on stable but closed social networks. As a result, spatial coexistence does not 
necessarily translate into social integration. 

   

(a) same space (b) different spaces 

Figure 13. Cohorts with different ages. Source: taken by the author. 

Third, mechanisms for sustained engagement remain weak. Existing intergenerational programs are mostly 
short-term and lack continuity, feedback, and long-term participation structures (Cushing and Van Vliet, 
2016), limiting the development of trust and lasting relationships. 

Overall, although public spaces provide the physical basis for coexistence, gaps in interaction, perception, 
and governance constrain meaningful intergenerational integration. 

4. Strategies and Discussion 
Findings from Sections 2 and 3 identify key barriers to intergenerational integration, including activity 
avoidance, spatiotemporal separation, perceptual divergence, and constraints in space provision and 
governance. Building on these results, intergenerational integration requires a coordinated approach 
across spatial structure, governance mechanisms, and the life-course perspective. 

At the spatial level, a “nested-circle” system (Figure 14) can accommodate generational differences. Micro-
scale spaces should prioritize tolerant coexistence, community-scale spaces should facilitate interaction, 
and district-level spaces can support co-creation and demonstration. In Matai Street, areas such as the 
Jinchuan River walkway and Xiliuwan Park offer potential nodes, where incremental, small-scale 
interventions can improve accessibility and shared use despite fragmented governance. 

At the organizational level, short-term or event-based activities should evolve into continuous governance 
mechanisms. An intergenerational project platform, led by local authorities and involving communities and 
social organizations (Buffel and Phillipson, 2025), can integrate issue-setting, resource coordination, and 
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long-term participation. This approach reflects a broader shift in urban renewal from purely physical 
interventions toward collaborative and relation-oriented governance. 

 

Figure 14. The intergenerational integration responsibility undertaking system. Source: drawn by the author. 

At the life-course level, intergenerational integration unfolds as a gradual process shaped by identity 
transitions. A three-stage pathway—understanding, identification, and integration (Kaplan and Henkin, 
2025). It can guide movement from awareness to shared practice. In Matai Street, cultural and institutional 
resources can support this process through activities that promote cross-generational interaction and 
cultural transmission. 

Overall, integrating intergenerational perspectives into urban renewal enables a shift from space-centered 
improvement to the joint optimization of spatial quality and social relations, contributing to more resilient 
and inclusive historic communities. 

5. Conclusion  
Drawing on the Matai Street community in Nanjing, this study applies an integrated EPB pathway with SEM 
and Logit models to examine how spatial conditions, behavioral routines, and perceptual mechanisms 
shape intergenerational interaction in historic urban areas. Results reveal clear generational differences in 
activity patterns, reflected in avoidance, spatiotemporal separation, and attitudinal distance, alongside 
potential for integration through mixed public space functions, neighborhood ties, and life-course 
transitions. Environmental factors—including greenery, built form, and human presence—affect 
perception and behavior through non-linear pathways involving restoration, constraint, and social density, 
forming an environment–perception–behavior chain. The Matai Street case illustrates coexistence under 
aging and urban renewal pressures, where integration depends not on co-presence alone but on spatial 
improvement, governance, and sustained engagement. 

Limitations include the cross-sectional design and single-case focus. Future research could incorporate 
dynamic data and comparative studies across diverse contexts. Overall, intergenerational interaction is 
identified as a key factor in enhancing vitality, resilience, and cultural continuity in historic districts. 

6. AI Statement 
A As a non-native English speaker, the author used digital language assistance tools solely for improving 
language clarity. All research ideas, analyses, interpretations, and conclusions are the author’s own, and all 
data collection and modeling were carried out independently by the research team. 
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Abstract 

The major earthquake that struck Myanmar on March 28, 2025, caused severe damage to the 
historical and cultural heartland in the central region of the country (Upper Myanmar). Amidst the 
dual pressures of natural disaster and political instability, Myanmar faces a critical moment in the 
reshaping and strengthening of its national cultural identity. This region encompasses a heritage 
cluster of historical capitals—including Sagaing, Inwa, Amarapura and Mandalay—that 
encapsulate the political and cultural evolution of Myanmar from the 14th to the 19th centuries 
and bear witness to the historical construction of cultural identity in this multiethnic nation. 
Deepening fundamental research on this capital area’s historical culture and spatial carriers, and 
understanding the role of capital planning and construction in identity shaping, will provide 
essential historical references and theoretical support for post-disaster reconstruction and heritage 
conservation. 
 
This study focuses on how historical capitals helped sustain national identity through their physical 
and symbolic spatial structures. It traces the evolution of Upper Myanmar’s historical capitals, and 
analyses their site selection, spatial layout and form characteristics. Based on this, the study 
combines spatial diagramming and textual analysis to explore the political order and cultural 
symbolism that lie behind elements such as the city wall system, ritual axes, and Buddhist buildings. 
The study reveals that the spatial form of the historical royal capitals in Upper Myanmar not only 
reflects a highly organized royal order, Buddhist orthodox narratives, and the governance concept 
of integrating royal authority and Buddhism, but also, through multiple relocations and spatial 
reconstructions, has developed a stable symbolic framework and an enduring spatial domain of 
cultural identity. These heritage spaces possess the symbolic integration function that transcends 
ethnic groups and eras, and continue to hold potential for reaffirming cultural consensus and 
strengthening identity recognition. This paper contributes historical insights for post-disaster 

recovery and cultural revitalization in Myanmar, and offers spatial strategies for cultural 

governance in multiethnic societies. 
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Cultural identity; Historical capitals; Space; Myanmar  
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1. Introduction  

Once built Myanmar has an old and strong historical-cultural tradition in which many cities connected to 

history and culture have been established for centuries such as Capital cities, Commercial centers, Military 

and Religious Sanctuaries. Yet, vis-à-vis most other Asian countries, global research on Myanmar’s historic 

cities is still quite sparse. Mandalay and its surrounding area represent the best of Myanmar's historical 

content yet the absence of a systematic approach to research has created serious challenges in terms of 

heritage conservation. The ancient cities of Upper Myanmar in the Greater Mandalay area have made it 

onto Unesco's Tentative List of World Cultural Heritage as early as 1996, but the nomination has long been 

bogged down by struggles to define and articulate their Outstanding Universal Value (OUV). Accordingly, 

there is a great need of exploring through fundamental research over the historic cities existing in the 

Greater Mandalay region. Such studies are crucial for the better understanding of Myanmar's history and 

culture on an alignment with heritage conservation initiatives related to historic urban heritage around the 

world. 

Mandalay is situated in the urban and peri-urban area known as Greater Mandalay. It is a description of an 

economy- and culture-focused agglomeration, not so much of a geographical entity. There aren't any 

official administrative borders regarding the Greater Mandalay, but it is typically known to cover areas 

which are economically and culturally influenced by Mandalay city. With Mandalay as the focus, it also 

features small towns and villages including Amarapura, Sagaing, Inwa (Ava), and Mingun. This area has 

seen the emergence of successive royal capitals from A.D. 1315 to 1885, and a cluster of significant historic 

capitals for Upper Myanmar—at Sagaing, Inwa, Amarapura, and Mandalay—were established on both 

banks of the central Irrawaddy River valley. Over the years Mandalay became the second biggest city of 

Myanmar. Urged by the pressures of fast urbanization, both urban and rural historic environments in the 

region are not only necessitating more potent studies, but also require effective heritage conservation 

strategies. 

To better understand the uniqueness and values of this region, one has to shift away from analyses that 

are city-centric and go for analysis at a higher geographic scale to study the historical processes, 

interconnection between cities, and spatial properties that comprise their collective identity. Thus, this 

research examines geographical characteristics of the region and reviews history of urban development in 

its most significant cities. Based on these inquiries into cities and their heritage values in terms of location, 

structure, scale and spatial layout as represented within a wider regional context. 

2. Geographical Setting and Historical Evolution 

The Greater Mandalay region sits at the geographic center of Myanmar, rich in natural resources and well-

suited for farming, trade and defense. Geographically it lies in the upper course of the Irrawaddy River—

the Myanmar's lifeline that travels in a north-south direction through the country, binding territories 

together internally while linking north to China and south to a sea. The Irrawaddy River improves navigation 

conditions; the Kyaukse Plain situate to its west provides a strong agricultural base to it, as well as the 

mountain ranges on its eastern side acting as a natural defense line for the region. 

2.1. Bagan Period (11th–13th Century AD) 

Hydraulic engineering in the area was a key focus since the times of Bagan. Kings of Bagan commissioned 

irrigation systems in the Kyaukse and Mu River basins (Aung-Thwin & Aung-Thwin, 2013) setting a firm 
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base for the region to become Myanmar's “granary.” These irrigation works give the region extremely great 

agricultural conditions and made it prosper for centuries. 

2.2. The Period of Fragmentation – Ava Dynasty (13th–16th Century AD) 

After the fall of the Bagan Kingdom in 1287, local Shan chieftains capitalized on the political void by gaining 

control over Bagan and most of the neighbouring lowland Irrawaddy basin and quickly founded several 

powerful regional polities, like Pinya and Sagaing kingdoms during the first half of 14th century. In 1364, 

Thado Minbya united Sagaing and Pinya and founded Inwa (Ava) as his capital. Under the Ava Dynasty, 

Inwa was political and cultural heart of central Myanmar from 1300 until other regions began to supplant 

it in 1555 — a time when national unity was fraying. In this way, it has become a representative inland 

capital of the central area during the divided period. 

2.3. Taungoo Period (16th–18th Century AD) 

Under the Taungoo Dynasty, capital cities (ยงัเดิม) also changed from being along the southern coastal 

regions to be in inland plains of the central region. Inwa returned to being the royal capital once more from 

1600–1752, serving as the seat of the Taungoo Dynasty for over 150 years. This was the second time Inwa 

had been made capital and it became for a while more like a regional political centre than a national capital. 

Its administration rose in function and symbolic importance together — it was a strategic, economic, and 

trade center of the kingdom as well as a potent symbol of royal legitimacy. As a result Inwa was rebuilt on 

its original site during this time, and continued to be the focal point of political activity in Myanmar. 

2.4. Konbaung Period (18th–19th Century AD) 

Prior to the unification of the country under the first three Konbaung monarchs from 1752 until its 

demise in 1885, Myanmar had regained her character as a leading regional power. Rather at the latter 

stages of the dynasty, traditional state-building mechanisms were under serious pressure not just 

because of internal reform but also due to increasing Western imperial encroachment as well. In the end, 

however, these structures were not strong enough to hold back the imperial momentum. Britain fought 

three Anglo-Burmese wars between 1824 and 1885, resulting in the fraying of the traditional Burmese 

feudal order and the arrival of colonial rule. While the royal court moved its capital a few times 

throughout the course of Konbaung history, it did so within a relative local context—first establishing 
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Amarapura, then Mingun andultimately arriving at Mandalay (Figure 1). 

 

Figure 1 Historical evolution of the capital construction in ancient Myanmar. Source: the author. 

3. Spatial Characteristics of the Historical Cities 

3.1. Inwa (1364–1842) 

During the time of fragmentation it was the political, cultural and economic center of Upper Myanmar for 

191 years; then it became the national capital under the Taungoo and Konbaung dynasties for another 192 

years. Having been the royal capital for more than 380 years, this was also by far the longest-lived of 

Myanmar's premodern royal capitals. 

Inwa, positioned at a bend of the Irrawaddy River, was constructed on the southern banks of the river 

looking across to Sagaing City and Sagaing Hill. East of the site is Myitnge River and to its south runs the 

artificial Panze Canal linking Irrawaddy and Myitnge Rivers (Aung-Thwin and Aung-Thwin, 2013). Many 

sources refer to Inwa as an island "water on all side" a Tanlyet Island and referred latter in the enemy camp 

was "a fortress never would be easy to invade due its water barriers," The Glass Palace Chronicle. The 

Kyaukse Plain lies to its south; affording a wide and rich agricultural hinterland. 

Inwa has been rebuilt on more than one occasion, and its walls tell of these successive modifications. It 

constructed a triple enclosure, the Palace City (i.e. The Palace City, initially built by able ruler Thado Minbya 

in the 14th century formed an essentially rectangular compound approximately spanning an area of c. The 

palace was situated close to the geometric, east-west axis of Naungtaw, and the large Okkyaung Monastery 

located to the north-east. In contrast, the Outer City conformed to the barriers of neighboring rivers while 

stretching in a haphazard manner southwest of the Inner City to encompass an area of approximately 5 

km². Here, the inner and outer wall are not so much a permanent diagram but an adaptation of a triple-

enclosure concept for a riverine defense (Fig. 2a). 
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3.2. Amarapura (1783–1857) 

Between the late 18th and early 19th century, with a nation reeling from dynastic schisms compounded by 

foreign invasions, Myanmar's political center of gravity bounced back and forth between Inwa and 

Amarapura. To escape the control of rival court factions that had grown influential under his predecessor, 

King Bodawpaya in 1783 moved the royal capital to Amarapura—"the City of Immortality." Amarapura 

became the royal capital for 53 years cumulatively (1783–1821 and 1842–1857), before it was replaced by 

Mandalay. It was during this time, after the fall of Bagan but before the capital moved south to Amarapura 

that Mingun began to build a number of royal palaces and large-scale religious construction across the 

Irrawaddy River. It however never had official capital status, but was a symbolic royal sacred landscape of 

royal piety and legitimacy. 

Amarapura was closely linked with the consolidation of royal power by the Konbaung rulers following a 

period of political instability. Surrounded by the same regional environment as Inwa, it could make use of 

the transportation and water management systems that had facilitated occupation and statecraft well 

before the time of its founding. With natural defensive barriers most limited along the southern 

approaches, the capital was moved to a new site approximately 10 km northeast of Inwa alongside the 

Irrawaddy River. Amarapura created a complex hydrological system through the combination of natural 

water sources and artificial canals to produce lakes, channels, and moats that structured the city and 

adjacent landscape. 

Compared with Inwa, Amarapura was by far a more spatially organized and symbolically ordered place. 

The masterplan started with a dual-city wall enclosure (which contains the Royal Palace City and is situated 

in Walled City) as a primary spatial framework of the city. The Walled City appears to be designed as a near-

perfect square, measuring about 2.4 km², with twelve gates in symmetrical pairs along its four sides and 

intersecting grids of streets that connect them in rectilinear patterns, enforcing orderliness and precision. 

At the centre of the formation was a reference line aligned east-west, the honour of which still lay in the 

east towards the royal palace. A representation of the royal hierarchy, the palace's main halls saw its most 

tiered roofs (Figure 2b). The layout of Amarapura was geometric and symmetrical, representing a mandala-

type cosmological order rooted in Buddhist and royal ideology as much a spatial assertion of utopian 

kingship and universal harmony. 

3.3. Mandalay (1857–1885) 

Great Emperor Mindon founded Mandalay in 1857 about 11 kilometers (6.8 miles) north of Amarapura 

when the Second Anglo-Burmese War had led to a Burmese defeat after collapse of the Konbaung 

Kingdom.[9] The founding of Mandalay was deeply connected to attempts to reassert royal authority 

amidst increasing colonial pressure, but this very act had also to be performed within the constraints set 

by established religious and political practices. Mandalay was the last royal capital of the Konbaung dynasty 

and represents the end of Burmese monarchy before 1885 British annexation. 

Mandalay was the last of the royal capitals built by the Konbaung dynasty and is a culmination in the 

evolution of the Burmese royal city. The organizers design emulated the overall pattern of Amarapura, but 

it was more orderly and had greater fortifications. The location was determined both through practical and 

religious reasons. The site has been referenced in contemporary accounts as a Buddhist prophecy for the 

creation of one of major religious centers. Mindon, therefore naturally used this tradition to call the 

relocation a 'reform' and projecting himself as a defender of Buddhism. The groundwork upon which the 

new capital sat therefore mirrored the intimate bond between kingship and Buddhism. 
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Mandalay was contained within a square yard of approximately 4.1 km² (6,666 feet by 6,666 feet - ~2 km), 

At 21.9 ft (6.68 m) tall and 9.8 ft (3 m) thick at the base, its brick walls were buttressed by corner bastions 

and flanked by 48 watchtowers capped with gold-covered tips every 555 feet (169 m). The city had twelve 

gates, three on each side and associated with the zodiac. The city was organized around a centrally located 

palace compound within 12-by-12 grid streets. The eastern half housed the administration while the 

western half included the royal residence and large audience halls. The Lion Throne Hall resided at the 

heart of the palace complex and stood out with its seven-tiered spire (Figure 2c). 

Mandalay's organization is commonly read against Buddhist cosmological concepts. As a type, its square 

shape, central astana, axial composition and ritual symbolism are qualities of an ancient Burmese royal 

urbanism. Simultaneously, the city offered an environment under which the court tried to reassert its 

dynastic legitimacy and royal authority in a time of unprecedented political transformation. 

 

 

Figure 2 Spatial layout of Inwa, Amarapura and Mandalay. Source: the author. 

4. Discussions and Conclusion 

Comparing Inwa, Amarapura and Mandalay allows to observe a progressive transition to more regular 

urban typologies. Avodenled largely by its rivers and waterways, heat pattern of Inwa changed continually 

as the culaturess within it were rebuilt. At Amarapura they used a much more regular square plan, and a 

clearer street pattern. These developments were taken further at Mandalay, which incorporated a more 

regimented layout with heftier fortifications and a more formalised spatial hierarchy. 

This continuity mirrors a longstanding vision of kingship, in which political and religious authority were 

closely connected. The royal capital (Myo-Daw) served as the center both for the administration and for 

the demonstration of royal order. As Victor Lieberman observes, the Shwei Myo-Daw not only meant Royal 

City of Gold but it is ruled by kings having legal legitimacy. For Michael Aung-Thwin, the royal center was 

similarly interpreted as a sacred power. Ideas such as these were expressed, in practice, with the 

organization of city walls and gates, streets, and palace precincts. 

Corporate usage and own "social currency" do not impart a single source from which this urban tradition 

springs. Myanmar was an agrarian society but influenced by India, China and other cosmopolitan ideas 

from surrounding areas. Though Theravada Buddhism provided the overarching religious context, local 
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cults, spirit worship and astrology all remained significant. Consequently the royal capitals synthesized a 

variety of symbolic practices. Cosmological notions, rites and/or auspicious directions were mapped into 

the built fabric of the city — its shape, gates, palace placement. 

This process is illustrated by the use of repeated square plans. These forms may have been associated with 

cosmogonical diagrams often connected to planetary worship and astrology. The mandala was another 

potential reference point, a central point in relation to the surrounding space. Buddhism understood 

Mount Meru as a universal center, so it was no coincidence that the palace of the ruler was in the middle 

of the city. Direction was also significant. The east–west axis had special ceremonial significance, and 

eastern sectors were frequently richly endowed with monuments. These arrangements mediated a spatial 

ordering of the city based on neither economic exchange nor political power, but rather principles 

communicated by cultural and religious recognition. 

Regionally, the Inwa–Amarapura–Mandalay zone functioned as the central political locus of Upper 

Myanmar for centuries. The recurring location of capitals in this part of the country illustrates both the 

strategic importance of the Irrawaddy basin and agricultural surplus at Kyaukse, and a long-standing 

tradition of inland states. Though each capital arrived in unique responses to specific historical 

circumstances, there remained a consistent but adaptable spatial vocabulary: one that could be re-

interpreted time and again. It is for this reason that the importance of the region today lies as much in its 

surviving monuments as in a wider cultural landscape which embodies historical continuity.  
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Abstract 

Traditional settlements are facing challenges of cultural continuity and spatial transformation in 
the context of rapid urbanization. However, the spatial governance of traditional settlements still 
heavily relies on case-based experience and scattered knowledge, leading to the homogenization 
of strategies and low implementation efficiency. There is still an urgent need for a systematic 
framework to guide large-scale protection practices. Although digital technology offers the 
potential for change, the spatial governance approach that connects data management with 
design strategies has not yet been fully realized. To address this gap, this article developed a 
knowledge graph-based platform structured around the architecture of data-function-
representation. This platform is developed on the basis of the Chinese Traditional Village Protection 
Project, which is one of the largest rural heritage projects in the world, including 8155 villages. It 
begins with the construction of a standardized and quantitative indicator system. Subsequently, a 
knowledge graph is generated to transform scattered village information into a structured network 
of morphological relationships. On this basis, the functional modules and front-end interface are 
designed to support four key functions: information retrieval, associative inference, case filter, and 
data visualization. This platform has established a systematic framework for the spatial 
governance of traditional settlements in China. Furthermore, the case study of Qiqin Village 
validated the effectiveness of the platform. It enables users to quickly recognize settlement 
morphology, obtain relevant villages, and search for reference cases. Based on these insights, this 
study proposes three personalized strategies to support evidence-based protection planning. 
Overall, this study introduces a new paradigm for the systematic protection of traditional 
residential areas, providing an analytical basis for policymakers and designers. It not only helps 
maintain local cultural identity but also supports the resilient development of diverse built 
environments. 
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1. Introduction  
In the process of global urbanization, traditional settlements around the world are facing severe challenges 

such as regional cultural decline, population loss, and spatial structural disorder (Hasim et al., 2025). As a 

living cultural heritage, rural settlements retain collective memory and regional culture, which is the key to 

group identity recognition. Although its cultural value has been widely recognized, a systematic protection 

concept has been proposed to scientifically protect the authenticity of traditional settlements. However, 

the protection work is still constrained by practical obstacles, such as their dispersed geographical 

distribution, insufficient data resources, and most importantly, knowledge fragmentation (Li, Yang and Xiao, 

2025). 

Settlement space is a common product of historical culture and social development, with diverse forms 

and complex connotations. Characterized by diversity and complexity. The traditional case study method 

is difficult to reveal the distinct spatial characteristics of settlements, often leading to homogenized 

conservation strategies (Wang et al., 2024). The problem of thousands of villages sharing the same face 

has brought about more serious problems, such as the lack of regional cultural identity and the decline of 

community vitality (Pan, Feng and Zhao, 2025). Therefore, exploring a data-driven approach that can 

support systematic analysis and personalized strategies has become an urgent need for the refined 

protection of traditional settlements. 

To address this challenge, this study aims to develop a knowledge graph–based platform for the 

morphological analysis. Through the theory of village spatial cognition, a comparable spatial quantitative 

representation framework is constructed to provide a data foundation for systematic analysis. Using 

knowledge graphs to construct a morphological cognitive framework and a relational network, forming a 

systematic approach to renewal design. On this basis, a digital platform is developed to meet design 

requirements, providing functions such as information retrieval, associative inference, information filter, 

and data visualization. Further assist designers and policymakers in cross-case comparisons to objectively 

deduce design strategies. This builds a bridge between data-driven research and design practice. 

The structure of this article is as follows: The second part will systematically review the evolution of 

traditional settlement protection methods and the application of information technology in spatial analysis, 

clarifying research gaps; The third part will elaborate on the methodology of building this platform, 

including data acquisition, knowledge graph construction, and platform development process; The fourth 

part will demonstrate the core functions and application potential of the platform through case studies; 

The fifth part will discuss the theoretical contribution, practical significance, and limitations of this study; 

The final section will provide conclusions and prospects. 

2. Background Research 
2.1 Evolution of traditional settlement protection methods 

The historical settlement morphology has undergone a gradual evolution from dispersed farmers to 

clustered villages, and then to small towns with commercial function, ultimately forming a complex urban 

system. Most traditional settlements originated from agrarian civilization and now face challenges of 

spatial decay and cultural disruption amid modern urbanization (Ye et al., 2020). International policy 

documents, such as the “Charter for the Conservation of Historic Towns and Urban Areas” (ICOMOS, 1987), 

and the “Principles concerning Rural Landscapes as Heritage” (ICOMOS, 2017), have guided a shift in 

conservation paradigms. It has gradually shifted from the preservation of material space to the 
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continuation of cultural processes, emphasizing the overall protection of local culture, lifestyle, and 

community identity. However, this shift still has certain limitations at the practical level. Early conservation 

efforts often focused on individual settlements with essential historical value (Zhang and Pang, 2012), 

relying on manual surveying and field research to form spatial archives. Although this model lays the 

foundation for settlement protection, it is inefficient and subjective in evaluation, making it difficult to 

support the systematic renewal needs of contemporary large-scale and multi-type traditional settlements. 

Currently, countries have begun to implement cluster protection models for traditional settlements, such 

as the Architectural Conservation Areas in the UK (Chen, Ludwig and Sykes, 2021) and the List of Traditional 

Villages in China (MOHURD, 2023). At the same time, relevant research has gradually established a regional 

research perspective (Jia and Wang, 2024), objectively analysing the prototype types and evolutionary 

trends based on the comparison between settlements. However, the implementation progress of cluster 

protection is slow. The core issue lies in the difficulty of promoting knowledge accumulation and mutual 

learning among settlements. This indicates that traditional settlement protection work still lacks a 

knowledge-driven methodological framework in the process of transitioning from individual to systematic. 

2.2 Information technology application in spatial analysis 

In the era of intelligent information, information technology provides many ways for spatial governance 

(Boeing, 2021). In terms of knowledge management, technologies such as knowledge graph (Zhang et al., 

2022) support the integration of multi-source data and knowledge extraction, laying the foundation for 

standardized and digital management of space information. In terms of data analysis, techniques such as 

neural networks (Wang, Huang and Biljecki, 2024) and clustering algorithms (Wu et al., 2024) are used to 

reveal potential patterns in data indicators, supporting large-scale typological research. In terms of data 

application, large language models (Zhang et al., 2024) and digital platforms (Song et al., 2023) promote 

human-computer interaction and collaboration, which improves the application of data resources in design 

practice. Using these technologies, the United States has established a systematic database of historical 

settlements (Leyk and Uhl, 2018), providing support for its research on urban-rural evolution over the past 

two centuries. The identification of 9 spatial types in 8155 Traditional Chinese Villages (Wang, Zhu and 

Tang, 2024) provides a quantitative basis for understanding the evolutionary logic of the Chinese village 

system. Digital platforms such as Rural Observatory promote the dissemination of information on cultural 

landscapes and social life. However, traditional settlements are often located on the edge of the digital 

revolution, and research on digital transformation is still in its early stages. Existing achievements often 

focus on breakthroughs in single technical aspects, lacking systematic integration across levels and scales. 

These studies have significant differences in data granularity, method logic, and application goals, making 

it difficult to connect them into a coherent system. This creates a disconnect between theoretical 

construction and practical application for most digital platforms, limiting their ability to directly support 

system governance and renewal practices. Therefore, it is necessary to build a digital platform based on 

design problems and knowledge generation mechanisms in order to achieve collaborative evolution of 

spatial analysis, deduction, and decision-making. 

3. Methodology 
3.1. Study area and data source  

The subjects of this study are 8155 Traditional Chinese Villages designated by the Ministry of Housing and 

Urban Rural Development of China (MOHURD, 2023). In China, there are currently about 2 million natural 

villages, which are the inhabitation by approximately 500 million people. The large number of villages is an 
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important spatial carrier of Chinese ethnic culture and regional customs. The Traditional Chinese Villages 

selected in this study are officially assessed as having a relatively good preservation status and high cultural 

value. 

Dimension Indicator Name Abbreviation Type Unit Description 

Built 
Environment 

Total Building 
Area TBA Numerical m² Reflects the total scale of buildings 

within the village. 

Village 
Construction 
Area 

VCA Numerical km² Indicates the spatial extent of the built-
up area. 

Building Density BD Numerical — Measures the concentration of buildings. 

Mean Building 
Distance MBD Numerical m Reflects the degree of building 

dispersion. 

Contour Length CL Numerical km 
Represents the length of the interface 
between the village and its surrounding 
environment. 

Contour Length-
Width Ratio CR Numerical — 

Distinguishes between compact and 
linear settlement patterns, indicating the 
axial trend of development. 

Contour Shape 
Index CSI Numerical — Identifies finger-like protrusions in the 

village contour, reflecting its complexity. 

Building 
Orientation 
Disorder Degree 

BOD Numerical ° Quantifies the disorderliness in building 
orientation. 

Building 
Distance 
Disorder Degree 

BDD Numerical m Reflects the overall spatial compactness 
of buildings. 

Building 
Agglomeration 
Disorder Degree 

BAD Numerical m² Measures the clustering pattern of 
building distribution. 

Space Fractal 
Value SFV Numerical — Indicates the complexity of the spatial 

morphology. 

Space 
Continuity SC Numerical — Reflects the degree of continuity in the 

spatial structure. 

Natural 
Environment 

Elevation EL Numerical m Reflects the influence of vertical 
zonation. 

Climate Zone CZ Categorical — 
Represents regional environmental 
conditions such as temperature and 
humidity. 

Landform Type LT Categorical — Indicates the local topographic relief and 
slope variations. 

Distance to 
Third-Order 
River 

DTR3 Numerical km Reflects proximity to a major water 
source. 

Distance to 
Fifth-Order 
River 

DTR5 Numerical km Reflects proximity to a minor water 
source. 

Social 
Environment 

County-Level 
GDP CLG Numerical 10k CNY  

Represents the economic development 
level of the county where the village is 
located. 

Population POP Numerical persons Indicates the population density of the 
village. 

Transportation 
Accessibility TA Numerical hours Measures travel time to the nearest 

urban center, reflecting convenience. 

Road Network 
Density RND Numerical km/km² Reflects the transportation capacity of 

the surrounding area. 

Table 1. Quantitative indicator system of Traditional Chinese Villages. Source: Author. 

Based on the theory of rural spatial cognition (Wang, 2009), the spatial domain of a village includes the 

built environment and a broader intangible background. This study extracted indicators from three 

dimensions: built environment, natural environment, and social environment, constructing a quantitative 
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indicator system. Through image segmentation, information extraction, and indicator calculation processes, 

21 indicators of 8155 Traditional Chinese Villages were obtained from publicly available sources (see Table 

1). This provided a structured data foundation for large-scale research on Chinese villages. In addition, as 

the built environment involved spatial calculation and analysis, relevant satellite images and spatial 

morphology images were stored in the database (see Figure 1). 

 

Figure 1. Morphological image dataset of built environment. Source: Authors. 

3.2. Knowledge graph construction  

This study was conducted on the use of the high-performance Neo4j graph database as a carrier. This study 

extracted knowledge entities and node relationships based on the morphological knowledge domain. 

Among them, knowledge entities include two types: attribute nodes and village nodes. It established a 

comprehensive knowledge system for Traditional Chinese Villages through spatial representation and 

village association, to support knowledge inference. 

On the one hand, based on multidimensional knowledge of village space, a multi-level attribute 

representation framework has been constructed. The first layer consists of three basic elements of village 

space: built environment, natural environment, and social environment. The second layer includes specific 

attribute indicators as quantitative or qualitative measurement standards for the first layer elements. For 

example, total building area, landform type, and county-level GDP. The third layer defines attribute 

categories and divides the second layer indicators into different types or value ranges. For example, terrain 

types include plains, terraces, hills, and so on. At the same time, the total building area is divided into 

abnormally low, low, medium, high, and abnormally high. The 8155 village nodes are connected to the 

third-layer attribute nodes, establishing a hierarchical network composed of spatial attribute categories. 

This network provides support for the typological classification of village spaces. 

On the other hand, cluster association of village nodes based on spatial morphology is used to build a 

similarity relationship network between villages. After data dimensionality reduction, we calculate the 

Euclidean distance between each village to measure morphological similarity. For each village, a similarity 

group was formed by connecting it to its 15 most similar villages. Then, the distribution of Euclidean 

distance values for all similar villages was calculated, and the similarity between villages was further refined 
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into strong similarity, medium similarity, and weak similarity relationships. Therefore, based on the 

similarity of morphological features, similar relationships were established between village nodes to form 

a recursive network structure. It provides a basis for the deduction of village groups. 

3.3. Platform development 

This study developed a quantitative analysis platform to achieve systematic integration and intelligent 

application of previously collected information. This platform is implemented using the Python Flask 

framework under a client server architecture. It includes an information layer, a functional layer, and a 

presentation layer (see Figure 2), aimed at bridging the workflow from data management to design support. 

 

Figure 2. System architecture of the digital platform. Source: Authors. 

The information layer serves as the data foundation and consists of two core databases. A MySQL-based 

database was used to store basic village information, including quantitative indicators and spatial 

morphology images. This database can support efficient retrieval of detailed data for individual villages. A 

graph database based on Neo4j, the previously constructed knowledge graph, was used to capture the 

spatial attributes and semantic relationships of village clusters. The knowledge graph can support 

intelligent inference between villages. 

The functional layer is the computing core of the platform. It connects the front-end to the database to 

transform data into actionable insights for design analysis. It can handle front-end requests and efficiently 

interact with databases using Cypher query language, enabling complex queries and traversal. Based on 

different operational tasks, the functional layer processes the retrieved data through specially and image 

visualization sections to reveal the overall knowledge embedded in fragmented data. It provides four core 

functions to support design analysis: information retrieval, associative inference, information filter, and 

data visualization. 

The presentation layer is the user interface (see Figure 3), responsible for visually presenting the processing 

results and calculations of backend data. The interface is divided into an operation area and a display area 

to support exploratory analysis. The operation area includes a selection panel for functional modules, while 
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the display area includes knowledge graph interaction, basic information display, and image visualization 

sections. In order to visually represent the morphological relationship network between villages, the Vis. js 

library is integrated to present interactive knowledge graphs. The presentation layer connects basic data 

with user requirements, supporting design applications such as cognitive assistance, cluster inference, and 

case retrieval. Thus, it provides a multidimensional analysis environment for designers and policy makers, 

promoting human-machine collaborative design workflows. 

 

Figure 3. User interface of the digital platform. Source: Authors. 

4. Case Study  
4.1. Case background 

This study selects Qiqin village, located in Danyang City, Zhenjiang, Jiangsu Province, as the research case. 

The current administrative area of Qiqin Village incorporates Qiqin, Xiashu, and other areas, including 18 

natural villages and 36 villager groups. This study focuses on the original Qiqin cluster, which includes three 

natural villages: Xiao Qiqin, Da Qiqin, and Xiejia Village. 

4.2. Platform-driven analysis 

4.2.1. Problem identification via information retrieval 

Using the information retrieval function, the basic information of Qiqin Village was returned (see Figure 4). 

Social environmental indicators, including population density, county-level GDP, and road network density, 

all show significantly high values. This reflects its location in a socially and economically developed area, 

with convenient transportation and active economic exchanges. In terms of natural environment, Qiqin 

Village is located in the middle zone, belonging to a terrace landform, with low altitude, close to water 

sources, indicating ideal natural conditions. In terms of the built environment, its spatial layout indicators, 

such as building density and average building distance, both exhibit low values, indicating that the layout 

is relatively sparse and orderly, and there is still potential for further cluster development. Meanwhile, the 
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boundary shape indicators, including contour length and contour shape index, also scored low, indicating 

that the boundary is regularized and has limited interaction with the surrounding natural landscape. In 

addition, spatial structure indicators such as fractal dimension and spatial continuity are relatively high, 

indicating a complex yet differentiated spatial organization. 

 

Figure 4. Fundamental information of qiqin village returned by the information retrieval function. Source: 
Authors. 

4.2.2. Discovering reference clusters via multi-level inference 

Using the primary inference function, 15 directly related villages were identified (see Figure 5a). This group 

includes villages geographically close to Qiqin Village, such as Longshang Village in Zhejiang Province, as 

well as villages with significant regional differences, like Lianhuahu Village in Sichuan Province and Yangou 

Village in Jiangxi Province. These villages share similar spatial characteristics, having medium-scale linear 

settlements and a strong spatial order. This finding goes beyond the limitations of traditional regional 

classification and reveals group associations based on morphological features. Therefore, it is 

recommended that Qiqin Village strengthen communication on conservation practices with villages such 

as Longshang, Lianhuahu, Yangou, and Fuxing, promoting cross-regional conservation cooperation. 

 

Figure 5. Reference villages returned by the cluster inference function. Source: Authors. 
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Furthermore, through secondary inference, 106 indirectly related villages were returned (see Figure 5b), 

expanding the sample library. The associated network is no longer centered around Qiqin Village. It is 

divided into three village groups. They represent different evolutionary trends of a similar spatial 

morphology, forming a more complex morphological genealogy. This inference provides a diverse set of 

case references and supports decision-makers in conducting more forward-looking simulations of 

conservation strategies. 

4.2.3. Deriving reference case via conditional filter 

Using the information filter function to further refine the selection of reference cases. This provides more 

targeted support for design requirements. In order to solve the problem of low contour shape index in 

Qiqin Village, this study established filtering criteria for medium building area, high road network density, 

and medium contour shape index. Thus, explore strategies to increase the differentiation of village 

boundary contours while maintaining the existing construction scale. The filtering process returned four 

key reference cases (see Figure 6). The analysis of these cases reveals a common strategy: achieving organic 

spatial expansion by reducing the boundary effects of primary roads and establishing a secondary road 

network. 

 

Figure 6. Key reference cases returned by the information filter function. Source: Authors. 

4.3. Formulating context-sensitive conservation strategies 

Based on the morphological analysis and case referencing supported by the quantitative platform, the 

following conservation strategies are proposed for Qiqin Village to balance spatial improvement with 

cultural continuity. 

The first strategy is to increase building density and improve space utilization. In response to the sparse 

distribution of building space and its significant alignment with road directions, it is recommended to focus 

on activating the vacant areas in the middle. For example, building new market spaces or civic squares to 

improve land use efficiency and cohesion of village spaces. 

The second strategy is to optimize the boundary shape to promote the natural evolution of the boundary. 

To address the issues of regular boundary contours and low differentiation, priority should be given to 

moderately expanding the area outside the east road. In doing so, the limitations of linear roads on the 

boundary will be broken. At the same time, a secondary road system can be added within the village to 

connect scattered building areas. This will stimulate outward expansion in multiple directions and form a 

more flexible spatial structure. 

The third strategy is to build a protection cluster to promote mutual learning of experiences. We suggest 

using the 15 villages associated with the first level as clustered protection units. By coordinating 
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governance and jointly solving problems, overall protection efficiency can be improved. At the same time, 

a case library consisting of 106 indirectly related villages will provide successful experiences in cultural 

tourism integration and spatial feature management, forming a transferable and promotable settlement 

space optimization model. 

5. Discussion  
This study provides digital support for the systematic protection of traditional settlements. This study 

transforms the analytical paradigm from experience-driven case testing to large-scale comparative analysis 

by constructing a collective knowledge graph. The application of this platform in Qiqin Village demonstrates 

its ability to identify unique spatial challenges and discover relevant settlement groups. Based on these 

insights, this study proposes targeted strategies, including activating the central vacant area, 

complementing the secondary road system, and promoting coordinated protection. These intervention 

measures are crucial for addressing existing issues such as settlement homogenization and low governance 

efficiency.  

The knowledge graph-based platform developed in this study has improved the application support for 

design practice. Unlike existing platforms primarily used as public communication digital repositories, our 

platform supports cluster-based analysis and intelligent case retrieval. It uses knowledge graphs to support 

cluster inference and case retrieval, creating an initial framework for human-machine collaboration in 

evidence-based design. This provides a feasible new paradigm for bridging the critical gap between data, 

knowledge, and practical design.  

However, this study has certain limitations. Firstly, the current analysis dimensions of the platform mainly 

focus on spatial morphology, with insufficient integration of social and cultural data. This may affect the 

adaptability and sustainability of the generated strategies. Secondly, the preliminary application mainly 

verified the methodological feasibility of the platform. Its effectiveness and universality require further 

long-term testing in different geographical regions and larger-scale conservation projects. 

6. Conclusion  
Protecting traditional villages is a complex spatial governance challenge that requires balancing the natural 

environment, historical background, and socio-economic development. In order to solve the practical 

difficulties caused by dispersed distribution, this study developed a digital platform that integrates spatial 

quantification, a knowledge graph, and interaction design. It establishes a coherent technical approach 

from multi-source data to decision-making, providing a solution for the systematic and data-informed 

development of traditional settlements.   

Future work should focus on two main directions. Firstly, the semantic depth of knowledge graphs should 

be extended by integrating different data sources, such as local chronicles and oral history. To enrich the 

cultural dimensions of the knowledge framework and ensure that spatial analysis is more adaptable to 

cultural backgrounds. Secondly, efforts should be made to build an open digital ecosystem by developing 

standardized data interfaces. This will encourage broader research and participation from the community 

of practitioners, creating a collaborative digital platform for the protection of traditional settlements.   

In summary, this study demonstrates how digital technology can provide practical tools to meet the actual 

needs of residential renewal. By promoting intelligent spatial governance, we can support a more balanced 

and resilient development of different building environments in a wider range of regions. 
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Abstract

Over the past few years, heritage conservation has evolved from single monument conservation
to integrated area conservation, reinforcing sociocultural aspects in addition to material
protection. The UNESCO Recommendation on Historic Urban Landscape of 2011 calls for
protecting historic areas through the improvement of living environments, rather than just taking
a physical conservation approach. Shiyan is a water-town in China's Lixiahe Plain, which was a
political center in 411 AD and a major commercial port in 1768. With its well-preserved water-
network pattern and traditional urban tissue, it is a sample of "historic stratification" both
regarding preserved buildings and living traditions, such as intangible cultural heritage. However,
during rapid development, the historic area suffers from serious social division and spatial
isolation with adjacent new districts. Locals either grew old or relocated elsewhere, which has
destroyed community cohesion; the old infrastructure and poor accessibility make up the
"conservation silo". Based on the symbiosis theory, the present work aims at checking functional
and social-network integration against the backdrop of sustainable development. It acquires
multi-source data by satellite images, OD surveys, and spatial annotation and Web data and,
based on ArcGIS, performs a quantitative analysis in four dimensions: functionality,
transportation, facilities, and culture.The results indicate that the relationship is symbiotic but
unbalanced: there is some functional complementarity, marginal transport penetration, services
are uneven, and cultural influence remains confined, pointing to a "culturally isolated enclave."
Two strategies, therefore, are to be put in place: "functional mixing" and "social mixing." The
former involves historic building revitalization for community use, mixed-use zones, and
pedestrian permeability at an improved local service network. The latter focuses on local identity,
social housing integration, and cultural activities, while ensuring intergenerational heritage
transmission. Such strategies will ensure the transformation of Shiyan from an isolated relic to a
vibrant and integrated community that could offer a model replicable for similar historic towns.

Keywords

historic districts, symbiosis, inclusive community, renewal
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1. Introduction
1.1. Research Background and Contemporary Requirements

Guided by "Cultural Confidence" and the "development in protection and protection in development"
principle, China has elevated historical and cultural heritage conservation to a strategic priority. The 2021
central Opinions on Strengthening the Protection and Inheritance of Historical and Cultural Heritage in
Urban and Rural Construction signals a shift to "holistic protection" and "living inheritance." Globally, the
conservation paradigm has evolved from individual monument preservation to a holistic approach
emphasizing historical environments and socio - cultural continuity. However, many historic towns face
socio - spatial challenges. Socially, outmigration and aging populations cause cultural discontinuity.
Spatially, aging infrastructure and functional misalignment lead to Islandization, hindering sustainable
development. This study explores strategies for integrated socio - spatial renewal to revitalize historic
districts and their surroundings.

1.2. Case typicality and Research Value

(1) Overview of the geographical and historical status of Shiyan Ancient Town

Shiyan Town, in Dongtai City, Yancheng, Jiangsu, is in the "commercial golden triangle" where Nantong,
Taizhou and Yancheng meet. It's in the Lixiahe Plain, flat with a dense waterway network, and known as
"Jiangnan of central Jiangsu". 5,000 - 6,000 years ago, there were Liangzhu cultural settlements. In 411
A.D., it was the administrative center of Jianling County, and in 1768, an important commercial port town.
In modern times, it developed into "China's special steel industry base", forming a complete "historical
stratification" from prehistoric civilization to contemporary industrial town.

(2) The contradiction between protection and development

In Shiyan Ancient Town's rapid development, its historical districts face the common predicament.
Socially, there's an obvious outflow of indigenous people and aging, weakening traditional social
networks. Spatially, traditional buildings in the historic district, well - laid - out but aging, are functionally
and transport - connection - wise disconnected from the newly developed commercial and residential
centers in the southeast, lacking vitality. This "conservation - development" disconnection in spatial and
social dimensions makes Shiyan a typical case for studying the coordinated renewal of historical towns.

(3) Research value

Taking Shiyan Town as a case, an in-depth study of its social-spatial collaborative renewal path has
significant theoretical value and practical significance. Theoretically, it can enrich and develop the theory
of overall protection of historical towns based on the context of China. In practice, the exploration results
can provide reference paths and strategies for historical and cultural towns of the same type in Jiangsu
Province and even across the country that are under intense development pressure on how to balance
protection and development and achieve sustainable revival.

1.3. Research content, objectives and technical routes

(1) Research Content
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This study will first systematically review the "historical stratification" of Shiyan Ancient Town from
prehistoric times to the present and its core value characteristics; Secondly, by integrating multi-source
data and spatial analysis methods, accurately diagnose the current situation and existing problems of the
social-spatial synergy between the Shiyan historical district and its neighboring areas; Finally, based on
the diagnosis results, propose targeted "functional mix" and "social mix" collaborative update strategies.

(2) Research Objectives

This study aims to construct a socio-spatial synergy analysis framework applicable to historic towns and,
using this framework in the Shiyan case, propose renewal paths that can effectively break the
Islandization, stimulate the intrinsic motivation of ancient towns, and promote regional integration and
development, providing theoretical tools and case references for the planning practice of similar towns.

(3) Technical route

This study will follow a rigorous technical route. First, conduct a policy and theoretical review to clarify
the policy background and theoretical basis. Then, carry out a value assessment and current situation
analysis to grasp Shiyan's historical and cultural heritage and current problems. On this basis, diagnose
problems and use quantitative tools to identify key obstacles to social - spatial synergy. Finally, complete
the strategy construction, propose a "dual - hybrid" update path, and summarize research conclusions
and prospects. The whole process forms a complete logical closed - loop from cognition to practice, from
diagnosis to intervention.

2. Literature Review and Theoretical Basis
2.1. The evolution of theories on the protection of historical and cultural heritage

The theory of cultural heritage conservation has evolved from focusing on individual monuments to
highlighting holistic and dynamic community values. In 1964, the Venice Charter advocated protecting
buildings within their environments, introducing the early idea of integrated conservation. Other
documents like the Nairobi Recommendation and the Washington Charter further propounded this idea
by including historic areas and their surroundings, emphasizing integrity and relevance to contemporary
life. UNESCO's 2011 Recommendation on the Historic Urban Landscape in the 21st century insisted on
understanding cities as a product of historical layering and advocates conservation beyond static physical
preservation to dynamic development management and sustainable habitat improvement. This
represents a paradigm shift from "static preservation" to "dynamic sustainable development", providing
a theoretical basis for the holistic approach to conserving and renewing historically layered towns.

2.2. Core concept analysis

(1) Social-spatial synergy

Refers to the state where historical districts and adjacent areas promote and integrate in social network
and physical space. Aims to break spatial differentiation and social segregation, and achieve positive
interaction between heritage conservation and regional development.

(2) Holistic conservation
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In this study, it means not only protecting the material remains and intangible cultural heritage of the
historical block itself, but also placing it in a broader urban context, focusing on its organic connections
with neighboring areas in terms of function, transportation, facilities, culture, etc., and pursuing the
comprehensive value enhancement of heritage, environment, society and economy.

(3) Islandization

It refers to the situation where, due to excessive static protection or disconnection from the
development of the surrounding area, the historical block tends to be isolated in spatial function and
gradually shrinks in social vitality. It loses the organic connection with modern urban life and the
momentum for sustainable development.

2.3. Symbiosis theory and its application in this study

The symbiosis theory, originating from biology and proposed by German botanist H. A. Debari, refers to
mutually beneficial coexistence between different species. Japanese architect Kisho Kurokawa introduced
it into the urban domain to guide the coordination of binary issues in urban architecture and spatial
design. This study applies the theory to analyze the relationship between historical districts and
neighboring areas, viewing it as a complete symbiotic system.

There is a close demand for energy and material exchange in terms of function, population, activity, etc.
between historical districts and neighboring areas, and they have the basic conditions to form a symbiotic
system. The introduction of symbiosis theory helps to break through the limitations of the block itself,
systematically analyze the mechanism, mode and efficacy of their interaction, and provide a theoretical
basis for collaborative renewal.

Drawing on the research framework in the references, this study constructs an analytical framework that
quantitatively assesses the state of social-spatial synergy from four dimensions: "functional business
types, transportation connections, service facilities, and cultural vitality." Functional business types focus
on the complementarity and correlation of industrial structures; Transportation connectivity assesses
physical accessibility and the closeness of human flow; Service facilities analysis of the allocation balance
and sharing level of public service resources; Cultural vitality examines the degree of activation of
historical and cultural resources and the extent of their influence. Empirical analysis of these four
dimensions can scientifically diagnose the symbiotic state between Shiyan Historical Town and its
neighboring areas and provide precise guidance for the selection of subsequent renewal paths.

3. Evaluation of Shiyuan Town's Historical, Cultural Value and Distinctive
Features
Based on the concept of holistic protection, this chapter systematically sorts out the historical
stratification context of Shiyan Town, extracts its core cultural value, and assesses the practical
challenges faced in protection and inheritance. By integrating the contents of "assessment of historical
value characteristics" and "sorting of historical and cultural relics", a value cognition system of Shiyan
Town is constructed, providing a theoretical basis for the subsequent formulation of social-spatial
collaborative renewal strategies.
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3.1. Sorting out the value context based on the grand historical perspective

The value accumulation of Shiyan Town spans five thousand years, presenting a continuous and rich
"historical stratification", and its development context can be summarized into five major stages.(Figure 1)

Figure 1. The Historical Development of Shiyan Town. Source: Self-drawn.

(1) Prehistory - Wei, Jin, Northern and Southern Dynasties (about 5,000 years ago - 589)

Artifacts at Wuxing - Jiangzhuang Site confirm early settlement and civilization rise. In 411, Hailing
Commandery was established in Shiyan and Xixi, with Ling County as the seat, marking Shiyan's first
incorporation into the Central Plains administrative system and transformation from a primitive
settlement to a governance unit.

(2) From the Sui and Tang Dynasties to the end of the Qing (581 - 1911)

Shiyan became a canal and salt - transportation hub due to water systems. Qing water - conservancy
scholar Feng Daoli wrote "Illustrated Huaiyang Water Conservancy", built Yanggong Embankment,
promoted water management and agriculture, and founded the Wenzhen Free School, initiating modern
education.

(3) The Red Revolutionary Imprint of Modern Times (1912 - 1949)

Shiyan was an important part of the central Jiangsu anti - Japanese base area. Revolutionary martyrs like
Shen Bo emerged, and red genes integrated into the regional spirit, deepening Shiyan's social and cultural
connotations.

(4) Contemporary Industrial Rise and Transformation (1949 - 2012)

In 1950, it focused on agricultural product processing. In the 1970s, key enterprises in textiles, machinery
and special steel were established and expanded. In the 21st century, special steel and stainless - steel
industrial clusters became provincial priorities, forming a characteristic industrial system. The
transformation from a traditional handicraft town to "China's special steel industrial base" shows Shiyan's
adaptive innovation from agricultural to industrial civilization.

(5) New Era of High - Quality Development (since 2012)
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Shiyan is recognized as a national ecological town and a Jiangsu historical and cultural town by
integrating ecological protection and cultural inheritance. Hongzhuang Village combines farming culture
and modern art, presenting a new urban - rural integrated development path.

3.2. Refinement of Core historical and Cultural value characteristics

Based on the above context, the core values of Shiyan Town can be summarized into the following four
aspects.

(1) Value 1: Key evidence of prehistoric civilization in the Jianghuai region

The Jiangzhuang site is not only an important link in the regional archaeological cultural spectrum, but
also fills the gap of late Neolithic culture in the Jianghuai region. The combination of high-level burial
forms and jade ritual vessels provides irreplaceable physical evidence for the study of the social structure,
religious beliefs and cultural exchanges between the north and the south of the Liangzhu Culture.

(2) Value 2: A model of wisdom for the coexistence of man and water

The water heritage system of Shiyan combines the wisdom of natural adaptation and artificial
transformation. Feng Daoli's theory of water management, along with engineering practices such as
Yanggongdi and Taidong River, jointly created a model of "water-land-city" integrated local engineering.
The ancient town's pattern of "rivers and roads encircling and fields crisscrossing" is a sustainable
settlement form formed by its long-term coexistence with water.

(3) Value 3: The wisdom of adapting to local conditions

Shiyan's settlement layout follows the "streets formed by water and cities formed by rivers" logic.
Framed by the Taidong and Xijia Rivers, the ancient town forms a fishbone - like street and lane system.
The buildings, like the Wangjia Courtyard and Qianjiaxiang complex, feature blue bricks, small tiles and
hard mountain roofs, combining the simplicity of northern Jiangsu dwellings with the flexibility of water
town spaces. This layout adapts to the dense water network in the Lixiahe area and supports commercial
functions through the "front store, back workshop" model, reflecting the deep integration of traditional
settlement planning and the natural environment.

(4) Value 4: The cultural heritage of diverse integration

As a major commercial port town along the Grand Canal, Shiyan has historically gathered diverse cultural
groups such as salt merchants and Huizhou merchants, forming an inclusive cultural trait. The existing
religious relics such as Wanlian Temple, as well as the educational traditions of Wenzhen Free School and
Anding School, together form a cultural ecosystem where Confucianism, Buddhism, Taoism and
commercial civilization blend. Intangible cultural heritages such as Dongtai hair embroidery, Shiyan
woodcarving and Shiyan temple fair are not only exquisitely crafted, but also integrated into daily life
through festivals and customs, continuing the living inheritance of regional culture.

3.3. The challenges of value inheritance

Although Shiyan Town is highly valuable, multiple challenges remain in protection and inheritance. Social
structure changes, indigenous people outflow, and aging have weakened traditional community networks,
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risking cultural intergenerational transmission disruption. Physical space is aging, with some historical
buildings idle or damaged, and infrastructure lags behind, failing to meet modern life demands. Lack of
functional vitality, separated functions between the historic town and new district, and single commercial
formats make it difficult to sustain social and economic vitality. Cultural identity has weakened, younger -
generation awareness of local culture has declined, the number of intangible cultural heritage skill
inheritors has decreased, and community participation in festivals has dropped.

4. Assessment of the Current Status and Symbiotic Conditions in the Study
Area
4.1. Research area and data methods

(1) Region definition

The core area of this study is the Shiyan Historic Town area, which extends eastward to the Jiedong River,
northward to the Taidong River, southward to the Sanhong River, and westward to about 70 meters west
of the Xijia River, covering an area of approximately 11.63 hectares. The adjacent renewal study area,
referring to the distance demarcation method in the literature, combined with the actual size and built
environment of the ancient town of Shiyan, demarcates the area within 300-500 meters outside the
historical town area, with a focus on the commercial and residential center in the east and the industrial
area in the north, which together constitute the study area of the symbiotic system.(Figure 2)

Figure 2. Research area. Source: Self-drawn.

(2) Data and Methods

This study employed methods of multi-source data fusion and quantitative spatial analysis. The data
sources included high-resolution satellite images, field surveys and spatial annotations, point of interest
(POI) data, population mobility (OD) surveys, and open-source web data. With the support of platforms
such as ArcGIS, techniques such as spatial form analysis, kernel density estimation, network analysis, and
spatio-temporal heat maps are used for precise identification and quantitative measurement of
architectura features, land use, traffic flow lines, facility distribution, cultural activities, etc.

4.2. Analysis of Current resources and spatial characteristics

(1) Current status of buildings
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The architectural style in the historic town area is mainly traditional water-town courtyards with uneven
quality. Some traditional buildings from the Ming - Qing to the Republic of China are well - preserved, but
many buildings built after the 1980s are stylistically uncoordinated. Functionally, traditional commerce in
the old town is declining, and it's now mainly residential with some idle public buildings. The new district
is dominated by modern commercial services and residences, and there are weak functional linkages
between the old and new areas .

(2) Heritage resources

Shiyan Town has rich historical and cultural resources. It has nine cultural relics protection units and six
Jiangsu Province traditional villages. There are also provincial-level units like the Former Residence of
Feng Daoli and Wubentang Water Dragon Hall, as well as historic elements such as Shiyan Stone Lane and
the Wang Family Courtyard. Moreover, intangible cultural heritage is well - represented, including
Dongtai hair embroidery, Shiyan wood carving and the Shiyan Temple Fair.

(3) Evolution of the traditional pattern

The "E"-shaped water system and fishbone-shaped alleyway pattern of the ancient town have remained
largely unchanged for over 150 years, with alley names persisting since the Qing Dynasty. To protect the
old town, development shifted southeastward in the 1980s, resulting in a "dual-core" structure
juxtaposing the old and new areas. However, there is a lack of transition and integration between the
traditional texture and the modern construction.(Figure 3)

Figure 3. The Pattern Evolution of Shiyan Town. Source: Self-drawn.

4.3. Diagnosis of social-spatial symbiosis

Based on the above analysis, diagnose the symbiotic state between Shiyan Historical Town Area and
adjacent areas from four dimensions.

(1) Functional collaboration: Complementarity and fragmentation coexist

The dominant functions in the historic town area are traditional residential, and sporadic cultural tourism;
in the new district, the leading functions will be modern commercial retail and life services. At a basic
living service level, the two have a certain degree of complementarity, but the historical town does not
adequately release its cultural tourism function, and the integration with the modern commercial
formats of the new district is low, failing to form an effective functional linkage. The overall feature is
coupled and complementary, but the depth of the complementarity is not enough.(Figure 4)

(2) Traffic organization: Obvious marginal infiltration feature
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The main traffic arteries pass through the historic town area, and traffic flow is distributed along the
connecting roads' axial direction. However, the road - network scale in the historic town area is small,
and its connection points with the new - district main roads are limited. OD analysis shows major
exchanges occur at the new - district commercial center, while the town - area accessibility is poor, with a
"marginal penetration type" traffic connection feature. (Figure 5)

(3) Facility configuration: Inadequate sharing and balance

Nuclear density analysis shows that high-grade commercial service facilities are highly concentrated in
new districts, with few and low-grade public service facilities in historic town areas. Although some
facilities are spatially within marginal accessibility, due to differences in management and functional
positioning, the actual level of sharing is not high; residents are highly dependent on facilities in the new
district, and service capacity of facilities within the town area is weak.(Figure 6)

(4) Cultural impact: The phenomenon of "cultural islands" is prominent

The spatio-temporal heat map analysis shows that the historical and cultural activities, such as temple
fairs and visits, tend to have their thermal range mainly confined to the core areas of historical towns.
Rich cultural heritage resources have not been transformed effectively into cultural charm that would
attract a wide range of people. Besides, the ability of cultural influence to radiate to neighboring new
districts is weak, which is a typical "isolated and discrete" pattern of cultural influence.(Figure 7)

Figure 4. Functional collaboration between historic town area and adjacent areas. Source: Self-drawn.

Figure 5. Traffic interconnection status between historic town area and adjacent areas. Source: Self-drawn.

Figure 6. Facility configuration between historic town area and adjacent areas. Source: Self-drawn.

Figure 7. Cultural interaction between historic town area and adjacent areas. Source: Self-drawn.

(5) Conclusion

The Shiyan historical town area and its neighboring regions show an unbalanced symbiotic state of "initial
spatial - function coordination but deep social - cultural isolation" in the social - spatial dimension. There
is a shallow complementarity in basic spatial adjacency and some living functions, yet a serious deficiency
in deeper functional linkage, transportation integration, facility sharing, and mutual cultural - vitality
stimulation. Historic towns face the risk of marginalization and islandization. Thus, it's urgent to stimulate
their intrinsic motivation and promote deep integration with neighboring areas via collaborative renewal
strategies.
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5. Discussion and Renewal Strategy Construction: "Dual-Hybrid" Synergistic
Pathways
5.1. "Functional Blending" Strategy: Activating Spatial Efficiency and Network

Connectivity This strategy

Against the backdrop of the current situation in Shiyan, including insufficient synergy in function,
transportation, and facilities in spatial dimensions, the goal is to tear down spatial barriers and stimulate
the overall vitality of the region through integrating functions, making networks accessible, and
equalizing services.

(1) Historic space revitalization and functional replacement

Adaptive transformation and functional revitalization of public historical buildings that are idle or
underutilized within the town area, such as old granaries, old cinemas, and abandoned factories.

(2) The demarcation of complementary business zones and the implantation of mixed functions

Identify complementary business zones in the "marginal zone" where historic town areas meet new
districts and avoid low-end homogeneous competition, while encouraging the integration of "culture-
service-office" hybrid functional modules.

(3) Slow network connectivity and enhanced penetration

Strengthen the continuity, safety, and comfort of pedestrian and bicycle passages. Open alleys blocked in
the historic town area to restore the walking experience of stone-paved old alleys; optimize slow traffic
connections between the town area and main public spaces in the new district.

(4) Patchwork of public service facilities and the construction of "nearby" living circles

Add small convenience service facilities in the new district and improve higher-level facilities such as
cultural and sports facilities. Promote sharing between some facilities of the new and old districts, such as
community activity rooms and green squares, to form a "15-minute community living circle" covering the
whole area and being hierarchically configured.

5.2. "Social Mix" Strategy: Rebuilding Community Vitality and Cultural Identity

This approach will solve the problems of isolation and discontinuity that Shiyan has been confronting in
the social and cultural dimension, with the purpose of fostering endogenous dynamics within the
community by guiding demographic diversification, strengthening the local cultural identity, and favoring
intergenerational cultural inheritance.

(1) Cultural identity promotion and shaping local identity

Dig deep into and publicize the historical figures of Shiyan, including Feng Daoli and their spirit of water
management, as well as the local characteristic culture, including the Shiyan Temple Fair. Convert local
cultural resources into vivid teaching materials for community education through establishing memorial
signs, organizing thematic exhibitions, giving cultural lectures, and developing study routes. Encourage
residents on their own initiative to organize cultural activities when traditional festivals are approaching
and participate in telling and disseminating historical stories in the neighborhood.
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(2) Population structure optimization and community network reconstruction

Research the inclusion of a specific percentage of social housing or youth apartments in new or
renovated residential projects in historical towns like Dahexi Community. Offer them at affordable prices
to young families, innovators, entrepreneurs, or essential service workers in the community. Create
policies to attract indigenous people back. Establish community discussion forums to promote
communication and collaboration between new and old residents.

(3) Living Inheritance of Intangible Cultural Heritage and Intergenerational Integration of Culture

Encourage intangible cultural heritages like hair embroidery and wood carving to enter community public
spaces and primary and secondary school campuses. Set up studios for inheritors, organize short - term
workshops, develop cultural and creative experience courses, and promote the integration of "old
craftsmanship" and "new aesthetics". Support the presentation and sales of intangible cultural heritage
projects at festivals like Shiyan Temple Fair to integrate them into contemporary life and economic cycles.

By simultaneously implementing "functional mix" and "social mix" strategies in a coordinated manner,
the strategic objective of transforming Shiyan historical town from Islandization at risk of isolation into an
organic, functional, socially cohesive, culturally influential component truly "embedded" in modern cities
is pursued. In addition, this approach to "dual-mix" also serves as a reference for the protection and
renewal of the same kind of historical and cultural towns that face similar challenges.

6. Conclusion
This research takes Shiyan Ancient Town in Jiangsu as a case to explore the socio-spatial renewal of
historic districts. As the site of continuous "historical stratification" from Liangzhu culture to modern
industry, the protection of Shiyan must be grounded in its stratified values. However, rapid urbanization
has triggered social and spatial fragmentation, keeping the historic district in Islandization in which
population loss, aging infrastructure, and disconnection from the new area next to it are not
fundamentally relieved. Multi-source spatial analysis shows that the symbiotic relationship is unbalanced:
though basic functional and geographic links have existed, in-depth integration in traffic, shared facilities,
and cultural engagement is obviously inadequate. The "shallow synergy yet deep social isolation" reflects
the insufficiency of physical-oriented renewal. Facing such challenges, this article proposes a "dual-mix"
strategy. Function mixing: reactivating historic buildings; improving business types, enhancing pedestrian
connectivity, and upgrading public service facilities. Social mixing: constructing local identity, promoting
population diversification, and intangible heritage transmission.
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Abstract 

 Residential historical districts refer to historical areas where the daily life of the original residents 
serves as the core function and the spatial form continues the traditional neighbourhood texture. 
They are a type of cultural heritage that carries the local daily practices. However, under the impact 
of rapid urbanization, the wave of cultural commercialization and the renewal strategy oriented 
towards gentrification, such blocks are undergoing a comprehensive infiltration of commercial 
transformation, triggering a systemic crisis in the residential ecosystem: the replacement of 
commercial space forces the relocation of public service facilities, and public space resources are 
privatized and seized, ultimately forming a symbiotic effect of gentrification and space deprivation. 
Most existing studies are limited to qualitative analysis of individual cases, making it difficult to 
reveal the common patterns of gentrification in the renewal of historical districts, nor can they 
identify the internal differences within cities. This study breaks through this bottleneck and 
innovatively constructs a three-dimensional analysis framework of "space - population - business 
type", integrating spatial form data, POI data and LBS big data to achieve a systematic analysis of 
the spatial deprivation effect of residential historical blocks. Taking 23 residential historical blocks 
in the old city of Nanjing as empirical objects, it is found that: 
(1) Three commercial gentrification types—rapid, incremental, and landscape-oriented—emerged, 
driven by cultural commodification and policy interplay. 
(2) Significant residential displacement, degraded local services, and tourist dominance in public 
spaces collectively undermine liveability. 
(3) The "Space-Population-Typology" diagnostic model offers a transferable approach for 
analysing socio-spatial restructuring in historic urban contexts. 
This method, through a big data-driven deprivation effect diagnosis model, provides a portable 
assessment tool for the renewal of historical districts in the Global South that combines heritage 
protection and residential justice. Its quantitative results can offer decision support for sustainable 
renewal oriented towards spatial justice. 

 

Keywords 

Residential historical district, gentrification, spatial deprivation effect, big data 

1. Introduction  
Under the backdrop of rapid urbanization and globalization, historical districts, as urban heritage, are 

undergoing intense spatial and social changes. Among them, residential historical districts differ from 

protected areas centred on landscapes or cultural relics. Their core feature is an area dominated by 
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residential and living functions, which can more completely and realistically reflect the street and alley 

patterns, traditional styles and regional characteristics of a certain period, retain the traditional social 

structure and lifestyle, have a certain scale and historical relics, and exist in the form of a residential 

community as a whole. In countries in the Global South, these areas have formed a social life system based 

on neighbourhood interaction and convenient facilities, serving as the spatial carrier to maintain 

community identity. 

However, under the dual drive of neoliberal urban policies and the global tourism market, these areas are 

gradually becoming resources contested by capital, undergoing a transformation from "living places" to 

"consumer places"(Gotham, 2005). This process has given rise to "commercial gentrification", which is the 

systematic replacement of functions within residential spaces by commercial capital. This trend is evident 

in the renewal projects of many countries and regions, such as the phenomenon of chain businesses 

replacing neighbourhood service facilities in residential communities in Seoul(Ryu, Kim and Park, 2020). 

Renewal aimed at increasing tourist traffic further promotes commercial transformation and the re-

creation of public spaces(Ö zdemir Darby and Selçuk, 2020), resulting in the reconfiguration of the original 

living space, the relocation of service facilities, and the marginalization of the original residents. This has 

led to serious spatial deprivation effects, not only increasing residents' living costs, but also causing the 

disintegration of community social capital and the disappearance of culture(Gilderbloom, 2014). 

Although relevant research has been quite extensive, there are still significant limitations. Firstly, 

traditional studies on gentrification mostly focus on the rent gap and class transition in the residential 

sector(Fujitsuka, 1994); in recent years, although they have shifted to "commercial gentrification" resulting 

in high rents and upgraded business formats(Ryu, Kim and Park, 2020), they mainly focus on the evolution 

of commercial spaces and rarely pay attention to the relocation of daily service formats and changes in 

accessibility for residents. Secondly, spatial deprivation, as an external effect of gentrification, stems from 

the uneven distribution of public resources(Zhang and Han, 2014; Liu, 2024) and the replacement of 

convenient facilities with upscale amenities(Zeng et al., 2022). However, in specific historical district 

renewal studies, they often lean towards a tourism-oriented perspective and image enhancement(Ö zdemir 

Darby and Selçuk, 2020; Liu, 2024), while the quantitative exploration of "maintaining the residential 

function" and the accessibility of resources for the original residents is seriously lacking(Liu, 2024). Finally, 

the existing research is mostly qualitative case analyses, although they can reveal issues such as the 

disappearance of community structures(Atkinson, 2003), they are unable to reflect the spatial 

differentiation and intensity distribution of gentrification on a city scale(Lees, 2003). 

Given these limitations, this study selected 21 residential historical districts in Nanjing old town as the 

empirical objects and innovatively constructed a three-dimensional analysis framework of "people - space 

- business type". By integrating multi-source big data such as location-based services (LBS), urban 

morphology and business interest points (POI), the study systematically quantified and diagnosed the 

gentrification of commercial areas and the spatial deprivation effect. The innovation of this study lies in: 

(1) Using LBS data to track the migration of people's behaviours, accurately identifying the process of 

external tourists' colonization of the space and the decline of the daily activities of the local residents; (2) 

Introducing spatial morphology data to quantify the degree of substitution of commercial functions in the 

physical space for residential functions; (3) Combining POI data to analyse the transformation of business 

types from serving local daily needs to catering to external consumption experiences. In summary, this 

study aims to provide quantitative diagnostic tools for the renewal of historical districts in cities in the 

Global South, and to provide practical decision-making support for balancing "commercial development" 

and "residential justice". 

1949



LIU,X.Z. Research on the Spatial Deprivation Effect of 
Commercial Gentrification in Residential 

Historical Districts  
 

 

 

2. Methodology 
2.1 Research Design 

This study constructed an analytical framework consisting of "data layer, diagnostic layer, and effect layer" 

(Figure 1) to reveal the formation mechanism of commercial gentrification in residential historical districts 

and its spatial deprivation effect. The framework follows a progressive logic of "multi-source data 

integration - multi-dimensional quantitative diagnosis - result verification and enlightenment". Firstly, in 

the data layer, heterogeneous data such as building footprints, business POI, LBS, and road networks are 

spatially matched and integrated. Secondly, the core diagnostic layer decomposes commercial 

gentrification into three dimensions for quantitative identification: (1) The population dimension uses the 

ratio of tourist-resident activity intensity as an indicator to measure the substitution of external 

consumption for residents' daily activities; (2) The spatial dimension depicts the degree of transformation 

of physical space functions from service-oriented to consumption-oriented through the facility deprivation 

rate; (3) The business dimension uses the mixed business-residential index to evaluate the depth of 

commercial capital penetration. Finally, the effect layer, based on the above diagnostic results, verifies the 

social and spatial consequences from the dual perspectives of original residents' loss and the reduction in 

accessibility of service facilities, and accordingly proposes differentiated spatial governance implications. 

Figure 1 Technical framework 
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2.2 Study area 

This study selected 21 residential historical districts within the old town of Nanjing as the empirical objects. 

The selection of Nanjing was based on its typicality in the commercial gentrification process of cities in the 

Global South and its methodological applicability. Firstly, the renewal of Nanjing old town is undergoing a 

rapid commercial and cultural tourism commercial transformation driven by both capital and policies. This 

process highly condenses the "gentrification and spatial deprivation" predicament that common historical 

districts in major Chinese cities face under the tide of consumerism. Secondly, the various residential 

historical districts within the old town exhibit significant spatial heterogeneity in terms of commercial 

penetration, providing ideal comparative samples for quantifying and measuring the intensity of 

gentrification and deprivation effects at different stages. 

2.3 Data Sources 

This study integrates multi-source and heterogeneous spatio-temporal data. The specific data sources and 

processing methods are as follows: (1) Location-Based Services data: Obtained from Baidu Maps from 

October 14th to 20th, 2019. This data includes longitude and latitude information and stay time for the 

entire 24-hour period and has been de-identified and anonymized to accurately capture the dynamic 

spatial activity characteristics of the population. (2) Building footprint and road network data: Derived from 

Amap, it contains three-dimensional information such as building boundaries, base area, and height(Zhang 

et al., 2021). To ensure the accuracy of spatial measurement, the original data have been cross-verified 

and updated through on-site investigations and panoramic street view images. (3) Business POI and land 

use data: Using Python, we obtained the business interest point data within the old town in February 2023 

through the Baidu Maps Open Platform., including 21 major categories and 89,473 records(He et al., 2018; 

Wu et al., 2018). Additionally, the official land use data provided by the Nanjing Natural Resources Bureau 

and on-site investigation results were introduced to cross-validate the spatial positioning validity of the POI 

data. 

2.4 Data Analysis Methods 

2.4.1 Population-based diagnostics: Activity colonization and tourist-resident activity intensity ratio 
This dimension aims to quantify the degree of "colonization" of residents' daily activities by external 

tourists in the public spaces of the district under the context of commercial gentrification. The innovation 

lies in the introduction of unsupervised machine learning algorithms to conduct detailed profiling of the 

behavioural trajectories of the crowd, which serves as the basis for calculating the activity intensity ratio 

of the two groups. 

In the step of detailed classification of the crowd, first, a clustering algorithm based on the threshold of 

stay time space is applied to the cleaned LBS data to extract valid stay behaviours from the stay trajectories 

of the objects. The definition of the stay point is the activity centre where the object stays for more than 

10 minutes and the distance between the stay locations is less than 100 meters. After extracting the stay 

behaviours, their duration is calculated and discretized into four categories: short-term (≤  2 hours), 

medium-short-term (2 - 4 hours), medium-long-term (4 - 8 hours), and long-term (> 8 hours), and the 

intermediate moments of the stay behaviours are divided into daytime (06:00 - 18:00) and nighttime (0:00 

- 6:00, 18:00 - 24:00) two periods. 

Subsequently, a feature matrix composed of "stay duration and period type" is constructed, and after 

standardization, the K-Means clustering algorithm (the optimal K value is determined by the elbow rule) is 
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used to classify the crowd activity patterns. Based on the statistical characteristics of each cluster, this 

study establishes two core identification rules: (1) Residents: the median start time of stay is earlier than 

7:00, or later than 18:00 and the total duration is ≥ 4 hours; (2) Tourists: the start time of stay is between 

9:00 and 17:00, and the total duration is ≤ 4 hours. Since this study focuses on the effect of spatial 

deprivation of residence, the subsequent activity intensity measurement retains only these two core 

groups and excludes other interfering samples such as workers. The specific calculation formula for the 

Activity Intensity Ratio (Tourist-Visitor Ratio) is as follows: 

 𝑇𝑉𝑅𝑖 =
𝐷𝑡𝑜𝑢𝑟𝑖𝑠𝑡,𝑖
𝐷𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡,𝑖

 (1) 

Where 𝑇𝑉𝑅𝑖refers to the activity intensity ratio of block 𝑖，𝐷𝑡𝑜𝑢𝑟𝑖𝑠𝑡,𝑖refers to the activity density of objects 

identified as tourists by the clustering algorithm in block 𝑖，𝐷𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡,𝑖 refers to the activity density of 

objects identified as residents by the clustering algorithm in block 𝑖. 

2.4.2 Spatial Dimension Diagnosis: Intensity of Business Expansion Based on Physical Space 
The spatial dimension focuses on quantifying the changes of physical spatial entities. By quantifying 

indicators of commercial expansion intensity, it measures the degree of spatial substitution of commercial 

functions within the buildings, thereby intuitively reflecting the physical space deprivation during the 

gentrification process. 

In the process of calculating the intensity indicators of commercial business expansion, first, based on the 

attribute levels of the business POI data, commercial business points such as dining, shopping, and leisure 

are selected. Subsequently, through spatial connections, the above-mentioned business POI data 

information is matched with the building footprint data, thereby identifying the physical buildings that 

have undergone functional transformation and are carrying commercial business types. The specific 

calculation formula for the Commercial-Residential Mixing Index is as follows: 

 𝐶𝐸𝐼𝑖 =
𝑆𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙,𝑖

𝑆𝑡𝑜𝑡𝑎𝑙,𝑖
 (2) 

Where 𝐶𝐸𝐼𝑖is the expansion intensity of commercial formats in block 𝑖，𝑆𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙,𝑖is the sum of the base 

areas of all commercial buildings in block 𝑖,𝑆𝑡𝑜𝑡𝑎𝑙,𝑖is the sum of the base areas of all buildings in block 𝑖. 

2.4.3 Business Format Dimension Diagnosis: A Measurement of Business Format Functional 
Replacement Based on Accessibility 
The diagnosis at the business format level aims to quantify the structural transformation in the process of 

district commercial gentrification, from "serving local daily life" to "adaptation to external consumption". 

To truly capture the changes in the business format environment within the walking scale of residents, this 

dimension constructs a mixed commercial-residential index based on road network accessibility to 

measure the changes in the business format environment within the walking range. 

During the calculation of the mixed commercial-residential index within the accessibility range, first, service 

points of POI that support local daily life are selected and extracted. Subsequently, starting from the 

geometric centre of each residential historical district, 5-minute, 10-minute, and 15-minute walking 

isochrones are generated based on the actual road network. The setting of this spatial threshold refers to 

the walking distance regulations for "living circle" in the "Urban Residential Area Planning and Design 

Standards" of China, which can effectively represent the real spatial domain where the original residents 

can conveniently access basic services. The specific calculation formula for the accessibility-based 

Commercial-Residential Mixing Index within the reachable area is as follows: 
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 𝐴−𝐶𝑀𝐼𝑖 =
𝑁𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙,𝑗

𝑁𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙,𝑗 +𝑁𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙,𝑗
 (3) 

Where 𝐴 − 𝐶𝑀𝐼𝑗refers to the accessibility index of mixed commercial and residential properties in block 

𝑗 ,𝑁𝑐𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙,𝑗 refers to the number of commercial POIs within the accessibility range of the block 𝑗 

𝑁𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙,𝑗 refers to the number of residential service POIs within the accessibility range of the block 𝑗. 

3. Results 
3.1 Population Dimension: Spatial Differentiation Characteristics of the Tourist-Resident 

Activity Intensity Ratio 

Based on the clustering results of LBS data, the precise analysis reveals the complex temporal and spatial 

game dynamics of the population in the historical districts. Taking the Yihelu district as an example (Figure 

2), the population structure shows a high degree of heterogeneity. The group identified as the original 

residents (Cluster 1) accounts for approximately 29.3%, indicating that the district still maintains certain 

residential functions. However, the tourist groups with short-term and medium-short-term stay 

characteristics (Cluster 0 and 2) and the extremely short-duration visiting groups (Cluster 3) together 

account for as high as 50.9%, forming a significant "colonization" suppression of the activity space of the 

original residents. This diversity of tourist behavior patterns confirms the complex reconfiguration of the 

street's vitality by commercial gentrification. 

After visualizing the ratio of crowd activity intensity (Figure 3), from the perspective of the time dimension, 

the impact of weekend tourism activities on the living space has significantly increased. It is worth noting 

that there are notable fluctuations in "weekend tourismization" in some districts: the TVR value on 

weekdays (0.93) is in a state of balance between residents and visitors, but it surges to 2.00 on weekends. 

This "intermittent colonization" phenomenon constitutes high-frequency interference with the daily 

rhythm of the original residents. From the spatial perspective, high TVR value districts exhibit clear 

geographical clustering and pattern differentiation: the first type is the tourism polarization type, mostly 

located in the southern part of the old town, east and west of the gate, due to its proximity to core scenic 

Figure 2 The clustering results of weekday and weekend stay behaviors in the Yihe Road district 
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spots such as the Confucius Temple, the weekend TVR value can reach 3-4, completely dominated by 

tourists' behaviour; the second type is the commercial infiltration type, mostly distributed in the periphery 

of the urban business district, characterized by maintaining a high TVR value even on weekdays, reflecting 

the continuous spillover of commercial vitality; the third type is the residential stability type, these districts 

benefit from different functional positioning or strict protection control, with stable TVR values and <1, 

and the original residents still dominate the use of space. 

3.2 Spatial Dimension: Spatial Pattern of Commercial Expansion Intensity 

Based on the CEI index, the 21 historical districts exhibited a significant gradient feature of "higher in the 

south and lower in the north" in terms of the functional replacement of physical space (Figure 4). According 

to the CEI distribution threshold, its spatial pattern can be classified into three categories: (1) High-intensity 

commercialized districts (with CEI > 0.6), such as the Santiaoying district (with CEI = 0.80) in the southern 

part of the old town, are typical examples of this type of district. These districts closely align with the core 

cultural and tourism axis of the city. Over 65% of the building bases have been replaced by commercial 

functions, forming a continuous tourism commercial interface. The strong entry of cultural and tourism 

capital has directly led to the complete deprivation of the residential physical space. (2) Medium-intensity 

commercialized districts (0.3 ≤ CEI ≤ 0.6), such as Pingshijie district as an example. The commercial 

functions are distributed along the main roads and key entrances, forming a "fishbone-like" commercial 

penetration pattern. Meanwhile, the interior of the district still retains residential attributes, creating a 

composite spatial transitional structure of "outside for business, inside for living”. (3) Low-intensity 

Figure 3 The distribution of activity intensity on weekday and weekend in districts 
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commercialized districts (with CEI < 0.3) are mainly composed of the Fuchengxincun district and the Yihelu 

district in the north. Thanks to strict historical style protection regulations, the physical penetration of 

commercial capital has been effectively restrained, and the residential fabric has been able to be preserved 

intact. 

Spatially, commercial expansion intensity generally exhibits a "higher in the south, lower in the north" 

pattern. The historical and cultural districts in the southern part of Nanjing old town have higher tourism 

development value, resulting in a generally deeper level of commercial replacement in the southern areas 

compared to the northern areas. Furthermore, the closer a district is to the city's main roads, the greater 

its commercial expansion intensity, demonstrating the significant impact of transportation accessibility on 

the spatial choices of commercial capital. 

3.3 Business Format Dimension: Functional Replacement Trend of the Mixed-Use 

Commercial and Residential Index 

The A-CMI calculation based on the 15-minute walking equivalent circle reflects the process of the daily 

business network around the district transforming into a tourism consumption-oriented one (Figure 5). It 

specifically presents three evolving states: (1) Service imbalance type (A-CMI > 0.6): Represented by the 

Chaozhixiang district. The consumption-oriented businesses within its living area have a dominant position. 

The original community medical facilities and daily necessities store that were essential services have been 

replaced by high-efficiency fine dining and cultural and creative facilities. The high rental pressure has 

forced low-value-added public services to retreat to the outskirts of the street or move to the periphery, 

resulting in a significant increase in the walking cost for the original residents to obtain daily services. (2) 

Transition mixed type (0.5 ≤ A-CMI ≤ 0.6): Such as the Pingshijie district. It is at the critical stage of 

functional replacement, with the balance between basic living needs and external consumption patterns 

remaining weakly balanced. However, with the continuous increase in rental prices due to the continuous 

influx of tourism capital, the surrounding public facilities are facing strong forced relocation pressure. (3) 

Figure 4 The distribution of commercial expansion intensity in distrcits 
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Residential-oriented (A-CMI < 0.5): Represented by the Yihelu district. Thanks to strict planning control 

measures and specific spatial location, the business network still mainly serves the local community. 

4. Discussion 
4.1. The driving mechanisms and multiple paths of commercial gentrification 

This study, after a three-dimensional analysis, reveals the complex current situation of commercial 

gentrification in the residential historical districts of the old town of Nanjing(Chen and Zhang, 2021). First 

of all, due to the particularity of the cultural resources of historical districts themselves(Smith, 1979). 

Business capital has keenly captured its potential commercial value. For instance, the commercial 

transformation of the Santiaoying district reflects the process by which commercial capital commercializes 

the cultural resources of historical districts. However, unlike the conventional gentrification model, the 

cultural resources of historical districts are irreplicable, which leads to a concentrated trend of commercial 

capital in spatial development and thus forms high-intensity gentrification areas such as the east and west 

gates. Secondly, commercial gentrification shows significant differences in the renewal of historical districts, 

which can mainly be summarized into three typical models: the rapid replacement type represented by the 

Sanxiaoying district, the gradual penetration type represented by the Pingshijie district, and the landscape 

consumption type represented by Tianmulu district(Cheng, 2024). This pattern difference contrasts with 

the homogenization assumption of the traditional gentrification theory, suggesting that when dealing with 

Figure 5 The distribution of commercial and residential mixed index within walking distance 
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the special object of historical districts, we should establish an analytical framework that is in line with their 

characteristics(Bridge, 2006). 

The core mechanism driving the process of commercial gentrification is the interaction between the 

commercialization of cultural capital and institutional policies(Zukin, 1987). On the one hand, commercial 

capital has commercialized "traditional life experiences" through the replacement of spatial functions. For 

instance, the commercial renewal of the Santiaoying district reflects the development approach of capital, 

which takes traditional culture as the core and explores commercial value from it. On the other hand, 

policies have also played a key role in shaping these differentiated paths. The sharp contrast between the 

Yihelu district and the Sanjiaoying district is largely due to the different protection policies and functional 

positioning faced by the two blocks(Zhu and González Martínez, 2022). Strict planning and architectural 

control can restrict the infiltration of commercial gentrification, but they can also hinder the renewal, 

transformation and vitality regeneration of the district. 

4.2. Multidimensional Representation of Spatial Deprivation Effect and Its Implications for 

Social Justice 

The spatial deprivation effect caused by commercial gentrification has already affected residents' daily lives 

in many aspects. At the physical space level, the high expansion intensity of commercial formats directly 

compresses the original residential and public service space in the district. At the public service level, the 

high commercial-residential mixed index within the accessibility range has led to the degradation of the 

daily life service system, causing residents to face the problem of increased costs for enjoying life services. 

This has a particularly significant impact on vulnerable groups such as the young and the elderly(Stiman, 

2018). The spatial deprivation of physical space and service functions will influence each other, eventually 

leading to the disintegration of community networks and the erosion of local identity. 

Based on historical districts with different degrees of spatial deprivation, we should propose differentiated 

governance strategies: focus on functional repair and loss mitigation for districts with high-intensity 

deprivation; Focus on opportunity preservation and community empowerment for moderately deprived 

districts; Strengthen risk prevention and institutional guarantees for low-deprivation districts. This precise 

matching and response are more effective than universal policies in addressing the complex reality of 

commercial gentrification, providing a practical direction for balancing heritage protection and residential 

rights in the context of rapid urbanization. 

5. Conclusion  
This study systematically diagnosed the phenomenon of commercial gentrification in the residential 

historical districts of the old town of Nanjing and the resulting spatial deprivation effect by constructing a 

three-dimensional analysis framework of "space - population - business type". The main conclusions are as 

follows: 

Firstly, commercial gentrification in the old town of Nanjing shows significant spatial heterogeneity and 

pattern diversity. The research has summarized three typical paths of gentrification: the rapid replacement 

type represented by the Santiaoying district and the Dahuifuxiang district, the gradual penetration type 

represented by the Pingshijie district, and the landscape consumption type represented by the Tianmulu 

district. This model difference is formed under the combined influence of the commercialization of cultural 

capital and the policy environment. 
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Secondly, the gentrification of business has triggered multiple spatial deprivation effects. At the physical 

space level, in high-intensity commercial districts, residential functional space is being replaced. At the 

public service level, the daily life services in high commercial-residential mixed index districts are gradually 

deteriorating. At the public space level, the high ratio of tourist-resident activity intensity leads to the space 

usage of residents being squeezed by external tourists. 

Thirdly, the changes in the types of people in the district reveal the social impact brought about by 

commercial gentrification. In the space of residential historical districts, the proportion of tourists' 

behavioural activities has begun to gradually exceed that of residents' behavioural activities, indicating that 

historical districts are undergoing profound transformations in social structure and lifestyle rather than a 

simple decline in residential functions. 

The theoretical contribution of this study lies in proposing a diagnostic framework for commercial 

gentrification applicable to historical cities in the Global South, breaking through the methodological 

limitations of traditional research. At the practical level, the research provides a basis for refined 

governance: for high-intensity gentrified districts, emphasis should be placed on functional repair and 

social compensation; for moderately gentrified districts, functional mixed control should be strengthened; 

and for low-intensity districts, a preventive protection mechanism should be established. 
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Abstract 

Iraq with its rich yet fragile built heritage, holds significant potential for sustainable development. However, this 

potential remains largely untapped due to the fact that cultural heritage is often sidelined in global initiatives 

like the 2030 Sustainable Development Goals (SDGs). Among the SDGs, SDG 11.4 specifically mentions heritage, 

its broader influence on social, economic, and environmental recovery. In post-conflict settings, heritage sites are 

socio-economic rebuilding and recovery tools—a reality that is deeply relevant to Iraq’s current recovery. 

This study examines how cultural heritage has been integrated into urban recovery. The research reveals the gap 

in implementing the DSG by comparing the Old City of Mosul and the Erbil Citadel across four dimensions: 

safeguarding, economic impact, inclusivity, and governance. Heritage efforts in both cities have focused primarily 

on physical conservation. While this fulfills SDG 11.4, it fails to address broader goals related to decent work, 

institutional strength, and community participation (SDGs 8, 16, and 17). The significance of this research lies in 

identifying the disconnect between orbicular heritage frameworks and topical governance in Iraq. This 

misalignment restricts how communities participate in the process and how institutions coordinate their efforts. 

By investigating these gaps, the study highlights lack of heritage led urban regeneration. Accordingly, the 

research proposes a framework that better aligns heritage initiatives with the SDGs. Ultimately, the findings 

advocate for a shift in Iraq’s strategy: moving away from physical preservation toward a model that is inclusive, 

sustainable, and grounded in local development.  

Keywords 

Cultural Heritage, Preservation, Iraq, Sustainable Development Goals 
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1. Introduction
Iraq is home to one of the world’s most significant cultural legacies, stretching from ancient Mesopotamian 

sites to historic Islamic urban centers. Yet, this heritage is under steady pressure from decades of conflict, 

political instability, and unchecked urban growth. The current situation of preserved cultural heritage is 

best observed through the Old City of Mosul, which faced total destruction during the ISIS occupation, and 

the Erbil Citadel, a UNESCO World Heritage site struggling with the pressures of up-to-date expansion. 

Together, these sites represent the dual crisis facing Iraqi heritage—surviving both the violence of war and 

the challenges of planning and fragile preservation. While international groups have turned their attention 

and effort toward Iraqi heritage preservation, it remains unclear if these efforts are actually sustainable. 

Most projects point to the UN’s 2030 Agenda—specifically SDG Target 11.4—as their primary guide for 

safeguarding heritage. However, the true value of cultural heritage goes far beyond just "fixing buildings." 

It is a driver for economic growth (SDG 8), inclusive city planning (SDG 11.3), and building peace and 

stronger institutions (SDG 16). 

The problem is that recovery initiatives in Iraq rarely connect the international policies and on ground 

practice. Preservation is not systematically linked to the broader goals; Iraq is missing the chance to use 

heritage as a tool for long-term urban resilience and social recovery. While the international community 

increasingly recognizes that cultural heritage supports social cohesion and economic life, this integration 

has yet to become a reality on the ground in Iraq (UNESCO, 2016); (Francesca & Sophia, 2021). 

UNESCO in Urban Future report, highlighted cultural heritage as both a driver and an enabler of sustainable 

development. As a driver, cultural heritage supports cultural industries, tourism, and creative economies 

(UNESCO, 2016). As an enabler, it fosters social inclusion, strengthens community identity, and promotes 

resilience in urban recovery. Then in 2021, UNESCO introduced the Culture 2030 Indicators to assess how 

culture contributes to all 17 SDGs, expanding the perspective beyond SDG 11. 

Academic literature reinforces this multidimensional role. Tweed and Sutherland argued that built cultural 

heritage enhances urban sustainability by reinforcing identity, continuity, and a sense of place (Christopher 

& Sutherland, 2007). Bandarin and Oers developed the Historic Urban Landscape approach, which 

promotes integrating cultural heritage into planning processes to balance conservation with modernization 

(Francesco & Oers, 2012). Then Christer demonstrates that when cultural heritage governance aligns with 

sustainability principles, it can reinforce environmental, economic, and social development pathways 

(Christer, 2019). Despite this conceptual progress, gaps remain in practice. Scholars highlight the absence 

of concrete indicators to measure how cultural heritage contributes to development, which often reduces 

Cultural Heritage projects to symbolic gestures  (Francesca & Sophia, 2021). In conflict-affected areas, 

cultural heritage is often marginalized in recovery planning. Prioritizing housing and infrastructure in the 

emergency face  (Benjamin & Meskell, 2019) (Chawan, 2021). Territorial studies provide more information. 

Drawing on studies conducted in Homs and Aleppo, Belal and Shcherbina highlight the difficulties in 

reconstructing cultural heritage after a conflict. They point out that recovery efforts frequently continue to 

be dispersed because of inadequate governance, a lack of SDG-based coordination, and limited legal 

frameworks (Belal & Shcherbina, 2021). Their conclusions are strikingly similar to Iraq’s experience, where 

recovery has focused on visible monuments at the expense of more extensive urban system, social 

inclusion and semipermanent sustainability. This territorial perspective offers a useful lens through which 

to assess how Iraq’s recovery projects could be more effectively matched with the 2030 Agenda’s tenets. 
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Typically, urban rebuilding focuses almost entirely on physical infrastructure treating cultural heritage 

isolated from the larger recovery plans. 

The Old City of Mosul and the Erbil Citadel demonstrate that while heritage can theoretically drive 

sustainable development, its impact is often stifled by a lack of coordination. Currently, reconstruction 

efforts in Iraq remain siloed. The preservation efforts happen in one corner while urban planning happens 

in another. This disconnect prevents heritage from becoming a recovery tool and catalyst for long-term 

growth. 

The Old City of Mosul is the most emblematic case of cultural heritage destruction in Iraq. The ISIS 

occupation (2014–2017) and subsequent liberation battles left vast areas of the city in ruins. In response, 

UNESCO launched the Revive the Spirit of Mosul initiative in 2018, followed by other projects funded by 

international donors (UNESCO, 2025). While the initiative successfully mobilized global attention and 

resources, it has largely focused on physical reconstruction, with broader contributions to SDG 8 (jobs and 

livelihood), SDG 11.3 (inclusive urbanization), and SDG 16 (peace & institutions) remaining 

underdeveloped. Community participation has also been limited, raising concerns about local ownership 

and sustainability (Chawan, 2021). 

Figure 1. Al-Hadba Minaret pre-post reconstruction. Source: Mrasheed, C.O. 

The Erbil Citadel in contrast to the destruction in Mosul, represent heritage management in a more stable 

environment. After the designation of the citadel in 2014 as a UNESCO World Heritage Site, it has been 

managed by the High Commission for Erbil Citadel Revitalization (HCECR), established in 2007. So far, the 

focus has been on physical stabilization and boosting the site’s profile as a regional tourism icon (UNESCO, 

2021). Unfortunately, this progress has come with significant social trade-offs. The restoration process led 

to the displacement of many long-term residents. The project has struggled with inclusivity and 

sustainability. With massive preservation efforts, it remains somewhat isolated from the city’s broader 

urban planning (Mohammed, et al., 2020). 
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Ultimately, while Erbil has successfully met the goals of SDG 11.4 by safeguarding the physical site, it has 

yet to unlock the Citadel’s full potential. It remains a historic property that lacks supportive broader 

governance or social goals. 

Figure 2. Erbil Citadel. Source: Mrasheed, C.O. 

Larkin and Rudolf mentioned a critical perspective on Iraq’s recovery, in Mosul, the restoration process is 

often driven more by international donor agendas than by local needs. As it has concluded, UNESCO has 

led major recovery programs, while the World Bank, European Union, UAE, and other donors have provided 

financial and technical support (Benjamin & Lynn, 2024). Their field research suggests that while large-scale 

projects make for good symbols, they often sideline the actual people who live there. They argue that the 

real power for social healing doesn't lie in massive monuments, but in spaces like; the local markets (souqs), 

family homes, and small public squares where everyday life happens (Larkin & Rudolf, 2023). Recent data 

supports this idea. A study, which surveyed 108 Mosul residents, found a troubling trend: despite the 

reconstructing of 19 major religious sites, the community’s emotional bond with those sites had actually 

weakened. For these residents, the value of a building is not just in its bricks; it is tied to spiritual meaning 

(64%) and personal memories (43%) (Chawan, et al., 2025). 

What this tells us is that physical rebuilding is not a "magic fix" for a broken community. If we don't include 

the intangible heritage, the recovery will remain hollow. Ultimately, both Mosul and Erbil show the same 

gap. We are getting better at fixing buildings, but we are still failing to use that preservation as a true 

catalyst for social and economic recovery.  

As shown in the figure, recovery works best when four key elements act as a single, moving system. We 

can look at these in two halves: Process and Enablers. On one side, "Urban-Recovery Planning" and 

"Inclusive Participation" define the strategy—they determine what the city needs and how the community 

wonder to live. On the other side, "Governance" and "Economic Growth" act as the engine—they provide 

the legal structure and the money needed to keep the project alive. When these four pieces are connected, 

they create a plan covering feedback loop. Good planning leads to better jobs, and community participation 

ensures that the government is actually meeting local needs. By linking these together, Iraq can move away 

from "one-off" projects and toward a comprehensive model of urban renewal which fits the 2030 Agenda. 
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Figure 3. Interconnected Dimensions of SDG-Aligned Cultural Heritage-Based Urban Recovery. Source: 
Authors. 

Bringing the SDGs into Iraq’s heritage and urban recovery is not a theoretical goal; it is the only way to build 

a city that is actually resilient. There is a concerning gap between this vision and what is happening on the 

ground. In the post conflict rebuilding phase, the focus almost always shifts to "bricks and mortar"—the 

immediate, physical repairs. Fixing buildings is essential, but it often crowds out the more complex work of 

ensuring that heritage actually supports the people and the economy. 

2. Methodology
To understand these dynamics, this research uses a qualitative comparative case-study approach. The Old 

City of Mosul and the Erbil Citadel have been analyzed through four specific lenses: safeguarding, economic 

impact, inclusivity, and governance. By drawing on a mix of UNESCO reports, policy documents, and recent 

academic data, the study evaluates how these sites align—or fail to align—with SDG targets 8, 11, 16, and 

17. 

The selection of Erbil and Mosul define two very different realities in Iraq. The Erbil Citadel as a model for 

heritage management in a stable environment. It shows that while a long-term strategy can successfully 

preserve a physical site, it can still struggle to meet the "human" side of the SDGs, such as community 

participation and social inclusion. Mosul, on the other hand, presents the challenge of total recovery after 

a crisis. Projects like UNESCO’s "Revive the Spirit of Mosul" are ambitious attempts to link reconstruction 

with the SDGs, but they often run into practical hurdles. Poor coordination, lack of local participation and 

displaced experts are usually faced in the reality. By comparing these two cities, the study identifies the 

systemic gaps that prevent heritage from driving recovery. The collected material was examined through 

qualitative content and thematic analysis: 

• Related SDG themes:
1. (SDG 11.4) Safeguarding Cultural Heritage
2. (SDG 8) Economic & livelihood impacts
3. (SDG 11.3 & 16) Inclusive urban recovery & participation
4. (SDG 16 & 17) Governance & partnerships

• Comparative analysis and gap assessment:
To identify common systemic barriers, convergences, and divergences, patterns were observed
within each case (Mosul v. Erbil) and across cases. Then, it was compared with the SDG targets.
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3. Cultural Heritage Recovery and SDGs (Old Mosul and Erbil Citadel)
While cultural heritage recovery in Iraq is progressing, its alignment with SDGs is fragment and uneven. 

Most of the efforts still focus on the "bricks and mortar" of restoration. They fulfilling SDG 11.4 in a narrow 

sense, yet they seldom connect heritage with the wider SDG agenda that emphasises livelihoods, 

community participation, comprehensive governance, and long resilience. As data shows in Mosul and 

Erbil, reconstruction efforts frequently operate as isolated projects quite than components of a broader 

development strategy. Heritage has been prevented from contributing to efficient opportunity (SDG 8), 

participatory planning (SDG 11 .3), robust institutions (SDG 16), and efficient partnerships (SDG 17). To 

realise the ample potential of social heritage, recovery must be reframed as a developmental process that 

integrates preservation with social, efficient, and uninteresting priorities. Four pillars structured as urban 

recovery planning, comprehensive participation, governance and partnerships, and efficient and economic 

growth.  

3.1. Recovery and Safeguarding 

Both cases demonstrated impressive progress in the physical restoration, aligning well with the basic 

requirements of SDG 11.4. In Mosul, the high-profile rebuilding of major monuments and the stabilization 

of historic homes was a necessary step. The initiatives provided a sense of symbolic recovery and helped 

secure international support. Also in Erbil, the long-term work has successfully met the strict structural 

standards set by UNESCO. However, in both cities cultural heritage was mostly seen as an objective in itself. 

By focusing almost entirely on the buildings, both projects have largely overlooked the intangible side. 

Because these "human" elements were missing, the safeguarding efforts haven't done much to move 

toward poverty reduction or community well-being. This highlights a profound gap where cultural heritage 

preserved, it is not fully integrated into resilience planning.  

3.2. Economy and Livelihood Impacts 

The potential of cultural heritage to function as an economic driver of recovery remains largely untapped. 

In Mosul, some programs provided valuable training in traditional skills like masonry and carpentry. They 

did provide immediate, short-term relief for workers. However, these initiatives rarely transitioned into 

long-term careers or sustainable small businesses. As a result, the role of cultural heritage remains 

precarious and disconnected from the broader economy. Similarly, in Erbil, the ambitious plans to use the 

Citadel as a tourism engine have largely stalled in the implementation phase. Because the practical steps 

were disorganized, the local community—specifically the displaced residents and traditional 

craftspeople—did not see much benefit. The gap here is lack of clear roadmap for creating livelihoods or 

accessing markets. In another word, they are not considering SDG 8 for decent work and economic growth. 

3.3. Inclusive Urban Recovery and Participation 

Community participation remained very limited across both contexts. In Mosul the recovery process was 

largely top-down, driven by national stakeholders and international donors. The residents of the Old City 

that survived the conflict and faced displacement had very little influence over their own neighborhoods 

being rebuilt. The situation in Erbil is almost the same with a different stage of the process. The 

conservation of the Citadel came at a significant human cost, about 800 families were relocated to make 

way for the project. There was little consultation with them, nor fair ways to share benefits that came from 

the Citadel's revitalization. Crucially, excluding the families has diminished the vitality and authenticity of 
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the restoration. If these residents had been treated as factors for succussing the restoration through 

sharing their lived memories and their knowledge of traditional space—the project would have benefited 

more from deeper cultural accuracy and social continuity. Their dynamic participation could have brought 

life back into the conserved structures. How Cultural Heritage adapted to contemporary needs, and 

enhanced public support for the project’s long success. In both situations, the loss of immaterial Cultural 

Heritage limited the sites’ contribution to comprehensive recovery.  

3.4. Governance and Partnership 

Effective governance provides the necessary funding and structure, in the same time it becomes a major 

source of fragmentation. Heritage initiatives are too often treated as one phase projects not considering 

Iraq's long-term national development goals. 

In both cities, the lack of a clear governance roadmap has stifled progress. In Erbil, excluding resident 

families from the decision-making process at the Citadel hurt the community and weakened the 

institutional legitimacy of the project. They could have served as a vital link between traditional knowledge 

and modern conservation then created a much stronger sense of local stewardship. 

Such patterns suggest that Iraq is stuck in a "project-based" cycle. The efforts are not fully integrated into 

wider urban frameworks struggling to meet the goals of SDG 17. Without an inclusive and integrated 

governance, cultural heritage management will be isolated, limiting their impact on the country's broader 

recovery. 

3.5. Comparative Insights 

The comparative analysis of Mosul Old City and Erbil Citadel reveals how Cultural Heritage in Iraq is 

approached under two contrasting conditions. They exhibit systemic misalignment with the Sustainable 

Development Goals. Table 1 summarises the two cases across the four thematic lenses. 

Tabel 1: Comparative Summary: Mosul vs Erbil by SDG-Linked Themes. Source: Authors. 

1966



Mrasheed, C.O., Hoskara, S. Cultural Heritage and the SDGs: Bridging Gaps in 
Iraq’s Urban Recovery 

3.6. Towards a Contextual Framework for SDG-Aligned Cultural Heritage-Based Recovery 

Comparing Mosul and Erbil, the study shows that Iraq’s heritage is currently treated as a relic to be saved 

not a catalyst for the future. Fixing this require a shift in strategy. The study suggests a new framework that 

moves beyond physical repairs and aligns cultural heritage with the broader Sustainable Development 

Goals. This can be achieved through four interconnected pillars: 

1. Integrated Urban-Recovery Planning Heritage cannot exist in a vacuum. Preservation goals must
be woven directly into city masterplan and its wide strategies. This means linking historic sites to
the basic needs of a city—housing, transport, and infrastructure—ensuring that the "Old City" is a
functional part of the modern urban fabric.

2. Inclusive Participation and Social Safeguards. Decision makers must move beyond "top-down"
decisions and consider bottom-up efficiency. True recovery requires the active involvement of
displaced residents, women, and youth. This will not be accomplished via a few initial meetings;
it's about using tools like public storytelling, local crafts and heritage education to ensure that the
social memory of a place survives the reconstruction.

3. The Cultural Heritage-Led Livelihood projects should not be measured in short-term construction
contracts. Instead, Iraq needs a roadmap for long-term growth implementing the SDGs. This
includes incubating small businesses, supporting local artisans, and building tourism networks that
actually return profits to the local community. Accordingly, the real intent of SDG 8 will be fulfilled.

4. SDG-Based Monitoring and Governance – align Cultural Heritage indicators with SDG 11.4, 8, 11.3,
16, 17, using measurable targets (e.g., jobs created, households resettled, partnership
effectiveness, attracting tourists) and strengthen coordination between the municipalities, and
international agencies.

Integrating these four pillars could embed cultural heritage objectives into city planning and reconstruction 
and enhance comprehensive social, economic, and environmental recovery efforts. 

4. Conclusion
This paper set out to examine how cultural heritage fits into Iraq’s broader urban recovery—specifically 

where the current practices fall short of the UN Sustainable Development Goals. By comparing the Old City 

of Mosul and the Erbil Citadel, post conflict recovery in Iraq has made impressive strides in saving physical 

monuments. Although the efforts are still too narrow. Iraq successfully met the basic requirements of SDG 

11.4, but still need to turn heritage into a genuine engine for long-term, inclusive growth. 

The study defines four critical gaps that are holding back the integration of the SDGs: fragmented 

institutional coordination, a heavy reliance on short-term donor funding, a lack of community voice, and a 

general failure to see heritage as a social and economic asset. These gaps are why Mosul's recovery is still 

focused on projects instead of the community, even though it has a lot of international support. They also 

explain why Erbil's preservation, while technically successful, seems to be getting further away from the 

people who should be bringing the site to life. 

Bridging these gaps is the only way to transform heritage from a static monument into a driver of 

development. This shift requires moving away from isolated projects toward a model that connects history 

with livelihoods and urban planning. This means strengthening the link between national and local 

governments, restoring the presence of families in historic sites, and building financing models that don't 

just rely on international aid. Iraq needs to consider better tools to measure success of the cultural heritage 
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projects. The tools should be locally developed tracking social cohesion and economic vitality, not just how 

many bricks were laid. 

Reframing Cultural heritage as a living part of the city offers Iraq and the Kurdistan Region a chance to build 

resilient, culturally grounded urban environments. Treating such sites as platforms for youth 

empowerment, artisan revival, and social healing. It should be ensured that heritage does more than just 

survive the past—it helps build the future. This is not just a technical adjustment; it is a transformative path 

toward a more stable and vibrant Iraq. 
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Abstract

The industrial heritage in Northeast China, such as the 1957 Paper Mill in Jiamusi, is confronted
with the challenges of outdated functions and extreme cold (-20°C), and the shrinking of cities
has exacerbated this challenge. This article explores inclusive regenerative design practices, with
a focus on adapting cultural relics to cold climates while maintaining authenticity, optimizing
space/accessibility through computational design, and transforming production Spaces into
multi-generational community center. Through adaptive industrial structure transformation
(such as converting sedimentation tanks into indoor facilities), computational design (BIM,
energy simulation), and functional reorganization (museums, maker Spaces), these measures
have theoretically effectively enhanced year-round availability, increased energy efficiency by
30%, promoted intergenerational interaction, and strengthened community identity. It enriches
the regenerative framework and provides replicable models for cold regions.
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1. Introduction

The old industrial base in Northeast China, as an industrial heritage, was once the cradle of modern
industry in China. However, it is now confronted with the dual challenges of functional aging and climate
adaptability. In cold region cities like Jiamusi, extreme weather (with average winter temperatures as low
as -20 ℃ ) has exacerbated the abandonment of industrial land, and urban shrinkage has further
weakened the vitality of communities (Ji et al., 2024; Chen et al., 2025). Jiamusi Paper Mill was built in
1957 and is a representative industrial relic of China's First Five-Year Plan period. It carries the historical
memory of papermaking technology in the early days of the founding of the People's Republic of China
and the era imprint of Soviet-style industrial architecture. Nowadays, a large number of idle factories and
backward infrastructure have become obstacles to urban renewal. This paper takes paper mills as the
research object to explore the inclusive regeneration practice path of industrial heritage in extremely
cold regions. This design mainly focuses on three core issues: How to make industrial heritage adapt to
extremely cold climates while maintaining historical authenticity? How to integrate computational
quantitative design techniques to optimize spatial performance and community accessibility? How can
production-oriented industrial Spaces be transformed into multi-generational community centers that
are culturally inclusive? This time, we aim to explore possible paths and methods for the regeneration of
industrial heritage in cold regions through adaptive transformation of the industrial structure (such as
converting sedimentation tanks into indoor sports facilities), computational design methods for
environmental optimization, and functional reorganization (paper culture museums, maker Spaces, and
research and learning bases).

2. Regeneration Dilemmas and Value Foundations of Severe Cold Climate
Region Industrial Heritage
2.1 Dual Challenges: The constraints of extreme weather and the decline of existing
functions

Among the 91 buildings and structures remaining in the factory area of Jiamusi Paper Mill, 68% of the
factory buildings are single-story large-span structures. This type of building is mainly used to meet the
transportation needs of materials during production, but its heat loss rate in winter is 40% higher than
that of modern buildings. The steel roof truss of No. 3 Building (the comprehensive paper warehouse) has
been in disrepair for a long time, with the insulation layer damage rate reaching 70%. In winter, the
indoor temperature can only be maintained at around 5℃ . Under the action of winter snow loads, the
roofs of 23 buildings including No. 4 Paper Silo have deformed to varying degrees. Among them, 12 roofs
are at risk of snow leakage and need to be cleaned regularly to prevent structural collapse.

Nowadays, the aging rate of Jiamusi City has reached 12.6% (data from 2019), and the lack of community
vitality and the problem of idle industrial land space have formed a vicious circle. Statistics show that only
15% of the factories in this area are temporarily used for storage or small-scale processing, while the
remaining 85% are completely idle (Yan et al., 2023; Han et al., 2022). This kind of idleness in the cold
climate further deteriorates, accelerating the corrosion of the building structure.

In terms of functional decline, after the paper mill ceased production in 2007, it mainly faced the
following predicaments: 1) The production equipment was severely aged. Although core equipment such
as the No. 3 jet mill and the No. 4 evaporator were preserved as industrial heritage, they could no longer
operate due to lack of maintenance, and the rust depth of some metal parts reached 2mm. 2) There is a
certain problem of industrial residue pollution. Soil tests around the black liquor pool show that the area
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of pollutants exceeding the standard has reached 1,200 square meters. Soil remediation is needed before
subsequent utilization. 3) The spatial functions are disconnected from the modern urban demands. The
original factory area's production-oriented layout has led to severe spatial fragmentation. For instance,
the decommissioned dedicated railway line between the pulping area and the papermaking area has
divided the site into multiple isolated urban space zones, which has restricted the overall development
and progress. In addition, the particularity of the severe cold climate further exacerbates and magnifies
these problems.

2.2 Identification and Evaluation of Multi-Dimensional Value System

For this design, we combined relevant research and adopted a weighted index system (historical value
25.4%, technical value 16.4%, artistic value 23.1%, environmental practical value 18.7%, and emotional
value 16.4%) to evaluate each building in the park.

Figure 1. The distribution of building renovation strategies in the park

Figure 2. Functional zoning and building renovation measures
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Among them, the evaluation scores of core buildings such as the First Paper Mill and the Second Paper
Mill are 97 points, and their value is mainly reflected in three aspects: On a historical level, as the largest
comprehensive pulp and paper enterprise in Asia during the "First Five-Year Plan" period, its continuous
cooking technology, multi-line paper machines and other equipment filled the domestic technological
gap, witnessing the transformation of China's paper industry from reliance on imports to independent
production. 2) At the architectural level, elements such as Soviet-style colonnades, arched Windows and
roof gables form a unique industrial aesthetic. Among them, the sawtooth roof of the Second Paper Mill
has a span of 36 meters and is also distinctive and representative among industrial buildings of the same
period. 3) On an emotional level, as the largest industrial park in Jiamusi, the paper mill once provided
12,000 jobs for the city, forming a living community centered around the factory area and preserving the
collective memory of three or even four generations. The purification station, instrument building, etc.
are medium-value buildings (80-90 points). Although they are of good quality, their functions are single
and can be activated through renovation.

Take Building No. 31 (Purification station) as an example. The brick-concrete structure of the building is
well-preserved, and the internal pipeline layout reflects the industrial water treatment technology of the
1950s. When renovating, the main structure should be retained, and water quality monitoring science
popularization exhibits can be smoothly implanted. This not only continues historical information but also
meets modern educational functions. This type of building accounts for 28.6% and is an important carrier
for functional transformation. Other buildings such as the sludge shrinkage tank (39 points), the grid
room (39 points), and other low-value buildings (below 60 points) are planned to be demolished in the
design due to severe structural damage. Among them, the steel structure of Building No. 89 (a large coal
shed) has a rusting rate of 80% and has lost its load-bearing capacity. After demolition, 3,000 square
meters of space can be freed up. Combined with the in-depth advancement of the design, it was
eventually planned as a citizens' square, effectively making up for the shortage of public activity space in
the surrounding communities. In addition, although the biochemical tank, clarification tank and other
structures and facilities only scored 75 points, their circular space forms are distinctive: The tank with a
diameter of 18 to 22 meters can be transformed into a column-free large space, suitable for indoor sports,
exhibitions and other functions. The 50cm thick concrete tank wall naturally has insulation performance,
providing an ideal place for indoor activities in cold regions (see Figure 1-2), while still retaining the
original industrial craftsmanship features.

3. Adaptive Renovation: Strategies for Industrial Heritage Regeneration in
Severe Cold Climates
3.1. From production Spaces to climate-adapted site

In response to the extremely cold climate in the Jiamusi area, this design makes adaptive adjustments to
the industrial functions of the paper mill and renovates the building. While maintaining historical
authenticity, it enhances climate adaptability and spatial comfort.

Buildings of high historical value (such as the First Paper Mill and the Second Paper Mill) are renovated
using an "integrated approach" to rejuvenate them and create a cultural expo area. In addition to
carrying out necessary maintenance and repair or replacing some components, efforts should be made to
retain the original external features of the building as much as possible. New materials and technologies
should be adopted to enhance the insulation performance of the building, such as adding insulation
materials to the walls and roofs, and using double-glazed Windows instead of regular Windows to reduce
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heat loss. Meanwhile, the various buildings are connected by glass warm corridors, creating a complete
and continuous indoor pedestrian space system. This not only facilitates winter activities but also ensures
natural lighting (see Figure 3).

Due to the distinctive features of the remaining buildings and facilities, we have carried out creative
renovations based on the characteristics of these industrial facilities. For instance, we transformed a 22-
meter-diameter biochemical tank into a curling and skating rink to meet the demands of the city's ice and
snow sports culture and the needs of community sports. In this renovation, we also fully considered cold-
adaptability technology. When the concrete tank was transformed into a characteristic bar space, in
addition to setting up an internal insulation layer, a ground source heat pump system was also adopted.
Through simulation calculations, it can be known that compared with traditional air conditioners, the
energy consumption for winter heating of this building will be reduced by 52%. The top of the tank is
covered with a light-transmitting dome with ETFE air pillows sprayed with a special coating, which not
only ensures the introduction of natural light but also reduces heat dissipation through the air layer. It
can block 60% of solar radiation in summer and prevent the indoor environment from overheating. After

the renovation, the indoor temperature of the curling skating rink will be stably maintained at 18-22℃,

and the humidity can be controlled at 50%-60%. It not only makes full use of the original industrial
facilities, but also provides indoor sports fields suitable for winter, thus enabling the reuse of industrial
heritage. (See Figure 3).

a) Cultural Expo Area (South) b) Cultural Expo Area (Notrh)

c) Sports and Leisure Area (Sedimentation tank) d) Sports and Leisure Area (Chimney)

e) Sports and Leisure Area（Joint Factory building）

Figure 3. Comparison of effects before and after the renovation

Another example is the transformation of the sedimentation tank into an ecological restaurant, which is
designed to make full use of its 8-meter depth to achieve the effect of hot pressure ventilation. The
design opens a high window on the west side of the tank and sets an air outlet on the east side. In
summer, natural air flow can be formed, increasing the cooling efficiency by 30% and reducing energy
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consumption. In winter, close the ventilation outlets and use the floor heating system for heating.
Combined with the 30cm thick insulation layer on the walls and the greenhouse effect, the indoor

temperature can reach above 20℃ . The interior of the restaurant retains the circular structure of the

sedimentation tank, tiered dining areas, and a landscape pool is arranged in the central area to recreate
the theme of "water purification", which not only echoes the industrial history but also creates a unique
spatial experience. It is expected to receive an average of 300 diners per day in summer. In winter, due to
its warm comfort and ecological garden theme, it will become a popular dining place. This renovation
method not only meets the pursuit of ecological nature by people in cold climates, but also endows
industrial facilities with new functions, achieving an organic combination of heritage protection and reuse.

The cultural and museum area is connected to each building by glass warm corridors (see Figure 4). The
warm corridor is constructed with steel structure and three-layer hollow LOW-E glass, with a heat
transfer coefficient as low as 0.8W/ (㎡·K). The top of the warm corridor is covered with 30cm of soil and
planted with cold-resistant plants such as sedum, which not only enhances the insulation performance
but also forms a roof greening landscape. A 20cm thick extruded polystyrene board insulation layer is laid
on the floor of the warm corridor, combined with the floor heating system, to keep the floor temperature

above 20℃ in winter.

Figure 4. Examples of the warm corridor system

3.2 Computational design-driven Environment optimization

In the scheme design, we combined the research results of the team with the developed computational
design platform and AI creative assistance technology platform, and carried out systematic design
practice and application from the initial scheme creation to the performance optimization of indoor and
outdoor Spaces in the design deepening. During the scheme design stage, the creative exploration of the
scheme and the finalization of the scheme concept were completed through the QDG-system (Sun et al.,
2020). Meanwhile, we also used software such as EnergyPlus and honeybee to digitally simulate the
indoor and outdoor space environment of the building in the renovation scheme (See Figure 5), and
carried out further optimization based on the prediction results. At the same time, special measures
should be formulated based on the climatic characteristics of cold regions, such as installing a 150mm
extruded polystyrene insulation layer on the walls. The window-to-wall ratio was reduced from 40% to
25%. Windows are adopted triple-pane insulating glass with built-in Low-E film, and the heat transfer
coefficient was reduced from 2.8W/ (㎡·K) to 0.6W/ (㎡ ·K), in order to better deal with the problem of
condensation in winter. The simulation results show that after the renovation, the winter heating load of
the building has been reduced from 120W/ ㎡ to 55W/ ㎡ , meeting the energy-saving standards in
extremely cold regions. In addition, we have also combined the functional requirements of the building
and carried out the optimization and deepening of the architectural scheme design based on the visual
comfort of natural light inside the building. We have conducted simulation optimization and multi-
objective optimization of the lighting design for functions such as the Paper Culture Museum, maker
Center, and office space based on the Radiance software and the simulation prediction platform (Huang
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et al., 2025). developed by the team. The optimized plan will reduce the energy consumption of artificial
lighting by approximately 28%. In addition, to address the issue of summer glare, the sunroof is equipped
with adjustable aluminum blinds, whose angles are automatically controlled by light sensors, keeping the
probability of daylight glare (DGP) below 35%.

Figure 5. The technical framework of QDG-system and its collaborative design process based on this
platform

4. Inclusive Regeneration: Functional Reorganization and Community
Integration
4.1 Construction of Multi-Generational Activity Spaces

a) Age-Friendly Functional Layout

Based on the research results and planning requirements of our cultural and tourism team in this project,
and considering the proportion of 357,000 primary and secondary school students and 12.6% of the
elderly population, we have created activity Spaces suitable for different age groups to meet the
community's current lack of consideration for elderly-friendly and multi-generational activity Spaces in
Jiamusi. Among them, the "Intelligence Era" square (that is, the square formed after the demolition of
Building No. 89 mentioned earlier) was designed as the core hub connecting the activities of multiple
generations. The industrial-themed children's playground on the north side is built with eco-friendly
materials made of recycled paper, including a paper art maze and origami slides. The ground is covered
with 5cm thick colored foam sponge to ensure the safety of children's activities. There is a 200-square-
meter parent care area equipped with rest chairs and charging sockets, which is convenient for parents to
use. The amusement park is expected to receive 120,000 parent-child visitors each year and has become
the preferred place for weekend activities for families in the surrounding communities. The elderly
activity center, transformed from the South Locomotive Garage, fully considers the needs of being
friendly to the elderly: the slope of the entrance ramp is controlled at 1:12, the width of the passage is
1.2 meters, and it is equipped with handrails and rest platforms. The interior is equipped with functional
areas such as a calligraphy room and a chess and card room. It features anti-slip flooring and round
furniture, and emergency call buttons are installed on the walls. The center holds activities such as paper-
cutting and Tai Chi every week. On average, 300 people participate each day, among whom 85% are
retired workers from the factory area. The creation of the space, the preservation of the environmental
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atmosphere and the collective activities it triggers have effectively activated and retrieved the collective
memory.

b) Living Inheritance of Cultural Memory

In light of the huge demand for study Tours in contemporary Chinese education, to better showcase the
history of paper mills, allow people to experience the shock of industrial and papermaking techniques,
and at the same time, to better drive economic development, promote the return of funds for urban
renewal, and enhance urban vitality, we have held numerous meetings with a large number of cultural
tourism development and economic construction teams during the design process. We incorporated the
CAI Lun Ancient Papermaking Experience Hall and the Paper Culture Museum into the design, aiming to
create and amplify the "paper culture" city characteristics of Jiamusi. The experience hall retains the
original cooking equipment as the display background and uses AR technology to recreate the scene of
Soviet experts guiding papermaking in 1957. Visitors can personally operate the traditional process of
"cutting materials - cooking - papermaking". The supporting training courses cover 80% of the primary
and secondary schools in Jiamusi and can accommodate approximately 12,000 study tour participants
each year.

The "Memory Exhibition Hall", which was transformed from the second Paper Mill workshop, continues
the industrial memory through physical collections and oral history records. In the exhibition hall, 320 old
photos, 156 work permits and 98 sets of production tools are on display. During the research, a 65-year-
old retired worker once said, "Seeing these old items is like going back to the busy production workshops
of those years." This kind of memory needs to be made known to young people. In the future, "Factory
Friends' meetings" will be held regularly to encourage the former employees who have worked here to
participate.

4.2 Accessibility Improvement Empowered by Computational Design

a) Streamline Optimization Design

By leveraging digital design tools and the research results of our team (Sun et al., 2025) on the walking
characteristics of pedestrians in the park and scenic area, we transformed the original production-
oriented road network into a slow traffic system of "main corridors + branch alleys" : The main corridor is
4 meters wide, connecting the core nodes of each functional area, paved with permeable bricks, and
equipped with a lighting system. The branch alley is 2 meters wide and extends into each activity area,
equipped with rest chairs and signboards. After the renovation, the spatial integration degree of the core
exhibition area has been raised to 0.89, the radius of wheelchair access covers 90% of the functional
areas, and the compliance rate of barrier-free facilities has increased from 35% to 100%. The small train
tour route, which was transformed from the original railway tracks, is 3.2 kilometers long and has 6
stations, connecting major nodes such as the Paper Culture Museum and the Industrial Memory
Exhibition Hall. The train carriages are equipped with heating systems, keeping the indoor temperature at

18℃ in winter, thus solving the problem of discomfort when walking outdoors in the cold regions of

Northeast China. It is expected to transport an average of 500 passengers per day.

b) Intelligent Climate-Adaptive Management

During the improvement process, we worked together with the park management department,
attempting to enhance the comfort and accessibility of the park through digital twin technology and real-
time monitoring technology. For instance, when the snow depth reached 10 centimeters, the snow-
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clearing team prioritized clearing the sidewalks and the tracks of the small train. In the future, we will
collaborate with other technical teams to develop a "digital twin" platform, dynamically adjusting open
areas and event arrangements to achieve a balance between security and experience.

5. Conclusions and Implications
5.1 Method Framework Exploration: Three-dimensional Framework for Heritage Renewal

in Cold Regions

Break through the static perspective of traditional industrial heritage protection and attempt to construct
an integrated regeneration design method of "climate adaptation - computational optimization -
community inclusion" to complete this engineering design. The dimension of climate adaptability is the
key point of this design. The heavy texture and historical sense of the original industrial buildings (such as
concrete storage tanks) are retained as the externalized characteristics of cold climate adaptability and
transformed into the landscape and spatial features of the park. Computational optimization technology
coupled with BIM simulation and lighting analysis technology guides designers to achieve an accurate
balance between historical style and energy-saving performance. The dimension of community inclusion
transforms industrial heritage from production Spaces into "memory containers", and attempts to
organically integrate humanistic memories with new community usage functions, ensuring spatial
regeneration while simultaneously studying historical memories.

5.2 Practical Significance

a) Practice of light renovation strategy: For industrial heritage with a score of over 90, the approach of
"authenticity restoration + functional replacement" is adopted. When the pulp tower is transformed into
an observation deck, the original pipes are retained as decoration. For buildings with a score of 60 to 80,
the implementation of "structural preservation + skin renewal" reduces costs by 35% compared to
complete demolition and reconstruction.

b) Climate-adaptive design: Utilize the large-scale Spaces of industrial heritage to create indoor climate
buffer zones. For instance, when a 36-meter-span joint workshop is transformed into a comprehensive
gymnasium, it does not require overall heating in winter. Only local air conditioning is needed to meet
the activity demands, and the energy consumption is 20% lower than that of newly built venues.

c) Exploration of inclusive operation: The design attempts to achieve a balance between income and
expenditure through the "public welfare + revenue generation" model (53% public welfare land
guarantees community services, and 47% commercial land returns for protection), which may provide a
sustainable path for the regeneration of industrial heritage during the period of urban contraction.

Although the renovation of the Jiamusi 1957 Paper Culture Community has not been fully implemented
or completed, this practice can still offer some inspirations in certain aspects. The regeneration of
industrial heritage in cold climate zones is not only about the renewal of physical space, but also requires
a full integration of technological innovation and the integration of social groups, which can better
transform cold industrial sites into communities with "warmth and sentiment" At the same time, it will
also receive more support and assistance from citizens.
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Abstract 

Over the past few decades, cities have traditionally classified streets based on vehicular movement, 
from high-speed motorways to local streets serving neighbourhoods. However, with urban and 
transport planning shifting to focus on people instead of vehicles, street classification has also 
evolved to incorporate the types of activities people perform around streets. A more holistic 
approach is the Movement and Place Matrix (MPM), which integrates both vehicular flow and land 
use variations, offering environmental, social, and economical benefits such as promoting 
sustainable mobility, enhancing social interactions, and revitalizing local businesses. 
Countries like Australia and England are implementing this framework, recognizing that streets are 
not just for vehicles but are dynamic spaces for various activities. Thus, the methodology of this 
report focused on identifying major arterial roads in Dubai that pass through different land uses, 
where four corridors were selected. Travel time in both directions (inbound and outbound) during 
peak hours was compared to free-flow conditions to capture congestion and directional demand. 
Based on this, D83 road was selected as it showed the highest variation and passes through 6 
different land uses. The existing street cross-section was then sketched using StreetMix. The 
corridor was divided into two segments based on changes in place function (MPM), and each was 
redesigned to better reflect its surrounding land use.  
Additionally, this paper addresses the challenge of directional flow, which is the movement of 
traffic in a specific, predominant direction, typically during peak hours. This is done through 
increasing street capacity in the direction of peak traffic flow using a flexible space reallocation on 
D83. D83 carries significant intercity traffic where travel times increase by 59% in the AM and 49% 
in the PM during peak hours compared to the free-flow time. The proposed solution is to reallocate 
street space flexibly throughout the day to manage this directional flow. 
By using both quantitative data (e.g., travel time, traffic volume, street dimensions) and qualitative 
data (e.g., land use, street vegetation, street furniture), this study offers distinct street designs for 
D83 as it passes through different areas, embracing the changing types of activities people engage 
in. Additionally, each proposed design is further modified to accommodate both AM and PM peak 
traffic. This research is considered novel, as no literature on MPM has been published about Dubai 
(and the MENA region). The true value lies in the flexibility of the proposed designs, which increase 
capacity in the direction of peak traffic flow. Finally, the implementation of the MPM in Dubai can 
foster more inclusive, accessible, and vibrant urban spaces, providing a people-centric approach to 
road classification and urban planning. 
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Sustainability, Inclusivity, Holistic design, Peak-traffic management, Flexible Space reallocation 
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1. Introduction  
1.1. Need and Research Objective  

Urban streets are increasingly recognized not just as infrastructure for vehicle transport but as vital public 

spaces that significantly impact the economic, environmental, and social functions of cities. More than 80% 

of public spaces in cities are comprised of streets, yet they often fail to provide a space where people can 

conveniently walk, bicycle, drive, take transit, and socialize (Jones and Boujenko, 2009). Few decades ago, 

cities were designed to favour motorcars; however, with increased level of congestion and awareness 

about the global impacts (e.g., pollution and climate change), policies started prioritizing sustainable 

mobility. 

To achieve sustainable mobility, streets should be designed in a holistic way. Unlike traditional streets 

design strategies that mainly considers the traffic volume, experts in the field came with a design approach 

that considers both traffic volumes and the surrounding land use. This dual approach to street design 

consist of: 'Movement' (or 'Link'), which refers to traffic volume, and 'Place,' which refers to the activities 

around the street (land use) as summarized in Figures 1, commonly known as ‘Movement and Place Matrix’ 

or MPM (Jones and Boujenko, 2009). This paper applies the MPM to one of Dubai’s key arterial roads, 
D83, while also proposing flexible street designs that adapt to peak traffic flow. This approach addresses 

two of Dubai's challenges, to achieve sustainable mobility and manage traffic during peak hours. 

 

Figure 1. Movement and Place elements explained. Source: Jones and Boujenko, 2009. 

 

1.2. Movement and Place Street Matrix  

MPM is a street classification framework, typically a 5 × 5 matrix (Figure 2), which categorizes streets based 

on how important they are for movement and destinations. This classification id sone by using Roman 

numbers I-V for Movement and letters A-E for Place. Each street type is defined by a number and a letter, 

resulting in 25 different street categories, from intercity motorways (I-A) to pedestrianized areas (V-A) 

(Jones, 2023). It is worth noting that, unlike the traditional link hierarchy, the place characteristics of a 

street can vary along the street itself. For example, an arterial road may begin in a residential 

neighbourhood and terminate in a commercial district, maintaining a similar movement function while 

going through different land uses. This framework has been successfully adopted in several cities, including 

London and New South Wales (Jones, Roberts & Morris, 2007; Anciaes & Jones, 2020; OECD, 2021; MORE, 

2022) - see Annex 1. 

Movement “M” Place “P” “M” & “P” scope 
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Figure 2. '5 x 5' Movement and Place Street Matrix. Source: Jones, 2023. 

 

2. Data  
1. Land Use Data: The land use data was retrieved from GIS.rta, an internal platform available within the 

Roads and Transport Authority (RTA), which provides land use information on a geographic map. To 

minimize errors, site visits were conducted on the chosen pilot street to verify the data.  

2. Travel Time (TT): The initial TT data was gathered from Google Maps at morning (AM) and evening 

(PM) peak hours, as the Estimated Time of Arrival (ETA) is usually identified with high accuracy when 

origins and destinations are specified in real time (over 97%) (Fisher, 2020). As per RTA’s practice, the 

morning peak is from 7 to 9 am, whereas the evening peak is from 5 to 8 pm (Abdulla, 2024). 

3. Traffic Volumes (TV): Due to confidentiality restrictions from the RTA’s Traffic Department, TVs for the 

entire city road network could not be shared. Thus, in this research the average weekday peak hour 

TV was retrieved for the pilot street only. This data provided valuable insights, confirming the TT, to 

proof that the flow is directional during peak times.  

 

3. Methodology  
This paper will first analyze the diversity of land use along D83 and provide design recommendations 

accordingly. Second, the proposed design will focus on increasing the street’s capacity in the direction of 

heavy traffic flow. Thus, the methodology can be summarized as follows: 

1. Identify the main corridors passing through different land uses 

in Dubai by analyzing the land use geographic map from GIS.rta 

(figure 3). Then, conduct one-on-one interviews with traffic 

experts from the Traffic Department at RTA to create a list of 

four priority streets considered vital to the city (i.e., major 

arterials carrying intercity traffic) (Abdulla, 2024). The 

shortlisted streets passing through different land uses were:  

o D89: AlAmardi street  

o D93: AlNahda street  

o D83: Tripoli street   

o D69: AlMaydaan street  

 

Primary distributors 
District distributors 
Local distributor  

Figure 3. Land Use map of Dubai. 
Source: RTA,2024. 
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2. To choose one street, the TT per direction (inbound towards the city center and outbounds away from 

the center - illustrated in Figure 4) was identified from google maps at morning peak (8 am) and evening 

peak (7 pm). 

3. The free-flow travel time (TTFF) for each direction was retrieved from Google Maps at 4am, when the 

streets are almost empty. Using the percentage difference equation, the difference between the free-

flow and peak-hour travel times was calculated to identify the maximum difference in travel time 

compared to the free-flow state, as summarized in table 1. 

Table 1: Travel time analysis 

 

4. D83 was chosen as it passed through the maximum number of land uses and has the heaviest 

directional flow (except for AlNahda street which was congested in both directions in the evening). 
 

5. The average weekday traffic volume of D83 was then retrieved from the traffic department to confirm 

the existence of directional flow. 

 

6. The current street cross section was then sketched as per the road plan using StreetMix, a digital street 

design tool (StreetMix, 2024). 

 

7. The street was divided into two sections as per the changing place functions according to the MPM, 

and street cross sectional designs were sketched for each section.  

 

8. To create “Flexible Space Allocation”, an AM and PM designs were sketched to increase the street 

capacity in the direction of the heavy, ending up with four unique street cross sections: Section 1 (AM-

peak), section 1 (PM-peak), section 2 (AM-peak), section 2 (PM-peak). 
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4. Analysis: Area of Study  
4.1. Place Function  

Based on the special analysis and site visits, D83 passes through six 

distinct land uses, as shown in Figure 4. Initially, the road runs through 

residential areas and parks. On of these parks is Mushrif Park, one of the 

largest parks in Dubai, however, surrounded by a narrow footway and 

continuous steel railing, making the park inaccessible from D83 and the 

surrounding residential communities (Figure 5).  

 

Figure 5. Accessibility of Parks on D83 

      

D83 then leads to Mirdif City Center, one of the biggest community facilities and shopping districts in Dubai. 

However, the space around the mall is underutilized and difficult to access, except by private vehicle 

through the multi-story parking building, or on foot/public transport through the rear side of the mall (as 

shown in Figure 6). Additionally, there is a residential community across the road from the mall, but it faces 

the mall’s parking, and is surrounded by more railings making it inconvenient to walk there, even though 

it is just 50 meters away.  

 

Figure 6. Mirdif City Center Pedestrian Accessibility 

 

4.1. Movement Function  

Throughout its length, D83 features three 3.5-meter traffic lanes per direction, with a 2.5-meter right-side 

safety shoulder. Additionally, there is a 6-meter median, which is not vegetated and is enclosed by a metal 

beam crash barrier. This results in a total building-to-building width of 32 meters. Figure 7 illustrates the 

cross-section of D83. It is important to note that the footway is very narrow with limited pedestrian 

crossings, making it difficult to walk. 

Figure 4. Land Uses on D83 
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Figure 7. D83 Street Cross-section 

 
Regarding the traffic volume, D83 is fed by traffic from two national highways (E311 and E611) that connect 
Dubai to all the emirates, especially the northern emirates like Sharjah and Ajman. Actually, based on a 
recent traffic count internal report in RTA, around 1.2 million cars enter Dubai every morning, and 80% 
from this count is generated by the norther emirates. Specifically, D83 carries around 9,000 vehicles per 
hour inbound during the AM peak, while only 5,000 vehicles per hour travel outbound. Whereas, during 
the evening peak, approximately 7,000 vehicles per hour are leaving the city center, while roughly 4,000 
vehicles per hour are entering though D83 (Abdulla, 2024); see figure 4. 
 
 

5. Proposed Solution  
5.1. Proposed MPM Classification 

Currently, D83 is viewed as a vehicle transport conduit and is classified as an arterial road connecting 

the city to the highways. However, based on the MPM, D83 does not fit perfectly into a single road 

type with a uniform design. Instead, it can be categorized into different types of streets. For simplicity, 

D83 can be divided into two main sections (Figure 8): 

 

 

Figure 8. D83 Classification based on MPM 

  

5.2. Proposed Design 

The proposed designs in this section adhere to the standards set by the National Association of City 

Transportation Officials (NACTO), an organization in North America that represents cities and transit 

agencies. The minimum specifications are outlined below (NACTO, 2011): 
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Table 2: Recommended Minimum Widths of Urban Road Lanes and Spaces 

Urban Space Minimum Width (meters) 
Traffic Lane 3 

Sharrow Lane 3.3  

Bus Lane 3 to 3.3 

Cycling Lane 1.5  

Footway/ Sidewalk 1.5  

 

A) Section 1 Design: III-C 

This paper aims to create a more inclusive street design that fosters interconnected communities and 

accommodates all users. Currently, the street lacks wide footways and vegetation, discouraging 

walking and sustainable modes of transport. 

For this reason, the proposed designs focus on a few things: Firstly, since there is no public transport 

service in section 1, the proposed design introduces a new bus service with a bus lane to address peak 

traffic, operating inbound in the morning and outbound in the evening. Traffic safety is a priority for 

RTA, which is why the bus lane could include at-level-flexible barriers that buses can drive over when 

turning. Additionally, bus shelters will be placed on one side of the street, with frequent pedestrian 

crossings to allow easy movement between both sides of the street. 

Secondly, to promote sustainable micro-mobility, the cycling lane is positioned on the opposite side of 

the bus lane so it follows the direction of peak traffic, helping reduce potential safety conflicts. Cycling 

in the off-peak direction (i.e., outbound during AM and inbound during PM) is still accommodated, but 

through a shared sharrow lane. Sharrow lanes are wider travel lanes marked for shared use between 

vehicles and cyclists (NACTO, 2011). 

During the AM peak, the layout includes two traffic lanes, along with a dedicated bus lane and cycling 

lane in the inbound direction. In the opposite direction, a standard traffic lane is maintained alongside 

a sharrow lane, allowing for increased capacity where demand is lower. 

The same approach is applied during the PM peak, but reversed to reflect the change in directional 

demand, with bus and cycling lanes shifting outbound. Figures 9 and 10 present the proposed AM and 

PM cross-sections, illustrating a more flexible street design that responds to peak-hour conditions 

(Orange Traffic, 2023). 

 
Figure 9. Street Cross-section during AM-peak (Section 1) 
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Figure 10. Street Cross-section during PM-peak (Section 1) 

Thirdly, the footway is expanded to 5.3 meters on each side, creating more room for everyday 

activities. Given that section 1 is mainly residential, this opens up space for things like children playing 

and small-scale community use. Food trucks and local coffee shops could also be introduced, helping 

activate the area and bring more life to the street. In addition, basic street elements such as seating, 

shade, water points, and bike racks can be integrated to support longer stays and make the space more 

usable for residents. 

The street can be further improved by introducing pedestrian-priority areas, allowing parts of it to 

function as open community space. For instance, the ground-level parking area facing the 

neighborhood could be rethought as a more active public space, with a children’s playground and small 

cafés (Figure 11). A pedestrian crossing would also help connect residents directly to this space, 

improving access and making it part of the daily street experience. This, in turn, could also support the 

mall by increasing footfall and local economic activity.  

 

Figure 11. Top: Underutilized urban space currently used as a parking lot. Bottom: Cristobal de Moura 
Street in Barcelona, transformed into a green urban axis that prioritizes pedestrian movement, greenery, 
and social interaction, illustrating a potential future direction 

The overall design aims to better connect communities, particularly in residential areas, and support 

more day-to-day social interaction. In section 2, which plays a larger role at the city level, the focus 

shifts slightly toward creating a welcoming environment that works for both residents and visitors. 

 

B) Section 2 Design: II-B  

Section 2 starts at Mirdif City Center, where the area shifts from residential into a more mixed-use 

setting. The presence of a second highway also adds to traffic pressure. To respond to this, a light rail 

system is proposed in both directions, with a capacity of up to 36,000 passengers per hour (Worrall, 

2018). With a dedicated right of way, it offers a faster and more reliable alternative to car travel, 

making public transport a more attractive option. 

Like Section 1, the carriageway is adjusted to better respond to directional demand. During peak hours, 

three lanes are provided in the dominant direction, with the third lane operating as a sharrow lane. In 

the morning, when demand is lower toward the outskirts, this lane on the left side could instead be 
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used as a jogging track. By the evening peak, the configuration shifts, with the sharrow lane moving to 

the outbound direction in line with traffic flow. 

The footway is also widened to 4.2 m on both sides to better accommodate pedestrians and allow for 

small-scale activities such as street vendors. Tram stops are integrated along the corridor for easy 

access, supported by street furniture and pedestrian crossings. Figures 12 and 13 illustrate the 

proposed AM and PM cross-sections. 

During off-peak periods in the late afternoon, when traffic demand drops, the third lane on the right 

side could be temporarily used as a parklet by adjacent shops, creating space for outdoor seating and 

local activity. Parklets have been shown to support both social interaction and local businesses, with 

some cases reporting up to a 30% increase in revenue (GDCI, 2016; Anthony, 2015). 

Finally, there is an opportunity to connect the proposed light rail to Centerpoint Metro Station, located 

approximately 2 km from D83. This could be supported by a feeder bus service, while the station itself 

can function as a park-and-ride facility given its available parking capacity.  

 
Figure 12. Street Cross-section during AM-peak (Section 2) 

 

 
Figure 13. Street Cross-section during PM-peak (Section 2) 

 

6. Conclusion  
This paper introduces a street design approach that brings urban planning and transport together, 

moving beyond car-focused street design. It focuses on D83, one of Dubai’s busiest corridors, which 

was divided into two sections based on surrounding land uses using the MPM. 

The analysis showed clear directional demand, with travel times increasing by 59% in the AM peak and 

49% in the PM peak compared to free-flow conditions. In response, flexible solutions such as reversible 

lanes and dynamic lane allocation were explored to better match capacity with demand. Additional 

elements, including sharrow lanes, cycling lanes, parklets, and small-scale street activations like food 

trucks, were also considered to improve how the street functions beyond traffic movement. 

These proposals align with the Dubai 2040 Urban Master Plan, reinforcing the idea that streets should 

serve more than mobility alone. They should also support everyday life. The intention is to create 

streets where people can spend time and interact, not just move through. 

Ultimately, this approach supports the wider ambition of improving urban livability in Dubai by shaping 

streets as active, people-oriented spaces, in line with H.H. Sheikh Mohammed bin Rashid Al Maktoum’s 

vision of making Dubai the best city to live in.  
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Annex 1: Examples of cities implementing the MPM framework 

Many studies in the field have explored transforming streets into inclusive ecosystems with holistic designs. 

One of the early works in this area is by Jones, P., Roberts, M., and Morris, L. (2007) in their paper 

"Rediscovering Mixed-Use Streets: The Contribution of Local High Streets to Sustainable Communities". 

They examined several local high streets in England and analyzed both quantitative data (e.g., pedestrian 

counts, traffic volumes) and qualitative data (e.g., footway quality, greenery). The findings revealed that 

different users of the street, carrying out different activities, have varied needs. The study emphasized the 

need for a balance between streets' roles as through-routes (movement) and as places of social and 

economic activity, which reinforce the importance of considering the movement and place concept.   

A study by Anciaes and Jones (2020): " Transport policy for liveability: Valuing the impacts on movement 

and place " emphasizes the importance of evaluating the impacts of transportation on both movement and 

place. Their work investigated the impact of transport infrastructure on communities, particularly focusing 

on the concept of how busy roads can separate communities. The authors used a mix of quantitative 

methods (e.g., traffic volume) and qualitative interviews with street users to assess the impact of transport 

corridors on local communities. The study found that transport systems designed primarily for vehicular 

movement, like high-speed roads, can lead to barriers to social interaction and reduce quality of life. Their 

findings highlight the need for smooth traffic movement while maintaining streets as social spaces. 

Although the paper does not explicitly reference the Movement and Place framework [8], it aligns with the 

broader goal of creating streets that serve both transport and community functions. 

Moreover, the concept of Movement and Place has evolved over time. Referring to the two papers 

mentioned earlier, significant contributions in this area have come from Peter Jones, a professor of 

transport at University College London. Jones has played a key role in the development of the Movement 

and Place Matrix through the MORE project (Multimodal Optimisation of Road-space in Europe), an 

initiative funded by the European Union’s Horizon programme. The project, which ran from 2018 to 2022, 

was implemented in five European cities. The aim of the project was to apply place-based planning to 

create streets that function both as transport corridors and community spaces. Pilot streets in busy areas 

of each city were selected and redesigned to balance various modes of transport, including public transit, 

and walking. The redesign utilized several tools, including MPM to optimize road space allocation by 

considering the needs of different transport modes. The outcome of the MORE project was the creation of 

inclusive streets that respected both movement and place functions (MORE, 2022).  

Apart from research papers and projects, regarding city level manuals, in 2016 Transport for New South 
Wales (NSW) in Australia adopted a similar Movement and Place Framework in its planning processes 

[12]. This framework became a core strategy in Australia's approach to integrating transportation planning 

with land use to create sustainable urban environments. However, NSG’s guide classifies four road 
categories: main roads, main streets, local streets and civic spaces – rather than ‘5x5’ matrix. The guide 

has defined specification and standard for each category (e.g., frequency of pedestrian crossings). The 

Australian framework focuses on aligning street design with both traffic flow needs and community space. 

Similarly, in 2021, the North Somerset in England has set their strategy: Active Travel Strategy to accelerate 

North Somerset Council’s efforts to ‘make walking and cycling the natural choice for a cleaner, healthier 

and more active North Somerset’. Part of this strategy was the utilization of Place and Movement 
Framework to develop a series of action plans to make commitments and interventions a reality. They 

came up ‘3x3’ MPM, which was applied it to Nailsea and Backwell areas in Bristol in order to start the 

incremental changes of streets redesign. MPM provided design recommendations, such as widening 

footways, adding pedestrian crossings, and improving cycling infrastructure. This was meant to create 

streets that serve both as transport corridors and as spaces for community interaction [13].  
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Abstract 

From the perspective of "Affective Turn", this study explorer the relationship between urban 
governance and affective elements. This study posits that spatial disparities in urban governance 
characteristics lead to differentiated resident satisfaction levels, which in turn generate distinct 
affective responses. It reviews the theoretical evolution from the need hierarchy theory to the ERG 
theory and then to the SDT, all these emphasizes the complexity of affective elements. On this basis, 
SESU theoretical framework, including Safety assurance, Essential services, Social connectivity and 
Urban vitality, is constructed to build the relationship between urban governance and emotion. 
Taking the Sixth Ring Road in Beijing as the study area and based on natural language processing, 
this research analyzes the sentiment value of 472,468 social media check - in data with location 
information. Then sum the values within each square kilometer and define it as the spatial 
emotional vitality value (SVV). The spatial representation of urban governance is based on multi-
source data, and is comprehensively analyzed by ordinary least square regression, geographically 
weighted regression, geographic random forest model and large language model. Result shows 
the "Core-edge" spatial heterogeneity of affective response mechanisms. Safety assurance is the 
basic premise for affective elements. Essential services and social connectivity have clear emotion 
boosting effects in urban core areas. All the above urban management factors have a positive 
impact on affective elements in core of urban. In contrast, urban vitality forms suppression in core 
areas, which form positive impact in edge areas, thus sparks regional vitality. Discourse analysis 
from social media comments further supports this conclusion. The research on urban governance 
and  spatial heterogeneity under the "Affective Turn" provides scientific basis and practical 
reference for the effectiveness of urban governance and precise response to citizens' emotional 
needs. 
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1. Introduction 
In the early 21st century, the "affective turn" emerged in the social sciences and humanities (Ahmed, 2013; 

Ndalianis, 2003). Scholars like Brian Massumi and Sara Ahmed explored how capitalist social orders shape 

individuals’ feelings and perceptions through daily embodied interactions. This affective dynamic drives 

social change, though scholars debate its role in structural transformation without social system mediation, 

known as the "affective apparatus" (Ahmed, 2013; Ndalianis, 2003). Affective theory has been applied to 

political analyses, covering themes like affective labor and new media (Kim et Bianco, 2007; Seigworth et 

Gregg, 2010). It also entered urban planning and geography, spawning fields such as emotional geography 

and human-place emotional relations (Bondi, 2017; Davidson et al., 2012; Hall, 1969). 

Amid China’s rapid urbanization, the "affective turn" in urban governance reflects a shift from past 

"growth" logic (focused on space and economy) to a "people-oriented" approach emphasizing human 

experience (Gu et al., 2025). Top-level designs and the "people's city" direction highlight this shift. Exploring 

how to turn humanistic concepts into actionable urban space is crucial, as this study moves from rational, 

technology-focused governance to emotional governance centered on residents’ experience and belonging. 

This study integrates urban spatial attributes with affective needs to construct an urban governance 

framework under the affective turn. Taking Beijing’s core metropolitan area as a case study, it identifies 

key factors influencing urban public sentiment. Its core purpose is to clarify the interaction between urban 

governance and affective elements, providing theoretical and practical support for improving governance 

quality and residents’ emotional well-being. 

2. Theoretical framework 
2.1. Hierarchy of affective element and urban governance 

What is the relationship between urban governance and affective elements? The key scientific question is 

how urban governance practices shape and reshape public affective elements. Focusing on urban spatial 

disparity, this study proposes a formative influence mechanism: Divergent governance characteristics 

across urban spaces generate varying resident satisfaction, triggering distinct affective responses. Thus, 

the different need hierarchy of affective elements constitutes the connection between them and urban 

management (Alderfer, 1969; Hall, 1969; Maslow, 1943; McClelland, 1961; Stokols, 1978; Deci et Ryan, 

2013) (Figure 1). 

In summary, urban governance’s impact on affective elements is non-hierarchical, stemming from diverse 

needs’ interaction, forming a complex system. The review of these theories highlights affective elements’ 

complexity, serving as the theoretical basis for urban governance’s influence (Alderfer, 1969; Deci et Ryan, 

2013; Maslow, 1943; McClelland, 1961). 

2.2. Mutual relationship of affective and urban governance 

Affective elements and urban governance share profound interplay, forming a complete theoretical system 

supporting urban governance in the "affective turn" (Figure 1). This shift updates governance values, spatial 

management and social relations with residents’ emotional needs at its core. 

First, affective elements guide urban governance content and paths (Figure 1). Multiple classic theories 

explain how built environments shape residents’ emotions and community vitality. Jacobs’ "eyes on the 

street" emphasizes mixed-space surveillance to cultivate neighborhood security and belonging (Jacobs, 

2012). Spatial justice theory condemns unfair spatial allocation to eliminate exclusion and build collective 
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identity (Harvey, 1992; Soja, 2013). Social capital theory focuses on trust and social networks to offer 

emotional support and enhance community resilience (Bourdieu, 2011; Bowling, 2001). 

Second, urban governance has distinct affective traits (Figure 1). Urban development meets diverse 

hierarchical human needs without rigid stratification (Kotkin, 2006). Environmental psychology confirms 

spatial features trigger different emotions (Stokols, 1978). Environmental stress and behavior setting 

theories further interpret environmental impacts on individual mentality and actions (Stokols, 1978; 

Schoggen, 1989). This fully demonstrates their interactive mechanism, and urban governance can 

effectively regulate public affective elements. 

 

Figure 1. SESU Theoretical framework. Source: Authors. 

2.3. SESU Theoretical framework of urban governance under the affective turn 

This study builds the SESU analysis framework (Figure 1). It systematically integrates the multi-dimensional 

path of urban governance influencing residents' affection, and embodies the synergistic structure from 

basic security to urban prosperity(Jacobs, 2012; Kotkin, 2006; Maslow, 1943). SESU Theoretical framework 

includes four supporting dimensions: “Safety assurance” protects life safety, living stability, and avoids 

fear(Liu et Li, 2023; Programme, 2007; Ranaweera, 2024; Tarlow, 2014; Van Swaaningen, 2005; Yu et al., 

2014). It reflects in senses of security, anxiety, and panic. “Essential services” meet basic daily survival and 

health needs(Friedman et Pollock, 2022; Giles-Corti et al., 2016; Jackson, 2003; Kent et Thompson, 2014; 

Lopez, 2012; Stokols et Novaco, 1981; Tumlin, 2011). It reflect in senses of convenience, fatigue, health, 

and other personal emotions. “Social connectivity” provides belonging, promotes interpersonal exchanges, 

and community links(Amin, 2023; Hassan et al., s. d.; Ihuka, 2024; Mehan, 2024; Smith, 2011; Sones, 2025). 

It reflects in senses of belonging, loneliness, liveliness, alienation, and other personal emotions. “Urban 

vitality” supports residents' self-realization(Amin, 2023; Hassan et al., s. d.; Ihuka, 2024; Mehan, 2024; 

Smith, 2011; Sones, 2025). It reflects in senses of opportunity, vitality, achievement, and other personal 

emotions.  

3. Methodology: An empirical study on the core area of Beijing 
3.1. Research method 

The purpose of this study is to empirically test the following core hypotheses through a systematic spatial 

analysis framework (Figure 2). This empirical study takes urban governance indicators as the independent 
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variable (spatial representation of influencing factors) and public affective status as the dependent variable 

(spatial representation of affective elements), with the core area of Beijing as the study area. The study 

area is Beijing’s Sixth Ring Road core zone (Figure 2). As the city’s functional, population and policy core, it 

features drastic social changes and typical practical characteristics of the urban affective turn, offering a 

highly representative sample to explore the correlation between urban governance and public affective 

elements (Jacobs, 2012; Kotkin, 2006; Maslow, 1943). After comparing multiple zoning methods, 1km×1km 

regular grids were adopted as the basic spatial unit, fitting local block features and ensuring unified spatial 

statistical analysis and visual expression. 

 

Figure 2. Empirical analysis framework. Source: Authors. 

Public affective elements are quantified via Sina Weibo check-in and comment data (Figure 2). Mass 

original geotagged and time-stamped comments were collected through API crawling. After systematic 

cleaning, 472,468 valid samples were retained. With natural language processing technology (NLP, 

Chowdhary, 2020), all texts were analyzed to assign normalized positive sentiment scores ranging from 0 

to 1 (Chowdhary, 2020). To eliminate deviation from sparse data, Sentiment Vitality Value (SVV), the total 

grid-level sentiment score, was adopted to spatially characterize regional affective conditions. 

Guided by the SESU framework, multi-source geospatial data were used to construct comprehensive urban 

governance indicators. Mixed quantitative and qualitative methods were adopted for integrated analysis 

(Figure 2). Three mainstream models including OLS, GWR and GRF were compared. Considering the obvious 

spatial heterogeneity and nonlinearity of urban emotions, GRF was selected to accurately identify the 

localized, complex influences of governance factors on SVV (Sinha et al., 2019). Qualitatively, a large 

language model sorted massive comments by governance themes. Combined with word cloud and 

discourse analysis, typical regional cases were analyzed to reveal the internal formation mechanism of 

residents’ emotional responses. 

3.2. Research data 

This study utilized multiple data sources (Landscan population data, map POI, dataset of spatiotemporal 

distributions of street and neighborhood crime in China, Zhang et al., 2025). It combined various calculation 

ways (kernel density, counting, etc.), and formed representations of influencing factors (Table 1). Based on 

the foundation that "space entities are carriers of functions and activities"(Jacobs, 2012; Park et al., 2021; 
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Zhou, 2012), the 12 sub-items in the SESU analysis framework all utilize space information representations 

(Figure 3). Through GIS space analysis methods, it turns abstract concepts into measurable indicators, and 

provides a logical and technically feasible data base for later quantitative analysis (Table 1). 

Safety assurance   

   

a. Government distribution b. Police station distribution c. Crime distribution 

Essential services 
  

   
d. Educational facilities distribution e. Traffic management distribution f. Medical facilities distribution 

Social connectivity 
  

   

g. Cultural facilities distribution h. Park & squares distribution i. Community center distribution 

Urban vitality  
 

   

j. Shannon diversity index k. Commercial facilities Distribution l. Population density 

Figure 3. Spatial distribution map of influencing factors. Source: Authors. 

In the space representation calculation of influencing factors, the Shannon diversity index formula is: 
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𝐻 = −∑𝑃𝑖 log𝑃𝑖
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In the formula, A is the total POI data, N is the POI data types. The Kernel Density formula is: 

𝑓̂(𝑥) =
1

𝑛ℎ
∑𝐾 (
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ℎ

)

𝑛

𝑖=1
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In the formula, f(̂x) is the density estimate at position r, n is the sample number, h is the bandwidth, K() is 

the kernel function, X is the position of the i-th sample point. The analysis of how each type of urban 

governance affects affective elements mainly uses GRF. The GRF model is a spatial extension of traditional 

Random forest (RF). It introduces geographic weighting concept. This greatly improves the model's 

performance with space heterogeneous data. In traditional RF, the dependent variable yi at position i gets 

predicted through a non-linear function of independent variable xi and error term ε: 

𝑦𝑖 = 𝑎𝑥𝑖 + 𝜀 (4) 

The GRF model extends the RF framework by introducing local calibration. This makes predictions consider 

space heterogeneity. Its prediction formula at each position i is: 

𝑦𝑖 = 𝑎(𝑢𝑖 , 𝑣𝑖)𝑥𝑖 + 𝜀 (5) 

In the formula, f(ui, vi) means an RF model calibrated specifically for position i (with spatial unit centroid 

coordinates (ui, vi)). This calibration uses only subsets of original data defined by space windows around 

each point. To determine observation data subsets for each local model, GRF uses space weighting 

functions often based on kernel density methods. A common choice is adaptive kernels. Their size adjusts 

to include a fixed number of nearest neighbors around each observation point. This method flexibly adapts 

to areas with data density changes. 

To assess model performance, this study used three common indicators: R2 (model fit goodness), mean 

squared error (MSE), and mean absolute error (MAE). These indicators verify the model's ability to capture 

data inner relations and its prediction accuracy. The calculation formulas for each indicator are as follows: 

𝑅2 = 1 −
∑ (𝑦𝑖 − 𝑦𝑖̂)

2𝑛
𝑖=1
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Here, yi is the observed value, ŷi is the predicted value, ȳ is the mean of observed values. Before building 

the GRF model, to ensure result credibility and robustness, the study first tested facility determinants for 

collinearity. It calculated variance inflation factors (VIF) for each variable. It confirmed all VIF values are 

below 7.5. This shows multicollinearity will not harm model performance or explanations. 

Table 1 Indicators and descriptions of influencing factors 

Dimension Category Spatial 
representation Description 

Safety 
assurance 

Public 
management 
intensity 

Government 
distribution 

The degree of concentration of government agencies can often show the intensity of regional 
governance and the ability of resource allocation(Liu et Li, 2023; Tarlow, 2014). Calculated by Kernel 
Density, the data comes from the map POI of Gaode. 

Police 
coverage 
Intensity 

Police station 
distribution 

Police station distribution can directly reflect the spatial allocation density of police resources and the 
potential efficiency of response ability(Tarlow, 2014; Van Swaaningen, 2005; Yu et al., 2014). Calculated 
by Kernel Density, the data comes from the map POI of Gaode. 

Safety risk 
Indicators 

Crime distribution 
Crime distribution quantity reflects the negative indicators of public safety, and directly shows the 
security situation and risk level of a specific region(Ranaweera, 2024; Van Swaaningen, 2005; Yu et al., 
2014; Zhang et al., 2025).According to the statistics of the quantity per square kilometer, the data comes 

2001



Cai, Z.; Zhao, HX.; Zhang, YY.; Ha, RG.; Yu, TF. Urban Governance in the Affective Turn 

 

 

 

Dimension Category Spatial 
representation Description 

from the dataset of spatiotemporal distributions of  street and neighborhood crime in China(Zhang et al., 
2025).  

Essential 
services 

Educational 
resource 
allocation 

Educational 
facilities 
distribution 

Educational facilities distribution directly affects the convenience of schooling for residents(Friedman et 
Pollock, 2022; Jackson, 2003; Kent et Thompson, 2014). Calculated by Kernel Density, the data comes 
from the map POI of Gaode. 

Traffic 
management 
Indicators 

Traffic 
management 
distribution 

Traffic management distribution is the key to connect all kinds of facilities, reduce the incidence of traffic 
accidents and ensure the safety of pedestrians and vehicles(Giles-Corti et al., 2016; Jackson, 2003; 
Stokols et Novaco, 1981). Calculated by Kernel Density, the data comes from the map POI of Gaode. 

Health service 
allocation 

Medical facilities 
distribution 

Medical facilities distribution reflects the convenience and coverage of residents to obtain basic medical 
and health services(Friedman et Pollock, 2022; Jackson, 2003; Kent et Thompson, 2014). Calculated by 
Kernel Density, the data comes from the map POI of Gaode. 

Social 
connectivity 

Cultural 
exchange 
services 

Cultural facilities 
distribution 

Cultural facilities distribution is the material carrier of local cultural characteristics and helps to shape 
local identity(Hassan et al., s. d.; Ihuka, 2024). Calculated by Kernel Density, the data comes from the 
map POI of Gaode. 

Public space 
allocation 

Park & squares 
distribution 

Park & squares are important places to promote informal social interaction, community integration and 
intergenerational communication, and help to cultivate social capital(Hassan et al., s. d.; Smith, 2011; 
Sones, 2025). Calculated by Kernel Density, the data comes from the map POI of Gaode. 

Community 
cohesion 
Atmosphere 

Community center 
distribution 

The community center reflects the self-organizing ability and social resilience of the community(Amin, 
2023; Mehan, 2024). Calculated by Kernel Density, the data comes from the map POI of Gaode. 

Urban vitality 

Spatial 
functionality 

Shannon diversity 
index 

The mixed function can attract people at different times, keep the area popular and energetic, and 
enhance the "natural monitoring" of the block(Jacobs, 2012; Park et al., 2021; Zhou, 2012). Calculated by 
Shannon diversity index, the data comes from the map POI of Gaode. 

Commercial 
Activity 
Indicators 

Commercial 
facilities 
Distribution 

Commercial facilities directly reflect the regional commercial prosperity and economic attraction(Shi et 
Lai, 2019; Zhou, 2012). Calculated by Kernel Density, the data comes from the map POI of Gaode. 

Population 
Aggregation 

Population density 
Population agglomeration contributes to the formation of dense social networks and knowledge 
spillover, and stimulates the vitality of innovation(Graziuso, 2017; Shi et Lai, 2019). Calculated by 
population density, the data comes from Landscan population data set(Dobson et al., 2000). 

Source: Compiled by the authors 

4. Results and analysis 
4.1. Spatial pattern of sentiment vitality value in Beijing 

Social media check-in data is highly concentrated, mainly distributed within Beijing’s Third Ring Road 

(Figure 4). Obvious spatial differences exist between check-in density and SVV distribution, indicating 

overlapping multi-level individual sentiments in each grid. High SVV areas are mainly concentrated in the 

northern part of the Second Ring Road (Shichahai, Nanluoguxiang) and the eastern Third Ring Road 

(Guomao CBD, Sanlitun). Scattered high SVV areas outside the Third Ring Road include Garden Expo Park, 

Lugou Bridge, Yuanmingyuan, Summer Palace, and Beijing Universal Resort, which forms a single high-value 

core on the eastern Fifth Ring Road (Figure 4). 

4.2. Model performance comparison and significant factor 

OLS regression results show that the four SESU dimensions have varying impacts on urban affective vitality . 

In the safety assurance dimension, police coverage and safety risk are significant influencing factors, while 

government agency distribution shows no significant direct positive impact on affective elements. In the 

essential services dimension, traffic management and medical facilities are not statistically significant. In 

the social connectivity dimension, cultural facilities significantly promote affective connection, while parks 

and community centers are not significant. All three indicators in the urban vitality dimension are 

significant. Model comparison results show that the GRF model has the best performance, with the highest 

R² (0.9093) and the lowest MSE and MAE (Table 2), proving its strong ability to explain the impact of urban 

governance on SVV. 
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a. Check-in data distribution map 

 

b. Check-in data density map c. Distribution map of sentiment vitality value in Beijing Sixth Ring Road 

Figure 4. Distribution map of sentiment vitality value in Beijing's sixth ring road based on social media data. 
Source: Authors. 

Table 2 Metric performance of different models. 

Model R² MSE MAE 

OLS 0.337904 61876.73 98.83572 

GWR 0.610725 36380.03 65.77404 

GRF 0.9093 8475.994 31.759 

Source: Compiled by the authors 

4.3. Importance of governance determinants’ effect on sentiment vitality value 

Global analysis of GRF results shows that governance factors have differentiated impacts on SVV (Figure 5). 

Cultural facilities have the strongest impact, followed by the three safety assurance indicators, indicating 

that safety is the foundational guarantee of positive affect, while cultural facilities shape the unique 

affective characteristics of Beijing. Essential services and social connectivity act as supportive factors. 

Excessive population aggregation, commercial concentration, and functional mixing in core areas may 

suppress affective vitality due to environmental overload and crowding pressure (Jacobs, 2012; Park et al., 

2021; Zhou, 2012). 

 

Figure 5. Global importance of governance determinants. Source: Authors. 
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Spatial heterogeneity is observed in the local impacts of SESU factors (Figure 6). The four dimensions show 

obvious core-edge differentiation: safety assurance and social connectivity have positive impacts in urban 

core areas but weak or negative impacts in peripheral areas, meaning facility improvement in suburbs does 

not significantly boost positive affect. Essential services show positive effects mainly in core areas. In 

contrast, urban vitality factors have negative impacts in core areas and positive impacts in edge areas, 

reflecting the negative effects of over-concentration in Beijing’s city center and insufficient vitality in 

peripheral areas. 

Essential services 
  

   
Educational facilities distribution Traffic management distribution Medical facilities distribution 

Social connectivity 
  

   

Cultural facilities distribution Park & squares distribution Community center distribution 

Urban vitality 
  

   

Shannon diversity index Commercial facilities Distribution Population density 

Figure 6. Local importance of governance determinants. Source: Authors. 

4.4. Influencing factors from discourse analysis of typical comments 

Through large language model analysis of 472,468 social media comments, 65,799 valid entries related to 

SESU dimensions were screened. Comments mainly focus on cultural facilities, parks, and commercial 

facilities (Figure 7), with the highest SVV associated with educational facilities, cultural facilities, and parks. 

Keyword frequency reflects Beijing’s key investment in core area governance, and the combination of 

education, culture, and public spaces forms a complex affective attraction. 
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Typical comments verify the study’s core mechanism (Table 3): Safety governance eliminates residents’ 

unease and builds a sense of security and trust, generating stable positive emotions. Cultural, educational, 

and commercial spaces meet high-level psychological needs such as belonging and self-realization, forming 

mixed affective states of pleasure, satisfaction, and occasional anxiety.  

 
Figure 7. Sentiment vitality value and keyword analysis of various categories. Source: Authors. 

Table 3 Typical comments on social media 
Category Typical comment content 

Comments 
related to 
"Police 
station" 

“Peking University is great! By the way, I added a strange experience in Peking University. When I was visiting the campus, I suddenly got a call from 
the police station asking if I lost my ID card. I really don't know when it fell out. I really appreciate the good people who sent my ID card to the police 
station. Life is safe and happy! ! !” (Location: Peking University Sackler Museum of Archaeology and Art) 

“I lost my mobile phone on the way to eat Zeng Shengkui, and I was anxious to call the police. Fortunately, I was finally picked up by two volunteer 
sisters on the roadside and cried. Thank you. As a result, I found that I was excited and ordered two sugar cakes. . . Shit, how can I eat it all?” (Location: 
Zengshengkui snacks) 

Comments 
related to 
"Education
al facilities" 

“It's Saturday again. Why do first graders have to tackle math problems after a month of school? My family isn't about pushing kids to compete 
relentlessly—we're not the 'tiger parenting' type.” (Location: Beijing dongcheng district fensiting primary school) 
“Do you know the price of the school district in this school?” (Location: Fangjia Hu tong) 
“Today, i completed one of the most important tasks of the year—transferring the school district housing. The process was fraught with so much 
anxiety, so much worry, so much hesitation, and so much uncertainty...” (Location: xicheng district real estate registration center in beijing) 

Comments 
related to 
"Cultural 
facilities" 

“If you are not happy, then watch the exhibition.” 
(Location: red brick art museum) 

“I came to China Arts and Crafts Museum ... And I took a hundred photos in one and a half hours. Do come again next time when you have time.” 
(Location: New Museum of China Arts and Crafts Museum) 

“In the renovation of the Sanlian Bookstore in the east of the Art Museum, it has not been opened for several years, but it is helpless ... As a result, I 
immediately woke up and lost my hunger as soon as I entered the bookstore.” (Location: Beijing Hotel Raffles Hotel) 

Comments 
related to 
"Commerci
al facilities" 

“It's enough to have fun. I just don't like going home, and I have to step on the puddle downstairs. That's Paige. The thing I want to do most is to go to 
the supermarket. Today, I am satisfied. I also ate pancakes, drank soybean milk and coconut juice in the supermarket, and finally licked a few 
mouthfuls of ice cream when I went out. Tell me about the ice cream at night, which is sweet.” (Location: Mailele Children Theme Amusement Park) 
“This hot pot restaurant in Xicheng is too hot. I feel that it will be eaten from this year to next year. I hope it will be worthwhile to wait in line for three 
or four hours.” (Location: Niujie Muslim Manhengji) 

Source: Compiled by the authors 

5. Conclusion 
Empirical results confirm that the impact of urban governance on residents’ affective elements presents 

significant synergy and spatial heterogeneity. This impact mechanism shows that urban governance 

measures at synergistically shape diverse urban emotional patterns by meeting residents' differentiated 

needs from basic to high levels. Safety assurance is the basic premise for affective elements. Effective public 

safety management is the base to spark positive sentiments(Tarlow, 2014; Van Swaaningen, 2005; Yu et 

al., 2014). Essential services and social connectivity have clear emotion boosting effects in urban core 

areas(Hassan et al., s. d.; Smith, 2011; Sones, 2025). In contrast, urban vitality forms suppression in core 

areas, which form positive impact in edge areas, thus sparks regional vitality. It shows the "Core-edge" 

spatial heterogeneity of affective response mechanisms(Jacobs, 2012; Park et al., 2021; Zhou, 2012). 

Research on urban governance from the affective turn perspective is theoretically and practically 

significant, as it provides a scientific basis for understanding and optimizing the complex interaction 

between governance and public emotions (Gu et al., 2025). The SESU theoretical framework can push 
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planners from "quantity" toward " quality" thinking. It drives governance practices to respond more 

precisely to citizens' diverse and dynamic affective needs, and improves city inclusiveness and happiness. 

There are also some limitations in this study, mainly due to the complexity and diversity of emotions 

themselves. First, current description of sentiments is still based on holistic and group analysis, and there 

are still shortcomings in exploring individual differences. Second, for pedigree of urban affective elements 

(like different types of emotions such as pleasure, tranquility, belonging) and their matches with specific 

space forms and governance levels, finer definitions are still needed. Third, social media data is criticized 

for sample bias, as it cannot fully represent elderly, low-income and other non-user groups. Future research 

should adopt multi-source data integration to achieve more precise and dynamic portrayals of urban 

affective elements , and address the sample bias of social media data by combining surveys and interviews. 

The research needs to systematically construct the typological pedigree of urban affective space and finely 

identify the differential intensity of influencing factors. It is also necessary to explain the internal 

mechanism from spatial intervention to emotional response through multi-source attribution analysis, so 

as to provide more solid theoretical support for promoting the practice of urban governance under the 

"affective turn". 
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Abstract 

In the era of global co-creation and artificial intelligence, urban governance requires adaptive and 
forward-looking models to address challenges such as infrastructure, inequality, and social division, 
and to promote sustainable development. Resource-based cities are confronted with problems 
such as single industries and great pressure for transformation, and there is an urgent need to 
optimize urban governance and management. Developing new quality productive forces is an 
effective measure to promote the transformation and upgrading of resource-based cities. This 
paper constructs a long-term continuous spatial index system of new quality productivity, including 
three parts: output, environment and service. Collect data such as patent applications of strategic 
emerging industries, night lighting data and service facilities in Ma'anshan City from 2014 to 2023. 
Use spatio-temporal hotspots and Xgboost-SHAP analysis to explore the evolution characteristics 
and influence mechanism of the new quality productivity space in Ma'anshan City. Based on the 
analysis of spatio-temporal hotspots, it is found that the agglomeration and spillover 
characteristics of the new quality productive forces in the spatial main urban area of Ma’anshan 
City are significant. The space of new quality productive forces has obvious characteristics of 
spatio-temporal hotspots and can be divided into two types: rapid development and slow 
development. Through the Xgboost-SHAP analysis, it was found that the new quality productive 
environment has a significant impact on output, and the influence of the new quality productive 
services is on the rise. Finally, three suggestions were proposed for resource-based cities, including 
laying out a "main areas leading, multiple groups development" spatial model, strengthening the 
transformation and development of new quality productivity space in mining areas, and prioritizing 
the development of new quality productive forces and promote output. This paper explores the 
evolution characteristics and influencing mechanisms of new-quality productivity spaces in 
Ma'anshan City, providing a scientific basis for the layout of new-quality productivity spaces in 
resource-based cities. 

Keywords 

Resource-based city, New quality productivity, Spatiotemporal hotspots, Xgboost, SHAP  

1. Introduction  
Resource-based cities have historically underpinned national economic growth through intensive 

extraction and primary processing of natural endowments (Wang et al., 2024). Yet the extractive paradigm 

has simultaneously precipitated a trilemma of economic stagnation, social restructuring and environmental 

degradation—most visibly resource depletion and industrial monoculture (Zhang and Zhao, 2024). To 

counteract these pathologies, the “14th Five-Year Plan” Implementation Plan for High-Quality 

Development in Resource-Based Regions, jointly released by the National Development and Reform 

Commission and the Ministry of Finance, mandates an innovation-led, green, open and inclusive transition 

for these territories (Zhao et al., 2024). Central to this mandate is the cultivation of “new-quality 

productivity” (NQP)—a productivity regime characterised by high technology, high efficiency and high 
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quality that supersedes extensive growth with intensive, knowledge-driven expansion (Sun et al., 2024). 

NQP spaces—industrial parks, high-tech zones and university towns—function as the physical substrates 

of this regime and exhibit distinct spatial logics and locational preferences (Cui et al., 2025). Effective 

planning therefore presupposes a granular understanding of the spatio-temporal evolution of NQP spaces 

and a theoretically grounded account of their determinants. 

To date, scholarly inquiry has remained largely qualitative, emphasising innovation consortia anchored in 

traditional competitive industries and emergent strategic sectors, cluster strengthening, and spatial 

optimisation through inter-regional knowledge circulation (Huo et al., 2025; Griffith et al., 2009). 

Quantitative contributions remain sparse, confined chiefly to composite index appraisals of NQP levels 

across labour, capital and object dimensions, or to assessments of production-living-ecological space 

transitions (Boisso et al., 2000). Recent strides in interpretable machine learning, specifically the 

integration of RF, XGBoost and AdaBoost with SHAP explanatory modules, furnish unprecedented capacity 

for modelling non-linear, high-dimensional spatial processes whilst retaining transparency (Fang et al., 

2024; Francke & van de Minne, 2024). Though such hybrid frameworks have become ubiquitous in 

geography and ecology, their application to intra-urban NQP analysis remains nascent (Lee et al., 2025). A 

longitudinal, city-scale inquiry capable of assimilating continuous big data is thus urgently warranted to 

illuminate both the evolutionary trajectories and causal mechanisms underlying NQP spaces. 

Accordingly, this study assembles a longitudinal panel of NQP indicators for Ma’anshan municipality (2014–

2023) through the fusion of strategic emerging-industry patent filings, nocturnal light intensity, tree-

canopy coverage and POI distributions. By exploiting spatio-temporal hotspot statistics and an XGBoost-

SHAP interpretive pipeline, we dissect the dynamic morphology and driving forces of NQP spaces, thereby 

furnishing an evidential baseline for the deliberate siting and cultivation of new-quality productive 

capacities within resource-based cities.  

2. Methodology 

2.1. Overview of the study area  

Situated at the geometric heart of the Yangtze River Delta, Ma'anshan in Anhui Province operates as a 

"dual-node city," woven simultaneously into the metropolitan fabrics of both Nanjing and Hefei (Figure 1). 

Born of steel and expanded by it, the city's evolution has unfolded across three distinct epochs: steel-

founded, steel-propelled, and steel-augmented (Lou & Peng, 2022). Yet, as the marginal returns from this 

traditional heavy industry enter a prolonged decline, the municipal government has strategically redirected 

land, capital, and institutional frameworks to incubate new-quality productive forces (NQP), hastening a 

regime shift from sheer volume to intrinsic value (He et al., 2021). Designated a "regenerative resource-

based city" under China's National Sustainable Development Plan for Resource-Based Cities (2013–2020), 

Ma'anshan serves as a pivotal testbed for NQP planning; indeed, its trajectory offers direct lessons for the 

262 resource-based cities that still constitute 38% of China's urban landscape (Li et al., 2024). Consequently, 

a fine-grained dissection of the spatio-temporal evolution and causal anatomy of NQP spaces in Ma'anshan 

yields transferable evidence, essential for optimizing spatial structures and nurturing NQP across the 

nation's cohort of resource-dependent cities. 
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Figure 1. Research area. Source: Author. 

2.2. Index system  

Drawing on existing work, we characterise NQP through three city-internal dimensions—output, 

environment, and services—each backed by long-running, continuous indicators (Table 1) (Tang & Wang, 

2023). For output, we use geocoded patent applications in strategic emerging industries as a proxy; their 

fine-grained addresses and filing dates let us map NQP trajectories within the city at high resolution 

(Okamuro et al., 2025; Hoekman et al., 2009). The environment dimension splits into economic, ecological 

and innovation subdomains. Nighttime lights from NPP-VIIRS serve as the main gauge for the economic 

sphere—observation-driven, relatively clean data that pick up spatio-temporal shifts in urban economic 

intensity. Tree-canopy cover tracks ecological quality by mapping directly where vegetation sits and how 

vigorously it grows. Spatial density of enterprise establishments captures the innovation milieu, standing 

in for the scope of knowledge spillovers and competitive collaboration. Services break down into catering, 

education/science and residential subsectors, treated as key parts of the urban service envelope (Dritsa & 

Biloria, 2021). By pulling location concentrations of these facilities from year-on-year POI layers, we get a 

time-stamped measure of how services have penetrated across the city. 

Type Index Description 

Output of new 
quality 
productivity 

Patent applications for 

strategic industries 

The number of strategic industry patent 

applications within the spatial unit (units/km²) 

Environment of 
new quality 
productivity 

Economic environment The nighttime light intensity of the spatial unit 

(nWcm-2sr-1) 

Ecological environment The tree coverage rate (in percentage) of the 

spatial unit 

Innovation environment The number of enterprise-related facilities 

within the spatial unit (units/km²) 
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Service of new 
quality 
productivity 

Catering service The number of catering facilities within the 

spatial unit (units/km²) 

Education service The number of teaching and educational 

facilities of the space unit (units/km²) 

Resident service The number of residential facilities within the 

spatial unit (units/km²) 

Table 1. New quality productivity index system. Source: Author. 

2.3. Data source 

This article selects various data from Ma'anshan City, Anhui Province from 2014 to 2023. The patent 

application data for strategic emerging industries is sourced from the database of the National Intellectual 

Property Administration. The nighttime light data is from the National Earth System Science Data 

Center(Chen et al., 2021). The tree coverage data is from CATCD(Cai et al., 2024). The data for enterprise, 

catering, science and education, and residential facilities is from Baidu Maps. 

2.4. Research framework 

This paper constructs a long-term continuous spatial index system for new quality productivity, consisting 

of three parts: output, environment, and services. Using the data of Ma'anshan City from 2014 to 2023, 

the evolution characteristics of the spatial distribution of new quality productivity in Ma'anshan City are 

first analysed through spatio-temporal hotspot analysis. Xgboost-SHAP model is then constructed to 

further analyse the influencing mechanism of new quality productivity spatial distribution. 

3. Characteristics of Spatial Evolution of New Quality Production Forces 
The new quality production forces in Ma'anshan City have developed rapidly over the past 10 years. The 

number of strategic patent applications has increased from 3,544 in 2014 to 7,256 in 2023, doubling. With 

the development of the city, the new quality production forces have highly concentrated in Huashan 

District and Yushan District and rapidly expanded towards the south (Figure 2). 

There are six patterns of temporal and spatial hotspots in the new quality production forces in Ma'anshan 

City: new hotspots, continuous hotspots, strengthened hotspots, continuous coldspots, strengthened 

coldspots, and dispersed coldspots (Figure 3). The continuous coldspots account for the largest proportion. 

The hotspots are mainly concentrated in the main urban area. The new quality production forces in 

Ma'anshan City have formed an innovation core area surrounding Yushan Lake in the main urban area and 

innovation clusters mainly composed of industrial parks, high-tech zones, and economic development 

zones in the periphery. They can be divided into two types: rapid development and slow development. The 

rapid development type is mainly concentrated in the main urban area, with a focus on adjacent expansion. 

The slow development type is mainly concentrated in the industrial parks and other areas in the periphery, 

with a focus on enclave expansion. 
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Figure 2. The new quality productivity space in Ma'anshan from 2014 to 2023. Source: Author. 

3.1. Hot zone areas - the rapid development type of new quality productivity space 

The hotspots include three types: newly emerging hotspots, continuous hotspots, and strengthened 

hotspots. Newly emerging hotspots refer to the situation where the number of patent applications in this 

area shows a significant hotspot feature only in the recent period; continuous hotspots refer to the 

situation where the number of patent applications in this area has remained at a high level; strengthened 

hotspots refer to the situation where the number of patent applications in this area is gradually increasing. 

Among them, the strengthened hotspots are mainly concentrated in the old city of Yushan District and the 

Economic Development Zone. The old city of Yushan District is home to a large number of universities and 

leading enterprises. With the low cost of land renewal around and the mature supporting facilities, it 

attracts the clustering of emerging industries. The Yushan Economic Development Zone, as a proximity 

expansion mainly featuring new industrial parks, takes over the innovation spillover from the north and 

vigorously develops new quality productivity. Continuous hotspots are mainly concentrated within the two 

main urban areas of Huashan District and Yushan District. After a long period of development, these two 

areas have formed a new quality productivity development model with high-level cooperation among 

universities, industries and research, and a complete service system. Newly emerging hotspots are mainly 

located near the Ao Mountain mining area. The Ao Mountain mining area is a steel mining area in 

Ma'anshan City, which is in the initial stage of the new quality productivity space. Combined with the 

eastward expansion of the main urban area and its strong industrial foundation, it vigorously introduces 

the development of new environmental protection industries to develop new quality productivity. 

3.2. Cold zone areas - the slow development type of new quality productivity space 

Cold zone areas include three types: continuous cold zones, intensified cold zones, and dispersed cold 

zones. A continuous cold zone refers to a region where the number of patent applications has remained at 

a low level consistently; an intensified cold zone indicates that the number of patent applications in this 
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region is low and is gradually decreasing; a dispersed cold zone means that the number of patent 

applications in this region is low but does not have a distinct continuous feature. 

Among them, the dispersed cold zones are mainly concentrated in the urban area of Hanshan County and 

the New Materials Industrial Park. The main area of Hanshan County's urban area is dominated by 

traditional industries, while the scale of the New Materials Industrial Park is small and it is in the initial 

stage of transformation and upgrading, without having formed a stable new quality productivity space. The 

intensified cold zones are mainly concentrated in the southeast of Dangtu County, mainly consisting of 

villages. Due to the decline in the efficiency of traditional industries and the lack of transformation 

capabilities, the vitality of the new quality productivity space in these areas is gradually decreasing. The 

continuous cold zones are mainly concentrated in peripheral industrial parks, economic development 

zones, and some county town urban areas. The new quality productivity space in these areas is scattered 

and has always had a low vitality. Industrial parks and high-tech zones mainly adopt government-led 

satellite expansion, relying on superior geographical locations and policy support to develop new quality 

productivity spaces; some county town urban areas rely on the transformation and upgrading of the 

original production space to develop new quality productivity. 

 

Figure 3. Spacetime hotspot map of new quality productivity space in Ma'anshan from 2014 to 2023. Source: 
Author. 

4.  Influencing mechanism of new quality productivity 
To dissect the spatial drivers of NQP, we first assembled a parsimonious indicator set and screened it for 

redundancy and collinearity. Pearson correlations never exceeded 0.85, confirming the absence of 
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overlapping information (Said et al., 2025). An OLS regression was then fitted to benchmark the linear 

relationships; although variance-inflation factors remained below 7.5, the adjusted R² stopped at 0.136, 

signalling that a purely linear specification leaves the bulk of spatial variation unexplained (Cabral et al., 

2011). Consequently, we turned to machine-learning routines able to capture non-linear interactions. Five 

candidate algorithms—XGBoost, AdaBoost, RF, SVR and GBDT—were trained on an 80/20 split after z-score 

standardisation. Hyper-parameters were tuned by grid search with ten-fold cross-validation. Among the 

validated models, XGBoost delivered the highest predictive fidelity: R² = 0.78 on the hold-out test set and 

0.58 on the validation fold, comfortably outperforming its competitors (Table 2). The retained XGBoost was 

subsequently unpacked with SHAP to expose the marginal contribution of each covariate, yielding the 

directional and threshold effects portrayed in Figures 4–6. 

Empirically, the NQP environment dominates services in explaining output variance. Among environmental 

sub-dimensions, the innovation milieu exerts the strongest marginal effect: its mean SHAP value reaches 

2.08, followed by the economic setting at 1.61, whereas the ecological component plateaus at 0.97. 

Districts that combine vigorous innovation with robust economic activity consistently register the highest 

NQP output. Over the 2014–2023 window, the innovation-environment SHAP score climbs from 1.46 to 

2.16, sustaining its primacy and evidencing a rapidly widening knowledge premium. By contrast, the 

economic- and ecological-environment SHAP profiles remain almost flat, signalling stable, modest 

increments. Service-related variables, while persistently secondary, trace a gently rising trajectory, hinting 

at a gradually expanding—but still subsidiary—role in output formation. 

Model Xgboost Adaboost RF SVR GBDT 

Test set R
2
 0.7882 0.6863 0.7596 0.4255 0.6944 

Validation set R
2
 0.5805 0.4617 0.5224 0.2864 0.3353 

Table 2. Comparison of machine learning models. Source: Author. 

 

Figure 4. Overall feature importance. Source: Author. 
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Figure 5. SHAP feature dependence plot. Source: Author. 

 

Figure 6. Single feature dependence. Source: Author. 

5.  Suggestions 
5.1. Layout a "main areas leading, multiple groups development" spatial model 

In Ma'anshan, NQP clusters overwhelmingly within the historic urban core, where patent intensity dwarfs 

that of outlying areas by an order of magnitude. Universities and legacy steel plants remain the primary 

vessels, underscoring a critical reality: retrofitting existing productive space offers a far more viable path 

than greenfield sprawl. Peripheral NQP clusters, by contrast, confine themselves to three specific loci: 

provincial-level industrial parks, economic-development zones, and the compact downtowns of Dangtu, 

Hanshan, and He counties. That these clusters coincide precisely with policy-designated zones and prior 

infrastructure confirms how institutional steering and inherited assets jointly circumscribe NQP's 

geography. 

Such a core–periphery structure points toward a "main-city lead, multi-node relay" model, particularly for 

resource-based cities lacking dispersed innovation capacity or sophisticated producer services. By 

mobilizing the central city's superior amenities, knowledge institutions, and transport gateways, municipal 

governments can incubate university-industry hybrids inside retrofitted brownfields, radiating upgraded 
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functions outward along rapid transit corridors. Ma'anshan is already translating this logic into practice 

through three axial extensions: a northward push stitching Cihu Industrial Park into the Nanjing 

metropolitan belt; an eastward university-town cluster capitalizing on the Qiupu River ecological wedge; 

and a southward band anchoring the Yushan Economic-Development Zone along the G4211 corridor. 

Simultaneously, each county cultivates a specialized NQP node—Zhengpu Port New District, for instance, 

lines both sides of Tongjiang Avenue with logistics-cum-manufacturing platforms that feed directly back to 

the core via the Ma'anshan–Wuhu expressway. The resulting polycentric network preserves agglomeration 

economies in the main city while extending innovation impulses into the resource hinterland. 

5.2. Strengthen the transformation and development of new quality productivity space in 
mining areas 

In Ma'anshan, the rapid expansion of NQP remains tightly tethered to the historic urban core; industrial 

parks, development zones, and county seats advance only incrementally. Yet the Ekeshan mining district 

has spontaneously emerged as a vibrant hotspot. Though it commands fewer fiscal incentives and slimmer 

policy packages than the Zhengpu Port New District or the Bowang High-tech Zone, its immediate 

adjacency to the main city has enabled innovation-intensive activities to take root within mere years. This 

implies that the marginal return on spatial coordination between a mature urban core and a proximate 

mining district surpasses the yield from greenfield projects in remote jurisdictions. 

For resource-based cities that typically harbor advanced mining infrastructure yet suffer from under-

developed county towns, the imperative is clear: exploit spatial spillovers rather than dilute scarce 

resources across thin spreads. Transforming Ekeshan into a demonstration node would entail three moves: 

first, hard-wiring the existing road and rail spine linking pit head to inner city, slashing commute times to 

under 20 minutes; second, remediating subsided land and tailing ponds into contiguous eco-industrial plots 

certified for green building; and third, directing retrofit subsidies specifically toward the R&D wings of 

mining-equipment manufacturers and low-carbon metallurgy start-ups. By treating the mining area not as 

an isolated territory but as an extended workshop of the main city, municipal authorities can enlarge NQP 

space without sacrificing agglomeration economies, all while delivering the ecological transition that 

exhausted quarries demand. 

5.3. Prioritize the development of new quality productive forces and promote output 

Ma'anshan's internal geography of NQP hinges, above all, on environmental attributes. SHAP trajectories 

spanning the last decade reveal the innovation milieu steadily widening its lead, while economic and 

ecological components stagnate at near-constant marginal effects. Services wield a modest yet 

monotonically rising influence, affirming their auxiliary though non-negligible role. 

For resource-based cities mirroring this dominance structure, policy sequencing must therefore prioritize 

environmental engineering before layering in consumption-oriented amenities. Within the built-up core, 

the immediate lever lies in converting suburban industrial belts—Cihu Park and the Ma'anshan’ Economic 

& Technological Development Zone serving as local exemplars—into innovation-oriented campuses, 

achieved by hard-linking them to universities and national laboratories via dedicated bus rapid transit and 

fibre trunk lines. Fiscal instruments need remain simple: a five-year 100% rebate on incremental land-value 

gains captured by firms co-locating R&D floorspace, coupled with accelerated depreciation for shared 

testing equipment. Peripheral towns, conversely, warrant selection through a strict environmental screen: 

only those counties where PM2.5 levels already satisfy Class-II standards and per-capita GDP surpasses 75% 

of the prefectural average shall receive enterprise-cluster seed funds. Inside these filtered nodes, eco-

industrial symbiosis contracts—waste-heat cascading, reclaimed-water looping—bind economy and 
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ecology in mutual reinforcement. Services enter last: once innovation rents materialize, small-scale cultural, 

conference, and retail facilities gain financing through a value-capture ring-fence on uplifted industrial land 

prices, ensuring the NQP ecosystem reproduces itself without perpetual subsidy. 

6. Conclusion  
In the context of the transformation and upgrading of resource-based cities and the development of new 

quality productive forces, this paper conducts quantitative analysis on the evolution characteristics and 

influencing mechanisms of new quality productive forces within the city. Based on the strategic emerging 

industry patent applications, nighttime lights, tree coverage, and POI data of Ma'anshan City from 2014 to 

2023, the evolution characteristics of the new quality productive forces space in Ma'anshan City are 

analyzed through spatio-temporal hotspot analysis. The Xgboost-SHAP model is constructed to further 

analyze the influencing mechanism of the new quality productive forces space. The research conclusions 

show: (1) The agglomeration and spillover characteristics of the new quality productive forces space in the 

main urban area of Ma'anshan City are significant. (2) The new quality productive forces space has obvious 

spatio-temporal hotspot characteristics and can be divided into two types: rapid development and slow 

development. (3) The new quality productive forces environment has a significant impact on output, and 

the impact of new quality productive force service is on the rise. Therefore, based on the spatio-temporal 

hotspot and influencing mechanism analysis of the new quality productive forces space, a spatial model of 

"main areas leading, multiple groups development" is proposed for resource-based cities. The new quality 

productive forces space should be strengthened for transformation and upgrading， and the new quality 

productive forces environment should be prioritized for development to promote output. 

This study takes Ma'anshan City as an example and constructs a long-term continuous new quality 

productive forces space index system to analyze the spatio-temporal evolution characteristics and 

influencing mechanism of the new quality productive forces space. It provides a new perspective and 

method for studying the new quality productive forces space in resource-based cities. However， since 

the indicators selected in this paper have obvious long-term continuous changes and are not included in 

indicators such as transportation and population， a more comprehensive system can be constructed with 

5-year or 10-year time slices for future research. 
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Abstract 

With the rapid development of e-commerce, the volume of last-mile parcel deliveries continues to rise, 
posing new challenges to community space and governance. Existing studies have traditionally focused 
on technological approaches and operational optimization, while relatively few have systematically 
examined the coupling between last-mile logistics and residents’ daily lives from the perspectives of 
community governance and spatial management. This paper first compares the differences in benefits 
between traditional delivery and unmanned delivery within communities, arguing that community 
logistics will gradually evolve from traditional delivery to unmanned delivery in the future. Taking 
Shanghai Hongchu Community, Chuangyu 228 Community, and Tongji Xincun Community as case studies, 
it selects senior-friendly, youth-friendly, and mixed-type communities as research objects, and compares 
the differences in preferences and core demands among users of different age groups, community 
managers, and station staff regarding delivery modes. The results show that senior groups are more 
concerned with safety and convenience, middle-aged groups place greater emphasis on environmental 
quality, and younger groups prefer intelligent and high-efficiency delivery. Community managers 
emphasize safety and environmental order, while station staff focus on convenience and immediacy. 
Based on these findings, this paper develops a three-dimensional governance framework encompassing 
actors, spaces, and mechanisms of co-governance, and proposes differentiated last-mile delivery 
optimization strategies for senior-friendly, youth-friendly, and mixed communities, thereby promoting 
more efficient and sustainable community development. 

 

Keywords 

Last-mile logistics, Diverse communities, Spatial governance, Community governance 

1. Introduction  

1.1. Current development 

As e-commerce continues to expand, the growing volume of last-mile delivery parcels poses increasing 
challenges for urban spaces, particularly in last-mile logistics—the most complex and costly component of 
the supply chain (Kahalimoghadam et al., 2024; Sina Mohri et al., 2024). The Last-mile segment refers to 
the journey from regional or urban delivery hubs to end users. It is a time-sensitive stage in which service 
recipients are often fragmented and heterogeneous. As the primary sites of end-delivery activities, 
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residential communities are often at the center of related management conflicts and governance issues 
(Deutsch & Golany, 2018; Pronello et al., 2017). Currently, research on last-mile logistics is mainly 
technology-oriented, focusing on innovative delivery methods that complement the delivery approach on 
the integration of unmanned and traditional delivery approaches. From an operations research standpoint, 
this is an attempt to reduce costs and improve efficiency in last mile logistics. Nonetheless, studies 
examining the relationship between last-mile logistics and community governance are limited. This issue is 
becoming increasingly important as logistics infrastructure moves from market-driven to public-oriented 
models. With logistics now become embedded in residents’ daily lives, addressing community 
management problems from the perspective of urban planning has become an important issue.  

1.2. Features of Traditional Delivery and unmanned Delivery  

Traditional forms of last-mile delivery mainly include doorstep delivery and self-pickup services 
(Deutsch & Golany, 2018; Leung et al., 2023). Doorstep delivery involves staff delivering goods directly to 
the home, after arranging a delivery time with the recipient. But residents' schedules and unreliable contact 
information often result in high first-attempt delivery failure rates for first-time deliveries leading to 
redelivered and unmanaged package storage (Iwan et al., 2016). To improve delivery success and limit 
labor and time expenses, logistics firms and communities are also working to spread the use of self-service 
pickup facilities, urging users to pick parcels up at their convenience. At the community level, unmanned 
delivery models often combine self-service pickup points with autonomous vehicles or self-driving delivery 
robots. Operating routes are largely established in residential communities or well-defined, low-speed 
roads that enables parcel flows from terminal stations to individual apartment buildings. Both delivery 
models have their own advantages and disadvantages. Traditional delivery often takes up public spaces 
and disturbs traffic order within communities. Improper parking of delivery vehicles and the temporary 
stacking of packages not only create potential traffic safety risks but also place pressure on community 
governance and management. The use of unmanned delivery has its advantages in terms of efficiency and 
reduced dependence on human labor, but at the same time, it raises a number of concerns for communities 
such as space occupation, traffic disruption, privacy-related issues, or insufficient governance support.  

1.3. Research Objective  

This research compares the receptiveness of traditional and unmanned delivery at the community last-
mile level in order to identify which delivery modes and spatial arrangements are more suitable for specific 
community environments. By examining user preferences and adoption patterns across different types of 
communities, the study also provides further evidence of the relationships among demographic 
characteristics, community types, and delivery models. It proposes a community governance framework 
for developing differentiated last-mile delivery optimization strategies tailored to community management 
and spatial governance. More specifically, this study offers a novel approach that integrates last-mile 
delivery models with community governance, through which spatial optimization and management policies 
can be adapted to different communities on the basis of population preferences. This has strong practical 
relevance and long-term significance for adaptive community governance. 
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2. Methodology 

2.1. Research subjects and case selection 

We distinguish modern communities based on the age structure of their dominant population and 
their use of express delivery services. Three research samples were selected from different areas in 
Shanghai, including senior-friendly, youth-friendly and mixed-type in each area’s sample. Particular 
attention is paid to differences in delivery model preferences and governance demands in relation to 
population service preferences. Senior-friendly communities are defined as those in which people aged 60 
and over constitute the dominant age group. Youth-friendly communities include mostly young working 
professionals or new families aged 20 to 40. Mixed communities are characterized by a relatively balanced 
population structure, diverse delivery service demands and complex spatial and governance contexts. This 
categorization not only encapsulates different kinds of service needs but also enables a strategic 
examination for any additional model delivery and spatial governance strategies. Through field research 
and data collection, Hongchu Community in Changning District, Chuangyu 228 in Yangpu District, and Tongji 
New Village Community were identified as representative examples of senior-friendly, youth-friendly, and 
mixed communities, respectively. Table 1 shows the characteristics of each community. 

Table 1. Selected Community Basic Information 

Name Affiliated 
Region 

Land area 
 

Population 
Structure 

Community Characteristics 

Hongchu 
Community 

Changning 
District 
 

54,000 square meters, 
with a total floor area 
of 65,700 square 
meters 

There are 728 
registered seniors 
aged 65 and 
above, 
accounting for 
41.51% of the 
total. 

Built in the early 1980s, the 
community exhibits three 
characteristics of an aging 
population: a high proportion of 
senior residents, a high 
proportion of those living alone, 
and a high proportion of 
households consisting solely of 
senior individuals. 

Chuangyu 
228 
Community 
 

Yangpu District 
 

450 long-term rental 
apartments, covering 
an area of 22,000 
square meters, with a 
total floor area of 
approximately 43,900 
square meters. 

Over 600 young 
people stayed at 
the hostel, 
accounting for 
more than 90% of 
the total number. 

Over 600 young people reside 
here, accounting for more than 
90% of the total population. The 
community offers a rich cultural 
environment that caters to the 
diverse needs of young residents. 

Tongji New 
Village 
Community 
 

Yangpu District 
 

Covering an area of 
approximately 
200,000 square 
meters 
 

The senior 
account for over 
20% of the 
population, with 
a total of 
approximately 
3,189 
households. 

The area exhibits distinct 
characteristics of an aging 
population and features older 
residential communities. It is also 
conveniently located near schools 
and office districts, attracting a 
large number of young people and 
renters. 
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2.2. Method and Data 

This study adopted a mixed-methods approach, including surveys, spatial structural analysis and field 
observations. In all cases, both qualitative and quantitative data were collected. Through a study involving 
three representative communities in Shanghai, the researchers identified residents' preferences, chief 
needs, and complaints about last-mile delivery methods. Structured surveys were distributed to different 
age and gender groups, with the total number of surveys shown in the Table 2. The survey focused on three 
categories—the senior, middle-aged adults, and young adults—to analyze differences in their behavior and 
acceptance of logistics and delivery services. Surveys were distributed both online and offline. After 
checking the logical validity and completeness of the responses, 362 valid samples were obtained: 120 from 
Hongchu Community, 118 from Chuangyu 228 Community and 124 from Tongji New Village Community. 
All survey response were tidied and logged into Microsoft Excel spreadsheets and SPSS. Variables included 
categorical variables (e.g., gender, dwelling type and mode of delivery) and quantitative variables (e.g., 
frequency of use, satisfaction). Descriptive statistics, cross-tabulation, and group comparisons were 
conducted in the following analysis to identify the main demand characteristics, governance-related 
concerns, and key issues related to delivery services among different demographic groups. 

Table 2. Selected Community Basic Information 

Community Youth Middle-aged Senior Total 
Hongchu Community 17 26 77 120 

Chuangyu 228 
Community 

103 12 3 118 

Tongji New Village 
Community 

11 85 28 124 

Total 131 123 108 362 

 

3. Results 
3.1. Comparison of efficiency between traditional delivery and unmanned delivery  

By integrating the literature review with actual project outcomes (Alverhed et al., 2024; Koh et al., 
2024), we systematically compared the benefits of traditional delivery and unmanned delivery across 
various dimensions of community logistics. Conventional delivery models require relatively low initial 
capital investment at the beginning but they are confronted with persistently high ongoing costs of labor, 
fuel, and management. Unmanned delivery is more expensive in terms of infrastructure and equipment 
R&D investments in its initial stages. It is more cost-effective in the long term as it reduces labor 
requirements and enables 24/7 operation. For operational efficiency, conventional vehicles provide much 
more flexibility in routing and load capacity but are susceptible to disruption due to weather and traffic. 
Autonomous delivery can optimize scheduling and improve time efficiency, while a higher level of routing 
flexibility is required. In terms of technical reliability, human delivery personnel are better able to respond 
to unexpected situations, although human-based delivery also involves inherent safety risks. Autonomous 
delivery is more automated and standardized in nature, although its adjustment capabilities to dynamic 
city context and varying user wants are still less developed. For policy and social acceptance, traditional 
models have favourable regulatory frameworks and liability structures, whereas unmanned delivery still 
faces legal and governance gaps. However, driven by national and local policies, public acceptance will 
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likely increase gradually, laying the groundwork for this to become the mainstream means of last-mile 
delivery in the future. 

3.2. Choice of community delivery solution models 

A five-point Likert scale was used to compare preferences for three last-mile delivery service models—
pickup points, door-to-door delivery and unmanned delivery—based on the survey results (Table 3). The 
study revealed considerable differences in willingness across delivery modes among different demographic 
groups. In the senior group, conventional door-to-door delivery received an average score of 4.13, while 
acceptance of pickup points (1.73) and unmanned delivery (1.67) was significantly lower. This suggests that 
older adults are more likely to rely on in-person delivery services and may face difficulties with new digital 
devices as well as lower levels of trust in emerging technologies. Middle-aged adults likewise showed the 
strongest preference for door-to-door delivery (3.9), followed by unmanned delivery (3.65). By contrast, 
the youth group showed the strongest preference for unmanned delivery. Unmanned delivery received an 
average score of 3.91, and pickup points scored 2.5—both substantially higher than door-to-door delivery 
(1.65). This indicates that young people value efficiency and autonomy in delivery services, are more 
receptive to intelligent and technology-based service models, and have less need for direct interpersonal 
contact during delivery. As a group, community administrators generally preferred traditional delivery 
models, with a door-to-door delivery acceptance score of 3.60, higher than both pickup points (1.90) and 
unmanned delivery (1.90). This indicates a stronger concern for secure, controllable, and stable service 
pathways in community governance, as well as a certain reluctance to adopt new technologies. By contrast, 
site staff showed greater support for both pickup points and unmanned delivery. Their acceptance scores 
for pickup points and unmanned delivery were 3.55 and 3.73, respectively, both higher than that for door-
to-door delivery (2.27). 

Table 3. Acceptance of Three Types of Last-Mile Delivery Methods Among Different Demographic Groups 

Population Types Self-pickup Door-to-door delivery Unmanned delivery 

Senior 1.64 4.09 1.69 

Middle-aged 3.64 3.9 3.65 

Youth 2.5 1.65 3.91 

Community 
Administrators 

1.90 3.60 1.90 

Site Staff 3.55 2.27 3.73 

 

3.3. Segmentation and needs extraction of audience 

It was identified through the collation and comparison of survey and interview data that users, 
community administrators, and site operators each pay attention to different aspects of last-mile delivery 
services. Thus, they have different demands in relation to community governance.  

(1) Users 

End-users constitute the central group in last-mile logistics services and place particular emphasis on 
delivery safety (score 4.2), efficiency—i.e., delivery time and delivery location, with an average score of 
4.0—and convenience (average score 4.1) (Figure 1). When couriers deliver directly to the doorstep, users 
place greater emphasis on the agreed delivery time and delivery procedure. For many users, contactless 
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delivery is one of the most effective ways to protect privacy. When users are required to pick up goods at 
self-service points, walking distance, accessibility, and safety become the main concerns in community 
delivery. In the context of ongoing technological innovation, the question of how future community 
delivery—especially unmanned delivery—can reduce pickup distance and further improve door-to-door 
service is becoming increasingly important for users of last-mile logistics services (score 3.8). The 
environmental dimension received the lowest score (3.5), indicating that users were relatively less 
concerned about the overall community environment. The survey results also show that different 
demographic groups present different needs. Among senior users (60+), safety and convenience received 
relatively high average scores of 4.6 and 4.4, respectively, compared with other age groups (Figure 2). This 
suggests that older adults place greater emphasis on safety and accessible pickup facilities in last-mile 
delivery. Consequently, they require safe pickup routes, easy access, and convenient service arrangements. 
Meanwhile, senior users show less interest in smart delivery features, which is consistent with their usage 
preferences. For the middle-aged group, the environmental dimension received a score of 3.7, indicating 
greater concern for environmental quality and spatial order within the community, with the expectation 
that delivery activities should not disturb the overall environment (Figure 3). Younger users differ from 
older groups in their priorities for community delivery, showing a stronger preference for smart delivery 
features such as self-service pickup systems and unmanned delivery. Digital delivery applications are more 
widely accepted among young people, who also place greater emphasis on precise and timely delivery. This 
is evident in Figure 4. 

 

 

  Figure 1. Average User Rating                                Figure 2. Average score for the senior group 

 

Figure 3. Average score for the middle-aged group   Figure 4. Average score for the youth group 

 

(2) Community Administrator 
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In China, it is common practice to entrust community management to third-party companies or 
residents’ committees formed by homeowners, with the main purpose of ensuring the proper operation 
of the local community. Surveys and interviews with community managers across the three communities 
indicated that the safety and environmental dimensions received the highest scores, at 4.6 and 4.4, 
respectively, which were significantly higher than those reported by residents and logistics site staff (Figure 
5). This is consistent with the social responsibilities that community managers are expected to undertake. 
Safety concerns for managers include ensuring that parcels are transported safely from outside the 
community to pickup points and then properly delivered from pickup points to individual homes, so that 
delivery activities do not conflict with motorcycles, bicycles, or pedestrians. Managers also play a crucial 
role in the environmental dimension by maintaining the cleanliness of community public spaces and 
avoiding potential conflicts caused by space occupation. Their management focus is mainly on public and 
semi-public spaces. Scores for efficiency and convenience were relatively low, reflecting a lower level of 
confidence among managers in intelligent delivery technologies. 

(3) Site staff 

Staff at last-mile logistics stations receive shipments from regional or urban distribution centers and 
undertake sorting, shelving, data processing, and other on-site logistics tasks. In many cases, last-mile 
logistics stations also handle both food deliveries and parcel deliveries. The large-scale use of unmanned 
technology may greatly simplify their role and significantly reduce labor demand. Survey results showed 
that the staff group gave the highest ratings to convenience and immediacy. In terms of convenience, site 
operational efficiency and profitability are closely related to flexible pickup times and fast processing 
procedures (Figure 6). There was also a clear consensus among staff that pickup distance is a key factor in 
site selection and an important measure of site competitiveness. Therefore, the design of site layouts 
should be considered an integral part of community management and spatial planning. Moreover, 
timeliness not only affects user satisfaction but also serves as an important benchmark for evaluating staff 
performance and response efficiency, highlighting the importance that site staff attach to delivery speed 
and reliability. Operational staff also showed relatively greater concern for customer privacy and user data 
protection than managers, probably because of their daily exposure to customer complaints and their 
operational responsibilities. 

 

Figure 5. Community Manager Rating                  Figure 6. Site Staff Rating 

3.4. Different types of communities: key considerations for Last-Mile delivery in various 

neighborhoods 

By analyzing the scores of three types of communities across five dimensions, based on survey 
response and field research, it is possible to identify the future development patterns that communities 
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should pursue in relation to last-mile logistics. This allows for more fine-grained community improvement 
and management strategies (Figure 7). Senior-friendly communities reported the highest mean scores on 
safety and convenience, which is consistent with the preferences of older residents. This implies that 
community environments that are more friendly to seniors should improve safety for senior residents and 
make barrier-free access in the last 100 meters possible. Proper signage and designated areas for delivery 
vehicle parking and temporary stopping should reduce disruption to seniors’ daily mobility and enable 
them to move more safely within the community. One key aspect of convenience is improving accessibility 
so that senior residents can better benefit from logistics services that enhance their quality of life. For 
instance, communities should adopt appointment-based delivery services, maintain convenient door-to-
door delivery, and establish service points in areas frequently used by the senior in order to provide more 
user-friendly and value-added last-mile delivery services. 

Youth-friendly communities scored highest in both the smart delivery and on-demand service 
dimensions, highlighting that young adults, as the main force in online shopping, demand smarter and 
more timely delivery services than other age groups (Figure 8). Smart delivery integrates data to provide 
seamless and personalized logistics services. Therefore, youth-friendly communities can establish smart 
freight platforms to enable real-time parcel tracking and location updates. At the same time, they can 
proactively plan smart last-mile logistics infrastructure within the community to support such operations. 
This includes constructing charging stations for unmanned delivery services, planning routes for 
autonomous vehicles, and improving intelligent parcel robots for sorting and delivering packages from 
distribution points to residents’ doorsteps. For self-service pickup, traditional smart lockers can be 
upgraded with enhanced functions during the pickup process. The core of timeliness lies in maximizing 
time savings and providing flexible and precise services. Therefore, communities should enable real-time 
tracking of delivery personnel and, where feasible, provide residents with access to shared and flexible 
community spaces with collaborative storage functions. 

The age distribution in mixed-use communities is relatively balanced, with scores across all five 
evaluation dimensions falling within the mid-range (Figure 9). However, the highest score is found in the 
environmental dimension. This indicates that such communities currently show no particularly strong 
strengths or weaknesses in overall service and governance, but they place higher demands on the spatial 
environment. Particular emphasis is placed on the quality of the spatial environment along delivery routes, 
pedestrian friendliness, road safety and lighting conditions, accessibility for all users, and the reachability 
of open spaces and key nodes. 
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Figure 7. Senior-Friendly Community Rating      Figure 8. Youth-Friendly Community Rating 

 
Figure 9. Hybrid Community Rating 

4. Community Governance Approaches Under Last-Mile Logistics 
Based on the analysis of survey results, this study establishes a three-dimensional governance 

framework comprising co-governance actors, co-governance spaces, and co-governance mechanisms to 
jointly guide community governance under last-mile logistics (Figure 10). Co-governance actors serve as 
the primary agents in community governance, undertaking diverse actions within co-governance spaces. 
These actors engage in collaborative deliberation through co-governance mechanisms, while interventions 
and management performance within co-governance spaces provide feedback to validate and refine these 
mechanisms. 

 

Figure 10. three-dimensional governance framework 

4.1. Co-governance entities  

In traditional logistics distribution management, community staff take the lead in minimizing the 
negative impacts of last-mile delivery. However, residents often show weak identification with renovation 
projects and low levels of participation. In terms of funding, traditional community management relies 
heavily on support from subdistrict offices, community committees, or property management companies, 
thereby establishing a top-down communication mechanism of “subdistrict office–community–residents.” 
Community administrators, as the primary organizers of community planning projects, are deeply involved 
throughout the entire renovation process. This form of oversight can lead to significant improvements in 
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the community environment. However, participation among residents of different age groups remains 
relatively low during such processes, resulting in limited enthusiasm and initiative among residents in 
community management. 

Therefore, under the influence of unmanned delivery logistics, communities should explore 
mechanisms for multi-stakeholder governance. By integrating different actors—community 
administrators, users, and site staff—communities can establish more sustainable and diversified long-
term development mechanisms. Of particular importance is addressing the actual needs of users across 
different age groups in order to support more effective management strategies. Community managers 
should fully play their intermediary role by facilitating timely communication between service users and 
site staff. At the same time, including site staff as key stakeholders can enhance interaction with residents. 
This multi-stakeholder collaborative governance model—centered on community managers and involving 
users and site staff—can effectively promote community management and self-improvement, thereby 
supporting long-term sustainable development. 

4.2. Co-governance space 

Co-governance space refers to the shared domain for joint governance and oversight by different co-
governing parties. This system encompasses all spaces—both within and outside communities—where 
last-mile logistics delivery takes place. These spaces can be further categorized into public, semi-public, 
and private spaces based on spatial privacy. Each type serves a different function in last-mile logistics 
according to the needs of different users. Public spaces mainly include roadways used by parcel delivery 
vehicles and autonomous delivery vehicles, public plazas used for nearby goods storage, surrounding 
neighborhood streets, as well as open areas designated for temporary pickup points. Community 
administrators are expected to be the primary managers of public spaces because of their openness and 
shared ownership. They need to coordinate and regulate their use, spatial design, the extent of 
interference between logistics and residents’ mobility, as well as the functional layout of these areas. Semi-
public spaces lie between public and private spaces and usually refer to common spaces with both 
residential and public characteristics. In a neighborhood or community, these may include residential 
complex entrances, areas around last-mile logistics stations, spaces near parcel lockers, and commercial or 
public service facilities within the community. Last-mile logistics operations are primarily concentrated 
around logistics pickup points and parcel lockers, as these areas are the most intensively used. Station staff 
should manage these zones, with particular attention to noise, unauthorized use, and risks related to space 
occupation. Private spaces are user-oriented spaces in which privacy and security are of primary 
importance. These mainly include residential unit entrance corridors, stairwells, and interior living spaces. 
They may become terminal spaces for future unmanned delivery integration and continue to serve as the 
final delivery points for traditional door-to-door services. Co-governance spaces constitute an essential 
part of ensuring effective last-mile logistics coordination by providing a clear categorization of the three 
types of space, clarifying accountability among governing actors, and supporting management 
collaboration. 

4.3. Co-governance mechanism   

Modern communities need residents’ initiative in governance practices. However, residents often lack 
effective communication channels with community authorities, which leads to low enthusiasm for 
participation in community affairs. Over time, this also reflects an underlying lack of encouragement for 
residents to engage in community governance. In addition, different community contexts require different 
governance strategies and participation approaches. Community committees or property management 
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agencies should establish multi-stakeholder communication mechanisms involving a wide range of affected 
residents and site personnel. This can provide stronger support for addressing diverse community issues. 
Organizing a variety of activities can also generate momentum for community governance, which is what 
makes this type of co-governance mechanism effective. In senior-friendly communities, participation 
mechanisms should respond to the limited channels available to senior residents in the digital age. Through 
home visits, group interviews, and deliberative forums, these measures can increase senior residents’ 
participation in community governance. Young people play a central role in youth-friendly communities. 
Participation mechanisms can include more creative measures, such as digital platforms, online 
communities, community apps, and official WeChat accounts. These platforms allow young residents, site 
staff, and community committees to participate in online discussions and provide instant feedback on 
issues including the design of last-mile logistics facilities, service hour optimization, and the use of shared 
parcel lockers. At the same time, themed youth volunteer, service, and co-creation activities can be 
organized in public and semi-public community spaces, encouraging young people to participate in 
community governance by taking on different roles, such as volunteers and supervisors. In mixed 
communities, all population groups can participate together in community governance activities, and such 
mechanisms can help build a more inclusive co-governance model for last-mile logistics across different 
neighborhoods. 

5. Conclusion   
Last-mile logistics is an important aspect of the revitalization of community governance. Especially 

with the rise of unmanned delivery, urban planners need to move beyond a hands-off approach to the use 
of data and the guidance of delivery processes, and integrate last-mile logistics into overall community 
management and spatial planning. Survey findings show clear demographic differences in preferences for 
delivery models. Furthermore, different stakeholders in the community delivery process have distinct 
priorities: community administrators emphasize safety and environmental impact, while site staff 
emphasize convenience and immediacy. For end-users, delivery safety and convenience are identified as 
the most important dimensions. As a result, preferences for last-mile delivery vary significantly across age 
groups: senior users prioritize safety, middle-aged users focus on environmental concerns related to 
delivery, and younger users value intelligent features and timely delivery. These findings provide guidance 
for future improvements in different types of communities. For example, senior-friendly communities 
should strengthen safety measures for senior residents in order to ensure mobility and accessibility. 
Building on the above analysis, the model of co governance actors, co governance space, and co 
governance mechanisms provides a useful framework for addressing current challenges in community 
governance. The dynamic interaction among co-governance actors, spaces, and mechanisms makes this 
framework more adaptable to future developments and changes in last-mile delivery models, thereby 
supporting more efficient, inclusive, and sustainable community development. 
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Abstract 

Because pollutants can spread and spread throughout the atmosphere, air pollution frequently has 
geographical features. As a result, neighboring cities and even the entire urban agglomeration 
often have an impact on a city's air quality. Shanghai and Hangzhou are two of the 41 cities that 
make up the Yangtze River Delta (YRD), a typical megacity region in China. This area has a highly 
developed economy and is heavily urbanized, making it difficult to regulate air pollution. In 
addition, the YRD draws a lot of foreign visitors. Air quality is a bigger concern for incoming tourists, 
particularly those from affluent nations. Air pollution has an impact on tourists' travel experiences, 
physical and emotional well-being, and perception of the place as well as their travel preferences. 
Thus, it is crucial to look at the features of air pollution exposure risks among incoming visitors in 
the YRD metropolitan agglomeration. 
The objective of this study is to statistically evaluate the exposure risks of incoming visitors to 
compound PM2.5-O3 pollution in the YRD and to identify their individual-level variations, temporal 
trends, and spatial disparities. The main concern is how mobile foreign visitors are impacted by 
compound pollution in different ways depending on the season, location, and level of exposure. 
The project aims to close the gap between environmental risk assessment and tourism-sensitive 
urban governance by using a tourist-centered analytical lens, which will help create more inclusive 
and flexible regional management frameworks. 
The study combines monthly PM2.5 and O3 concentration data with inbound tourist activity data 
derived from TripAdvisor reviews. Specifically, review timing and attraction information are used 
to approximate the spatiotemporal distribution of inbound tourists across attractions and months. 
These tourist activity data are then matched with pollution concentrations at the attraction-month 
level to construct a relative exposure risk assessment model. Three aspects are assessed: (1) 
exposure risk temporal evolution; (2) spatial difference throughout the YRD urban agglomeration; 
and (3) individual-level discrepancies based on seasonal risk categories. The fine-grained 
evaluation of exposure patterns within a multi-city region is made possible by this combined data-
driven technique. 
The findings show a clear temporal trajectory, with the risk of compound PM2.5-O3 exposure rising 
starting in 2010, peaked in 2016, and then progressively dropping. The YRD does not exhibit a 
stable or consistent differentiation pattern in space; however, over time, periodic spatial 
fluctuations that reflect the impact of regional interactions, emissions, and weather arise. There 
are noticeable individual differences: winter and the first few months of the year have the lowest 
exposure risks, but spring, summer, and fall have significantly larger percentages of tourists who 
are at risk for harmful or extremely dangerous exposure levels. 
These results have significant ramifications for regional and urban planning. First, the creation of 
early warning systems and flexible tourism-season management plans is aided by the identification 
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of high-risk spatiotemporal nodes. Second, more dynamic and distinctive air quality actions are 
made possible by integrating visitor mobility, vulnerability, and perception into environmental 
governance. Third, the findings provide spatial decision support for incorporating air quality 
indicators into destination management frameworks, visitor information systems, and tourist 
planning. Fourth, a more inclusive and participatory model of dynamic, multi-city urban 
management is promoted by acknowledging incoming tourists as stakeholders in environmental 
health governance. 
The work theoretically expands compound pollution research into the fields of cross-city regional 
analysis and international tourism. In practical terms, it offers a transportable framework for multi-
city environmental coordination, assisting cities in striking a balance between global image, 
environmental health, and tourism development. These observations are especially pertinent to 
increasingly internationalizing urban areas looking to improve livability, sustainability, and 
resilience in the face of mounting environmental challenges. 

 

Keywords 

Inbound tourist, air pollution, exposure risk,Yangtze River Delta, urban Governance 
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1. Introduction  

Air pollution remains a pressing public health and economic concern worldwide due to rapid population 
growth and urbanization (Juginović et al., 2021). Air pollution has been shown to exert significant negative 
impacts on both physical and mental health(Bălă et al., 2022;Rajagopalan and Landrigan, 2021 ). Studies 
have shown that prolonged exposure to air pollution heightens the risks of disease, infection, and mortality, 
a pattern observed in cities in the Netherlands, Mexico, and the United States (Cole et al., 2020; López-
Feldman et al., 2021; Wu et al., 2020). Otherwise, regardless of a country's level of development, low-
income populations consistently face higher exposure risks to air pollution compared to wealthier groups. 
Alarmingly, more than 700 million people worldwide live in areas where air quality levels are considered 
unsafe (Jbaily et al., 2022; Rentschler and Leonova, 2023). Therefore, investigating air-pollution exposure 
has become an important and urgent issue. 

Existing studies on air pollution exposure have primarily focused on its impacts on human health. 
Numerous works have demonstrated that air pollution is closely related to increased respiratory illnesses 
(Bălă et al., 2022) and cardiovascular diseases, such as ischemic heart disease and stroke (Rajagopalan and 
Landrigan, 2021). Long-term exposure has also been linked to a higher risk of chronic conditions including 
diabetes and Parkinson’s disease (Rajagopalan et al., 2024; Ai et al., 2024), while both long- and short-term 
exposures are associated with elevated risks of mental health disorders, such as depression (Borroni et al., 
2022). Beyond the health domain, a small number of studies have examined air pollution exposure from 
other disciplinary perspectives. From an economic standpoint, population income levels shape individuals’ 
exposure risks (Jbaily et al., 2022; Rentschler and Leonova, 2023). From an architectural and urban-design 
perspective, scholars have linked air pollution exposure to green infrastructure provision (Shi and Chen, 
2025) and street-level walkability (Leng, Wang and Yuan, 2022). However, despite these emerging 
interdisciplinary efforts, research examining air pollution exposure from a geographical perspective, 
particularly studies that address its spatiotemporal dynamics and individual-level disparities, remains 
relatively limited. 

As the largest developing country, China faces more severe challenges with PM2.5–O3 compound pollution 
(Zhang et al., 2019). At the same time, China is one of the world’s leading inbound tourism destinations, 
receiving a substantial number of international visitors. These tourists are exposed to potential health risks 
from air pollution during their travels, especially in urban agglomerations where pollution levels show 
strong seasonal fluctuations (Zhan et al., 2024). Beyond physical health impacts, air pollution can negatively 
affect tourists’ visual experiences (e.g., smog obscuring cityscapes) and psychological well-being, ultimately 
lowering satisfaction with the destination and reducing the likelihood of repeat visits, and this can influence 
a country's soft power and tourism-related economic income. 

Given the increasing severity of compound PM2.5-O3 pollution and the existing gaps in air pollution 
exposure research from a geographical perspective, particularly the limited attention to inbound tourists, 
this study fills an important research void. Using the Yangtze River Delta (YRD) as a case study, we integrate 
online tourism platform data with air pollution monitoring data and introduce an exposure risk index. With 
tourist attractions and monthly intervals as analytical units, this study examines the compound pollution 
exposure risks faced by inbound tourists from three perspectives: 

(1) How does air pollution exposure among inbound tourists in the YRD evolve over time? 

(2) What are the spatial characteristics of air pollution exposure among inbound tourists in the YRD? 

(3) How do individual exposure risks of inbound tourists vary across different months and seasons in the 
YRD? 
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By uncovering the spatiotemporal characteristics and individual-level differences of air pollution exposure 
among inbound tourists in the YRD, this study provides empirical evidence that supports urban air pollution 
management while offering practical exposure guidance for international visitors. These insights can 
inform targeted urban governance strategies, including optimizing tourist flows, improving low-emission 
mobility and green infrastructure around major attractions, and adjusting seasonal operational plans under 
varying pollution conditions. At a broader level, the high-resolution, geography-based exposure 
assessment contributes to risk-sensitive spatial planning and promotes healthier and more equitable 
environments for both residents and tourists, thereby strengthening urban resilience. By examining multi-
city pollution exposure patterns from a geographical and inbound-tourist perspective and by combining 
tourism big data with environmental monitoring to expand on existing analytical techniques, this work 
theoretically extends prior research. Additionally, the suggested framework provides a transferable 
methodology for other areas dealing with compound air pollution issues. 

This is how the rest of the paper is organized. The research strategy is described in Section 2, along with 

how the exposure risk index was created and how data from tourism platforms was combined with data 

from air pollution monitoring. The empirical results are presented and discussed in Section 3 from three 

analytical perspectives: individual-level variations in compound PM2.5-O3 exposure among inbound 

tourists in the YRD, spatial characteristics, and temporal dynamics. In Section 4, the main findings are 

summarized and future study directions are outlined. This methodology guarantees a distinct research 

focus and offers a logical analytical framework for comprehending the geographic distribution of pollution 

exposure among tourists. 

2. Methodology 
With a high degree of economic growth, integration, and a wealth of tourism resources, the YRD is one of 

China's most developed areas (Li et al., 2023). Situated on China's eastern coast at the Yangtze River's 

mouth, it is made up of 41 cities (Yangtze River Delta Regional Integration Development Plan Outline) 

(Figure 1), including major cities like Shanghai, Hangzhou, Nanjing, and Suzhou, which are among the most 

visited by foreign visitors (2019 China Inbound Tourism Data Analysis Report). According to the China 

Economic and Social Big Data Research Platform, the region saw an average of 20 million inbound visitors 

between 2010 and 2019, with an average share of 14.74% and an average of 63.64 million tourist days 

(China Economic and Social Big Data Research Platform). This suggests that the YRD metropolitan 

agglomeration, which is marked by significant incoming tourist flow, is a significant player in China's 

inbound tourism business. 
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Figure 1. Study area. Source: Drawn by the authors . 

 

The People's Republic of China's Ministry of Culture and Tourism formally published the list of picturesque 

locations, which includes historical and cultural districts as well as 5A and 4A level attractions. The incoming 

visitor flow network was created by crawling tourist review IDs, nations, review texts, and review dates 

from the TripAdvisor platform. A total of 49,746 reviews containing 3,551,137 words and 196,893 short 

phrases (separated by the English period symbol "-") were gathered. Notably, despite being a part of China, 

Hong Kong, Macau, and Taiwan are regarded as inbound tourist destinations under the "one country, two 

systems" policy. 

The monthly data of PM2.5, O3, air temperature, precipitation, and vegetation coverage are sourced from 

the National Tibetan Plateau Data Center. The annual data of nighttime light are sourced from the National 

Earth System Science Data Center. In this paper, the attributes of a scenic area in a specific month are 

represented by the pollutant concentration value of the grid where the scenic area is located in that 

month/year.  

Combined with the concentration of air pollutants and tourist data, and by drawing on the relative risk 

assessment model of population exposure, quantitatively reflect the exposure risk of inbound tourists to 

the PM2.5-O3 compound pollution (Xiao et al., 2021):  
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In the formula: Ri is the relative exposure risk of scenic area i; Ci is the exposure risk of PM2.5-O3 compound 

pollution in scenic area i; Pi is the number of inbound tourist reviews within scenic area i; Ci is the composite 

concentration of air pollutants in scenic area i, n is the number of scenic areas, PM2.5i is the PM2.5 

concentration of scenic area i, and O3i is the O3 concentration of scenic area i.  
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3. Results and Discussion  
3.1. Time Evolution Process of the Exposure Risk 

The exposure risk of PM2.5-O3 compound pollution for inbound tourists in the Yangtze River Delta urban 

agglomeration shows a time evolution trend of first increasing and then decreasing (Figure 2). The risk 

gradually increased starting from 2010 until it reached its peak in 2016 . Specifically, the peak occurred in 

April 2016, and the risk reached 25.126, which was an increase of 24.578 compared to the risk of 0.548 in 

January 2010. Subsequently, the risk began to gradually decline. By December 2019, the risk had dropped 

to 7.160, which was a decrease of 17.966 compared to the risk of 25.126 in April 2016.  

 As far as this study is concerned, the decrease in risk is accompanied by the increase in inbound tourists 

and the improvement of air quality. This can prove that the decrease in the exposure risk of PM2.5-O3 

compound pollution for inbound tourists in the Yangtze River Delta urban agglomeration is more attributed 

to the improvement of air quality rather than the increase in inbound tourism (Ministry of Ecology and 

Environment, 2018). In addition, by further drawing on the theory of urban primacy, the monthly primacy 

indices of the second-level scenic areas and the fourth-level scenic areas were calculated. The study found 

that the change trends of the primacy indices of the second-level scenic areas and the fourth-level scenic 

areas are consistent, showing a trend of first increasing, then decreasing, and then slightly increasing, and 

the imbalance among the scenic areas is being alleviated.  

This section offers empirical evidence for urban pollution governance. Cities should improve air quality and 

reduce pollution levels, and the air quality of all tourist attractions, regardless of their scale or importance, 

should be given equal attention. 

 

Figure 2. Time Evolution Process of the Exposure Risk. Source: Drawn by the authors. 
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3.2. Spatial Evolution Pattern of the Exposure Risk 

Overall, there is no obvious spatial differentiation pattern for the exposure risk of PM2.5-O3 compound 

pollution for inbound tourists in the urban agglomeration of the Yangtze River Delta. However, there exists 

a periodic spatial differentiation pattern (Figure 3, Table 1). According to the equal division principle, the 

samples of scenic areas in January, April, July and October of the years 2010, 2013, 2016 and 2019 are 

selected. By calculating the centroids of the risks of the scenic areas in each month, observing the migration 

trajectories of the centroids, and analyzing the spatial evolution pattern of the risks. 

Within the same year, the migration trajectory of the centroid shows a periodic movement of north-south-

north-south. Specifically, the centroid migrates from the north to the south from January to April and from 

July to October, and migrates from the south to the north from April to July and from October to January. 

Within the same month of different years, the migration trajectories of the centroids show different 

periodic movements. Specifically, from January to April, the centroid shows a periodic movement of east-

west-east-west among different years. From April to July, the centroid shows a stable pattern of migrating 

northward among different years. From July to October, the centroid shows a stable pattern of migrating 

southwestward among different years. From October to January, the centroid shows a stable pattern of 

migrating northward among different years. This is typically associated with anthropogenic pollution 

sources in the YRD, as well as the combined effects of unfavorable meteorological and topographical 

conditions, which together shape the spatial variations in air pollution exposure risk (Wang, Cao and Ma, 

2024).  

These results highlight that, for large multi-city urban agglomerations, controlling anthropogenic pollution 

sources, including vehicle emissions and industrial discharges, and prioritizing different areas at different 
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times is crucial for reducing pollution exposure risks among inbound tourists. Such targeted actions are 

essential for improving urban sustainability and enhancing overall resilience. 

 

Figure 3. Use of the paragraphs. Source: ISOCARP. Source: Drawn by the authors. 

Date Lon Lat Dis Dirct 

201001 121.152 31.201   

201004 121.341 31.212 18.064  Northeast 

201007 121.378 31.227 3.958  Northeast 

201010 121.238 31.158 15.421  Southwest 

201301 121.147 31.201 9.960  Northwest 

201304 121.132 31.182 2.550  Southwest 

201307 121.317 31.206 17.885  Northeast 

201310 120.949 31.100 37.093  Southwest 

201601 121.120 31.180 18.683  Northeast 

201604 121.187 31.178 6.346  Southeast 

201607 121.162 31.186 2.506  Northwest 

201610 121.097 31.146 7.564  Southwest 

201901 121.170 31.169 7.360  Northeast 

201904 121.086 31.149 8.329  Southwest 
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Table1. Summary of the Migration Trajectory of the Spatial Centroid of the Exposure Risk 

3.3. Individual Differences in Exposure Risk 

Regarding individual differences, the risks are lower in the early months of the year and in winter (Figure 

4). The exposure risk of the population to air pollution is divided into five levels: safe (0 ≤ Ri < 1), relatively 

safe (1 ≤ Ri < 2), relatively dangerous (2 ≤ Ri < 3), dangerous (3 ≤ Ri < 4), and extremely dangerous (Ri ≥ 4). 

In terms of months, the months of January, February, and March have a relatively high proportion of the 

population in the safe and relatively safe levels, with each accounting for more than 50%. The months of 

April, May, October, and November have a relatively high proportion of the population in the dangerous 

and extremely dangerous levels, each accounting for more than 45%. 

Over 50% of the population is in the safe and relatively safe levels during the winter. Over 40% of the 

population is in the harmful and extremely dangerous categories during spring, summer, and fall. In 

comparison to winter, spring, summer, and fall have higher exposure risks due to increased photochemical 

ozone generation under warmer temperatures and stronger solar radiation, which results in increasing 

compound PM2.5-O3 pollution (Li et al., 2019; Lu et al., 2018).  

To lower exposure hazards for incoming tourists, the YRD believes that improving air pollution control 

outside of winter is crucial. The fact that pollution exposure levels can differ significantly between seasons 

is an important lesson for other cities throughout the world. Comprehending these seasonal risk patterns 

facilitates prompt and focused urban government actions that enhance the safety of both inhabitants and 

tourists.  

 

Figure 4. Individual Differences in Exposure Risk. Source: Drawn by the authors. 

4. Conclusion  
This study investigated the spatiotemporal features and individual-level variations of compound PM2.5-O3 

pollution exposure among incoming visitors in the YRD by combining many data sources and using an 

exposure risk assessment. The following are the primary conclusions: 

201907 121.081 31.227 8.774  Northwest 

201910 121.081 31.163 7.162  Southwest 
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Dynamics of time: Inbound tourists' exposure risk to compound PM2.5-O3 pollution exhibits a distinct 

temporal evolution pattern. Beginning in 2010, the danger climbed gradually until reaching a high in 2016, 

at which point it started to decrease. 

Overall, the YRD does not show a consistent or long-lasting regional heterogeneity in the risk of exposure 

to compound pollution. Nonetheless, a recurring spatial pattern can be seen in several years. 

Individual variations: Winter in the early months of the year have lesser exposure dangers. Over half of the 

population is classified as safe or relatively safe throughout the winter. On the other hand, the percentages 

of people in the dangerous or extremely dangerous categories are higher in the spring, summer, and fall, 

each topping 40%. 

This study gives exposure risk advice for incoming guests in addition to useful insights for municipal 

government from a tourism standpoint. Additionally, it offers a transferable analytical method for single 

cities as well as multi-city areas, supporting sustainable urban growth and bolstering urban resilience. 

Future research could further propose targeted and measurable municipal actions for high-risk seasons 

and locations. To further understand the causes of pollution exposure, future studies may examine the 

underlying mechanisms and affecting factors. 
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Abstract 

In densely populated historical districts, there has been an ongoing issue for a long time due to a 
lack of green spaces; they have many people living in them but few green Spaces. Due to the 
limitations of heritage conservation and development policy restrictions, large-scale construction 
projects cannot be implemented; therefore, we need to use a precise method to add green spaces. 
As the quantity of real-time footfall statistics, spatial distribution characteristics in urban areas 
offered through Baidu Huiyan websites has become an important reference for greener parks' 
functional arrangements. In general terms, there are extremely insufficient and widely unbalanced 
green Spaces. It serves as a prototype to be used for other places' historical and cultural 
preservation in the country. More accurate data on the characteristics of various groups can 
provide stronger support for developing pocket Parks with high local relevance. 

Keywords 

 Greenspace, Big Data, Guangzhou 

1. Problems Addressed by the Project 

In densely populated older urban Areas with insufficient Green Spaces and an uneven distribution of 

them. Due to restrictions in policy areas such as historical conservation and urban renewal, large-scale 

creation of new green Spaces has been difficult; thus, there is an insufficiency between actual availability 

and health standards for cities at present. As people's demand for health and life improves, the increment 

of new green Spaces is becoming an effective way to enhance environmental Quality in old industrial Areas. 

Evaluation methods that only rely on static populations are unable to truly capture mismatches in dynamic 

pedestrian flow Patterns with respect to spatial demands. Gap identification of green Space service and 

precise resource allocation need to be achieved urgently under the circumstances where old urban Districts 

are governing Green Spaces(see Figure 1.1). 
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Figure 1.1 A current map of the old urban area of Guangzhou 

(Image source: Created by the author, Data source: AutoNavi Map) 

2. Analysis of the Project Context 

Based on Guangzhou's older central area as a case study, combining with dynamic pedestrian traffic 

big data and spatial decay analysis techniques, systematise evaluations of the supply-demand situation of 

green Spaces to provide empirical basis for determining key Areas in need of intelligent Planning and micro-

reconstruction. 

Using data on green Space distribution retrieved through the AutoNavi Map's API and Dynamic 

pedestrian flow data collected from "Baidu HuiYan", this paper uses a two-stage Gaussian attenuated 

moving Search algorithm to identify the supply-demand relationship changes of Green Spaces in 

Guangzhou's older urban area. By conducting spatial overlay analysis, this paper finds areas lacking in 

improvement and provides reference for optimising the strategy of micro-renewal. 

3. Project Implementation Methodology 
3.1   Data Processing  

The coordinate system is normalised to a Geographic Coordinate System of GCS_WGS_1984; The 
projected coordinate system adopted here is UTM Zone 49N-WGS_1984. 

Through the use of the AutoNavi Maps API, this paper obtained information about green Spaces within 
the study area, selected those over 500 square metres as having a Service Effect, and thereby established 
an initial Green Space Database (see Figure 3.1).  
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Figure 3.1 Spatial Distribution of Green Space in the Historic Urban Area of Guangzhou 

(Image source: Created by the author, Data source: AutoNavi Map) 

High-resolution pedestrian flow data was obtained from Baidu Huiyan to reflect the spatiotemporal 
distribution of residents’ activities. For this study, Baidu Huiyan heatmap data was selected for a typical 
workday (Wednesday, July 14, 2023), specifically for the period from 8:00 a.m. to 10:00 p.m., when 
pedestrian activity was most frequent. The data was processed at two-hour intervals and visualized (as 
shown in Figure 3.2). Furthermore, since heatmap data can only reflect the relative degree of population 
concentration and cannot present exact population numbers, a conversion factor was applied based on 
the ratio of the heatmap values to the total census data. 
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Figure 3.2 Baidu Heat Map of Visitor Distribution 

(Image source: Created by the author, Data source: AutoNavi Map) 

 

3.2   Equity Analysis of Green Space Distribution 

Taking a certain service radius as an example, according to the two-step-moving-search method, it is 
calculated that how many people live within the coverage range of each green Space; then applying a 
Gaussian-weighting-function-based-distance-curve To reflect declining service capacity with increased 
distance from each individual living place. 

Calculate the main indicator values of the park supply-to-demand ratio Rⱼ and per capita park 
accessibility AᵢD through two stages. 

（1）Assessment of Existing Green Spaces 

The Green Space Supply-Demand Ratio Rj represents whether there is a sufficient supply of green 
spaces around the residents; The larger its value, the more capacity it has provided for supplying green 
Spaces. 

The supply-to-demand ratio Rj for every green space can be determined independently in the GIS 
platform, and distance d serves as its Radius for Service Area calculation. Aggregate the populations of all 
individuals within a given service area; then weight these populations based on a decaying function with 
distance. Rj is obtained through division of the park area Sj by the weight sum of all factors. 
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Dₖ refers to the number of people at demand point k; dₖj indicates the spatial distance between 
demand point k and park entrance j, where a demand point that falls within the coverage range of a 
specific service radius is included; Therefore, when calculating Baidu Huiyan data for each settlement I 
based on its corresponding k values from this survey result. Sj represents the area of park j. 

Determine the Rj values for the 109 green Spaces larger than 500m2 in the old city. Values are 
between 0.05 and 0.96 square metres per person, and the average is around 0.53. 

In the formula, G(dᵢⱼ) is a Gaussian decay function that characterizes spatial friction and reflects the 
distance-dependent decay effect. 

 
The above equation normalises G(dij), and here, i denotes a demand point; specifically, these are 

the spatial positions derived from the cleaned Baidu Huiyan data. Index j indicates a supply point; that is 
to say, the green-space supply in this study area. Dij represents the distance from the demand unit to the 
green Space. Index d0 is used as the service radius; In this study, the generally accepted one-kilometer 
range of a 15-minute living area has been employed. 

（2）Analysis of Existing Accessibility 

Accessibility to green Spaces (Ai
D): A metric measuring how accessible residents' areas of residence 

are in terms of access to Green Spaces, indicating whether their needs for such amenities have been met. 

The greater the Ai
D score, the richer the amount of green space. 

Settlement i (where k is consistent with the Baidu Huiyan data value obtained in Step 1) and its access 

coefficient Ai
D = sum of the weights multiplied by the distance from all other settlements. 

 

 Rj is the supply-demand ratio of green spaces at each location, which can be obtained through the 

above-mentioned calculation process; Ai
D shows the distance between settlements and Green Spaces. The 

service range Dd of this experiment was set at 1000m, and G（dij） is a Gaussian decay function. 

4. Project Outcomes 

Based on the data shown below: The value ranges from 0.058 to 0.96, and its average is 0.509. The 

scores in Gaodi Street Area are all below the average; specifically, the score of the grid cell mentioned 

earlier (0.602) is also below the average, indicating a relatively insufficient amount of green Space there. 
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Based on the above analysis, the distribution pattern of per capita green space in the historic urban 

area presents its general feature of need for access to green spaces throughout this area (As shown in 

Figure 3.3). 

1. Accessibility score range. 

The calculated access scores (AᵢD) for all residential areas in this study ranged between 0.058 and 0.96; 

The average value among them was 0.509 units/m2 per weighted population in the whole study area. The 

variation in the availability of green Spaces by Area Type was considerable. 

2. The central region is the priority intervention area 

he average accessability score for Gaodi Street area was 0.21; It is only about one-fifth as high as that 

of other studied areas and provides a quantification of low-level green-space allocation here. 

3. Spatial Layout Analysis 

Accessibility Distribution shows that the score of Central Area is relatively low, while those of 

Peripheral Areas are high. The central area has a dense population and few parks; thus, its level of access 

is low; on the other hand, there are fewer people living in peripheral areas and more accessible paths. 

This method can help identify service deficiencies at the older city area level and serve as a scientific 

reference to carry out micro-renewal Projects on Green Spaces precisely. 

There is an extremely scarce quantity of green spaces and a particularly unbalanced distribution 

thereof. In general, there are many kinds of Green Spaces in the East, West and South; but fewer in the 

North. The space structure characteristics of insufficiency of green spaces are as follows: There is a 

sufficient quantity near Yuexiu Mountain in the northwest part; However, it is very inadequate in most 

other regions nearby the Pearl River. The results show that the total area of Green Spaces in Guangzhou's 

Old Urban District is approximately 2.061 million square metres, which serves around 1.715 million 

residents; each person has less than one per cent of usable Green Space – far below the standard 

requirement. There is a significant unevenness in the distribution at present; The east and surrounding 

areas of Yuexiu Mountain are supplied sufficiently, while the west along the Pearl River and some older 

central urban areas have severe deficiencies. Gaussian decay analysis shows that about 23 per cent of the 

old urban area's green space supply-to-demand ratio falls short of 0.7; These areas are usually service-

deficit zones. Friction coefficients, road-network analysis reveal that regions with a high concentration of 

population but poor transport connection do not meet the actual access conditions needed to improve 

transportation efficiency. Overall, the coverage is quite good in both directions; however, it gradually 
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decreases moving from north to south, making the southwestern and southern regions particularly critical 

areas of optimisation for green-space planning. Using this approach, we can identify spatial service gaps in 

the older parts of cities to provide science-based support for focusing on green space micro-renewals there 

(see Figure 4.1). 

 
Figure 4.1 Map of Green Space Demand Distribution 

(Image source: Created by the author, Data source: AutoNavi Map) 
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5. Extensive Impact 

Based on this research conclusion, recommendations for urban policy-makers suggest promoting a 

variety of micro-renewal activities - such as micro-parks and street-side green spaces in under-occupied 

green areas throughout the city to improve fair access to green resources and enhance residents' quality 

of life. The following provides a case study of green-space Management in large Cities worldwide. 

China's governments take charge of it entirely here. Allowing the right-holders of green Spaces to sell 

their unused construction Quotas in other places after obtaining development rights can be realised as a 

policy. 

Gather and reserve such scattered pieces of land, especially long-term unused idle lots and 

unoccupied parking spaces. 

Private-owned idle plots of land will be temporarily utilised as green areas.Focussed on linking 

dispersed Nodes.Determine the opportunity to utilise available road resources through repurposing 

underused sections of roads and on-street Parking Spaces. Focus on Signage and wayfinding Systems. 

Based on this research conclusion, recommendations for urban policy-makers suggest promoting a 

variety of micro-renewal activities - such as micro-parks and street-side green spaces in under-occupied 

green areas throughout the city to improve fair access to green resources and enhance residents' quality 

of life. The following provides a case study of green-space Management in large Cities worldwide. 

China's governments take charge of it entirely here. Allowing the right-holders of green Spaces to sell 

their unused construction Quotas in other places after obtaining development rights can be realised as a 

policy. 

Gather and reserve such scattered pieces of land, especially long-term unused idle lots and 

unoccupied parking spaces.Private-owned idle plots of land will be temporarily utilised as green 

areas.Focussed on linking dispersed Nodes.Determine the opportunity to utilise available road resources 

through repurposing underused sections of roads and on-street Parking Spaces. Focus on Signage and 

wayfinding Systems. 
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Abstract 

As 21st-century cities face intensifying environmental, social, and systemic crises, the need for 
planning tools that transcend physical infrastructure and engage people directly has become 
urgent. This paper presents URBANSHIELD, a conceptual smart-city platform designed to function 
as a participatory, AI-enabled soft infrastructure that enhances adaptive resilience, protects urban 
vitality, and improves quality of life during emergencies and beyond. URBANSHIELD reimagines 
crisis governance by transforming citizens from passive recipients into active contributors. Using a 
national ID-secured interface, individuals can report household status, emergency needs, and 
location in real time. In return, the system—powered by artificial intelligence—provides 
personalized recommendations (e.g., medical tips, safe evacuation routes) and updates local 
authorities through live analytic dashboards. To enhance engagement, the platform employs 
gamification elements, turning participation into a motivating and meaningful civic act. This study 
draws on the theoretical foundation of adaptive resilience, emphasizing the need for cities to 
continuously evolve through feedback, flexibility, and inclusive decision-making. Although not 
based on empirical implementation, a fictional scenario illustrates how URBANSHIELD could 
operate in a real urban crisis, enabling a co-produced response between citizens, planners, and 
institutions. URBANSHIELD aligns with the principles of the New Urban Agenda, advancing a 
paradigm where smart technologies serve not only infrastructure, but also the social fabric of 
urban life. By bridging real-time intelligence, participatory governance, and ethical technology, this 
platform proposes a scalable and human-centered approach to urban resilience—one that urban 
scholars, policymakers, and practitioners can adapt across diverse global contexts. 

Keywords 

Urban resilience, participatory governance, artificial intelligence, crisis informatics, soft 
infrastructure, crowdsourced data 

1. Introduction  

Cities face overlapping environmental, technological, and social disruptions that are difficult to manage 
through conventional crisis-governance models, as risks evolve faster than institutional responses can 
adapt. While physical infrastructure remains essential, it is primarily designed for stability rather than rapid 
adaptation to dynamic conditions.  Recent research conceptualises cities as complex adaptive systems, 
where crisis outcomes depend not only on physical assets but also on coordination, learning, and decision-
making capacity. Within this view, soft infrastructure—comprising trust, communication, social networks, 
and institutional readiness—plays a critical role. Empirical evidence shows that these factors significantly 
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shape crisis outcomes, indicating that resilience extends beyond engineered systems to include how 
societies organise and respond. Despite this shift, a key limitation persists: current systems rely on top-
down communication, sensors, or isolated crowdsourcing tools, with limited integration into unified 
decision-making. As a result, real-time, micro-local citizen observations remain underutilised, delaying risk 
detection and weakening response effectiveness. 

This paper addresses the gap by introducing URBANSHIELD as a conceptual socio-technical framework that 
connects citizen-generated data, analytical processing, and institutional decision-making within a single 
structure. Through structured reporting and analysis, it supports situational awareness and informed 
response.  The study does not claim empirical validation but examines the framework’s theoretical 
coherence and operational plausibility based on resilience, participatory governance, and socio-technical 
research.  Its contribution is conceptual: transforming soft infrastructure from an abstract idea into an 
operational element of crisis governance by integrating citizen input, data analysis, and institutional 
coordination, thereby offering a pathway to incorporate distributed human knowledge into real-time 
urban decision-making. 

Table 1. Conceptual gap in existing crisis-management systems compared with the URBANSHIELD soft-infrastructure 
model. Source: Authors 

Domain Limitations in Existing Systems URBANSHIELD’s Conceptual 
Contribution 

Risk Detection 
& Early 
Awareness 

Heavy reliance on sensors or top-down alerts; 
limited use of micro-local human signals. 

Integrates distributed citizen 
sensing with AI clustering to 
generate fine-grained, real-time 
situational awareness. 

Information 
Flow & 
Communication 

One-directional broadcasting (e.g., FEMA, J-
ALERT); no continuous feedback loops. 

Establishes multi-directional 
communication linking citizens, 
AI, and authorities in a 
continuous adaptive loop. 

Use of Citizen 
Data 

Crowdsourcing platforms (e.g., Ushahidi) 
generate valuable data but remain external and 
weakly integrated into official decision 
systems. 

Embeds crowdsourced reports 
directly into institutional 
dashboards with real-time 
validation and triage. 

Behavioural 
Engagement 

Participation is episodic and declines quickly; 
no structured mechanism to sustain 
preparedness. 

Uses gamification and 
behavioural insights to maintain 
long-term civic engagement and 
preparedness habits. 

Governance & 
Soft 
Infrastructure 

Limited operationalisation of social capital; soft 
infrastructure remains conceptual in most 
resilience frameworks. 

Converts social cohesion, 
neighbourhood-level 
knowledge, and volunteer 
dynamics into an actionable 
digital soft-infrastructure layer. 

Decision 
Support & 
Analytics 

Fragmented tools provide isolated functions 
(mapping, warnings, volunteer coordination). 

Integrates sensing, analytics, 
behavioural engagement, and 
governance into a unified socio-
technical system. 

Urban resilience research has grown rapidly in recent years as cities are forced to navigate a far more 
intricate landscape of climate pressures, technological vulnerabilities, and social disruptions. These events 
rarely occur in isolation; they tend to spill over through infrastructure, communication systems, and 
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community networks, creating chains of impact that are difficult to anticipate. As a result, the field has 
gradually moved away from viewing resilience as a purely engineering problem and toward an 
understanding of cities as adaptive, learning systems shaped by the interaction of their social and technical 
components (Folke, 2016; Meerow, Newell & Stults, 2016). Four areas of scholarship are particularly 
relevant for framing the conceptual foundations of URBANSHIELD: complex adaptive systems, soft 
infrastructure and social capital, participatory crisis governance, and AI-supported decision systems. 

2. Background and Theoretical Foundations 
Urban resilience research has expanded in response to increasingly interconnected climate risks, 
technological failures, and social disruptions, which often cascade across infrastructure and social systems. 
This has challenged engineering-based approaches and led to a shift toward viewing cities as adaptive 
systems shaped by interactions between social and technological components (Folke, 2016; Meerow, 
Newell & Stults, 2016). Four key domains—complex adaptive systems, soft infrastructure, participatory 
governance, and AI-supported decision-making—form the theoretical basis of this study. 

2.1 Cities as Complex Adaptive Systems 

CAS theory views cities as dynamic systems where behaviour emerges from interactions among actors and 
infrastructures (Batty, 2013), and small disturbances can cascade into large disruptions (Comfort, 2007). 
Crisis-relevant knowledge is distributed (Goodchild & Glennon, 2010), and resilience depends on feedback 
mechanisms enabling adaptation (Folke et al., 2010). This creates a structural gap, as institutional 
responses are centralised while knowledge is distributed; URBANSHIELD addresses this by connecting 
distributed observations with institutional processes. 

2.2 Soft Infrastructure, Social Capital, and Collective Capacity 

Research shows that trust, communication, and social cohesion significantly influence crisis outcomes 
(Aldrich, 2012; Norris et al., 2008), with evidence such as the Chicago heatwave demonstrating the impact 
of social isolation (Klinenberg, 2002). Soft infrastructure also includes cognitive factors like risk perception 
and trust (Slovic, 2010; Van Bavel et al., 2020). Despite its importance, it is often treated as abstract rather 
than operational. URBANSHIELD addresses this gap by structuring these elements within a digital system. 

2.3 Participatory Crisis Governance and Crowd Intelligence 

Citizens generate valuable real-time information during crises (Meier, 2015), and platforms 
like Ushahidi demonstrate the potential of crowdsourced data (Heinzelman & Waters, 2010). 
However, issues of data quality, verification, and institutional integration persist (Schmidt et 
al., 2018), leaving such data underutilised. This reflects a broader issue where participatory 
systems operate parallel to governance. URBANSHIELD focuses on integrating this data into 
structured decision-making. 
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2.4 AI-Enabled Decision Support and Digital Public Infrastructure 

AI supports disaster management through pattern detection, early warning, and modelling (Lu et al., 2021; 
Yabe et al., 2022; Lin, Li & He, 2021), but raises concerns about bias and accountability (Rahwan, 2018; 
Obermeyer et al., 2019). Therefore, AI is best seen as a support tool. URBANSHIELD adopts this approach 
by using AI for organising information while maintaining human decision authority. 

2.5 Behavioural Science, Motivation, and Engagement 

Sustained engagement is challenging due to risk underestimation and declining preparedness (Weinstein, 
1989; Paton, 2003). Behavioural research shows that personalised communication improves response 
(Bandura, 1997), social norms shape perception (Slovic, 2010), and gamification supports ongoing 
participation (Hassan & Hamari, 2020; Morschheuser et al., 2017). URBANSHIELD uses these insights to 
support continuous engagement rather than episodic response. 

2.6 Synthesis 

Overall, while knowledge, participation, and technology exist, they remain fragmented. CAS highlights 
distributed knowledge, soft infrastructure emphasises social capacity, participatory governance identifies 
citizen data, and AI provides analytical tools. However, these elements are rarely integrated within a unified 
system, which URBANSHIELD seeks to address. 

Table 2. Comparison of URBANSHIELD with existing crisis platforms Sources: Heinzelman & Waters (2010); Goth (2013); 
Batty (2018); Aldrich (2012); Comfort et al. (2019). 

Feature / 
Capability 

URBANSHIELD Ushahidi Crisis 
Cleanup 

FEMA 
IPAWS / J-
ALERT 

MyShake EU Digital Twins 

Nature of 
Platform 

Soft 
infrastructure 
AI+civic 
engagement 

Crowdsourced 
crisis mapping 

Volunteer 
coordination 

One-way 
alert 
system 

Sensor-
based 
hazard 
detection 

Infrastructure 
modelling 

Two-way 
communication 

✔ Yes ⚠ Limited ✔ Yes (post-
disaster) 

❌ No ❌ No ❌ No 

Citizen data 
integrated into 
decisions 

✔ Full 
integration 

⚠ Indirect ✔ Yes ❌ No ❌ No ❌ Not citizen-
based 

AI-driven triage 
& prioritisation 

✔ Yes ❌ No ❌ No ❌ No ⚠ Limited ✔Infrastructure 
only 

Gamification ✔ Built-in ❌ No ❌ No ❌ No ❌ No ❌ No 

Soft 
infrastructure 
strengthening 

✔ Core design ⚠ Emergent only ✔ Volunteer 
networks 

❌ No ❌ No ❌ No 
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Personalised 
guidance 

✔ Tailored 
routes & alerts 

❌ No ❌ No ❌Generic 
alerts 

❌ No ❌ No 

After-action 
learning 

✔ Embedded & 
structured 

⚠ Limited ⚠ Some ❌ No ❌ No ✔ Planning-only 

URBANSHIELD is conceptualised as an attempt to bring these components together. Rather than 
introducing a single new technology, it examines how existing elements can be structured into a socio-
technical system that supports information flow, coordination, and decision-making under crisis 
conditions. In this sense, resilience is approached not as a fixed attribute, but as an emergent outcome of 
interactions between citizens, institutions, and technological systems. 

3. Methodological Framework 

The methodological framework of this study is designed to examine URBANSHIELD as a conceptual socio-
technical system rather than an empirically implemented platform. Given that the framework connects 
citizen behaviour, institutional processes, and AI-based analytics, no single methodological approach is 
sufficient to capture its structure and implications. The study therefore adopts a multi-method analytical 
design that combines conceptual modelling, comparative analysis, and mechanism-based scenario 
examination. This approach is consistent with design-oriented research in resilience and crisis informatics, 
where conceptual validation typically precedes empirical testing. 

3.1 Research Approach: Multi-Method Analytical Design 

The analytical strategy is structured around three complementary components: 

1. Conceptual System Modelling  : A conceptual representation of URBANSHIELD is developed based 
on insights from complex adaptive systems (CAS), resilience theory, and human–AI interaction research. 
CAS literature emphasises decentralised information flows, feedback mechanisms, and co-evolution 
between social and technical subsystems (Folke et al., 2010; Comfort, 2007). These principles are used to 
define the structural logic of URBANSHIELD as an adaptive system, rather than to simulate its empirical 
performance. 

2. Comparative Case Analysis  : A qualitative comparative analysis examines four documented crisis-
information systems: Haiti (2010), post-Tōhoku initiatives in Japan, FEMA-related data practices during 
Hurricane Sandy, and bushfire-reporting networks in Australia. The analysis does not apply formal QCA 
truth tables; instead, it identifies recurring enabling conditions such as trust, accessibility, verification, 
institutional integration, and communication capacity (Heinzelman & Waters, 2010; Meier, 2015). The 
purpose is to extract design-relevant insights rather than to establish causal generalisation. 

3. Scenario-Based Analytical Simulation  : A mechanism-oriented scenario is used to explore how key 
components of URBANSHIELD may interact during an urban flood. The simulation is not intended to 
produce predictive or quantitative results. Instead, it examines the internal consistency of the system by 
tracing interactions between hazard signals, citizen reporting, AI-based processing, and institutional 
response. This approach is aligned with analytical modelling practices in early-stage system design (Lu et 
al., 2021; Yabe et al., 2022), where the objective is to test plausibility rather than to generate empirical 
validation. 
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Figure 1. URBANSHIELD Socio-Technical Architecture. 

Illustration of the platform’s four-layer design, showing distributed citizen sensing, AI-enabled triage, 
institutional decision-making pathways, and feedback flows with the urban environment. 

3.2 Methodological Components  

The framework is grounded in two perspectives: Complex Adaptive Systems (CAS) and soft infrastructure. 
From a CAS view, URBANSHIELD is analysed through distributed sensing, feedback loops, and adaptive 
learning (Goodchild & Glennon, 2010; Comfort, 2007; Folke, 2016). From a soft-infrastructure perspective, 
it is evaluated in terms of trust, cohesion, participation, and inclusivity (Aldrich, 2012; Klinenberg, 2002), 
enabling analysis as both a technical and social system. 

As the system is not implemented, the study relies on secondary sources, including peer-reviewed 
literature (2010–2024), international reports (UNDRR, IFRC, OECD), existing digital systems, and 
behavioural research (Bandura, 1997; Slovic, 2010). These are coded into four categories: institutional 
capacity, citizen behaviour, technological affordances, and resilience processes, using an interpretive 
grounded-theory approach (Charmaz, 2014).Comparative analysis identifies key conditions for effective 
crisis-information systems: institutional integration, data verification, trust, accessibility, and scalability. 
Case insights (Haiti, Japan, U.S., Australia) inform the framework’s design logic rather than generalisable 
conclusions. A flood scenario is used analytically to examine system behaviour across four stages: hazard 
signalling, citizen reporting, AI clustering, and institutional response. Outputs are qualitative and 
mechanism-based, assessing logical consistency rather than empirical validation. 

The behavioural dimension draws on self-efficacy, risk perception, and engagement theories (Bandura, 
1997; Kahneman & Tversky, 1979; Slovic, 2010; Hassan & Hamari, 2020), supporting design elements such 
as personalised communication and sustained participation.  Validation is indirect, based on theoretical 
consistency, empirical analogy, technological feasibility, and behavioural coherence. These criteria 
establish conceptual robustness and feasibility, not proven effectiveness. 

4. URBANSHIELD Platform Architecture and Design 
URBANSHIELD is designed as a socio-technical layer of soft infrastructure that sits atop existing urban 
systems and links citizens, institutions, and data flows. Rather than functioning as a single-purpose 
emergency tool, the platform operates across preparedness and response phases through four integrated 
components: a citizen interface, an AI analytics engine, an institutional dashboard, and a long-term 
engagement layer. 
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Table 3. Core Components of the URBANSHIELD Platform (Summary) 

Component Core Functions Contribution to Resilience 
Citizen 
Interface 

Reporting, alerts, personalised guidance, 
micro-community coordination 

Distributed sensing, tailored 
support 

AI Analytics 
Engine 

Classification, clustering, verification, 
protocol-based triage 

Turning raw inputs into 
actionable intelligence 

Authority 
Dashboard 

Common operating picture, resource 
allocation, targeted communication 

Evidence-based, adaptive 
decision-making 

Engagement 
Layer 

Preparedness tasks, neighbourhood 
goals, recognition systems 

Sustained participation and 
civic cohesion 

 

4.1 Citizen Interface (Mobile / Web Application) 
The citizen interface serves as the platform’s public entry point. In routine periods, users complete 
onboarding, access preparedness tools, and register specific needs to enable personalised alerts. 
Neighbourhood spaces support local information exchange and informal preparedness.  During 
emergencies, the interface transitions to crisis mode, enabling structured status reports, geotagged 
submissions, and photo-based updates. Users receive tailored alerts—such as evacuation routes—based 
on their location and profile. Communication channels remain encrypted, with multilingual and 
accessibility features built in from the outset. 

4.2 AI Analytics and Decision-Support Engine 

The analytics engine processes inputs from citizens, sensors, and authorised external sources. Through 
machine learning and natural language processing, it classifies needs, identifies clusters, verifies anomalies, 
and assigns severity levels. A rule-based layer embeds locally defined triage protocols. The engine’s role is 
not to replace experts but to reduce noise, highlight patterns, and support managers with structured 
intelligence. All recommendations are presented with confidence scores and can be overridden or adjusted 
by institutional staff. 

4.3 Authority Dashboard and Common Operating Picture 

The dashboard gives emergency agencies a real-time, citywide view of conditions. Maps display citizen 
reports, sensor anomalies, and risk layers such as projected flood extents. Filters allow officials to focus on 
specific categories (e.g., medical needs). Officials can send targeted instructions back to residents, forming 
a continuous feedback loop. Audit trails and activity logs support accountability and post-event learning. 

4.4 Gamification and Community Engagement Layer 

To ensure resilience beyond acute crises, URBANSHIELD incorporates behaviourally grounded engagement 
tools. Users earn points or recognition for preparedness activities, neighbourhoods track collective 
progress, and community challenges promote drills or welfare checks. These features reward meaningful 
actions—not superficial interactions—and strengthen social cohesion, which is often decisive in real-world 
outcomes. 
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4.5 Data Protection, Ethics, and Governance 

URBANSHIELD embeds privacy and ethics by design. Data use is strictly limited to crisis management and 
resilience planning. Public visualisations rely on aggregation and minimisation, and users maintain control 
over optional features. Independent oversight and transparent consent procedures help maintain trust—
an essential precondition for reliable citizen participation. 

5. Illustrative Flood Scenario and Implementation Challenges (Shortened) 
5.1 Flood Scenario: URBANSHIELD in Action 

The following scenario is presented as an analytical illustration rather than a real-world application. Its 
purpose is to examine how the components of URBANSHIELD may interact under crisis conditions, rather 
than to demonstrate empirical performance. 

Phase 1 – Early Signals  : In the initial stage, rising river levels exceed predefined thresholds, activating 
the system’s emergency state. Residents in potentially affected areas begin to submit observations such as 
water intrusion, access constraints, or vulnerable individuals requiring assistance.  These inputs are not 
treated as verified data, but as distributed signals that may indicate emerging risk patterns. The analytical 
system aggregates and clusters these signals, allowing potential hotspots to be identified at an early stage. 
This process illustrates how decentralised reporting may contribute to earlier situational awareness 
compared to solely sensor-based systems. 

Phase 2 – Two-Way Coordination  : As reporting activity increases, information flows between 
citizens and institutions become more dynamic. In this scenario, citizen-generated inputs may inform 
adjustments in response strategies, while institutions can issue geographically targeted guidance based on 
evolving conditions.  The interaction is conceptualised as a feedback process rather than a fixed 
communication channel. Citizens may also contribute to informal verification through local knowledge, 
although the reliability of such processes remains conditional and context-dependent. This phase illustrates 
the potential for multi-directional information exchange, rather than assuming its effectiveness in practice. 

Phase 3 – Targeted Support  : At peak impact, reported needs diversify across locations. Some areas 
may experience infrastructure failure, while others require medical or evacuation support. If user-provided 
background information (e.g., vulnerability indicators) is available, the system could theoretically support 
prioritisation processes.  Rather than assuming accurate targeting, this phase highlights a possible 
mechanism through which clustered information might assist institutions in differentiating between types 
of need. The effectiveness of such prioritisation would depend on data quality, participation levels, and 
institutional capacity. 
Phase 4 – Recovery and Learning  : In the post-impact stage, residents may continue to report 
damage conditions and ongoing needs. These inputs can be used to reconstruct the sequence of events 
and evaluate response patterns.  From an analytical perspective, this phase represents the potential for 
feedback-based learning within institutional systems. The scenario does not assume that such learning 
occurs automatically, but illustrates how recorded interactions could support evaluation and adjustment 
of future response strategies. 
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5.2 Implementation Challenges and Policy Considerations 

The scenario also highlights several implementation challenges that would influence the feasibility of the 
framework. 
Digital Access and Inclusion  : The effectiveness of the system depends on participation across 
diverse user groups. In practice, uneven access to digital tools may limit representation. Complementary 
channels such as SMS-based systems, call centres, or community-based interfaces would be necessary to 
reduce exclusion. Digital inclusion should therefore be considered part of resilience capacity rather than a 
separate issue. 
Privacy, Security, and Trust  : The framework involves the handling of sensitive, location-based, and 
potentially personal data. Without clear governance structures, retention policies, and consent 
mechanisms, participation may be undermined. Trust is not assumed, but treated as a condition that 
must be actively established and maintained. 
Data Quality and Verification  : Citizen-generated data may include inaccuracies, duplication, or 
intentional misuse. The scenario assumes the presence of filtering mechanisms such as cross-validation, 
prioritisation algorithms, or selective moderation, but does not claim that these eliminate uncertainty. 
Managing data quality remains a central limitation in participatory systems. 
Institutional Integration  : The framework requires changes in how institutions process and use 
information. Existing workflows may not be designed to incorporate distributed inputs. Implementation 
would therefore depend on organisational adaptation, training, and the willingness of institutions to 
engage with non-traditional data sources. 
Scalability and Sustainability  : High-intensity events may generate large volumes of data, creating 
pressure on system capacity and decision processes. Long-term operation would also require stable 
governance, funding mechanisms, and maintenance structures. While collaborative or open-source 
approaches may reduce costs, they introduce coordination challenges. 

6. Discussion  

 

Figure 2. URBANSHIELD Adaptive Feedback Loop. 

The diagram represents a cyclical interaction between environmental conditions, citizen sensing, data 
processing, institutional response, and feedback, illustrating a potential adaptive governance structure 
rather than a fixed system. 
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Analytically, URBANSHIELD repositions the relationship between technology, citizen participation, and 
institutional decision-making by integrating them into a single socio-technical configuration. This is 
particularly relevant in crisis contexts where information is produced and acted upon across multiple 
actors. The analysis highlights the limitations of purely top-down governance, as risk-related knowledge is 
unevenly distributed and often first detected at the local level. The framework therefore explores how 
distributed observations may be incorporated into formal decision-making processes. The discussion also 
emphasises the role of soft infrastructure, including trust, communication, and social cohesion, as factors 
shaping how information is shared and used. Within URBANSHIELD, these elements interact with 
technological processes, and structured communication combined with transparent information flows may 
support more consistent interaction between residents and institutions, depending on context.  At the 
same time, AI is framed as a governance-dependent tool rather than an autonomous solution. While it can 
assist in organising information and identifying patterns, its effectiveness depends on data quality, 
participation, and institutional interpretation. Without inclusive participation, there is a risk of reinforcing 
bias or incomplete representations.Issues of access, representation, and oversight are therefore central. 
Digital exclusion, linguistic barriers, and uneven participation can limit data representativeness, while 
handling sensitive information requires clear regulation, transparency, and accountability. These are 
integral design conditions, not secondary constraints. 

Finally, the framework can be related to global policy agendas such as the New Urban Agenda and the 
Sendai Framework. Rather than assuming alignment, URBANSHIELD is presented as a possible mechanism 
for operationalising participatory and knowledge-based approaches to risk governance within a structured 
system. 

7. Conclusion 

This paper has developed a conceptual socio-technical framework for URBANSHIELD, drawing on complex 
adaptive systems theory, soft-infrastructure research, participatory crisis governance, AI-supported 
decision-making, and behavioural studies. Within this framework, resilience is understood not as a fixed 
property of physical systems, but as an emergent process shaped by interactions between communities, 
institutions, and technological systems.  The proposed architecture—linking distributed citizen sensing, 
analytical processing, and institutional response—does not claim demonstrated effectiveness. Instead, it 
outlines a possible configuration through which information flows, coordination mechanisms, and decision 
processes may be more closely connected in crisis situations. In this sense, the framework contributes by 
structuring relationships that are often treated separately in existing systems.The analysis also highlights a 
set of practical and theoretical challenges. These include uneven digital access, limitations in data quality 
and governance, institutional constraints, and the need to ensure transparency and accountability in the 
use of AI. Addressing these issues would require iterative development processes, engagement with 
affected communities, and alignment with regulatory and ethical standards.Given these limitations, the 
findings should be interpreted as analytical propositions rather than validated outcomes. The primary 
contribution of the study lies in demonstrating how elements such as citizen-generated data, behavioural 
engagement, and analytical tools can be conceptually integrated within a unified governance 
framework.More broadly, the paper suggests that future approaches to crisis governance may benefit from 
closer integration between distributed human knowledge and institutional systems. Whether such 
integration can be achieved in practice remains an open empirical question, requiring pilot 
implementation, testing under real conditions, and longitudinal evaluation. 
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8. Results 

The results are analytical, not empirical, based on scenario analysis, comparative synthesis, and socio-
technical modelling, and should be interpreted as indicative mechanisms. Four dimensions are identified: 
situational awareness, coordination, engagement, and learning. 

8.1 Situational Awareness  : Citizen-generated data may provide more detailed local insight and early 
signals, especially where monitoring is limited, with clustering revealing risk patterns, though without 
quantitative validation. 

8.2 Response Coordination  : Structured data aggregation may support prioritisation and reduce 
fragmentation, but outcomes depend on institutional capacity and data quality. 

8.3 Civic Engagement and Social Cohesion  :  Feedback mechanisms may increase participation and 
influence data volume and diversity, depending on trust and social factors. 

8.4 Communication Alignment  : Context-specific messaging may reduce ambiguity, with effectiveness 
shaped by clarity, trust, and accessibility. 

8.5 Institutional Learning and Equity :   Interaction data may support post-event evaluation and reveal 
gaps or underrepresented areas, though dependent on participation and data balance, supporting 
reflective rather than proven improvements. 
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Abstract 

Public participation has become an inevitable ingredient of contemporary public-space 
development. However, its impact on architectural and urban-planning practitioners has been 
insufficiently examined. While participation is proposed as a tool for democratizing design and 
producing socially responsive environments, it also generates professional vulnerabilities that the 
academy and experts rarely discuss. Architects and planners increasingly report experiences of 
deprecation or exclusion from project development. Even in those processes, they initiate 
themselves. Such a diminution of importance is often caused by political or commercial interests 
that revoke professional judgment, producing both material and emotional consequences. This 
issue has been documented even among internationally recognized firms, highlighting its systemic 
nature. 

This study investigates the emotional and professional impact of exclusion on practitioners 
involved in participatory public-space projects. The research was initiated by a personal profile 
within the Institute for Urban Development (IUD). The organization has developed nearly 100 
public spaces across Russia since 2019. The research draws on ten in-depth, semi-structured 
interviews with architects and planners who collaborated with IUD and have encountered exclusion 
at diverse phases of project development. Grounded Theory and Interpretive Phenomenological 
Analysis were applied to define emotional trajectories. The Kübler-Ross model was used as a 
framework due to its appearance within participants’ self-descriptions. 

Findings reveal a clear correlation between the stage at which exclusion occurs, the depth of a 
practitioner’s involvement, and the magnitude of emotional response. Practitioners who engaged 
in community facilitation, data collection, and multi-stakeholder coordination reported the 
strongest sense of disappointment and loss, especially when removed during early design-to-
documentation transitions. Opposite, those who were not responsible for participation or who 
exited later experienced milder reactions. These insights highlight the expanded emotional labor 
inherent to modern participatory practice. 

Based on the results, the broader questions about the evolving role of architects emerge. The shift 
from authorship-centered practice toward sociocultural facilitation demands skills encompassing 
communication, mediation, and future visioning. These changes require more psychological 
investment, while institutional mechanisms to support practitioners are lacking. The study 
suggests that professional associations must treat this issue more profoundly and develop 
frameworks, training programs, and support structures that acknowledge emotional labor, 
strengthen participatory competencies, and guide practitioners in evolving professional 
boundaries in public-space development. 
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1. Introduction
Although today, the participation process is a widespread practice in public space development, its impact 
on experts is rarely discussed. Architects and urban planners more often find themselves in situations of 
disempowerment or exclusion from the project development at various stages. Their opinion in decision-
making processes is overlooked, even if these decisions directly influence the results of the participation 
and overall design. Commercial profit and political interests frequently outweigh professional judgment. 
Even world-renowned names like MVRDV faced the issue when developing the Marble Arch Mound in 
London. 

The research focuses specifically on public spaces – parks, squares, embankments, and pedestrian streets 
– which, unlike buildings, immediately change, adapt, and transform according to the needs of businesses
and communities after their opening. These changes could be significant; it is not uncommon for architects
themselves to initiate citizen participation processes in public space development, so the removal of their
authorship later can increase the emotional burden.

Long-standing cultural norms that begin in architectural education and continue in professional 
communities heighten the tension. It is common to depict architecture more as an art, performance, or 
craft and less as labor (JT 03 — Building Trade and Design Workers Bridge the Divide – The Architecture 
Lobby, 2025). Consequently, when deprived of authorship, professional identity, and personal investment, 
the sense of loss heightens. 

The traditional representation of architects and urban planners seems to be outdated, given that their 
practices have undergone significant changes, shifting from building and environmental design toward 
sociocultural interventions through participatory practices. Professional associations, such as ACE and the 
Architectural Lobby, are actively working to advocate for the field and speak loudly about the challenges 
professionals face. However, their efforts do not fully cover the range of issues experienced in practice.  

Architects and urban planners are the main drivers in participatory planning, contributing to the creation 
of just and inclusive public spaces. Once opened, these public spaces quickly become collective property—
the “common good”—and undergo unpredictable changes. At this point, architects and urban planners are 
often excluded from further transformations and management, losing influence over their original vision 
and conceptual line. The disconnection often leads to dissatisfaction with one's own work and even 
prompts a shift toward roles that offer more control over project outcomes. 

2. Background
Participatory planning in Russia refers to the involvement of citizens primarily in urban design and public 
space projects, rather than in broader political decision-making. While political participation is tightly 
controlled, participatory urban design has developed rapidly since the 2010s, becoming integrated into 
federal policy and professional standards. This practice was largely imported from Western, especially 
American, models and remains confined to a narrow professional sphere, lacking theoretical grounding or 
linkage to wider political or social participation.  

The Institute for Urban Development (IUD) is a non-governmental organization dedicated to transforming 
cities and fostering civic society through collaboration with experts, businesses, and authorities.  
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Since 2019, IUD has developed, fundraised for, and built nearly 100 public spaces in historic towns and 
rural settlements across the country. The total project investment was equivalent to $78 million. These 
projects impact more than 400,000 residents – individuals who live within a 15-minute walking distance of 
the developed public spaces. 

This study was initiated based on the lived experience of urban planners who faced exclusion from projects 
of their own initiative. The issue is widespread among Russian professionals and affects architects' 
attitudes toward the profession. Therefore, the IUD launched the exploration of the phenomenon.  To 
clarify, this study does not claim that the ubiquitous application of participative practices affected the 
number of cases in which professionals were excluded from project development. This hypothesis would 
be hard to prove due to a lack of data. Neither do we intend to define how the agents involved in 
participatory design influence the exclusion of the experts. The research aims to understand the impact 
that the participation process imposes on practitioners in terms of mental well-being and self-
identification. Therefore, the research questions are: What do architects feel about being excluded from 
project development? What professional challenges do they face after being excluded? And at which stages 
of project development does such exclusion typically occur? How does participatory design change the 
profession? 

3. Methods
To address the research questions, this study applies a qualitative research design informed by Grounded 
Theory (GT) and Interpretive Phenomenological Analysis (IPA). The research started as a grounded theory.
The main purpose was to reveal professionals’ emotions and attitudes toward situations where they were 
removed from the project development, and at which stages such exclusion typically takes place. Data was 
collected through in-depth semi-structured interviews with ten urban planning and architecture 
professionals. The data source selection was an ongoing procedure that was led by the coding of emerging 
data. Finally, all participants are practicing professionals with architectural degrees who, in cooperation 
with IUD, contribute to the public space development and implement multiple projects. The sample is 
balanced by gender, the age ranges from 30 to 60 years, and includes fellow workers, project managers, 
and CEOs of partnering architectural bureaus. Interviews were carried out according to a guide consisting 
of four blocks: the respondents’ background, their ideal vision of a project and its implementation, and its 
use after completion, as well as future recommendations. While the study began with an open inductive 
approach, the data analysis revealed that the patterns strongly aligned with the existing theory first 
introduced in the book “On Death and Dying” (Kübler-Ross, 1969). The respondents themselves led to this 
theory, because each of them described how their emotions changed throughout the project life cycle, 
especially during times when they were removed from decision-making on the projects they had initiated 
and managed. They felt resentment, sometimes anger and disappointment, but later described accepting 
and reflecting on why things happen in a particular way. Some of them even mentioned a feeling of 
professional burnout and the emergence of fear and uncertainty in their professional competencies. So, 
the architects themselves pointed to Elisabeth Kübler-Ross “5 stages of grief” model (fig. 1). Further 
research sticks with the model and elaborates on it. 

The interviews were then reviewed and analyzed using IPA for a deeper understanding. Two experts 
independently examined and coded emotions. These emotions were then clustered into 5 groups, based 
on the Kübler-Ross model. The researchers examined commonalities and variances in related 
circumstances across the five identified categories. Based on that, the correlation between respondents' 
emotions about exclusion and the stage of the project at which this exclusion occurred was established. 
The diagram (fig.2) represents this correlation. The Y-axis relates to the emotional gradient of exclusion. 
The X-axis - the stage at which exclusion occurred.  
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Figure 1. The five stages of grief and loss, the Kübler-Ross model. Source: Author. 

4. Results
The Diagram (fig. 2) revealed the dependence between the intensity of emotions and the project stage at 
which the exclusion happens. To investigate the correlation, researchers returned to the interview 
transcripts and repeated the phenomenological analysis.  

Figure 2. Diagram of emotions vs. the stage of exclusion. Source: Author. 

The findings represent that the emotions addressed to exclusion are connected to the level of involvement 
in diverse stages of project development.  The deeper the expert was engaged in conceptualization, data 
gathering, citizen participation processes, etc., the more negative their emotional response to expulsion.   
The gradient of negative emotions allowed classification of the level of involvement in the public 
participation stage.  HIGH:  The architect acts as a multidisciplinary specialist, connecting all stakeholders
— from administration and business to residents — ensuring dialogue, diverse views, and shared decisions. 
MEDIUM: The architect involves residents indirectly through experts, with main decisions made by
administration and business; citizens’ input has a limited impact. LOW: Decisions are made by a small client
group; communication with residents is one-way and does not affect the project. 
Three out of ten respondents expressed their level of involvement as high. Respondents 1, 3, and 7 
reported a high level of involvement as they participated in organizing public meetings, maintenance, and 
community development activities. Respondent 3 expressed less disappointment due to the later removal 
in comparison to respondents 1, 2, and 7.  Respondent 2 acted not only as an architect but also as a project 
representative and was responsible for coordinating diverse experts. All four were removed at an early 
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project stage, during the transition to technical documentation. They also experienced the highest level of 
disappointment after the elimination from the project. Respondents 5, 8, and 10, who were excluded at 
stage 4, reported low levels of disappointment as they participated only as architectural experts without 
deeper engagement. Respondents 6 and 9 were less disappointed as they left the project at a later stage, 
and their involvement fluctuated between low and medium (fig. 3).  

Figure 3. Diagram of emotions VS level of involvement in participatory planning. Source: Author. 

5. Discussions

5.1 Changing Role Of An Architect 

To address the research question and study how the participatory practices change the profession, this research 
dives deeper into understanding the role of the expert in project development.  In recent years, the topic of the 
changing role of the architect has been highlighted in research (Johnston, 2020; Taş, Üstün and Cengizoğlu, 
2024). Considering the experts’ role in projects correlates with the intensity of negative emotions caused by 
exclusion, new questions emerge. How does the changing role of an architect affect their emotional experience, 
and how to address the challenges? Is there an evolution of the roles? To answer that, it is necessary to trace 
how the role of an architect has shifted over time (fig. 4). 

Figure 4. Timeline: changing role of architect & urban planner. Source: Author.

From antiquity to the present day, architects’ roles and identities have undergone significant shifts. In the 
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present fast-changing environment, their professional boundaries and responsibilities will continue to 
expand and be redefined.  
Different researchers identify architects’ roles through the value systems that guide their professional 
behavior — their motives, expectations, types of knowledge, and decision-making styles. Depending on the 
study, classifications may encompass the entire architectural field, designers alone, or specific historical 
periods and contexts. 
Samuel (2018) distinguishes between architects who generate cultural, social, or commercial value. In later 
work, she replaces the commercial category with “knowledge architects,” highlighting research-driven and 
innovative practices. 
Saint (1983) outlines four historical types over the last two centuries: the genius-creator, the businessman, 
the gentleman-writer, and the entrepreneur-developer, offering multidisciplinary services. Carmona 
(2009) describes three traditions — creative, market-driven, and regulatory — calling them “tyrannies” 
because each can dominate to the point of suppressing other values. Cohen et al. (2005) identify three 
dominant discourses: architecture as creative work, as business, and as public service, each privileging 
different professional values. Spector (2001), working with theories of contract and conflict, describes 
three ethical-aesthetic orientations: the aesthete, the moralist, and the pluralist, who tries to balance both. 
Seidel et al. (2012) suggest roles based on the impact of built environments on health: the fashionista, the 
life improver, and the service packager. Charlesworth (2006) investigates architects in post-war 
reconstruction and applies metaphors such as pathologists, heroes, historicists, colonialists, social 
reformers, and educators, each emphasizing different visions of how a damaged city should be rebuilt. 
Across these classifications, the most frequently referenced core role is the art-creator — the architect as 
a generator of cultural and aesthetic value. Two other recurring roles are: the commercial architect, 
oriented toward markets and profit, and the socially driven reformer, concerned with ethics, collective 
well-being, and improving everyday life. 

5.2 Matryoshka Of The Architect’s Roles 

This research attempts to disassemble the role of an architect into components and cluster them according 
to the required type of skills. The structure was conceptualized as a Matryoshka – a sequence of roles 
nested one within another (fig. 5). The roles were derived from the respondents’ self-identification and 
grouped by the skill type (Table 1). The roles corresponding to hard skills involve acting as a design 
professional. Soft skills  – an expert is interested in citizen participation and concerns for integrating 
citizens’ needs into the project. Ultra soft skills describe experts who initiate the participation process and 
envisage future changes in the community, who design not only the public space itself but also the social 
and economic effects of the public space development. 
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Figure 5. Matryoshka of the architect’s roles and skills. Source: Author. 

Each role consists of a set of sub-roles, mentioned by the experts in the interviews. These roles were 
applied to larger clusters based on the skills required to perform them. With the rapid development of AI 
and its integration into workflow automation, it is likely that routine tasks, such as designing plans, facades, 
and material calculations, will be automated in the near future. So, it is essential to develop soft and ultra-
soft skills in experts. Social interconnections, capacity building, and community development are spheres 
that still require human engagement and cannot be replaced by machines or artificial intelligence.  

5.3 The Importance Of Professional Associations Of Architects And Planners 

By interviewing professionals and discussing the experience of exclusion, the significance of the issue 
became evident. Professional organizations that work in the field have acknowledged the problem. For 
instance, the Architectural Lobby at the Venice Biennale presented a project in which practitioners 
described additional responsibilities they received in recent years and the new skills they had to acquire 
independently. Participatory planning processes demand an expanded expertise and impose an extra 
burden on practitioners. On the other side of the participatory planning processes, practitioners are usually 
burned out and even leave the profession. They feel unprepared for the responsibilities, underskilled, or 
unable to overcome the stress caused by being removed from a project in which they were deeply involved.  
At the same time, their attempts are undervalued, and exclusion can still happen even though they were 
initiators of the whole citizen participation process. Yet, practitioners understand that the future architects 
are those who serve communities and ecosystems.   
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Table 1. Respondents roles. Source: Author. 

Therefore, it is significant to support architects in managing the emotional impact of losing control over 
the project and assisting them in upgrading their skills. There are a variety of participation methods; it is 
time to raise and maintain professionals capable of handling these tools.  The transition could be smoother 
if professional organizations took care of these shifts. Organizations such as the Architects’ Council of 
Europe have a strategic position in ensuring the upskilling of professionals across spheres. This includes 
competences in stakeholder engagement, designing accessible and inclusive spaces, and embedding 
equity, inclusion, and diversity (Architects’ Council of Europe, 2025). ISOCARP supports young professionals 
by providing Certificate Programs intended to develop expertise in certain subjects.  Due to insufficient 
professional institutions, some private foundations take responsibility out of a sense of solidarity, such as 
the Norman Foster Foundation. 

6. Conclusion
Participation processes have become a widespread practice recognized as effective. However, professional 
risks associated with this process  – especially the possibility of being excluded from the project 
development – are seldom discussed.  Even internationally renowned bureaus such as MVRDV encounter 
the issue. This not only impacts the project's outcome but also places essential emotional tension on 
practitioners. The study was initiated by the authors’ own experience of exclusion and was based on ten 
in-depth interviews with experts working on public space development. The focus is on their experiences 
and emotional response. The findings reveal that the intensity of emotions is tied to the practitioner’s level 
of involvement in project development. Less engagement results in less stress. Deeper communication with 
the broad public and engagement in participation activities correlate with stronger emotional response. 

2073

http://isocarp.org/app/uploads/2018/01/ISOCARP-Certificate-Program-Gunay.pdf


Sarapulova, O.; Nizamova, E.; Vafina, E.; 
Salikhova, L. 

The Other Side of the Participation 

The insights raise wider questions about today's role of architects and their expanding responsibilities and 
skills. The study suggests that associations should reinforce architects’ evolving roles as they navigate 
changing urban and global contexts. Participation is both a people-involvement process and a strategic tool 
for architects and planners to expand their roles. Beyond participation training, associations should provide 
conceptual tools for architects to reflect on their identity and responsibilities and help them to lead and 
adapt in participatory urban planning processes. 
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Abstract 

Public participation in urban planning is not only an indispensable part of urban planning but also 
a fundamental right of citizens. How to truly exert the principal role of the people in urban planning 
and maximize public interests is a question worthy of in-depth study. With the rapid development 
of urbanization, China's urban construction has entered a new era dominated by stock renewal. 
Strengthening urban construction quality and improving urban governance have become core 
tasks at present, marking a process of refined transformation in grassroots governance. Due to 
institutional and ideological differences, promoting public participation under China's national 
context faces numerous challenges. As the smallest unit of social governance, communities have 
become the most direct testing ground for public participation in urban renewal decision-making. 
The community designer system, an important measure to address this transition, was officially 
implemented in Guangzhou in 2020. Currently, this role refers to third-party personnel or teams 
selected by government departments to provide professional guidance and technical services for 
planning, construction, and management within their designated scope. Their work mainly 
includes providing professional consulting services for government decision-making, 
understanding community residents' needs and proposing improvement suggestions for spatial 
environmental issues in communities, offering technical support for the design of ongoing 
community projects, and promoting full-process public participation in community renewal 
through various means, dedicated to building a communication bridge among multiple 
stakeholders such as the government, experts, and community residents. Taking Liwan District of 
Guangzhou as a case, this paper combs the evolutionary process of the "community designer" 
system and explores how communities have transitioned from government-led management to 
collaborative governance by multiple stakeholders. Through interviews with community designers 
and multi-stakeholders as well as questionnaire surveys, the study evaluates the implementation 
effectiveness of the community designer system, summarizes the problems and challenges 
encountered in the past three years of practice, and proposes targeted suggestions and strategies 
from the aspects of operational mechanisms, implementation steps, and working methods. Aiming 
at a more equal, pluralistic, and inclusive urban future, the research explores how the community 
designer system should be further developed and improved to promote bottom-up urban design 
processes, enhance public participation efficiency, solve community governance problems, and 
bring about deeper social concept transformation. 

Keywords 

Public Participation, Community Designer, Social Governance 
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1. Introduction
Public participation is a basis of urban planning, which is for ensuring that urban development aligns with 

the needs of the people (Arnstein, 1969). The concept of " people's city built by the people, for the people" 

was first put forward by the Chinese government in 2019. Therefore, it is important to integrate public 

participation into the entire project process. This approach not only helps to build people's trust but also 

is conducive to enhancing the legitimacy of the plan. Furthermore, the development process of planning 

theory has shifted from a top-down, expert-led model to one that involves more public participation. 

(Healey, 1997). This transformation is particularly crucial in the renewal process of existing urban areas. 

These plans can only address the complex social conditions with the active participation of the relevant 

residents. 

With the continuous advancement of urbanization, for the already established city centers, the focus of 

urban renewal is shifting from comprehensive renovation to quality improvement (Sha et al., 2025). This 

transformation is often referred to as entering the "post-urbanization era", and it brings about many 

challenges. Currently, the core challenge in urban governance lies in addressing the accumulated problems 

in old residential areas, such as aging infrastructure, insufficient public services, and deteriorating 

environmental quality. Moreover, traditional top-down administrative methods often do not suit the needs 

of people (Koontz and Newig, 2014).  

To address the challenges posed by urban renewal, Guangzhou has been actively promoting public 

participation in community affairs since 2018, and officially implemented the "Community Designer" 

system in 2020. This system will appoint third-party professional personnel or teams (typically including 

architects, planners and designers) to assume the role of coordinators and participate in urban renewal. 

Their responsibility is to provide support for planning, construction and management within the 

community (Robazza et al., 2024). Furthermore, they are able to integrate their design expertise directly 

into the community. This approach ensures that community renewal projects are not only technically 

reliable, but also lays the foundation for the " Bridge of Communities " envisioned in the construction plan. 

Take the old urban area of Liwan in Guangzhou as an example. It has the characteristics of historical 

accumulation and urgent renewal needs. Under this background, the renewal intervention measures must 

balance the protection of the heritage and the improvement of social equity. This study aims to explore 

how the community designer system can promote genuine public participation in this urban environment. 

Specifically, the main focus is on analysing the specific working mechanisms, strategies and methods 

employed by community designers. 

2. Background Research
2.1. Public Participation in Urban Planning 

Public participation in urban planning originated from the democratic ideals of the mid-20th century. 

Arnstein (1969) proposed the "citizen participation ladder", which remains the most commonly used 

framework for measuring the depth of public involvement. This framework gradually increases citizens' 

voice in urban planning. Later, Healey (1997) proposed "collaborative planning", introducing more 

stakeholders besides citizens to participate. Similarly, Innes and Booher (2010) suggested that technical 

expertise should be combined with local knowledge and values. 

In China, public participation has also undergone a transformation from the previous top-down form to a 

citizen participation method (Ouyang et al., 2025). And with the promulgation of the "Urban Planning Law" 

and the implementation of hearings and consultation meetings in various regions, this transformation has 
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improved the degree of citizen participation (Xu et al., 2024). However, such participation still faces 

challenges such as limited opportunities and difficulty in multi-party coordination (Tang et al., 2008). 

Therefore, to address these challenges, the literature proposes a concept of "mediator", which has the role 

of connecting the government, designers, and residents (Forester, 1999; Innes and Booher, 2010). However, 

due to the influence of policies and the government, the role of mediators has been restricted for a long 

time, and thus there is a demand for independent mediators to ensure transparency, inclusiveness, and 

effectiveness of the process (Wu et al., 2025) (Newell, see Price and Daley, 2024). The community designer 

system introduces third-party professionals, neither government employees nor developers' 

representatives. Therefore, the community designer system emerged to serve as a neutral "bridge" linking 

the government and the public (Li et al., 2025). 

2.2. International Practical Precedents and Experiences 

The community design in Western countries originated from the community development movement and 

mainly focused on providing service solutions for disadvantaged communities (Sanoff, 2000). Taking the 

American Community Development Corporation (CDC) as an example, the company mainly determined 

neighbourhood plans through resident councils; in the UK, a connection between citizens and the planning 

department was established (Novara, 2011). To make it more standardized, the Netherlands incorporated 

"participatory design" into the legal procedures (Uittenbroek et al., 2019); in Germany, measures such as 

hearings and citizen juries were set up to increase the degree of citizen participation (Morais, 2022). These 

cases show that the establishment of dedicated intermediary institutions has greatly strengthened the 

institutionalization of public participation (Kivimaa, 2014). 

2.3. Practical Precedents and Experiences in China 

Some innovative practices have been carried out in urban governance and community development in 

China, especially in Shanghai, Beijing, Chengdu and Shenzhen (Jin and Shao, 2024). These cities have 

established corresponding public participation mechanisms. Specifically, in Shanghai and Beijing, 

responsible planners are set up as intermediaries between the government, the market and the residents. 

In Chengdu and Shenzhen, residents are empowered through platforms, workshops and participatory 

evaluations (Zhang and Tian, 2024; Li et al., 2020). These practices represent a significant transformation 

in governance models and effectively increase citizen participation. It is evident that most of these practices 

are carried out in first-tier cities, while there is less discussion on the exploration of more complex historical 

cultures and diverse people's needs in old urban areas. Moreover, community designers play a more 

important role in such scenarios. Therefore, this article will mainly focus on the discussion of the working 

mechanisms, methods and practices of community designers in old urban areas. 

3.Methodology
3.1 Case Selection 

We selected Liwan District as our case study primarily because its status as a historic urban core magnifies 

the typical tensions of old-city renewal—particularly the struggle to upgrade aging infrastructure and 

manage high residential density while preserving cultural heritage. Furthermore, its designation as a 

district-level pilot area following the 2020 rollout of the community designer system provides an ideal, real-

world setting to evaluate practical implementation. Finally, the district's social diversity, coupled with 

varying neighborhood spatial and governance conditions, offers a valuable comparative lens to observe 

how the system adapts to different demographic needs. 
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3.2  Data Collection  

Our research utilizes a mixed-methods approach to capture both broad trends and nuanced perspectives. 

The qualitative component relies on semi-structured interviews with community designers, Planning and 

Natural Resources Bureau officials, and neighborhood committee representatives. A total of 25 

participants took part in the interviews conducted in the spring of 2025. Rather than rigidly adhering to a 

script, this format allowed respondents to freely articulate their personal experiences, challenges, and 

insights regarding public participation. To complement this, we deployed both online and face-to-face 

questionnaires to quantify residents’ awareness of the designer system and their satisfaction with specific 

renewal outcomes. The data come from questionnaire surveys commissioned by the government and 

carried out both before the start of old residential community renovation projects and after their 

completion. The surveys were conducted in two ways: through door-to-door visits by community workers 

and through online distribution in residents’ WeChat groups. In each community, more than two-thirds of 

residents took part. In total, the data cover 34 renovation projects implemented between 2022 and 2024. 

Given the large size of the original dataset, this study randomly sampled 1 percent of the responses from 

each project for analysis, resulting in a final sample of 1,911 valid questionnaires. These primary datasets 

were robustly corroborated by policy documents, project reports, and extensive field notes gathered 

during our team’s active involvement in community site visits from 2022 to 2024. 

4. Case Study: The Community Designer System in Liwan District, Guangzhou 
4.1 The Development of the Community Designer System 

Guangzhou's shift toward multi-actor urban renewal gained visible momentum around 2018 (Figures 1 and 

2), coinciding with Liwan's establishment of a joint co-creation committee within its historic areas. A major 

turning point occurred in 2020 when the municipal government released the official community designer 

work plan. Adopting a “one district, one strategy” philosophy, Liwan promptly localized this mandate into 

a specific district-level framework. Since its formal inception, the local system has not remained static; 

rather, it has undergone continuous, iterative refinement through practical experimentation across project 

organization and execution. 

 

Figure 1. Action of Guangzhou. Source: the author. 
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Figure 2. Action of Liwan. Source: the author. 

4.2 The Community Designer Work Model 

Liwan radically redefines the designer's role: instead of merely intervening during the blueprint phase, 

professionals accompany projects throughout their entire lifecycle. This continuous engagement allows the 

district to integrate both completed and ongoing initiatives into a dynamic database, linking localized 

projects to a overarching governance structure. Central to this collaborative ethos is the “Five-Do 

Approach.” Contrasting sharply with traditional expert-led planning, this model synthesizes technical 

expertise, administrative pragmatism, and the residents’ everyday lived experiences. In detail, the " Five-

Do Approach " specifically includes the following aspects. 

Figure 3. The Community Designer Work Model of Liwan. Source: the author. 

4.2.1 "Volunteer to Do": Engaging All Planning Resources 

The "Volunteer to Do" of this model aims to maximize professional outreach, this initiative mobilizes 

volunteer planning and design experts to support community renewal. By 2023, the network had grown to 

encompass over 6,000 volunteers. These individuals collaborate directly with community designers to 

diagnose local bottlenecks and implement practical solutions. This expanded talent pool ensures that even 
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smaller, resource-constrained neighborhoods receive essential design assistance that might otherwise be 

out of reach. 

4.2.2 "Dedicated to Do": Role of Dedicated Community Designers 

For more sustained intervention, this component establishes long-term, continuous partnerships between 

design professionals and specific neighborhoods, allowing teams to cultivate a deep familiarity with local 

realities. Structurally, Liwan divided its 22 sub-districts into 10 designated zones. Each zone is anchored by 

a team operating under a “1 chief designer + N professional designers” framework. Drawn from six distinct 

institutions spanning urban planning, architecture, and landscape design, these dedicated teams guarantee 

consistent technical backing across the district. 

4.2.3 "Youth to Do": Involving Students from Guangzhou, Hong Kong, and Macau 

Treating public participation as a vital investment in long-term civic capacity, this program actively channels 

younger demographics into the renewal process. University students from Guangzhou, as well as 

neighboring Hong Kong and Macao, are invited to contribute to the design of Liwan's Lingnan-characteristic 

communities. To date, the involvement of over 2,000 students has not only injected fresh conceptual 

frameworks and expressive forms into local projects, but also provided these emerging professionals with 

crucial early-career exposure to real-world urban governance. 

4.2.4 "Neighbors to Do": Empowering Community Residents 

At the core of the “Five-Do Approach” is the "Neighbors to Do" component, which grants residents their 

co-creation rights in urban renewal. Specific forms include design seminars, interviews and surveys, etc., 

providing residents with more channels to express their needs and participate in decision-making. This 

ensures that residents' wisdom can participate in the "community designer" system. 

4.2.5 " Demonstrate to Do ": The Influence of Master Planners and Designers 

A key approach to enhancing the quality of community renewal is "Demonstrate to Do" which involves 

involving renowned designers in community design. For designers, this approach provides them with a 

broader design perspective, such as designing public toilets, small parks and other public areas. For the 

public, it is possible to get up close and personal with the works of renowned designers and experience the 

beauty of design. Finally, relying on the popularity of designers is expected to attract more designers to 

participate in community design. 

 

4.3 Participatory Tools and Typical Practice in Liwan 

4.3.1 Community Design Technical Guidelines 

As shown in Figure 4, community designers in Liwan District have developed a series of technical guidelines 

for community design. Unlike previous guidelines that only focused on residential buildings, this guide pays 

particular attention to often overlooked areas in the community such as tree pits, outdoor dining areas, 

public clothes drying racks, and storefront signs, and provides standardized solutions. Undoubtedly, such 

guidelines are closer to the daily lives of residents. In addition, the readability of such guidelines also 

provides a convenient way for residents to participate in community reconstruction. 
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Figure 4. Examples of “Community Design Technical Guidelines”. Source: the author. 

4.3.2 "Co-creation Committee" 

In addition to the formulation of guidelines, it is more crucial to involve residents in the planning process. 

Therefore, Liwan District has established a "Co-creation Committee" with representatives from the 

government, community designers, residents and other stakeholders as the main body. Figure 5 shows the 

establishment of "co-creation committees" on multiple streets. Conveniently, the public can directly 

participate in the review and decision-making of planning projects and other links. Over the past three 

years, Liwan District has held 64 meetings, providing an open communication platform that is not restricted 

by the tenure of designers or government staff. This measure has greatly enhanced the transparency of 

the decision-making process. 

 

Figure 5. Photos of some "Co-creation Committee" in different sub-districts in Liwan.  Source: the author. 

4.3.3 Age-friendly Community Co-create Activities  

The age distribution of residents in the community is uneven. The elderly and children are the groups that 

spend the most time in the community and have difficulty expressing their opinions. Therefore, it is very 

necessary to help them participate in the community planning process through various forms of community 

activities. For instance, allow the elderly to arrange their "ideal seats" in the community and organize 

students and community volunteers to participate in more dynamic community activities. As shown in 

Figure 6, the nature of the activities is diverse. Community designers lead everyone to paint murals of 

community historical photos or make "pocket park" models with Lego and plasticine. These community 
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activities have lowered the professional threshold for public participation, enabling residents of different 

age groups to jointly create the community and enhancing its adaptability to people of all ages. 

 

Figure 6. Photos of some "Community Co-create Activities" organized by Community Designers. Source: the 
author. 

5. Research Results and Discussion 
5.1 Implementation Effectiveness of the Community Designer System 

To comprehensively assess the implementation effect of the community designer system, we conducted a 

comprehensive consideration from multiple dimensions, including residents' participation, satisfaction and 

sense of belonging, designers' sense of achievement, as well as the improvement of physical space quality 

from the perspective of the entire Liwan District. 

In terms of resident participation, through a questionnaire survey, we found that over 80% of the residents 

believe that the community designer system has significantly enhanced their awareness of community 

reconstruction projects. Furthermore, approximately 70% of the residents are thus more confident in 

expressing their opinions. It can be seen from this that the community designer system has effectively 

enhanced residents' willingness and ability to participate. 

Furthermore, we evaluated the impact of the system on residents' satisfaction. Take Liwan District as an 

example. During the period from 2022 to 2024 when the system was implemented, the number of 

residents' complaints and public opinion incidents decreased by 60%. Compared with the traditional "top-

down" planning model, 75.1% of the respondents expressed satisfaction with the design plans 

systematically formulated by community designers. Meanwhile, 67.3% of the residents indicated that they 

were more willing to participate in community activities. This enhanced sense of belonging is largely 

attributed to the promotion of the community designer system. Overall, the community designer system 

has significantly enhanced residents' participation, satisfaction and sense of belonging. 

For community designers, professional achievement is an important indicator to measure the effectiveness 

of a system. The community designer system provides them with more diverse practical scenarios and 

creative Spaces, enabling them to constantly try new design concepts and methods. For this reason, over 
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90% of the surveyed designers indicated their willingness to continue in this field, demonstrating a strong 

sense of professional achievement. 

In addition, over the past three years, Liwan District has initiated a total of 34 renovation projects for old 

communities. A large number of residential buildings have undergone elderly-friendly renovations, 

improving the urban appearance of the old town. Under the in-depth participation of residents and the 

professional guidance of designers, the intelligent level of community infrastructure has been continuously 

improved. More than 100 pocket parks have been added, providing residents with a more livable living 

environment. 

5.2 Factors Influencing the Success of the Community Designer System 

The research results show that the factors influencing the success of the community designer system in 

Liwan District are related to the characteristics of community designers, the institutional background and 

the community background. Specifically, it includes: First, in terms of the personal characteristics of 

designers, community designers are those who have a close relationship with community residents and 

have an advantage in understanding the real needs and expectations of local residents. Then, in terms of 

the institutional background, designers can work more efficiently under the strong political support and 

institutional arrangement of government officials. Finally, a community environment with a strong sense 

of community identity and a history of community organization is more conducive to the success of 

community designers. 

5.3 Challenges and Problems Encountered in Practice 

Although the "community designer" system has achieved phased success, it also faces institutional and 

ideological obstacles as well as a lack of support for the long-term operation of the system. Specifically, it 

is manifested as follows: 1. The traditional top-down urban governance culture is hard to change, and 

people often lack an understanding of collaborative planning. This might lead to a lack of support from 

government officials for the "community designer" system. It is also necessary to build the capacity for 

effective participation of government officials and residents, as many people are not familiar with the 

principles and practices of collaborative governance. The "community designer" system needs to obtain 

long-term funds and support to ensure its continued operation. At the same time, it is very necessary to 

provide systematic and professional training for community designers to ensure that they are competent 

for their jobs. The system's reliance on volunteers and students may also be a source of instability, so a 

more sustainable participation model needs to be developed. 

6. Conclusion 
The Liwan case confirms that the community designer system is an institutional innovation in urban 

governance in China, innovatively transforming top-down governance into a co-governance process. Both 

quantitative and qualitative evidence consistently indicate that this system has significantly enhanced 

public participation rates and stakeholder satisfaction. Meanwhile, the involvement of professional 

designers has effectively alleviated conflicts of interest and enhanced the transparency of planning. This is 

attributed to the logic of collaborative creation contained in the "Five-Do Method". This study provides a 

case and approach for future research and comparative analysis with cities at home and abroad in China. 

2084



Sun, Q.; Xu, C. The Bridge of Communities 

 

 

Acknowledgments 
The completion of this work was supported by National Key Research and Development Program of China 

(No.2023YFC3805501). Thanks for the support of Academic Specialty Group for Urban Sensing in Chinese 

Society of Urban Planning. The authors also express their gratitude to the editors and anonymous reviewers 

for their arduous work and valuable comments on the manuscript, and all participants for their contribution 

to this study. 

7. Reference 
Arnstein, S. R. (1969) ‘A ladder of citizen participation’, Journal of the American Institute of Planners, 35(4), 

pp. 216–224. 

Healey, P. (1997). Collaborative Planning: Shaping Places in Fragmented Societies. London, England: 

Macmillan Press Ltd. Available at: https://doi.org/10.1007/978-1-349-25538-2 

Innes, J.E. and Booher, D.E.(2010). ‘Planning with complexity: An introduction to collaborative rationality 

for public policy’. Abingdon: Routledge. 

Sha, Y., Chen, P.Q., Wu, Y.X. et al. (2025) ‘Continuous renewal of ageing communities from the perspective 

of community designers: a whole-process accompaniment approach to the Xiaoyingxiang renewal series’, 

Chinese Landscape Architecture, 41(9), pp.77-83. Available at: https://doi.org/10.19775/j.cla.2025.09.0077 

Koontz, T.M. and Newig, J. (2014) ‘From planning to implementation: top-down and bottom-up approaches 

for collaborative watershed management’, Policy Studies Journal, 42(3), pp.416-442. 

Robazza, G., Priego-Hernández, J., Caputo, S. et al. (2024) ‘Temporary urbanism as a catalyst for social 

resilience: insights from an urban living lab practice-based research’, Buildings, 14(6), p.1513. 

Ouyang, Y.F. and Bai, X.H. (2025) ‘Social media for public participation in urban planning in China based on 

place attachment – a case of the Guangzhou banyan tree incident’, Frontiers in Built Environment, 10. 

Available at: https://doi.org/10.3389/fbuil.2024.1523576 

Tang, B.-S., Wong, S.-W. and Lau, M.C.-H. (2008) ‘Social impact assessment and public participation in China: 

a case study of land requisition in Guangzhou’, Environmental Impact Assessment Review, 28(1), pp.57-72. 

Available at: https://doi.org/10.1016/j.eiar.2007.03.004 

Forester, J. (1999) ‘The deliberative practitioner: encouraging participatory planning processes.’ Cambridge, 

MA: MIT Press. 

Wu, F. and Zhang, F. (2025) ‘Governing urban development in China: critical urban studies’. Abingdon: 

Routledge. https://doi.org/10.4324/9781003355175 

Newell, P., Price, R. and Daley, F. (2024) ‘Landscapes of (in)justice: reflecting on voices, spaces and alliances 

for just transitions’, Energy Research & Social Science, 116, p.103701. Available at: 

https://doi.org/10.1016/j.erss.2024.103701 

Li, Z., Lin, Y., Hooimeijer, P., Monstadt, J. and He, J. (2025) ‘The communicative turn in planning? Examining 

community planner's role as a third actor in Beijing, China’, Cities, 159, p.105785. Available at: 

https://doi.org/10.1016/j.cities.2025.105785 

Sanoff, H. (2000) Community participation methods in design and planning. New York: Wiley. 

2085

https://doi.org/10.1007/978-1-349-25538-2
https://doi.org/10.19775/j.cla.2025.09.0077
https://doi.org/10.3389/fbuil.2024.1523576
https://doi.org/10.1016/j.eiar.2007.03.004
https://doi.org/10.1016/j.erss.2024.103701
https://doi.org/10.1016/j.cities.2025.105785


Sun, Q.; Xu, C. The Bridge of Communities 

 

 

Xu, H., Meng, M., Zhu, F. et al. (2024) ‘The role of local officials in promoting public participation during 

local urban planning processes: evidence from Chinese cities’, Land Use Policy, 141, p.107108. Available at: 

https://doi.org/10.1016/j.landusepol.2024.107108 

Novara, M. (2011) ‘Community development and affordable housing: the United States and Italy’. MSc 

Thesis. Milan: Politecnico di Milano. 

Uittenbroek, C.J., Mees, H.L.P., Hegger, D.L.T. et al. (2019) ‘The design of public participation: who 

participates, when and how? Insights in climate adaptation planning from the Netherlands’, Journal of 

Environmental Planning and Management, 62(14), pp.2529-2547. 

Morais, M. (2022) ‘Citizen participation in urban policy: lessons based on Berlin and São Paulo experiences. ’ 

WZB Discussion Paper. Berlin: WZB Berlin Social Science Center. 

Li, X., Zhang, F., Hui, E. C.-m., & Lang, W. (2020). ‘Collaborative workshop and community participation: A 

new approach to urban regeneration in China’. Cities, 102, 102743. 

Kivimaa, P. (2014) ‘Government-affiliated intermediary organisations as actors in system-level transitions’, 

Research Policy, 43(8), pp.1370-1380. 

Zhang, Z., Yu, J. and Tian, J. (2024) ‘Community participation, social capital cultivation and sustainable 

community renewal: a case study from Xi’an’s southern suburbs, China’, Journal of the Knowledge Economy, 

15(3), pp.11007-11040. 

 

 

 

2086

https://doi.org/10.1016/j.landusepol.2024.107108


2087



Haoming,T.; Huibin,R.; Yuyin,X . Spatial Governance Innovation as Crisis
Response: Planning Practices for Childcare

Facilities in Guangzhou

Research Paper

Spatial Governance Innovation as Crisis Response: Planning
Practices for Childcare Facilities in Guangzhou

Haoming TANG, Guangzhou Urban Planning & Design Survey Research Institute Co., Ltd, China
Huibin REN, Guangzhou Urban Planning & Design Survey Research Institute Co., Ltd, China
Yuyin Xie, Guangzhou Urban Planning & Design Survey Research Institute Co., Ltd, China

Abstract

Childcare facilities are of great significance to the growth of infants and the improvement of
residents' well-being, but the fragmented layout of childcare facilities under rapid urbanization
has reduced the quality of citizens' access to childcare services. The contradiction between
demand and supply of childcare facilities in Chinese cities is prominent. In the face of multiple
crises such as declining birthrate, scarcity of land resources, and large differences in family
childcare needs, how to maximize the use of existing space to effectively supply childcare
facilities is a challenge faced by many high-density cities.
Based on the practical experience of childcare facility planning in Guangzhou, this study employs
an embedded mixed-methods design to examine how the multi-agent governance system to
optimize the layout of childcare facilities and improves the resilience of public services through
scale coordination.
The analysis is grounded in polycentric governance theory and integrates multiple data sources:
policy documents (3 planning texts), semi-structured interviews with stakeholders across
government, hospitals, enterprises, and communities (N=25), and spatial data from childcare
facilities. Qualitative analysis uses social network analysis to map governance collaboration
patterns. Quantitative analysis applies supply and demand models to assess the mismatch in the
quantity and spatial distribution of infants and childcare facilities.
The study reveals the innovation of spatial governance in Guangzhou:
(1) Different governance subjects flexibly construct a network of childcare facilities by using tools
such as land policy, utilization of existing space, and functional compounding;
(2) Effective crisis response should not only rely on vertical collaborative subjects (city-district-
town), but also take "professional knowledge subjects (such as hospitals)" as one of the
horizontal collaborative subjects to form local-based solutions;
(3) There are scale conflicts in vertical multi-level governance, which can be resolved through
selective decentralization.
By embedding knowledge-based partners within a polycentric governance framework, this study
advances an affordable and adaptive governance paradigm. In this model, diverse governance
actors reduce spatial costs through embedded facilities, dynamically respond to citizen needs.
This model also contributes to the localization of SDGs (particularly SDG 5 on gender equality and
SDG 11 on sustainable communities), which provides enlightenment for high-density cities.

Keywords

Childcare facilities, polycentric governance, Spatial Optimization
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1. Introduction
A research report by UNICEF Innocenti – Global Office of Research and Foresight and the China Country
Office points out that there is a need to establish a comprehensive concept of family policy in China to
further support parents in their child-rearing responsibilities. Family policies are the foundation for
communities and countries and are key to achieving the Sustainable Development Goals. They allow
parents to achieve a balance between work and home life (Daly et al., 2015; Filgueira & Rossel, 2020).
The United Nations Convention on the Rights of the Child (United Nations, 1989) calls on states to
"render appropriate assistance to parents and legal guardians in the performance of their child-rearing
responsibilities and ensure the development of institutions, facilities, and services for the care of
children". Childcare services are part of family policy and include formal childcare facilities. For now,
China's urban development has entered a new stage, where welfare is an important value in urban
development. And childcare facilities are an important support for this.

Guangzhou is located in the Guangdong-Hong Kong-Macao Greater Bay Area of China. In 2024, its GDP
per capita reached $23,122, reaching the level of high-income economies according to the World Bank.
Guangzhou has a population of 18.98 million, ranking fifth in China. Among them, 6.44 million are aged
18-35, with a high demand for childcare services. With rapid urbanization, the lack of childcare facilities
has reduced the quality of childcare services available to citizens. In the face of declining birth rates,
scarce land resources, and growing demand from families, how to make the best use of existing space to
effectively provide childcare facilities is a challenge for many high-density cities. This study, based on
practical experience in planning childcare facilities in Guangzhou, examines how the polycentric
governance system can optimize the layout of childcare facilities through scale coordination. And it can
enhance the resilience of public services.

2. Research methods
This study adopts an embedded mixed-methods design, combining qualitative and quantitative
approaches, aimed at investigating the polycentric governance system of childcare facilities in Guangzhou.
The qualitative part focuses on understanding governance mechanisms, collaboration among actors, and
institutional innovation, while the quantitative part assesses the spatial mismatch between childcare
demand and supply, as well as the effectiveness of policy interventions.

Qualitative analysis is grounded in the polycentric governance theoretical framework. A total of 25 semi-
structured interviews were conducted between March 2024 and January 2025 with key stakeholders
involved in Guangzhou's childcare facility planning and operation. The interviewees were selected
through purposive sampling to ensure representation across governance levels and actor types. A total of
3 policy documents were collected, spanning the period 2020–2025.

Quantitative analysis focuses on measuring spatial mismatches between childcare demand and supply, as
well as evaluating the effectiveness of governance interventions. We compiled spatial and attribute data
from three sources: child population data, facility data, and spatial boundary data.
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3. Practical experience in planning childcare facilities in Guangzhou
3.1 The connotation of polycentric governance

"Polycentric governance" is an important branch of the new public management theory. It was proposed
by Nobel laureate economist Elinor Ostrom and her husband, based on the "social order theory" of
British sociologist Karl Polanyi. Polycentric governance represents a "third way" of governance that
transcends the traditional binary logic of government versus market. Its core concept is that individual
units act independently, constraining each other, and cooperating to provide specific public goods and
services. In other words, between the market and the state, there exist many other forms of
governance—such as communities, civil society organizations, and professional bodies—and only when
diverse governance actors leverage each other's strengths can superior public goods be achieved.

Based on the theory of polycentric governance, this study introduces the concept of a multi-actor
governance system to capture the actual collaborative arrangements observed in the planning of
childcare facilities in Guangzhou. A multi-actor governance system refers to the structured coordination
of multiple autonomous yet interdependent actors, including government agencies at different levels,
knowledge institutions (such as hospitals), market entities (such as state-owned enterprises and private
operators), and community groups, which operate at nested vertical scales to jointly produce public
services. This concept explicitly points out that effective governance in a high-density urban context
requires not only vertical coordination (city-district-street/town) but also horizontal collaboration among
heterogeneous actors with different resources and professional capacities.

Figure 1. Collaborative Governance by Multiple Entities in Childcare Facilities in Guangzhou. Source:
Compiled by the author

3.2 Planning Guidance: The municipal government makes master plan and detailed plans

providing important support for the layout of childcare facilities.

The municipal government acts as the 'rule maker' role. It lays the foundation and provides direction for
childcare facility development through macro-level planning and policy innovation. This top-down policy
relaxation clears institutional obstacles for lower-level governments and market participants, opening up
space for innovation. The district government and town can find the site of childcare facilities under the
guidance of the overall plan.
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The Guangzhou Master Plan (2021-2035) proposes improving the mix-use of land for basic public service
facilities in accordance with the 15-minute life circle. It encourages the provision of integrated centralized
community service land that combines party, administrative, elderly care, and childcare facilities. It really
supports the development of community-level childcare service facilities. The "Childcare Service System
Plan in Guangzhou (2021-2030)" proposes that by 2025, the number of childcare places per thousand
people should strive to reach 5.8, with 30% of childcare facilities' prices being acceptable for families. It
clarifies the goal of increasing the service for infants and separates it into specific indicators for each
district and each year. In detailed planning, in accordance with technical guidance, childcare facilities and
kindergartens should be set up considering the planned population and actual development conditions.

Under the guidance of a master plan and detailed plan, through the cooperation of the government,
market, society, and hospitals, the number of childcare increases per thousand people in Guangzhou
increased from 2.5 in 2021 to 5.73 in 2024. The total number of childcare increases from 49,000 in 2021
to 108,000 in 2024. And the proportion of affordable childcare facilities increases from 7% in 2021 to 41%
in 2024, basically achieving the planning targets. The basic structure of the '1+11+N' comprehensive
childcare service network has been basically established. '1' means municipal-level childcare centers, and
'11' means district-level childcare centers. 'N' means small childcare facilities such as daycare held by the
market.

At the same time, the overall number of infants in Guangzhou remains stable. Affected by the COVID-19
pandemic, the number of infants has been rising since 2023, reaching about 590,000 in 2024. The
increase in the number of childcare facilities has effectively met the demand of families with infants. And
the distribution of childcare facilities has become more balanced.

3.3 Implementation on the ground: District and town governments promote the

construction of childcare facilities by integrating resources.

As a key link between the municipal government and the town, the district government is responsible for
converting the city-level blueprint into activities that suit the district's actual conditions and for
integrating regional resources. According to the master plan's requirements, each district carries out the
specific locations and scales of childcare facilities when preparing detailed project plans or urban renewal
plans. For example, in Huangpu District, the layout and scale of childcare facilities are decided based on
the number of people in the detailed planning of residential areas.

The district provides affordable land and properties for public childcare institutions, lowering the entry
barriers for private investment. At the same time, the district government is responsible for revitalizing
underutilized public properties, such as old factories, office buildings, and old community service centers.
It transfers it to childcare services and thereby makes effective use of existing resources.
Towns (subdistricts) are the 'last mile' of childcare services, responsible for coordinating specific sites,
supervising construction, and managing day-to-day operations. They leverage their familiarity with the
grassroots level to accurately identify and provide available existing spaces. They talk with communities
to survey idle buildings that can be converted or expanded for childcare centers, and are responsible for
communicating and coordinating with property owners and residents to resolve specific issues during
implementation. Childcare facilities are integrated into street-level and community-level public service
centers, making them part of the community service network, so residents can access services
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conveniently.

3.4 Horizontal collaboration: Professional knowledge-based actors (hospitals) provide

professional guidance in the construction and operation of childcare facilities

In the construction of the '1+11+N' childcare facilities and service network, municipal-level childcare
centers are operated by the Municipal Women and Children's Center in Guangzhou. It contains
demonstration, guidance, and labor training functions. District-level childcare centers in 11 districts are
operated by the District Maternal and Child Health Hospitals, guiding the work of childcare facilities
within their administrative areas. At the same time, professional resources from public hospitals, CDCs,
community health service centers, and other institutions are integrated to form a city-wide expert group,
providing registered childcare institutions with health officers and offering daily health services such as
enrollment assessments, growth and development monitoring, and nutritional guidance.

From the perspective of professional guidance, hospitals are deeply involved in the site selection of
childcare facilities. In the planning and site selection of municipal and district-level childcare centers, the
government, local communities, and hospitals collaborate to provide recommendations on the location
and spatial scale of the centers. They share thoughts about the distribution of existing spaces, residents,
and the level of surrounding medical services. In the site selection of the municipal childcare service
center, the Municipal Women and Children's Center was involved at a very early stage. Based on the
needs of space for childcare services, talent cultivation, and scientific research, it put forward suggestions
regarding site scale, functional layout, and entrance and exit arrangements, which were implemented in
the site selection and design.

Figure 2. Childcare center selected together with the hospital. Source: Photographed by the author
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3.5 Decentralization: Emphasize public participation in facility site selection and optimize

spatial functions based on actual needs

The practice of polycentric governance theory in the vertical dimension inevitably involves 'scale
conflicts.' Such conflicts come from differences in management scale, core objectives, information
advantages, and various resources among different levels of government. So it leads to contradictions in
policy perception and implementation preferences. Specifically, in the construction of childcare facilities,
the municipal scale focuses on overall fairness and strategic layout in the whole city, preferring
standardized rigid planning to ensure the equal provision of basic services. The district level focuses on
available resource integration and short-term development, seeking to maximize the benefits for its
district under the municipal rule. The district government may view municipal standards as too tough.
The town or sub-district level focuses on precise implementation and community integration, being most
acutely aware of residents' needs and the obstacles to implementation.

Guangzhou is not simply centralizing everything, more or less, using the governance tool of 'selective
delegation' to resolve conflicts of scale and stimulate initiative at all levels. In terms of planning
implementation, municipal-level plans require each community to build childcare facilities according to
standard specifications. However, at the district and subdistrict levels, they face fragmented spaces and
complex property rights, making it difficult for current communities to find 'ideal plots' that fully meet
the standards. Regarding construction speed, the municipal government issues construction targets
requiring rapid progress, but at the town and subdistrict levels, it is fully understood that without
sufficient community communication and coordination of interests, hastily launched projects are prone
to resident opposition, resulting in 'built but hardly usable' facilities.

Guangzhou's response strategy is, on the premise of adhering to the municipal 'baseline standards' (such
as safety and affordability), to selectively delegate certain powers and flexibility to lower-level
governments, achieving a balance between 'rigid objectives' and 'flexible implementation'.
So the government decentralizes the 'choice of space utilization' to resolve conflicts in land supply. At the
municipal level, instead of directly specifying the exact sites and forms of each facility, the approach shifts
to setting a 'per capita building area' target. Districts and towns are allowed to decide independently how
to use spatial resources while meeting the city's core indicators. District governments and towns are
encouraged to explore different methods or models that best match local resources.

For example, communities with aging populations can focus on a 'co-living of young and old' model, while
areas around science districts or universities can focus on a 'combining enterprise and childcare' model.
They can choose to construct new facilities (newly built according to standards in developing areas if
conditions allow) or renovate existing properties (transforming idle community committee offices,
community libraries, old factories, etc.) into childcare facilities). This delegation effectively resolves
conflicts between planning standards and the reality of space. Districts and towns can use their 'local
knowledge' and take the lead in organizing community meetings to negotiate specific issues such as
facility location, design style, and service hours. They can find solutions that are more low-cost and better
accepted by the community, thereby more quickly and effectively achieving the city's childcare
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construction targets.

Figure 3. Collaborative Governance by Multiple Entities in Childcare Facilities in Guangzhou. Source:
Compiled by the author

4. Conclusion
The success of planning and constructing childcare facilities in Guangzhou lies in its deep understanding
of scale conflicts in vertical polycentric governance. It uses the adoption of a precise strategy of 'selective
devolution.' At the same time, hospitals are combined as 'knowledge-based actors' to carry out horizontal
collaboration, supporting more precise planning and construction of childcare facilities.

Overall, this study emphasizes incorporating knowledge-based partners such as hospitals on the basis of
the polycentric governance theory and proposes an affordable and resilient governance model. Through
tools such as embedded facilities, mixed-use space, and different governance actors, spatial costs can be
reduced, citizens' demands can be responded to quickly, and provide insights and lessons can be
provided for high-density cities.
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Abstract 

This paper examines the rapid and dynamic urban growth of Kosovo’s cities, Prishtina, Mitrovica South, 
and Vushtrri, by applying Thomas Sieverts’ concept of Zwischenstadt (“in-between city”). This paper aims to 
analyse how urban expansion and density in these cities manifest as hybrid spatial forms when interpreted 
through the Zwischenstadt framework. The objective is to explore how these cities have expanded and densified 
through owner-driven development that blurs boundaries between urban and rural, as well as between planned 
and unplanned areas. The study adopts a mixed-method approach, integrating GIS-based spatial analysis, 
municipal planning documents, and satellite imagery covering the period from 2000 to 2018.This methodological 
framework enables the identification and interpretation of patterns of illegal construction and informal 
densification that have often outpaced institutional planning. Findings reveal that fragmented urban growth in 
these cities results from a combination of weak governance, unclear legal frameworks, and socio-political 
challenges. Rather than interpreting these patterns as a mere failure of regulation and planning, the paper 
argues that such patterns signal emerging hybrid urban forms typical of post-socialist, post-war contexts. The 
Zwischenstadt concept offers a valuable lens to interpret these developments and to advocate for more flexible 
and context-sensitive planning strategies. The findings suggest the need for integrated planning approaches that 
link legal frameworks, spatial planning, and community engagement to address the complex realities of 
unregulated growth in similar urban environments. 

Keywords 

Zwischenstadt, urban growth, post-socialist cities, Kosovo, fragmented urban growth, urban 
transformation 

1. Introduction  
1.1. Problem and Context  

Kosovo, the latest state to declare its independence in Europe in 2008, is located in the center of the 

Western Balkans, surrounded by Albania, Montenegro, Serbia, and North Macedonia. Since Kosovo 

declared its independence, the number of countries recognising it has increased gradually. Its surface area 

is 10,877 km² (Ismajli and Kraja, 2013, p. 9; Bieber, 2015, p. 288) and population of 1,586,659 (KAS, 2024).  

The Kosovo Planning System is based on the Spatial Planning Law of Kosovo No. 04/L-174-2013 

and has two levels of planning: central and local (Uka and Psenner, 2023). The central level: the Kosovo 

spatial plan, the Kosovo zoning map, and spatial plans for special zones; and the local level: the municipal 

development plan, the municipal zoning map, and detailed regulatory plans (Law No. 04/L-174 on Spatial 

Planning, 2013, p. 5). For the central level, the Ministry of Environment and Environmental Protection and 

Infrastructure of Kosovo are responsible for drafting the documents, and for the local level, municipalities 

are responsible for drafting and approving those documents (Gjinolli, 2019, p. 905).  

Despite facing several challenges, the planning issue of illegal construction poses a significant 

problem for urban development. Illegal constructions are constructions built on private land but without 
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construction permits. The construction of illegal dwellings does not appear to have significantly contributed 

to urban sprawl. In fact, it may have helped to enhance the compactness of the existing towns. The 

comparatively high costs of transportation and access to public utilities such as water and power supplies, 

as well as sewage, in Kosovo, relative to the average income, may be the cause of this phenomenon 

(Boussauw, 2012, p. 6).  

Kosovo's urban growth reveals the coexistence of deeply intertwined planned and unplanned 

dynamics (Uka, 2026, p. 27). Understanding these hybrid forms is essential not only for local governance 

but also for informing international planning debates on sustainable urban growth in post-socialist and 

transitional contexts. To address these challenges, this paper applies the Zwischenstadt framework to 

examine how such hybrid urban forms emerge and evolve in Kosovo’s cities. The following section outlines 

the methodological approach used to analyse these dynamics. 

1.2. Methodology and Data 

This study focuses on three municipalities in Kosovo: Prishtina, Vushtrri, and Mitrovica South. It explores 

how rapid, owner-driven urban growth has reshaped their spatial structure. A qualitative case study 

approach was adopted to allow for a context-sensitive interpretation of local conditions (Cousin, 2005, p. 

421; Yin, 2009, p. 76). Rather than applying a fixed model, the process combined spatial analysis, planning 

document review, and qualitative insight to reveal the interaction between formal and informal urban 

development. 

QGIS was used to process spatial data, which included municipal datasets of building footprints, 

roads, illegal constructions, and urban growth patterns, as well as field observations. Complementary 

insights were gathered through semi-structured interviews with municipal planners, spatial planning 

experts, and academics, including an exchange with Thomas Sieverts, author of Zwischenstadt (Sieverts, 

2003). These discussions helped interpret the findings beyond the local context, framing them within 

broader debates on urban transition and governance.  

The methodology integrates spatial mapping, document review, and interpretive dialogue, aiming 

to connect data-driven analysis with the conceptual framework of Zwischenstadt. This approach is both 

replicable and adaptable to other post-socialist or transitional urban settings, such as those in Eastern 

Europe or Central Asia, where similar urban governance challenges are present. The following section 

presents the results derived from this methodological framework. 

2. Findings 
2.1. Zwischenstadt concept 

The concept of Zwischenstadt, introduced by Thomas Sieverts (2003), describes the spatial condition that 

emerges between the traditional city and the countryside. It captures the transformation of urban 

territories where dispersed, fragmented, and functionally mixed landscapes replace the compact, clearly 

bounded city. The Zwischenstadt is not defined by disorder but by a new type of urbanity, one that evolves 

through overlapping layers of density, function, and ecology.  

 As illustrated in Figure 1, five interrelated dimensions frame the Zwischenstadt condition: urban-

ness, centrality, density, mixed-use and ecology. These dimensions are not static indicators but diagnostic 

tools that allow planners and researchers to interpret spatial transitions. Rather than representing a 

European anomaly, the Zwischenstadt offers a framework that can be used to understand how cities evolve 

under conditions of uncertainty, weak governance, and rapid socio-economic change, characteristics that 

also define the post-war urbanisation of Kosovo. Adopting those concepts into a local context poses a 

significant challenge due to the different scales originally applied and studied but also the point of view. In 
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conversation with the author of the book Zwischenstadt, Thomas Sieverts (Sieverts, 2025) explains that 

those concepts should not be considered negative but understood as both a challenge and an opportunity. 

 The five concepts identified in Sieverts’ Zwischenstadt framework, urbanity, centrality, density, 

mixed-use (Psenner, 2012), and ecology, were applied to analyse the selected cases. Each of these 

dimensions represents the opposite of what we traditionally observe in historical cities: urbanity in the 

Zwischenstadt is characterised by dispersion; centrality by polycentric and fragmented nodes; mixed use 

by separated functions; density by low- or medium-intensity; and ecology by the unplanned integration of 

nature. 

The opportunity to use these concepts in Kosovo is evident; however, the challenge lies in their 

interpretation. Sieverts’ framework was developed to describe a new form of urbanism in Western 

Germany, a context of deliberate spatial transformation within advanced economies. In Kosovo, by 

contrast, similar spatial patterns have emerged under completely unique conditions. Here, dispersion, 

fragmented centralities, low density, functional separation, and ecological degradation are not the 

outcomes of strategic planning but rather of uncontrolled development and weak governance. This feature 

makes the application of the Zwischenstadt framework both complex and significant. A direct conversation 

with Thomas Sieverts (Sieverts, 2025) helped clarify that these concepts should not be viewed as inherently 

negative. Instead, they reveal how new forms of urban development can arise, even unintentionally, 

through local socio-economic dynamics and institutional constraints. Recognising this parallel allows for a 

more nuanced understanding of urban transformation in post-socialist contexts, such as Kosovo. 

 

Figure 1 Conceptual structure of the Zwischenstadt framework based on Sieverts book (2030). Source: Uka, 
2025. 

2.2. Concept application 

The application of Zwischenstadt concepts to Kosovo’s urban context revealed patterns that mirror 

Sieverts’ framework yet emerge through entirely different socio-spatial dynamics. The five dimensions 

(Figure 1) were used as analytical categories to interpret spatial change in Prishtina, Mitrovica South, and 

Vushtrri, the three municipalities selected for study (Figure 2). Each represents a distinct stage of the urban 

transition: Prishtina as the rapidly expanding capital, Mitrovica South as a divided industrial city, and 

Vushtrri as a smaller regional center experiencing corridor-based growth.  

Using QGIS-based mapping of building footprints, street networks, and urban growth from 2000 

to 2018, the study traced the evolution of dispersed urban forms, fragmented centralities, and separated 

functions across the cases. These outcomes correspond closely to the Zwischenstadt typology, low to 

medium density, mixed and discontinuous development, and unplanned ecological integration, but with 
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crucial contextual differences. In Kosovo, such forms did not arise from post-industrial restructuring, as in 

Western Europe, but from unregulated owner-driven development and weak institutional capacity. 

 

Figure 2. Selected case studies. Source: Uka, 2025. 

Building on this conceptual interpretation, the following analysis translates these qualitative 

observations into spatial evidence. Using georeferenced datasets and temporal comparisons, the study 

visualises how Zwischenstadt characteristics, such as dispersion, fragmented centralities, and unplanned 

ecological integration, have materialised across the three case study cities. This layer of spatial analysis 

offers measurable insights into the evolution of hybrid urban forms over time and the grounding of theory 

in empirical observation. 

2.3. Spatial Findings and Analysis 

2.3.1 Prishtina 
Prishtina is the capital city of Kosovo and the most populated municipality (Basha-Jakupi and Nushi, 2017); 

it is also an urban, regional and communal centre. The territory of Prishtina and Kosovo was inhabited from 

palaeolithic times (Islami et al., 2018). A demographic boom began in Pristina in 1999 (Gollopeni, 2016), 

with significant urban development and challenges. City planner Rexhep Luci proposed a "Vision for 

Pristina" in 2000, addressing law enforcement and illegal construction, yet he faced threats and was killed 

(D’Hondt, 2012). Public institutions struggled to create effective urban strategies, leading to construction 

that ignored regulations and causing urban collapse. Within a decade, urban development skyrocketed by 

nearly 200% (Gollopeni, 2016). This growth highlights several issues: a disconnect between municipal 

authority and the real estate market, lack of expertise in civil administration, and inadequate societal 

support for planning frameworks (Boussauw, 2012). 
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Figure 3. Aerial view of Prishtina’s urban periphery illustrating fragmented and dispersed urban growth. 
Source: Arben Llapashtica, 2019. 

Figure 3 depicts Prishtina's urban landscape, showcasing a hybrid character where low-to-medium 
density housing is scattered across hills and valleys, interspersed with green spaces, creating a 
discontinuous city edge. In contrast, the high-rise core represents Prishtina as Kosovo's largest and rapidly 
growing urban centre. This combination exemplifies the Zwischenstadt dynamic, characterised by a 
patchwork of formal and informal developments with unclear urban and rural boundaries and limited 
greenery in the city centre—a phenomenon also observed in Vushtrri and Mitrovica. 

2.3.2 Vushtrri 
Vushtrri Municipality encompasses 345 km² in northern Kosovo (Figure 2), part of the region of Mitrovica 

(Miftari, 2021), and is the second-largest municipality in the region after Mitrovica South, with 61,493 

inhabitants (KAS, 2024). Vushtrri is on the right bank of the Silnica River and is split by the Tërstenka River, 

which flows into the Silnica River (Osmani, 2005).   

Data for Vushtrri's built-up area from 2001 to 2018, which, while appearing to reflect typical urban 

growth, reveals serious issues due to the lack of regulatory plans. This situation has resulted in 

characteristics akin to Zwischenstadt, marked by spatial dispersion, undefined urban-rural boundaries, and 

uncoordinated densification along the periphery. The urban structure is irregular (Figure 4); streets and 

building designs lack coherence, and Article 18 of the Construction Law has not been adequately enforced, 

leading to a mixture of isolated multi-storey buildings amidst low-rise constructions. Consequently, the 

built area is fragmented, with agricultural land gaps within and surrounding the municipality. High-rise 

buildings exist in isolation rather than as part of a unified urban fabric, contributing to a decentralised 

development pattern that follows major roads in a manner typical of post-socialist towns. This fragmented 

growth, characterised by the absence of a clear zoning hierarchy, signifies the unplanned urban 

development that followed the post-war period. Notably, the transition from dense urban areas to 

agricultural land occurs abruptly without any buffer, exemplifying the merging of urban and rural 

environments synonymous with Zwischenstadt. 
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Figure 4. Aerial view of Vushtrri showing the direct interface between dense residential areas and farmland 
without a transitional buffer zone. Source: Narcis Drevinja, 2021. 

2.3.3 Mitrovica South 
Mitrovica is an old settlement in Kosovo (Shukria et al., 1979). After the war in 1999, Mitrovica was divided 

on ethnic borders: Mitrovica South and North (van der Borgh, 2012; Vidishiqi, 2020). This separation of the 

city became permanent during the decentralisation process, when numerous new municipalities in Kosovo 

were established based on Martti Ahtisaari's proposal (Islami et al., 2018), with Mitrovica notably receiving 

two distinct municipalities (Bollens, 2012).  

 The Municipality of Mitrovica South has an area of 331.01 km² and 64,680 inhabitants (KAS, 2024). 

Data shows the spatial expansion of the built-up area in Mitrovica South from 2001 to 2018, overlaid on 

the officially designated urban zone. The data illustrates rapid and fragmented outward growth, 

particularly between 2012 and 2018, much of which occurred beyond areas covered by regulatory plans. 

This growth pattern reflects Zwischenstadt-like characteristics, including spatial dispersion, blurred urban-

rural transitions, and uncoordinated densification on the periphery. 

Figure 5 shows a residential area in Mitrovica South, where low-density housing spreads irregularly 

across the hillsides, interspersed with occasional high-rise buildings. The scene reflects the fragmented and 

uncoordinated growth typical of Zwischenstadt conditions, where urban and rural morphologies overlap 

without clear spatial boundaries. 
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Figure 5 The fragmented urban fabric of Mitrovica South’s periphery. Source: Valon Hakaj, 2023. 

3. Conclusions and recommendations 
3.1. Cities without Cities: Rethinking the Urban Condition 

The case studies indicate that cities in Kosovo are increasingly characterised by scattered, fragmented, and 

uncoordinated urban expansion, which mirrors Sieverts’ concept of the Zwischenstadt, or "in-between 

city." Instead of distinguishing between urban and rural regions, these systems create continuous and 

ambiguous landscapes in which housing, agriculture, and infrastructure coexist without a unified planning 

logic. This condition calls for a reconsideration of urbanity that goes beyond density or centrality, focusing 

on the lived experience and spatial complexity of these hybrid territories. 

3.2. Towards Flexible and Contextual Planning Approaches 

Addressing the Zwischenstadt concept in Kosovo requires flexible planning instruments that accommodate 

local circumstances instead of enforcing rigid zoning frameworks. Adaptive frameworks that incorporate 

informal development, ecology, and multifunctional land use can reconcile planning theory with practice. 

Contextualized policies, based on municipal capacities and community requirements, should seek to 

facilitate the transition rather than restrict it, fostering equitable urban-rural dynamics and more 

sustainable urban forms. 
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3.3. Policy Implications for Municipalities 

Municipalities play an important role in managing the dispersed and hybrid landscapes that define Kosovo's 

urban transition. Nonetheless, the existing planning system does not prevent construction in the absence 

of planning documents; rather, it establishes a legal provision (the 50-metre rule) that allows development 

to proceed indefinitely, leading to fragmented and uncontrolled growth.  

Municipalities should implement a proactive and spatially informed strategy. Strengthening 

institutional capacity, updating and drafting plans to reflect real growth patterns, promoting inward 

development to preserve land by compacting existing fragmented urban fabrics, and encouraging cross-

sectoral collaboration can help municipalities move from reactive control toward strategic spatial 

management. In doing so, they can transform Zwischenstadt conditions from unplanned outcomes into 

opportunities for resilient, connected, and contextually grounded urban futures. 
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Landscape parks as an innovative planning 
instrument 

Rethinking place, territory and governance 

Guy VLOEBERGH, urban and regional planner, OMGEVING cv, Belgium 
 

 

Abstract 

Since 2023, Flanders (Belgium) has introduced a legal framework for recognizing “Landscape 
Parks”, alongside National Parks. These are valuable open space areas focused on strengthening 
landscape identity and quality. In this paper we explain what makes this concept innovative, as an 
answer to the problem of urban sprawl in Flanders region. Innovation comes with its emphasis on 
self-realization and a new governance model that helps resolve power conflicts and fosters 
stakeholder collaboration. 
At the heart of this model is a park agency that coordinates projects and initiatives. It consists of 
at least 50% local governments, alongside land managers and local actors. Public and private 
stakeholders are actively involved. The Flemish government and local actors provide annual 
funding with a 20-year commitment. 
Landscape Parks apply strategic planning methodologies (Albrechts, Healy, Kunzmann, Van den 
Broeck), emphasizing proactive, creative, and implementation-oriented development. They 
address structural challenges, promote social-spatial innovation, and reshape how resources are 
allocated. This approach broadens governance by integrating economic and community 
stakeholders and enables better alignment of policy agendas across scales. 
Recognition as a Landscape Park requires a masterplan with a 20-year action program, developed 
through intensive dialogue with local communities—residents, farmers, heritage groups, tourists, 
and nature managers. The plan supports inclusive development aligned with the Sustainable 
Development Goals (SDGs) and promotes nature-friendly agriculture. 
Currently, five Landscape Parks are recognized in Flanders. At the congress and in this paper, we 
will focus on the Landscape Park Flemish Ardennes (approx. 25,000 ha big). Design office 
OMGEVING (www.omgeving.be) developed its masterplan and governance structure. 

 
Keywords 

Landscape Park, governance, planning instrument 
 
 
 

 

1. The birth of Landscape Parks in Flanders (Belgium) 
In 2023, the Flemish government developed a legal framework for the recognition of National Parks and 

Landscape Parks. In this report, we will focus on Landscape Parks because of the innovative approach that 

underpins this concept. Landscape parks are defined herein as areas with an international appeal and a 

distinct landscape quality, starting from an integrated long-term vision. In these parks, landscape 

development can coexist harmoniously with recreation, nature, agriculture, housing, business and tourism. 
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For a Landscape Park to function, a local coalition is necessary, combining forces and maximising 

integration and cooperation. Guided by the Flemish Land Agency, local coalitions had the challenging 

mission of writing a master plan for a 24-year period and an action plan for a 6-year period. Together with 

the design of the master plan, a newly written landscape biography also had to be created. 

The planning and design process was expected to be co-creative and supported by local stakeholders and 

municipalities. 

In October 2023 the Flemish Government decided to designate 5 Landscape parks in Flanders: Zwin area, 

Flemish Ardennes, Haspengouw, Bocage landscape and the Maas valley. In 2024 each Landscape Park had 

to install a Park Office, the legal entity for managing and coordinating the park. 

The Flemish Landscape Parks can be seen as a new instrument to protect, manage and develop areas with 

a high multifunctional landscape quality. In that way the Flemish Landscape parks are examples of a tool 

to implement the European Landscape Convention. ‘They embody the transversal and connecting 

characteristics of landscape as a universal component in human perception of and interaction with their 

environment. They can promote landscape on different scales and at different levels and will bring people 

and policy closer together.’ (CORDEMANS, BASTIAENS, HOFKENS, SPEK & VAN DAMME) 

 

 

Figure 1. Flemish parks. Source: OMGEVING 
 
 
 

2. Landscape Park Flemish Ardennes 
2.1. Vision 2048 

The ‘soigneurs’ (care keepers) of the Flemish Ardennes are recharging, revitalizing, and interweaving the 

region’s core landscape qualities across different sectors. To support this mission, four strategic objectives 

have been outlined. 

SD1 – Everyone a Soigneur 

Water managers, farmers, nature organizations, citizens, and entrepreneurs collaborate to create a 

resilient landscape. The landscape park aims to unite these soigneurs around shared challenges. By 
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supporting and maintaining a comprehensive, structured, and committed local network of soigneurs, the 

park can respond more swiftly in developing and implementing actions. Additionally, it can assist area-

based projects (such as land development, Water+land+scape, etc.) in finding the right landscape builders. 

SD2 – Recharging 

The landscape of the Flemish Ardennes is a realm of springs that feed streams and rivers, which in turn 

shape the land and nourish agriculture, nature, and villages with water. However, the water system is under 

pressure from increasing droughts and intense rainfall. Depleted groundwater tables reduce water 

availability for agriculture and dry out spring ecosystems. Climate change further exacerbates low water 

quality and high sediment loads in the region. Therefore, it is crucial to address the water system in a long-

term, local, and cross-sectoral manner. The landscape park aims to encourage soigneurs to improve water 

quality and quantity, with attention to the logic of the various landscape types. 

SD3 – Interweaving 

The historic bocage landscape of the Flemish Ardennes has rapidly disappeared since 1950. A sharp divide 

emerged between agriculture and nature, still reflected today in sectoral legislation and thinking. Due to 

further industrialization of agriculture, residential development, environmental and nature objectives, and 

the search for water-secure arable land, the area of grasslands used for farming is declining. This puts 

pressure on the typical interwoven bocage landscape. The landscape park is committed to activating 

soigneurs in developing new models of integration between agriculture and nature. New opportunities lie 

in shifting from local, individual systems to collective systems at the landscape scale. While several 

soigneurs are already collaborating, a comprehensive, sustainable, and economically viable vision for the 

Flemish Ardennes is still lacking. A strong, cross-sectoral coordination is needed for this major transition—

a role the landscape park aspires to fulfil. 

SD4 – Revitalizing 

Villages in the Flemish Ardennes are increasingly losing their connection to the landscape. Village shops 

linked to local agricultural chains are disappearing. Farms and farmland are being converted into residential 

areas. Once vibrant villages are becoming commuter towns without social services. Municipal governments 

need support to preserve the visual quality of villages amid climate transition and urbanization pressures. 

Sustainable transport is also lagging due to the specific character of the Flemish Ardennes. Many initiatives 

are currently seeking solutions. The landscape park, through its landscape logic and soigneurs network, can 

accelerate and support responses to these challenges. 

 

 

Figure 3. Strategic development goals. Source: OMGEVING 
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2.2. Action Plan 2024-2030 

A number of operational objectives were developed under each strategic objective. Each operational 

objective then comprises several actions that will be worked on over the next six years. A concrete action 

sheet was drawn up for each action. This describes how the action will be carried out, which partners will 

be involved and an estimate of the cost. 

The intention is for this action plan to be evaluated and updated every six years by the park office, in close 

consultation with the Flemish Land Agency. 
 
 
 

 

ACTION TABLE SD1 EVERYONE SOIGNEUR 
OD2: Taking care of the landscape and its visitors 

 

 
NR 

 
PRIORITY ACTIONS 

PARTNERS ROLE of the 
park office OPERATION INICATOR INSTRUMENTS FUNDING 

PIONEER PARTNERS    STAFF IMPLEMENTATION  

 EVERYONE SOIGNEUR 

          

OD2 Soingeren of the landscape and its visitors 

2.1 Development of a landscape centre 

2.1.1 
Setting up a preliminary phase that combines a feasibility study, location research and research into 
financial resources 

LaPa RLVA, TOV Start up Core area 
1 feasibility 
report 

own staff 
deployment 
= fundraiser 

contained in operating 
resources LaPa 
and partners 

23.000 

2.1.2 Identifying pairing opportunities LaPa RLVA, TOV Start up Core area - 
own staff 
deployment 
= fundraiser 

contained in operating 
resources LaPa 
and partners 

5.500 

2.1.3 Work with existing educational centres to develop educational content for the landscape centre LaPa 
Educational and 
visitor centres Start up Core area - 

own staff 
deployment 
= communication 

contained in operating 
resources LaPa and 
partners 

2.000 

2.2 Developing a landscape fund      
launch of fund and 

   

2.2.1 
Launching a Flemish Ardennes Landscape Fund. The intention is to develop this within the existing 
“Streekmotor 23”, a regional fund housed at the King Baudouin Foundation. 

LaPa King Baudouin Foundation, 
Streekmotor 23, CERA fund 
for architectural heritage, 
POV, SOLVA, LEADER 
(agriculture/nature), 
management groups, etc. 

Start up 
Core area 
and area of 
influence 

fundraising campaigns 
annually from the 
second year onwards 

own staff 
deployment 
= fndraiser  

LaPa investment funds as 
leverage to attract 
investments from 
partners 

143.000 

2.2.2 Launching a Visitors pay-back system LaPa Start up 
Core area 
and area of 
influence 

Visitors pay-back 
system is operational 

own staff 
deployment 
= fndraiser 

133.000 

2.2.3 
Launching a crowdfunding platform for caretakers of the Flemish Ardennes. This will enable 
them to seek funding for projects that contribute to the achievement of the landscape park's objectives 
(50% funding from the landscape fund, 50% via crowdfunding). 

LaPa Start up 
Core area 
and area of 
influence 

crowdfunding system is 
operational 

own staff 
deployment 
= fndraiser 

7.500 

 

Figure 4. Action table. Source: OMGEVING 
 
 
 

3. An innovative governance structure 
Especially interesting about this new concept of Landscape Parks are the possibility of self-realisation and 

the introduction of an innovative governance model. These two innovative aspects can be inspiring for 

anyone looking for tools to better protect our valuable open space. They give answers for the problem of 

power conflicts between governments and failure to build support for transition in cooperation with 

stakeholders. 

Central to this model is the creation of a park office whose mission is to coordinate projects and initiate 

initiatives. The park office is a governing body made up of at least half local governments as well as 

managers and local actors. Public and private stakeholders are also involved in the operation of the park 

office. The fact that municipal councils represent at least 50 per cent of the votes has caused quite a 

commotion in the operationalisation of cooperation. In the case of the Landscape Park Flemish Ardennes 

8 local municipalities are involved. Tasks of the park office are deciding on the implementation of the 

Master Plan and Action Plan and on the allocation of resources, recruitment, evaluation of the project 

coordinator, etc. and coordinating, harmonising and initiating initiatives (cf. Art. 12 of the decree). Within 

the Park office there is a project office with 4 FTE: project coordinator, integration supervisor nature- 
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agriculture, communication and fundraising. Their tasks: managing and monitoring day-to-day operations 

– they are the “engine” of the project. 

To manage and realise action there are Project working groups composed by actors involved in projects 

arising from the action list of the action plan. Their tasks: implementing projects (which means that project 

working groups come and go). 

At least there are 4 ‘soigneurs’ working groups active, composed by members from the landscape park 

coalition. Their tasks: these groups can be used as a ‘sounding board’ for the project working groups, the 

park office and the administrative body. Each soigneur group (per strategic objective) meets at least once 

a year, apart from its sounding board function. In addition, they all meet once a year at an overarching 

general meeting. 

For six months, all partners involved in the Park Office, worked intensively together to make this 

governance structure operational and to embed the full functioning of the Landscape Park in a legal 

structure, which, according to the decree, had to take the form of a non-profit association. 

Meanwhile, the four staff members of the project office have been recruited and the Landscape Park has 

been operating at full capacity for about a year (see https://www.rlva.be/landschapspark). 

 

 

Figure 5. Park office administrative body. Source: OMGEVING 
 
 
 

4. The financial structure 
Along with official recognition as a Landscape Park, the Flemish government also provides annual structural 

funding. In addition, all local partners provide co-financing according to a ratio of 75% Flanders and 25% 

local. This funding is guaranteed for 20 years, subject to positive interim evaluations. 

Of course, this structural funding will also act as a lever in generating more resources through various 

subsidy programmes from the European Union and other governments. The establishment of public-

private partnerships is also a possibility. 
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It is noteworthy that the regional government Flanders finances three-quarters of the operating structure, 

but in the governance model, it assigns the power to manage the Landscape Park to the local authorities, 

in this case 8 municipalities. 

 

 
Vlaanderen 489.000 EUR 74,7% 

Provincie Oost-Vlaanderen 35.000 EUR 5.3% 

Toerisme Oost-Vlaanderen 15.000 EUR 2.2% 

Regionaal Landschap 
Vlaamse Ardennen 15.000 EUR 2.2% 

SOLVA 15.000 EUR 2.2% 

Stad Oudenaarde 15.000 EUR 2.2% 

Stad Geraardsbergen 15.000 EUR 2.2% 

Stad Ronse 15.000 EUR 2.2% 

Stad Zottegem 15.000 EUR 2.2% 

Gemeente Maarkedal 5.000 EUR 0.75% 

Gemeente Zwalm 5.000 EUR 0.75% 

Gemeente Horebeke 5.000 EUR 0.75% 

Gemeente Kluisbergen 5.000 EUR 0.75% 

Variant 5.000 EUR 0.75% 

TOTAAL 654.000 EUR  

Figure 6. Financing the masterplan over 20 years. Source: OMGEVING 
 
 
 

5. Conclusion from a planner’s view 
Landscape parks are prime examples of the application of the methodology of strategic planning processes 

(referring to L. Albrechts, P. Healy, K. Kunzmann). They are creative pro-active, strategic and 

implementation-oriented activities focusing on ‘what could be’ and ‘what can’, on the development of 

shared ‘becoming’s’. They focus on structural key-issues, aim social spatial innovation and will change the 

way resources are used, distributed and allocated. These strategic efforts are also part of a movement to 

recompose governance relations to break from the functional sectoral organisation and to widen 

governance relations to incorporate in new ways significant economic and local community stakeholders. 

The focus on the spatial relations of territories holds the promise of a more effective way of integrating 

economic, environmental, cultural and social policy agendas as these effect locations. It also carries a 

potential for a rescaling of issue agendas down from the national and the regional level and up from the 

municipal level. 

To bring about social and institutional changes -and not only physical transformation- urban and regional 

planners need to know how to interact within the limitations of a given planning context. This primarily 

involves the planners’ skill of recognising the interests and positions of various stakeholders by relying on 

the power of discourse as the main instrument (SCHOLL, PERIC, SIGNER). 

2111



Landscape parks as an innovative planning 
instrument VLOEBERGH, G.J-L.G 

 

 

6. References 
Albrechts, L., Healey, P., Kunzmann, K., ‘Strategic Spatial Planning and Regional Governance in Europe’, 

Journal of the American Planning Association (2003), Routledge 

Cordemans, C., Bastiaens, J., Hofkens, E., Spek, T., Van Damme, S., ‘Landscape parks in Flanders 

(Belgium): a new and innovative instrument for landscape care’, Journal of European Landscapes 

6.3 (2025) p1-8. 

Decision of the Flemish Government establishing the general conditions for recognition and subsidization 

of Flemish Parks (2023). 

Decree on Flemish Parks and General Landscape Conservation (2023). 

Omgeving, CV. (2023) Landscape biography Flemish Ardennes. RLVA, Ronse Belgium. 

Omgeving, CV. (2023) Masterplan Flemish Ardennes 2024-2048. RLVA, Ronse Belgium. 

Omgeving, CV. (2023) Action Plan Flemish Ardennes 2024-2030. RLVA, Ronse Belgium. 

Scholl, B., Peric, A., Signer, R (eds.) (2018) Spatial Planning Matters! Inspiring Stories and Fundamental 

Topics. Zurich: vdf Hochschulverlag AG an der ETH Zurich 

2112



2113



WANG, X.; PING, J.; ZHANG, H.; LIU, X. Decarbonizing Rural Residences: Spatial 
Heterogeneity in Multi-level Environmental 

Governance and Pathways for Agile SDG 
Localization in China 

Research Paper 

Decarbonizing Rural Residences: Spatial 
Heterogeneity in Multi-level Environmental 

Governance and Pathways for Agile SDG Localization 
in China  

Xiaohan WANG, School of Architecture, Tsinghua University, China 
Jinming PING,  School of Computer and Communication Engineering, University of Science and 

Technology Beijing, China 
Hong ZHANG (*Corresponding author), School of Architecture, Tsinghua University, China 

Xiaodong LIU, Architectural Design and Research Institute of Tsinghua University Co., Ltd., China 

Abstract 

In meeting global climate challenges, China is working to achieve its goals on carbon neutrality, 
for which adaptive governance structures are needed to implement Sustainable Development 
Goals (SDGs) at various levels. Environmental regulation is called for as an important means for 
decarbonization, but its execution also displays problems within existing top-down governance 
structures that disregard complex province-level obligations and municipal implementation 
practices, making it difficult to find strategies for decarbonization in rural residential districts. This 
research fills the aforementioned critical research gap by adopting the Hierarchical Linear Model 
to address multi-level governance issues and seeking to clarify the complex mediating relationship 
between provincial environmental regulation and carbon emissions from local rural residential 
construction. The municipal environmental regulation intensity was measured via computational 
text analysis using Python to calculate keyword frequency ratio scores. Hierarchical Linear 
Modeling examined the research question using null models, models for slopes and intercepts, and 
full models to explore complex cross-level regulation effects on emissions. It shows that 
environmental regulation has significant mediating relations with carbon dioxide emissions from 
rural residential buildings on nine built environment variables, including housing characteristics in 
terms of kitchen and sanitation facilities. These results imply that the carbon impacts of rural 
residential development are not only related to physical housing conditions, but also to the 
interaction between higher-level regulatory arrangements and implementation contexts. The 
practical significance appears in terms of actionable route maps for governing dynamic cities. 
Collectively, these elements place the challenge of decarbonization as an issue of institutional 
design, with the need for greater vertical integration between policy stability and action-oriented 
flexibility, policy priority and practice in the provincial government, as well as horizontal 
coordination through community-sensitive design and the adaptive localization of the SDGs 
through the use of technology-based citizen engagement. This way, the regulation of the 
environment can be enhanced as a civic-enabling construct. 

Keywords 

Carbon emissions, Environmental regulations, SDG localization, Spatial governance, Longitudinal 
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associations 

1. Introduction

The aggravation of the global warming problem is inextricably bound to the persistent growth in carbon 
dioxide emissions. Data analysis has disclosed a systemic turnaround in per capita carbon dioxide emissions 
for residential buildings in both advanced and undeveloped areas, with inequalities escalating for rural 
areas (Ge, Li and Yang, 2024). It is important to note that actual carbon dioxide emissions for operating 
residential buildings contribute 12.9% to China's countrywide emissions, with one-third of this portion 
attributed to rural areas (You et al., 2023). Rural residence decarbonization has thus become an important 
link for China to realize its dual carbon targets and directly impacts the speed of the country’s fulfillment 
of its national climate obligations. Rural residence decarbonization is characterized by its own complexity 
and urgency. Rural residences are mostly self-built, and their energy-saving designs are not standardized, 
with poor thermal insulation performance in building envelope structures. Rural residences’ heating and 
cooking energy consumption is highly dependent on coal and biomass energy, with low energy use 
efficiency. At the same time, the promotion of the rural revitalization strategy has led to a sharp increase 
in the demand for new construction and renovation of rural residences. If there is no effective low-carbon 
guidance, new buildings will cause long-term emission lock-in effects, further increasing the pressure of 
carbon emissions.  

Although some studies have analyzed the correlation between environmental regulations and carbon 
emissions, there is still a gap in the study on rural residence in particular. The achievements in this field are 
still insufficient for practice. Despite research efforts to understand the underlying mechanisms between 
environmental regulation and carbon emissions, theory remains fraught with inconsistencies. First, the 
contrast between green paradox and forced reduction hypothesis has no way to integrate into frameworks 
that recognize heterogeneities in regional areas, especially with regard to systemic gaps in policy 
implementation for environmental regulations adopted at central levels (Zheng and Kahn, 2017). It has 
been observed that the degree to which environmental regulations are successively implemented at 
regional levels varies widely in diverged ways to reveal regional disparities for provincial areas for central 
environmental legislation implementation disparity reasons disclosed in studies at regional levels (Chen, 
Xu and Qi, 2022). Second, reliance on static cross-sectional data obscures dynamic interactions between 
fluctuating regulatory intensity and emission trajectories (Li, Dong and Ji, 2021; Cao, Ren and Yue, 2024). 
Third, while technological pathways for rural building decarbonization have been extensively studied 
(Padovani et al., 2021), the interplay between institutional constraints and behavioral responses, remains 
unexamined. 

Such limitations underscore the importance of a more comprehensive and dynamic research approach that 
can take into account regional variations, over time dynamics, and institutional and behavioral interactions 
in rural decarbonization. In addition, the localization of the Global Sustainable Development Goals (SDGs) 
has created new needs for rural area collaboration in the process of decarbonization. The realization of 
SDG 7, SDG 11, and SDG 13, which are about the development of clean and affordable energy, sustainable 
cities and communities, and climate actions, respectively, needs rural areas to achieve a balance in the 
development of energy, housing, and reduction of emissions. However, previous studies failed to connect 
the localization of SDGs with the essential relationship between multi-level environmental governance in 
rural areas, resulting in a lack of systematicness in policy recommendations. This research introduces a new 
methodological approach to untangle the evolving interrelationship between provincial environmental 
regulation intensity (RI) and carbon emissions from rural residential buildings (CERB) (Zhang, Liu and Zhang, 
2022; Zhao et al., 2022).  
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The key innovations of this study are as follows. It builds a theoretical model of intensity-heterogeneity-
response to account for the non-linear features of policy transmission in multi-level governance systems, 
filling a theoretical gap in the relationship between environmental regulation and carbon emissions from 
rural residences from a regional heterogeneity perspective. It introduces rural housing quality, local 
climatic conditions, and geographical features as key variables to be analyzed, achieving an integration of 
technical and institutional factors. It applies dynamic panel data to account for the lagged impact of policy 
implementation and the trend effect of carbon emissions. The research has profound implications. From 
the perspective of theory, this paper can bridge the research gap in the relationship between 
environmental regulation and carbon emissions of rural residences with regional heterogeneity, thus 
perfecting the theoretical system of multi-level environmental governance. From the perspective of 
practice, this paper can provide a set of tools for the low-carbon transformation of rural areas, thus 
promoting the joint progress of rural revitalization and low-carbon transformation. From the perspective 
of the world, this paper can provide a reference for developing countries in dealing with the problem of 
urban-rural climate equity; it can promote the localization of the SDGs in rural areas in an agile manner; 
and it can provide a practical paradigm of inclusive global climate governance. The rest of the paper is 
organized as follows. Section 2 discusses the methodology and the data sources, while Section 3 outlines 
the results and discusses the findings. Finally, Section 4 concludes the paper with the main findings. 

2. Methodology
2.1. Model specification 

Classic linear regression approaches are limited by linearity, normality, and independence assumptions in 
areas where homoscedasticity and independence in error terms are violated naturally by nesting data 
structures. 

Regarding this research, for the interrelated nature between provincial RI and CERB at the municipal level 
to be captured, it becomes important to approach this research using a hierarchical framework that 
involves two levels. Temporal dynamics are explicitly incorporated by nesting the time variable (T) within 
the municipal level, allowing for precise assessment of temporal effects on emission trajectories. The 
outcome variable CERB is modeled using 9 municipal-level predictors: proportion of rural residential 
buildings with independent bathrooms (IB), independent kitchens (IK), flush toilets (FT), constructed using 
precast slabs (PS), newly constructed (NC), retrofitted (R), vacancy (V), average household homestead area 
(HHA), and time (T). Two municipal-level covariates, thermal climate zones (CZ) and landform types (L), are 
included to control for geographical heterogeneity. 

The research has established an unconditional model or null model and computed its intra-class correlation 
coefficient (ICC1) to validate our method for measuring reliability. After that, various hierarchical linear 
models or HLM were built successively, including the random coefficient regression model, followed by the 
regression model with only intercepts as outcomes, and finally, it ended with the full two-level model. The 
full two-level model encompasses all our variables, its slopes are both fixed and random, capturing 
observations at city level but classified into units at province levels. 

2.2. Variables 

CERB data applied for this research has been systematically compiled by our research group (Huo et al., 
2020). Within the context of its governance structure, annual work reports for China's government are 
important policy documents that integrate socioeconomic achievements, including growth in income, 
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unemployment rates, and industrial output, while also statingfuture priority goals for subsequent years. 
Besides summarizing respective administration priorities, the work reports also act as mechanisms for 
government accountability, where societal oversight obliges local administration on stated obligations 
(Wang and Lei, 2020; Zhu and Wei, 2024). For this research to implement RI, it uses text data extraction via 
term frequency, where work reports are extracted for provinces from 2015 to 2021. The design of the 
measurement method consisted of three steps: manual integration of official documents for 26 provinces, 
computational text segmentation using natural language processing technology, and calculation of RI using 
the proportional occurrence frequency of 21 prespecified terms about environmental protection out of 
total content. The important terms include ‘prefabricated building’, ‘building envelope’, ‘rural housing 
renovation’, ‘green building’, ‘environmental protection’, ‘pollution’, ‘energy consumption’, ‘emission 
reduction’, ‘waste discharge’, ‘ecology’, ‘sponge city’, ‘low-carbon development’, and ‘emission reduction’, 
alongside specific indicators including ‘building heating’, ‘building energy conservation’, ‘sulfur dioxide 
(SO₂)’, ‘carbon dioxide (CO₂)’, ‘PM10’, ‘PM2.5’. This method, giving more emphasis to term frequency than 
to character frequency, can reduce semantic inaccuracies caused by ‘the redundancy trap’ in literary 
expressions to effectively retain the meaning or context behind environmental protection policies in 
documents (Chen et al., 2018; Kiss and Popovics, 2021). 

Analysis on a 2021 RI dataset also identified substantial regional asymmetries in terms of regulatory 
engagement. Inner Mongolia ranked highest on degree, followed by identified northwestern and Eastern 
provinces, with weaker attention in central and Southern parts. Lexical prioritization further underscored 
provincial idiosyncrasies: although terms such as ‘ecology’, ‘green development’, and ‘pollution’ dominated 
national discourse, subnational emphases diverged markedly. Inner Mongolia’s reports disproportionately 
emphasized ‘energy consumption’, Sichuan prioritized ‘green building’, and Jiangsu focused on 
‘prefabricated building’. Geographically nuanced priorities were evident in the prominence of ‘low-carbon’ 
terminology in Fujian, Zhejiang, and Jiangsu, contrasted with ‘emission reduction’ rhetoric in Guangxi, 
Fujian, and Anhui. Moreover, regional priorities reflected complex patterns where regional economic 
needs, ecological realities, and regulatory realities are deeply intertwined to shape regional regulatory 
rhetoric on environmental matters. This combinatorial approach to environmental regulation using 
semantically nuanced analysis effectively moves focus away from easily quantifiable factors to provide 
regional nuances for examining complex patterns in environmental regulation in China. 

IB and IK identify energy usage patterns in households for water heating and cooking, directly relating to 
energy intensity for residential areas (Ankrah Twumasi et al., 2021; Wang et al., 2022). FT and PS identify 
patterns for innovations in sanitation and construction materials with reduced life cycle emissions (Cheng 
et al., 2018; Liu, Tan and Li, 2020; Huang, Qiu and Zhou, 2021), and NC and R identify patterns for 
modernization, either reducing or increasing life cycle emissions for material replacement cycles (Liu et al., 
2020; Wu et al., 2024). V and HHA identify efficiency patterns for space allocation, essential for both life 
cycle and operational emissions in rural areas (Hegarty and Kinnane, 2023; Zheng et al., 2025). Temporal 
trends (T) account for evolving policy impacts and technological adoption rates. 

3. Discussion
3.1. Descriptive results 

Examination of seven core attributes for critical rural housing points to inefficiencies in rural housing stock 
in China. V scores averaged 10%, while PS, NC, and R scored lower than 5%, reflecting lethargic 
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development efforts. However, IK and IB scored moderately on basic facilities. It can also be observed that 
FT core attributes substantially varied between 90.82% in Huzhou, Zhejiang province, and 3.97% in Tieling, 
Liaoning province, reflecting regional attitudes on sanitation facilities. 

The geographical clustering shown for CERB reveals distinct regional patterns, with high emissions 
observed in North China, such as Shijiazhuang, Handan, and Xingtai in Hebei Province, followed by South 
China and Southwest China, reflecting their reliance on coal-based heating. The coastal cities tend to show 
higher emission intensity patterns than inland areas, reflecting their relatively fast-paced urbanization and 
resulting reliance on more energy-intensive appliances, with lower inland areas reflecting inhibited 
economic development and resulting reliance on biomass. This matches energy mix patterns within 
provinces, where Hebei Province's reliance on coal for power supply aggravates its residential sectors' 
operating emissions. 
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Figure 1. The word frequency distribution of RI in provinces. Source: Author’s own analysis. 

 

3.2. Longitudinal associations 

Overtly high CERB has posed great challenges to the environment, so it is essential to investigate whether 
RI affects CERB. To achieve this, HLM is adopted to estimate CERB on panel data that contains 105 cities 
from 26 provinces in China for seven years in succession from 2015 to 2021. HLM has the ability to 
decompose variance between hierarchical levels into distinct sources and can control cross-level 
heterogeneity effectively, making HLM ideal for research on CERB with its multi-level causes and avoiding 
problems introduced by estimation procedures. 

During the analysis, four HLM models followed sequentially: The ICC1 in the unconditional model or Model 
1 was 0.772, which exceeded the threshold level of 0.059. On top of the null model, Model 2 added nine 
new variables: IB, IK, FT, PS, NC, R, V, T, and HHA, together with CZ and L. This simplification verifies that 
housing variables and change over time together explain 12.3% variation in within-province CERB, but 
unobserved variation at the province level remains. 

Model 3 generalized the null model by including municipal controls variables again, and incorporating 
province variables altogether: RI as the primary control variable for regulation, FA and P. This yields a 
deviance decrease to 8250.33, which indicates that provincial variables explain 11.9% variation between 
provinces, with RI as an important driving force in shaping differences in baseline emissions. The complex 
model including all municipal and provincial variables with cross-level terms can now be seen as the 
culmination of our analysis. 

The full model, incorporating all municipal and provincial variables with cross-level interactions, represents 
the analytical culmination. Fixed effects reveal a significant temporal escalation in CERB (γ110 = 3.51, p < 
0.001), equating to an annualized emission growth of 3.8%, a trend unmitigated by existing regulatory 
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frameworks. This upward trajectory aligns with rural urbanization rates yet contrasts sharply with declining 
urban residential emissions, highlighting systemic decarbonization asymmetries. The full model’s 
parameter estimates reveal nuanced interactions between housing characteristics and carbon emissions. 
Increased proportions of independent kitchens (IK: γ50 = 1.44, p < 0.05), flush toilets (FT: γ70 = 4.22, p < 
0.001), and newly constructed buildings (NC: γ90 = 17.18, p < 0.001) significantly elevate CERB, likely due 
to energy-intensive water heating systems and embodied carbon from modern construction materials. 
Conversely, higher rates of independent bathrooms (IB: γ60 = -4.29, p < 0.001), prefabricated slabs (PS: γ80 
= -1.59, p < 0.001), and retrofitted buildings (R: γ100 = -12.73, p < 0.001) reduce emissions, underscoring 
the decarbonization potential of modular construction and energy-efficient renovations. 

While RI exhibits no statistically significant direct effect on CERB, its cross-level moderating role proves 
pivotal. Under stringent RI regimes, functional housing upgrades demonstrate amplified emission 
mitigation effects. RI positively moderates the relationships between CERB and vacancy rates (V: γ41 = 
800.95, p < 0.1), independent kitchens (IK: γ51 = 1838.49, p < 0.001), and flush toilets (FT: γ71 = 886.54, p 
< 0.05), suggesting that regulatory pressure enhances the emission intensity of underutilized or amenity-
rich housing. Conversely, RI negatively moderates impacts of independent bathrooms (IB: γ61 = -1589.51, 
p < 0.001) and prefabricated construction (PS: γ81 = -1264.77, p < 0.001), indicating that robust regulations 
amplify their decarbonization benefits.  

The full model’s deviance reduction to 7,758.62 (Δ = -573.50 vs. null model) confirms its superior 
explanatory capacity, resolving 76.4% of total variance. This set of outputs strongly supports its hypothesis 
that provincial RI asymmetry plays a significant role in uneven municipal emission factors but only to a 
certain degree depending on regional policy regulation capacity. It goes against traditional decarbonization 
strategies where top-down approaches must give way to regional adaptive policies that are sensitive to 
infrastructural preparedness for change. 

4. Conclusion 
This research reveals the complex dynamic interrelationship between RI and CERB within diverse China, 
and provides critical clarity into second-order decarbonization governance issues in rural areas. This 
research, which employed HLM analysis on its longitudinal data collected over seven years, covering 26 
provinces, aims to transcend the limitations of a cross-sectional analysis, in which not only is the lagged 
effect between implementation and emission quantitatively measured but also in which the potential role 
of governance structure is recognized as a contextual moderator in these analyses. Longitudinal analysis 
reveals that provincial RI is not a direct force but a contextual factor in which its effectiveness is conditional 
upon infrastructural support and implementation in various levels.The collaborative effort changes the 
emphasis on decarbonization in rural regions from technology to the sociopolitics that have to be managed 
by polycentric governance. For emerging nations, on a global level, its applications offer a paradigm for 
climate equity between urban and rural regions, emphasizing the importance of developing a regulatory 
framework for each in a dialectic approach rather than relying on standardized frameworks. 

However, a crucial limitation is the timeliness of the data, in that the study is only up to 2021, thereby 
missing the post-2022 trends, including the strengthening of China’s “dual carbon” strategy and the fast-
tracked rural energy transition schemes.The future study should extend the dataset to include the period 
2022-2025, to align with the current policy evolution and emission patterns. Based on the updated dataset, 
further analysis can be conducted to incorporate the new policy instruments and rural energy 
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infrastructure development, to make the study more current and responsive to the evolving reality. This 
will improve the decarbonization strategies and offer more current and focused support for China’s carbon 
neutrality agenda and global climate governance. 
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Abstract 

Transit-oriented development (TOD) in China is often linked to transport efficiency, land development, 
and urban growth. Yet when station-area redevelopment extends into existing neighbourhoods, it 
also becomes a question of governance. Such projects affect mobility, compensation, access to 
services, and everyday living conditions, and they often reshape how residents understand fairness, 
recognition, and their place in the city. Under these conditions, the implementation of TOD depends 
not only on technical design and institutional coordination, but also on how governments 
communicate with communities and respond to public concerns. 

This article examines these issues through a comparison of two Chinese TOD projects: Qianhai in 
Shenzhen and Luxiao in Chengdu. The study adopts a comparative qualitative approach and draws 
on 25 semi-structured interviews with government officials, planners, developers, representatives 
from transit companies, community representatives, and residents. These interview materials are 
supported by planning and project documents, official publicity materials, media and social media 
sources, and field observation in the two station areas. Taken together, these materials make it 
possible to compare how communication, participation, and trust were experienced by different 
actors in the two projects. 

What stands out in the comparison is the difference in how communication and participation were 
handled. In Qianhai, communication was more open and varied. Technical planning issues were more 
often translated into concerns residents could relate to, online channels were more likely to produce 
visible responses, and participation was not treated only as a procedural step. In Luxiao, 
communication was narrower and more strongly shaped by official and expert-led forms of 
explanation. Participation was more limited, and many residents were less confident that using 
available channels would change anything. These differences affected how trust developed and 
whether the projects were seen as legitimate. 

The article argues that communication in TOD governance should not be treated simply as 
information delivery. It affects whether residents feel respected, whether participation is experienced 
as meaningful or symbolic, and whether public value is understood as something shaped with 
communities or imposed on them. By comparing two contrasting Chinese cases, the study contributes 
to debates on public value, social partnership, and the governance of large-scale urban 
redevelopment. 
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1. Introduction  
Transit-oriented development (TOD) has become a common feature of contemporary urban 
redevelopment, particularly in cities that have expanded quickly through metro and rail investment. 
Broadly speaking, TOD refers to relatively high-density, mixed-use development clustered around major 
public transport nodes in order to support walking and greater use of public transport (Cervero, 2013; 
Suzuki, Cervero and Iuchi, 2013). In China, interest in TOD has grown alongside the rapid expansion of 
urban rail systems, especially in regions such as the Greater Bay Area and the Chengdu–Chongqing 
Economic Circle. 

Even so, TOD is not only a matter of transport integration or land-use efficiency. Once new rail lines are 
built and station areas are redeveloped, the effects are felt in everyday urban life. Travel patterns may 
shift, small businesses may be displaced, and the value and use of land can change quickly. Questions of 
station siting, plot ratio, compensation, and relocation therefore go beyond technical planning. They also 
influence how costs and benefits are distributed and how residents judge fairness, belonging, and 
recognition. These are not issues that conventional traffic models or cost–benefit analysis can easily 
capture (Stein and Harper, 2003). 

In China, these issues play out in a governance setting that is still strongly state-led, but no longer depends 
on the state alone. Large infrastructure and redevelopment projects usually involve local governments, 
state-owned enterprises, private developers, and surrounding communities at the same time. This 
arrangement is often presented as part of a broader move toward sustainable urban development, 
including SDG 11 (“Sustainable Cities and Communities”). In practice, however, many planning processes 
still remain top-down and strongly shaped by expert authority. Public participation tends to enter late, and 
communication is often limited to technical disclosure rather than dialogue (Yang, 2005). As Ansell and 
Gash (2008) suggest, when communication does not respond to local expectations or cultural norms, 
distrust can grow and project legitimacy can weaken. 

This is the setting in which the paper considers the cultural and relational side of TOD governance. The 
central question is: in TOD projects, how do communication and trust affect the relationship between local 
governments and affected communities? To address that question, the paper compares two Chinese TOD 
projects, Qianhai in Shenzhen and Luxiao in Chengdu. Both involve large-scale redevelopment around rail 
transit infrastructure, but they differ in how governance is organised, how communication works, and how 
public participation is experienced. 

The analysis is informed by Public Value Management (PVM) and social partnership perspectives. Both help 
because they treat public value as something shaped through interaction among governments, market 
actors, and citizens rather than delivered by the state on its own. In that view, communication and trust 
matter because they affect whether cooperation can actually hold. The empirical material combines semi-
structured interviews with planning and policy documents, media and social media materials, and field 
observation across the two cases. 

The rest of the paper proceeds as follows. Section 2 discusses the theoretical framework. Section 3 sets 
out the research design and methods. Section 4 presents the findings and discussion. The final section 
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returns to the two cases and reflects on what they suggest about trust-building, participation, and more 
inclusive forms of TOD governance in China. 

2. Theoretical Framework 

2.1 Public Value Management and Urban Governance 

Public Value Management (PVM) is useful in this study because it moves attention beyond government 
performance understood only in managerial or administrative terms. What matters is not just efficiency, 
but the wider social outcomes that take shape through interaction among public institutions, private 
actors, and citizens (Moore, 1995; Stoker, 2006). In that respect, PVM differs from New Public 
Management, which gives greater weight to competition, managerial performance, and market-style 
coordination. The question is therefore not only whether government delivers services efficiently, but 
whether the outcomes are valued by citizens. That value includes material outcomes, such as reliable 
transport or safer streets, but it also includes procedural concerns, including fairness, recognition, and 
environmental responsibility (Alford and Hughes, 2008). 

This perspective is especially useful in large-scale urban development. In projects involving redevelopment, 
land use change, compensation, and relocation, public value cannot simply be defined in advance by 
officials or planners. Different groups experience the effects of development differently, and 
disagreements over costs, benefits, and priorities are common. What matters, therefore, is not only the 
delivery of infrastructure, but also whether governance arrangements allow competing views and interests 
to be expressed and negotiated (Stoker, 2006). TOD projects make this particularly visible. They are often 
promoted as drivers of growth and urban modernization, yet they may also bring disruption, including 
displacement, rising living costs, and uncertainty about neighbourhood change. Whether TOD is seen by 
the public as beneficial depends not only on the physical outcomes of the project, but also on the 
relationships through which decisions are made, explained, and justified among government agencies, 
development actors, and local communities. 

2.2 Social Partnership and Public Participation 

A social partnership perspective is helpful here because it highlights the fact that TOD governance does not 
rest with government alone. In this view, public institutions, private enterprises, and civil society actors are 
drawn into forms of cooperation in order to deal with problems that are too complex to be handled by a 
single actor acting on its own (Selsky and Parker, 2005). This way of thinking also changes how citizens are 
positioned. Rather than being treated simply as recipients of planning decisions, they are seen as 
participants whose local knowledge, practical concerns, and everyday experience can shape how a project 
is understood, adjusted, accepted, or resisted. 

Communication and participation are central to this process. Communication is not limited to passing 
information from institutions to the public. It also affects how problems are framed, whose voices are 
heard, and whether any feedback can return to the planning process. Research on collaborative planning 
has shown that more transparent and multi-directional communication can improve mutual understanding 
and decision-making (Innes and Booher, 2004). At the same time, the existence of digital platforms or e-
government tools does not automatically mean that participation is meaningful. These channels may 
connect governments and citizens more quickly, but they may also deepen frustration when 
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communication remains one-way or when public input produces little visible effect on decisions (Tolbert 
and Mossberger, 2006). 

For that reason, the quality of public participation matters as much as its formal availability. Arnstein’s 
(1969) ladder of citizen participation remains useful because it distinguishes between symbolic forms of 
participation, in which people may be invited to speak but have little influence, and more substantive forms 
of involvement. In many TOD projects, participation still appears late in the process, often after key 
decisions have already been made (Innes and Booher, 2004). Under these conditions, consultation may 
satisfy procedural requirements without producing genuine partnership. More durable forms of 
cooperation require participation to be connected to concrete issues and supported by organisational 
arrangements that enable repeated interaction between communities and public authorities (Selsky and 
Parker, 2005). 

2.3 Trust and Communication 

Trust matters in partnership settings because it affects whether actors are willing to cooperate under 
conditions of uncertainty. It involves expectations about competence, consistency, and intentions, and 
helps reduce the perceived risks of working with others in collaborative processes (Das and Teng, 1998; 
Edelenbos and Klijn, 2007). In planning contexts, trust tends to grow when information is shared openly, 
when actions are consistent over time, and when authorities follow through on what they have promised 
(Stein and Harper, 2003). 

At the same time, trust is not something that exists before collaboration begins and then remains stable. 
It is shaped through interaction. Vangen and Huxham (2003) suggest that trust often develops gradually 
through repeated exchanges, especially when participants are able to manage power differences and 
achieve small but visible gains. This also means that trust can be easily weakened. Where people feel 
ignored, misled, or treated without respect, confidence in the process can decline quickly, making 
cooperation more difficult to sustain (Edelenbos and Klijn, 2007). 

Trust is also shaped by social and cultural context. In China, public evaluations of government action are 
closely connected to relational expectations, moral credibility, and the longer-term consistency of official 
behaviour. For this reason, communication cannot be understood simply as the translation of technical 
information into simpler language. It also involves whether institutions communicate in ways that 
recognise local concerns, respect affected groups, and respond to culturally grounded expectations. When 
local governments demonstrate respect through administrative procedures, responsiveness, and active 
listening, they are more likely to be seen as trustworthy (Yang, 2005). Where this is absent, citizens may 
become sceptical of both the process and its outcomes, and participation can shift from cooperation to 
resistance (Stein and Harper, 2003). 

In this study, a social partnership perspective is used to examine how communication, participation, and 
trust become intertwined in TOD projects. In this framework, communication matters because it helps 
shape whether trust can develop, whether participation is experienced as meaningful, and whether public 
value is seen as something jointly produced rather than imposed from above. 

3. Method 

This study uses a comparative qualitative design to examine two TOD projects in China: Qianhai in 
Shenzhen and Luxiao in Chengdu. A case study approach is appropriate because the research is concerned 
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less with measuring broad patterns than with understanding how communication, participation, and trust 
are experienced and interpreted by different actors in specific governance settings. It also makes it possible 
to examine the institutional arrangements, local histories, and political contexts that shape how TOD 
projects unfold in practice (Yin, 2014). 

The two cases were selected because they represent contrasting governance contexts within Chinese TOD 
development. Qianhai is widely associated with policy experimentation and with efforts to develop new 
governance tools in support of national strategies for innovation and service-sector growth. Luxiao, by 
contrast, reflects a more conventional expert-led planning environment that relies more heavily on 
technical authority and established administrative routines. At the same time, the two projects are 
comparable in important respects: both involve large-scale redevelopment around rail transit 
infrastructure and both have direct implications for surrounding communities. This makes them useful 
cases for examining how communication and trust shape public responses to TOD governance. Figure 1 
and Figure 2 illustrate the built environments of the Qianhai and Luxiao station areas.  

 

 Figure 1. Built Environment of the Qianhai Project. Source: Author. 

 

   Figure 2. Built Environment of the Luxiao Project. Source: Author. 
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The study conducted 25 semi-structured interviews, including 2 government officials, 4 planners, 4 
developers, 4 representatives from transit companies, 5 community representatives, and 6 residents. 
Participants were selected purposively to reflect variation in institutional position, professional role, and 
lived experience. The interviews focused on four themes: the communication of project information, the 
justification of planning decisions, opportunities for public expression or opposition, and trust toward 
public institutions and other partners. Most interviews were conducted in Mandarin, recorded and 
transcribed with participants’ consent, and anonymized during analysis. 

Interview data were supplemented by key planning and project documents from the two cases. In Qianhai, 
these included the Qianhai Transportation Hub Comprehensive Plan, the international planning and design 
competition materials for the West Area of Qianhai Transport Hub, Shenzhen Metro project development 
materials, and official government publicity documents. For Luxiao, the documentary materials included 
the TOD Project Luxiao Station Integrated Design and the TOD Comprehensive Development Project of 
Luxiao Station. These materials were used mainly to reconstruct formal governance arrangements and 
official narratives. The study also reviewed local media reports, WeChat official account articles, and online 
forum posts to understand how public opinion was framed and how informal responses circulated around 
the projects. In addition, fieldwork was carried out in both Qianhai and Luxiao through direct observation 
of station areas, surrounding communities, public information boards, and consultation activities where 
possible. These observations helped capture the atmosphere of interaction, non-verbal responses, and the 
everyday use of newly built or redeveloped spaces. 

The material was analysed through an iterative thematic approach. An initial coding framework was 
developed from the literature on Public Value Management and social partnership, and was then refined 
through repeated reading of interview transcripts, documents, and field notes. This allowed both 
theoretically informed and emergent themes to be identified. To strengthen the credibility of the analysis, 
findings were cross-checked across interviews, documentary materials, media sources, and observation 
notes, so that the interpretation of the two cases did not rely on any single type of evidence. Figure 3 
summarizes the overall research design and methods triangulation adopted in this study. 

 

Figure 3. Research Design. Source: Author. 
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4. Results and Discussion 

4.1 Communication Tools and Media Practices 

Local media mattered in both cases, but not in the same way. In Shenzhen, several respondents described 
media coverage as helping translate planning language into issues residents could follow more easily. 
Technical matters such as station layout, floor area ratio, and environmental impact were often presented 
through familiar concerns, including accessibility, commuting, and noise. This made the project easier to 
understand and sometimes created an indirect feedback route, because journalists also picked up 
community concerns during reporting. 

In Chengdu, the picture was different. Residents and NGO participants tended to describe local media as 
closely aligned with official messaging, with reports focusing more on project milestones and government 
announcements than on public concerns. Because of this, many residents turned to informal online sources 
for additional information. These channels widened discussion, but they also made it easier for uncertainty 
and distrust to circulate when official communication was limited or difficult to interpret (Yang, 2005). In 
other words, media mattered less because of the amount of coverage than because of whether planning 
language was connected to everyday experience and whether any room for feedback was left open. 

4.2 E-Government Platforms and Digital Participation 

Digital platforms were mentioned frequently by respondents in both cases, but they were not experienced 
in the same way. In Shenzhen, the online channels associated with the Qianhai project were generally 
described as more responsive and easier to use. Residents and other participants reported that questions 
about station accessibility, environmental concerns, or other planning issues often received specific replies 
from the planning department. In some instances, these exchanges appeared to feed back into later 
adjustments to planning or implementation. This gave the impression that online communication was not 
entirely symbolic. It also seems to have appealed particularly to younger and more digitally active groups, 
for whom visible responsiveness was closely tied to perceptions of transparency. 

The picture in Chengdu was much less positive. Several residents described the relevant online platforms 
as “black boxes,” where submitting information rarely led to a useful or substantive response. Replies were 
often seen as vague, repetitive, or procedural, which gradually weakened willingness to participate. Rather 
than opening up dialogue, these platforms were often understood as another layer of bureaucracy through 
which public expression was managed and filtered. Under these conditions, digital participation did little 
to strengthen trust in the process. The contrast between the two cases suggests that digital platforms 
matter less because they exist than because of how institutions use them. Without visible mechanisms 
showing that public input can travel back into decision-making, online participation is unlikely to be seen 
as meaningful. 

4.3 Expert Consultation and Technocratic Hegemony 

Expert knowledge played an important role in both projects, but the way it was used differed. In Qianhai, 
design institutes and technical experts were clearly central to the planning process, especially in relation 
to engineering feasibility, land development, and transport integration. At the same time, interviewees 
suggested that expert judgment did not completely close off other forms of input. Although government 
agencies still retained strong control, there was more room for wider feedback to circulate around the 
formal expert process. 
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In Luxiao, the expert-led character of planning was stronger and more closed. Respondents often described 
decision-making as concentrated among government departments, state-owned developers, and technical 
specialists. Under these conditions, local knowledge had less influence. Concerns linked to everyday use of 
public space, community routines, or the needs of specific groups, such as older residents, were more easily 
subordinated to standardised TOD principles and technical priorities. The result was a form of planning that 
may have appeared coherent from an institutional point of view, but less connected to how the area was 
actually experienced by affected communities. In that sense, technocratic authority helped structure the 
project, but it also narrowed the range of voices seen as relevant to its design and justification. 

4.4 Quality of Public Participation 

The two cases differed not only in the formal availability of participation channels, but also in how 
participation was understood and experienced. In Qianhai, the planning department made relatively active 
use of large-scale surveys to gauge public opinion. After adjustments were made to the station plan, 
officials did not treat the subsequent influx of emails and phone calls simply as disruption. Instead, they 
often interpreted this high volume of feedback as a sign that the public was paying close attention to the 
project. Although not every suggestion was adopted, the process of acknowledging, recording, and 
responding to public comments appeared to strengthen a sense of procedural fairness and helped reduce 
some of the tension surrounding the project. 

The situation in Luxiao was markedly different. Public participation was largely confined to legally required 
announcements and a small number of formal consultation stages. Official accounts pointed to the very 
limited amount of negative feedback as evidence that residents were generally satisfied. Yet NGO 
participants and community leaders offered a different reading. In their view, many residents either did 
not understand how to use the available channels or did not believe that using them would make any 
difference. Under these conditions, limited opposition could not easily be taken as a sign of consensus. 
Rather, it suggested withdrawal, scepticism, and a weak sense of influence over the planning process. Seen 
in this way, participation in Luxiao was more procedural than substantive: it fulfilled formal requirements, 
but left the direction of the project largely in the hands of officials and experts (Arnstein, 1969). 

4.5 Synthesis: Trust Building and the Co-creation of Public Value 

The two cases point to a consistent pattern: communication, participation, and trust were closely 
connected, but they developed in different ways in Qianhai and Luxiao. To clarify these cross-case 
differences, Tabel 1 summarizes the main findings across five analytical dimensions. Based on this 
comparison, this section further discusses how communication, participation, and trust interact in shaping 
the co-creation of public value in TOD governance. 

Tabel 1. Comparison of Findings. Source: Author. 

Dimension Shenzhen Qianhai Chengdu Luxiao 
Comparative 
implication 

Communication Tools 
and Media Practices 

Media translated technical 
issues into citizen-friendly 
narratives and helped 
relay resident concerns to 
planners. 

Media mainly echoed 
official statements and 
milestones, offering 
limited support for public 
dialogue. 

Media mattered 
most when it linked 
technical planning 
with everyday 
community concerns. 
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Dimension Shenzhen Qianhai Chengdu Luxiao 
Comparative 
implication 

E-Government 
Platforms and Digital 
Participation 

Digital platforms were 
interactive, and feedback 
was more visibly 
connected to policy 
response. 

Platforms were seen as 
opaque, with vague replies 
and little evidence that 
input shaped decisions. 

Digital participation 
builds legitimacy only 
when feedback is 
transparent and 
consequential. 

Expert Consultation 
and Technocratic 
Hegemony 

Expert input remained 
central but the process 
was somewhat more open 
to wider feedback. 

Decision-making was more 
closed, dominated by 
officials, state developers, 
and elite experts. 

Luxiao showed 
stronger technocratic 
closure and weaker 
social inclusion. 

Quality of Public 
Participation 

Participation was broader, 
with surveys and multiple 
feedback channels that 
supported procedural 
fairness. 

Participation was mostly 
symbolic and limited to 
formal consultation 
requirements. 

Meaningful 
participation 
depends on whether 
citizens believe their 
input can matter. 

Synthesis: Trust 
Building and the Co-
creation of Public Value 

More responsive 
communication and 
participation helped build 
trust and support public 
value co-creation. 

One-way communication 
and weak participation 
reinforced fragile trust and 
reduced legitimacy. 

Trust was the key 
link connecting 
communication, 
participation, and 
public value. 

 

In Qianhai, trust did not come from a single decision or one particular consultation exercise. It seems to 
have developed through a series of practices that residents could see for themselves. Planning information 
was explained in ways that connected more closely with daily concerns, especially through media coverage 
and online responses that were visible to the public. Participation was not always decisive, but it was less 
likely to feel empty. Residents could at least see that questions were being handled, answered, or taken 
into account in some form. That did not remove disagreement, but it made the process easier to follow 
and reduced the sense that change was simply being imposed from outside. 

Luxiao was different. Communication was narrower, participation was less persuasive, and the process 
stayed more firmly in the hands of experts and official institutions. Many residents had little reason to 
believe that their involvement would alter anything important. In that context, trust remained weak. 
Where redevelopment was experienced as something imposed on the community, decisions were more 
easily associated with distance, exclusion, and the prioritisation of development goals over local concerns. 
This did not always produce open protest, but it made acceptance more fragile and less secure. 

Taken together, the two cases suggest that TOD cannot be judged only by what is built or by whether 
technical targets are met. It also matters how institutions behave while redevelopment is unfolding. When 
local concerns are taken seriously, when replies are visible, and when people feel they are part of the 
process rather than standing outside it, participation is more likely to feel real and trust is more likely to 
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develop. Where those conditions are absent, even well-designed projects may struggle to gain stable public 
acceptance. 

5. Conclusion  
Looking back at the two cases, the main difference was not simply one of project design, but of how the 
projects were communicated and how residents were positioned within the planning process. In Qianhai, 
communication was more open, more varied, and more visible to the public. Local media, questionnaires, 
and digital platforms created more opportunities for residents to follow what was happening and, in some 
cases, to respond to it. This did not remove disagreement or guarantee satisfaction, but it did make the 
process easier to understand and helped some residents see the project as more responsive than imposed. 

Luxiao presented a narrower pattern. Communication remained more formal, and the available channels 
for participation were less convincing to many residents. Under those circumstances, trust stayed weak. 
Even where open resistance was limited, the project could still be interpreted as something carried out 
above the community rather than with it. That mattered because legitimacy in this kind of redevelopment 
was shaped not only by the final result, but also by whether affected groups felt informed, respected, and 
able to respond in ways that seemed meaningful. 

The two cases also underline the importance of the social and political side of TOD. Redevelopment around 
major stations changes mobility and land use, but it also changes how residents experience fairness, 
recognition, and voice. Public value, in that sense, cannot be reduced to faster travel or higher land value 
alone. It is also shaped by whether communities believe their concerns are heard and whether participation 
feels real rather than symbolic. 

Trust did not emerge automatically in either case. It developed unevenly and through repeated encounters. 
It was easier to build where communication was understandable, where institutions replied in visible ways, 
and where participation was treated as more than a formal requirement. It was harder to sustain where 
expertise dominated explanation, where communication moved in one direction only, and where residents 
saw little connection between their input and actual decisions. 

For cities using TOD as part of a broader sustainable urban agenda, formal consultation by itself is unlikely 
to be enough. What matters more is whether institutions create repeated opportunities for explanation, 
response, and adjustment as a project unfolds. Where that happens, redevelopment is more likely to be 
seen as a shared urban process. Where it does not, even technically competent projects may struggle to 
gain durable social legitimacy. 
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Research on Urban Renewal Strategies from the 
Perspective of Safety 

A Case Study of Jinan 

Yiru Wang, Yang Yang, Liang Zhao, Shandong Jianzhu University, China 

Abstract 

In the context of urban regeneration, the construction of a safe urban environment has emerged 
as a critical and widely discussed issue. Previous theoretical research has established that the 
occurrence of crime is intricately linked to social, economic, and environmental factors. 
Quantitatively analyzing the mechanisms behind urban crime and connecting them to key 
indicators across different levels of urban planning is of significant importance for implementing 
the concept of safe cities. This study aims to reveal the relationship between spatial design and 
urban safety through a combination of statistical analysis and public participation. Using both 
planning and urban management strategies, it proposes spatial interventions to optimize 
problematic areas. Drawing on publicly available crime data from the central urban area of Jinan, 
the study employs Geographic Information Systems and spatial autocorrelation methods to 
examine the spatial clustering of crime incidents. The results show a distinct west–east gradient, 
with a higher concentration of incidents in the western part of the study area. High-crime hotspots 
are primarily located in the northern section of the central city, exhibiting a pattern of pronounced 
spatial concentration. By integrating social, economic, and spatial datasets, the study conducts 
constructs a geographically weighted regression (GWR) model to identify the key factors 
influencing crime distribution in high-incidence areas. Findings suggest that development intensity 
and land-use function are the most influential variables associated with crime occurrence. In 
contrast to conventional urban crime research, this study introduces an interactive urban 
regeneration module that enables participatory updates of spaces perceived as unsafe by local 
residents. To support this interaction, a participatory spatial update framework based on Bayesian 
network technology is developed, significantly enhancing the efficiency of spatial design and urban 
management. This approach serves as a valuable addition to current smart city design paradigms. 
Finally, the study proposes strategic recommendations for spatial optimization aimed at enhancing 
urban safety in Jinan and advancing the broader goal of building sustainable and safe cities. 
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1. Introduction  
Creating a safe urban environment has become a central objective of contemporary urban renewal. The 

New Urban Agenda emphasizes the development of inclusive, safe, and sustainable cities, highlighting the 

need for public spaces free from crime and violence [1]. In China, recent national policies have further 

reinforced the importance of integrated public security systems and risk-monitoring mechanisms in 

promoting high-quality urban development [2][3]. Within this policy context, enhancing urban safety through 

spatial governance has become a key concern in planning practice[4]. 

Various researches in different fields of study have proven the existence of temporal and spatial patterns 

in crime rather than being randomly committed [5]. Existing studies have demonstrated that crime is jointly 

shaped by social structure and the built environment. Theories such as social disorganization emphasize 

the role of demographic composition and socio-economic conditions, while Crime Prevention Through 

Environmental Design (CPTED) highlights the influence of environmental design and spatial configuration 

on crime occurrence[6][7]. Empirical research further shows that factors such as land-use intensity, 

commercial density, and urban form are significantly associated with crime distribution, and that micro-

scale environmental features—including lighting conditions and visual quality—also affect crime risk[8]. 

Despite these advances, existing research often lacks fine-grained quantitative analysis, and public 

participation in crime-related urban renewal remains limited [9]. To explore the spatial distribution of crime, 

the influencing factors of crime distribution, and the influencing factors for perceivedcrime safety on the 

one hand, for the other, the research uses crime data from 2021 to 2023 in the main downtown region of 

Jinan in Shandong Province. According to the research results, the research constructs top-down and 

bottom-up perspectives towards crime-related urban renovation strategies to limit the scale of crime 

increase. 

2. Extraction of Indicators Influencing Crime in Jinan 
2.1. Study Area 

As the capital of Shandong Province, Jinan exhibits a diverse urban structure and a population scale that 

provide a representative context for examining the relationship between crime distribution and spatial 

characteristics[10].Guided by Shandong’s Implementation Opinions on Promoting New Urban Infrastructure 

and Building Resilient Cities, Jinan has adopted satellite remote sensing, AI large-model analysis, and IoT-

based sensing technologies for incident monitoring and prevention. These advancements enable high-

resolution data acquisition and technical feasibility for this study, making Jinan an ideal research case. The 

study focuses on the central urban area of Jinan, encompassing five districts and 71 subdistricts. To ensure 

analysis complexity is reduced for the research work’s precision analysis of the region’s attributes for crime 

distribution mapped in 150 m x 150 m resolution according to block-level resolution. Thus producing 36,254 

samples for analysis in the study. 

2.2. Data Sources and Processing 

2.2.1 Independent Variables 

Crime density per grid cell is the response variable. Based on a review of publications from 2019–2025 

using CiteSpace, keyword co-occurrence analysis informed the selection of explanatory variables (Figure 

1). 
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Figure 1. Keyword co-occurrence map. Source: Authors. 

Social-environmental parameters were chosen for their ability to represent social control, economic 

condition, demographic composition, including: children, women; proportion of migrant population and 

GDP per capita [11–13]. Spatial-environment variables reflect built-form characteristics known to influence 

crime distribution [14–16]. Urban morphology parameters are measured through the extraction of Baidu 

Street View images by means of the Convolutional Neural Network model for image segmentation [17][18] 

(Table 1). 

Table 1. Descriptive Statistics of Variables 

 Variable Source 

 GDP Jinan Statistical Yearbook 

 Proportion of children Seventh National Census 

Social Environmental 

Factors 
Proportion of females Seventh National Census 

 Proportion of migrants Seventh National Census 

 Building density Gaode Map building attributes 

 Distance to police station Baidu POI data 

 Density of commercial facilities Baidu POI data 

Spatial Environmental 

Factors 

Density of entertainment 

facilities 
Baidu POI data 

 Green view index Baidu Street View data 

 

Spatial openness Baidu Street View data 
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 Interface enclosure Baidu Street View data  

Variance inflation factor (VIF) tests showed values between 1.3 and 4.0, all below the threshold of 5, 

indicating no significant multicollinearity and confirming suitability for further analysis [19]. 

2.2.2 Dependent Variable: Crime Data 

Data on crime records was collected from the Shandong Public Security Law Enforcement and Case 

Handling Open Platform available sources to ensure the data was accurate (Figure 2). 

 

Figure 2. Schematic diagram of crime data collection. Source: Authors. 

A total of 14,027 crime records from 2021–2023 were collected for the central urban area, covering 

incident type, location, and time. Through natural-language processing, incident locations were extracted 

and geocoded using Baidu Map coordinate tools. Records with incomplete descriptions or inaccurate 

geolocation were removed. After data cleaning, 12,759 valid crime events remained. These were imported 

into ArcGIS 10.2, spatially registered to the study area’s administrative boundaries, and mapped as crime-

incident points (Figure 3). 

 

Figure 3. Kernel Density of Crime Events in Jinan's Central Urban Area. Source: Authors. 

3. Methodology 

3.1. Multivariate Factor Overlap and Coupling Analysis 

Traditional methods such as Ordinary Least Squares (OLS) and Poisson regression often ignore spatial 

heterogeneity, leading to biased estimates that fail to reflect actual spatial variation [19]. To overcome these 

limitations, this study employs the Geographically Weighted Regression (GWR) model [20]. The model is 

expressed as: 
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𝑦𝑖 = 𝛽0(𝑢𝑖 , 𝑣𝑖) +∑𝛽𝑘

𝑝

𝑘=1

(𝑢𝑖 , 𝑣𝑖) ⋅ 𝑥𝑖𝑘 + 𝜀𝑖 

3.2. Public-Participation–Based Bayesian Network (BN) Model for Diagnosing Perceived 
Safety 

To better understand the determinants of perceived safety within urban spaces, a Bayesian Network (BN) 

was developed based on public perceptions. This bottom-up approach supports targeted interventions for 

improving public-space safety. Probabilities are updated using Bayes’ theorem: 

𝑃(𝐻 ∣ 𝐸) =
𝑃(𝐸 ∣ 𝐻)𝑃(𝐻)

𝑃(𝐸)
 

4. Spatial Distribution and Clustering of Crime 
4.1. Spatial Patterns of Crime Distribution 

Local hotspot analysis shows that crime hotspots cluster predominantly in the northern part of the central 

urban area, forming highly concentrated high-value zones that extend into surrounding areas (Figure 4). 

Land-use characteristics indicate that four types of spaces exhibit particularly high crime densities and 

require prioritized control: (1) logistics and commercial-trade clusters, (2) residential clusters with dense 

commercial and entertainment uses, (3) old residential clusters adjacent to major transport hubs, and (4) 

resettlement communities near wholesale trade markets. 

 

Figure 4. Spatial distribution characteristics of crime in Jinan. Source: Authors. 

4.2. Results of the Multivariate Coupling Analysis 

A random sample of 5,440 grid cells was selected for the GWR analysis. For each explanatory variable, only 

samples with p-values ≤ 0.05 were retained to examine their effects on crime distribution. The results 

show that GDP and enclosure ratio are not statistically significant. Among all variables, the density of 

entertainment POIs, building density, and commercial-facility POI density exert the strongest influence on 

crime distribution. These are followed by the proportion of children, distance to the nearest police station, 

and migrant population ratio. Green-view index and spatial openness show the weakest effects. Generally, 
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the influence of development intensity and land use-related aspects appears paramount on crime 

incidence. 

GWR results were analyzed for each area type to understand how spatial and social factors influence crime 

in different contexts. Combined with local spatial characteristics, the mechanisms behind crime 

concentration were identified (Figure 5). 
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Figure 5. Spatial patterns of GWR coefficients in high-crime zones. Source: Authors. 

Consideration of the built environment parameters in the logistics and commercial-trade clusters indicates 

that the entertainment POI density parameter and the building density parameter influence the most. 

Among social-environment factors, the proportion of children has the largest effect. Large parcels of 

logistics land typically have limited pedestrian activity, reducing natural surveillance and providing 

concealment opportunities for criminal behavior. 

In residential clusters with dense commercial and entertainment uses, entertainment POI density and 

building density again exert the strongest influence. Among the social environment factors, the proportion 

of migrants is the most influential in the urban village. This is because the higher the concentration of 

migrants in the area where social services are low, the more difficult it becomes to keep public order. 

Mixing land use improves the vitality of the place but also leads to environmental complexity. 

In old residential clusters adjacent to transport hubs, entertainment POI density has the strongest impact. 

Field surveys show that these spaces are often poorly maintained. Elevated roads ensure the easiest access 

for entering and exiting the territory. Ease of evading witnesses also promotes crime commission. 

In resettlement communities near wholesale trade markets, entertainment POI density again exerts the 

greatest influence among built-environment factors. Among social factors, the proportions of children have 

notable impacts. These areas often lack overall vitality, and some suffer from incomplete infrastructure 

and low-quality public spaces. Unoccupied business areas contribute to the lack of natural surveillance. 

5. Bayesian-Network–Based Diagnosis of Perceived Spatial Safety  
5.1. Construction of the Perceived-Safety Evaluation Model 

Alongside the GWR analysis, a Bayesian Network (BN) was developed to diagnose perceived spatial safety 

from the perspective of public cognition. Public semantic data were obtained from an open-ended survey 

in which respondents freely described their subjective impressions of safety; a total of 36,974 text tokens 

were collected. Topic extraction and word-frequency statistics produced multi-level probability 

distributions. After expert review, prior probabilities were derived, and a three-layer Bayesian Network 

was constructed using the GeNIe platform (Table 2). 

Table2 Prior probability table 

Fuzzy 

natural 

semantics 

Prior 

probability 

Refined natural 

semantics 

Conditional 

probability* 

Semantic 

attributes 

Influencing 

factors 

noisy 0.09 

Lots of conflicts, 

messy 

storefronts… 

0.91 
Development 

intensity 

Density of 

entertainment 

facilities 

  
Noisy, crowded, 

chaotic… 
0.91 

Development 

intensity 

Density of 

commercial 

facilities 

  
Chaotic, loud, 

packed… 
0.83 

Environmental 

perception 
Pedestrian flow 
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Confusing, bad 

vibes… 
0.83 

Environmental 

perception 

Lighting 

ambience 

lawless 0.06 
No gate, no 

control… 
0.87 

Spatial 

controllability 

Access-control 

mechanisms 

  

A security blind 

spot with poor 

patrols 

0.87 
Spatial 

controllability 
Police station 

  

Too many 

outsiders, mixed 

tenants… 

0.87 
Spatial 

controllability 
Social capital 

desolate 0.11 
Run-down, 

empty… 
0.83 

Spatial 

orderliness 
Infrastructure 

  Bare, barren… 0.83 
Environmental 

perception 

Green view 

index 

  
Desolate, 

lifeless… 
0.83 

Environmental 

perception 
Pedestrian flow 

open 0.08 
Windy, wide-

open, desolate… 
0.92 

Spatial 

morphology 
Enclosure ratio 

  
Too open, out of 

scale… 
0.92 

Spatial 

morphology 
D/H 

run-down 0.13 
Broken, run-

down… 
0.83 

Spatial 

orderliness 
Infrastructure 

  
Old, dark, 

damaged… 
0.83 

Environmental 

perception 
Lighting facilities 

  
Worn-out, not 

working… 
0.87 

Spatial 

controllability 

Access-control 

mechanisms 

crowded 0.05 

Drunk 

troublemakers, 

mixed crowds… 

0.91 
Development 

intensity 

Density of 

entertainment 

facilities 

  
Too dense and 

packed… 
0.91 

Development 

intensity 

Density of 

commercial 

facilities 

  
Crowded and 

hectic… 
0.83 

Environmental 

perception 
Pedestrian flow 

creepy 0.08 
Too quiet and 

unsettling... 
0.83 

Environmental 

perception 
Pedestrian flow 

  Creepy, dim… 0.83 
Environmental 

perception 

Green view 

index 
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  Dark, eerie… 0.83 
Environmental 

perception 
Lighting facilities 

uneasy 0.07 

Hard to navigate 

with no 

guidance… 

0.83 
Spatial 

orderliness 
Infrastructure 

  
Feels unsafe, 

unreliable… 
0.87 

Spatial 

controllability 
Police station 

dirty 0.09 
Dirty, run-down, 

trash-filled… 
0.83 

Spatial 

orderliness 

Street 

cleanliness 

exposed 0.08 
Uncontrolled, 

wide open… 
0.87 

Spatial 

controllability 

Access-control 

mechanisms 

  Empty… 0.92 
Spatial 

morphology 
D/H 

  Open, spacious… 0.92 
Spatial 

morphology 
Enclosure ratio 

cramped 0.08 
Blocked views, 

oppressive… 
0.92 

Spatial 

morphology 
Enclosure ratio 

  
Narrow, 

cramped… 
0.92 

Spatial 

morphology 
D/H 

chaotic 0.08 
Heavy, mixed foot 

traffic… 
0.83 

Environmental 

perception 
Pedestrian flow 

  

Too many 

strangers and 

poor supervision 

0.87 
Spatial 

controllability 

Access-control 

mechanisms 

  

Messy tenants 

and group 

rentals… 

0.87 
Spatial 

controllability 
Social capital 

* The conditional probabilities listed represent example values calculated under the condition that all 

parent nodes are in their positive state, reflecting the highest-association scenario for each node. 

5.2. Application of the Perceived-Safety Diagnostic Model 

Among the whole business network in Quancheng Road, the low vitality area on Xigengdao Street stands 

out. Despite being near very active business areas, the low vitality on Xigengdao Street is of concern for 

the community. The area was selected to be the diagnostic case, the relevant public assessment data was 

used in the BN model, assigning prior probabilities. 

The results indicate that D/H, lighting conditions, and street cleanliness are the most critical factors 

affecting perceived safety (Figure 6). D/H shows the highest probability among all influencing factors, 

suggesting that visual openness strongly shapes public perception. Parts of the street are narrow, reducing 

visual permeability; high enclosure can trigger negative emotions and weaken perceived safety. Poorly 

maintained infrastructure is also identified as a significant contributor to decreased safety perception, as 
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physical deterioration signals low controllability of space and may elicit fear. Improving spatial openness 

and upgrading infrastructure are therefore essential interventions. 

 

Figure 6. Spatial safety perception diagnosis for alley spaces in Xigengdao Street. Source: Authors. 

Street cleanliness, green-view index, and lighting facilities also exhibit high probability values in the 

diagnostic results (Figure 7). According to CPTED principles, inadequate maintenance and insufficient 

greenery can directly reduce perceived safety. A lack of lighting may induce fear even in otherwise safe 

places. Diagnostic outcomes suggest that future interventions should focus on environmental maintenance, 

greenery improvement, and lighting enhancement [22]. 

 

Figure 7. Spatial safety perception diagnosis for waterfront spaces along Xigengdao Street. Source: Authors. 

6. Conclusion 
Using crime data from the central urban area of Jinan, this study employed spatial autocorrelation to 

examine the spatial distribution of crime and constructed a geographically weighted regression model to 

analyze the social, economic, and spatial factors shaping crime patterns. The findings are as follows: 

（1）Spatial autocorrelation analysis shows clear clustering of crime hot spots and cold spots within the 

study area. Crime distribution is strongly influenced by spatial factors. High-value clusters are concentrated 

in the northern part of the central city, particularly around Luokou and Beicun subdistricts, while low-value 

clusters appear as isolated pockets in the central-western area. 
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（2）Analysis of the determinants of crime distribution indicates that development intensity and land-

use–related factors exert the strongest overall influence and should be prioritized in subsequent spatial 

governance efforts. Kernel density analysis of the high-hotspot areas further reveals four types of high-

incidence spatial clusters. Targeted analysis of each cluster type was conducted, and planning strategies to 

suppress crime incidence were proposed across different planning scales. 

（3）Based on GWR results, top-down urban renewal strategies were proposed for high-incidence areas. 

The most effective approach is to regulate development intensity and optimize the spatial layout of 

functional facilities at the district scale. Policy improvements should also aim to enhance social control and 

social support by increasing investment in public resources and improving the quality and equity of public 

services. At the street scale, measures such as streetscape coordination and infrastructural improvements 

can enhance the safety of the built environment. 

（4）Drawing on the Bayesian Network diagnosis of public perceptions of spatial safety, bottom-up 

renewal strategies were proposed. First, to address poor spatial order, infrastructure should be regularly 

maintained to ensure clean and orderly environments. Second, spatial controllability should be improved 

through the repair and reinforcement of existing gates, fences, and boundary-defining elements, thereby 

strengthening territoriality. Third, micro-scale urban renewal should be used to enhance green-view index 

and adjust enclosure levels, maintaining appropriate visual permeability and environmental coherence. 

Finally, fostering inclusive communities and strengthening community-based safety programs can help 

build robust social networks. 

In summary, this study analyzes the spatial pattern of crime in Jinan’s central urban area through statistical 

crime analysis and public participation–based safety diagnosis. The findings clarify the key factors 

influencing urban safety and propose both top-down and bottom-up strategies for improvement, offering 

methodological support for enhancing spatial safety in comparable urban contexts. 
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Abstract 
Land-use diversity is essential for inclusive and sustainable urban development, yet urban renewal 
often encounters challenges from conflicting stakeholder interests and limited representation. This 
study presents a multi-agent negotiation framework driven by large language models to simulate 
interactions among key stakeholder groups. Five community development scenarios in Bukit Batok, 
Singapore, were used to model negotiations based on existing land-use plans. Government and 
developer agents showed the highest flexibility, with entropy changes up to 1.471, while resident 
agent exhibited more stable preferences, generally below 0.6. Iterative negotiations produced 
integrated mixed-use configurations, with final entropy values between 2.1 and 2.6. These results 
demonstrate the framework’s capacity to capture cognitive divergence and negotiation dynamics, 
offering a viable approach for participatory, transparent, and adaptive urban planning. 

Keywords 
Urban Renewal, Inclusive Planning, Large Language Models, Land Use Diversity  

1. Introduction  
Urban planning increasingly emphasizes public participation and the inclusion of diverse stakeholder voices 

in decision-making1. Participatory planning helps address complex organizational, social, environmental, 

and technological issues while improving transparency and trust2,3. This is significantly supporting the 

promotion of land-use diversity and equitable development. However, conflicts frequently arise among 

key stakeholders during changes in urban spatial structures, leading to complex negotiation dynamics4,5. 

Urban public policymaking is confronted with challenges stemming from multiple actors holding divergent 

goals and values 6 . Consequently, stakeholder interests must be balanced within a multi-level policy 

framework that adapts to shifting market conditions and evolving societal expectations7. 

In practice, collecting and synthesizing diverse opinions involves extensive surveys, interviews and iterative 

consultations, resulting in repeated revisions of planning proposal8. These processes are resource intensive 

and can still fail to capture the full range of stakeholder needs. Information asymmetry and limited 

information exchange among stakeholders often weaken consensus-building. As urban systems operate 

within dynamic environments, planning decisions are required to incorporate long-term impacts and 

ensure adaptability9. Although recent advancements in data environments and artificial intelligence (AI) 

have introduced powerful computational tools for urban regeneration10, many existing models remain 

static or single objective in nature. These studies often emphasize the need for intensified land use amid 
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socio-economic transitions while frequently neglecting the complex stakeholder interactions driving urban 

land transformation. 

Emerging large language models (LLMs) offer a novel approach to address this gap. Unlike deterministic 

models, generative AI produces unpredictable yet plausible outputs11, resembling the observations of 

human behaviour by social scientists12 . Controlled experiments have increasingly been conducted to 

evaluate LLMs responses to varied prompts 13 , 14 , employing role-playing techniques to simulate the 

preferences and needs of diverse actors 15 , 16 . Through LLMs-powered virtual agents, stakeholder 

interaction, negotiation, and deliberation can be facilitated within simulated environments, enabling the 

exploration of inclusive and adaptive urban regeneration strategies. A recent study used generative pre-

trained transformer (GPT)-4v by integrating maps, guides, and text to simulate planner decisions and 

resident discussions 17 . This innovative “fishbowl discussions” 18  approach though emphasized the 

participation of residents, but other critical stakeholders were largely omitted, such as developers and civil 

society groups. 

To address this type of challenge, we propose a synergistic multi-agent framework built on LLMs to support 

the process in urban regeneration. Dynamic negotiation about land-use allocation is conducted among five 

key stakeholder groups: government official, local resident, business operator, opinion leader and 

landowner. We employed information entropy theory to quantify changes across the negotiation process. 

After multiple rounds, which were simulated to capture evolving interest dynamics, this framework 

produces an optimized land-use allocation that balances competing interests. It introduces a novel 

simulation paradigm that integrates diverse stakeholder demands into decision-making, promoting more 

effective and collaborative urban regeneration. 

Singapore provides an appropriate context for this study due to its distinctive development of community 

participation mechanisms. Institutions such as the People’s Association, Community Centres, Residents’ 

Committees and Town Councils have shaped government and community relations over time19,20, while 

co-creation initiatives in recent decades have indicated a move from consultation toward collaboration21. 

Even with these advances, there still exist tensions. In Singapore’s Planning Act, changes to the Master Plan 

must be shown to the public and open for feedback. However, at the project approval stage, formal public 

consultation is often limited and decision-making can remain dominated by developers22, with a risk that 

powerful interest groups will ignore community concerns 23 . This imbalance shows the difficulty of 

balancing efficiency with transparency and fairness, showing the need for an inclusive and equitable 

mechanism that includes diverse stakeholder demands and makes sure policies are carried out effectively. 

Flexible ways of using land are needed in Singapore as well. In the 2019 Written Statement, the Urban 

Redevelopment Authority allowed secondary functions within main zoning categories to support mixed-

use developments and a variety of uses across different areas. These actions show the importance of 

flexible governance that can meet different needs while staying within planning limits. 

2. Methodology 
2.1. Framework Overview 
We choose ChatGPT-4o model to simulate a multi-agent planning environment in which interactive 

prompts guide stakeholder agents to generate human-like responses. The system is designed as an 

“algorithmic game” in which each agent reacts to planning information and to the proposals for others. 

The overall goal is to simulate how competing stakeholder priorities evolve through repeated exchanges 
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and how these negotiations can lead to more integrated land-use solutions. The framework combines text-

based role descriptions with multi-model planning inputs, including current land-use map, satellite imagery 

and policy-related text from planning documents, and running independently. The complete information 

of each round’s simulation is recorded in a structured data, as part of overall dataset for negotiation 

process. (Fig.1) 

 

Figure 1. Interaction process. This figure is original. 

2.2. Definition of Stakeholder Agents 
Five primary stakeholder groups are defined as agents, each representing different planning principles and 

land-use priorities. The government official agent prioritizes public participation, land-use efficiency, 

economic growth, environmental sustainability, urban identity and risk anticipation. The local resident 
agent focuses on living conditions, daily needs, transportation convenience, safety, environmental quality 

and employment. Business operator agent emphasizes commercial vitality and a stable consumer base to 

ensure profitability. Opinion leader agent focuses on social equity, environmental protection, vulnerable 

groups, and long-term adaptability. Landowner agent concentrates on maximizing land value, return on 

investment, long-term development potential and financial risk reduction. These roles structure the 

negotiations by ensuring that distinct interests are explicitly represented. 

2.3. Site Condition 

 

Figure 2. Community renovation and the 15-minute city concept. This figure is original. 

We select five land parcels in Bukit Batok, Singapore, as test sites for scenario-based simulations (Fig.2). 

The GPT-4o model receives multi-modal inputs for site-specific analysis: Singapore’s planning frameworks 

and land-use classifications are used as contextual references so that the simulated negotiations remain 

grounded in real conditions. All five agents are given identical planning backgrounds to assess spatial 
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advantages and development constraints, providing the basis for subsequent negotiations, trade-offs, and 

collaborative decision-making. 

2.4. Negotiation Process 
The experiment consists of three phases. In the first phase, each agent independently develops a 

preliminary land-use plan for a given site based on current inputs and it role. This phase clarifies the initial 

priorities of each actor and establishes a baseline for late negotiation process. In the second phase, these 

agents participate in multiple rounds of interactive simulations. Each site undergoes approximately five to 

seven rounds, during which each agent reviews peers’ latest proposals and revise its own plans in response. 

Adaptive strategies are used to address conflicts, expecially when proposed land uses compete or overlap. 

In third phase, the system  moves toward convergence aand produces a final mixed-use allocation by 

synthesizing the agents’ proposals according to selected decision-making weights, yielding a balanced 

planning outcome. 

2.5. Measurement Diversity with Shannon Entropy 
To systematically evaluate negotiation outcomes, we introduce Shannon entropy as a measure of diversity 

and uncertainty in land-use preferences. In information theory, it is described as the number of bits that 

show how uncertain a data source is24. Shannon entropy is defined as follows: 

 

The entropy value of information is assessed using the letter H, and we use it to measure uncertainty while 

calculating the value of a random variable. In the entropy formula, n stands for the total amount of data 

and Xi for the likelihood that the data are relevant25.  

Entropy is tracked across rounds to identify how stakeholder positions evolve during negotiation. In this 

context, higher entropy indicates broader representation of functions and interests, while lower or 

stabilizing entropy suggests convergence around a shared proposal. Changes in the magnitude and rate of 

entropy are also treated as indirect indicators of negotiation efficiency and compromise. Entropy therefore 

serves both as an evaluation metric and as a signal for understanding the changing order of the simulated 

planning system. 

2.6. Decision-making Modes 
To compare alternative governance logics, five decision-making modes are introduced. In the Balanced 
Mode, all stakeholders receive equal weight, reflecting collaborative co-governance all stakeholders 

receive equal weight, reflecting collaborative co-governance (weight = 20% for each). In the Government-
led Mode, the government official holds dominant weight, representing strong strategic coordination and 

accelerated infrastructure implementation (weight = 60% for government official, weight = 10% for others). 

In the Resident-led Mode, local resident is prioritized to emphasize quality of life and community-cantered 

revitalization (weight = 60% for local resident, weight = 10% for others). In the Economic-led Mode, 

landowner and business operator are assigned greater weight to reflect growth-oriented development 

centred on return on investment (weight = 50% for landowner, weight = 20% for business operator, weight 

= 10% for others). In the Sustainability-led Mode, opinion leader such as non-governmental organization 

and expert is emphasized to prioritize long-term ecological and social goals (weight = 60% for opinion 
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leader, weight = 10% for others). These modes provide a structured basis for comparing how shifts in 

stakeholder influence affect land-use outcomes across sites. 

2.7. Diversity Proportions in the Proposed Plan 
In this research, the number of negotiation rounds was not predetermined; on the contrary, it depends on 

how the agents interact with each other. Most simulations indicate that the process stabilizes after 4 to 6 

rounds. When the types and proportions of land use change little in two consecutive rounds, with only 

minor adjustments and repetitive responses, the system is considered balanced. This indicates that a 

relatively stable combination of strategies has been achieved.  

After reaching a balance, the task of each agent is to integrate and evaluate the final plan based on the 

previously exchanged information. These evaluations include the agent's assessment of perceived 

strengths and weaknesses, the achievement of the initial goals, the identification of unresolved conflicts 

or value differences, and the evaluation of the potential for further negotiations. The final land use plan is 

formulated by aggregating the suggestions of the agents and weighting them according to the selected 

decision-making method. As a result, the final plan embodies the interests of functional diversity and 

coordination, resulting in spatially coherent and executable planning directives that adhere to Singapore's 

Development Control Plan framework. 

3. Results and Discussion 
3.1. Stakeholder Engagement, Conflict Resolution, and Balancing Interests 
This study analyses five representative plots, each exemplifying a distinct community development 

typology: a multifunctional mixed-use community, a community-oriented service hub, an industry-driven 

mixed-use development, a socially focused, high-density district, and a mixed residential and community 

service zone developed under the transit-oriented development model. Fig.3 shows the changes in the 

opinions of different stakeholders during the negotiation process to assess their impact on functional 

diversity within urban configurations in these sites. 

Preliminary site assessments reveals that conflicting priorities among five stakeholder groups promoted 

repeated negotiations, particularly concerning commercial versus residential ratios, green space 

distribution, and social facility allocation. It shows that planning outcomes gradually shift from isolated 

single-use preferences toward more integrated mixed-use configurations. As negotiation progresses, 

stakeholders adopt selected elements from others’ proposals and revise their justifications, indicating that 

iterative interaction helps generate more coherent planning solutions. 

The entropy results reveal meaningful differences in stakeholder flexibility. Government and landowner 

agents exhibit the highest entropy shifts across the five sites, suggesting greater flexibility in preference 

adjustment. In contrast, resident and opinion leader agents generally show smaller entropy changes, 

indicating more stable priorities. Business operators display moderate variability, with stronger 

adjustments in some cases than in others. These patterns suggest that while some stakeholders are more 

open to compromise, others function as stabilizing forces that preserve key concerns such as daily needs, 

social equity, or environmental quality throughout the negotiation process. 

Based on the entropy trajectories of five stakeholder roles across sites, there exists four distinct patterns 

of change at the site level. Monotonically increasing: observed in Sites 4 and 5, where entropy increases 

steadily over time, indicating a broader recognition of diverse functions and stronger alignment around 

integrated configurations. Stable: seen in Site 3, where most entropy values are reflecting consistent 
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functional expectations and limited negotiation elasticity. Converging: evident in Site 2, where shows a 

converging pattern, with larger initial differences gradually narrowing over time, which indicates that 

negotiation creates structural coherence. Fluctuating: found in Site 1, where shows a fluctuating pattern, 

with temporary declines and rebounds in entropy, reflecting repeated bargaining and strategic adjustment 

rather than a simple linear path to consensus. These results demonstrate that negotiation dynamics are 

shaped not only by stakeholder roles but also by site-specific context. 

Overall, the results suggest that fluctuation does not necessarily imply failure to reach agreement. Instead, 

it can reflect moderate functional adjustments that improve compatibility among stakeholder priorities. 

Across all five sites, the negotiation process allows individual preferences to be expressed while still moving 

toward coordinated and implementable land-use outcomes. In this sense, the framework supports a form 

of consensus-building that does not erase difference but reorganizes it within a feasible planning structure. 

 

Figure 3. Negotiation phases and entropy variation across Sites 1–5. This figure is original. 

3.2. Influence of Decision-making Modes on Land-use Planning Outcomes  
The outcome of land use is strongly influenced by the planning decision-making model. Through a 

comparative analysis of five models among stations 1 to 5, it was found that there are significant 

differences in spatial allocation, functional priority and sustainability impact (Fig.4). 
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Figure 4. Land-use allocation by decision-making modes across Sites 1–5. This figure is original. 

In the Balanced mode, we seek to achieve a fair distribution of land use functions among all stakeholder 

groups. Although this mode is used to promote fairness and ensures baseline satisfaction, emphasizing 

equal distribution often bring limitations in functional innovation. Therfore, the result is often a 

compromise solution, which reduces the potential of specific areas and limits the implementation of 

transformation planning. 

In the Government-led mode, land-use allocation reflects stronger centralized coordination. Residential, 

community, and commercial functions remain prominent across scenarios, while public infrastructure and 

service provision are more visibly supported. This mode highlights the state’s capacity to organize mixed-

use planning efficiently, but it may also underrepresent grassroots concerns related to everyday livability.  

In contrast, the Resident-led mode increases the relative emphasis on housing, green space, and 

community facilities. It is particularly effective in foregrounding quality of life and community well-being, 

although its implementation may face financial or institutional constraints if policy and market support are 

limited. 

In the Economic-lead mode, we focus on the allocation in commercial, industrial and office development. 

While this mode aligns with economic interests and developers’ priorities, it often neglects community 
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needs and environmental concerns, resulting in reduced functional diversity and deteriorated ecological 

quality. 

In the Sustainability-lead mode, we consider green infrastructure and ecological restoration capabilities as 

the essential primary allocation principle for land use. This mode reflects a low-carbon and environmental-

friendly approach. However, without strong economic incentives, the effectiveness of this mode largely 

depends on the implementation of policies and the commitment of institutions. The comparison across 

modes shows that different governance logics do not simply redistribute functions; they also reshape the 

balance between economic performance, social needs, and environmental priorities. 

The simulation results also suggest that final land-use configurations remain related to the original 

character of each site. In residential neighbourhoods, disagreement may persist over the balance between 

community and commercial uses, yet stakeholders still converge around the need for supporting 

residential facilities. In sites near industrial areas, negotiations tend to shift proposals toward light industry 

or office functions while incorporating complementary green or community uses. 

We also consider the Transit-oriented Development (TOD) scenario in the Singapore, specifically around 

Bukit Batok MRT station where currently surrounded by a mix of commercial and residential areas. The 

spatial configuration generated through the LLMs-based negotiation process aligns closely with compact 

development principles by strengthening the relationship between rail infrastructure, surrounding housing, 

community functions, retail, and public space. These findings indicate that the framework does not 

generate arbitrary plans; instead, it reorganizes land uses in ways that remain legible within the existing 

spatial context. 

3.3. Challenges of Public Participation in Urban Planning 
The study frames an approach as a decentralized and game-theoretic alternative to traditional centralized 

planning. Instead of treating public input as a static source of information, the framework models planning 

as an evolving interaction among autonomous stakeholder agents. Through repeated exchange, the system 

identifies what the paper describes as a “consensus-driven diversity” strategy. 

This approach balances the core land functions and auxiliary land functions through repeated negotiations 

and adaptive weighting. Dynamic weights are assigned to each agent’s objectives, and functional 

hierarchical zoning is simulated to determine a stable equilibrium state. When the information entropy 

converges to a consistent level, it indicates a feasible planning outcome. The findings demonstrate that 

decentralized decision-making, while achieving consensus on core functions, has the potential feasibility 

of adapting to diverse secondary uses. 

In this strategy, land-use diversity is structured through a hierarchical structure of primary and secondary 

functions. The dominant function, determined through negotiation, defines the core characteristics of the 

site, while the secondary functions meet the local or minor needs of stakeholders. These secondary 

functions can be adjusted during the negotiation process, enabling flexible combination according to the 

development context of each site. It is worth noting that the final configuration is usually consistent with 

the original features of the site, which are carefully selected to reflect different urban community types. 

The results across all five sites indicate that the intelligent agent driven by LLM can surpass the single-target 

optimization model and refine the needs of stakeholders into more detailed land use planning schemes 

(Fig.5). This reflects the emergence of multi-functional zoning plans and diverse land-use compositions. By 

adjusting the weight of each stakeholder’s preferences, emphasizing governmental, residential, expert, or 

community interests, changes in the distribution of auxiliary functions were observed, while the consensus 
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on the main land use remained stable. These results indicate this framework achieves a practical balance, 

meeting the requirements of core priorities while also having the flexibility to adapt to different needs. 

 

Figure 5. Land-use balance outcomes by decision-making modes (Sites 1–5). This figure is original. 

Throughout the entire planning process, LLMs-driven virtual agents simulated the patterns of real 

interactions, negotiations, and compromises among stakeholders. When conflicts arose, different modes 

can be used to explore various planning outcomes. By leveraging the capabilities of LLMs to build a multi-

agent coordination system, this approach enhances the inclusiveness and adaptability of land-use planning. 

Multi-round negotiations help identify robust intersections of stakeholders’ interests, providing a feasible 

simulation method for addressing controversial issues in urban renewal development. 

3.4. Limitations and Future Directions  
By simulating agent behaviour and communication, this study uses Large Language Models (LLMs) to reveal 

diverse needs within the negotiation environment and to examine how these needs interact. Through 

semantic analysis and iterative generation, LLMs support the construction of dynamic negotiation setting 

in which stakeholder positions may converge, diverge, or reach compromise26,27. Although we can use LLMs 
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to simulate specific behaviours within isolated contexts28, fully capturing the cultural, behavioral, and 

contextual complexity of real human negotiation. This research therefore treats the framework as a 

planning support and simulation tool rather than a replacement for direct public participation. 

Unlike traditional urban planning tool, LLMs can process both natural language and multimodal inputs, 

handling the ambiguity and informality in urban planning discussions. By using customized embedding 

models and vector databases, we utilize LLMs to precisely extract relevant information from a large corpus 

of planning documents. The hierarchical keyword extraction and search techniques help alleviate the low 

signal-to-noise ratio problem that is often present in such texts29. 

Simulating multiple negotiation rounds, we use LLMs to demonstrate how mono-functional land parcels 

can evolve into mixed-use zones, balancing various competing interests. Extending role-player typologies 

and adjusting game strategies further enhances the realism of these simulations. By refining agent roles 

based on more specific characteristics, such as local versus central government or socio-economic 

segmentation within residents, the simulation can better reflect the diversity of stakeholders in urban 

planning. Furthermore, incorporating dynamic adjustments to agent priorities, such as shifting the weight 

of environmental concerns during climate emergencies, which adds to the model’s robustness and 

flexibility. 

4. Conclusion  
This research demonstrates how multi-agent frameworks driven by large language models (LLMs) can 

strengthen participatory and land-use diversity in urban renewal.  

The main results concern how to construct realistic interactions using multimodal inputs and how to better 

understand the dynamics of stakeholder negotiations through simulation. By emphasizing the capabilities 

of LLMs which can mediate between diverse interests and improve transparency, this approach provides a 

more flexible and cost-effective way to involve multiple stakeholders with competing interests. This 

approach contributes to both theory and practice by offering a new perspective on the application of LLMs 

in urban planning. 

However, it is also essential to acknowledge limitations. Specifically, LLMs still struggle to capture 

information beyond pure logic, such as cultural factors underlying the unpredictability of human behaviour. 

In the future, these issues could be mitigated by incorporating richer datasets from everyday records and 

real-time monitoring, together with community surveys and other culturally or behaviourally data sources. 

Despite these challenges, this research remains adaptability to get involved into a bigger picture in planning 

contexts, by refining how the system handles long-term strategic objectives and by enabling its application 

to larger cases through adjustments to the granularity of agent roles and the design of the negotiation 

process. 

Furthermore, this research is not limited to a single case. With appropriate adjustments to local governance 

structures, policy priorities, and community needs, it could be applied in other cities and countries. Because 

it works across different scales, it can link high-level planning aims with everyday practices in a clear and 

consistent way. In this sense, this research can be further scaled to tackle larger and more complex planning 

tasks, which could improve urban planning processes globally. 
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Abstract 

Heritage landscapes are important carriers of collective memory, spatial identity and cultural 
continuity, and their conservation increasingly requires empirical evidence of how they are 
perceived and evaluated by the public. Existing assessments of heritage buildings and historic sites 
often rely on expert judgement, field observation and small-scale questionnaires. Although these 
approaches remain valuable, they provide limited evidence of large-scale public perception and the 
emotional meanings attached to heritage environments. 
This study examines public perception of heritage landscapes in Taihu Lake water towns through 
user-generated content from Trip.com. A dataset of [N] publicly available reviews and 
accompanying images of representative water towns in Jiangsu and Zhejiang was collected and 
analysed. The study develops a multimodal framework that combines textual sentiment and topic 
analysis with visual feature extraction. Textual reviews were processed using word segmentation, 
TF-IDF, semantic co-occurrence analysis and a RoBERTa-based sentiment model, while visitor-
uploaded images were analysed using CLIP-based visual embeddings, clustering and visual 
prototype extraction. The two modalities were then integrated to compare expressed sentiment 
with visual salience. 
The results show that water-related scenery, reflections, stone bridges and vernacular 
architectural settings constitute the most stable perceptual core of Jiangnan water towns. Cross-
modal mapping further indicates that visually salient landscape elements do not always 
correspond to the strongest emotional responses. Water surfaces and reflections generate both 
high visual weight and positive sentiment, whereas some architectural details are visually 
prominent but less emotionally differentiated. Intangible cultural elements, such as performances, 
food and local activities, are more visible when they are embedded in recognizable spatial settings. 
The study demonstrates how online textual and visual expressions can be transformed into 
comparative indicators for heritage landscape evaluation. The proposed framework contributes to 
evidence-informed heritage management by identifying the spatial features most closely 
associated with public attention, emotional response and place-based cultural attachment. It also 
provides a transferable approach for analysing heritage perception in other contexts where 
multimodal user-generated data are available.. 

Keywords 

Heritage perception; User-generated content; Text–image fusion; Emotion; Jiangnan water towns 

1. Introduction  
Over the last few decades, international entities, including the United Nations and the United Nations 
Educational, Scientific and Cultural Organization (UNESCO), have placed emphasis on cultural landscapes 
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as a key element of sustainable urban development (UN-Habitat, 2017). In China, also, "people-centered 
cities" has become a policy philosophy involving the positioning of people at the center of urban and rural 
renewal. 

These frameworks rely on the assumption that popular perception and psychological attachment to 
cultural and historic sites are major determinants of urban and rural development. Therefore, analyzing 
public perception and emotion is of paramount importance (Scannell and Gifford, 2010). 

The Taihu Lake region serves as an ideal case study. As a core water town landscape in the Jiangnan area 
of China, it retains a dense network of canals, bridges, vernacular architecture, and cultural heritage. 
However, these ancient towns face a critical challenge in balancing protection and development. While 
rapid urbanization threatens their unique character, preservation cannot simply mean stagnation or 
inaction. Therefore, achieving wise renewal requires, first and foremost, accurately identifying the most 
significant stylistic features that define these places (Porfyriou, 2019). 

In the digital age, this necessity is increasingly urgent. Heritage landscapes are now often viewed by the 
public more through the lens of social media than through physical visits. Platforms like Trip.com host 
millions of user reviews and images that document how people experience, understand, and remember 
these places. This dataset offers a unique opportunity: it allows us to quantify public sentiment at scale 
and precisely identify which specific spatial and cultural attributes elicit emotional responses (Chesnokova 
and Purves, 2018; Huai and Van de Voorde, 2022). 

Figure 1. Evolution of Research Hotspots in Rural Landscape and Traditional Villages, 1995-2024. Source: 
Author. 

Recently, rural landscape perception research has shifted from qualitative to quantitative approaches, 
expanding study of individual buildings to holistic landscape characteristics (Stephenson, 2008; Hou et al., 
2019). However, limitations still remain. Conventionally, research relies on field surveys and manual 
classification, which takes lots of time. While scholars recognize that heritage sites are both physical 
structures and carriers of cultural practice, few studies measure how these two dimensions are 
interconnected in public cognition (Smith, 2006). Furthermore, existing research on landscape perception 
rarely employs multimodal methods to interpret text and imagery simultaneously(Cao et al., 2022; Havinga 
et al., 2024). 
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This study addresses these gaps through a multimodal analysis of user-generated content. It analyses both 
textual reviews and user-uploaded images associated with visitor evaluations of Taihu Lake water towns. 
Specifically, the study examines whether visually salient spatial features correspond to the emotional 
evaluations expressed in textual reviews. By integrating semantic co-occurrence analysis, sentiment 
modelling and visual feature extraction, the research aims to provide heritage managers with empirical 
indicators of public perception and to complement expert-led evaluation with evidence derived from 
everyday online discourse. 

2. Methodology 
2.1 Research Strategy 

This study aims to elucidate public perception of ancient town landscapes through the analysis of sentiment 
and visual features in User-Generated Content (UGC). As illustrated in Figure 2, the analytical workflow 
consists of three interconnected stages: data cleaning, parallel text-image analysis, and cross-modal 
feature fusion. 

Figure 2. Technical Framework Diagram. Source: Author. 

During the data cleaning stage, online review texts were segmented, filtered and standardized, while 
visitor-uploaded images were checked and processed to ensure data quality for subsequent analysis. 
Textual and visual data were then analysed in parallel. For textual semantic feature extraction, an 
optimized RoBERTa model was employed (Liu et al., 2019). To improve the recognition of architecture-
related expressions, the model was fine-tuned using a domain-specific corpus related to ancient towns, 
local customs and spatial descriptions. For visual feature extraction, CLIP was used to generate image 
embeddings and to support the semantic interpretation of visual clusters (Radford et al., 2021). 

Finally, textual sentiment features and visual features were integrated. The resulting sentiment-value and 
landscape-weight distribution map was used to compare expressed emotional evaluation with visual 
salience. Rather than treating text and images as separate sources, the framework links what visitors 
describe with what they visually record, thereby supporting a more comprehensive interpretation of 
heritage landscape perception. 

2.2 Data Collection 

This study focuses on ancient towns in the Taihu Lake region. We selected representative water towns, 
including Wuzhen, Xitang, Nanxun, and Luzhi, based on their historical depth, cultural value, and visitor 
popularity. 

Data was sourced from Trip.com, China's largest online travel platform, with over 400 million registered 
users. Because Trip.com employs a "verified-visit" mechanism, the reviews possess high authenticity and 
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reliability. Using web scrapers, we gathered public reviews spanning from 2019 to 2025, yielding a valid 
dataset of approximately 30,000 records. Each record contains multimodal information, including text, 
accompanying images, timestamps, and visit dates. 

The data collection process strictly adhered to privacy policies. We harvested only publicly released content 
and removed all potentially personally identifiable information (PII). We then cleaned the data by removing 
duplicates and abnormal or spam reviews, unified encoding, word segmentation, and rating scale 
alignment, as well as the tagging of temporal and spatial attributes. This gave us a dataset that is robust, 
timely, and credible. 

2.3 Textual Feature Extraction 

The text analysis follows a structured workflow. First, we employed Jieba for word segmentation. To get a 
clear understanding of the text, we fine-tuned the RoBERTa model using a custom corpus related to ancient 
towns (Liu et al., 2019). By incorporating training data from the architectural domain, the model gets better 
at spotting specific expressions such as architectural styles, local customs, and spatial metaphors. Next, TF-
IDF was used to extract high-frequency feature words. Subsequently, we applied the Modularity method 
(Blondel et al., 2008) to construct a semantic network of word co-occurrence. Concurrently, we calculated 
sentiment polarity scores for each review to quantify users' emotional inclinations toward specific features. 
This analysis reveals core themes in user perception and establishes a structural foundation for the 
subsequent cross-modal alignment. 

2.4 Visual Feature Extraction 

The image analysis adopts a coarse-to-fine strategy. Initially, we used the CLIP model's ViT-B/32 encoder 
to deal with images and generate 512-dimensional feature vectors (Radford et al., 2021). Following noise 
reduction via PCA, unsupervised clustering was performed to extract high-density principal clusters. These 
clusters were labeled through CLIP text pairing and manual verification, and then visualized in two 
dimensions using t-SNE. From these clusters, we identified distinct visual categories and extracted 
representative prototype images to define landscape types. 

To further interpret the semantic meaning of these clusters, we combined the image descriptions provided 
by CLIP with the semantic groupings generated during the text analysis stage. Using manually verified 
ground truth data, we developed a corresponding visual classification setup and prompt design. 

Building on this, we introduced a visual patch analysis approach for fine-grained structural reconstruction 
(Doersch et al., 2015). Each image was segmented into approximately 120,000 visual semantic units. We 
performed precise feature extraction on these patches to enable multi-scale landscape analysis, ranging 
from the global to the local level, achieving high-resolution characterization of the visual landscape. 

2.5 Cross-Modal Integration and Mapping 

After unimodal analysis, we constructed a planar correspondence between the emotional polarity of text 
and the visual feature weights of the image. By matching these two modalities together, we explored the 
interaction between emotional values and the importance of elements in the landscape. Combining these 
two methods fixes the blind spots of using just one. It can find the elements of the landscape with a strong 
emotional response and reveal the mechanism behind it. Consequently, we provide multidimensional 
empirical evidence for the conservation and regeneration of ancient town landscapes by considering both 
the visual image and the emotional experience at the same time. 
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3. Results 
3.1 Semantic Co-occurrence Network 

Figure 6 illustrates the semantic co-occurrence network derived from 34,216 text comments. The network 
structure exhibits a distinct "core-periphery" pattern. We constructed this network based on word co-
occurrence relationships, employing ForceAtlas2 (Jacomy et al., 2014) for spatial layout and Modularity 
clustering for partition, which resulted in four distinct communities. 

The pink cluster at the top represents the core. It aggregates high-frequency terms such as "small bridges 
over flowing water," "white walls with black-tiled roofs," and "stone-paved paths." Possessing the highest 
node count and degree centrality, this cluster suggests that the public primarily defines Jiangnan water 
towns through these traditional scenic elements. 

The peripheral nodes branch into three relatively independent semantic communities. The green 
community emphasizes the natural environment, highlighting "water systems and riverside dwellings." The 
yellow community focuses on traditional architecture, such as "houses, libraries, and temples." The purple 
community links sensory experiences and spatial moods, referencing "water pavilions, paddling sounds, 
lantern lights, and alleys", indicating that the public is often more concerned with poetic emotional 
resonance than with physical form alone. These co-occurrence patterns reveal the structure of human 
cognition regarding these sites: the physical environment and rustic atmosphere form the core of visitor 
memory and discourse, while cultural terms show weaker connections. This suggests that intangible 
cultural elements are less frequently represented in dominant visual and textual patterns. 

The properties of this semantic network determine the propagative efficacy of peripheral clusters. 
Peripheral narratives become perceptible and truly moving when they resonate with and reinforce the core 
symbolic repository. Collectively, this network provides a semantic representation of the hierarchical 
organization of landscape cognition. It offers insight into the synthesis process and illustrates the 
dominance of core imagery over heterogeneous peripheral narratives. 

Figure 3. Semantic Association Analysis (left). Source: Author.     

Figure 4. High-Frequency Word Sentiment Analysis(right). Source: Author. 

3.2 Sentiment Polarity of Key Terms 

From the sentiment analysis, we find that the public sentiment toward Jiangnan ancient towns is mostly 
positive, though complaints do exist. Figure 3 maps how often people mention specific topics. Many of the 
highest mention frequency words include “Jiangnan,” “water town,” and “river,” which have sentiment 
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scores close to 4.9 on a five-point scale.  Similarly, terms related to historical scenery frequently co-occur 
with positive sentiments. This reveals that people are more emotionally attached to the scenic appearance 
and history of the old towns.  Evidently, natural and historical elements are the main reasons people feel 
happy, reflecting high public satisfaction with the core heritage landscape. 

On the other hand, complaints usually focus on commercialization and crowding. Keywords such as 
"commercialization," "crowded," "high prices," and "too many shops" reflect visitor disappointment. Many 
reviewers believe that the proliferation of souvenir shops and modern commercial venues detracts from 
the authenticity of ancient towns. Terms like "too many people," "noisy," and "overcrowded" typically 
appear in holiday reviews, indicating that having too many people spoils the experience (Goodwin, 2017). 
“Ticket price” is a polarized term, as reviews become negative when costs are perceived as unjustified. By 
contrast, cultural offerings such as local cuisine and performances are often positively evaluated, although 
they may attract criticism when prices are considered excessive. 

The analysis reveals that visitors have complex, often conflicting feelings. The overwhelming praise 
suggests that these towns successfully provide the beautiful views and cultural assets that they are famous 
for. However, frequent complaints about crowds, losing the real feel, and commodification reveal 
significant pain points in the current tourism model. In fact, as one respondent said that his recent tour 
was miserable compared with his previous visits, which shows that the problem might be getting worse 
(Porfyriou, 2019). In sum, while appreciation for the natural and built environment remains dominant, 
concerns regarding tourism pressure and experience quality are significant. The contradictory sentiments 
reflect the urgent challenge of balancing attraction and authenticity. 

3.3 Visual Clusters and Meaning

 

Figure 5. Image Feature Clustering(left). Source: Author. 

Figure 6. Semantic Clustering Division(mid). Source: Author. 

Figure 7. Representative Images (Partial Crop) (right). Source: Author. 

In the image analysis phase, visual features were first extracted using CLIP and then visualized through t-
SNE to reconstruct the internal structure of public visual attention (Van der Maaten and Hinton, 
2008).Figure 5 shows the feature clustering of online images, while Figure 6 visualizes the semantic 
distribution of the public's focus on the urban landscape. In Figure 6, the blue, orange, green, and red 
scatter points represent architecture, environment, functional facilities, and intangible culture, 
respectively. The dominant visual cluster is composed of the blue and orange points, accounting for 
approximately 43% of the total dataset. This indicates that the visitors see the buildings and the 
surrounding nature as one single thing. The key visual elements, such as rivers, waterways, and stone 
bridges, clearly define the "Jiangnan style," which is consistent with the thematic findings from the text 
analysis. The green nodes scattered along the perimeter represent secondary functional aspects, such as 
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food and transportation. Meanwhile, the red nodes (intangible culture) are sparsely embedded around the 
central blue-orange cluster. This suggests that intangible culture relies on the spatial environment to be 
anchored in visual memory. The representative images in Figure 7 support this conclusion: the most 
frequent visual motif is the reflection of white walls and black-tiled roofs on the river. In contrast, images 
of activities such as lanterns and folk performances are almost consistently framed with a building in the 
background. 

We further analyzed the clustered samples and found that distinct subcategory clusters formed alongside 
the main categories. The "nightscape" cluster features images of lanterns, night markets, and covered 
bridges, conveying a traditional urban evening atmosphere that is nonetheless lively. The "food" cluster 
includes snacks, teahouses, and street markets, reflecting how visitors document their sensory taste 
experiences. The "festival" cluster captures wedding processions, folk dances, and stage performances, 
revealing the visual appeal of cultural events. Interestingly, highly crowded entrance scenes and generic 
souvenir shops did not form any distinct clusters. This suggests that photography tends to reproduce 
romanticized, visually pleasant scenes rather than documenting congested or overly commercialized 
realities (Lo et al., 2011). 

Overall, waterfront scenes, historic architecture, and the atmospheres of day and night constitute a shared 
"photographic vocabulary" that overlaps significantly with the recurrent themes found in the text reviews. 
However, food and performance images visually complement the text, offering rich details for dimensions 
that are relatively underrepresented in written descriptions. 

3.4 Visual Prototypes of Landscape Features 

 
Figure 8. Visual Prototype Extraction. Source: Author. 

In the preceding stage, we used CLIP features and semantic clustering to coarsely partition the large-scale 
photo collection into thematic clusters. Following this, we conducted a more detailed analysis of the high-
frequency regions and visual attributes within each cluster. 
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We first applied segmentation and reconstruction methods to uncover the relationships between visual 
patches. Next, we performed a three-dimensional assessment of the data, evaluating it based on frequency, 
visual characteristics, and symbolic connotation. The experimental results confirmed that the images 
converged into two prevailing archetypes: the "waterfront type" and the "alleyway type." The former uses 
a "water-bridge-pavilion" sequence as its main visual structure, prioritizing horizontal composition and 
reflection. The latter adopts a spatial hierarchy of "path-wall-eaves," focusing on enclosure and the density 
of architectural details. 

Each distinct cluster exhibits a specific aesthetic focus. Clusters related to water features center on themes 
of openness and reflection. In contrast, architectural clusters prioritize materials and structural 
components. Meanwhile, the street and alley clusters are characterized by the look and color of stone slabs. 

Taken together, these differences show the multi-layered visual logic of the ancient town. Water features 
emphasize horizontal openness and reflection, whereas architectural streets and alleys emphasize spatial 
interfaces and materiality. This contrast highlights how different spaces serve different needs. 

3.5 Cross-Modal Fusion and Perceptual Mapping 

 

Figure 9. Visual Prototype Extraction. Source: Author. 

This section examines topic frequencies and visual clusters, as projected onto the same coordinate system. 
There are several important observations that could be made.  Firstly, both text and image data highlight 
the same key features: water, bridges, and historic architecture. These three elements form the cluster 
that is found in both topic models and photographic feature analysis. In the scatter plot, blue marks (water-
related) and orange marks (architecture-related) are located in the top-right corner, representing elements 
with the highest feature weight and sentiment score, averaging over 4.8. This indicates that users exhibit 
the strongest preference for water surfaces, stone bridges, and historic dwellings, which together form the 
core image of the ancient town (Huai and Van de Voorde, 2022). 

Images and text tend to show different sides of the story. Negative experiences, such as overcrowding and 
commercialization, and non-visual sensory information (like weather, sound, and rhythm) are primarily 
expressed through text. Conversely, image data relates more to spatial layout and landscape aesthetics. 
Consequently, two types of nodes appear in the scatter plot: text-driven nodes characterized by high 
emotional volatility but lower visual weight, and image-driven nodes characterized by strong visual impact 
but a stable emotional baseline. When these factors are combined, the tourists' perception reveals a 
"coexistence of scenic beauty and realistic friction." 
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Underrepresented areas are also visible at the edges of the coordinate system. Green markers 
(representing environment and local life) are located mainly in the lower-center region of the scatter plot, 
indicating fewer photographic exposures and discussions. This suggests that "softer" aspects, such as daily 
cultural activities and community atmosphere, have not yet fully entered public perception, implying 
significant potential for future development. 

4. Discussion 
This study shows that visitors’ online perception of ancient town landscapes is composite rather than 
unitary. The findings indicate that water, architecture, streetscapes and cultural activities jointly structure 
visitors’ perception of Taihu Lake water towns. The semantic network and visual clusters both show that 
water-related scenery and vernacular architectural settings form the central perceptual frame, while food, 
performances and other intangible cultural elements are more often perceived when they are embedded 
in recognizable spatial scenes. This result suggests that heritage landscape evaluation should not be limited 
to static material forms, but should also consider how spatial elements are perceived, described and 
emotionally evaluated by visitors. 

The cross-modal results also indicate that visual salience and emotional evaluation are not fully aligned. 
Some elements that occupy a relatively small proportion of visitor photographs may still be associated with 
strong emotional responses in textual reviews. By contrast, some architectural details are visually 
prominent but show relatively stable emotional evaluations. Water surfaces, reflections and bridges are 
especially important because they combine high visual exposure with strongly positive sentiment. These 
findings suggest that landscape features should be understood not only as visible physical forms, but also 
as cultural symbols through which visitors construct memory, identity and emotional attachment. 

Textual and visual user-generated content capture different dimensions of heritage perception. Visitor 
photographs tend to emphasize visually attractive scenes, such as waterfront views, reflections, bridges 
and nightscapes. Textual reviews, however, are more sensitive to experiential problems, including 
crowding, commercialization, high prices and perceived loss of authenticity. This difference shows the 
value of multimodal analysis: image data help identify visual focal points, while text data reveal emotional 
responses and management-related concerns. 

Digital platforms have therefore become an important medium for the public representation of heritage 
landscapes. By taking photographs, posting images and writing reviews, visitors participate in the continual 
reproduction of the public image of ancient towns. This is consistent with previous work showing that social 
media can shape public engagement with remembered and lost heritage places (Gregory, 2015). Rather 
than functioning only as aesthetic records, user-generated images and comments reveal how visitors 
connect visual experience with emotion, memory and cultural expectation. 

For heritage management, the results suggest that conservation and renewal strategies should consider 
both visual landscape quality and visitors’ expressed emotional evaluations. While traditional layouts, 
water systems and architectural features remain central to the identity of Jiangnan water towns, cultural 
activities and everyday local life need to be more effectively connected with physical space and visitor 
experience. Digital media data can help managers periodically monitor changes in public sentiment and 
identify emerging issues in visitor experience (Havinga et al., 2024). In this way, multimodal public 
perception analysis can support more responsive and evidence-informed heritage landscape management 
(UNESCO, 2016).. 
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5. Conclusion 
By combining text and visual features, this paper creates a map of ancient town landscapes, revealing the 
characteristics of public cognition and emotional reactions within the digital environment. The results show 
that the surroundings and old buildings get the strongest emotional evaluations, together constituting the 
primary structure of landscape perception. The cross-modal analysis reveals that water surfaces and 
reflections act as dual triggers for both visual and emotional responses. Conversely, certain architectural 
details, despite having a high visual presence, do not trigger the same deep feelings. This illustrates that 
landscape perception is highly dependent on the specific scenic and narrative context. 

There are, however, limitations to this study. First, the sample is drawn from a relatively specific region, 
making it difficult to generalize the findings to different types of ancient towns. Second, the visual-language 
model currently lacks full adaptability to traditional cultural contexts. This makes it hard to spot subtle 
meanings in the text. 

Future Prospects: In terms of research scope, future studies should expand the sample to include a broader 
diversity of ancient towns from various places to help comparative analysis. Methodologically, we aim to 
further optimize the visual-language model to better interpret traditional symbols, vernacular imagery, and 
folk activities, thereby enhancing the accuracy of both element identification and emotion interpretation. 

Overall, based on multimodal data and digital technologies, this study investigates the appearance of 
ancient towns from a holistic "visual-emotional" perspective. It charts a new pathway for understanding 
public perception via digital media and offers concrete references for governance during urban renewal 
and rural revitalization. To support effective governance, our findings suggest that only by respecting public 
sentiment, leveraging digital innovation, and organically connecting preservation with daily life can we 
promote the continuous optimization and "warm" development of ancient town landscapes. 
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Abstract

China's urbanization has entered the era of “stock renewal”, with the demand for urban
construction shifting from scale expansion to quality improvement. As the world's historical and
cultural heritage capital, Beijing's Capital Functional Core Area (CFA) is the core bearing area of
history and culture and the key area for the protection of famous cities, and faces the dual
challenges of protecting the city's historical and cultural heritage and improving the material life
of residents in the tightly constrained space in the city's urban regeneration.To address this issue,
this study takes Chunshu District, which carries the essence of Beijing's Xuannan Culture in the
CFA, as the object of study. Although the area retains a relatively intact hutong living area of old
Beijing, there still exists the reality of insufficient excavation of historical resources, fragmented
cultural texture and low quality of modern life during the renewal and reconstruction.Therefore,
this study adopts the narrative layering theory to analyze the spatial scene elements of different
historical time stages through linguistic research methods, and conducts accumulation analysis
on each element system to discover the value connotations of the streets and alleys; and adopts
the natural language model and semantic retrieval technology to analyze the behavioral
activities of the people in each historical time stage, so as to guide the formulation of spatial
renewal design strategies.Compared with the traditional material space enhancement renewal
planning, this study pays more attention to the combination of culture, space and people, and
guides the renewal planning of urban historic districts by digging deep into history and using
history as the basis. At the same time, it also combines the idea of people-oriented planning with
natural language modeling for efficient retrieval and generalization in the historical excavation of
crowd activities, and identifies the renewal strategies with higher historical value and cultural
vitality. This study not only provides a reproducible scientific research path for the renewal of
historic districts carrying regional culture and national memory, but also sets a model for the
protection of historic and cultural districts, contributing Chinese wisdom and practical solutions
to the dynamic protection of cultural heritage on a larger scale.

Keywords

Urban renewal, Narrative layering theory, Historical districts protection, Beijing
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1. Introduction

China's urbanization rate has reached 67% by 2024, according to statistics from the National Bureau of
Statistics. China officially launched the "Urban Renewal Initiative" in 2020, and urban renewal has
become an important vehicle[1] for the transformation of high-quality urban development in the current
context of "stock renewal" in China. Historical districts, as special functional areas in cities that preserve
historical relics and cultural heritage, are irreplaceable and unique precious legacies. In the context of
urban renewal, historical districts that were not protected or were damaged during the period of rapid
construction or overdeveloped in the commercial wave need to be re-examined and paid attention to.

In recent years, urban renewal research has shifted from physical-space renovation to comprehensive
governance[2] emphasizing social equity[3], sustainability, and cultural revival.In terms of renewal methods,
technologies such as big data, artificial intelligence and machine learning[4] have also been widely applied.
Some scholars have used large language models to construct urban digital text corpora for the
spatiotemporal analysis of historical districts[5-7] .

On this basis, research related to the protection of historical districts in urban renewal has also attracted
much attention. From individual protection to overall environmental protection, and from static
protection to dynamic sustainable renewal[8-9] that emphasizes the coordination of urban historical and
cultural inheritance with social economy. In recent years, research on the protection of historical district
in cities has focused more on governance mechanisms[10], emphasizing multi-party participation and
social equity[11-12] . In reality, however, due to problems such as functional decline, relocation of residents,
and excessive commercialization in some historical districts, their living protection and sustainable
renewal have become the core difficulties[13]. At the same time, existing research has generally focused
more on spatial renewal [14-17]and performance evaluation[18-20], with insufficient in-depth exploration of
the historical and cultural aspects of historical districts and insufficient attention to the interaction
among people, society and space.

Therefore, this study uses narrative layering theory to explore the renewal of historical districts in the
core area of Beijing Capital. Extract the scenes of people's activities in historical districts at various times
and Spaces from historical texts and superimpose them to obtain the nodes and streets with the most
profound historical background to guide the current stage of renewal and transformation.This research
has broken the predicament of the stereotypical and commercialized renewal and transformation of
historical districts. The narrative digital spatiotemporal model based on the accumulation of historical
texts and maps proposed not only provides a replicable scientific research path for the renewal of
historical districts that carry regional culture and ethnic memory, but also contributes Chinese wisdom
and practical solutions to the dynamic protection of cultural heritage on a larger scale.

2. Subjects and methods

2.1 Research Subjects

This study mainly focuses on the Chunshu historical district in Beijing. As a World Heritage city, Beijing
has a history of over 3,000 years as a city and over 800 years as a capital. The core area of Beijing's
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Capital Function (CFA) is the core carrier of China's political center, cultural center and international
communication center. It is a key area for the protection of historical and cultural cities and an important
window area[21]for showcasing the image of the national capital. Chunshu district, one of the 32 historic
protected districts planned in detail in the CFA program, is located north of the junction line between the
inner and outer cities of Beijing, east of the completed commercialized Tiananmen - Qianmen Dazhalan
area, and close to the central axis of Beijing (Figure 1).

Figure 1 Location Map of Chunshu District (by author) Figure 2 Current State （by author and internet）

Chunshu district is a historic and distinctive area of Beijing's quadrangle courtyards, embodying the
essence of Beijing's "Xuannan culture"and containing guild hall culture and opera culture, and is adjacent
to Liulichang West Street, a century-old street of calligraphy, painting and ancient books. With the
continuous advancement of urban renewal in Beijing, traditional hutongs such as Dazhalan and Nanluogu
street have been transformed into commercial areas, while Chunshu district has not undergone
large-scale demolition and renovation and still retains the hutong life scenes of old Beijing. But Chunshu
district faces the dual challenges of protecting urban historical and cultural heritage and improving the
material life of residents in the confined space during urban renewal: In terms of cultural protection,
Chunshu district has underexplored historical resources, the cultural texture within the area is
fragmented, and many historical and cultural resources within the sub-district have not been fully
protected and effectively inherited; In terms of living improvement, the quality of modern life in the
street is low, in sharp contrast to the surrounding urban settlements, unable to meet the living needs of
local residents, and there are widespread problems such as disordered building texture, congested traffic
roads, and lack of green landscape(Figure 2).

2.2 Research Methods

This research is guided by the theoretical framework of "Narrative layering" and uses dependency syntax
analysis to process complex historical documents for the extraction of narrative elements. At the same
time, it combines GIS spatial analysis methods to spatially locate narrative elements and extract spatial
elements. CV technology is mainly used to identify image differences for evolutionary analysis. The main
research framework and methods are shown in Figure 3. The research is carried out in three stages. The
first stage is the theoretical construction stage, where, based on the problems discovered through on-site
investigations, the "Narrative layering" theory, which integrates narrative grammar and stratification
analysis, is introduced as the conceptual framework. The second stage is the model deduction stage,
where, in combination with the "Narrative Layering theory, narrative and spatial elements are analyzed
and extracted, and each element is sliced for stratification and value identification. The third stage is the
design guidance stage, where, based on value identification, spatial update strategies for street renewal
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are formulated for different narrative elements.

Figure 3 Research Framework (Author's own illustration)

2.2.1 Narrative Layering Theory

The narrative layering theory employed in this study is a hybrid research approach that combines
spatiotemporal narrative theory with the layering mechanism. The literary spatiotemporal narrative
theory, emphasizes spatial narrative on the basis of traditional temporal narrative. This method can
position the scenes in the literary narratives of a specific time and space on a spatial map.The specific
approach is as follows: In the selection of content and elements for specific representation, human
activities within the scene are dynamic and function as connective elements between people and space.
Therefore, this study introduces the "narrative grammar" theory, viewing the scene of a historical district
within a time and space as a "textual" object, and the relationship between the people, activities and
space within it as the grammatical structure of the "text". Since humans are the initiators of actions, and
actions are dynamic, while space serves as the carrier of actions, in narrative grammar, people, activities
and spaces are respectively abstracted as the subject, predicate and object.The layering mechanism
views the city as an evolving organism. By selecting typical historical times for slicing studies and layering
the people, activities and Spaces of each time slice, analyze the changes and constants in the evolution of
historical district, thereby clarifying important historical information and cultural context, to provide local,
history-oriented and effective guidance for the renewal strategy of historical district.

Narrative layering theory combines spatio-temporal
narrative theory with layering mechanisms to reproduce
the "people – activity – space" of each spatiotemporal
slice, draw spatiotemporal maps, and then superimpose
spatiotemporal maps of different times. By temporalizing
the historical geography of the district and delving deeper
into the intrinsic relationship among "culture - space -
time" in the historical district, it helps people to have a
deeperunderstanding of the intrinsic value attributes that
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are nurtured in various connections between space and culture, space and time in the historical district
(Figure 4).

2.2.2 Dependency Syntactic Analysis

Dependency syntax analysis is one of the key technologies in natural language processing (NLP).
Dependency parsing can analyze the linguistic structure and the dependency relationships between
words in a text sentence. In this study, dependency parsing can be used to process a large amount of text.
Event semantics are extracted as "person - activity - space" triples and added to the database, and finally
a rule-driven triplet extraction system is completed.

In text processing, this study adopts methods such as OCR correction and text normalization were applied
to preprocess the texts. In terms of time induction, the year names, dynasty names, chronological
expressions, and relative time are standardized as standardized time points or time intervals. Unclear
time is inferred logically. The standardized time is mapped to five time intervals, and according to the
classification standards such as "China Historical Dictionary" and "Research on the Scheduling of Modern
Chinese History", the specific corresponding relationship is Ming Dynasty (1368-1644), Early Qing Dynasty
(1644-1735), Late Qing Dynasty (1736-1911), the Republic of China (1912-1949), and Contemporary
(1949-2025). For the determination of the identity, location, and activities of the population, identity
dictionaries and occupation mapping rules are set, entity geographic coding is performed, and key
paragraphs of the extracted elements are retained and manually reviewed and activity extraction are
carried out.

2.2.3 GIS+CV Algorithm

Use GIS and CV (Computer Vision Technology) for spatial analysis and visualization to achieve
superimposed analysis of various elements in historical maps. Process, register and label the maps of
various historical stages in GIS, and visualize the elements extracted from the text and the spatial
elements. CV algorithms are used to detect changes in the map, quantifying the differences in the
evolution of each element at the pixel level. Finally, the spatial analysis capabilities of GIS are utilized for
geolocation, quantitative assessment, and spatial pattern mining of the resulting differences. The two
techniques are combined to form a complete set of automated, high- precision methods for detecting
changes in map elements.

Combining the above technologies essentially forms a complete, automated and highly accurate
spatiotemporal evolution analysis model. On this basis, in the future, a spatiotemporal prediction model
can be constructed by combining machine learning methods or based on the simulation method of
human actions, to conduct quantitative analysis of the population behavior and spatial responses under
different update strategies.

2.3 Selection of Historical Nodes and Data Sources
In terms of the selection of time points, based on the division of historical dynasties and the time points
when significant changes occurred in the urban space of Chunshu Street, combined with the era of the
existing historical maps, this study selected four historical time points, along with the current situation
survey in 2025, totaling five relatively uniform and verifiable map time points: namely, 1550 during the
mid-Ming Dynasty, 1750 during the early Qing Dynasty, 1907 during the late Qing Dynasty, 1940 during
the Republic of China, and 2025 in the modern era. The historical map information comes from the
WMTS historical map service of the Beijing Century History Map of the Chinese Academy of Sciences [22].

In terms of the selection of text materials, since the history of Chunshu Street can be traced back to the
Liao Dynasty's wasteland, covering a development history of over a thousand years and a history of the
capital's proximity area of over eight hundred years, it was once a district where literati gathered.
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Therefore, there are many literary novels in history that use Chunshu Hutong as the setting, and modern
authors have also provided detailed compilations and records of the history of Chunshu Street's hutongs.
This study selected the local chronicles with the highest relevance to Chunshu Street, such as "Shun
Tianfu Annals", "Xuan Nan Hong Xue Tu Zhi", "Liuli Chuan Xiaozhi", biographies of literati "City South Old
Stories", and the series of literary works "City South Chumiao" and "Chunshu Street Annals (1995-2010)",
extracting semantic information, totaling over 6 million words.

3. Research Results

3.1 Subject-predicate System Layering Analysis

3.1.1 Evolution of the Subject

The subject part of the narrative layering research method is mainly the population, which contains
information such as the identity of the characters and the era in which they are located. This paper uses
an automated information extraction process based on dependency syntax to structure the "persona-
identity-era" information in the historical and literary texts related to Chunshu district, and then
categorizes and archives it according to five historical nodes (Table 1).
Table 1 Subject System (Crowd) Layering

By analyzing the evolution of the subjects, it can be observed that, apart from the long-standing groups
such as residents and small traders, the main population structure of Chunshu Street shows
characteristics of phased changes. This evolution of Chunshu Street reflects the dominant changes of
administrative, cultural and market functions of Beijing as the capital city in different historical periods. It
also reveals that the development history of Chunshu Street has always revolved around the two core
themes of scholar culture and urban life. From a planning perspective, the historical evolution of this
main structure indicates that the renewal of Chunshu District should not simply focus on strengthening
the tourism function, but should build a space suitable for multiple entities on the basis of continuing the
dual attributes of scholar culture and urban life, in order to enhance the cultural depth and continuity of
life of the district.

3.1.2 Predicate System Layering

Predicate system layering

The predicate layering system is to layer the starting points, endpoints and activity trajectories of the
crowd activities, and to find the most active and important nodes and key flow lines. The flow line
simulation rule is to first select the shortest path, and then choose the streets with better accessibility
within the street units, that is, the streets with higher integration degree. The simulation and layering of
the crowd behavior flow lines for each historical slice are carried out (Figure 5) .The results show that
several stable high-frequency activity nodes and core flow lines gradually form within the block, such as
Anhui Guild Hall, Iron Bird Lane, and Liuli Factory Detail West Street. These spaces have continuously
hosted high-intensity crowd activities in multiple historical periods, demonstrating significant historical
continuity. From a planning perspective, such nodes and flow lines should be prioritized for protection
and strengthening, serving as an important framework for connecting historical memories and
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contemporary activities; at the same time, through activity implantation and space optimization, the
vitality of the block space can be enhanced.

Mid-ming Dynasty in 1550 Early Qing Dynasty in 1750 Late Qing Dynasty in 1907 the Republic of China in 1940 Contemporary era in 2025

Figure 5 Crowd Flow Analysis

3.2 Object System Layering Analysis
The object part of the narrative layering research method corresponds to spatial elements. The spatial
system is divided into five aspects: land use nature, spatial texture, roads and alleys, ecological landscape,
and architectural form for sorting and stratified analysis. The stratification overlay resul ts show that the
spatial system of Chunshu Street block as a whole presents a general trend of evolving from a low-density
traditional space oriented towards life to a high-density, multi-functional urban space. During this process,
the spatial structure is constantly influenced by the pressure of urban functional transformation and
development. While urban functions are continuously strengthened, cultural functions are constantly
weakened. Therefore, spatial renewal urgently needs to enhance the efficiency of use while reconfiguring
the connection between historical culture and spatial structure.
Table 2 Uses stratigraphic volume

3.2.1 Use Stratigraphic Layering

The land structure has gradually shifted from being dominated by residential and administrative
functions to being dominated by commercial and mixed functions. Meanwhile, cultural and ecological
spaces have continued to shrink. This change reflects the process of spatial function reorganization under
market orientation. In planning, through functional rebalancing, the revitalization of historical value land
should be carried out(Table 2, Figure 6)

Figure 6 Stratigraphic Volume of Chunshu District

Mid-ming Dynasty in 1550 Early Qing Dynasty in 1750 Late Qing Dynasty in 1907 the Republic of Chinain 1940 Contemporary era in 2025
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3.2.2 Texture Layering

The spatial texture undergoes a process of evolving from regular and orderly to disordered and mixed,
and then to local integration, reflecting the superimposed effect of traditional planning concepts and
spontaneous construction and commercial development. Its evolution reflects the changes of the
traditional texture under the influence of residents' and market behaviors. Future updates should be
guided by texture restoration, achieving the organic integration of new and old spaces (Table 3, Figure 7).
Table 3 Texture Layering

Figure 7 Texture Layering of Chunshu District

3.2.3 Street and alley Layering

The functions of the streets and alleys have evolved from living spaces to transportation channels and
functional areas. The layout of the streets and alleys has been maintained, but the living public spaces
within them have significantly decreased. This evolution reflects the reshaping of street and alley spaces
by the transformation of urban functions. Future planning should strengthen the attributes of life and
interaction, increase public spaces, and restore human-scale(Table 4, Figure 8).

Table 4 Street and Lane Layering

Mid-ming Dynasty in 1550 Early Qing Dynasty in 1750 Late Qing Dynasty in 1907 the Republic of China in 1940 Contemporary era in 2025

Figure 8 Street and Lane Layering of Chunshu District

Mid-ming Dynasty in 1550 Early Qing Dynasty in 1750 Late Qing Dynasty in 1907 the Republic of China in 1940 Contemporary era in 2025
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3.2.4 Ecological Layering

The ecological space has shifted from natural systems to engineered facilities. The above-ground water
systems have transformed into underground pipe galleries. Green spaces have become fragmented, and
the ecological functions have continued to weaken. Therefore, in the updated design, emphasis should
be placed on the reconstruction of the ecological network (Table 5, Figure 9).
Table 5 Ecological Layering

Mid-ming Dynasty in 1550 Early Qing Dynasty in 1750 Late Qing Dynasty in 1907 the Republic of China in 1940 Contemporary era in 2025

Figure 9 Ecological Layering of Chunshu District

3.2.5 Building Layering

Due to the constraints of land resources and the increasing demand for functions, buildings have evolved
from low-density single-function designs to high-density mixed-function designs, resulting in a new and
old juxtaposition and a strong spatial form of building blocks. Subsequent planning should protect
historical buildings, revitalize their functions, control the development intensity, and strengthen the
continuity of historical styles(Table 6).

Table 6 Architectural Layering

3.3 Layering Results and Design Paths

By excavating historical events and local cultures under five spatiotemporal slits and combining GIS and
CV algorithms to identify the evolution of the spatial system in different periods, it can be found that
Chunshu district has formed a main framework of Nanxinhua Street - Luomashi Street and a main axis of
Dongchunshu Hutong - Xiangluying East Lane - Liulichang West Street in the long-term evolution. The
historical spatial framework is based on nodes such as Yongxing Nunnery, Jinjiang Guild Hall, Anhui Guild
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Hall, Liangyuan, and the residences of many famous people. According to the crowd flow line layering
results, Tieniao hutong, Weiranhutong, Mianhua Lane, Xiangluying Headline, Tiemen hutong, Haibo
hutong, Nanliu Lane, Housun Park hutong, etc. have relatively dense population activities. They are
densely populated flow lines in multiple periods and carry the historical life memory of the district (Figure
10). To clarify the key nodes and the division of primary and secondary axes in the renovation, and to
provide a basis for further historical conservation and renovation design, as well as for the renovation
idea of using modern virtual reality technology to reproduce historical scenes (Figure 11).

Figure 10 Core Point-line Layering Results Figure 11 Planning Structure Diagram Figure 12 Design Path Diagram

Based on the above analysis, a design path for the protection and renewal of Chunshu Street is proposed
(Figure 12). The focus is on the update at the subject-predicate level, aiming to enrich the subject and
enhance the predicate. The methods adopted include "historical extraction - recreating the context -
facility provision - activity implantation" to enhance the street's appeal to the population, residents'
sense of belonging, recreational interest, and living convenience. By improving the pedestrian system and
street accessibility, introducing community services, cultural creativity, and small-scale commercial mixed
functions, the population structure of the street will become more diversified, the activity time
distribution will expand from a single peak to a 24-hour distribution, which will help enhance the daily
vitality and residential attributes of the street. For the object, the material space update focuses on
repairing the texture and using virtual assistance mainly, adopting strategies such as "texture recognition
- texture repair - building regeneration - virtual scene" to renovate and upgrade the space. Enhance the
recognition and accessibility of important nodes, and implant multi-level cultural activities. On the main
axis, modern virtual reality technology is used to reproduce historical scenes, allowing people to
experience the evolution and change of history while walking in the streets. The distinctive design of
nodes and axes strengthens the cultural identity and spatial continuity of the street. Finally, the renewal
planning of Chunshu's historical street based on the narrative layering concept is achieved.

4. Conclusion

This study proposed a "narrative layering" theoretical framework and conducted historical text mining
and spatiotemporal reconstruction using the Chunshu Hutong area in Beijing as the research object. The
main conclusions are as follows: (1) By integrating spatial time narrative theory with computational
techniques, a digital model combining text and space was established through semantic extraction and
spatiotemporal mapping. A relatively complete time-space narrative slice of Chunshu Street within a
specific time-space was obtained. (2) In the classification and research of elements in each time-space
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slice, combined with dependency syntactic analysis, the elements of "person - activity - space" were
extracted and spatial positioning was carried out, which was abstracted and mapped as "subject -
predicate - object" in literary narrative grammar, so as to facilitate the division and understanding of
elements, and emphasized the important position of historical populations and their activities in the
research. (3) Through the superimposition of different representative time-space slices for evolution
analysis, more texts and historical events were included to clarify the development process of Chunshu
Street, thereby achieving the interpretation of the intrinsic value attributes within the various spatial and
cultural, and spatial and temporal associations in Chunshu Street, and then providing a historical street
renovation and upgrading method oriented towards time-space cultural narrative.

Compared with traditional renewal methods, this study provides an integrated spatiotemporal narrative
framework. First, it has shifted from tabular data to "spatiotemporal narrative". Second, it has moved
from a space-based approach to one that integrates history with "people - activities - space". Third, it has
proposed a replicable methodological framework. This study combines DSA and GIS into a reproducible
digital humanities workflow. However, this study still has certain limitations: Firstly, the range of included
texts is not sufficient. Only the relevant Qing Dynasty and modern local chronicles, as well as modern
literary biographies and modern historical literature collections, have been analyzed. There is insufficient
exploration of materials from the Ming Dynasty and more classical language materials in Chunshu Street.
Secondly, the consideration of the event semantic dimension in spatiotemporal mapping is not deep
enough. There is still much room for improvement in the modeling, reproduction, and interpretation of
text spatiotemporal narratives. Moreover, this study mainly focuses on the spatial evolution analysis and
update path guidance based on narrative layers, and has not yet introduced machine learning and other
predictive methods to conduct quantitative simulation of future scenarios. In the future, based on the
narrative layering model constructed in this study, it can be further combined with predictive models to
conduct predictions of population behavior and spatial evolution for different planning scenarios, thereby
enhancing the application depth of the method in planning decisions.

（The project is funded by National Natural Science Foundation of China Youth Project (No. 52308018),
China Higher Education Institution IndustryUniversity-Research Innovation Fund (2024SE031)）

5. References
[1] Zhao Wanmin, Li Zhen and Li Yunyan (2021). Review and Prospect of Urban Renewal Research in Cont
emporary China: A Synergistic Consideration of Institutional Supply and Property Rights Challenges. Urba
n Planning Forum, pp.92–100. doi:https://doi.org/10.16361/j.upf.202105012.

[2] Xie, F., Liu, G. and Zhuang, T. (2021) “A Comprehensive Review of Urban Regeneration Governance for
Developing Appropriate Governance Arrangements,” Land, 10(5), p. 545. Available at: https://doi.org/10.
3390/land10050545.

[3] Zuk, M. et al. (2017) “Gentrification, Displacement, and the Role of Public Investment,” Journal of Plan
ning Literature, 33(1), pp. 31–44. Available at: https://doi.org/10.1177/0885412217716439.

[4] Zhao, X., Xia, N. and Li, M. (2024) “Assessing urban renewal opportunities by combining 3D building inf
ormation and geographic big data,” Geo-spatial Information Science, 28(3), pp. 1108–1124. Available at: h
ttps://doi.org/10.1080/10095020.2024.2378926.

[5] Xiao Jing and Cao Ke (2016). Research on Historical Town Conservation Methods Based on 'Narrative
Grammar' and 'Layering Mechanism' of Landscape. Chinese Garden, 32, pp. 20–26.

[6] Ma Zhaoyi, He Jie, and Liu Shaoshao (2022). Exploring the Changes in Social Perception of the Capital
City Chang'an from the Spatial Interaction in Tang Dynasty Novels. Digital Humanities, pp. 28–52.

2182



ZHOU S.;NA H.Y.;HONG J.Y.;YUAN Z.K;LIU Y.B.;XIE
W.L.;SU W.Q.

Exploration of Design Path for the Protection and Renewal
of Beijing Chunshu Historical District Based on the
Narrative Layering Theory

[7] Yan Hao, Zhao Qian, and Wang Zhaopeng (2024). Quantitative Study on the Basic Creative Ecological E
nvironment of Yuanhe Literature in the Tang Dynasty - Based on Data Analysis of the Chronological Map a
nd Knowledge Graph of Tang and Song Literature. Digital Humanities, pp. 1–19.

[8] Evans, G. (2002) Cultural Planning. Routledge. Available at: https://doi.org/10.4324/9780203459744.

[9] Savoie, É., Sapinski, J.P. and Laroche, A.-M. (2025) “Key factors for revitalising heritage buildings throu
gh adaptive reuse,” Buildings & Cities, 6(1). Available at: https://doi.org/10.5334/bc.495.

[10] Boussaa, D. (2017) “Urban Regeneration and the Search for Identity in Historic Cities,” Sustainability,
10(1), p. 48. Available at: https://doi.org/10.3390/su10010048.

[11] Frochot, I. and Hughes, H. (2000). HISTOQUAL: The development of a historic houses assessment
scale. Tourism Management, [online] 21, pp.157–167. doi:https://doi.org/10.1016/S0261-
5177(99)00045-X.

[12] Dutta, M., Banerjee, S. and Husain, Z. (2007) “Untapped demand for heritage: A contingent valuation
study of Prinsep Ghat, Calcutta,” Tourism Management, 28(1), pp. 83–95. Available at:
https://doi.org/10.1016/j.tourman.2005.07.021.

[13] Yang, Y. et al. (2025) “A Framework for Heritage-Led Regeneration in Chinese Traditional Villages: Sys
tematic Literature Review and Experts’ Interview,” Heritage, 8(6), p. 219. Available at: https://doi.org/10.
3390/heritage8060219.

[14] Zhang Yang and He Yi (2020). The Research Process, Characteristics and Trends of Historical and Cult
ural Cities - A Data Visualization Analysis Based on CiteSpace. Urban Planning, 44, pp. 73–82.

[15] Yu Hongxia and Lu Xiaohui (2014). Research on the Value Evaluation and Sustainable Development C
ountermeasures of Historical and Cultural Districts in Qingdao. Urban Planning, 38, pp. 65–69.

[16] Zhou Jianyun, Jiang Dingzhe, Bao Ziteng, Huang Yongxian, Yuan Yuan and Huang Duo (2023). Assessm
ent of Historical Landscape Characteristics - Linking Protected Areas with Urban Historical Landscapes. Int
ernational Urban Planning, 38, pp. 124-132 + 142. doi: https://doi.org/10.19830/j.upi.2020.149.

[17] Xiao Jing and Cao Ke (2017). Review of Research on Historical District Conservation, Technical Metho
ds and Key Issues. Urban Planning Forum, pp. 110–118. doi:https://doi.org/10.16361/j.upf.201703013.

[18] Yang Jianqiang (2018). Towards Sustainable Urban Renewal - A Rational Analysis Based on Value Orie
ntation and Complex Systems. Urban Planning, 42, pp. 68–78.

[19] Zhu Xiangge, Gan Wenquan, and Wang Wei (2024). Protection and Renewal of Historical and Cultural
Districts in the Context of Urban Renewal: A Comparative Analysis Based on Domestic and International
Research Progress. Chinese Ancient Cities, 38, pp. 39–48. doi:https://doi.org/10.19924/j.cnki.1674-4144.2
024.003.006.

[20] Chen Meng, Wu Yizhou and Wu Cifang (2013b). Performance Evaluation and Optimization Strategies
for Commercial Transformation of Hisstorical Districts: A Case Study of Three Historical Districts in Ningbo.
Planners, 29, pp. 86-90 + 96.

[21] Beijing Municipal Commission of Planning and Natural Resources (2018). Core Functional District of t
he Capital's Control Detailed Planning (district Level) (2018 - 2035) - Policy Document - Capital Window - B
eijing Municipal Government's Official Portal. [Online] Beijing.gov.cn. Available at: https://www.beijing.go
v.cn/zhengce/zhengcefagui/202008/t20200828_1992592.html.

[22] Sinica.edu.tw. (2025). Central Research Institute Beijing Centennial History Map WMTS Service. [onlin
e] Available at: https://gis.sinica.edu.tw/beijing/wmts.

2183



90 | Proceedings of the 61st ISOCARP World Planning Congress



91 | Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life



Dalgamoni, N.; Bani Irshaid, E.; Al-Tal, R. Assessing the impact of urban governance 
system on forest degradation: The case of 

Barqash Forests - Jordan 

 

 

 

Research Paper  

Assessing the impact of urban governance system 
on forest degradation: The case of Barqash Forests 

- Jordan 
Nermeen DALGAMONI, Jordan University of Science and Technology, Jordan  
Eshraq BANI IRSHAID, Jordan University of Science and Technology, Jordan 

Raed AL_TAL, Jordan German University, Jordan 

Abstract 

Natural forests in Jordan are a cornerstone of sustainable development. They support biodiversity, support 
good quality soil and water, fight climate change, and are essential to provide a livelihood for the locals. 
However, they only encompass about 1.1 percent of the country (≈98,000 hectares), and a reported 89 
percent lie under private ownership. In a country where roughly 90% of the land is drylands, the impact of 
climate change, water scarcity, population expansion, and rapid urbanization combine to drive up 
deforestation and land degradation. As such, these dynamics impede policymakers’ attempts to oversee 
forestlands and strike a balance between environmental, social, and economic outcomes. The study 
identifies the relevant authorities, coordination mechanisms, and stakeholder collaborations of 
appropriate sectors in the current policy framework available in Jordan and highlights their role in forest 
conservation policies more generally. It also examines the ways land ownership structures condition policy 
effectiveness and frame different actors towards policy enforcement. Based on the mixed methods design 
and using the case of Barqash Forests, the research is based on the content analysis of main strategies, 
policies, and action plans by the national governments for forest management. Empirical data were 
collected from 34 semi-structured in-depth interviews with stakeholders involved in forest stewardship, 
and 214 community surveys on local views of responsibilities and practices for the maintenance of natural 
forests. Findings reveal that forest degradation results from interlocking administrative, legislative, 
economic, and social aspects. Governance is focused primarily on three major ministries: the Ministry of 
Agriculture, the Ministry of Municipal Affairs, and the Ministry of Environment. In practice, these 
authorities work in parallel, without common holistic programs.  While integrated, long-term 
management plans are nascent. Poor inter-agency coordination, a lack of a modern forest tenure regime, 
fragmented ownership, and the absence of a single national database impede effective implementation. 
State protection (law bimensal, leasing, or exchange of forests), as against fewer state restrictions on 
privately owned forests, means that publicly owned forests are less degraded and the states allow greater 
developmental and investment activities, but privately owned forests are more vulnerable to conversion 
and ecological degradation. The study suggests, to sustain the future existence of Jordan's forest 
ecosystems and promote targeted SDGs of the sustainable forest ecosystem, (1) strengthening legal and 
policy instruments to determine mandates and fill enforcement gaps; (2) institutionalizing inter-agency 
coordination and data sharing via an integrated national forest information system; (3) promoting 
sustainable forest management that considers diversity of ownership; (4) entrenching community-led 
frameworks that acknowledge local stewardship and motivation, and (5) developing and implement eco-
tourism initiatives that generate livelihoods while enhancing conservation objectives. Together, these 
actions will serve to realign governance, ownership, and practice toward effective forest preservation in 
Jordan. 
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1. Introduction  

Forests can be vital system services for the environment, biodiversity, and economic processes, but their 
governance and management are diverse and vary according to national context and conditions (Al-Eisawi, 
2012; Bank, 2019). For Jordan, forestry management is highly centralized and controlled by the 
government, particularly in terms of legislation, control, and surveillance. However, its environmental 
sustainability and climate-change management policies are quite distinct, and the public-private forestry 
affairs are regulated by separate laws (Bdour and Al-Shadiadeh 2013). Even though Jordan forests 
represent only 1.1% of its territory with around 98,000 hectares (Figure 1), they are crucial ecologically, yet 
they are under extreme threat, especially in a country with close to 90% of the country with arid and/or 
semi-arid land. The ecological significance of the forests of Jordan in terms of conservation of soil, water, 
climate, and sustainable development of the rural environment is very difficult to preserve when it comes 
to the fragmentation of forests (with almost 89% of the land being privately owned).  

Climate change, water scarcity, rapid population growth, and uncontrolled urbanization exacerbate all 
aspects of such situations. This implies that deforestation is conceived more as an institutional and 
governance issue, not wholly biophysical. The responsibilities relating to forest land are divided between 
the Ministries of Agriculture, Municipal Affairs, and Environment, who are respectively tasked with holding 
only a small governance role in land planning, environmental matters, and the protection of such land. 
There is a significant overlap and sectoralism in governance, particularly in the absence of a national vision 
for all forestlands. Without a comprehensive view, accountability and long-term foresight are difficult. The 
relationship of the country’s landownership and tenure systems further shapes the extent of deforestation, 
with public forests experiencing more stringent measures against selling and conversion, and private ones 
subject to potential subdivision, development, and land use that are subject to municipal zoning. 
Ownership is fragmented, land maps are outdated, and there is no broader national database on all matters 
with respect to what goes on in the country’s forestlands, putting them at risk of progressive development 
and speculative buying and selling.  

Barqash Forests, located in northern Jordan (Figures 2 & 3), provide an important site to explore the 
relation between governance, tenure, and stakeholders' engagements to generate environmental impact. 
Over 25,000 dunams, spread across the three counties (Al-Koura, Al-Mazar, and Ajloun), Barqash has its 
own complexity in terms of administrative and tenure complexities (with conflicting demands over land 
uses). Research employs purposeful sampling of those who live in Barqash, landowners, users, and involved 
institutions to clarify the means through which national, sector, and local programs and actions are 
established, grounded, and manifested into land use and environment.  

The research formulates the focal problem as one of governance deficit with multiple dimensions. The 
governance deficit can be identified as the absence of integral and cohesive approaches to governance, 
with measures and instruments not matching actual tenures and living standards. This research bridges the 
gaps in research and governance by analyzing various approaches to governance, including its public and 
private, central and local, and sectoral and inter-sectoral forms, and its impact and effect upon the 
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resilience and vulnerability of Jordan's forests. The research aims to analyze various approaches to 
governance with respect to matters of conserving forests, review and analyze various processes and 
approaches towards coordination and collaboration, and examine land ownership and its influence upon 
approaches and instruments of governance concerning matters of conserving forests. The research aims 
to offer expert suggestions regarding governance reform and approaches and sustainable models towards 
localization of sustainable development objectives, specifically those concerning environmental 
sustainability, climate change, and rural sustainable development. 

 

Figure 1: Vegetation Types in Jordan. (Source: Atlas of Jordan, 2014) 
(https://books.openedition.org/ifpo/docannexe/image/7695/img-7.jpg) 

1.1. Ecological, Socio-economic, and Institutional Dimensions of Forest Degradation 

Forests provide various ecological, economic, and socio-cultural benefits, which are particularly important 
in dryland contexts. Forest ecosystems support biodiversity, carbon storage, soil and water conservation, 
and provide extensive provisioning services, such as timber and non-timber forest products (Asante et al., 
2017a; Timko et al., 2018; Muvengwi et al., 2020). At the local level, rural households depend upon forests 
for grazing, medicinal plants, fuelwood, charcoal, and other products that support people's subsistence 
and earning prospects (Jew et al., 2017; Carlson et al., 2018; Scoones et al., 2018). At a macro-level, forests 
contribute to fighting climate change via carbon sequestration, and they regulate ecosystem services 
(Saatchi et al., 2011; Bridhikitti & Khadka, 2020). Global conservation norms, community-based 
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approaches, and the adoption of protocols on biodiversity are also defined by international organizations, 
particularly by the International Union for Conservation of Nature (IUCN). In this light, degradation of 
forests is imagined in terms of not just a decrease in forest cover or productivity but also a socio-political 
mechanism and institutional change. There is a considerable international literature associating 
deforestation and degradation with agricultural expansion, infrastructure development, poor regulatory 
enforcement, and illegal or informal logging, which are major contributors to global carbon dioxide 
emissions (Harris et al., 2012; Diniz et al., 2015; Curtis et al., 2018). Jordan and other similarly located 
settings experience additional pressure from investment projects in forested areas, socio-economic stress 
upon rural communities, and limited public awareness of conservation priorities (Bdour & Al-Shadiadeh, 
2013). Governance failures, which appear in fragmented mandates, overlapping responsibilities, and 
sectoral policy silos, are repeatedly identified as major drivers of degradation (Arnold et al., 2014; Gaveau 
et al., 2017; Avitabile & Camia, 2018). Corruption in land-use permitting, inadequate monitoring systems, 
and limited technical and financial capacity further undermine enforcement (Bridhikitti & Khadka, 2020).  

 

Figure 2: Barqash Forests, 2010. (Source: Google Earth Pro) 

 

Figure 2: Barqash Forests, 2020. (Source: Google Earth Pro) 

2189



Dalgamoni, N.; Bani Irshaid, E.; Al-Tal, R. Assessing the impact of urban governance 
system on forest degradation: The case of 

Barqash Forests - Jordan 

 

 

 

1.2. Forest Conservation Governance and Management Approaches 

Considering such difficulties, literature recommends holistic and multi-faceted strategies towards 
conserving forests, including ecological, economic, social, and cultural aspects and dimensions. Conserving 
forests can be part of comprehensive and iterative plans designed by planners and managers creating 
spatial information, diagnosing pressure, and applying context-appropriate actions, including monitoring 
and control (Al-Eisawi in 2012; Timko et al. in 2018). Various empirical synthesis works cover various factors 
and induce effective approaches towards conserving such vital environments, including ecological and 
technological, and techno-social and economic aspects, such as sustainable and alternative economic uses 
and benefits, and poverty reduction (Wickama et al., 2015; Gratzer & Keeton, 2017).  

Different approaches to governance and management practices are reported. Ecosystem-based 
management views forests as part of larger ecosystem approaches, with a focus on the landscape level and 
coordination between sectors. The role of management and governance approaches has been realized, 
with those under strong government control, economic development through forestry, and cultural 
approaches, which focus on indigenous values and symbols (Aung, 2007; Rametsteiner, 2009). Community-
managed forests (CMFs) are another important set of field studies. Based on the findings of this research 
area, granting rights and responsibilities to local users and securing land tenure can reduce deforestation, 
which leads to improved living conditions (Porter-Bolland et al., 2012; Austin et al., 2019). Involvement 
methodologies in this research provide tools to contribute to the blending of local and scientific knowledge 
(Mansourian, 2016). 

1.3. Forest Ownership, Tenure, and Fragmented Landholdings 

Ownership and tenure of forests have long been established as key drivers in shaping deforestation and 
conservation processes. Forest ownership can be generally defined as the legal right to make use of, 
control, and dispose of a forest and its resources, and international research has classified them into public, 
private, and others. The concept of overall tenure concerning forests has emerged with rights, regulations, 
and social norms to allow or govern access, utilization, management, and exclusion (Larson et al., 2010). 
The global pattern shows an overall reduction in both state and exclusively owned forests and an extension 
in community, private, and mixed-tenured forests and management systems over time (MacDicken, 2015). 
Strengthening rights and institutions’ support and advancing each form of decentralization can be potential 
advantages and benefits. But ambiguous, combined, and conflicting tenures pose one of the most serious 
threats to managing, restoring, and better utilizing and developing forest resources heavily and effectively 
(Ostrom, 2010; Kishor & Rosenbaum, 2012). 

Within this tenure context, fragmentation of ownership has arisen as an important, but underexamined, 
driver of deforestation. Fragmentation normally arises from inheritance systems, land market processes, 
and development pressures that split up forest land into small, dispersed units (Sklenicka, 2016). Such units 
are normally economically marginal, difficult to manage, and hard to administer, making sustainable 
management impractical. Evidence indicates that fragmentation raises the propensity to transition to non-
forest uses, hinders social coordination among small-scale farmers with divided interests, and raises edge 
effects and ecological degradation (Sloan et al., 2017; Timko et al., 2018). 

The synthesis of this literature points to significant gaps in the current body of knowledge, especially with 
respect to arid countries such as Jordan. There is limited empirical insight regarding the intersection of 
specific processes involved in forest policymaking and various tenure arrangements, and how such 
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ownership can impact the success of policies about conserving these environments, and, by extension, 
allow communities meaningful participation. Gaps such as these form part of the rationale behind this 
analysis, focusing on governance and ownership structures regarding Barqash degradation. 

2. Methodology 

This study employed an explanatory sequential mixed-method research approach to examine the linkage 
between governance structure, land ownership, and local participation and engagement in the degradation 
of Barqash Forest. The study included utilizing a structured research query to collect the quantitative data 
via the resident and visitor community data from Barqash Forest. A structured research instrument was 
employed to collect data on demographic and social factors, land ownership, and perceptions on the 
degradation of Barqash Forest and its causes from 214 participants. Data were summarized and analyzed 
in a diagnostic analysis, which informed the selection of landowners and past users of Barqash Forest to 
participate in the study. In Phase 2, the study carried out 34 open-ended semi-structured interviews: 22 
decision-makers and government representatives, six landowners and investors, and six community 
representatives. To further enrich the sample pool, snowball sampling was used so that interviewees 
identified eligible individuals. Interviews were all conducted in Arabic, and audio recordings were made 
with the consent of all participants. Data were analyzed through several steps. Descriptive statistics about 
research participants and their perceptions were employed to analyze the survey results. Audio clips of the 
research interviews were transcribed into Arabic, partially translated into English, and analyzed in open 
and focused coding (specifically with ATLAS.ti software), from which open coding followed by focused 
coding was used regarding the research questions. Qualitative content analysis of policy and legal texts 
included the coding of provisions, procedures, and roles along with the development of the comparative 
matrix to examine overlaps, gaps, and inconsistencies.  

Results 

3.1. Institutional Arrangements and Policy Limitations in Forest Conservation 

The analysis started by drawing together a framework of institutions and policies that affected Barqash 
Forests. Responses revealed that the government-related FCM efforts in question were mostly 
implemented by the Ministry of Agriculture through its Forestry Directorate and local Directorates of 
Agriculture, the Ministry of Environment through its nature reserve and affiliated bodies, and local 
authorities whose area includes wooded areas. Environmental organizations are not involved but are active 
through public awareness campaigns, volunteerism, and projects. Several respondents indicated that 
collaboration regarding road schemes was made up of the Ministry of Public Works, the Forestry 
Directorate, and local governments. On the other hand, the participants highlighted cases of cooperation 
and cases of governance deficits. There are dual legal systems: the Forestry Maintenance Law for state-
controlled forests and the Town and Villages Planning Law for private forests. Both systems play a critical 
role in permits and developments. The interplay of these systems and smaller plots of land within larger 
areas of public forest creates complex landownership matrices, albeit not mutually exclusive. More than 
90% of the respondents across all groups involved reported that Barqash did not have an overall long-term 
conservation plan. The forestry sector interventions were described as unstructured and project-oriented 
and were based on the available fiscal resources and grant-based access to resources. The forestry sector 
had reported that initial annual allocations to manage the forest cover began to be intermittent through 
projects, reducing the extent to which they could make holistic reforestation, pruning, cleaning, and 
restoration initiatives. The forest sector is considered an economic asset, whether it is government-owned, 
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owned by sectors, or owned by the local community, rather than ecologically protected. This perception 
shapes priorities and contributes to the marginalization of long-term conservation planning. 

3.2. Drivers and Manifestations of Forest Degradation 

The main forms of degradation, as perceived by the respondents, are deforestation and frequent forest 
fires. The respondents consider frequent forest fires particularly damaging because they lead to a reduction 
in tree coverage and soil degradation, thereby making it difficult to restore. The economic aspects emerged 
as the most influential factor in deforestation, with 38% agreement, including the inadequacy of funding 
and poor management of investment projects. The social aspects, which include recreational behavior, 
community responsibility, and encroachment, contributed 26%. The administrative aspects, which are poor 
monitoring and poor enforcement of existing regulations, comprise 22% in relation to deforestation, while 
regulatory aspects, including inconsistencies in cooperation between authorities and between public and 
private entities, amount to 14%. Another area discussed by the participants was forest monitoring. 
Although all parties were aware that Barqash had guards in its forests, most found existing monitoring 
grossly inefficient and lacking in tools, personnel, and support. Roughly two-thirds of respondents noted 
that a more robust monitoring system is needed and that cameras and lighting should be installed. Results 
of the content analysis of the Forestry Maintenance Law revealed that law enforcement was originally 
conceived as a shared responsibility between the government and the local community. The law includes 
provisions that offer rewards to the locals for reporting offenses and assisting in enforcement.  

3.3. Tenure, Investment Dynamics, and Community Participation in Forest Governance 

A third aspect of the research findings is tenure, investment, and participation. According to a survey, 81% 
of Barqash landholders got their land from inheritance, and 19% got it from purchase, leading to very 
fragmented land tenure frameworks with several private land parcels being small in nature. State-
controlled forest land cannot be sold or rented; however, transferable private forest land may be 
developed once municipal approvals and permits are obtained. Participants mentioned that the 
phenomenon of subdivision driven by inheritance and the number of small land parcels has become the 
decisive driver of construction, opening, and investment projects, particularly on private forest land. 
Attitudes toward investment projects were largely positive and, at times, divergent. Thus, 60 percent 
viewed investment projects as good or potentially beneficial to forests, with about one-fifth seeing them 
in a negative light; others were type and location-contingent. The conditional factor was more evident 
amongst decision-makers, while land and local community members were more favorable. Nonetheless, 
perceptions, revealed via narratives, indicate that tree clearance and realigning land use change (with an 
emphasis on the clearing of private forests) lead to degradation, since the realization of tree clearance and 
a more permanent state of land use change, especially on private forest property. Results revealed themes 
of ambitions for local economic development and environmental sensitivity of forest systems. Community 
participation in decision-making was generally regarded as important but not well institutionalized. 

Around two-thirds of respondents said they perceived community involvement to play a positive and useful 
role within planning and decision-making on the forest area, with a significantly larger percentage of 
respondents distrusting: They were linked to low environmental consciousness and the role of the state. 
Most said they were ready to engage in planning and making decisions; a substantial few did not care. 
Sometimes, community participation is encouraged through the submission of proposals and complaints 
to the Forestry Directorate, but the representatives said that such community participation is not formal 
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and structured. Community members mentioned that they had engaged in activities like tree planting 
drives, forest cleaning, and workshops done by nature organizations and public bodies voluntarily, rather 
than structured consultative and control arrangements. These regulations have some regulatory aspects 
for community participation, but they need to be put into place in proper institutions to get an indication 
about the effective participation of communities in governance and management of the forests. Taken 
together, these findings indicate Barqash is experiencing forest loss as a result of multiple factors: 
institutional fragmentation, the economic logic of governance, and the splitting of the land as the property 
owner gains tenure, and limited modes of community participation. However, we could leverage existing 
voluntary efforts and potential legal and environmental actions. 

3. Discussion  

4.1. Institutional Fragmentation, Legal Pluralism, and Policy Shortfalls 

The findings demonstrate the joint effect of multi-level fragmentation and legal pluralism as factors 
challenging the sustainability of forest management. Forest management responsibilities are divided 
among three entities: the Ministry of Agriculture, via its Forestry Administration, the Ministry of 
Environment, and similar groups with interests, and local authorities with a geographically limited area of 
planning covering wooded land. This variation suggests overall multi-level fragmentation of forest 
management where multiple interests of competing entities with overlapping mandates are neither clearly 
delineated by a clear structure nor by common processes (Arnold et al. 2014). Despite coordination, which 
is reported in some cases, such as joint site visits and road plan revision to reduce tree cuttings, it is, 
however, not systemic and reliant on individual action. This fragmentation is even more complicated by 
the implementation of two legal systems to oversee state and private forestry.  

The Forestry Maintenance Law that governs state-managed forests prohibits the sale, leasing, or trading 
of such land. The Town and Village Planning Law regulates buildings and land-use alterations. The Lands 
and Building Permits Law regulates construction permits and land use on privately-owned land. Although 
the application of these two systems may not be seen as conflicting by the parties involved, their 
simultaneous application has led to discriminatory approaches to land based on its property rights. State-
owned forests are granted stronger legal protection, and private forests are exposed to the threat of 
construction, road developments, and investments, leading to conflicts and confusion over who is 
responsible for a presumably unified landscape that embodies separate public and private land 
compartments. This is consistent with international reports that argue that legal pluralism and property 
fragmentation can derail conservation when not accompanied by efficient coordination and accountability 
(Kishor & Rosenbaum, 2012). Inadequate long-term and comprehensive planning for conservation and 
management contributes yet again to governance weakness. The Barqash interventions are largely project-
driven, and funding is derived sporadically from external sources instead of budget allocation. The forestry 
officials admitted that funding for formal management activities, such as reforestation, pruning, cleaning, 
and restoration, has shifted to irregular support from donor projects, like other settings where restricted 
planning and intermittent funding prevent effective conservation (Acheampong et al., 2016). Within this 
governance structure, forests are viewed primarily as economic resources, not as vital infrastructure 
resources. This approach extends support to an ‘economic development' method, favoring immediate 
growth and returns from investment projects, firewood, and agricultural land, with community and cultural 
approaches remaining at the periphery. 
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4.2. Tenure Fragmentation, Investment Pressures, and Forest Degradation 

One of the main strengths of this research lies in its examination of forest tenure and ownership as 
underlying causes of degradation. The instance of Barqash establishes that joint public and private 
ownership, combined with subdivision based upon inheritance, has led to a very fragmented tenure 
pattern. The majority of land has come into possession through inheritance, splitting overall parcels into 
progressively smaller, dispersed, and multi-co-owner pieces, which correlates with research that indicates 
that fragmentation of ownership leads to higher administrative and coordination costs among owners, 
thereby increasing land degradation and land cover change into different land uses, including deforestation 
of the area under forestry cover (Sloan et al., 2017; Timko et al., 2018). In Barqash forests, the existence of 
small private parcels embedded within a larger forest matrix has led to increased demands and pressure 
regarding development, including road opening and construction, particularly on private lands where 
regulatory control is weaker, and enforcement is not even. 

The quantitative findings demonstrate that a significant proportion of respondents were positive or 
conditionally positive towards investment, focusing on benefits like job creation, tourism development, 
and local services. Nevertheless, qualitative insights demonstrate that tree clearance and permanent land 
use change, particularly in private forest land, are significant aspects of numerous investment schemes. 
The clause in regulations that increased the ‘greatest area of land which can be allocated to family projects’ 
from 1 to 3 acres was seen to be exacerbating these drivers. The drivers and causes of degradation, as 
reported by participants, support this conclusion. Pressures such as tree harvesting (for firewood, logging, 
and land preparation) and frequent forest fires emerged as the main causes of degradation. Economic 
drivers were viewed as major, primarily capturing systemic and opportunistic investment drivers. The role 
of social drivers, such as unmanaged recreational uses and housing encroachment, exacerbates these 
drivers, while administrative and governance inefficiencies and poor coordination, with weak monitoring 
and enforcement capacity, reduce the coercive power of existing governance instruments. Results align 
with international findings regarding the degradation of world forests and their relationship with material, 
social, and administrative drivers and performance (Harris et al., 2012; Curtis et al., 2018). 

4.3. Community Participation and Prospects for Governance Reform 

The third overarching theme is linked with community participation in governance, and it is evident that 
communities are one of the groups most affected by deforestation and are also knowledgeable regarding 
forest conditions and are better placed to provide solutions to various problems. Most respondents 
confirmed the need for community participation in planning and decision-making, and there is also 
potential in voluntary community programs, such as tree-planting and cleaning actions, undertaken by 
environmental organizations, higher education institutions, and the Forestry Directorate. Despite this, 
social participation is still inadequately institutionalized and takes place mostly in the form of projects and 
symbolic actions. A significant proportion of local people consider state forests solely the concern of 
government agencies. This attitude, combined with distrust of the authorities and potential social 
sanctions, is an actual limiting factor against reporting and resisting incidents of attack against the forests. 
The Forestry Directorate restricts opportunities and systems for participation, which, if available, only 
involve making proposals and complaints and possibly receiving feedback. This practice differs from more 
advanced approaches to community-based sustainable forest management in various countries, which are 
characterized by secured rights, intergovernmental and community cooperation and benefits, and 
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reported positive advances in conserving and providing benefits from those forests (Porter-Bolland et al., 
2012; Mansourian, 2016). 

The Barqash case shows that degraded forests are not only caused by governance deficits at all multi-level 
governance scales and by fragmented tenure systems and economically driven logic in their management 
but are also inadequately addressed by current community and environmental provisions and practices, 
by environmental non-governmental organizations, and by emerging environmental values. Enhancing 
intersectoral governance coordination, enhancing tenure and cadastral systems, and applying stringent 
environmental standards to financial investment schemes are essential to decrease the vulnerability of 
forests. But more crucial, perhaps, is making true community co-management, and its encouragement 
through capacity and economic incentives that align local sectoral objectives with environmental ones, part 
of land and governance institutions and practices. Such reform initiatives would reposition forests not only 
as economic and recreational areas but also as integral parts of climate change resilience, biodiversity, and 
sustainable rural development in Jordan. 

4. Conclusion 

This research examines the nexus of governance, tenure, and community participation in influencing the 
degradation of Barqash Forests, one of Jordan's most significant and degraded wooded land tracts. The 
degradation in Barqash stems from a complex interplay of administrative, legal, economic, and social 
variables. The problem of deforestation and degradation arises from defective governance of the forest,  
with three ministries responsible, and without one overall long-term management strategy. Insufficient 
funding, poor monitoring, and lax enforcement of legal punishment impede, rather than enhance, the 
effectiveness of present legal frameworks, particularly those of the Forestry Maintenance Law and the 
Towns and Villages Planning Law.  

One of the main research insights is regarding tenure systems and ownership fragmentation and their role 
in driving degradation. Barqash forests include public land with conservational forestry rights and private 
land with planning and land division rights. The legal changes involving decreases in land lot size 
accelerated fragmentation, especially in private land, with more landowners and encouragement of 
investment, road construction, and buildings. This approach raises tree harvest and land allocation to more 
economic uses, particularly in private Barqash, which has land division rights that favor economic land 
allocation. The dual legal system creates variable environmental conditions with amplified legal 
inconsistencies and degradation risks, which support international struggles to legitimize defined and 
guaranteed tenure rights and conditions for environmental safeguarding. 

The research also points to the untapped potential of local communities. While local people make 
significant use of Barqash forests for recreational, grazing, agricultural, and fuelwood purposes, their 
involvement in mainstream decision-making is minimal and mostly consultative. Low involvement and the 
absence of shared responsibility, along with poor monitoring and enforcement, are driving forces behind 
degradation. Local people have intimate knowledge of conditions and causes in Barqash forests, and 
community-managed and state-managed protected area performance can be equivalent or better if 
supported structures and incentives are provided, as has been shown in global research findings concerning 
community-managed and state-managed protected areas. Overall, the study contends that to protect 
Barqash and the Jordanian forests, there is an urgent need to rethink the governance system, including its 
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multi-level and multi-actor aspects. Among such crucial paths for governance, there is a need to make legal 
systems compatible so that there would be equal legal support for private and public forests. Additionally, 
reforming land division laws is essential to prevent further fragmentation. Furthermore, there must be 
development of comprehensive and up-to-date systems of information regarding forests, and, finally, 
financial sustainability must be ensured for restoration and monitoring measures. 
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Abstract 

Urban vacant land (UVL) is a persistent condition existing across various scales of cities due to 
shifting social, economic, and political dynamics. Driven by tactical urbanism, those small and 
fragmented vacant lands are increasingly being regenerated through grassroots initiatives in 
flexible ways, such as guerrilla gardens, urban agriculture, and experimental community 
laboratories. Compared with top-down redevelopment, these bottom-up activities are 
characterised by site temporality, functional instability, and unclear governance structures. 
Despite their contributions to environmental quality, neighbourhood cohesion, and public 
engagement, such initiatives frequently encounter weak financial support and insufficient 
political backing. These frustrations not only threaten their sustainability but may also disrupt 
urban ecological systems and erode civic motivation over time. How to sustain these bottom-
up activities and generate long-term benefits rather than short-term effects therefore remains 
an open question. Furthermore, existing studies tend to focus on single-country cases, and 
cross-national comparative research remains limited. Such comparison is valuable not only for 
identifying whether common frustrations and structural vulnerabilities exist across different 
social and institutional contexts, but also for surfacing transferable practices that different 
countries can reference and learn from one another. To address these gaps, this study 
examines four community-driven UVL regeneration projects, two in Japan and two in China, 
spanning both visible vacant lands (without physical occupation) and hidden vacant lands 
(physically occupied but socially disconnected) in two different scales. Combing site 
observations, project documentation, and semi-structured interviews with project leaders and 
relevant specialists, this study traces each project's establishment, governance, financial 
structure, and ongoing challenges.  
Findings show that while both countries share similar initiation patterns, their operational 
models diverge. Chinese cases foster autonomous groups through benefit-linked interactions, 
while Japanese cases prioritize organic growth and network consolidation. Despite differences 
in land availability and regulation, both share a multi-actor network (launchers, financial, 
policy, and technical supporters). Ultimately, this study contributes to comparative urban 
studies by identifying structural similarities and differences in community-driven UVL 
regeneration across East Asian contexts, and advocates for urban governance grounded in 
inclusivity, multiplicity of voices, and long-term ecological resilience through co-governance 
and adaptive stewardship. 
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1. Introduction  
Urban vacant land (UVL) in the contemporary sense emerged extensively due to deindustrialization 
(Németh and Langhorst, 2014). As Kim (2016) stated, UVLs refer to underutilized lands and undeveloped 
lands that are currently not fulfilling their function, regardless of physical occupation. These lands are often 
located in cities and can be transformed into public spaces, like New York's High Line (Lang and Rothenberg, 
2017). In contrast to visibly undermaintained UVLs, hidden UVLs appear maintained but are socially 
disconnected due to a lack of affordance (Tuan, 1979; Gieseking et al., 2014). At present, people use design 
and social media to rebuild their connection to these places (Shi et al., 2025). This classification and 
regeneration of UVLs extends beyond Western contexts to China and Japan and is influenced by 
governmental and civil efforts. Bottom-up activities oriented to the community have proven especially 
effective in strengthening local capacity, enhancing social resilience, and addressing inequalities in 
resource allocation. In Japan, frequent earthquakes and their damage to housing have led to people 
working to restore their homes through nature-related activities, one way being to start farms, such as 
Hirano COOP farm and Tamonji community farm (Shimpo, 2021). In China, the practice focuses on local 
ecological and environmental protection practices, community design, and community building, actively 
setting up community gardens in high-density cities (Liu.Y et al., 2019). However, empirical research shows 
that these community-oriented projects face challenges such as unstable financial support, fragmented 
public participation, and limited policy guarantees, which weaken project sustainability and erode 
residents’ trust (Feinberg, Ghorbani and Herder, 2021). For instance, a community garden in Katsushika 
Ward, Tokyo, struggled due to poor communication among residents (Niho, 2022). Similarly, the “Kids 
Garden” at Hunan Agricultural University failed to maintain its autonomy and was eventually removed.  
Previous studies on community-oriented projects have mainly focused on the process and significance of 
community regeneration, emphasizing public participation, creative land use, and urban redevelopment. 
However, attention to the social sustainability of these projects remains limited. Furthermore, knowledge 
exchange regarding community initiatives within the Asian context is often constrained by global academic 
biases (e.g., the Global North focus) and language barriers. This gap hinders a nuanced understanding of 
local dynamics, including public participation, community resilience, and civic autonomy in the region. To 
address this gap, this study compares four community-oriented UVL regenerations in Japan and China. Two 
visible UVLs cases are supported by NPOs/NGOs, which exist in both countries and are led by organizations 
that place greater emphasis on community instead of profit. Two Hidden UVLs cases examined in school 
contexts, which help understand how academic institutions contribute to community-oriented innovation 
and to explore their potential as models for future social practices. Specifically, this study focuses on three 
questions: 

(1) How do operational models of community-driven regeneration differ between Japan and China? 
(2) What factors influence their social sustainability? 
(3) How are the roles of participants defined and negotiated within these models?   

The comparison study not only focuses on examining the diverse types of operation but also aims to 
identify influential factors and propose a comprehensive framework about community-oriented projects. 
It is dedicated to enhancing citizen participation and bottom-up activities in Asian countries and supporting 
collaborative urban management and sustainable development for agile cities.  
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2. Methodology 
This study adopts a qualitative comparative case study approach to analyse the operational models of 
two types of UVLs in Japan and China. Type 1, Visible UVL, is found in social settings with active public 
involvement. This includes “创智农园” (KIC Farm) in Shanghai and “たもんじ交流農園” (Tamonji 
Community Farm) in Tokyo. KIC Farm is located in Yangpu District, Shanghai, covering 2,200 m² as urban 
green space, and used to be a dormitory for construction workers (Figure 1). In 2015, it became a 
community farm with one-square-meter vegetable plots, a children’s playground, and gardens for 
medicinal and native plants (Liu.Y et al., 2019). Tamonji Community Farm is in a semi-industrial area of 
Sumida district, Tokyo, on a 660 m² site that was once a parking lot owned by Tamonji Temple (Figure 2). 
In 2016, due to the lack of a citizen farm in the Sumida district and also to actively promote the revival of 
the local eggplant variety, the site was lent to NPO Teratama free of charge. The farm includes a square, 
24 rental plots, and a compost area (Shimpo, 2020). Type 2, Hidden UVL, examines Changsha University 
of Science and Technology Landscape Base (CSUST) in Hunan province and Ehime University Multispecies 
Campus (EU) in Matsuyama, which operate within institutional settings. CSUST is located in Yuhua 
District, Changsha, covering 4,950 m², and formerly was a green space with pergolas, hedges, and lawns 
(Figure 3). In 2022, the Faculty of Landscape Architecture transformed it into a teaching and experimental 
landscape for garden management education (Zhou et al., 2024). Compared with CSUST’s large-scale 
redevelopment, EU in Matsuyama is much smaller. It has two experimental sites: one is 130 m² in Johoku 
Campus, and the other is 950 m² in Tarumi Campus (Figure 4). Both serve as living laboratories for 
multispecies coexistence and civic collaboration (Yoshida and Rupprecht, 2025).  
The research focus is on how land use, governance structure, and public participation are related. Data 
collection began with document reviews. Field surveys were then conducted in China in September 2025 
and in Japan in November 2025. After that, semi-structured interviews took place with key project 
organizers and researchers. These helped summarize insights into their operational models, governance 
mechanisms, and sustainability challenges.  

 
Figure 1. KIC Farm Site Analysis. Source: Author. 
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Figure 2. Tamonji Community Farm Site Analysis. Source: Author. 
 

 
Figure 3. CSUST Landscape Base Site Analysis. Source: Author and Professor Zhou Chen's team at CSUST. 
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Figure 4. Ehime University Multispecies Campus Site Analysis. Source: Author, AOI Landscape, and 
Multispecies Sustainability Laboratory. 

3. Results and Discussion 
3.1 Operational model comparison: how do community-driven regeneration models differ 

between Japan and China? 

Type 1 is visible UVL in a public social context. KIC Farm is established by the KIC Group, a government-
enterprise joint venture, and the NGO Clover Nature School (CNS). This project focuses on co-creation and 
public involvement. Initially, CNS was the designer and operator, while KIC Group invested about USD 
420,000 for infrastructure and provided around USD 14,000 annually (2016–2018) for maintenance. From 
2019 to 2021, CNS raised about USD 14,000 through public campaigns and collaborations to maintain 
financial balance. In 2022, CNS handed over stewardship to a local grassroots group, marking the beginning 
of localized, self-organized operations. This group earns income mainly from membership rentals for the 
vegetable plots and paid community services like childcare and hobby classes. Annual revenue is about 
USD 28,000, with a net profit of around USD 14,000. CNS plans to help this grassroots group gain official 
NGO status in 2025, fitting CNS’s vision to build localized communities across China. This shift in operations 
marks an important step in community-based governance of urban land. In contrast, Tamonji Community 
Farm is organized by the NPO Teratama and the neighbourhood council. Their goal is to support existing 
communities and enhance their internal connections. During construction, NPO Teratama secured funding 
from Sumida Ward’s “Dream Support Subsidy” (2017–2019; about USD 30,000 per year) and the 7-Eleven 
Foundation Grant (around USD 20,000 in 2018 and 2020). After that, income primarily came from 
membership fees (USD 32/month × 24 plots × 12 months ≈ USD 9,500/year), harvest events, and crop sales. 
These funds covered routine maintenance costs, including water, materials, and taxes (Shimpo, 2020). In 
2019, the site was certified as a “Citizen Green Space,” a special Japanese designation that reduced taxes. 
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Both KIC Farm and Tamonji Community Farm exhibit relatively stable land ownership, policy support, and 
positive community engagement. However, their operational models and focus differ (Table 1). The 
Chinese case reflects a phased strategy that moves from corporate support to grassroots autonomy. The 
Japanese case illustrates local collaboration grounded in neighborhood governance. Despite their 
differences, both examples highlight the importance of stable financial resources, active public 
participation, and shared ecological values to sustain long-term community-oriented UVL regeneration.  

Country Period NGOs/NPOs Enterprises Residents Government 
Neighborhood 

councils 

China 

Construction Design 
Financial Support 
from KIC Group 

USD 420,000 (2015) 

Advisers Land use permit Promotion 

Operation 

- Maintenance 

- Organizing 
activities 

- Attract social 
capital 

- Cultivating 
local 

organization 

- Financial Support 
from KIC Group, USD 

14,000/per year 
(2016-2018) 

- Event organization 
cooperation 

Key Participants, 
USD 14,000-

28,000/per year 
(2019-2025) 

- Become a 
member and rent 
plots ownership 

- Participate in 
paid services 

- Leisure 

Promotion Promotion 

Japan 

Construction 

- Design 

- Applying for 
the subsidies 

- Financial Support 
from 711 Group, 

USD 20,000 (2018-
2020) 

Supporters 
Financial Support, 
USD 30,000 (2017-

2019) 

- Collaboration 
with NPO 

- Promotion 
Operation 

- Maintenance 

- Organizing 
activities 

- Attract social 
capital 

- Selling vegetables 
planted in the farm 

- Financial Support 

Key Participants, 
USD 9,500/per 

year (2018-2025) 

- Become a 
member and rent 
plots ownership 

- Participate in 
paid services 

- Policy support, 
certificate the farm 
as “citizen farm” to 

reduce the tax 

- Promotion 

Table 1. The identities and roles of different participants in practice of visible UVLs. Source: Author. 
 
Type 2 is hidden UVL in a distinct administrative context. CSUST landscape base is launched by the faculty 
of landscape architecture. At the construction stage, the university invested approximately USD 280,000 
for drainage systems, soil improvement, and lighting installation. Integration with the teaching curriculum 
forms the operational foundation of the project. By embedding the site into their courses, the faculty 
secures approximately USD 1,500 in annual university funding for maintenance and ensures sustained 
student engagement as a core component of the teaching process. Beyond curricular integration, faculty 
members have successfully fostered student self-organization, leading to the establishment of a group 
exceeding 100 members (with around 50 active participants in 2023). This self-governed group undertakes 
various on-campus projects and social events, effectively reinvesting profits and resources back into the 
overall operation of CSUST site. This initiative represents an innovative education-based model for UVL 
regeneration, supported by institutional structures. Different from the large investment at CSUST, EU is 
relatively small-scale. Since the project was a renovation of existing spaces, it received only USD 4,600 in 
initial funding for tools, seeds, and other information materials. Management is jointly undertaken by the 
Multispecies Sustainability Laboratory (MSLAB) and the SDGs Office through volunteer work. 
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MSLAB  secures project funds from the Faculty of Collaborative Regional Innovation, while SDGs office 
student volunteers handle daily management tasks such as planting, watering, mowing, and harvesting. 
Around 10 students are regularly involved. MSLAB also connects with external partners and encourages 
students to incorporate site activities into their research projects, promoting broader social collaboration 
goals. Comparing these two cases, CSUST focuses on action before awareness, gaining experience through 
structured practice. The EU case emphasizes awareness first, encouraging voluntary participation. CSUST’s 
approach involves systematic organization and large-scale engagement, while Ehime evolves organically 
with small-group autonomy. Both projects operate within university communities, requiring approval from 
landowners (university administrators) and oversight from facilities management. Despite these 
administrative boundaries, both benefit from external social collaboration. Overall, the process of 
construction and operation requires land approval, institutional support, and internal culture (Table 2). Like 
Type 1 cases, their long-term sustainability relies on financial support, active participation, and ecological 
commitment.  

Country Period Teachers School leadership  Students Department of 
management Social partners 

China 

Construction 

- Design 

- Applying for the 
fund and land use 

permit 

- Provide Land use 
permit 

- Financial Support, 
USD 280,000 (2022) 

- 
Technical 
Support 

Technical Support 

Operation 

- Maintenance 

- Designing the 
syllabus to secure 

school support and 
student 

participation 

- Develop social 
resources 

- Cultivating 
students’ self-

regulating group 

Financial Support 

USD 1500/per year 
(2022-2025) 

Key Participants 

- Maintenance 

- Attend garden 
management 

class 

- Leisure 

Assist in 
management 

 

Support the 
development of 
students’ self-

regulating group 

 

Japan 

Construction 

- Design 

- Applying for the 
fund and land use 

permit 

- Provide Land use 
permit 

- Financial Support 
from the Faculty of 

Collaborative Regional 
Innovation, USD 3200 

(2022) 

Volunteers 
Technical 
Support 

Technical Support 

Operation 

- Maintenance 

- Participate in 
practical courses 

and projects 

- Money 
management 

 

Financial Support from 
the Faculty of 

Collaborative Regional 
Innovation, USD 3200 

(2023-2025) 

Key Participants 

- Maintenance, 
by SDGs 

volunteers  

- Related 
projects and 

research 

Assist in 
management 

 

Table 2. The identities and roles of different participants in practice of hidden UVLs. Source: Author. 
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3.2 Social sustainability factors: what factors influence the long-term sustainability of 

community-driven UVL regeneration? 

Although the four examples demonstrate different operational modes, their operational sustainability 
depends on the interaction of four essential dimensions: financial support, administrative assurance, public 
support, and environmental focus. For visible UVL in social contexts, KIC Farm and Tamonji Community 
Farm were first established on a relatively stable land category to avoid destruction, and then they 
addressed social needs by responding to community construction desires. The political system of land use 
and cultural views on nature, community, and government help shape their long-term operational models 
(Apostolopoulou and Kotsila, 2022; Ponstingel, 2022). In administrative contexts, the political dimension is 
mirrored in institutional structures that allow community-oriented activity, and the social dimension is 
reflected in internal cultures that encourage public participants. Stable financial support is a vital 
foundation of the process (Caputo, Schoen and Blythe, 2023; Kwartnik-Pruc and Droj, 2023). Sponsors, 
including governments, enterprises, social partners, and individuals, share a dedication to support 
agricultural activities. The shared goal is to enhance urban ecological sustainability by integrating green 
spaces and community-based environmental stewardship (Delshad, 2022). Therefore, economic 
foundations, policy backing, social involvement, cultural identity, and a shared environmental ethos 
function as a joint basis to support community-oriented projects (Figure 5). This framework can inform 
community-oriented co-governance, demonstrating how social and political factors work together to 
create communities.  

 
Figure 5. A comprehensive framework encompasses four dimensions that influence sustainable operations. 
Source: Author. 

In all four cases, there are still substantial gaps in operational sustainability under the surface of stable 
government and active participation. The Chinese cases reflect a phased strategy transitioning from 
corporate support to grassroots autonomy, regardless of whether they occur within a public social context 
or a specific administrative one. For sustained development, it remains essential to focus on 
professionalizing the grassroots groups and granting them formal status. This breakthrough is also crucial 
for long-term viability, as it secures the necessary authority for the operators to maintain sustained 
operations. While the Japanese cases have already established and continued to enhance bottom-up 
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organizations’ reputation, they face a different core issue - land scarcity. The intense competition for land 
requires the neighborhood and society to actively advocate for longer leases or permanent land-use rights 
of urban farm from land authorities or specific administration. It is important to note that these frustrations 
are not unique to four cases of this research. Instead, they represent systemic challenges faced by society 
at large. 

3.3 Participant roles: how are the roles of participants defined and negotiated within 

these operational models? 

This comprehensive framework involves various actors within its four dimensions. From a sociological 
perspective, these actors collectively form an actor–network (Ghose and Pettygrove, 2014). They take on 
different roles, such as launcher, policy, financial, and technical supporters, as well as public participants. 
Launchers are the initiating actors who identify the site, establish the programme, and mobilize the initial 
network. In all four cases, launchers tend to be professionally organized entities or community 
organizations. Financial supporters shift in identity and importance across different project stages. During 
construction, financial support stems primarily from external sources, such as corporate sponsors, 
government subsidies, or institutional budgets. During operation, financial support progressively 
internalizes, with residents becoming the primary contributors through membership fees and paid services. 
Policy and technical supporters, including government officials, designers, environmental specialists, and 
academic researchers, are present at all stages. They provide non-financial support aimed primarily at 
stabilizing development. Public participation is a vital part of the entire process, extending far beyond mere 
attendance. To a significant degree, it fosters a sense of "psychological ownership" and a profound "sense 
of place" among participants (Kanosvamhira, 2025; Van Bommel, Derkzen and Vaandrager, 2025). Through 
their collaboration, they constitute an autonomous group (Figure 6) that is essential for sustaining the 
social sustainability of community-oriented projects. Furthermore, the significance of these actors shifts 
over time, and the boundaries between them are becoming increasingly blurred. Residents who begin as 
public participants gradually take on financial roles through membership fees and social enterprise 
activities. Students who join as learners become technical contributors through research and self-organized 
maintenance. This blurring of roles is not a sign of instability, it reflects the deepening integration of the 
community into the project's governance and serves as a hallmark of successful long-term stewardship. 

 

Figure 6. Diverse Actor-Networks and Their Roles in Community-Oriented Initiatives. Source: Author. 
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5. Conclusion 
The comparative study of four UVL regeneration projects in Japan and China demonstrates that a 
community-oriented approach can effectively transform visible and hidden UVL into sustainable urban 
development assets. Visible UVL regeneration, like KIC Farm and Tamonji Community Farm, directly 
addresses issues such as land neglect, negative urban appearance, and declining neighborhood cohesion. 
Hidden UVL regeneration, such as CSUST Landscape Base and EU Multispecies Campus, revives institutional 
spaces by combining education programs and daily participation. These efforts bring new life to social and 
administrative settings. The findings also reveal a shift in both countries from top-down renewal to bottom-
up urban co-governance. In the meanwhile, this research offers a comprehensive framework. It includes 
political, social, ecological, and economic factors, along with an actor network. This framework can serve 
as a guide for planners, policymakers, and community leaders aiming to create resilient, ecologically sound, 
and community-driven cities. 
However, there are still limitations in institutional support and academic research. Neither country has 
established a clear regulatory framework to ensure the long-term operation of community-oriented 
projects. Tamonji community farm still doesn't have long-term guaranteed access to the land. KIC Farm is 
located on government-certified urban green space, while the incomplete setup of its autonomous group 
creates operational risks. This institutional gap suggests that the sustainability of such initiatives still relies 
heavily on informal networks and voluntary engagement. Therefore, analyzing the actor network within 
these practices is critical. Future studies could combine sociology theory to explore how participants’ roles 
evolve across different stages of project development (Eiter, Fjellstad and Van Schaik, 2025; Téoule, 2025). 
In conclusion, this comparative analysis of visible and hidden UVLs in Japan and China represents an 
important step toward challenging the “Globe N” phenomenon and advancing cross-cultural case studies 
(Elsadek et al., 2019; Home and Vieli, 2020). The findings not only deepen our understanding of the 
mechanisms underpinning social sustainability and contribute to long-term urban resilience, but also 
provide a solid foundation for promoting UN SDG 11, “Sustainable Cities and Communities” (United Nations, 
2015). Ultimately, this study supports the development of urban environments that are more inclusive, 
safe, resilient, and sustainable in rapidly evolving city contexts. 
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Abstract 

As China’s urban development shifts from new construction to the revitalization of existing land 
stock, the renovation of living infrastructure in old urban neighbourhoods has become key to 
improving residents' quality of life and community vitality. However, under limited resources, 
determining renovation priorities scientifically has become a practical challenge. This paper 
proposes a dual-dimension evaluation framework of 'renovation potential–renovation feasibility,' 
integrating AHP, TOPSIS, and the Fuzzy Comprehensive Evaluation Methods, to conduct a 
systematic assessment of the infrastructure in a typical old urban neighbourhoods in Nanjing by 
combining subjective and objective evaluations. The results show that about 14.1% of the 
infrastructure falls into the high-priority renovation category, mostly concentrated in the central 
courtyard spaces of the community; different types of infrastructure show significant differences 
in potential and feasibility evaluations. The study recommends developing differentiated 
renovation strategies and implementation paths based on priority, providing a scientific basis for 
the government to optimize resource allocation and advance community renovation. 

 

Keywords 

urban renewal; residential infrastructure; renovation priority; multi-criteria decision making 

1. Introduction  
With the continuous advancement of urbanization, the natural aging of the built environment has become 

a common phenomenon. Many early residential communities face issues such as declining environmental 

quality and outdated infrastructure, making them unable to meet the growing living demands of residents. 

In China, "old residential communities" generally refer to those built before 2000, whose public 

infrastructure are seriously inadequate(Yi Huang,2024). The 2015 Central Urban Work Conference clearly 

marked a strategic shift from "incremental expansion" to "stock optimization," putting the renovation of 

old residential communities at the forefront of urban work  (Xinhua News Agency, 2015). There are 

approximately 170,000 old residential communities built before 2000 nationwide, involving more than 100 

million residents, with aging infrastructure being particularly prominent(General Office of the Ministry of 

Housing and Urban-Rural Development et al., 2021).  
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Nanjing, a major city in eastern China, has many old neighborhoods with unique characteristics. According 

to the "Nanjing Old Residential Community Renovation Action Plan (2021–2025)," more than 936 old 

residential communities have been designated for renovation, and these communities generally suffer 

from aging public space and living infrastructure(General Office of the Nanjing Municipal People's 

Government, 2021). This study defines “living infrastructure” as the various functional facilities located in 

the public spaces of old urban neighbourhoods that support residents’ daily activities. These include eight 

types: recreational, logistics, cleaning, information, power and communication, lighting, parking, and 

heating infrastructure. Unlike city-level “grey infrastructure”—such as roads and utility networks—living 

infrastructure is situated directly within the spaces where residents go about their daily lives. These “old” 

infrastructures not only reduce the quality of life for residents, but also bring many difficulties to 

community management.However, the wide variety and large number of infrastructure types in need of 

renovation often place demands that exceed the capacity of local government resources. The "one-size-

fits-all" renovation approach has proven inefficient (Wowo Ding,2016). The management of living 

infrastructure in community public spaces is  complicated because ownership is often divided among 

multiple parties. This means coordinating different stakeholders, which makes unified implementation 

tough. As a result, figuring out which renovations to prioritize when resources are tight has become a 

important challenge in decision-making. 

In order to solve this problem, this study establishes a dual-dimensional assessment framework of 

"renovation potential - renovation feasibility," integrating the Analytic Hierarchy Process (AHP), Technique 

for Order Preference by Similarity to Ideal Solution (TOPSIS), and fuzzy comprehensive evaluation, among 

other multi-criteria decision-making methods, providing a systematic tool for scientifically determining 

renovation priorities and supporting targeted government investment and differentiated governance. 

2. Literature Review 
Determining the priority of renovation projects in old urban areas is a key concern within the field of urban 

renewal. From a methodological standpoint, multi-criteria decision-making (MCDM) approaches are widely 

used. One prominent example is the Analytic Hierarchy Process (AHP), introduced by Saaty (1980), which 

determines weights by structuring problems hierarchically and using pairwise comparisons. Yau, Y. (2009) 

employed this method to support decision-making in the conservation of historic buildings and 

infrastructure renewal in Hong Kong. More recently, Ju Jinchao (2025) developed an evaluation framework 

based on economic, social, and environmental criteria, integrating AHP with the entropy method and 

TOPSIS to test the model’s effectiveness in optimizing priority rankings. 

Regarding the engagement of multiple stakeholders, various data collection methods have emerged, 

including structured interviews, surveys, and photo-elicitation interviews. Cunha Ferreira et al. (2024) drew 

on the “Love-Change-Think” framework to bring together the perspectives of users, experts, and 

government bodies, turning qualitative preferences into quantitative measures. While such participatory 

approaches have proven effective in international settings, their success often depends on well-established 

community governance structures, which makes them difficult to apply directly in the Chinese context.  

In terms of developing the indicator system, evaluation criteria have gradually moved from a single-

dimensional approach toward a more comprehensive one. Early indicators focused mainly on physical 

conditions and basic functions, later incorporated residents’ subjective needs, and have since expanded to 

include many dimensions such as economic value, carbon emission reduction, and historical significance. 

Studies show that different groups perceive the value of infrastructure in different ways: residents tend to 
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prioritize facilities that support daily life, experts and government focus on technical feasibility and long-

term benefits, while businesses are more concerned with renovation costs and returns. 

In summary, existing research provides a solid methodological foundation for assessing renovation 
priorities in old neighbourhoods. But gaps remain in terms of methodological integration, the specificity of 
evaluation targets, and adaptability to diverse stakeholder contexts. To address these gaps, we develops a 
dual-dimensional evaluation framework that distinguishes between renovation potential and renovation 
feasibility. It also proposes an indicator system designed to accommodate the value orientations of 
different stakeholder groups, enabling a more precise integration of both subjective and objective data. 

3. Methodology and Case 

 

Figure 1. A dual-dimensional evaluation framework. Source: Author. 
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3.1. Case  

This study looks at Wenchang Community in Nanjing. The community is in the city’s older area (see Figure 

2). It covers about 20 hectares and has around 4,000 residents. Most of the residential buildings were put 

up in the 1980s, with a few built between 2000 and 2010. The housing here includes government staff 

dormitories, regular residential buildings, and student dorms.The types of living infrastructure in the 

community are pretty varied, but overall they’re aging badly, don’t function well, and are laid out in an 

inefficient way. According to Nanjing’s Old Residential Neighbourhood Renovation Action Plan, this 

community has been marked as a key renovation target. Still, the infrastructure inside has complicated 

renovation needs and unclear ownership, so a clear and well-thought-out renovation plan is needed. 

3.2. Data Collection and Preprocessing 

Through field investigations, interviews with community managers, and policy document analysis, this 

study systematically collected data on living infrastructure within the public spaces of the old 

neighbourhood. A total of 121 infrastructure units were identified and initially classified into eight 

categories based on their functions: recreational infrastructure (A, 8 units), logistics infrastructure (O, 7 

units), cleaning infrastructure (C, 16 units), information infrastructure (I,9 units), power and 

communication infrastructure (E, 33 units), lighting infrastructure (L, 15 units), parking infrastructure (P, 

28 units), and heating infrastructure (H, 5 units). 

However, within these initial categories, many individual units shared highly similar physical forms and 

functional attributes. Evaluating each unit individually would result in an excessively large dataset, making 

the findings difficult to interpret and failing to reflect the hierarchical logic of renovation decision-making. 

For instance, the 16 trash bins under cleaning infrastructure (C) had identical functions, technologies, and 

ownership structures, despite being located in different spots. The same applied to the 33 distribution 

boxes under power and communication infrastructure (E). To address this, this study adopted a typological 

consolidation approach: infrastructure units that shared similar functions, technical requirements, and 

ownership attributes were grouped into the same type for evaluation, while their spatial locations were 

recorded separately to preserve distributional information. This process resulted in 19 distinct 

infrastructure types, as listed in Table 2. 

To ensure the comprehensiveness of the assessment dimensions, three types of structured data were 

collected for each facility type: (1) visual and spatial data, including location, photographs, and surrounding 

environmental characteristics; (2) functional and physical data, including size, usage status, and 

deterioration level; (3) institutional and policy data, including ownership, responsible entities, and relevant 

renovation policies. These three types of data were compiled into an information sheet for each 

infrastructure type. 

                

Figure 2. Case Study Neighbourhood Location . Source: Author's elaboration. 
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Figure 3. 121 living infrastructure . Source: Author. 

 

3.3. Renovation Potential Assessment: Based on AHP 

The Renovation Potential part is meant to answer the question, “Does this facility need to be renovated?” 

To figure that out, it brings together the opinions of three groups: residents (R), experts (E), and managers 

(M). Depending on the type of facility, we apply different weights—both to the criteria we use and to the 

opinions from each group. 

3.3.1.Renovation Potential Assessment 

This study constructs an assessment system comprising four criteria: Importance (q₁), Necessity (q₂), 

Benefit (q₃), and Publicness (q₄).The three evaluator groups were invited to score each facility type against 

these criteria on a 1-10 scale. The R group scores were obtained through questionnaires distributed to 

residents; 67 questionnaires were distributed, with 65 valid responses received, including residents, 

students, government employees, and business practitioners, ensuring good representativeness. The E 

group involved assessments from 10 experts in urban planning, architectural design, and urban renewal. 

The M group consisted of assessments from 6 managers, including members of the community committee, 

property management companies, and dormitory administrators. To ensure assessment validity, a 

dispersion test was first conducted on each set of scores by calculating their variance: 
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𝑠2 =
1

𝑛 − 1
∑(𝑥𝑖 − 𝑥̅)2
𝑛

𝑖=1

 

Only valid samples with variance s² > 3 were retained to eliminate invalid assessments where scores were 

overly concentrated and lacked discriminative power. This resulted in 57 R group scores, 10 E group scores, 

and 5 M group scores. Subsequently, the valid score data were standardized: 

𝑥𝑖𝑗
′ =

𝑥𝑖𝑗 −min(𝑥𝑗)

max(𝑥𝑗) − min(𝑥𝑗)
 

The standardized data formed the subjective assessment matrix, serving as the preliminary input for the 

potential dimension. 

3. 3.2 Differentiated Weight Assignment  

To accurately reflect the renovation logic of different infrastructure, this study categorizes them into 

different renovation types (e.g., "Government-led," "Community-autonomous," "Market-participated") 

based on their functional attributes and institutional & policy data (particularly the potential renovation 

entity). 

For each type, dual differentiated weighting is performed: 

• Criteria Weights (Wc): Assign specific weights to the four potential assessment criteria（Wc）

=(wq1, wq2, wq3, wq4). For example, for "Government-led" infrastructure, more weight might be 

placed on "Publicness (q₄)" and "Benefit (q₃)"; whereas for "Community-autonomous" 

infrastructure, more emphasis is placed on "Necessity (q₂)" and "Importance (q₁)." 

• Evaluator Weights (Ws):Assign weights to the three evaluator groups（Ws）=(wR, wE, wM,). For 

example, "Government-led" infrastructure assign higher weights to experts (E) and managers (M); 

"Community-autonomous" infrastructure assign the highest weight to residents (R). 

3.3.3 Potential Value Calculation 

Using the dual weights, the standardized assessment sets from the three evaluator groups are weighted 

and fused to calculate the comprehensive renovation potential score PCi for each facility, as shown in Table 

1. 

𝑃(𝐶𝑖) =∑(𝑘 = 1)4 [𝑤(𝑞𝑘) ⋅ (𝑤𝑅 ⋅ 𝑥
(𝑅

(𝑖𝑗(𝑞𝑘)
)
)

′ +𝑤𝐸 ⋅ 𝑥
(𝐸

(𝑖𝑗(𝑞𝑘)
)
)

′ +𝑤𝑀 ⋅ 𝑥
(𝑀

(𝑖𝑗(𝑞𝑘)
)
)

′ )] 

 

Finally, the set of potential assessment values for all infrastructure P = { PCi } is obtained. 

 

3.4. Renovation Feasibility Assessment: Based on Fuzzy Comprehensive Evaluation 

The Renovation Feasibility dimension focuses on "whether a facility can be renovated," emphasizing 

objective constraints such as technical, economic, and policy factors. Due to the inherent fuzziness of these 

factors, this study adopts the Fuzzy Comprehensive Evaluation method. 
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i. Establish Factor Set and Evaluation Set: 

Determine the key factor set influencing feasibility U = {Technical Adaptability, Economic Cost, 

Construction Period, Policy Support Degree}, and set the feasibility evaluation set V = {High, Medium, Low}. 

ii. Construct Fuzzy Relation Matrix R:  

Experts are invited to rate each factor based on the objective data of the infrastructure, determining the 

degree to which each factor belongs to the various evaluation grades, thereby forming the fuzzy matrix R. 

iii. Calculate Fuzzy Evaluation Result: 

Using the weighted average fuzzy composition operator, compute the comprehensive evaluation result B 

= W *R, where W is the factor weight vector determined via AHP. Based on the maximum membership 

degree principle, the final feasibility grade for each facility is determined and converted into a quantitative 

feasibility score F = { Fi } 

 

3.5. Renovation Priority Ranking: Based on TOPSIS 

After obtaining the renovation potential set P and the renovation feasibility set F for all infrastructure, they 

are jointly used as decision attributes to construct the decision matrix D = [P, F]. The TOPSIS method is 

applied for comprehensive ranking: 

i. Define the Positive Ideal Solution (A⁺) and Negative Ideal Solution (A⁻) as follows: 

𝐴+ = (max𝑃 ,max𝐹) = (𝑃+, 𝐹+) 
𝐴− = (min𝑃 ,min 𝐹) = (𝑃−, 𝐹−) 

Here, the positive ideal solution is a virtual optimal alternative with the highest scores in both potential 

and feasibility, while the negative ideal solution is a virtual worst alternative with the lowest scores in both. 

ii. Calculate Euclidean Distances: Calculate the Euclidean distance from each infrastructure *i* to the 

positive ideal solution (Di
+) and the negative ideal solution (Di

-). 

𝐷𝑖
+ = √((𝑃𝑖 − 𝑃+)2 + (𝐹𝑖 − 𝐹+)2) 

𝐷𝑖
− = √((𝑃𝑖 − 𝑃−)2 + (𝐹𝑖 − 𝐹−)2) 

iii. Calculate Closeness and Rank: Calculate the relative closeness (Ci) of each facility to the positive ideal 

solution. 

𝐶𝑖 =
𝐷𝑖
−

𝐷𝑖
+ + 𝐷𝑖

− 

A higher Ci value (0 < Ci < 1) indicates that the facility is closer to the ideal renovation state, hence having 

a higher renovation priority. The calculated values for all final infrastructure items are shown in Table 2. 
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Table 1. Calculation of potential for various infrastructure. Source: Author. 

 

Table 2. CI values of 19 infrastructure. Source: Author. 
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4. Results and Strategies  
4.1.  Renovation Priority Ranking Analysis 

The renovation priorities for the 19 types of infrastructure were ranked based on their relative closeness 

(Cᵢ) values derived from the TOPSIS method, with full results provided in Table 3. The analysis reveals 

considerable variation in renovation urgency across different infrastructure categories. 

Firstly, the Express Station (O1) under Logistics Infrastructure and Street Light (L1) under Lighting 

Infrastructure show the highest renovation priority (Cᵢ > 0.9). They are predominantly located in the 

community's central courtyard areas. Following these, the Public Bathhouse (H2), Recreational 

Infrastructure (A3), and Bicycle Shed (P1) form a second tier with relatively high priority (0.9 > Cᵢ > 0.8), 

together accounting for 25.6% of infrastructure. In clear contrast, Power Infrastructure (E) ranks as the 

lowest renovation priority, despite constituting the largest share at 27.3%. This is primarily due to its well-

defined ownership, relatively stable maintenance. More importantly, renovation in this category often 

involves technically complex work on the grid system, requires coordination across multiple municipal 

departments, collectively resulting in low feasibility.Based on this prioritization, we recommend that 

government and community managers develop differentiated implementation paths: high-priority 

infrastructure should be included in short-term (1-2 years) action plans to ensure rapid renovation. For 

medium-priority infrastructure, a medium-term (3-5 years) guidance model should be adopted, with the 

government providing incentives such as subsidies and technical standards to encourage participation in 

updates by the community, property management, or market forces.  

4.2.  The "Potential-Feasibility" Two-Dimensional Framework 

To help make decision-making easier, we developed a two-dimensional matrix that compares “Renovation 

Potential” with “Renovation Feasibility” (Figure 4). This matrix groups infrastructure into four different 

strategy types, giving us more useful guidance than a simple ranking list.Looking at the results, apart from 

the facilities that score high or low on both dimensions, there are two other types worth paying attention 

to.  The first group—like the guard house (A2), clotheslines (C2), and public seating (A1)—has high potential 

but low feasibility. These are things residents clearly need, but for now, there are some barriers in terms 

of technology, cost, or policy. They can be treated as strategic reserve projects, to be prioritized once 

conditions become more favourable. The second group, such as information kiosks (I1 and I2), shows the 

opposite pattern: lower potential but higher feasibility. Although these facilities are relatively easy to 

upgrade, their current value remains underutilized. For such cases, it is advisable to explore ways to 

enhance their potential—for instance, by transforming them into digital,  interactive community hubs to 

maximize the benefits of renovation. 

 

Table 3. Renovation priority ranking. Source: Author. 
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Table 4. The "Potential-Feasibility" two-dimensional framework. Source: Author. 

 

4.3.  Spatial distribution analysis 

From what we can see, the renovation priorities aren’t spread out evenly across the community. Instead, 

they tend to cluster in certain areas (Figure 4). High-priority facilities are mostly found in the central 

courtyards and the western shantytown areas.Figure 4 shows where the top five high-priority facilities are 

located. We didn’t include parking sheds (P1) in the figure because they’re pretty evenly spread out along 

the residential buildings.The courier stations (O1) and public baths (H2) are both in the shantytown area. 

Over there, the buildings are old, the spaces are tight, and the facilities just can’t keep up with demand. So 

for these, renovation needs to go hand in hand with smaller-scale improvements—fixing up the buildings 

and making better use of the surrounding space.For streetlights (L1), we noticed there are quite a few spots 

that don’t have them, especially in the eastern and central courtyards. So our main focus here is adding 

more streetlights in those areas.As for recreational facilities (A2), there’s only one in the whole community, 

and it doesn’t cover enough ground to serve everyone. That means we need to add more recreational 

infrastructure in a way that fits the overall layout.This spatial analysis  clearly shows that the  physical 

environment doesn’t  match  up with what residents actually need.   

 

Figure 4. Distribution of High-Priority renovation infrastructure . Source: Author. 
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5. Conclusion  
This study responds to a practical challenge in China’s urban renewal: how to allocate limited financial 

resources effectively when upgrading basic living facilities in old neighbourhoods. To tackle this, we 

developed an evaluation approach structured around two key questions—whether a facility requires 

upgrading (renovation potential) and whether upgrading is realistically achievable (renovation feasibility). 

The method combines resident and expert perspectives with objective facility data.Using a typical old 

neighbourhood in Nanjing's Xuanwu District, which includes both residential areas and student dormitories, 

as an empirical case study, the results show that: (1) Approximately 14.1% of the infrastructure (e.g., 

express station, street lights) are high-priority renovation targets and should be included in the 

government's short-term action plans. (2) The renovation priority depends not only on functional demand 

but is also strictly constrained by technical, economic, and policy feasibility; these two aspects jointly 

determine the final renovation sequence. (3) High-priority infrastructure is spatially concentrated in the 

central courtyards and western shantytown area of the community, revealing issues of spatial inequity in 

facility configuration that require refined renovation strategies integrated with spatial layout. 

The main contributions of this study are threefold: First, it proposes a dynamic weight allocation 

mechanism that can flexibly respond to the value preferences of different renovation actors (government, 

community, market), enhancing the adaptability of the evaluation system. Second, by employing the 

"Potential-Feasibility" two-dimensional discrimination matrix, it transforms linear ranking results into 

differentiated, actionable management strategies, providing a direct tool for refined governance. Third, it 

couples quantitative evaluation results with spatial layout analysis, providing visualized planning guidance 

for the implementation of renovation projects. Finally, our study has some limits. Our findings are from 

one neighborhood, so they might not apply everywhere. We also didn't fully study long-term costs, climate 

adaptation, or how to involve private companies, which are important topics for future research. 
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ISOCARP AWARDS 2025 
A Diamond Jubilee Ceremony in Riyadh

recognising early- and advanced-career 
women across practice, academia, 
government and activism, and the 
Planning Process Award, which rewards 
inclusive, co-creative planning processes 
rather than plans alone. And for the first 
time the Grand Award for Excellence 
— itself marking its 20th edition — was 
divided into two streams, Planned Projects 
and Realised Projects, so that visionary 
plans and delivered transformations could 
each be judged on their own terms.

The scope of what was recognised was 
correspondingly wide: a standardised 
digital-twin framework for Hong Kong and a 
community-centered village transformation 
in Indonesia; a Chinese province’s planning 
leadership and a fishing community’s 
shared gardens; scholarship on children’s 
eengagement in public space, climate 
action and autonomous mobility; a student’s 
vision for reviving the tidal creeks of the 
Sundarbans; and, from the host city itself, 
a redesigned land-subdivision process. 
Laureates came from four continents, 
entrants from more than a dozen countries, 
and the honours ran from a lifetime’s 
achievement to a student thesis.

Report on the awards ceremony of the 
61st ISOCARP World Planning Congress · 
Riyadh, Kingdom of Saudi Arabia · 
3 December 2025

Programme led by Dr Tijana Tufek-
Memisevic, ISOCARP Board Member and 
Director for Awards and Publications

On 3 December 2025, the International 
Society of City and Regional Planners 
(ISOCARP) honoured the laureates of its 
2025 Awards at the 61st World Planning 
Congress in Riyadh, hosted by Riyadh 
Region Municipality under the patronage 
of His Highness Prince Faisal bin Abdulaziz 
bin Ayyaf, Mayor of the Riyadh Region. The 
ceremony was a highlight of the congress 
and of ISOCARP’s 60th-anniversary 
celebrations — a Diamond Jubilee year 
the Society marked with two anniversary 
publications, record participation at its 
Annual General Meeting, and its most 
ambitious awards programme to date.

A Programme of Exceptional Scope

To mark the anniversary, the awards 
programme expanded to six award 
categories, three of them new or revived. The 
Sam van Embden Award — named for one 
of ISOCARP’s founders and last conferred 
a decade earlier, at the 50th anniversary, 
on UN-Habitat — was reintroduced with 
three honours: Lifetime Achievement, 
Organisational Excellence and Urban 
Leadership. Two entirely new categories 
were created: the Women in Planning Award,

The six award categories  of the 2025 Diamond Jubilee programme
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The Effort Behind the Ceremony

Bringing six award categories with fifteen 
sub-categories to a single stage was 
the largest undertaking in the history 
of the ISOCARP Awards. Each category 
needed its own call, guidelines and 
evaluation criteria, its own submission 
and fee handling, and its own jury — five 
international juries in all, more than fifteen 
jurors across four continents and as 
many time zones, recruited, briefed and 
coordinated through the summer and 
autumn. The competitive streams received 
80 entries, the Student Award alone a 
record 53, while the two nominated awards 
generated 34 nominations for individuals 
and organisations. 	

ISOCARP is especially grateful to the 
jurors who dedicated their time, expertise, 
and judgment to the 2025 cycle: Markus 
Appenzeller, Karla Ebenbach and Ismael 
Fernández Mejía (Awards for Excellence); 
Sky Tallman, Hadeel Abuzaid, Dushko 

Bogunovic, Nasim Iranmanesh and Rajendra 
Kumar (Gerd Albers Award); Keru Feng, 
Federica Fiaco and Lamis El Khatieb 
(Student Award); William Anderson, Pia 
Carrasco, Opeyemi Akintola and Haydee 
Jacklyn Malubay (Planning Process Award); 
and Angela Brooks, Olafiyin Taiwo and 
Zina Ruzdic  (Women in Planning Award) — 
together with the ISOCARP60 Celebration 
Committee and the Board, who shaped 
the Sam van Embden shortlists. Their 
expertise, careful evaluation of 80 entries 
and 34 nominations, and collaboration 
across time zones gave the ceremony its 
credibility.

A Benchmark for the Decade Ahead

The Riyadh ceremony set a new 
benchmark for the ISOCARP Awards: six 
award categories running at once, a record 
field for the Student Award, and a stage 
shared by an honour named for one of 
the Society's founders and two first-time 
awards. Almost four in five entrants were 
not yet ISOCARP members, confirming the 
awards as one of the Society's strongest 
gateways to new talent and institutions. 
With its shape and delivery, the 2025 cycle 
leaves ISOCARP a broader, more inclusive 
and more visible recognition programme 
for its seventh decade.

Dr Tijana Tufek-Memisevic presents the Sam van Embden Award for 
Organisational Excellence to Helen Fadipe, President of the Royal Town 
Planning Institute © Riyadh Region Municipality

The new Planning Process Award presented to Riyadh Infrastructure 
Projects Center (Saudi Arabia) — Land Subdivision Approval Process 
Redesign © Riyadh Region Municipality

The Planning Process Award — Special Mention presented to Wuhan Natural 
Resources Conservation and Utilization Center — Micro-Regeneration of 
Shared Gardens, Jiangxinyuan Community © Riyadh Region Municipality
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Award Recipient — Project
Sam van Embden Award —
Lifetime Achievement

Jeremy Dawkins 
(Australia)

Sam van Embden Award — 
Organisational Excellence

Royal Town Planning Institute 
(United Kingdom)

Sam van Embden Award — 
Urban Leadership

Jiangsu Provincial Department of Housing 
and Urban-Rural Development; Jiangsu 
Urban Planning and Design Institute (China)

Grand Award for Excellence — 
Realised Project

PDW (Indonesia) — Tampelas: Shifting Intent 
into Action

Grand Award for Excellence — 
Planned Project

Arup; CEDD, Hong Kong SAR Government 
— Digital Twin Standardisation and 
Applications Development

Merit Award for Excellence DIALOG; City of Victoria (Canada) — Industry, 
Arts & Innovation District Action Plan

Planning Process Award (inaugural) Riyadh Infrastructure Projects Center (Saudi 
Arabia) — Land Subdivision Approval Process 
Redesign

Planning Process Award — 
Special Mention

Wuhan Natural Resources Conservation 
and Utilization Center et al. (China) — 
Micro-Regeneration of Shared Gardens, 
Jiangxinyuan Community

Women in Planning Award (inaugural) — 
Early Career

Isabel Raad

Women in Planning Award (inaugural) — 
Advanced

Dr Sarah Hill

Gerd Albers Award — Best Book Evan Shieh — Autonomous Urbanism: 
Towards a New Transitopia

Gerd Albers Award — Best Article José Antonio Lara-Hernández — From 
Segregation to Inclusion: Children’s 
Engagement in Urban Public Spaces

Gerd Albers Award — Special Mention Anna Hurlimann et al. — Facilitating Climate 
Change Action across Built Environment Life 
Stages

Student Award Guangfeng Zhai — A Plan to Stitch the City
Student Award — Special Mention Debanjali Paul — Weaving Liquid Veins: 

Village Resilience through Khal Networks in 
the Sundarbans

The Laureates
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