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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, | 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. | 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 (Iely6 pob@o
IJyslue) for its exceptional hospitality
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 | 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. Itis 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. | 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. | 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. | 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 systemes, its dignity,

its memory, its humanity? That question
gained new urgency 23 years ago, when |
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.

Itis 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

[l 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

4 \ 2
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Congress Reflections
General Rapporteur Dr Nadine Bitar Chahine

restoring ecological, social, and spatial your story matters, you matter, and
systems via nature-based solutions, green  your place in shaping the future of cities
and blue networks, compact development, matters. My gratitude goes to our hosts
and sustainable mobility. Meeting immediately at the Riyadh Region Municipality, to the
after COP30, delegates reaffirmed the role ISOCARP leadership and board, to our

of cities in global climate commitments, partners, and to every participant who made
calling for multilevel governance, climate this Congress what it became — carrying its
finance, and the embedding of local insights forward now belongs to all of us.

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, | 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 urbanrisk 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

12 | Proceedings of the 61st ISOCARP World Planning Congress
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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.

14 | Proceedings of the 61st ISOCARP World Planning Congress



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.
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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.

. 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.

. 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.

15| Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life




About the Tracks

Track 2: Urban Economy and the Digital Age: 24-hour City and Al

Introduction

Track 2 highlighted the transformative
role of Artificial Intelligence (Al) and
data-driven approaches in reshaping
Urban and Regional Planning. Collectively,
the discussions demonstrated that

Al 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 Al 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, Al-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 Al 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.
Al 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 Al 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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Al 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 Al 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

Akos Bona
Hungary

Isabel Raad
Saudi Arabia

Mounir Kabbara
United Arab Emirates

M. Febry Kurniawan
Indonesia
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About the Tracks

Track 3: Adaptation of Dynamic Cities to Extreme Climatic Conditions

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

e 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

Hadeel El Naggar
United Arab Emirates

Lucy Bali
Germany

Rafif Abdelmalik
Sudan

Rajshree Kamat
India
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Track 3: Adaptation of Dynamic Cities to Extreme Climatic Conditions

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:

» Apersistent gap between analytical
research and practical implementation

» Limited focus on governance
mechanisms and policy integration

 Aneed 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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About the Tracks

Track 4: Culture, Identity, and Inclusive Urban Transformation

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

Gregor Mews
Australia

Raghad Alajaji
Saudi Arabia

Sebnem Hogkara
Cyprus

Shradha Chandan
Germany
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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.

24 | Proceedings of the 61st ISOCARP World Planning Congress






About the Tracks

Track 5: Governing and Managing the Co-created Agile City

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

Track 5 Rapporteurs

Funmilayo Tokunbo,
Modebola-Fadimine
Nigeria
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Wail Ismail Bakhit
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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:

e 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.
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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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Roundtables

Urban Growth: Planning Cities at Speed and Scale - a Global Perspective

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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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 future-aware decisions. These trends
systematically analysing alternative can be used for Foresight Planning
futures and options to identify trends, as a strategic approach that helps
opportunities, and challenges, which organizations and governments anticipate
helps planners make evidence based, and prepare for predicted and unpredicted

informed, long-term decisions and build future events by considering multiple
urban resilience. It moves beyond simple plausible futures rather than just one
prediction to prepare for a range of possible forecast.

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 Bbhme 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
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Professionals at the Heart of Cities and

Regions in Transition
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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.
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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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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.

Itis 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 20257 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
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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.
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Al-Driven Urban Transformation in the Digital Age

Alin Urban Paradigms

As cities evolve into dynamic, 24-hour
ecosystems, urbanists, planners, architects,
and designers must harness data and
emerging Al 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 Al 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 Al-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 Al 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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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, » Third places as social infrastructure-
structured as a roundtable, brought welcoming spaces that foster migrant
together researchers from Bridging Divides: integration, well-being, and belonging
The Migration Integration in the Mid-21st (Dr. Zhixi Cecilia Zhuang)

Century —a major interdisciplinary research
program funded by the Government of
Canada, through the Canada First Research

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

Excellence Fund (CFREF). « Therole of digital technologies in
reshaping urban experiences, including

The program developed a new a VR-based neighborhood preference

understanding of migrant integration study (Dr. Bilal Farooq).

through comparative and globally

engaged scholarship. One of its central Overall, this session explored the powerful

research themes, Place and Infrastructure, intersection between literature, visual arts,

explored how physical, social, and digital and the built environment, asking:

infrastructures shaped the integration
trajectories of migrants in Canadian cities.  How can cultural narratives and artistic
This session focused on the pivotalrole  expression shape architecture and design
of housing, transit, and public spaces and that is more inclusive, identity-driven, and
services in shaping immigrant settlement, rooted in place?

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).
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Reading the City: Al-Driven Sentiment Analysis for
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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 Al
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.

» Theinteractive 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 Al-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.

41 | Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life



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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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 (Gdarisk),
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 Engagement was high throughout the
Arabia, as part of an international dialogue  session, driven by live polling, open
on the evolving role of the planning conversation, and the real-time dashboard
profession. With cities facing increasing demonstration. Participants actively
pressure to demonstrate results—not shared perspectives, reacted to polling
just vision—the session introduced The questions, and connected the concepts to
Planning Challenge as a framework their own planning challenges.
for redefining how planning success is
measured, tracked, and communicated Interactive formats are highly effective
across different planning cultures and for introducing new planning frameworks.
governance contexts. Live demonstrations combined with polling
help demystify data tools and encourage
The following section outlines the key participation. International audiences value
highlights and discussions: practical implementation strategies and

clear pathways for involvement, reinforcing
* A compelling shift from plan-makingto the importance of community-building
measuring implementation and progress alongside technical innovation.

» Stronginterestinlearning 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

e 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.
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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.

» Theinstitutional 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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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.

» Therole 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:

e 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.

» |tis 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
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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.
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Infrastructure Delivery to Secure Riyadh’s Inclusive and

Sustainable Growth
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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.

e Introduction of Innovation and
technology including Al 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 departmentin 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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Humanisation Track

Humanisation track

Riyadh's Urban Catalyst: Unbuild properties as a lever for
sustainable neighbourhood transformation

Jens AERTS, OSLUM, Belgium
Donzilia BATISTA, UNDP/ Riyadh Regional Municipality, KSA

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

Flgures Examples of undefmed lands within the city fabric (Riyadh Reglona/ Mumc:pallty)

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
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Aerts, J.; Batista D. Riyadh's Urban Catalyst:
Unbuild properties as a lever for
sustainable neighbourhood transformation

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.

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

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

e 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.

e 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:

e adraft 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
e aninspiration 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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Aerts, J.; Batista D. Riyadh's Urban Catalyst:

Unbuild properties as a lever for
sustainable neighbourhood transformation

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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sustainable neighbourhood transformation

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 & Al Unit (Vacant Lands Analysis, Public Land Development Scenarios)
- Fast track for Planning & Permitting

- Implementation fund

- Economic officers & facilitation

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.

. 1SOCARP
& World Planning Cities & Regions in Action
Congress Planning Pathways to

o ? RIYADH | go sl Resilience and Quality of Life
< v aﬁv 1- 4 DECEMBER 2025



Aerts, J.; Batista D. Riyadh's Urban Catalyst:
Unbuild properties as a lever for
sustainable neighbourhood transformation

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

YADH REGION MUNICIPA

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.

e Complete the critical diagnostic that has been started
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o 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, ...

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

e 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

e 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, ...)
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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:

e Shiftin 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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« 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

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.
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Track 1. Sustainable Urban Growth
in a World of Multiple Crises

ABDELMALIK Rafif H.
Traditional Urban Patterns as Anchors of
Protection in Conflict-Affected Cities

ALAGEED Ahmed Mohamed, HAMZA Malaz
Heat-Resilient Urban Morphology: Design
Strategies for High-Temperature Cities

A Case Study of the Riyadh Region, Saudi
Arabia

ANAVATTI Vaishali
Digital Urbanism for Ecological Resilience
Rethinking Growth Based on Context

ATAY, Guldehan Fatma, TUNC Hande
Re-Creating New Utopian Models for
Post-Disease Scenarios

Long-Term Responses After Earthquake in
Turkey

CAl Zhen, XU Jiahui, ZHANG Yiyun, HA
Rigui, YU Taofang

A New Hierarchy Between Urban and Rural
Is Beijing, China "New Town" a New
Sustainable Urban Growth Pattern?

CHEN Hua, QIN Xinyi, CHANG Shengrui,
DENG Hong, WU Zhigiang

Beyond One-Size-Fits-All

Unraveling Spatiotemporal Heterogeneity
in Waterfront Living Circle Geographic
Environments and Public Emotions for
Resilient Urban Growth

DALGAMONI Nermeen, MOMANI Sondos
Reclaiming Urban Sustainability Through
Agriculture

Community-Based Urban Farming as a
Strategic Tool for Resilient Growth in Amman

DENG Yuwen, DENG Lirui, WANG Wei, PAN
Xiao

Urban Building Scale and Energy
Consumption

Scaling Laws and Temporal Dynamics in 70
Chinese Cities

GE Fanhua, LIU Xiao
The “Dream Home"
Project Community Development Initiatives
Driving the Flow of Urban and Rural Resources

GONG Hao, SUN Leilei

Revealing the Mismatch Between Urban
Green Space Equity and Residents'
Subjective Well-being Through Explainable
Machine Learning

A Case Study of Shanghai, China

HABIB Manuella, HABIB Marianne, HABIB
Claude

Fragmented Resilience and the Challenge
of Sustainable Urban Growth in Cities
Facing Multiple Crises

The Case of Beirut

HE Xiliu, WU Ziqi, CHU Lingyun, LAI Yuan
Spatial Resilience and Inclusive
Development of New Employment in
Beijing-Tianjin-Hebei Urban Agglomeration
in the Digital Age

A Big Data Analysis under VUCA Context

HOU Xiaohe, LENG Hong, HOU Yilu
Research Framework on the Relationship
Between Urban Built Environment and
Residents' Health

The Mediating Effects of Physical Activity

HUANG Shuyu, TAN Zhuolin, DONG Yu
Research on the Classification System
Construction of Green Space Carbon
Sinks Zone
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JUNKER Gesine, HONG Stephanie
Successful Delivery of Transit Oriented
Development in Different Planning and
Governance Context

Three Case Studies

KAUR Amit

A Policy Framework for Integration of
Renewable Energy Sources in the Pradhan
Mantri Awas Yojna Program

A Flagship Program for Affordable Housing
in India

KAWAHARA Nobuo

Utilizing Existing Condominium Stock for
Compact Urban Development in Shrinking
Cities

A Spatial and Policy Analysis

LI Yalin, SHI Beixiang

Optimization of Open Spaces in High-
Density Urban Areas Based on the
Supply-Use Interaction Mechanism

LIN Xiaoyun, QIN Siyuan, LIU Jian

Has the Marketization of Rural Collective-
owned Commercial Construction Land
Promoted Urban-Rural Integration?
Evidence from Gaochun District, Jiangsu
Province, China

LIU Jiewen, DU Chengin, ZHANG Wei
From Fragmentation to Coordination
Rural Cluster Strategies for Resource-
Depleted Regional Transformation

LIU Wengian, ZHAO Chuanlong
Research on the Influencing Factors
of Spatial Efficiency of Transportation
Complexes in Cold Regions Based on
Behavioral Characteristics

MA Xin, YAGUCHI Tetsuya
Accessibility, Participation Frequency,
and Satisfaction in Mutual-Aid Elderly
Care Facilities

An Empirical Study in Shanghai's Peri-
Urban Villages

MAO Shangxiang

Ecological Substrate Construction
Strategy Based on Wind Environment
Simulation

Taking Nanjing Makuyan Riverside Jinling
Shipyard as an Example

MARIN Valentina, PARHAM Ed, KWON Su-jin
Uncovering Regional Spatial Hierarchies
A Multiscale Analysis for Regional Planning

MENG Dehui, Wu Yuanxiang

Research on Ecological Resilience Based
on Complex Network Analysis from the
Perspective of Ecological Security Pattern
A Case Study of Heilongjiang Province

MU Yifan, DONG Wei, DONG Yu, TAN Zhuolin
The Ecological Resilience Regulation
Mechanism of Urban Morphology

A Nonlinear Multiscale Study on Avian
Diversity

NDUMO Mbali

Formalising Informal Housing

Enabling the Progressive Realisation of
Adequate Right to Shelter, a Case Study of
Gauteng City Region in South Africa

PENG Weikang, LI Yingcheng

Optimizing Innovation Corridor Spatial
Organization for Resilient and Inclusive
Regional Growth

An Ecological Niche Perspective on Seven
Municipal Districts in Jiangsu Province, China
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QAMHAIEH Abdellatif, EL NAGAR Hadeel,
MOUNSEF Jinane, KARAMITSOS Loannis,
ALAWADI Khaled

Reflections on Urban Livability in the
Context of GCC

Lessons from Dubai

SOBOTA Martin, HEESAKKERS Valerie,
VISSCHER Megan, THERIAS Adele,
DELPLACE Pauline

Carbon-based Urbanism

What is the Role of Urban Design on the
CO, Impact of Newly Built Neighbourhoods?

SUN Haocheng, CAl Jiyao, YANG Junyan
Vulnerability Modelling and Resilience
Assessment of Urban Underground
Systems Based on Complex Network
Theory

A Case Study of Greater London

SUN Kang, LI Yingcheng

Incremental or Radical Green Innovation?
Urban Technological Capabilities, Potential,
and Carbon Emissions in China

SUN Tongxu, SHI Yi

Investigating the Impact of Station-
Area Built Environments on Rail Transit
Passenger Flow Resilience During Public
Health Emergencies

A Case Study of Beijing, China

UKA Gazmend, PSENNER Angelika
Localizing SDG 11

Public Space Accessibility and Urban
Density in Kosovo's Cities

ULTRAMARI Clovis, BIASSIO Kathleen,
SUTILE DE LIMA Marina, SEBRAO DE ROSE
Rafaela, MEDEIROS Humberto L. F.

Global Urban Scenarios Today

Methods, Concepts and Provisional
Typologies

WANG Jing, LIU Yirong

Revisiting Neighborhood Sustainability
Assessment Tools

A Systematic Review of Evolution,
Application, and Prospects

WANG Mingming

Exploring Multi-Objective Evaluation
Methods for Urban Renewal in China under
the Guidance of Sustainable Urbanisation
A Case Study of the Comprehensive Value
Assessment of Urban Renewal in Shanghai's
‘Three Professions Joint Creation’ Project

WANG Xiaohan, ZHANG Hong
Reconfiguring Rural Housing Typologies
for Low-Carbon Transitions Across
China's Urban-Rural Continuum

WANG Zhejun
Exploring Spatial Pathways to Circular
Neighbourhoods in London

WU Ruoyang, XU Xinyue

Simulation and Prediction of Urban
Development near Multi-station
Aggregation Hubs

Evidence from King's Cross, Paddington,
Canary Wharf, and Stratford in London

WU Xingyu, SONG Feng, ZHOU Guangjin
Coordinating Urban-Rural Development
through Scenario-Driven Land Use and
Ecological Network Planning

WU Xingyu, SONG Feng, ZHOU Guangjin
Spatial Strategies for Green Transition
Ecological Network-Based Prioritization in
Mining-Affected Urban Regions

WU Yuxuan

Construction and Optimization of Green
Infrastructure in Water Network Areas
Based on MSPA-INVEST Model

A Case Study of the Yangtze River Delta
Eco-Green Integrated Development
Demonstration Zone
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WU Yuanxiang, LI Mengmeng, ZHANG
Mingfeng, MENG Qi

Construction and Empirical Research on
the Optimization Strategy of Urban Green
Space Pattern for Noise Prevention and
Control

XU Yiying, ZHENG Yi, DENG Wanxin, ZHU
Junzhi

Research on the Capital Intervention
Degree During Urban Renewal Process
from the Perspective of Overall Benefit
Optimization

YANG Haohan, CHEN Chen, LYU Di

The Paradox of Formal Industrialization
Amidst Informal Urbanization?
Investigating the Spectrum of Industrial
Parks' Unbanization Effect in Shanghai's
Peri-Urban Areas

YE Yang, LOU Wenshu, LI Tong, YANG
Sitong, TANG Xin, YU Hangjian

Towards Sustainable Cities

A Systematic Review of Low-Carbon
Regeneration for Residential Neighborhoods

YUAN Jingyuan, LU Ming, HUANG Tianxiao
Urban Fringe Identification Using Multi-
Source Heterogeneous Data

A Case Study of Harbin City, China

YUAN Yuan, DONG Yu, ZHANG Maozhu
Habitat Quality Improvement as a Driver for
Human-Tiger Conflict Mitigation in China's
Northeast Tiger and Leopard National Park
A Strategic Study

ZHANG Huinan, WEI Shiyu, SHAN Jun
Community-Centered Rural Resilience
Strategy Based on a Spatial-Social-
Economic Framework

A Case Study of Xihe Village in China's
Peripheral Areas

ZHANG Kai, Yl Xiaoxiang, ZHANG Haoping
Analysis of the Occupational and
Residential Characteristics of Urban
Residents in Shrinking Cities

A Case Study of Mudanjiang City, China

ZHANG Mingfeng, LIU Wenkai, LI
Mengmeng, Wu Yuanxiang

Study on the Influence Mechanism of
Urban Green Space Pattern on Noise
Spatial Distribution and Planning Response

ZHOU Kai, LENG Jia-Wei

The Evolution and Future of Urban
Underground Space An Architecture
Perspective

ZHU Junging, ZHANG Xinyue, CHEN Yuedi,
SHAN Zhuoran

Rationality Enhancement

A Study on the Scientific Measurement

of the Level of Synergistic Territorial and
Functional Synergies in transboundary Areas

Track 1 Selected Best Papers

CHEN Qinyang

Optimizing Spatial Resilience in Urban-
Rural Fringes

A Multi-Objective Framework for
Synergizing Ecology, Efficiency, and Equity

HUANG Jingyue, HU Mingxing

Unveiling Structural Inequality in Mobility
Space

A Machine Learning Approach to Urban
Attractiveness in the Yangtze River Delta

PAN Chenyang

Uneven Green

Exploring the Spatial Linkages between
Ecological Restoration and Socio-Economic
Recovery in Post-Industrial Landscapes
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Track 2. Urban Economy and the
Digital Age: 24-hour City and Al

ANAVATTI Vaishali

Planning the 24-Hour City in the Age of Al
Strategic Frameworks from Bengaluru to
Berlin

BAI Xuejun, WANG Zhendong

Understanding Metro Commuters’ Stopover

Behavior at Commercial Complexes Around
Transfer Stations
A Case Study of Shanghai, China

LIU Yingshan

Street-Level Perception as Planning
Intelligence

Reimagining Healthy Communities in
Singapore through Multimodal Graph
Learning

LU Bo, GUO Sijun, HUANG Yizhe

Inclusive Mobility in High-Density Cities
Understanding Elderly Metro Use through
Smart Card Data and XAl

WANG Feiyu

Retrofitting Strategies for Urban Built-
up Areas Toward Low-altitude Economy
Adaptation

WANG Qingying, SHI Beixiang

Digital Sentiment as Urban Indicator
Measuring POI Mix Effects Through Social
Media Analytics in Nanjing

YE Xue, BAI Jing, ZHU Siyuan
Evaluation of Consumption Formats
in High-Density Urban Parks Based on
Social Media Data

A Case Study of Shenzhen, China

YE Yang, LI Tong, LOU Wenshu, YU
Hangjian, TANG Xin, YANG Sitong

A Systematic Review of Visual Data
Applications in Urban Environment
Perception Studies

ZHANG Yiyang, SHI Yi

A Multi-Agent Game Model for Spatial
Function Optimization in Urban Villages
A Case Study of Laomenxi, Nanjing

ZHAO Mengqi

Quantitative Identification and Spatial
Distribution of Communication Barriers
for International Students

Tokyo as a Case Study

ZHAOQ Yi, LIU Yibo

The Research on the Impact of University
Campus Morphology on Surrounding
Commercial Vitality

Track 2 Selected Best Papers

ALLAHAIM Fahad Saud

Cities in the Digital Age: Artificial
Intelligence, the 24-Hour City Model, and
the Global Repositioning of Riyadh

A Comparative Analysis Using the 24H+Al
Urban Competitiveness Framework

PENG Weikang, ZHAO Liwei, XU Wenjun, LI
Yingcheng

Optimizing Urban Economic
Diversification Through Vacancy Analysis
Data-Driven Planning Strategies for
Commercial Office Space in Nanjing

SONG Zhehao, JIN Yidan, ZHU Xuerong,
TANG Peng, SONG Yacheng

An Intelligent Platform for Information
Management and Analytical Decision-
Making in Historic Urban Area
Conservation Planning
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Track 3. Adaptation of Dynamic
Cities to Extreme Climatic Conditions

CHEN Lulu, TANG Haoting, YANG Haonan,
ZHAO Fang, ZHAO Junyang

A Study on the Impact of Human Activities
on Biodiversity in Cold-Region Urban
Residential Areas with Consideration of
Regional Climate Characteristics

A Case Study of Harbin, China

CHEN Xiang

National Parks as Urban Ecological
Infrastructure

Evidence from Landscape Change in
Qianjiangyuan National Park

CHEN Yifu

Assessing Electric Bus Deployment as
Adaptive Infrastructure for Extreme
Climate Events

Quasi-Experimental Study of Shenzhen, China

FEI Teng, YU Jiayue, LI Yilei, SUN Pengqi,
ZHANG Di

Adaptive Multi-objective Retrofit
Decision Framework for Residential
Buildings in Severe Cold Regions Under
Future Climatic Uncertainty

GUOQO Yifan

What Kinds of Urban Forms can Balance
Solar Radiation and Heat Risk

A Spatial Analysis Framework for Climate-
Resilient Cities

HASAN Sanjida, SHRESTHA Niraj Babu
Exploring Nature-Based Solutions Against
Sea-Level Rising Scenarios Based on
Indigenous Practices in the Context of
Burj Rasheed, Egypt

HUA Naisi, YANG Sitong, YE Yang, WU Jianbing
Enhancing Climate Resilience in Heritage-
Rich Campuses

Climate-Adaptive Spatial Strategies for
Cold Region Universities

HUANG Juging, DU Yujia, QU Peiq;i, LI Chi
Blue-Green Infrastructure Planning Based
on Flood Risk Assessment

A Case Study of Mentougou New Town,
Beijing, China

HUSUKIC Erna, ZEJNILOVIC Emina
Breathing Cities

From Vernacular Production to the
Digitalization of Urban Space

LING Wanyun

Urban Climate Justice through
Interpretable Ensemble Learning
Heat Exposure Inequities and Planning
Strategies in Metro Vancouver

LIU Ziye, HU Mingxing

Revealing the Cooling Effects of Urban
Form: Exploring the Nonlinear Impact of
Building Environment Characteristics on
Extreme Heat Resilience

MA Yue, WANG Xinyang, LENG Hong
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

MATTHEWSON David

The Future of Sustainable, Flood Resilient
Development and Planning Policies in
Jakarta, Indonesia

MENG Fanqi, DONG Yu, TAN Zhuolin
Cooling Effects of Urban Blue-Green Spaces
A Cross-Climate Review

PARVEZ Huma, YAZDANI Mohammad Saad
The Right to Shade
Public Realm for 45°C Cities
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RAZAK Sherif Yinka

Bridging the Gaps Between Urban
Development and Climate Adaptation
Technology-Driven Spatial Monitoring In
Abuija, Nigeria

SATYARTHI Jivantika, VAN DER JAGT
Alexander, PAYNE Sarah R.

Flood Prevention to Stress Reduction
Exploring Sustainable Drainage Designs
to Generate Health Benefits in Urban
Residential Neighbourhoods

SONG Xiaoyun, MEI Hongyuan

Spatial Challenges in Severely-Cold
Region Cities through the Perspective of
Complexity Science

A Review and Future Pathway

TITOVA Polina, HUANG Juging, LIN Zhixi, LI Chi
Carbon Storage Dynamics on the
Northern Slope of the Tianshan Mountains
(1980-2023)

An InVEST Model-Based Analysis

WANG Lan

How Urban Form Impacts Urban-Scale
Renewable Energy Self-Consumption and
Self-Sufficiency

Taking Photovoltaic as the Target Utilization

WANG Peihao, NI Bingbing, JIN Aibo

A Multi-Objective Approach to Optimize
Climate Adaptation through Blue-Green
Infrastructure

A Case Study of the Yangtze River Delta
Urban Agglomeration

WU Yanan, CHEN Chang

Practices of Climate Adaptation Actions of
Double-Aging Communities in Responding
to Heatwaves

A Case Study of Chongging, China

YIN Junren, LIU Angi, WANG Wei

When Trees Become Barriers to Breeze
Optimizing Urban Residential Tree-Planting
Strategies for Ventilation Efficiency

ZHANG Ran, XU Xiaodong

From Performance to Adaptation
Parametric Design Strategies for High-
Density Towers in Extreme Climate Contexts

ZHAO Junyang, CHEN Lulu, TANG Haoting
Assessing the Impact of Urban Residential
Morphology on the Seasonal Variation

of Building Energy Consumption in Cold
Regions

Evidence from Harbin, China

ZHOU Zhao, LENG Jiawei

Assessing the Impact of Urban Form on
Thermal Resilience

A Spatial-Climatic Integrated Urban Design
Approach via ENVI-met Simulations

Track 3 Selected Best Papers

LI Zhichao, DAI Pengfai, YAN Wentao

The Influence Mechanism of the
Cooling Effect of Blue-Green Spaces on
Residents' Recreational Behaviors

A Case Study of Beijing, China

ROELS Daphne, LAMBERT Tine
Cool Network Arnhem (NL)
Arnhem "“the Coolest City of the Netherlands”

WANG Yigun

De-Zoning the Coast

Climate-Driven Reconfiguration of
Waterfront Logistics and inland Leisure in
New Bedford, Massachusetts, USA
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Track 4. Culture, Identity, and
Inclusive Urban Transformation

ALANSARY Sara, ELMALLAH Aliaa
Al-Driven Strategies for promoting
Walkability in Riyadh

A New Urbanism Framework

ALDUSARI Abdulaziz

Urban Transformation of Riyadh City

to be Recognized in the Top-Ranked 100
Cities in the World

ALDOWSARY Wijdan M.; AFIFY Hazem M.
Nour, ALZENIFEER Badran M.

Principles in Motion

Evaluating the Social and Spatial Impact of
Linear Walkways in Riyadh and New York
Through the Lens of Inclusivity, Encounter,
and Creativity

BOUALLALA Wafae
Street Vendors as Cultural Infrastructure
A Blueprint for Inclusive Urban Placemaking

CHEN Anlin, HE Xiliu, SUN Shijie

Cultural Identity-Driven Street Visual
Perception in Historic Urban Transformation
A Deep Learning Approach for Inclusive
Placemaking in Nanjing's Old City

CHEN Hua, LIU Gengliang, CHANG Shengrui
Material-Social-Cultural Co-Construction
in Heritage Placemaking

Inclusive Transformation Strategies

for China's Socialist Worker Heritage
Communities

CHEN Qianyuan, SHI Yi

Evaluation and Optimisation
Countermeasures for Ageing Suitability in
Older Communities Based on Streetscape
Semantic Analysis and Cultural Identity
Continuity

A case study of Nanjing, China

CHEN Yan

Narrative Public Space and Cultural
Resilience in Theme-Based Urban Tourism
A Case Study of Beijing Happy Valley as
Climate-Responsive Cultural Infrastructure

CHEN Youfei, JIANG Yuting, WANG Zhendong
Inclusive Cultural Access and Complex-
Based Integration

A Mixed-Method Comparative Case Study
of Embedded Reading Spaces in Shanghai

DENG Yuan, TAN Shaohua

Power to Reconfigure Health

The Evolutionary Logic and Future Path of
Health Concepts in Urban Planning

DING Lingli, ZHENG Guoquan
Revealing Hidden Heritage
Symbolic Erosion and Continuity in
Shiwukui Alle

DING Menglin

Navigating Digital Heritage

The Role of Social Media in Cultural - A
Case Study of Dongguan Street, Dalian

FENG Bowen, MA Xiaosu

Balancing Heritage Conservation and
Community Vitality

Case Study of Nanjing Heritage Communities

GAMAL Maram Monir

A Critical Discourse Analysis of Egypt's
Housing Narratives

Language and Power

GENG Lin, XIE Minghui

Lefebvre's Theory Applied to NE China's
Khrushchev-style Residences

A case study of Industrial Town Heritage
Protection
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GREEN David, AWAAD Yousef Hussein,
SHAW Orion

Incremental Development

A Model Subdivision Ordinance for Arab Cities

GUAN Yiming, ZHENG Yaqi

Promoting Public Participation in the
Renewal of Historic Districts through
Virtual Reality

A Case Study of Ju'er Hutong, Beijing

HALLAK Essam

Reclaiming Inward-Oriented Design

A Spatial Framework for Operationalizing
the King Salman Charter and Advancing
Contextual Urbanism in Saudi Arabia

HAN Shuai, YUAN Qifeng, ZHANG Yuging,
LYU Weiliang, ZOU Haifei

Governance of Transitional Communities
at Metropolitan Peripheries

An Integrated Community Perspective
Analysis of the Guangzhou-Foshan Fringe Area

HANIF Saad, HOSKARA Sebnem, RIZA Muge
Manama's Vision for Urban Oasis
Integrating a Holistic Sustainable Urban
Design

HUA Shuer, LI Yihan, TSOU Shang-En,
CHEN Peng

Evolution of Urban Water System Spatial
Pattern and Influencing Factors

A Case of Suzhou, China

HUANG Xi, QU Dagang

Thoughts on the Design Practice of
Urban Public Spaces in Industrial Parks
Based on Cultural Identity and Inclusive
Transformation

A Case Study of a Collaborative Innovation
Zone in Chongging, China

KHAN Minha, NOMAN TARIQ Syed
Mohammad

The Impact of Street Vendors on the
Urban Inclusive Environment

A Comparative Analysis of Various Cases

LANG Yecheng, SHEN Yang, LU Xingru
Stitching cultural narratives

An Al-driven interpretation framework for
inclusive Urban Heritage

LARA-HERNANDEZ Jose-Antonio
Urban Streets as Digital-Physical
Assemblages

Towards More Liveable Public Spaces

LEI Jianing, WANG Yan, WU Wei

A Research on the Path of Cultural Identity
Reconstruction in the Old Town of Lijiang
Based on Value Orientation

LI Lanjun, PANG Yueting, FANG Rong, YU
Haiyang, SHEN Yang, ZOU Kang, HAN
Dongqing

Heritage and Transformation in a Multi-
layered Cultural Landscape

Urban Design for Guanlin Area, Luoyang, China

LIU Huan
Planned Pluralism and National Narrative
Cultural Governance in Singapore's Chinatown

MA Xiaosu, FEI Xiaoyan, WU Ruoxuan,
ZHAO Siju, ZHANG Zhi

Will You be a Good Neighbor of a Vibrant
Historic District?

An Individual Perception-Based Approach

MENG Di, SUO Chang

Pedaling Towards Resilience

Strategic Cycling Infrastructure Planning in
San Antonio Hills
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MUKHOPADHYAY Nandini, BHARULE
Shreyas P.; SEN Joy

Interpreting the Local's Perception

of a Sense of Place and Well-being
Associated with Cultural Heritage in the
Old Town of Bhubaneswar, India

O'CONNELL Derry
Nucleated Cities in a Small Country

OSRA OQumr A.

Examining the Nexus Between TOD and
Residential Preferences

Evidence from Makkah

Ql Zilin

Post-Soviet Urban Heritage

The Formation of "Reconciliatory" Heritage
in Tashkent

QIN Xianhua, SUN Shijie, ZOU Yajie
Investigation and Activation of Scattered
Heritage Resources in Chongging's Old
Urban Areas from the Perspective of the
Historic Urban Landscape

SARAPULOVA Olga, NIZAMOVA EImira,
SALIKHOVA Linara, VAFINA Elvina
Adolescents at the Heart of Urban Change
Sociocultural Tools for Inclusive Public
Spaces in Ufa, Russia

SHI Dongbo, WU Minhao, WANG Chuan,
XIAO Shike, LI Hangi, SHEN Yiting
Evaluating Regeneration of Public Urban
Space through Computer-vision-based
Behavioural Analysis

Evidence from Zhen Alley, Nanjing

TILLNER Silja, WILLINGER Alfred

Inclusive Neighborhoods Through Social
Housing

The Vienna Model and Lessons from
Brownfield Redevelopment

WANG Siyi, JIANG Hong

Exploring Micro-Renovation of Urban
Micro-Spaces Based on Scene Theory

A Case Study of Mingjiayuan Community in
Chongqing

WANG Tian, WU Tong, WU Songtao
Architectural Identity and Cultural
Continuity in Harbin

A Placemaking Strategy for Inclusive Urban
Transformation

WANG Xinyang, MA Yue, LENG Hong
Urban Child-Friendly Spaces

A Study on the Mechanism of the Multi-
Pathway Influence of the Commuting-to-
School Environment on Children’'s Mental
Health Across Age Groups

WANG Yiqun
Cultural Tourism and Inclusive Placemaking
Revitalizing the Yongle Palace Axis

WU Wei, YAO Di

Research on Cultural Space Shaping
of The Grand Canal of China from

the Perspective of Conservation and
Inheritance: A Case Study of the Grand
Canal in Wuxi Section

WU Xinyu, ZHOU Yan, JIANG Hong

Sorrow for Heritage

Inwa Assessment of Cultural Trauma, Post-
Earthquake

WU Yuanxing, SUN Shi, ZHANG Mingfeng,
YIN Huasong, LIU Wenkai

Agent-based Simulation for Assisting the
Design of Urban Public Square to Balance
High and Low Density Condition

XIAO Minrong, HU Die, ZHANG Siqi

A Study on the Reconstruction of

Spatial Identity in Historic Residential
Neighborhoods Based on Textual Analysis

72 | Proceedings of the 61st ISOCARP World Planning Congress



ISOCARP

World Planning
Congress

RIYADH | pela ]
1-4 DECEMBER 2025

XIE Bing, SHEN Yang, YU Haiyang, HAN
Dongqing

Regeneration and Rewriting of “Stratified”
Urban Plots

The Case of Guangling Road in Yangzhou,
China

XIONG Xiao, WANG Qingying, ZHENG Yi
Enhancing Spatial Imagery of Historic
Districts through Catalyst Theory

A Case Study of Yuyangzhai Area in
Nanyang

ZENG Sumin

Evaluating the Historical and Cultural
Value of Guanlin Ancient Town
Multidimensional Framework Integrating
Space Syntax and Analytic Hierarchy
Process

ZHAI Guangfeng, WANG Yan

Research on Inclusive Transformation
of Historical Urban Areas Driven by
Identification of Historical and Cultural
Resources

A Case Study of Nanjing

ZHANG Xiaohan, WANG Yan, WU Wei
Value Extraction and Cultural Landmark
Construction of the Guiling Mountain
Fortress Site in Fuling, China

ZHANG Yue

Traffic Economy and Community Resilience
Spatial Rights, Governance Challenges,
and Sustainable Revitalisation in China's
Digital Traffic-Centric Communities

ZHAO Yuelei, DONG Wei, DONG Yu, TAN
Zhuolin

From Cognitive Deterioration to
Environmental Empowerment

A Study on Cognitive-friendly Environment
For the Older Adults Based on Sensory
Compensation

ZHENG Lin, FENG Bowen

Fostering Vitality in Public Spaces of
Historic Residential Areas through
Intergenerational Integration

A Case Study of Matai Street Community in
Nanjing

ZHOU Yan, JIANG Hong, KO May Myat Noe
Shaping Identity through Space

A Study on the Spatial Structure and
Cultural Significance of Upper Myanmar's
Historical Capitals (14th-19th Century)

ZHU Xuerong, WANG Xiao, SONG Zhehao,
WANG Yujiao, TANG Peng

From Data to Design

A Knowledge Graph-Based Platform

for the Morphological Analysis and
Conservation of Traditional Settlements

Z0U Qingyang, WU Wei, WANG Yan

A Study on Socio-Spatial Collaborative
Renewal of Historical Districts and
Their Neighboring Areas from a Holistic
Perspective Shiyan, Jiangsu, China

Track 4 Selected Best Papers

LIU Xinzhe

Research on the Spatial Deprivation
Effect of Commercial Gentrification in
Residential Historical Districts

A Case Study of Nanjing Old Town

MRASHEED Chawan, HOSKARA Sebnem
Cultural Heritage and the SDGs
Bridging Gaps in Iraq's Urban Recovery

QU Dagang, HUANG Xi, WU Songtao
Inclusive Regeneration of Cold-Region
Industrial Heritage

Computational Design and Adaptive
Transformation Practice of Jiamusi 1957
Paper Culture Community

73 | Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life



Paper Index

Track 5. Governing and Managing
the Co-created Agile City

ALJARWAN Sara Humaid

Applying the Movement and Place
Framework

Flexible Street Design for Sustainable
Urban Mobility in Dubai

CAl Zhen, ZHAO Haoxiang, ZHANG Yiyun,
HA Rigui, YU Taofang

Urban Governance in the Affective Turn
Theoretical and Empirical Analysis of the
Beijing Case

HONG Liang, LI Xiangfeng, ZHENG Xinyue
The Influencing Mechanism of New
Quality Productivity Space in Resource-
Based Cities

HU Mi

Governance-Oriented Spatial Optimization
of Traditional and Unmanned Last-Mile
Delivery in Diverse Communities

LI Fengjiao, GU Tianshi, ZHAO Huimin, YU
Ling, ZHENG Chenrouyu

Inbound Tourist Exposure to Air Pollution
in the Yangtze River Delta

Implications for Urban Governance

LUN Yukun

Equity Assessment of Green Space
Distribution in Guangzhou's Old Urban
Area Based on Big Data

SANJABIE Faezeh, GHADIMI Behnam
URBANSHIELD

A Participatory Al-Driven Soft Infrastructure
for Adaptive Urban Crisis Resilience

SARAPULOVA Olga, NIZAMOVA Elmira,
VAFINA Elvina, SALIKHOVA Linara
The Other Side of the Participation

SUN Qiwei, XU Ce

The Bridge of Communities

Exploration on the System of Public
Full-Process Participation in Community
Renewal and Governance Driven by the
Role of "Community Designers"

TANG Haomin, REN Huibin, XIE Yuyin
Spatial Governance Innovation as Crisis
Response

Planning Practices for Childcare Facilities
in Guangzhou

UKA Gazmend, PSENNER Angelika
Zwischenstadt Reinterpreted
Understanding Urban Growth in Kosovo's
Transitional Cities

VLOEBERGH Guy

Landscape Parks as an Innovative Planning
Instrument

Rethinking Place, Territory and Governance

WANG Xiaohan, PING Jinming, ZHANG
Hong, LIU Xiaodong

Decarbonizing Rural Residences

Spatial Heterogeneity in Multi-level
Environmental Governance and Pathways
for Agile SDG Localization in China

WANG Xinning

Social Partnerships for Transit- Oriented
Development in China

Communication, Trust-building, and Public
Participation

WANG Yiru, YANG Yang, ZHAO Liang
Research on Urban Renewal Strategies
from the Perspective of Safety

A Case Study of Jinan

74 | Proceedings of the 61st ISOCARP World Planning Congress



ISOCARP

t ied World Planning

B® Congress

RIYADH | gl
1 -4 DECEMBER 2025

YANG Xiaoxin, GAN Wei, FU Huixin, LI Xiang

A Large Language Model-driven Multi-
agent Framework For Inclusive Land Use
Planning In Urban Renewal

ZHANG Yunning, XU Xiaodong

Suburban Heritage Landscape Perception
Research Based on User-Generated
Content

A Case Study of Shanghai's Suburban

Ancient Towns

ZHOU Shuo, NA Heya, HONG Jiayu, YUAN
Zhaokun, LIU Yibo, XIE Wenlong, SU Wanqing
Exploration of the Design Path for

the Protection and Renewal of Beijing
Chunshu Historical District Based on the
Narrative Layering Theory

Track 5 Selected Best Papers

DALGAMONI Nermeen, BANI IRSHAID
Eshraq, AL-TAL Raed

Assessing the Impact of Urban Governance
System on Forest Degradation

The Case of Bargash Forests - Jordan

WANG Yi

Community-Oriented Regeneration of
Urban Vacant Land in Japan and China
Case Comparison of Operational Models,

Social Sustainability and Participant Roles

XIAO Minrong, HU Die, ZHANG Siqi
Evaluating Renovation Priorities for Living
Infrastructure in Old Urban Neighborhoods
A Nanjing Case Study Based on a Dual-
Dimensional Framework of Renovation
Potential and Feasibility

75 | Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life



Author Index

ABDELMALIK, Rafif H.
AFIFY, Hazem M. Nour
AL-TAL, Raed

ALAGEED, Ahmed
Mohamed

ALANSARY, Sara
ALAWADI, Khaled
ALDOWSARY, Wijdan M.
ALDUSARI, Abdulaziz
ALJARWAN, Sara Humaid
ALLAHAIM, Fahad Saud
ALZENIFEER, Badran M.
ANAVATTI, Vaishali
ATAY, Guldehan Fatma
AWAAD, Yousef Hussein
BAI, Jing

BAI, Xuejun

BANI IRSHAID, Eshraq
BHARULE, Shreyas P.
BIASSIO, Kathleen
BOUALLALA, Wafae
CAl, Jiyao

CAl, Zhen

CHANG, Shengrui
CHEN, Anlin

CHEN, Chang

CHEN, Chen

CHEN, Hua

CHEN, Lulu

CHEN, Peng
CHEN, Qianyuan
CHEN, Qinyang
CHEN, Xiang
CHEN, Yan

CHEN, Yifu

CHEN, Youfei
CHEN, Yuedi

CHU, Lingyun

DAI, Pengfai
DALGAMONI, Nermeen
DELPLACE, Pauline
DENG, Hong
DENG, Lirui

DENG, Wanxin
DENG, Yuan
DENG, Yuwen
DING, Menglin
DONG, Wei
DONG, Yu

DU, Chengin

DU, Yujia

EL NAGAR, Hadeel

ELMALLAH, Aliaa

FANG, Rong

FEI, Teng

FEI, Xiaoyan
FENG, Bowen
FU, Huixin
GAMAL, Maram Monir
GAN, Wei

GE, Fanhua
GENG, Lin
GHADIMI, Behnam
GONG, Hao
GREEN, David
GU, Tianshi
GUAN, Yiming
GUO, Sijun

GUO, Yifan

HA, Rigui

HABIB, Claude
HABIB, Manuella
HABIB, Marianne
HALLAK, Essam
HAMZA, Malaz
HAN, Dongqing
HAN, Shuai
HANIF, Saad

HASAN, Sanjida

76 | Proceedings of the 61st ISOCARP World Planning Congress



st wg World Planning
" Congress
RIYADH | gl i
qr"i 1 -4 DECEMBER 2025

‘ 5%&&;, ISOCARP
(D

HE, Xiliu

HE, Xiliu
HEESAKKERS, Valerie
HONG, Jiayu
HONG, Liang
HONG, Stephanie
HOSKARA, Sebnem
HOU, Xiaohe
HOU, Yilu

HU, Die

Hu, Mi

HU, Mingxing
HUA, Naisi

HUA, Shuer
HUANG, Jingyue
HUANG, Juging
HUANG, Shuyu
HUANG, Tianxiao
HUANG, Xi
HUANG, Yizhe
HUSUKIC, Erna
JIANG, Hong
JIANG, Yuting
JIN, Aibo

JIN, Yidan

JING, Wang

JUNKER, Gesine
KARAMITSOS, Loannis
KAUR, Amit
KAWAHARA, Nobuo
KHAN, Minha

KO, May Myat Noe
KWON, Su-jin

LAIL Yuan

LAMBERT, Tine

LANG, Yecheng

LARA-HERNANDEZ,
Jose Antonio

LEIl, Jianing
LENG, Hong
LENG, Jiawei
LI, Chi

LI, Fengjiao
LI, Hanqi

LI, Lanjun

LI, Mengmeng
LI, Tong

LI, Xiangfeng
LI, Yalin

LI, Yihan

LI, Yilei

LI, Yingcheng

LI, Zhichao

LIN, Xiaoyun
LIN, Xiaoyun
LIN, Zhixi
LING, Wanyun
LIU, Anqi

LIU, Genglian
LIU, Huan
LIU, Jian

LIU, Jiewen
LIU, Wenkai
LIU, Wenqian
LIU, Xiao

LIU, Xiaodong
LIU, Xinzhe
LIV, Yibo

LIU, Yingshan
LIU, Yirong
LIV, Ziye
LOU, Wenshu
LU, Bo

LU, Ming

LU, Xingru
LUN, Yukun
LYU, Di

LYU, Weiliang

MA, Xiaosu

77 | Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life



Author Index

MA, Xin
MA, Yue
MAO, Shangxiang
MARIN, Valentina

MEDEIROS, Humberto
L.F.

MEI, Hongyuan
MENG, Dehui

MENG, Di

MENG, Fanqi

MENG, Qi

MOMANI, Sondos
MOUNSEF, Jinane
MRASHEED, Chawan
MU, Yifan

MUKHOPADHYAY,
Nandini

NA, Heya

NDUMO, Mbali

NI, Bingbing
NIZAMOVA, Elmira

NOMAN TARIQ, Syed
Mohammad

O'CONNELL, Derry
OSRA, Oumr A.
PAN, Chenyang

PAN, Xiao

PANG, Yueting
PARHAM, Ed
PARVEZ, Huma
PAYNE, Sarah R.
PENG, Weikang
PING, Jinming
PSENNER, Angelika
QAMHAIEH, Abdellatif
Ql, Zilin

QIN, Siyuan

QIN, Xianhua

QIN, Xinyi

QU, Dagang

QU, Peiqi

RAZAK, Sherif Yinka
REN, Huibin

RIZA, Muge

ROELS, Daphne
SALIKHOVA, Linara
SANJABIE, Faezeh
SARAPULOVA, Olga
SATYARTHI, Jivantika

SEBRAO DE ROSE,
Rafaela

SEN, Joy
SHAN, Jun

SHAN, Zhuoran

SHAW, Orion
SHEN, Yang
SHEN, Yiting
SHI, Beixiang
SHI, Dongbo
SHI, Yi

SHRESTHA, Niraj Babu

SOBOTA, Martin
SONG, Feng
SONG, Xiaoyun
SONG, Yacheng
SONG, Zhehao
SU, Wanqing
SUN, Haocheng
SUN, Kang
SUN, Leilei
SUN, Pengqi
SUN, Qiwei
SUN, Shi

SUN, Shijie
SUN, Tongxu
SUO, Chang

SUTILE DE LIMA,
Marina

TAN, Shaohua
TAN, Zhuolin

TANG, Haomin

78 | Proceedings of the 61st ISOCARP World Planning Congress



st wg World Planning
" Congress
RIYADH | wela i
q"‘"i 1 -4 DECEMBER 2025

‘ 5%&&;, ISOCARP
(D

TANG, Haoting
TANG, Peng
TANG, Xin
THERIAS, Adele
TILLNER, Silja
TITOVA, Polina
TSOU, Shang-En
TUNC, Hande
UKA, Gazmend
ULTRAMARI, Clovis
VAFINA, Elvina

VAN DER JAGT,
Alexander

VISSCHER, Megan
VLOEBERGH, Guy
WANG, Chuan
WANG, Feiyu
WANG, Lan
WANG, Mingming
WANG, Peihao
WANG, Qingying
WANG, Siyi
WANG, Tian
WANG, Wei
WANG, Xiao
WANG, Xiaohan

WANG, Xinning

WANG, Xinyang
WANG, Yan
WANG, Yi
WANG, Yiqun
WANG, Yiru
WANG, Yujiao
WANG, Zhejun
WANG, Zhendong
WEI, Shiyu
WILLINGER, Alfred
WU, Jianbing
WU, Minhao
WU, Ruoxuan
WU, Ruoyang
WU, Songtao
WU, Tong

WU, Wei

WU, Xingyu
WU, Xinyu

WU, Yanan

WU, Yuanxiang
WU, Yuxuan
WU, Zhigiang
WU, Ziqi

XIAO, Minrong

XIAO, Shike

XIE, Bing

XIE, Minghui
XIE, Wenlong
XIE, Yuyin
XIONG, Xiao
XU, Ce

XU, Jiahui

XU, Wenjun
XU, Xiaodong
XU, Xinyue
XU, Yiying
YAGUCHI, Tetsuya
YAN, Wentao
YANG, Haohan
YANG, Haonan
YANG, Junyan
YANG, Sitong
YANG, Xiaoxin
YANG, Yang
YAO, Di

YAZDANI, Mohammad
Saad

YE, Xue
YE, Yang
YI, Xiaoxiang

YIN, Huasong

79 | Cities & Regions In Action: Planning Pathways To Resilience And Quality Of Life



Author Index

YIN, Junren

YU, Haiyang

YU, Hangjian
YU, Jiayue

YU, Ling

YU, Taofang
YUAN, Jingyuan
YUAN, Qifeng
YUAN, Yuan

YUAN, Zhaokun

ZEJNILOVIC, Emina

ZENG, Sumin
ZHAI, Guangfeng
ZHANG, Di
ZHANG, Haoping
ZHANG, Hong
ZHANG, Huinan
ZHANG, Kai
ZHANG, Maozhu
ZHANG, Mingfeng
ZHANG, Ran
ZHANG, Siqi
ZHANG, Wei
ZHANG, Xiaohan
ZHANG, Xinyue

ZHANG, Yiyang

ZHANG, Yiyun
ZHANG, Yue
ZHANG, Yunning
ZHANG, Yuqing
ZHANG, Zhi
ZHAO, Chuanlong
ZHAO, Fang
ZHAO, Haoxiang
ZHAO, Huimin
ZHAO, Junyang
ZHAO, Liang
ZHAO, Liwei
ZHAO, Mengqi
ZHAO, Siju
ZHAO, YI

ZHAO, Yuelei

ZHENG, Chenrouyu

ZHENG, Lin
ZHENG, Xinyue
ZHENG, Yaqi
ZHENG, Yi
ZHOU, Guangjin
ZHOU, Kai
ZHOU, Shuo
ZHOU, Yan
ZHOU, Zhao

ZHU, Junging
ZHU, Junzhi
ZHU, Siyuan
ZHU, Xuerong
ZOU, Haifei
Z0U, Kang
Z0U, Qingyang
Z0U, Yajie

80 | Proceedings of the 61st ISOCARP World Planning Congress






TRACK 1

Sustainable Urban
Growth in a World of
Multiple Crises



33y, ISOCARP
‘st ‘,‘ World Planning
2

6 Congress
\

’ RIYADH | uo ]|
~

1-4 DECEMBER 2025

&7




Rafif. H, Abdelmalik.
Traditional Urban Patterns as Anchors of

Protection in Conflict-Affected Cities

Research Paper

Traditional Urban Patterns as Anchors of
Protection in Conflict-Affected Cities

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

. ) N 1-2 Families/ Unit Social capital
Housing Ratio 4-5 Families/Plot
leverages space.

Traditional areas as

IDP Inflow High(Early Phase) Low (Early Phase) )
"First Havens".
Resilience
Early Return Rate 30% < 15% > Encourages early
return.
. . Essential for long-
Social Dependency Primary Secondary

term survival.

iy . ISOCAR
World Planning Cities & Regions in Action
6‘ Congress Planning Pathways to
\ ﬁ

RIYADH | ol oJ Resilience and Quality of Life
G UYADH | o
1 -4 DECEMBER 2025



86

Rafif. H, Abdelmalik.

Traditional Urban Patterns as Anchors of

Protection in Conflict-Affected Cities

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—
20m

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.

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

Figure 1: Halfaya Location and Boundaries

-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:

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

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

e 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 Traditional Modern Planned - .
. . Resilience Indicator
Parameter Fabric Extension
Street Low Global Difficulty of
- High Global (Gridded) U
Connectivity outsiders.
[Average Street Constraint
. 3m-—6m 10m —20m
Width on mobility.
Integration Segregated Integrated Protection
Value (Internalized) (Exposed) incursions.
Social Continuous (Eyes on . . . .
) Intermittent (Zoned) |High community-led security.
Surveillance Street)

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

;. ISOCARP
World Planning Cities & Regions in Action
g 6‘ Congress Planning Pathways to
77

V.. RIYADH | (oL, Resilience and Quality of Life
o ~ 9 -~
\ ’ h 4 3} 1 -4 DECEMBER 2025



Rafif. H, Abdelmalik.
Traditional Urban Patterns as Anchors of

Protection in Conflict-Affected Cities

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.

Al
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
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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 Traditional Organic Fabric Modern Planned Extension

Factor
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Soil Viability High: Natural fertile alluvial silt (Blue Nile Low: Disturbed soil/Construction
Basin). debris.

Water Source Autonomous: Solar-powered community Dependent: Paralyzed central water
boreholes. grid.

. The "Hosh": Large, open internal Setbacks: Narrow, paved, or

Spatial Asset .
courtyards. restricted spaces.

Agricultural Fast-cycle crops, vegetables, and small Near-zero domestic production.

Output livestock.

- 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 facade 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.

~ . -

ot 44 “ : Rl M :
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

e What are the effects of spatial form determinants on temperature on the surface?
e How are the morphological parameters connected to explain thermal variations??
e 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 :

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

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

e 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 km?2. 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).

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

e 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).

Planetary - - Urban Canopy Layer
Boundary -~ Urban Boundary Layer (local scale)
Layer 7 s (mesoscale)

(macroscale)

Rural Urban Rural

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 107%to 10? 1072 to 10
Local scale 10%to 10* 10" to 10®
Mesoscale 10%to 5 x 10° 10" to 10®
Mesoscale 2x10°to 5 x 10° 10"to 10°

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).
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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.

Street Orientation: Evaluated using rose diagrams to assess alignment with prevailing winds and
solar paths.

4. Urban Compactness Index (Cl): Calculated as Cl = 41tA / P? (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.
e 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
e 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 Ashaded Agpageqishaded area (m?) (Lindberg &
Ratio (SR) A Total Aiorai= Total study area (m?) Grimmond, 2011)
Sky View H_ H=building Weight (m) (Oke & R., 1981)
Factor (SVF) SVEcanyon = cos(Zarctan W) W = street width (m)

H /W= canyon aspect ratio
iky View o Y sin(y;) ) (Shi et al., 2019b)
actor (SVF) n

Solar SER = Asuniit or when shading and sunlight ~ (P. Fu & Rich, 2002)
Exposure A rotal complement each other:
Ratio (SER) SER~1—SR

Agnit= sunlit area (m?)

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 m?(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 “hillah” 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 Figure 6. Addaho district and building height and

Source :((Royal Commision For Riyadh, 2012)

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 m?, with about 40,000 m? 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 Cl = 4rntA / P?, 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 (Cl = 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 Figure 8: Spatial distribution of LST in Addaho
source :QGIS 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 11356547.59m? (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).
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FIGURE 9: NORTH OF RIYADH: AL YASMIN DISTRICT Figure 10: Streets wide in Al Yasmeen

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

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 m? 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).

Land Surtace Termperaturs [LST) Map A
Al Yasmin District, Riyach (2023)

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

Figure 11 Street orientation in Al Yasmin
District(QGIS)

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 3-14m 9-12 m villas; mid/high-rise edges
Street Width 1.7-6 m 14-60 m

H/W Ratio 2.2-53 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 (Cl) 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 Cl 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 SR = 0.23 (23% shading on
shaded during the day) 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).
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Conventional Grid Curvilinear Loop Pattern & Beginning Conventional
Pattern (c 1990) of Cul-de-Sacs (1930-1950) Cul-de-Sac
Pattern (since 1950)
Arterial road Local street

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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Digital Urbanism for Ecological Resilience
Rethink Growth based on Context

Vaishali ANAVATTI, Germany

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, Glineralp 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).

Ambiguity

| Volatility

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 (Al) 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 Al 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:

e Secondary data analysis of policy and planning documents such as Bengaluru Master Plan 2031
and Berlin Smart City Strategy 2030

e 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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e Digital Ecological Zoning
e Urban-Rural Resource Integration
e 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).

ISOCARP

L4
World Planning Cities & Regions in Action
‘Q Congress Planning Pathways to
Ty RIYADH | uoL,Jl Resilience and Quality of Life
< 3{}’ 1 - 4 DECEMBER 2025



Anavatti, V. Digital Urbanism for Ecological Resilience

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.

Million
inhabitants
Year
1981 1991 2001 2011 2021

— Bengaluru — Berlin

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

3.3. Shared Pressures and Divergent Paths

Despite their contrasting socio-economic backgrounds, Bengaluru and Berlin are interconnected through
their urban trajectories. Bengaluru exemplifies the challenges of hyper-growth, where governance,
regulations, and infrastructure systems struggle to maintain pace with digitalised systems. Berlin, on the
other hand, exemplifies the challenges of post-industrial restoration, attempting to maintain pace with
technological advancements.

However, both cities face similar challenges and pressures — climate change, socio-economic inequality and
the necessity of connecting technological advancement with ecological stewardship. Each city displays the
necessity of integrating the two to achieve adaptive governance and long-lasting urban resilience.

4. Digital Urbanism as an Enabler

The transformative opportunity presented by the integration of digital technologies and urban governance
enable us to embed ecological intelligence with urban planning. Digital urbanism, based in sustainability
and inclusivity can enable cities to evolve from efficiency driven smart-cities into an ecologically resilient
cities. The three interconnected interventions demonstrate the ability of digital tools in reshaping
ecological urban planning and resource management: Digital Ecological Zoning, Urban-Rural Synergy
Platforms and Inclusive Digital Participation.
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4.1. Digital Ecological Zoning

Digital Ecological Zoning is a new approach to spatial planning integrating Al, 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 Al-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).
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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
(Mortenbock 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. Al-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). Al-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).
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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 Al-
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
Kahramanmaras, 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 Kahramanmaras

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 UNDP? and UN-Habitat, which emphasize the importance of integrated, inclusive, and resilience-

!« UN-Habitat — World Cities Report 2022: Envisaging the Future of Cities
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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 Kahramanmaras 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 Kahramanmaras.

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

In environments like the one in Kahramanmaras 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 Kahramanmaras, 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
e 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.

3 ISOCARP
World Planning Cities & Regions in Action
Congress Planning Pathways to
,"_s, (’} RIYADH | uou,Jl  Resilience and Quality of Life
ia} 1-4 DECEMBER 2025

121



122

Re-creating New Utopian Models for

Atay, G.F.; Tung, H. Post-Disease Scenarios

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 Kahramanmaras, 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.

Future steps
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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 Kahramanmaras, 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 Kahramanmaras, 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 Kahramanmaras 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
Kahramanmaras, 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 Kahramanmaras, 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 Kahramanmaras
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 sources?.

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 Kahramanmaras: Post-Disaster Urban

Reconstruction and Transformation Processes” between the dates 14-16 April 2025 with the support of
the National Chamber of Architects of Kahramanmaras 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 Kahramanmaras 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.

Cultural and ifstjtutional integration

d multilayered way of production

multiscalart

Academic Stakeholders
Regional, National and Interna
SDG 17 Partnerships for the Ggals Educational Value

SDG 4 Quality Education
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Local and National Policymake

Social
SDG11 Sustainable Cities and Comm

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 Kahramanmaras 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?icerikld=72

53550, ISOCARP

6\5‘» World Planning Cities & Regions in Action
\J

Congress Planning Pathways to

7y ” m Resilience and Quality of Life
K/, §§$’ 1 - 4 DECEMBER 2025


https://www.kmarasmimod.org.tr/Icerik.aspx?icerikId=72

Re-creating New Utopian Models for
Atay, G.F.; Tung, H. Post-Disease Scenarios

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 Kahramanmaras 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

New-Town, Hierarchy, Sustainable Urban Growth, Urban-rural integration, Regional Coordination
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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
Emphasized strict zoning following Garden City principles and
functionalism. Residential, industrial, and recreational zones

Functional - . Early London New Towns:
unctt ) 1940s-1960s were clearly demarcated, requiring residents to commute to v W iow
Separation X s R . . Stevenage, Harlow New Town
industrial districts or city centers. Inter-zonal interactions
were limited, with public spaces prioritizing utility.
Shifted toward mixed-use development to reduce commuting
Functional 19605-1980s distances and enhance community interaction. Integrated Paris: Cergy-Pontoise;
Integration jobs-housing links through transit-oriented design, with Hong Kong: Sha Tin New Town

centralized cultural/educational facilities in community hubs.
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characteristic Period Description

Aimed to ensure proportional local employment opportunities
through balanced work-residence ratios. Established local

Representative Cases

Jobs-Housing 19805-2000s Singapore: Tampines;

Balance economic centers and promoted transit-oriented Tokyo: Tama New Town
development to reduce car dependency.
Evolved to integrate population relocation, ecological
Urban-Rural . . . - L
L protection, and sustainable development. Emphasizes Exemplifies China's urban-rural
Coordination 21st Century . R X . . . . .
. industrial upgrading, regional synergy, and the Chinese-style integration strategy reflecting
& Relief Onward o o g
Reception modernization ethos of human-nature harmony and modernization principles

coordinated urban-rural development.

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.
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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

Historical
information of
development

Historical data of
towns, previous
master plans of

Analyze the establishment, historical causes and positioning contents of
previous master plans of towns.

process stage beijing
Strategic Beijing city master Analyze the contents and leading industries involved in the positioning of new
positioning plan (2016-2035) towns in the master plan.
It mainly analyzes the jobs-housing ratio (formula: working
Social Baidu population population/resident popu.lation) and the pogulation inflow-outflow' ra'tio
development big data (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.
Current Economic Lr:i:;::f:i:rd It mainly ana!yzes the total registered capital of enterprises anc! the inflow-
characteristics development enterprise outflow ratio of enterprises (formula: inflow enterprises/outflow

registration data

enterprises).

Space
environment

China land market
network, Gaode

It mainly analyzes the quantity of land transfer and shannon diversity index.
Shannon diversity index formula is:
H'=- o (pi x In(pi)), pi is the relative abundance of the i-th poi category. The

development map POL. calculation formula is p; = n; / n. n; is the number of the i-th category, and n is
the total number of all individuals in this type(Marcon et al., 2014).
A total of 23 R .
Government- N . ) . The author and the planners of beijing munich institute of urban planning and
Qualitative interviews with . .. . - ”
market interview more than 50 design visited eight new towns for six times on march 7, march 26, april 26,
interaction may 23, june 4 and june 12, 2024.

people.

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 severa

parts. Their structure locations and function positions are not clear.

Itl

new city”

1958 1990 1995 2000 2005 2010 2015 2020 Evolution from satellite city
o o Undertake the 9th China ¢ Establish new S ——
Chgngxl ! Setup as a satellite city International Garden Expo | towns N Central @ © central @
ndian I ) Je ety - v Seocity vt
: t () HOM( JHOR
Undertake the International satellite city ° *New'town
. Rose Conference [Ny N e @ 0
Weishan N [ (P, S . >
zhuang @ Ter 9] o Build earlier and more basic conditions
1
1
The industrial park was established Incorporate into Stri;
as a city-level development zone Yizhuang New City ".‘ . .
Caiyu ¢ O er I) s . central ® 9 central
\ city ' city
Industrial park Incorporate into w . 100
construction Fangshan New City * *Industrial natural * * 4
. ! . ® ‘agglomeration @ " @ " @
Doudian @ eI 1 Gradually integrate into regional development
a N .- - . -
E?;ngl : =0 I )  Ccentral @ © central®
i ci
Ry el@l e
. Nankou industrial park University 1 Relocation of State « -Regional functional disintegration
Setup as a satellite city construction relocation i Key Laboratory @ * glon @@ e ©
NV A . e - .
Nankou—g; O @ L) = /1 Mainly drivén by investment
i :
Beijing modern factory Relocation of beijing | Non-intervention natural development
construction city university {
i H E v -
Yangzhen O ¥ /o Central © Central ©
E H t fT oty C T Cocity "
Established as four | Comprehensive \ o \J N .
major logistics bases i logistics port ) N
Mafan é AN B @
atang O =4 | Develop without policy inclination

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

The science and technology Zhongguancun Fengtai Park West Zone serves as a

foundation is good, and the west area  pivotal area in the Hexi region for fulfilling Beijing's  Restore Changxindian Old
Changxindian of‘ Fengtai ?ark in ZhongguaAncun technological innovation servicg functions for t.he Street and establish the
town Science Park is located here. Railway capital. West Zone 1 emphasizes comprehensive  West Zone of

culture and historical culture gather,
with profound cultural heritage and
rich ecological resources.

regional support and ecological demonstration
capabilities, while West Zone 2 integrates collective
industrial development with Changxindian Town.

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

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

forest landscape.

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.

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 ("/A&58%").

Yongledian New Town will capitalize on its
transportation, ecological, and spatial resources to

Beijing's high-end manufacturing
Doudian town base is the core area of
Zhongguancun South Innovation City.

High-end manufacturing
base

Relying on land port, develop port
economy, modern logistics industry
and e-commerce industry.

Industrial park and

Mafang town regional logistics hub

Edible fungi, special vegetables and

. aquaculture  are the  primary ) . ) Industrial functional
Yongledian . ) . strengthen tech services, business services, and green R
industries, while general . . . . . transfer is not yet
town . . services. It will actively nurture regional strategic
manufacturing is the secondary . . . . o R underway.
industry emerging industries and drive traditional industry

transformation.

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).
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Figure 3. Main social indicators of new towns in Beijing. Source: The data from Baidu population big data,
drawn by the authors.
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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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ngxindian® .
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a. Number of land sold (2010-2023) b. Shannon diversity in 2023

Figure 5. Current Spatial Environment Map of Beijing’s New Towns. Source: The data from China land market
website, POl 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

Market response

“Now the infrastructure construction standards are
inconsistent with the environment, so enterprises should first
management methods of street and town formed new  consider accessibility and whether they can communicate
administrative barriers.” (Interview from Changxindian) with the outside world quickly.” (Interview from
Changxindian)

Type Government initiatives
“In 2021, the original Changxindian town was divided into the
present Beigong town and Changxindian street, and the two

“At the beginning, we mainly focused on the environment and
quickly upgraded the infrastructure. Now the construction
standards are very high.”(Interview from Mafang)

“After the improvement of environmental construction
standards, many enterprises quickly settled in and now have
a good industrial base.” (Interview from Mafang)

Infrastructure

“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)

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)
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Type Government initiatives Market response
“In the past, the largest wedding company in southern Beijing ~ “The land policy was too tight, and it used to develop better,
was dismantled, and the incomplete procedures became their ~ but now people are lost.” (Interview from Weishanzhuang)
worries.” (Interview from Weishanzhuang)
“Now it is a part of the new city , and the policy should follow  “The former big tax collector "Beiqi" moved to Yizhuang, and
the new city " (Interview from Caiyu) many industries moved away, and the output value
. . . . decreased. The new town was supposed to radiate, but the
“At present, there is no industrial development at all, and itis .. city " built behind took away the industry.”(Interview
. close to neighboring provinces. We will not consider coming from Caiyu)
Industrial to Beijing to build a factory because the land cost is too
capital high.” (Interview from Yongledian) “Because of the subway, industry and so on will be quickly
. . " absorbed, and now it has always been a sleeping
“Zhongguancun west (#1#77[X), which was to be built in city.”(Interview from Changxindian)
2005, is still under discussion, and it has always been reserved
land.” (Interview from Changxindian)
“Beijing requires reducing quantity and improving quality,  “Accessibility is too low, and the resources and environment
and the labor force can only come in under strict are not very good.”(Interview from Yongledian)
control.” (Interview from Yongledian)
“All of them only work here. The high schools in this area
“Mafang town is developed with the strength of the whole  merely exist in name—they don't represent genuine high-
Labor force Pinggu district, which is an indicator of exploiting other towns  quality educational resources.”(Interview from Mafang)
in the district, not because of the establishment of new towns.
| hope to have local government power such as talent
introduction and decentralization of approval
process.” (Interview from Mafang)
“Now the development foundation is good, but it needs “The linkage between industry and schools has not yet been
industrial upgrading.” (Interview from Yangzhen) established.” (Interview from Yangzhen)
Innovation “The relocation of the State Key Laboratory responded to the ~ “The follow-up development is still unclear, and it is hoped

transformation

call of the central government and was an important measure
after the establishment of the new town.” (Interview from

that key laboratories will have new industrial value.”
(Interview from Nankou)

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).

PRODUCTION GOVERNMENT MARKET HIERARCHY
FACTORS 7 -
Rigid constraint Landplanning | | commerecial land CENTRAL CITY\ ¢
and management ST
LAND - > @----m-ooes > o
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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—Ileaving 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 X 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.
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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 POls, 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.

EmotiorScore= Z(PositivdVordScores)+ Z(NegativeWordScore§+ DegreeAdverbtAdjustmenterm (1)

Where the degree adverb adjustment term modulates emotional intensity based on degree adverbs such

"mn

as "very," "particularly,

mnn

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
GSR BSC DFS FSI MSC FAR RND sense CFD nature CulFD PSFD PSD SSD manmade
2021 424 413 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 23 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 2021(during the epidemic) 2021 Emotional Score 1.532 2.634
Variable 2023(after the epidemic) 2023 Emotional Score 1.300 2.006
Bus Station Coverage, 2021 bus station 300m buffer zone area 0.579 0.460
BSC, % 2023 /unit area 0.586 0.458
Overall Transportation Metro Station 2021 subway station 800m buffer zone area 0.417 0.483
Infrastructure Coverage, MSC,% 2023 /unit area 0.421 0.484
i iliti 2021 5.249 19.310
Parklng Facilities 5 number of parking lots/unit area
Density, PFD, per km 2023 39.887 8010.563
Road Network Density, 2021 total length of road network within the unit 13.028 13.207
RND, km/km? 2023 /unit area 13.384 13.451
NDVI(Normalized 2021 0.376 0.148
Waterfront Design Features Difference Vegetation green area within the unit/unit area
2023 0.380 0.027
Index )
Distance From 2021 the vertical distance between the 492.379 306.928
Shoreline, DFS, m 2023 centroid of the unit and the shoreline 492.379 306.928
Independent
Variable: Floor Space Index, 2021 total area of building foundation 0.089 0.114
_Built Density of FSI, % 2023 within the unit/unit area 0.062 0.079
Environment Waterfront Development
@ P . 2021 total building area within the unit 0.562 0.986
Floor Area Ratio, FAR 5
2023 /unit area 2.288 4.036
Public Service Facilities 2021 number of public service POI 5.470 23.074
Density, PSFD, per km? 2023 within the unit/unit area 32.381 129.486
. . Commerecial Facilities 2021 number of commercial facilities POI 86.492 248.138
Waterfront Functional Services . 2 s P
Density, CFD, per km 2023 within the unit/unit area 237.339 678.586
Cultural Facilities 2021 number of cultural facilities POI 28.144 100.355
Density, CulFD, per km? 2023 within the unit/unit area 23.169 75.629
Park Square Density, 2021 area of park square within the unit 0.049 0.192
Quality of PSD, % 2023 /unit area 0.072 0.220
Waterfront Openness Scenic Spots Density, 2021 number of scenic spots POI 2122 22.026
SSD, per km? 2023 within the unit/unit area 5.265 39.785
Nature Features, 2021 perception level of natural elements 0.090 0.166
nature 2023 in Weibo text 0.087 0.156
Independent
Variable: Perceived Manmade Features, 2021 perception level of manmade elements 0.003 0.035
Perception Atmospheric Environment manmade 2023 in Weibo text 0.129 0.182
Environment
2021 perception level of sensory elements 0.114 0.180
Sense Features, sense R .
2023 in Weibo text 0.107 0.163
Independent 2021 18.910 12.870
‘{a"a'?'e= Climate Temperature, T,°C unit average temperature
Microclimate 2023 18.108 12.277

Environment

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:

2
d“ 2
o {“[W] } ,d,, < bandwidth (2)
=

0,d; > bandwidth
Where dl.,. is the distance between grids. Each grid's neighborhood is selected(where w i # 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:

= Sl )+e, ®)
where f(w )(x*)is the prediction of GW-RF on gridi, and u;, v, 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:

¢z(x):ZSgN\{:}‘S‘ -tsl- I)Lf lif)- 7 (x)] (4)

[V

Where N represents the set of all input features, S represents a subset of N, X ¢ 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 R? values, reflecting their superiority in considering spatial heterogeneity.

4.2.Nonlinear associations Interpretations

4.2.1.Rl of variables

Global Rl 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.
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(a) 2021 Variable relative importance ranking (b) 2023 Variable relative importance ranking
Figure 4.The global and local Rl 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.

SHAP Dependence Plot for T SHAP Dependence Plot for T

SHAP value

(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.

‘SHAR Dependence Flot for sense ‘SHAP Dependence Piot for nature SHAP Dependence Plot for nature. SHAP Depandence Piot for sense

SHAP vakue

59554, ISOCARP
& World Planning Cities & Regions in Action
” Congress Planning Pathways to
— RIYADH | yoLsJ| Resilience and Quality of Life
"-’éaﬁv 1- 4 DECEMBER 2025

147



Chen, H,, Qin, X.Y., Chang, S.R., Deng, H., Wu, Unraveling Spatiotemporal Heterogeneity in
Z.Q. Waterfront Living Circle Geographic
Environments and Public Emotions for Resilient

Urban Growth

(a) 2021 sense (b) 2021 nature (c) 2023 nature (d) 2023 sense features
features features 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.

SHAP Dependence PIot for MSG SHAP Dependence Plot lor BSG SHAP Dependence Piot 10r MSC SHAP Dependence Plat for BSC

= BSC ysc BSC

(a) 2021 Metro station (b) 2021 Bus Station (c) 2023 Metro station (d) 2023 Bus Station
coverage Coverage coverage Coverage

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 feature variable with the greatest impact in 2021 (b) The feature variable with the greatest impact 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
guestions 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.

Mixed Method Approach
I

v v
Semi-Structured interviews Survey
(Qualitative) (Quantitative and Qualitative)

I I
Different Stakeholders in the field, from two different perspectives

'

UA Initiatives Owners/ Managers,

Agricultural Experts/ Authorities HA Incaiyes Yorkers

Data C(l)llection
¥ v

| Face-to-face interviews Online Survey

S Tschigs Multiple-choice and Open-ended questions

The purposive sampling method is used to find respondents who can provide the needed information based on their
knowledge and experience
and the Snowball sampling method is used to guide the research toward other initiatives

Data Analysis
|
v v
. Thematic analysis using ATLAS Descriptive analysis using SPSS . |
- Coding - - Frequency and Crosstabulation Analysis -

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).

Support Women
Improve My Diet
Food Accessibility
Well-being
Self-Confidence
Land Belongin

Fill My Free Time
Learning New Skills
Physical and Mental Health
Social Inclusion
Social Cohesion
Social Interaction
Food Sovereignty
No Social Impact

Social Sustainable Indicators

0% 10% 20% 30% 40% 50% 60% 70%
Parcentage Contribution (%)

Figure 2. Social sustainability contributions based on the survey respondents. Source: The authors.

No Economic Impact

Low Economic Impact

Technology Flixibility and Benefits
Long-Term Economic Feasibility
Create Alternative Economic Models
Local Market Growth

Year-Round Production

Cost reduction (shortage food supply chain)
Effective use of vacant lands

Income Generation

Jobs Opportunities

Food Security

Economic Sustainable Indicators

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Parcentage Contribution (%)

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.

No Environmental Impact
City Aesthetic
Produce Clean Food

Increase Resources Sufficiency
Soil Production

Energy Use Reduction
Improve City's Climate

Recycling and Produce Organic Fertilize

Biodiversity

Pollution Reduction

Reduce Water Consumption

Environmental Sustainable Indicators

0% 10% 20%  30% 40% 50% 60%  70%  80%
Parcentage Contribution (%)

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 (Luis 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 a 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

7. ISOCARP
World Planning Cities & Regions in Action
Congress Planning Pathways to

N ” m Resilience and Quality of Life
K/ & ?’;’ 1- 4 DECEMBER 2025

165



166

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

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.

Recognizing the inner Evaluation of the Evaluation of the Tendency of urban s
s of urban state of urban state of urban building scale Cod
develnment development(Status developmentispeculat [ | B o
developmen quo) ive) expansion Pl

measures

f Zipf Law VO sealingLaw H
logR; = logK —alogP  + & E ! log ¥(t) = Blog N(t) + log¥y

Urban Building Energy
Consumption Scale
Index

raster data

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 (m?) 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 Reference Conversion
Value Coefficient for Standard Coal
Electricity 860 kcal/kWh 1.229 TSC/10,000 kWh
Gas 7700-9300 kcal/m? 13.3 TSC/10,000 m?
Liquefied Petroleum Gas 12000 kcal/kg 1.7143 TSC/ton
(LPG)

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 (S,.) grid was calculated according to equation (1);

AGBHy = BUVOL,/S, (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, R; denotes the
rank order of city i, P; is the population size of city i, a is often referred to as the Pareto index, K is a
constant, and € is a disturbance term. It is assumed that a Pareto index a of 1 implies compliance with
Zipf's law; a larger a implies a more dispersed urban size distribution(Human, 1949).

logR; =logK —alogP; + ¢ 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 Y; is the normalisation constant, N(t) is the urban size at time t, and 8 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 8 = 1, Ay = 0, y does not change, and
Y is linearly related to N .

logY(t) = Blog N(t) + log Y, 3)
Ay/y = (B —1)AN/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.
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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.
'|II‘

1e6
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.
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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.
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Figure 6: Changes in Zipf law for energy consumption in urban buildings. Source: Drawn by the
author
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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 a 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
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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 a-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,
itincreasesto 1in 2005, and in the development from 2005 to 2020, the Pareto index a 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).
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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 B-value of the scale index between 1990 and 2020. From 1990 to
2020, the trend of the B-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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Case Study Report

The “Dream Home” Project
Community Development Initiatives Driving the Flow of Urban
and Rural Resources

Xiao LIU, Shanghai Tongji Urban Planning & Design Institute Co., Ltd, China
Fanhua GE, Shanghai Tongji Urban Planning & Design Institute Co., Ltd, China

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 .
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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:

e |t covers a total area of 36 square kilometers. Mountainous terrain makes up more than 90% of
this area.

e |ts average elevation is about 2,100 meters. The annual average temperature is around 16°C, and
the annual precipitation is about 800 millimeters.

e |t has a permanent population of 2,200. Over 98% of them are from the Bai ethnic group.

e |t 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.
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Figure 2. Yong'an Village and the "Salt Horse Trail" in Yunlong County. Source: Photographed and drawn by
the project team.

59554, ISOCARP
= World Planning Cities & Regions in Action
” Congress Planning Pathways to
) - Resilience and Quality of Life
> RIYADH | uoLs,J! Y
B Civmieeos



Liu, X.; Ge, F.H The “Dream Home” Project: Community
Development Initiatives Driving the Flow of
Urban and Rural Resources

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
partin 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".

Undergraduate Rural children
Conduct rural social research & Deeply understand the natural and
participate in rural teaching cultural heritage
support programs Cultivate a sense of belonging
Broaden horizons & enhance
%(_/7 capabilities
<3
o
S
>
3o
@O
=
—+wn
Youth Planner Villagers

/ Participate in rural

Provide a village planning proposal
development and governance

& Conduct technical training on village
construction

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:

e The Iterative Planning Process.
e The Collaborative Planning Practice.
e 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.

Yong'an Village “Multi-plan integration”
Yong'an village Assistance Operation Map Plan for Village Improvement and Upgrading Practical Village Planning

AL Ivan Bl WIS

[ 1

Checklist Guide - Effect Guide Installment Guide

Provide the most direct Guide the improvement of the Consider the Sustainable
construction guidance living environment Development of Villages
2019 2021 2023

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".
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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 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:

e Planning-led guidance to define long-term development objectives
e Conceptual transformation to mobilize wider participation
e 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.

Initiative Framework of “Dream Home"

GOAL THREE MAJOR INITIATIVES “1+1+N” Model
a. Longer-term Achieving the guiding role through One plan
development goals practical planning to lead
b. More diverse people . Collaborate to awaken and cultivate ‘ One Co-Creation
to participate village development talent Pathway
c. More pragmatic Creating Livable village through Key A number of
implementation projects livelihood projects projects to activate

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.
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Figure 11. 2023 Event Photos. Source: Taken by the project team.

Yunlong County is
a Priority Area for Biodiversity Conservation in China
a Key Area for Biodiversity Conservation in Dali Prefecture

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.
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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 hm?, 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" (ClJ/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 hmz,
51 parks), district-level parks (4-10 hm2, 76 parks) and community parks (0.3-4 hm2, 109 parks).
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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 POls 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 t;, forming
the catchment area of j. M; represents the attractiveness of j within its catchment area, and the total
population of each community within the catchment area, after weighting, is P,. 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
R; of UPGS to community population is expressed as follows(1):
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M;
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M;
R(]) = ZkE{t‘S/Stkj,psto}G(tkj'tO)Pk (1)

M
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In this formula, tyj ., txjp and tyj . represent the travel times for visitors to travel from k to j via walking,
public transportation, or driving, respectively. t, 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, t, 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 t§’. G(tkj,to) is the distance decay function, expressed as follows (2):

N2
(D) ()
) ;b < o (2)
0, ty; =t
Step 2: Calculating accessibility. Taking each community point k as the center, the supply-demand ratio R;

G(txjto) =

of UPGS located within the spatial catchment defined by the time threshold t; is weighted using the
Gaussian function G(tkj,to), The accessibility of community point k, denoted as Ay, is then obtained as
follows (3):

Zje{tkjsto} G(tkj,tO)Rj
Ay = Zje{tgfstk],,qo}a(tkj to)R; (3)

Zje{to Stjcsto} G(tkj tO)R
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):

ISICIF|—IS]-1)!

0 = Tscrn g (S UL = £(5) @

Where @; 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 U {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 @, be the model's baseline prediction. Then, we have (5):

f)=0,+3L.0; (5)

Where f(x) is the model's prediction for input x, @, is the baseline value (the expected value or mean of
the model output), @; 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):

fo(xs) = Ex. = [f(xs’Xc)] (x5, Xo)dP(Xc) (6)
X denotes the feature used to plot the partial dependence and interaction functions, and X represents
the remaining features. P(X.) is the probability distribution of the complementary features X,. 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.
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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.
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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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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 vacuumes, 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).

D
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Map 1: Repercussions of Beirut port explosion. Source: author, 2025

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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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 Larrere &
Larrére (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. Afirst 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.
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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” (Grinewald 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.

Horizontal dissociation
/’-)V . . = ‘-\‘\.
P Housing scale Neighborhood scale Beirut scale M
M e
Self-management and a i Model of “opportunistic ; Model of “suspended
culture of “resourcefulness” : resilience” ; resilience”

Short term ‘, v Long term
Temporal Maobilizes a local and Mobilizes a local and
dissociation international network international network

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 Mikhaél 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 Al 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 Al 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
Al are in tech hubs like Zhongguancun and Qinghe. However, the outer areas where people
mostly make things are less affected.

Keywords

Al 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,

&. ISOCARP

& World Planning Cities & Regions in Action
Congress Planning Pathways to
TN (ﬁ RIYADH | uoluJl Resilience and Quality of Life
N4 a}" 1- 4 DECEMBER 2025



He, X.L.; Wu, Z.Q.; Chu, L.Y.; Lai, Y. Spatial Resilience and Inclusive Development of
New Employment in Beijing

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 Al systems to form exposure scores that represent what different Al
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 Al 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 Al
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
| 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.

Step 1: Data Acquisition and Preprocessing Step 3: RAG-Based Data Matching

1.1 Standardized Occupation Data Construction 3.1 Knowledge Base Construction

WA+ China Occupational Classification (2022)
= * Data encoding and standardization
* Remove categories 1, 7, 8 —

Multi-dimensional attributes
Embedding-based retrieval
Similarity search optimization

Final: 6 major—63 medium—360 minor— 1,605 fined 32 LLMs-RAG Matching SETvies

LLMs generation - Context augmentation
* RAG Pipeline - Query understanding & retrieval

1.2 Online Recruitment Data Collection
- = * Multi-platform: 58.com, Zhilian, BOSS,
sq [Ek Q Liepin, 51job, etc.

B0ss /) ° Beijing 2024 online recruitment data
* Data cleaning and quality control

Final: 740,000+ valid records

¢ Quality Assurance

Step 4: Geocoding, Spatial Analysis,

Visualization & Policy Analysis

\L 4.1 Baidu Map-based Geocoding

. - " * Address Preprocessing
Step 2: Multi-Model Integrated LLMs « Baidu API batch processing
Exposul’e Index Construction * Coordinate system transformation

4.2 Spatial Analysis and Pattern Recognition
* Kernel Density Estimation

2.1 Exposure Assessment Framework

E0: No exposure (0) El: Direct exposure (1.0) * Local Spatial Autocorrelation
E2: Exposure by LLM- E3: Exposure given :-_:-;43: - ;

d applicati 0.5 i bilities (0.5 - o o 50, % 4
powered applications (0.5) image capabilities (0.5) : “w A8,

Output: Spatial clustering patterns and distribution
characteristics of different LLMs exposure occupations

2.2 Multi-Model Validation System

® v ¥ ¥ &

5 runs X 5 models = Average Scores

4.3 Policy Analysis and Recommendations
¢ Industrial Policy: Sector-specific strategies
* Labor Market Policy: Training & transition
* Spatial Planning: Functional zone optimization

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 Al 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-40 (OpenAl) 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 Al) 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 (OpenAl, 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?). 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-40 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-40) 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.

claude-3-5-
-4 ini-2.5-flash Im-4-flash D k-R1
gpt-4o gemini-2.5-flas sonnet glm as eepSee
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.
. claude-3-5-
gpt-4o gemini-2.5-flash 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- 0.752 0.799 1 0.720 0.796
sonnet
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 Al. 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).

Top 15 Medium Category Occupations Al Exposure Chart

2-01 Scientific:
Researchers

2.07 Regulatory,
Legal, Social, and
Religious

2-06 Economic and
Mean Exposure: 0.281 Financial
Max Exposure: 0.420 iy <o
Min Exposure: 0.169

240 Journalism and

2-08\Educational

301 Adghinistrative
ang Auml\aw

AD7-easing olesateand
Business Services Etall Service
Professionals Personnel
(0.284) (0.286)

Figure 2. Al Exposure Across Occupations (63 Medium-Category). Source: Authors.

Industrial analysis reveals a clear hierarchy of Al 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 Al automation.
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Table 3. Al Exposure Across Industries. Source: Authors.

3.3. Socioeconomic Correlates of Al Exposure

The pattern between educational attainment and Al 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.
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Table 4. Al Exposure Across Education Levels. Source: Authors.
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Salary analysis shows that there is a positive correlation between compensation level and Al exposure (R?
= 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 Al on knowledge-intensive and well-compensated
jobs involving information processing, analysis, and routine decision-making tasks that can be automated
with algorithms.

Exposure score &t (Exposure score)

1.2

0.8
0.6
0.4
0.2

0 10000 20000 30000 40000 50000 60000
Salary

Table 5. Al Exposure Across Salary Levels. Source: Authors.

3.4. Socioeconomic Correlates of Al Exposure

Spatial analysis of the distribution of Al 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
Jiuxiangiao 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-Xisanqgi 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 Al'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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4. Discussion

The results show fundamentally changing urban labor market structures caused by the advancement of
Al and have important implications for urban planning, human resource development, and economic
policy. The extreme sectoral imbalance in exposure to Al 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 Al 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 Al 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 Al 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 Al 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 Al 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 Al 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 Al 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 Al-induced labor market transformation. Recommendations to address this information
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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 (Al) would shed light on the
dynamics of technological changes and labor market adjustments. Comparative study of several cities
would reflect on the mediators between Al 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 Al technology continues to accelerate fast,
continuous monitoring and assessment of the impacts of Al 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.
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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.
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Figure 1. Integrated Multi-Scale x 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).

Spatial scale

Core spatial characteristics

(condensed)

Pathways to physical activity & health
(condensed)
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* Transport system (public transit,

network structure)

* Neighborhood layout & block
structure

» Land-use configuration

* Distribution of public &
commercial facilities

Meso level

* Community green/open spaces

* Street greenery & landscape
features
* Lighting, sidewalk continuity,

Micro level aesthetics

# Local environmental quality (air,

noise, microclimate)

* Provides structural preconditions for transport-
related PA.

+ Enhances walkability & cycling accessibility;
reduces travel distance & energy use.

* Mitigates congestion & environmental
exposure, benefiting physical & mental health.

* Shapes the convenience & frequency of leisure
and domestic PA.

+ High connectivity and accessible
green/recreational spaces promote leisure
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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.

HEALTH

PHYSICAL

ACTIVITY
: TRANSPORT METABOLIC /
i+ Regular @ j CARDIOVASCULAR
, moderate .4 * Risk reduction
. to vigorous . B » Fitness/obesity
| LEISURE
7"&’;2&: mix - Reciom ol WELLBEING
4 i i « Voluntary &
* Public transit ’ « Stress relief
R : FUNCTIONAL + Mood
QUALITY  « Short duration PR TG
; © Walkability 8.7 3% Lightintensity 7 bssssssssssssssssss
B B
i { + Sustained WELL-BEING
]  + Low intensity » Social interactions
SE— ; * Sense of
| belonging
N 4

— Direct Effect
------- * Indirect Effect

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).

Sociodemographic Sub-group Built Env.lronment Physical Activity Health !?»eneflts / Key Analytical Poin
Factor Perception / Use Pattern Risks
Prefer safe, well-lit,
high-quality More leisure-oriented . Safety and
environments; and neighborhood- Greater psychological environmental

and saocial well-being

Women sensitive to street based activities in ains in high-aualit aesthetics strongly
lighting, visibility, and pleasant and safe EnvironmSnt_? ¥ shape women’s
Gend access to green settings. ’ activity and health.
ender spaces.
. . . Stronger
I‘V'Io.r.e |nﬂue!1ced by Higher p_ropor’tlon of cardiometabolic Men respond more tc
facility density, street commuting and . .
Men L . - benefits from transport-related buil
connectivity, and functional physical e .
. .. utilitarian and environment feature:
transport conditions.  activity. . .
commuting activities.
Use a wider activity High activity . Benefit when Activity space is large
. . frequency and diverse transport systems and
radius; rely heavily on o . s and shaped by
Young Adults R activity types public facilities "
citywide transport and . . . regional-scale
. i (commuting, leisure, support extensive .
public facilities. L infrastructure.
sport). mobility.
Age Prefer neighborhood-
scale, barrier-free, Predominantly low- to Significant physical
quiet, and green moderate-intensity and psychological Highly dependent on
Older Adults  environments; walking and gains from walkable,  micro-scale walkabilit
sensitive to walkability neighborhood green, accessible local and accessibility.
and micro-scale activities. environments.
features.
More Ilk_ely tolive in . . Higher chronic disease
areas with lower Constrained physical . o
. . L e risks due to low- SES restricts “health-
environmental quality, activity opportunities; . . . R
Low SES - SN quality environments  supportive spatial
fewer facilities, and less participation in . .. e
- . - . and limited activity opportunities.
Socioeconomic limited service leisure-time PA. opportunitios
Status (SES) accessibility. PP )
atus
Greater access to . T
) . Higher participation in . SES enables more
high-quality h . Greater psychological, . .
f . i leisure and restorative . - discretionary and
High SES residential and L social, and restorative .
- activities (parks, gyms, ) health-enhancing
recreational health benefits. .
green spaces). activity patterns.

environments.

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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Data type

Main sources & spatial scales

Processing & key indicators

Role in BE-PA—Health framework

Built environment data

Physical activity data

Residents’ health data

Coverage across three scales: macro,
meso and micro. Macro/meso data
mainly from land-use datasets, remote
sensing imagery and open-source maps.

Collected through combined subjective
(e.g. surveys) and objective methads,

and classified by activity type (transport-

related, leisure-related, etc.).

Cover three dimensions: physical,
psychological and social health. Sourced
from public health databases, health
surveys and medical examination
records.

At macro/meso scales, compute density, land-
use mix, street network configuration, and
accessibility of public service facilities, with
emphasis on standardising spatial units and
accurate geocoding. At micro scale, use street-
view imagery and on-site audits combined with
deep learning to quantify human-scale
indicators such as street greenery, openness
and fagade continuity.

All activity is converted to a unified unit using
METSs. Preprocessing includes outlier removal,
missing-value imputation and indicator
normalisation, followed by WHO-based activity
level classification. Data are then
spatiotemporally matched with built
environment indicators.

Physical health (e.g. BMI, blood pressure, blood
glucose) and psychological health (e.g. anxiety,
depression, subjective well-being) are
preprocessed via missing-value treatment,
outlier adjustment and reliability—validity
testing. Continuous variables are standardised;
categorical variables are dummy-coded;

Provides multi-scale structural and
perceptual measures of the built
environment, enabling consistent
quantification of urban form and
human-scale spatial quality.

Captures type- and intensity-specific
physical activity patterns and links them
to built environment characteristics in a
comparable multi-scale analytical
framework.

Provides multidimensional health
outcome measures that are comparable
across individuals and over space-time,
forming the dependent variables in the
BE—-PA-Health analysis.

temporal and spatial dimensions are aligned
across datasets.

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.

BE Indicators Physical Activity Metrics Physical Health Indicators

Proportion of Active Commuting (by Walking/

Residential Density - . BMI
Cycling) Physical
Macro Streetscape Health
Scale Employment Density Aesthetic Quality Daily Travel Time Spent on Walking/Cycling N Blood Pressure
Indicators
Land-use Mix Walking/Cycling Distance for Trips Blood Glucose
Street Connectivity llrmRiig;ngt on Household Chores / Leisure Walking Depression
Meso  Public Transport Accessibility Household and  gyercise Frequency Mental  Anxiety
Recreational
Scale » . Activities Health
Walkability and Cyclability Network Frequency of Park/Sports Facility Use Life Satisfaction
Density
Neighborhood Green Space Ratio METs of Household and Recreational Activities Attention / Concentration
Green View Index Daily Sedentary Time Interpersonal Trust and Perceived Social
Support
i Sidewalk Width Occupational MVPA social Frequency of Social Participation / Social
icro Activities ocial Engagement Frequency
Scale Health

Street Wall Continuity Duration of Physical Activity Activities of Daily Living (ADLs)

Community Cohesion / Neighborhood

Streetscape Aesthetic Quality Cohesion

METs of Occupational Activities

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.
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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

3.1llmpact 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 low 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). Stomatal 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 CO, 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 Al (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. CO,
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 all, urban block morphology indirectly yet powerfully regulates green space carbon sinks. It shapes
light, temperature, humidity, soils moisture, and compaction conditions. Improving sequestrations
efficiency call 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.

\\.\‘_\ ; ) 4;/,/

\\‘_:;/,/ 3 )
Fully Enclosed High-Rise Semi-Enclosed High-Rise Open High-Rise Building Scattered Building
Building Green Space Building Green Spaces Green Spaces Green Spaces

Fully Enclosed Low-Rise Semi-Enclosed Low-Rise Open Low-Rise Building
Building Green Space Building Green Spaces Green Spaces
g > 4
. gl
.
Waterfront Green Spaces Bare Soil Green Spaces Artificial Ground Green Spaces Semi-Artificial Ground No Green Spaces

Green Spaces (No Green Space Carbon Sinks)

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:

e 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.

o 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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e 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.

Liverpool
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Heathrow

Figure 1 Crossrail (Elizabeth line) (BBC, 2022)

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.

Planning
/
UK National Planning Framework
ﬁ(g Parliament Crossrail Act 2008
(Strategic planning)
Egﬁ'glgﬁ The London Plan Call in powers
AUTHORITY

33 Boroughs

o

(Regional Plan) >

Local plans
(Development Consent)

Figure 2 Three Tier Planning System (Author)
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2.3. Funding Context

Funding
Crossrail funding was shared between 4 Planning ___ gﬁg UK Egﬁ@gﬁ ™
central government and the GLA. The :siﬁ]rova' Parliament  ZG7RoRTY
. 50% 50%
business case assumed value capture
through: \/
e  Stamp Duty increases and wider £ g
- Q
tax growth : =
e Fare revenue via Transport for
London Rail Delivery ONLY
Stamp Duty Local Tax
e The Mayoral Community 50% development Borough Fare income
t ia TfL
Infrastructure Levy (MCIL) —a znusrt':f,;?onsites I Planning Approval (v )
development tax Y Development )
® 50% return on sale of surplus Figure 3 Crossrail Funding Mechanism (Author)

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.

Funding Pot

CRL funds TfL funds 3 Party To be secured London Outer London

Delivery " .
anages funding pot B h-led
Memorandum of Understanding e —— osr::);egmee . Borough .
UK+GLA + Boroughs for London implementation
development

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.
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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 ~AS15
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
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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, c:r::ﬁ;gmmen‘
combined with state funding for the
railway, has resulted in well thought

. L Fi 7A Vision Masterplan (Victoria Planning Authority, 201
through project which is expected igure 7 Arden Vision Masterplan (Victoria Planning Authority, 2018)

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 ~CS$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)
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4.1. Planning Context

Toronto has experienced significant population /The TOC Program ~

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 @ I(l)‘!;l;a;;f"l;ucture + ﬂ]_m'“]nnN"]

principle possible due to land availability, it would

|ead to Significant transport problems downtown Memorandum of Understanding Transit Oriented
. Community program alongside infrastructure
due to a current mode share of 76% for vehicle investment
trips. To address this, the ambitious public o
Objective

transport infrastructure expansion was initiated, in

conjunction with the TOC programme. Increase land-use intensification at transit hubs to address
housing shortage, reduce vehicle travel and increase

public transport ridership.

/

Figure 9 TOC Programme Governance and Objective
(Author)

4.2. Funding Context
Funding and Delivery

The TOC and infrastructure programme is fully e ™
funded by the Province of Ontario. The business Infrastructure Funding 2= METROLINX
model centres on land value uplift (LVU), Ontario Rail Delivery ONLY
all Deliver
enabled through: . Y
e Legislative changes allowing proactive Land assembly
land assembly ) TOC station sites
=
S . 5
e  Ministerial ?9nmg Orders (MZOs) to Z|  Ministerial Zone value Uplif
bypass municipal approvals Order (MZO)
Both measures allow Infrastructure Ontario to
optimise the development potential at each ‘Collect and Compete’ —— P“'Va;elsec"or
. — . , TOC deli
station location in the ‘collect and compete anen
model. The sites, once assembled (collect) and  \_ J

with a new planning target, are brought to
market for developers to compete for, generating Figure 10 TOC Funding and Delivery (Author)
returns to government ahead of the station

opening.

4.3. Project Response — use of MZQO'’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).

ISOCARP

World Planning Cities & Regions in Action
Congress Planning Pathways to
RIYADH | uoiJlI Resilience and Quality of Life

1-4 DECEMBER 2025

250 Data sensitivity - Public



Junker, G; Hong, S Successful Delivery of Transit Oriented
Development in different Planning and
Governance Context

4
Response to Applicant

X

Submission of

Pre-Application

Consitation —> | Application Circulation

Application

'

Application Revision &

Recirculation

NN
[ e—)

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)

Typical MZO Process

Submission of
Application

OPA / ZBLA in Effect

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

v
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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
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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 awind 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.

i i i DC Load
Micro Wind Turbine MPPT Solar Wind | 1

Hybrid Controller

AC Load

House

Photovoltaic Systems

Inverter I

Battery Storage

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

Cost Components

Per unit Cost

Cost as per prevailing
market rates (%)

Cost of Solar Panel of 3kW* (needed 10 in nos) 20,000 2,00,000
Cost of micro turbine 1kW needed 1 in no 50,000
MPPT Solar & Wind Hybrid Controller 40,000

A 48V 200Ah lithium battery for solar & wind power systems 1,15,000
Hybrid Inverter 45,000
Sum of all the component costs 4,50,000
Govt Subsidy (2-3kW) Subsidy = Rs 60000/- to 78000/-** 60,000
Total Cost of Installation % 3,90,000.00

Source: Author  «Most adopted for residential use in India

**Govt Subsidy under PM - Surya Ghar: Muft Bijli Yojana
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
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Fixed Charge (Installation + minimum fixed connection charge) @ X100
month 1200
O & M cost (As 2 % of total capital cost of installation) X 7,800.00]
Self-Consumption of the energy generated (Assuming 80% of power|
generated) 4485.12 kWh/yr
lAnnual Savings Calculated
Retail Energy Charge from DISCOM (varies from state to state) X 6.5 kWh/unit
Total Savings from Retail Energy (Annually) X 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.

5, ISOCARP

< World Planning Cities & Regions in Action
Congress Planning Pathways to

\J

S RVADH | oL,  Resilience and Quality of Life
1- 4 DECEMBER 2025



Kaur, A. A policy framework for integration of renewable

energy sources in Pradhan Mantri Awas Yojna
Program: flagship program for Affordable
Housing

5. References

1.

10.

11.

12.

13.

Amplus Solar (2024) A comprehensive guide to hybrid wind and solar systems. Available at:
https://amplussolar.com/blog/a-comprehensive-guide-to-hybrid-wind-and-solar-systems/
(Accessed: 23 November 2025).

Asian Development Bank (2024) Private sector investment: Affordable green housing,
decarbonization and climate. Available at: https://www.adb.org/news/videos/private-sector-
investment-affordable-green-housing-decarbonization-and-climate (Accessed: 23 November
2025).

Climate Action Network (2021) Key reasons why solar and wind energy will lead the way to a safer
climate and a brighter future. Published 19 October. (Accessed: 23 November 2025).

EcoFlow, How to  build a wind turbine for home wuse. Available at:
https://www.ecoflow.com/us/blog/how-to-build-wind-turbine-for-home-use  (Accessed: 10
October 2025).

Gabbar, H. A. & Ramadan, A. (2025) ‘Integrated Renewable Energy Systems for Buildings: An
Assessment of the Environmental and Socio-Economic Sustainability’, Sustainability, 17(2), p 656.
Doi: https://doi.org/10.3390/su17020656 (Accessed: 23 October 2025).

Geek for Geeks (2025) Introduction to inverters. Available at:
https://www.geeksforgeeks.org/electrical-engineering/introduction-to-inverters/ (Accessed: 23
November 2025).

Gillard, R., Sudmant, A., Gouldson, A. & Oates, L. (2018) Affordable and clean energy for all: Lessons
on rooftop solar from Delhi, India. Coalition for Urban Transitions, London and Washington, DC.

Godrej Properties (2024) Renewable energy integration in buildings: Solar, wind and beyond.
Available at: https://www.godrejproperties.com/blog/renewable-energy-integration-in-
buildings-solar-wind-and-beyond (Accessed: 23 October 2025).

De Arruda, R.N., Figueiredo, K., Vasco, D.A., Haddad, A. & Najjar, M.K. (2023) ‘Cost—benefit analysis
of solar energy integration in buildings: A case study of affordable housing in Brazil’, Frontiers in
Built Environment, 9. doi: 10.3389/fbuil.2023.1255845.

Enel, X. How does a photovoltaic system work? Available at:
https://corporate.enelx.com/en/question-and-answers/how-does-a-photovoltaic-system-work
(Accessed: 23 November 2025).

Energy Education, Micro-wind turbine. Available at:
https://energyeducation.ca/encyclopedia/Micro-wind turbine (Accessed: 23 November 2025).

Hirst, E. & Hannon, B. (1979) ‘Effects of energy conservation in residential and commercial
buildings’, Science, 205(4407), p 656—661. doi: 10.1126/science.205.4407.656.

[llinois Renewable Energy Association (2025) Power your home day and night with a wind-solar
hybrid system. Available at: https://www.illinoisrenew.org/technology-and-innovation/power-
your-home-day-and-night-with-a-wind-solar-hybrid-system/ (Accessed: 10 October 2025).

59554, ISOCARP

o World Planning Cities & Regions in Action
” Congress Planning Pathways to
> T Resilience and Quality of Life
w, RIYADH | ol JI
K/, §‘.§$’ 1 - 4 DECEMBER 2025

267


https://amplussolar.com/blog/a-comprehensive-guide-to-hybrid-wind-and-solar-systems/?utm_source=chatgpt.com
https://www.adb.org/news/videos/private-sector-investment-affordable-green-housing-decarbonization-and-climate
https://www.adb.org/news/videos/private-sector-investment-affordable-green-housing-decarbonization-and-climate
https://www.ecoflow.com/us/blog/how-to-build-wind-turbine-for-home-use
https://doi.org/10.3390/su17020656
https://www.geeksforgeeks.org/electrical-engineering/introduction-to-inverters/
https://www.godrejproperties.com/blog/renewable-energy-integration-in-buildings-solar-wind-and-beyond
https://www.godrejproperties.com/blog/renewable-energy-integration-in-buildings-solar-wind-and-beyond
https://corporate.enelx.com/en/question-and-answers/how-does-a-photovoltaic-system-work
https://energyeducation.ca/encyclopedia/Micro-wind_turbine
https://www.illinoisrenew.org/technology-and-innovation/power-your-home-day-and-night-with-a-wind-solar-hybrid-system/
https://www.illinoisrenew.org/technology-and-innovation/power-your-home-day-and-night-with-a-wind-solar-hybrid-system/

268

Kaur, A. A policy framework for integration of renewable

energy sources in Pradhan Mantri Awas Yojna
Program: flagship program for Affordable
Housing

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Indian Institute of Management Sirmaur, Green residential housing: Making cost effective &
affordable. Final report submitted to National Housing Bank.

Intergovernmental Panel on Climate Change (IPCC) (2012) Renewable energy sources and climate
change mitigation: Special report of the Intergovernmental Panel on Climate Change. Edited by R.
Pichs-Madruga, O. Edenhofer, Y. Sokona, K. Seyboth, P. Eickemeier, P. Matschoss, G. Hansen, S.
Kadner, S. Schlomer, T. Zwickel and C. von Stechow. Cambridge: Cambridge University Press.
https://www.ipcc.ch/site/assets/uploads/2018/03/SRREN Full Report-1.pdf.  (Accessed: 10
October 2025).

Kalogirou, S.A. (2015) ‘Building integration of solar renewable energy systems towards zero or
nearly zero energy buildings’, International Journal of Low-Carbon Technologies, 10 (4), p 379—
385, https://doi.org/10.1093/ijlct/ctt071

KP  Group, Wind turbine generators: Working, types, parts. Available at:
https://kpgroup.co/blog/wind-turbine-generators-working-types-parts/ (Accessed: 10 October
2025).

Kumar, G. & Sharma, S.N. (2022) ‘Evolution of affordable housing in India’, European Journal of
Business & Social Sciences, 10(9), p 20-29. doi:10.5281/zenod0.7832687.

McKinsey & Company (2024) How grid operators can integrate the coming wave of renewable
energy. Available at: https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-
insights/how-grid-operators-can-integrate-the-coming-wave-of-renewable-energy (Accessed: 23
November 2025).

Ministry of New and Renewable Energy (2024) Guidelines for PM-Surya Ghar: Muft Bijli Yojana:
Central Financial Assistance to Residential Consumers. Government of India, New Delhi.

Mottaleb, K.A. & Rahut, D.B. (2021) ‘Clean energy choice and use by the urban households in India:
Implications for sustainable energy for all’, Environmental Challenges, 5, 100254. doi:
10.1016/j.envc.2021.100254.

National Grid, What is battery storage? Available at:
https://www.nationalgrid.com/stories/energy-explained/what-is-battery-storage (Accessed: 23
November 2025).

NeoGrid (2024) A simple guide to installing a solar panel system. Available at:
https://www.neogrid.com.au/a-simple-guide-to-installing-a-solar-panel-system (Accessed: 10
October 2025).

Oluokun, O.A., Akinsooto, O., Ogundipe, O.B. & lkemba, S. (2024) ‘Integrating renewable energy
solutions in urban infrastructure: A policy framework for sustainable development’, International
Journal of Multidisciplinary Research and Growth Evaluation, 5(1), p 1035-1048.

Pacific Northwest National Laboratory, Renewable integration explained. Available at:
https://www.pnnl.gov/explainer-articles/renewable-integration (Accessed: 12 October 2025).

Roychowdhury, A., Sareen, R. & Singh, M. (2020) Beyond the four walls of PMAY: Resource
efficiency, thermal comfort and liveability in the affordable housing sector. New Delhi: Centre for
Science and Environment.

.

f ;. 1ISOCARP
.4

6‘ World Planning Cities & Regions in Action
&
9

Congress Planning Pathways to
b RIYADH | soJ| Resilience and Quality of Life
"_;f ?.5’ 1 - 4 DECEMBER 2025


https://www.ipcc.ch/site/assets/uploads/2018/03/SRREN_Full_Report-1.pdf
https://doi.org/10.1093/ijlct/ctt071
https://kpgroup.co/blog/wind-turbine-generators-working-types-parts/
https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/how-grid-operators-can-integrate-the-coming-wave-of-renewable-energy
https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/how-grid-operators-can-integrate-the-coming-wave-of-renewable-energy
https://www.nationalgrid.com/stories/energy-explained/what-is-battery-storage
https://www.neogrid.com.au/a-simple-guide-to-installing-a-solar-panel-system
https://www.pnnl.gov/explainer-articles/renewable-integration

Kaur, A. A policy framework for integration of renewable

energy sources in Pradhan Mantri Awas Yojna
Program: flagship program for Affordable
Housing

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sen, A.K. ‘Sustainable and affordable housing: Opportunities and challenges’. Available at:
https://www.iipa.org.in/publication/public/uploads/article/30121712048653.pdf. (Accessed: 12
October 2025)

Sharif, M. & Kazim, Z. (2025) ‘Combating Climate Change Through Renewable Energy
Development’, Proceedings of the 10th International Conference on Water Resource and
Environment, pp 449-457.

Sood, A. (2023) Affordable housing and environmental sustainability: Building a greener future.
The Times of India - Voices. 3 June. Available at:
https://timesofindia.indiatimes.com/blogs/voices/affordable-housing-and-environmental-
sustainability-building-a-greener-future/ (Accessed: 24 June 2025).

Teng, Q., Wang, X., Hussain, N. & Hussain, S. (2025) ‘Maximizing economic and sustainable energy
transition: An integrated framework for renewable energy communities’, Energy, 317, p 134544,
https://doi.org/10.1016/j.energy.2025.134544.

TERI (2014) HUDCO: Building green. Available at: https://www.teriin.org/sites/default/files/2018-
02/2014BG02%20HUDCO.pdf (Accessed: 23 November 2025).

Terli (2022) What is a wind-solar hybrid power system? Available at: https://www.terli.net/What-
is-a-wind-solar-hybrid-power-system-id41549687.html (Accessed: 10 October 2025).

Tsenkova, S. (2021), Energy Efficient Affordable Housing, Policy Design and Implementation in
Canadian Cities, 1%t edn, Springer Nature.

UNEP (2022) 2022 Global Status Report for Buildings and Construction: Towards a zero-emission,
efficient and resilient buildings and construction sector. Nairobi: United Nations Environment
Programme.

U.S. Department of Energy (2019), PV cells 101: Primer on solar photovoltaic cells. Available at:
https://www.energy.gov/eere/solar/articles/pv-cells-101-primer-solar-photovoltaic-cell
(Accessed: 10 October 2025).

U.S. Department of Energy (n.d.) PV cells 101 part 2: Research directions. Available at:
https://www.energy.gov/eere/solar/articles/pv-cells-101-part-2-solar-photovoltaic-cell-research-
directions (Accessed: 10 October 2025).

Wehbi, H. (2024) ‘Powering the future: An integrated framework for clean renewable energy
transition’, Sustainability, 16(5594). https://doi.org/10.3390/su16135594

Windustry  (n.d.) Household wind energy system components. Available at:
https://www.windustry.com/household-wind-energy-system-components.htm (Accessed: 10
October 2025).

59554, ISOCARP
o World Planning Cities & Regions in Action
Congress Planning Pathways to
\

T Resilience and Quality of Life
7N {;g RIYADH | jo LI y

1 - 4 DECEMBER 2025

269


https://www.iipa.org.in/publication/public/uploads/article/30121712048653.pdf
https://timesofindia.indiatimes.com/blogs/voices/affordable-housing-and-environmental-sustainability-building-a-greener-future/?utm_source=chatgpt.com
https://timesofindia.indiatimes.com/blogs/voices/affordable-housing-and-environmental-sustainability-building-a-greener-future/?utm_source=chatgpt.com
https://doi.org/10.1016/j.energy.2025.134544
https://www.teriin.org/sites/default/files/2018-02/2014BG02%20HUDCO.pdf
https://www.teriin.org/sites/default/files/2018-02/2014BG02%20HUDCO.pdf
https://www.terli.net/What-is-a-wind-solar-hybrid-power-system-id41549687.html
https://www.terli.net/What-is-a-wind-solar-hybrid-power-system-id41549687.html
https://www.energy.gov/eere/solar/articles/pv-cells-101-primer-solar-photovoltaic-cell
https://www.energy.gov/eere/solar/articles/pv-cells-101-part-2-solar-photovoltaic-cell-research-directions
https://www.energy.gov/eere/solar/articles/pv-cells-101-part-2-solar-photovoltaic-cell-research-directions
https://doi.org/10.3390/su16135594
https://www.windustry.com/household-wind-energy-system-components.htm

Kawahara, N. Utilizing Existing Condominium Stock for Compact Urban
Development in Shrinking Cities: A Spatial and Policy Analysis

Research Paper

Utilizing Existing Condominium Stock for Compact

Urban Development in Shrinking Cities:
A Spatial and Policy Analysis
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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.

A Conceptual Framework for “Residential Consolidation (RC) “ Eﬂecuve e e S AR Resldentml Consolldation
T 3 2 " e @A
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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:

Cl- _ < HH3py ) (HHtotal,i ) ® HH3rs i Nmur;s?\eir of households living in apartment buildings with three or more floors in

ZHHtotal
The composite index (Cj) 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.

HH¢otql i ¢ HH:orali: Total number of head households in mesh i

ii. Spatial Autocorrelation Analysis

To explore citywide and local spatial clustering, Moran's | 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

59554, ISOCARP

st World Planning Cities & Regions in Action
Congress Planning Pathways to
TN (y RIYADH | uoi,Jl Resilience and Quality of Life
K/ %a)’ 1- 4 DECEMBER 2025

273



274

Kawahara, N. Utilizing Existing Condominium Stock for Compact Urban
Development in Shrinking Cities: A Spatial and Policy Analysis

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:

® CO, 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.

Characteristics

designated cities
by area. It has
large areas of
woodland and
semi-rural land,
further
increasing the
population.

population
density. Despite
its small area,
the population
density is high
due to efficient
use of space.

City Sapporo Yokohama Kobe
Population
(2020%) 1,975,288 3,777,491 1,525,152
Number of
Households 1,014,342 1,732,044 735,525
(2020%)
City Area
(km?) 1,121.3 437.6 557.0
DID**Area
(km?) j31.4d |303.3 154.|1
. LNP adopted, Regulatory LNP + regulatory
Policy Use late shrinkage constraints constraints
. Population Population Lo
Demographic : : A sharp decline is
Trend gg;me has gggme has projected
One of the
largest Notable for its .
. Running from
Japanese- extremely high

north to south
are the Rokko
Mountains. As a
result, the livable
land area is less
than the total
land area.

Eurasian Continent

Sea of Japan

4

The Pacific Ocean

Kobe/Osaka
Metropolitan
Area

Sapporo/Sapporo
Metropolitan
Area

Yokohama/Toky
o Metropolitan
Area

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:

*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/km? and a total population of 5,000 or more.
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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 | 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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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 | 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 