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Series Preface

Urban Climate Change Research Network

Third Assessment Report on Climate Change and Cities (ARC3.3)

William Solecki (New York), Minal Pathak (Ahmedabad), Martha Barata (Rio

de Janeiro), Aliyu Salisu Barau (Kano), Maria Dombrov (New York), and

Cynthia Rosenzweig (New York)

Cities and the urbanization process itself are at a crossroads. While the

world’s urban population continues to grow, cities are increasingly pressed

by chronic and acute stresses including increasing inequity, polluted air

and waters, limited governance and financial capacities, along with

entrenched spasmodic crime and conflict, and the COVID-19 pandemic.

Climate change has now exacerbated these problems and in many cases

created new ones, at a time when cities are asked to be the bulwark of the

climate-solution space. The advent and application of new technologies

and strategies associated with the internet, environmental sensing, multi-

modal transport, and innovative planning and design strategies portend

a new golden age for cities. Some cities provide glimmers of this possible

future, but persistent stresses and intermittent crises, along with climate

change, push against progress. In the Third Assessment Report on Climate

Change and Cities (ARC3.3) of Urban Climate Change Research Network

(UCCRN), we directly address these issues head-on and present state-of-

the-art knowledge on how to bring all cities and their residents forward to

a more sustainable future.

An absolute necessity now exists for cities everywhere, both in the

Global North and Global South, to aggressively work to fulfill their poten-

tial as leaders in climate change action. In the Global North, the task is for

cities to address the emerging challenges from the changing climate and

the exigencies of compliance with the UNFCCC Paris Agreement. For

cities in the Global South, there is the double burden of achieving climate-

resilient development, that is, meeting increasing demand for housing,

energy, and infrastructure for burgeoning populations, while confronting

simultaneous requirements to reduce greenhouse gas emissions and adapt

to a changing climate (UNEP & UN-Habitat, 2021). In all geographies, the

implementation of transformative mitigation and adaptation in cities can be

an instrument to generate livelihoods for those with lower purchasing

power and can enhance capacity to better respond to shocks such as future

pandemics, energy supply chain spasms, and food security emergencies

(UNDP, 2022).

1Planning, Urban Design, and Architecture for Climate Action
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Benchmarked Learning

ARC3.3 builds upon the preceding UCCRN Assessment Reports on Climate

Change and Cities, ARC3.1 (2011), and ARC3.2 (2018). The purpose of the

ARC3 series is to provide the benchmarked knowledge base for cities as they

affirm their essential responsibility as climate change leaders. The ARC3 Series,

with newly added ARC3.3 Elements, presents knowledge that builds on accumu-

lated and shared experiences and thus advances and deepens with time.

In ARC3.1, cities were identified as key actors – “first responders” – in rising

to the challenges posed by climate change (Rosenzweig et al., 2011). According

to ARC3.1, “Cities around the world are highly vulnerable to climate change but

have great potential to lead on both adaptation and mitigation efforts.”

In ARC3.2, this focus advanced into understanding of how cities can achieve

their potential by establishing a multifaceted pathway to transformation

(Rosenzweig et al., 2018). It provided a roadmap for cities to fulfill their leader-

ship potential in responding to climate change. According to ARC3.2, “As cities

mitigate the causes of climate change and adapt to new climate conditions,

profound changes will be required in urban energy, transportation, water use,

land use, ecosystems, growth patterns, consumption, and lifestyles.”

Now, as the urgency of climate change is brought home daily, ARC3.3

offers the knowledge needed to speed up and scale up urban action on climate

change. To accomplish this, ARC3.3 presents practical methods and case

study examples for accelerating change into rapid transformation in cities

across the globe.

UCCRN Assessment Process

ARC3.3 authors were either self-nominated or nominated by a third party and

were selected by the ARC3.3 Editorial Board through comprehensive vetting

that prioritizes expertise, diversity, gender, and geographic balance. Each

Author Team develops a robust assessment of an Element topic, using the latest

literature, while also conducting new research. All Author Teams are respon-

sible for conducting a stakeholder engagement session during the writing

period, with the goal of ensuring relevance to a diverse group of urban decision-

makers. During self-coined “Stakeholder Soundings,” authors present emerging

major findings and key messages to stakeholders, including city leaders from

the authors’ home cities, for their feedback. UCCRN also coordinates a rigorous

iterative peer-review process for each ARC3.3 Element that engages with both

academic and practitioner experts, both in and out of the network.

UCCRN’s Case Study Docking Station (CSDS) is a searchable database

designed to facilitate peer-learning between and among cities, benchmark

2 Climate Change and Cities
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actions over time, and enable cross comparisons.1 The CSDS includes

more than 200 peer-reviewed case studies covering a range of topics

such as climate change vulnerability, hazards and impacts, and mitigation

and adaptation actions for specific sectors. The CSDS has a total of sixteen

searchable variables.2 For example, users can filter searches by climate

zone, city population size, human development index, gross national

income, and mitigation versus adaptation, or directly type in keywords

and city names. Case study examples include flood adaptation in

Bridgetown, cloudburst planning in Copenhagen, and climate action finan-

cing in Durban.

Cities are vanguard sites for opportunities to enhance equity and inclusion.

Besides ARC3.3 Justice for Resilient Development in Climate-Stressed Cities,

equity and inclusion permeate every ARC3.3 Element, as city experts delve into

the multiple dimensions of climate change justice: distributive (relating to

differential vulnerability of groups and neighborhoods), contextual (relating

to the root causes of vulnerability), and procedural (relating to participation in

decision-making for climate change interventions) (Foster et al., 2019).

Recognitional (valuing of diverse identities) and restorative justice (restoring

dignity and repairing the societal harm caused by earlier actions) concepts are

now emerging, as well. Elucidation of ways to achieve all types of climate

justice for the most vulnerable urban groups and equal access to financial and

technological resources for all cities underpins ARC3.3.

ARC3.3 Elements

UCCRN has conducted city-centered assessments since its founding in 2007.

With more than 2,000 scholars and experts from cities around the world,

UCCRN is addressing the research agenda that was formulated at the

Intergovernmental Panel on Climate Change (IPCC) Conference on Cities

and Climate Conference (Prieur-Richard et al., 2018).3 Key components of

1 UCCRN is developing the City Solutions Case Study Atlas (City CSA) which is an accessible
database of climate change adaptation and mitigation strategies that cities globally are
implementing within their local contexts. Case studies included in the UCCRN City CSA
pay special attention to solutions-based projects and initiatives in urban and metropolitan
settings.

2 The searchable variables available to users on the UCCRN CSDS are: ARC3 Assessment,
Language, Continent, Country, City, Urban Design Climate Workshop, Köppen Climate Zone,
Coastal (marine or riverine), City Population Classification, Urban Density, GNI Classification,
HDI Index, Gini Index Coefficient, Type of Climate Intervention, Keywords. https://uccrn.ei
.columbia.edu/case-studies.

3 The Urban Climate Change Research Network actively participates in conferences that highlight
the role of cities in climate change such as Innovate4Cities, the World Urban Forum, and
Adaptation Futures.

3Planning, Urban Design, and Architecture for Climate Action
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this research agenda include urban planning and urban design; green and blue

infrastructure; equity, health, and sustainable production and consumption;

and finance. More than 300 UCCRN authors have now advanced this research

agenda and other critical topics through the Third Assessment Report on

Climate Change and Cities, which consists of twelve peer-reviewed mono-

graphs published as Cambridge University Press Elements, both separately

and together, throughout 2025 and 2026.4

1. Learning from COVID-19 for Climate-Ready Urban Transformation
The COVID-19 pandemic has revealed gaps in city readiness for simultaneous

responses to pandemics and climate change, particularly in the Global South.

However, these concurrent challenges present opportunities to reformulate

current urbanization patterns, economies, and the dynamics they enable. This

Element focuses on understanding COVID-19’s impact on city systems related

to mitigation and adaptation, and vice versa, in terms of warnings, lessons

learned, and calls to action.

2. Justice for Climate-Resilient Development in Climate-Stressed Cities
To ensure climate-resilient urban development, both adaptation and mitigation

must include the broader city contexts related to equity, informality, and justice.

Responses to climatic events are conditioned by the informality of the existing

social fabric, institutions, and activities, and by the inequitable distribution of

impacts, decision-making, and outcomes. This Element elucidates differential

exposure to climate events, as well as distributive, recognitional, procedural,

and restorative justice.

3. Planning, Urban Design, and Architecture for Climate Action
Architects, urban designers, and planners are called on to bridge the domains of

research and practice and evolve their capacity and agency by developing new

methods and tools consistent across multiple spatial scales. These are required

to ensure the convergence of effective outcomes across metropolitan regions,

cities, neighborhoods, and buildings. This Element evaluates how the fields of

urban planning, urban design, and architecture can integrate climate mitigation

and adaptation and presents a manifesto for urban transformation using science-

informed methods and tools.

4. Financing Urban Transitions to Climate Neutrality and Increased
Resilience in Cities
This Element assesses the availability of, and access to, finance for mitigation

and adaptation in urban areas. It evaluates current international flows, national

4 See www.cambridge.org/core/publications/elements/elements-in-climate-change-and-cities for
the full set of ARC3.3 Elements and authors.

4 Climate Change and Cities
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policies, and municipal utilization capacities across private and public sectors,

and nongovernmental and community-based organizations. Global financial

capital is abundant but often flows to corporate investments and real estate

development rather than into critical efforts to mitigate and adapt to climate

change in cities. Political will and public pressure are crucial to effectively

redirect these funds.

5. Urban Climate Science: Building the Knowledge Base for City Risk
Assessments and Resilience
Cities alter the climate system both within their boundaries and nearby through

interactions with impervious land surfaces, energy generation, and transporta-

tion systems. These processes that occur on urban scales are interacting with

larger-scale climate change to exacerbate extreme events that impact urban

dwellers. This Element provides observations and projections of temperature,

precipitation, and sea-level change for the cities engaged in ARC3.3. It assesses

the latest research on heat and precipitation islands, compound extreme events,

and indicators and monitoring, including the use of remote sensing in urban

settings.

6. Governance, Enabling Policy Environments, and Just Transitions
The nature of governance, as a concatenation of social institutions and practices

embedded at different scales, suggests the need for an integrated approach to

address the complex challenges of climate change in cities. This Element sets

forth multi-level governance (MLG) structures for climate action across urban,

provincial, national, and international levels, analyzes the inclusion of urban

actions in Nationally Determined Contributions (NDCs), and assesses the

potential for urban transitions and transformations.

7. Infrastructure for a Net Zero and Resilient Future in Cities
Without infrastructure, cities could not exist. Infrastructure determines urban

form, functions, economic development, people’s livelihoods, and well-being.

By developing transformative infrastructure, cities can achieve ambitious

greenhouse gas emission reductions, build resilience to climate impacts, and

ensure inclusive and diverse access to services. This Element explores infra-

structure planning concepts including life cycle analysis, decentralization, and

integration, and emphasizes the need for equitable, resilient systems designed

according to future climate projections.

8. Nature-Based Solutions: Enhancing Capacity to Respond to Shocks
and Stresses
There is a growing acknowledgment that a disproportionate amount of attention

and finance is invested in hard infrastructure to mitigate and adapt to climate

5Planning, Urban Design, and Architecture for Climate Action
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change in cities. In contrast, soft infrastructure, that is, the use of natural features

and processes, has been comparatively overlooked until recently. This Element

assesses the ways that nature-based solutions (NbS) – such as reforestation,

urban parks, street trees, sustainable urban drainage systems, and community

gardens – can enhance the capacity of cities to reduce greenhouse gas emissions

and enhance resilience to climate stresses.

9. Circular Economies for Cities
Circularity, an economic system where waste and pollution is minimized and

resources are continuously reused, has the potential to transform cities and city

systems in both the Global North and the Global South. Sustainable consumption

and production and supply and demand factors are increasingly being analyzed in

urban contexts. This Element addresses the linkages of circular economics to

climate action planning, the water–energy–food system nexus, and just, local

development.

10. Data and the Role of Technology
Over the past decade, changes in internet penetration and the development of

new information and communication technologies have catalyzed an ecosystem

of approaches that employ “big data” and “smart tools” to support adaptation

and mitigation. Artificial intelligence and machine learning play a large role in

this new technological ecosystem. This Element evaluates the opportunities and

challenges for cities as they employ these new technologies and assesses

emerging tools for their utility in climate change responses.

11. Perception, Communication, and Behavior
This Element explores the latest research on how urban residents perceive climate

change so that effectiveness of actions can be improved. An important corollary

to this is the role that communication plays in how mitigation and adaptation

actions are adopted by cities. In the event of a climate disaster, the way that cities

communicate has a direct effect on residents’ perception of risks and subsequent

behaviors such as evacuation or strategic relocation. The Element addresses how

behaviors by urban inhabitants can be encouraged to changemobility patterns and

energy use in order to reduce greenhouse gas emissions, while simultaneously

helping citizens to prepare for increasing climate extremes.

12. Health and Well-Being
Climate change, especially increasing extreme events, are exacerbating the risks of

mortality, disease, injury, and impacts on physical andmental health andwell-being

in many cities. Climate change also has indirect impacts on health through disrup-

tions in food supply andwater availability. This Element assesses the latest findings
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on all aspects of the intersection of health and climate change for urban residents –

including built form and presence of natural spaces.

ARC3.3 Major Findings and Key Messages

Besides the basic assessment content, each Element includes a statement of

Major Findings and Key Messages. Major Findings bring forward significant

new knowledge that emerged through the assessment process, while Key

Messages are recommendations for new directions, plans, and activities with

a specific focus on opportunities to speed up and scale up urban climate action.

Cross-Cutting Themes

Cities are complex social-ecological-technological systems. While ARC3.3 is

composed of twelve separate Elements, together they comprise multiple syner-

gies, interdependencies, and points of intersection. To highlight these connec-

tions, each Element addresses its own selection of relevant cross-cutting themes

(CCTs). Figure 1 illustrates how significant recurring themes appear within an

Figure 1 Cross-cutting themes associated with the overall ARC3.3 assessment

and the first six Elements, with Planning, Urban Design, and Architecture

highlighted in lower right. This figure is also available to view at

www.cambridge.org/raven-et-al.
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Element and the interlinkages to related Elements. Cross-cutting themes

encompass drivers of urban function, change, and management; governance

of cities across municipal, state/provincial, national, and international levels;

and the role of city-level models and data.

Because the fundamental contribution of the ARC3 series is to enable

a learning process for urban climate action, CCTs across the ARC3.3 Elements

aim to shed light on cause-and-effect relationships and elucidate effective entry-

points for interventions. This focused knowledge of urban social-ecological-

technological systems can inform planners, implementers, and other city actors

as they undertake ways to translate the latest science into climate action in their

own urban communities.

Conclusion

We are pleased to present the Planning, Urban Design, and Architecture for

Climate Action Element of the UCCRN Third Assessment Report on Climate

Change and Cities. This important Element sets forth a new paradigm for the

intertwined research and practice needed to inform and energize climate action

in urban areas. The overarching goal is to enable the transformation of the built

environment to achieve an equitable and just urban future that integrates both

climate change mitigation and adaptation.

This Element is a prime example of UCCRN’s dedication to an ongoing city

assessment process. By providing both timely and benchmarked knowledge for

cities as they grow into their essential role in climate change solutions, UCCRN

comprehensively presents what cities need to know to fulfill their leadership

potential. This knowledge builds on accumulated and shared experience and

thus advances and deepens with time. The ARC3 Series enables this active

learning process in cities all over the world, now sorely needed so that cities can

indeed scale up and speed up their climate transformations.

Foreword I – Kate Orff, FASLA; Professor, Columbia University
GSAPP and Columbia Climate School; Director,

Urban Design Program

Cities and the climate crisis are directly linked. However, it is difficult to separate

the question of climate change and cities from anything else. Cities are human-

ity’s highest collective art form, but at the same time they contain disparate and

nested systems of transportation, buildings, nature, energy, waste, and agriculture.

These interlocking systems are inextricably intertwined with policy, justice, law,

and design contexts, and are layered over time. In the last century, most American

cities have rapidly consumed land, driven by petrochemical consumption for
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fossil fuel-based heating and air conditioning, and shaped by road-based devel-

opment patterns. This pattern has baked CO2 emissions into the DNA ofUS cities

and is to some degree being replicated in the global context.

Urban climate action in cities therefore requires a holistic commitment to not

only a physical understanding of how these systems are intertwined but also

a commitment to addressing them through forging partnerships, coalitions, and

shared initiatives. It requires planners and urban designers to learn new skills

that go far beyond “making” new buildings, landscapes, and compact urban

forms, to creatively “unmake” carbon-consumptive patterns and places, and to

unbuild with equal creative verve tempered by a deep awareness of the social

injustices that need to be addressed simultaneously.

Cities are also vibrant cultural spaces and can be catalysts for change. Unequal

conditions can foster suspicion, mistrust, and the breakdown of the economy and

environment, but cities also enable us to gather, discuss, organize, and do better.

But where dowe start, and how canwe do it? ThisUCCRNElement onPlanning,

Urban Design, and Architecture for Climate Actionmoves these questions farther

along and challenges us to work together to apply the best-available science to

this large, complex, and intertwined global urban habitat we share, and to imple-

ment the changes we need to survive and thrive.

Foreword II – Kongjian Yu, Dean and Professor, Peking
University, College of Architecture and Landscape

President, Turenscape

Cities have always served as reflections of human civilization, shaped by the

technologies, infrastructures, and ideologies of their time – whether agricul-

tural, industrial, or, as is imperative today, climate positive and ecological. At

the nexus of concentrated human activity and nature, cities present both the

origins of contemporary challenges and the opportunities for transformative

solutions. The way we design, manage, and inhabit our cities will determine not

only their resilience but also the survival of humanity itself.

This Element, Planning, Urban Design, and Architecture for Climate Action,

delves into the pivotal role of urban design in addressing climate challenges. It

underscores the essential position of cities in advancing the three interconnected

pillars of climate action – mitigation, adaptation, and societal transformation.

These pillars converge in the urban environment, demanding a shift toward

a new urban paradigm – a deep form – that is ecologically grounded, function-

ally efficient, climate positive, and culturally resonant.

Deep form transcends the superficial aesthetics of conventional design and

rejects the mechanistic, anthropocentric ethos of industrial civilization. Instead,
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it represents an integrative approach, where cities operate as extensions of

natural systems. By harvesting rainwater, regenerating biodiversity, and man-

aging energy and materials with precision, cities can evolve from being mere

habitats to becoming regenerative systems. A city embodying deep form

becomes a demonstration of a sustainable civilization – one that harmonizes

human and ecological needs while reflecting aesthetic and cultural values.

Planning, urban design, and architecture are crucial disciplines in shaping

this future. They influence how societies interact with the environment and with

one another. These disciplines must embrace their responsibility to design cities

that mitigate climate risks, adapt to uncertainties, and inspire societal change.

They must balance ecological intelligence, technological innovation, and cul-

tural expression, advancing the art of survival in urban design.

This Element offers a manifesto for a climate-responsive civilization. It calls

for the reimagining of cities not merely as places to live but as dynamic systems

that sustain life, foster equity, and embody humanity’s commitment to

a sustainable and harmonious future.

Foreword III – Clara Irazabal, Director of the Urban Studies
and Planning Program in the School of Architecture, Planning

and Preservation at the University of Maryland

Planning, Urban Design, and Architecture for Climate Action arrives at a pivotal

moment, offering a comprehensive exploration of how cities can catalyze the

urgent transformation needed for a sustainable future. As humanity grapples with

the escalating climate crisis, cities stand at the forefront of both challenge and

opportunity. Representing over 70 percent of global greenhouse gas emissions,

cities are significant contributors to climate change and critical players in its

solutions, both mitigation and adaptation (Lwasa et al., 2022).

This Element’s remarkable breadth encompasses disciplines from urban

planning, design, and architecture to environmental justice and climate finance.

Each section provides actionable insights grounded in research and enriched by

case studies, underscoring the universality of challenges and solutions. The

Element engages with innovative tools andmethodologies and urban transform-

ation’s social and ethical imperatives, emphasizing equity and inclusivity.

Cities are more than infrastructures; they are hubs of diverse populations,

cultures, innovation, and resilience. Urban leaders, planners, and residents can

harness their strengths to design neighborhoods and regions that are climate-

adaptive, mitigative, and just. By integrating science, policy, and practice, this

Element demonstrates how cities can implement transformative initiatives that

respond to local needs while contributing to global climate goals. By embracing
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integrated strategies that address mitigation and adaptation, cities in the Global

South can lead the charge in fostering climate justice – reducing inequities,

enhancing resilience, and ensuring that marginalized communities are central to

planning processes. Examples in this Element illustrate how these cities can

emerge as laboratories of innovative solutions, blending traditional knowledge

with cutting-edge practices to address local and global challenges.

This Element is more than a grand knowledge repository; it is a clarion call

for bold, collaborative, and inclusive climate action. Whether you are an

educator, policymaker, practitioner, or concerned citizen, this resource should

inspire and equip you in our fight against climate change. We can make cities

beacons of hope and engines of sustainability. The time for action is now!

Series Editors Introduction to Planning, Urban Design, and
Architecture for Climate Action

TheARC3.3ElementPlanning,UrbanDesign, andArchitecture forClimateAction

presents the work of nearly fifty authors who together assess both theory and

practice, as well as the multidisciplinary, cross-sectoral, and social justice issues

embedded in climate change and urbanization challenges that confront cities.† The

result is an Element that reflects the scientific, technical, operational, and social

dimensions of forward-looking research and action in the fields of planning, urban

design, and architecture. It is a guidebook for the transformation of cities in response

to climate change that at the same time advances sustainability and equity.

Designing, planning, and building cities to address climate change mitigation

and adaptation is a complex task that involves the transformation of the energy,

food, water, transportation, housing, and waste disposal systems that are phys-

ically embedded in the city. But a city is also shaped by human needs for social

interactions and the expression of cultural identity, including connection to

nature. Social, cultural, and behavioral patterns are embedded in the structures

of urban life, giving rise to lifestyles and consumption patterns. Cities can

therefore also be spaces for reimagining, reinventing, and redesigning a just

future under changing climate conditions.

This Element is a great “How-To”manual for accomplishing these lofty goals. It

lays out how to conduct multidisciplinary and multi-stakeholder co-design of just

climate interventions. It is a comprehensive assessment of methods, tools, and

† Suggested Citation: Raven, J., Leone, M. F., S. Bhaduri, C. Braneon, D. Corbett, D. Driskell, U.
Eicker, J. Fernández, G. Jing, A. Hürlimann, I. Judah,M. Neuman, B. Norman, D. Pamlin, R. Chao,
R. Roggema, P. Salehi, A. Shellum, A. Souza Santos, J. Towers, C. Visconti. 2025. Planning, Urban
Design, and Architecture for Climate Action. In Solecki, W., M. Pathak, M. Barata, A. Barau,
M. Dombrov, and C. Rosenzweig (Eds.), Climate Change and Cities: Third Assessment Report of
the Urban Climate Change Research Network. Cambridge: Cambridge University Press.
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techniques that practitioners can use to actualize and accelerate mitigation and

adaptation. This duality of the Element, with its deep roots both in the research

literature and everyday practice, helps elucidate real ways that the enormous task of

climate capacity building in cities around the world can be accomplished.

As a concrete way to bring together the multifaceted interactions of research

and practice for individual cities, the Element presents examples from UCCRN

Urban Design Climate Workshops (UDCWs). These sessions bring together

urban designers, urban planners, climatologists, policymakers, stakeholders,

and graduate students to develop tools and methods that identify, configure,

and evaluate responses to evidence-based climate challenges at the range of

scales germane to cities. UDCWs co-generate just climate implementation

actions that consider governmental, developmental, socioeconomic, and eco-

logical conditions. Co-developing these perspectives enables cities to take on

concrete and effective implementation of climate action.

The Element also points to where the twinned spiral of research and practice

needs to proceed next. For example, the authors highlight the paucity of

research on sustainable infrastructure in urban areas in low-income countries.

Fostering research and practice collaborations in these and all countries is

critical to the creation of a future with low carbon, resilient, and equitable cities.

Accelerating climate solutions requires research and practice communities to

transition toward an open, integrated, equitable, and collaborative new model

that constructively influences the very nature of design in the current moment

and in the future. At its core, Planning, Urban Design, and Architecture for

Climate Action addresses this urgent need by formulating a transformative

model for design research and practice. The model enables climate action in

the built environment through assessment of research, field testing, and valid-

ation of urban systems frameworks that integrate mitigation and adaptation. To

enable such integrated and collaborative climate action while meeting unprece-

dented sustainability and social justice challenges, the Element defines and calls

for new knowledge exchange and expertise, modes of engagement, technology

application pathways, and multi faceted, equity-based civil society engagement.

Major Findings and Key Messages

Major Findings

1. Forurbanclimateactions to succeed, theymustbe integratedwith solutions

to immediate challenges facing cities and their inhabitants. Cities around the

globe face multiple stresses, with many residents beset by insecure tenure,

economic turbulence, and growing inequality, as well as increasing climate
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extremes. Holistic planning and design that addresses the full range of stresses,

including climate, is an important new path to effective action. (Section 4)

2. Urban services and associated co-benefits generated by climate-resilient

planning and urban design represent a significant opportunity to

address past and current inequalities experienced by vulnerable groups

and areas. Top-down climate action initiatives often prioritize central urban

core areas and fail to benefit historically marginalized neighborhoods. Since

only a very low percentage of cities have fully integrated justice and equity

effectively into their climate actions, there is great potential for restorative

justice through climate initiatives. (Section 6)

3. Moving from top-down planning and implementation toward local

participatory processes can help to integrate justice and equity into

climate resilient development. In the context of planning and urban design

practices, collaborative processes for knowledge-sharing and co-design in

multi-stakeholder contexts are key to embedding inclusive capacity-building

practices, while co-producing essential knowledge components integrated

into project development. A shift to inclusive, climate-sensitive development

can only be realized through collaboration with many stakeholders, including

local residents as well as policymakers, investors, and researchers. (Section 6)

4. Climate policy is often developed at the city, regional, national, or even

international level, but the neighborhood is a nimble scale for urban

designers and planners to effectively test and deploy innovative climate-

aligned strategies. Focusing on neighborhoods, while integrating policy

information across relevant urban scales, is essential for developing practical

urban design and planning actions to respond to climate change (Section 5).

5. Adaptation is occurring in fragmented and incremental ways and is

lagging behindmitigation. Few urban climate change plans consider mitiga-

tion and adaptation jointly. There is great potential to integrate adaptation and

mitigation goals at building, neighborhood, city, and metropolitan scales.

Mitigation and adaptation strategies include compact land use development,

sustainable mobility, green and blue infrastructure, renewable energy utiliza-

tion, as well as recycling and reuse of water and solid waste (Section 5).

6. Incorporation of urban climate science is essential for the implementa-

tion and testing of innovative and practical urban design and planning

climate actions. Urban climate research provides background information,

observations, and climate change projections for metropolitan, city, neigh-

borhood, and building design scales at the mesoscale (50–500km), local

scale (1–50km), and micro scale (1m–1km). The spatial scales in these two

systems are correlated, enabling both communities of practice to understand

each other reciprocally and to transfer knowledge effectively. (Section 8)
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7. Planning, design, and architecture that incorporate climate strategies

foster co-benefits that proliferate across urban systems. Observed social,

economic, and environmental co-benefits fulfill human needs and enhance the

quality of life of urban communities. Specific key co-benefits of climate actions

include increased quality of public spaces and access to social services; employ-

ment and income generation from new green jobs creation; improved quality of

water, soil, and air; and increased urban biodiversity. (Section 4)

8. A transition to a more equitable, climate-integrated, collaborative, and

rapidly deployable design paradigm is underway. Elements of the new

paradigm include understanding and appreciation by researchers and practi-

tioners of overlapping interests and expertise; applying off-the-shelf digital

platforms to rapidly enable and foster sharing and communications between

the sectors; governments and private sector investment in applied research to

advance innovation and learning on climate change in cities; integrated

educational opportunities for students in professional programs learning

about climate change and the built environment; rapid deployment of

research findings to the marketplace; and promotion of sustainable infra-

structure research in all regions of the world. (Section 2)

Key Messages

1. Transformative urban climate adaptation and mitigation will require

evolution and innovation of planning discourse, governance, and tools, as

well as greater integration of design practice across spatial scales. Systemic

transformation that simultaneously encompasses metropolitan region, city,

neighborhood, and building scales will motivate decision-makers, urban plan-

ners, designers, and architects to generate new practices for thinking, organiz-

ing, and acting that support climate action and justice.

2. Urban climate justice including restoration of past harms and greenhouse

gas emissions reductions need to be embedded in all development projects

along with solutions for current challenges. Urban transformation requires

centering the lived experiences and priorities of marginalized communities,

ensuring that climate action simultaneously addresses structural inequalities

and environmental risks. Incorporating baseline and historic studies of local

vulnerabilities alongside climate analyses enables development projects to align

mitigation and adaptation measures with community-defined needs and goals.

3. Enhancing participatory urban climate-resilient planning and deploy-

ment is an important priority for policymakers and practitioners

alike. In the context of planning and urban design practices, collaborative

processes for knowledge sharing and co-design in multi-stakeholder con-

texts are key to embed inclusive capacity-building practice while co-
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producing essential knowledge components integrated into project devel-

opment. A shift to inclusive, climate-sensitive development can only be

realized through collaboration across many stakeholders, including pol-

icymakers, investors, researchers, and residents.

4. All projects should include both mitigation and adaptation. Integrating

mitigation and adaptation within urban planning, design, and architecture is

essential to ensure cities address both the drivers and impacts of climate

change. There is a need to highlight more deliberate strategies that align

long-term resilience with emissions reduction efforts.

5. More attentionneeds to be paid to climate action at the neighborhood scale.

Thefine-grained spatial scale of a neighborhoodenables local communities to be

actively engaged in the process of decision-making, design, and implementation

for adaptation. The neighborhood scale also provides important mitigation

opportunities, such as compact neighborhood development, which decreases

resource use and prevents urban sprawl, thereby reducing GHG emissions.

6. Design professionals should proactively interact with urban climate sci-

entists. Collaboration between design professionals and urban climate scien-

tists enables the testing of relevant climate change scenarios and interventions

for specific urban areas. Such cross-sectoral engagement ensures that urban

form and spatial strategies are informed by climate science, strengthening the

potential for transformative action at all design scales.

7. Professional planning, design, and architecture organizations need to

enable and promote effective capacity building for climate action among

their members. Climate action focused on capacity building is lagging. To

respond to this deficit, climate-aligned standards, training, and guidelines for

practitioners should be advanced to build professional capacity. Design guide-

lines play an important role in capacity building by integrating and transforming

multi-disciplinary scientific knowledge into intuitive and straightforward plan-

ning practice and should align development needs and local priorities.

1 Introduction and Framing

Faced with cities’ urgent need for concrete climate action, planners, urban

designers, and architects play a key role in developing climate action roadmaps

for buildings, districts, cities, and regions across the world. The purpose of this

Element, Planning, Urban Design, and Architecture for Climate Action in the

Third Assessment Report on Climate Change and Cities (ARC3.3), is to motiv-

ate planning and design strategies for urban climate action that act in synergy

with short- and long-term social, economic, and environmental goals and thus

deliver sustainable solutions tailored to local priorities. Transforming cities for

climate resilience is a cross-sectoral challenge. This Element provides concrete
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ways planning, design, and architecture can contribute to climate-resilient

development, which comprises combined blueprints for climate change adapta-

tion and reduction of greenhouse gas emissions, while supporting a socially just

and sustainable future for all (IPCC AR6).

In UCCRN’s Second Assessment Report on Climate Change and Cities

(ARC3.2), the “Urban Planning and Urban Design” chapter defined a set of

evidence-based urban climate factors aimed at integrating mitigation and adapta-

tion actions (Raven et al., 2018; Rosenzweig et al., 2018). This Element builds on

that chapter to develop tools and methods to assess – and ultimately configure –

climate-resilient urban transformation by bridging climate research and climate

action. The Element assesses these strategies from region to city and from neigh-

borhood to building scales, with a primary focus on urban neighborhoods.

To integrate climate mitigation and adaptation, this Element assesses

research, models and simulations, field testing, and validation of urban system

strategies, built environment configurations, and policy frameworks (Figure 2).

It draws from the work of policymakers, scientists, designers and planning

practitioners, private-sector actors, non-governmental organizations, and com-

munity experts. Its goal is to enable integrated climate action in cities through

expansion of the capacity and agency of planners, urban designers, and archi-

tects to create roadmaps for urban transformation.

A shift to inclusive, climate-sensitive development can only be realized

through collaboration across and among stakeholders, including governmental

civil servants, investors, researchers, and residents; and through alignment and

coordination of action across scales, from the neighborhood to the citywide,

regional, and national scales. Urban practitioners are both trained and posi-

tioned to facilitate this cross-sectoral, integrated change.

Because cities are currently responsible for an estimated 70 percent of global

greenhouse gas emissions and with urban systems exceeding their ecological

capacity,5 they require massive built environment retrofits and widespread

adoption of sustainable lifestyles (Tan et al., 2021; IPCC, 2022). Radical and

replicable shifts from food, energy, water, transport, waste, buildings and

natural systems to efficient and integrated urban systems are crucial to achieve

climate-aligned mandates and ambitions.

Local characteristics of the built environment drive the intensity and impact of

climate change in cities (Oke at al., 2017). Local climate hazards are aggravated by

the profound transformations that have been caused by the growth of settlements

and the effects of concentrated activities in urbanized areas. Urban systems and

5 Ecological capacity is an ecosystem’s ability to produce biological materials used by people and
to absorb waste material generated by humans (GEMET, 2021). See www.eionet.europa.eu/
gemet/en/concept/15125.
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human behavior affect both local climate vulnerabilities and GHG emissions. They

shape local microclimatic conditions and require varied response capacities.

At the same time, through organizations such as the Global Covenant of Mayors

forClimate andEnergy (GCoM), cities are consolidating their role at the forefront of

collective action and policy innovation to tackle the climate emergency

(Rosenzweig et al., 2025). Many cities have set ambitious climate targets and are

working to accelerate the transition by acting as replicable laboratories for testing

Figure 2 Framework for climate-aligned urban design (Raven, J. 2025).
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and applying innovative mitigation and adaptation strategies, multi-stakeholder

partnerships, and financing models (GCoM, 2022). The 2022 IPCC Sixth

Assessment Report (AR6) estimates that compact and resource-efficient cities

could reduce global GHG emissions by a quarter by 2050 compared to a

business-as-usual scenario (IPCC et al., 2022).

At present, the predominant way inwhich cities are being developed neglects the

comprehensive action necessary to meet the Paris Agreement target of limiting

warming to 1.5°C (UNFCCC, 2015).6 Science indicates achieving this target would

require the reduction of global greenhouse gas (GHG) emissions by 43 percent by

2030 and 84 percent by 2050 (IPCC, 2022). These targeted reductions are com-

monly translated to 50 percent by 2030 and to net zero by 2050 (as recognized in

the, e.g., Glasgow Climate Pact [UNFCCC, 2021]). Simultaneously, cities must

also adapt to the changes that cannot be avoided. Therefore, the status quo must be

disrupted if the extent of climate change is to be limited, and for cities to be well

adapted and sustained under these new climate conditions.

The goal is to develop the knowledge foundation needed to meet the unprece-

dented urban challenges posed by climate change. City case studies are embedded

throughout the Element to provide insights from actions undertaken by cities

from a wide range of geographies. These cities are testbeds for the approaches,

methods, and tools described in this Element. Using case studies, practitioners

can learn how other cities are adapting their climate actions to local circumstances

such as demographics, geography, climate, culture, and financial capacity.

The Planning, Urban Design, and Architecture for Climate Action Element

thematically connects with several ARC3.3 Elements on compound climate

risks, resilient development, smart-energy grids, and green and blue infrastruc-

ture (Figure 3). Local climate data must be used to ensure effective planning and

urban design; infusing science-based design with community insights can

reduce vulnerabilities; incorporation of traditional ecological knowledge will

advance just adaptation; and cost-effective infrastructure can be usefully devel-

oped that integrates mitigation and adaptation.

This Element is divided into eight sections that present key concepts associ-

ated with the paradigm shift in planning, urban design, and architecture theory

and practice required for climate transformation in cities.

• Research Informing Practice, Practice Informing Research highlights the

dynamic paradigm between climate action and research. Persistent barriers to

6 Evidence frommultiple sources including the IPCC, global datasets, reports from national and local
agencies, and peer-reviewed literature confirms that climate change is occurring more rapidly and
ubiquitously than previously projected, with 1.5°C overshoot likely (Schleussner et al., 2024;
Rosenzweig, et al., 2025).
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confronting climate challenges led by local practitioners and stakeholders can

illuminate urgent research gaps. In response, these challenges shape a pragmatic,

problem-solving research agenda and in turn, can be applied and tested by

stakeholders and practitioners to evaluate positive climate outcomes.

• Urban Transformation through an Expanded Climate and Innovation Agenda

reflects on the need to involve urban practitioners, innovators, communities, and

decision-makers in order to promote rapid climate-resilient development with

a focus on human needs and societal well-being. Architects, urban designers, and

planners are called to stimulate transformative change through disruptive,

dynamic, non-linear, and systemic visions that reflect the impact of innovation.

• Climate Resilient Urban Transformation analyzes the return on urban trans-

formation investments and introduces how pragmatic climate policies benefit

Figure 3 Cross-cutting themes linking ARC3.3 Planning, Urban Design, and

Architecture to other Elements.
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from synergies between social aspirations and urban systems. Included are

cross-sectoral benefits of urban transformations to public health, economic

savings, and job creation shaped by climate justice and equity, and examin-

ations of “carrot and stick” incentives by public, private, and institutional

actors that motivate action.

• Integrating Mitigation and Adaptation focuses on actions that synergize the

two primary goals of climate intervention through the lens of applied research.

In place of the usual dichotomy between mitigation and adaptation that can

lead to uncoordinated actions or adverse outcomes, the section explores syner-

gistic activities that are ideally suited to urban environments and better allocate

limited resources. This includes climate-management activities designed to

reduce GHG emissions while producing win-win climate benefits through heat

stress reduction, flood management, and infrastructure resilience.

• Embedding Environmental and Climate Justice in Planning and Design inte-

grates this societal challenge into the fabric of climate-driven planning and

urban design processes through engagement on community priorities, resili-

ence strategies, decision-making, and project phasing. Climate action can

present economic opportunities for cities, but these benefits should be sure to

address distributional, contextual, and procedural equity. This section high-

lights climate-driven transitional justice, job training, and circular economy

initiatives that enable access to economic opportunities for disadvantaged

groups. It describes how differential vulnerabilities, such as climate hazards

and air quality, can be addressed by urban design and planning.

• Capacity Building for Urban Decision Makers and Practitioners describes

current research on stakeholder processes and explores how community

experts, policymakers, and practitioners can strengthen knowledge sharing,

co-design, and co-evaluation practices. Effective local climate action draws

from a set of shared parameters including equity in funding, inter-agency

collaboration, and recognition of common priorities. Collaboration with the

full range of stakeholders involved in climate-resilient transformation of

cities can help balance top-down and bottom-up perspectives.

• Metrics, Performance Indicators, and Tools presents assessment methods and

state-of-the-art approaches for adaptation and mitigation, ranging from digital

and modeling tools to intuitive climate-based design guidelines to direct stake-

holder engagement practices. The questions are how to assess performance,

evaluate success, and leverage climate research for replication and up-scaling.

Spatial scales are analyzed in terms of required cross-sectoral expertise, tools,

and methods, from buildings to local neighborhoods to metropolitan regions.

• Urban Design Climate Workshops (UDCWs) describes an innovative action-

driven framework, developed to confront climate change in cities and identify
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opportunities for cross-sectoral refinement (Raven, 2021). It provides examples

from multiple UDCWs with urban design practitioners, researchers, policy-

makers, stakeholders, and graduate students8 working side by side. The

UCCRN team has partnered with city officials, communities, and practitioners

to support local roadmaps on climate action in cities across the globe by jointly

confronting city-specific challenges and applying methods and tools to support

the climate-resilient planning and design.

• Conclusions and Research Gaps summarize vital information on planning,

urban design, and architecture for climate action and recommend future work.

2 Research Informing Practice, Practice Informing Research

Our changing climate is posing an unprecedented set of challenges. The built

environment is the result of an innumerable number of multifaceted decisions

informed by science, engineering, architecture, urban design, planning, and many

other disciplines. Cities have long faced threats from war, disease, and pollution.

Concerns regarding the human-affected urban microclimate have been part of

urban planning but became particularly critical during the Industrial Revolution.

The urban heat island (UHI) phenomenonwas first described andmeasured in the

early 1800s, both anthropogenic sources of heat and effects of urban morphology,

built surfaces, and vegetative cover (Howard, 1818). (See Additional Resources

for further historical information related to the built environment in cities.)

Deep collaboration and sustained sharing of knowledge among architects, plan-

ners, engineers, and scientists are required to effectively and promptly address the

evolving threats of climate change, while rapidly reducing GHG emissions from

the built environment. This section explores this critical need for knowledge

production and sharing to enable amore resilient and sustainable built environment.

2.1 International Climate Policy Processes and the
Built Environment

The Intergovernmental Panel on Climate Change (IPCC) has cited the built

environment as one of the most important, economical, and practical sites for

immediate and substantial GHG emissions reductions (Lucon et al., 2014; Cabeza

et al., 2022). The technology solutions to achieve a reduction in energy use in the

built environment by mid-century exist today: these include high-performance and

low-cost insulation materials, units glazed with solar control films and gases, high-

efficiency heating and cooling systems, energy-efficient appliances and equipment,

and smart and digital control systems (GlobalABC/IEA/UNEP, 2020).

However, obstacles that currently hinder widespread adoption of such low/

zero-carbon and adaptive solutions in the built environment are weak building
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codes, ineffective zoning that does not prevent urban sprawl, lack of financing

solutions for higher upfront investments, imperfect information, lack of aware-

ness of available technologies, and industry fragmentation. There are also

vested interests in maintaining ‘business-as-usual’ practices that utilize the

same construction methods as before, thus limiting choices for consumers.

The 26th United Nations Framework Convention on Climate Change

Conference of the Parties (COP26), held in Glasgow in 2021, had positive

outcomes that have created momentum for better embedding climate action

into the built environment sector. Directly relevant is the commitment “urging

parties to further integrate adaptation into local, national and regional planning

(s8 and s51).” Furthermore, more than twenty-four countries and a group of

leading automobile manufacturers committed to ending fossil fuel vehicles by

2040. The outcome of COP26 confirmed that a major global challenge is building

and retrofitting more climate-sensitive cities. This challenge for the built envir-

onment can only be tackled successfully by a much stronger interactive connec-

tion between knowledge and practice, and thus between research and practice.

COP27, held in Sharm-el-Sheik in November 2022, further expanded

the focus on buildings as a critical industrial sector to achieve decarbonization.

It highlighted the embodied carbon of materials and technologies used in the

construction sector, in addition to carbon emissions from building operation.

The establishment of a Loss and Damage Fund now underway is expected to

accelerate the development of solutions simultaneously targeting climate miti-

gation and adaptation by investing in resilient infrastructure, promoting sus-

tainable design, and enhancing urban capacity-building among stakeholders.

At COP28 in Dubai, UN-Habitat promoted the role of cities in addressing

climate change and launched the call for climate action through transformative

urban planning, together with leading organizations including C40 Cities, Urban

Partners, United Cities and Local Governments (UCLG), and enhancing the Our

City Plans toolbox through climate change and infrastructuremodules. At COP29

in Baku, more than 160 stakeholders, including countries and cities, endorsed the

Multisectoral Actions Pathways (MAP) Declaration for Resilient and Healthy

Cities, with an emphasis on advanced planning and design for urban sustainable

transport, green construction, urban agriculture, and nature-based solutions.

2.2 Research and Practice

Research communities and practitioners are generally served by conferences,

journals, and academic and professional societies that foster intradisciplinary

interactions, collaborations, and communications. However, intradisciplinary

communication and collaboration in research and practice communities have
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not resulted in ease of interdisciplinary communication and collaboration to

the extent needed for rapid development of effective climate actions.

Communication and collaboration among fields begin to diverge at the univer-

sity level when students choose to specialize in planning, urban design, archi-

tecture, engineering, or other fields. Many professional educational programs

separate these disciplines upon matriculation into one field or the other. As

students graduate and become certified by the relevant professional organiza-

tions, the disciplinary separation is locked in.

The separation is even greater between the built environment professional

fields and the physical, biophysical, and social sciences. The sciences generally

are taught in academic units (departments, colleges, schools) that are separate

from those specializing in planning, urban design, architecture, and engineering.

Furthermore, research communities remain substantially siloed from prac-

ticing communities and vice versa. The complex and evolving challenges of

climate change action – embedded in both mitigation and adaptation – are not

easily separated into discrete issues that can be effectively tackled by one

discipline. Many evolving climate threats – for example, sea level rise, extreme

heat, and increasing heavy downbursts – require multiple research and prac-

ticing communities to come together to understand the fundamental science of

the phenomenon, develop science-based solutions, and deploy resources and

professional knowledge from practice in the real world (Rosenthal et al., 2007).

Fortunately, a significant portion of research focused on the built environ-

ment is generally considered applied, where research inquiries are guided by

agendas in fields such as engineering and urban climate science informed by

opportunities for actualized deployment in buildings and cities. These research

agendas for the built environment are now fundamentally influenced by the

challenges of climate change.

Partly because of the applied nature of this work, researchers today can connect

to practice in several ways: through networks; joint conferences and special issue

publications focused on climate change; integrated foundational and professional

educational opportunities (see Box 1); innovation activities, including startups; and

consultations and engagements with industry and building professionals. However,

there is a critical need for broader, deeper, and more sustained communications and

interactions between researchers and practitioners, both those who are ready to

engage with climate change and those who are already addressing its challenges.

Today, research and practice communities can dramatically strengthen their

interactions to accelerate the emergence and deployment of solutions to climate

change (Fallman et al., 2020). This requires building new bridges and strengthening

existing ones to enhance two-way interactions and communications between the

priorities and insights of the research community and those of practitioners.
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BOX 1 BUILDING BRIDGES BETWEEN RESEARCH AND PRACTICE:
PEDAGOGY AND PARADIGM

The education of design practitioners represents one of the most important

opportunities to challenge paradigms that isolate knowledge production in

the academy from professional know-how in the field. Climate change is

transforming education as a matter of pedagogy and curriculum, resulting in

a fundamental rethinking of the relationship between research and practice.

Sustainability as a paradigm requires broad social engagement, collabora-

tive and transdisciplinary teaching structures, and the capacity to integrate

and seek out knowledge well beyond isolated professional disciplines or

“best practice”models. Pedagogically, the challenge is teaching students the

skills they need to excel in the marketplace, while giving them the know-

ledge they need to remake that very marketplace (Towers, 2005).

Three recent examples exemplify this work at the macroscale of

universities and the microscale of graduate and undergraduate courses.

In May 2021, the Massachusetts Institute of Technology (MIT) released

Fast Forward, an updated “Climate Action Plan” to their 2015 prior

commitment. By leveraging research, innovation, and education, they

align the mission of their institution with the challenge facing humanity

at large: “find[ing] affordable, equitable ways to bring every sector of

the global economy to net-zero carbon emissions no later than 2050”

(MIT, 2021).

Based on similar institutional commitments at the Parsons School of

Design, a course-by-course evaluation of the undergraduate architecture

program curriculum aligns the urgency of the climate crisis with educating

the next generation of designers (Hagan, 2022). For architecture this means

exploring, researching, and understanding the systems of extraction, produc-

tion, manufacturing, assembly, use and life cycle of materials, and the new

paradigm of of circularity (cradle to cradle) versus linearity (cradle to grave).

In 2012, the New York Institute of Technology graduate urban design

program aligned the focus of its curriculum with the multi-year develop-

ment of Urban Design Climate Workshops (UDCWs).7 UDCWs encom-

pass urban climate science, policy, legislation and governance, multi-scale

planning and design, engineering, ecology, and social sciences, engaging

students in real-world urban planning experiences.

7 Supported by the National Science Foundation. In 2022–2024, the Erasmus+ funded project
UCCRN_edu expanded this collaboration by experimenting with innovative multi- and inter-
disciplinary educational pathways and integrating higher education curricula courses.
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Architects and planners worldwide understand that climate change is

a present and growing challenge for the built environment. However, specific

agendas that drive research in the social and biophysical sciences focused on the

climate are not well known and not broadly understood by individuals and

organizations in professional practice (Hosey, 2017). This is the case in most

regions of the world, and it is thus reasonable to state that the typical architect is

not deeply knowledgeable about the science of climate change.

Similarly, scientists and engineers working in specialized and highly tech-

nical fields are not generally familiar with the priorities of practicing communi-

ties of planners, urban designers, architects, and engineers. Specific points of

common interests can motivate more effective communication and deeper

collaboration between research and practice.

The need for creating bridges between research and practice is being answered by

boundary organizations and city networks. The role of nonprofit, advocacy, think

tank, and other types of organizations in advancing the deployment of research into

practice and facilitating connections between practitioners and researchers is cru-

cially important. Organizations such as the Urban Climate Change Research

Network, World Green Building Council, Local Governments for Sustainability,

C40 Cities Climate Leadership Group, and the World Economic Forum develop

practical climate-informed research to bridge the science-to-practice gap.

As planning and urban design in cities involves a wide range of stakeholders,

research and practice will be bridged only if they arise from integrative

approaches that employ co-design (Webb et al., 2018). UCCRN’s UDCWs

bring research into practice by exploring how urban design and planning can

drive impactful climate action in urban areas through a co-designed and bottom-

up approach (see Section 9). Embedding transformative approaches into the

planning process, such as through UDCWs, enables cities and stakeholders to

move away from models and prototypes to actionable solutions.

2.3 Design in Transition

For both research and practice, solving fundamental questions of how cities

change and how they can increase their resilience to climate shocks demands

new forms of inquiry and practice. Cities are socio-ecological-technological

systems (SETS) operating in specific geographic locations with multiple inter-

secting social, geographical, historical, economic, and ecological factors

(Figure 4) (McPhearson et al., 2022; Chester et al., 2023).

Enabling integrated climate action in cities requires expanding the agency of

urban planning, urban design, architecture, engineering, and construction.

Evidence-based, cross-sectoral design and planning processes require development

and rezoning scenarios that include climate mitigation and adaptation. The process
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includes visioning, stakeholder exchange, and solutions testing, while critically

engaging with established planning paradigms. Desired outcomes include zero-

carbon urban mitigation strategies and adaptation interventions for biodiverse,

flood-resilient, and green cities with cleaner air, lower summer temperatures,

ubiquitous urban encounters with nature, and enhanced civic life.

Climate action also requires integration across multiple scales – telescoping

throughmetropolitan region, city, neighborhood, and building lenses. Embedding

climate action in urban areas needs to occur at each level to ensure it is incorpor-

ated into strategic planning and urban design, local area and neighborhood

development, and building construction, each supporting the others.

Research informing practice and practice informing research may involve

different approaches at each of these spatial scales. Some focus on more

governmental aspects, others more partnerships with the private sector, and

others with academia. New platforms for connections are increasingly required

to support multi-stakeholder exchanges – for example smart digital platforms –

to enable greater sharing of knowledge, co-design and co-production of innova-

tive planning, and urban design solutions. The digital city approach, i.e. a city

Figure 4 The SETS framework acknowledges the interactions and

interdependencies among the social–cultural–economic–governance systems

(Social), climate–biophysical–ecological systems (Ecological), and

technological-engineered infrastructural systems (Technological) that drive

urban patterns and processes (McPhearson et al., 2022).
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that utilizes information technologies and web-based platforms to manage its

infrastructure, services, and citizen interactions, provides greater opportunity

for collaboration when accompanied by appropriate ethical considerations such

as privacy (Norman, 2018; Yigitcanlar et al., 2021). These tools can provide

important spatial platforms for more efficient integrated decision-making, such

as the Smart City Initiatives in Rio de Janeiro (Calzada, 2021).

Problem setting and solution formulation in the context of climate change

requires new methodologies of engagement and knowledge production to gener-

ate the system level change that is called for. “Transition Design” is a new

methodology that has emerged from the scholarship of design practice in response

to climate change (Norman & Stappers, 2016; Irwin, 2019). Transition Design

draws on approaches from the social sciences to understand the historical and

cultural roots of problems and places, stakeholder concerns, co-design, and

collaboration at the center of the problem-solving process. Traditional design

approaches (characterized by linear processes and decontextualized problem

frames, whose objective was the swift realization of predictable and profitable

solutions) are inadequate for addressing this class of problems. (See Additional

Resources, Figure 1, for the Transition Design Framework.)

2.4 Accelerated Climate Solutions

The urgent need for substantial climate action in the built environment this decade

demands a concerted effort to connect the latest science with the best practice

(IPCC, 2018). Accelerating climate solutions requires that research and practice

communities transition toward an open, integrated, and collaborative new model

that constructively influences the nature of design. Climate justice, sustainable

infrastructure in developing countries, and co-design are three key elements of

this new model.

Climate justice is a key element of this transition. Research and practice can

prioritize climate justice into their distinct modes of inquiry and add climate

justice as a measure of the implications of a new technology to vulnerable

communities. In setting priorities, architects, planners, building professionals,

owners, and investors of the built environment can incorporate progress toward

climate justice as a fundamental measure of success.

Additionally, there is a paucity of research on sustainable infrastructure in

developing countries (Thome et al., 2016). Fostering important research/prac-

tice collaborations in developing countries is critical to a future of low carbon

and equitable cities (Costello &Zumla, 2000). Effective solutions will also arise

from integrative approaches in a continuous and self-reinforcing manner from

a systems approach that employs co-design (Webb et al., 2018).
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Key considerations for research and practice in advancing climate change

actions in cities include:

• Understanding and appreciation by academics and practitioners of the valu-

able contribution of different perspectives

• Smart digital platforms that enable and foster better sharing and communica-

tions between sectors

• Investment by governments and the private sector in applied research that can

advance innovation and learning of urban climate change

• Integrated educational opportunities for professional students learning about

climate change and the built environment

• Rapid movement of research findings to the marketplace

• Promotion of sustainable infrastructure research especially in developing

regions

3 An Expanded Urban Climate and Innovation

Although there has been progress in adaptation governance and planning, with

~170 countries including adaptation in their climate policies and planning

processes, there remains a significant gap between the actions required and

those taking place (Béné et al., 2018; Torabi et al., 2018). Existing governance

and planning systems and their processes and components (e.g., discourses,

structures, tools, and practices) in the Global North and South are intrinsically

challenged by their multi-functionality and trade-offs between functions across

temporal and spatial scales (Asadzadeh et al., 2023; Bush & Doyon, 2019).

Although incorporating coping and incremental adaptation measures in

established governance processes and planning has shown some ability to

manage the challenges associated with climate change, emerging evidence

shows their incapability to drive the transition toward more just and sustainable

cities. Relying on only conservative coping and reformative incremental

approaches in shaping already-in-operation governance and planning systems

can sharpen existing mismatches, generate opposite effects, exacerbate existing

or new vulnerabilities, and cause maladaptation (Anguelovski et al., 2016;

Ziervogel et al., 2016).

Many adaptation responses are fragmented, incremental, sector-specific, and

unequally distributed. These result in differing levels of implementation, sig-

nificant gaps in adaptation and mitigation, and, in some cases, maladaptation,

which can severely impact marginalized groups. Thus, transformative mechan-

isms are needed to fundamentally change existing governance and planning

systems. Transformative adaptation urges decision-makers and planners to
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generate new mechanisms for thinking, organizing, and action that support

resilience and incorporate them into planning discourses, governance struc-

tures, tools, and practices (Hölscher et al., 2019). Such systematic transform-

ation can potentially reorient planning discourses, reorganize governance

structures, innovate planning tools, and expand planning practices at various

scales and locations.

Initial climate work focused on reducing emissions from existing systems

rather than on solutions needed for global sustainability. This section argues that

this gap is due to a lack of representation and direction, and a disconnect

between human needs and innovation that motivates a limited and short-term

approach to addressing complex challenges. Specifically, instead of addressing

root causes, most current practices focus on symptoms that arise from existing

systems. This shortcoming is mainly due to a reductionist approach to carbon

emissions and ignoring the complex interrelationships from a systems perspec-

tive where human needs are intertwined with sustainable development.

Repositioning human needs at the center means asking fundamental questions

about existing systems and motivations.

There is a wealth of solutions to the many challenges that already exist –

whether currently connected to climate or not. In the prevailing approach to

climate action, there is pressure for cities and metropolitan regions to arrive at

the table with a predefined climate-focused solution. This is exclusionary and

against the imperative that all actors and sectors must be involved to achieve the

1.5°C threshold (Rosenzweig et al., 2025; Schleussner et al., 2024). Therefore,

now more than ever, it is essential to “meet cities where they are.” This means

identifying successful solutions from across the globe, assessing whether they

are climate focused or could be adapted to have a climate focus in the future, and

exporting and scaling them.

Transformative change is disruptive and systemic, occurs at relatively large

scales, requires multiple actors, and involves reconfiguring technology, econ-

omy, institutions, and society, including paradigms, goals, and values

(Visseren-Hamakers et al., 2021). The scope of transformation is, therefore,

on discourses (dominant narratives, persuasions, theories), structures

(arrangements, organization, administrations), tools (strategies, plans, pro-

jects), and practices (norms, rules, incentives). Systems transformation refers

to changing a system’s underlying structures, patterns, and dynamics to

achieve a desired outcome.

In response to the challenge of operationalizing transformative change, this

section explores the connection between innovation, technology, and human

needs, proposing an Expanded Climate and Innovation Agenda (ECIA). This

agenda proposes a dynamic approach to addressing the climate crisis that puts
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human needs at the center, leverages the technologies of the fourth industrial

revolution, and encourages the identification and export of solutions from

cities and regions around the globe. Under this agenda, a new innovation

ecosystem is required that incorporates all actors, including incubators and

start-ups, to contribute to collective action toward addressing climate change.

The section starts by outlining the ECIA before unpacking the human needs

approach. It then moves towards implementation by identifying capacities

needed for the ECIA to come to fruition before concluding with a call to

action.

3.1 A Human Needs-Driven Agenda

If the goal of urban and spatial planning is to develop “good” cities and make

them better places to live, it is essential to define these concepts to understand

how planning could best achieve them. Defining the notion of a “good” city has

been a topic of debate by urban scholars for decades, with notable scholars,

including Lefebvre (1996) and Friedmann (2000), contributing to the discourse.

Utopian visions of cities are not intended to be a blueprint but rather to establish

a foundation of values informed by contextual factors that offer transformative

and creative alternatives to current practices.

Harvey (1973) called for “genuinely humanizing urbanism,” and Lefebvre

(1968) for “the right to the city.” Amin (2006) argues that a “good” city is one

built upon “an ethic of care incorporating principles of social justice, equality,

and mutuality.” He summarizes this idea as “contemporary urban solidarity.”

How to achieve this solidarity hinges upon the capacity of institutions of

governance to engage with local complexity. The “good” city contains robust

climate action plans that balance the economic activity necessary to sustain

livelihoods and urban processes while innovating new methods to nurture and

enhance existing social and environmental systems. This requires fundamental

transformation at the systemic level to redefine development and how success is

measured (see Case Study 1). Kaika (2017) argues that humans are “living

indicators” of the quality of urban environments and that learning from the

experiences of individuals through established platforms for inclusive engage-

ment in decision-making processes is essential.

One illustrative example of a city iteratively following on this approach is

Naples, Italy, which is building local climate mitigation and adaptation

strategies and identifying synergies with community needs, with a focus on urban

redevelopment of peripheral areas and the application of UDCWmethods and tools

since 2018. Local communities and stakeholders are engaged through collaborative

mapping exercises and parametric design tools to assess climate mitigation and
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CASE STUDY 1 LEVERAGING THE WATER–ENERGY–FOOD NEXUS: SYNERGISTIC
OPPORTUNITIES FOR CLIMATE CHANGE MITIGATION AND ADAPTATION IN LEH8

Daphne Gondhalekar

Leh, located in the Indian Himalayas, is a rapidly transforming small city

facing serious water scarcity and wastewater management issues. As the

population grows and tourism is steadily rising, groundwater extraction

and wastewater seepage is increasing. In 2009, the Ladakh Autonomous

Hill Development Council commissioned an international consulting

company to address this challenge. They designed a centralized sewerage

system with a conventional energy-intensive sewage treatment plant at the

foot of Leh. In 2014, construction began, however, as project costs

increased over the years, the system could not be constructed as planned

and, today, only half of Leh can be connected.

Since 2012, the Nexus Research Lab at the Technical University of

Munich, has been collaborating with Leh through a human needs-driven

agenda to address the city’s continuing water stress through the design of

a Water–Energy–Food (WEF) Nexus approach for replication in the area of

Leh that is not connected to the centralized sewerage system. Stakeholder

workshops and consultations have been held in Leh, involving local NGOs,

government, academia, civil society, and spiritual leaders.

The WEF Nexus approach acknowledges that planning water, energy,

food, and other relevant sectors in conjunction, rather than in “silos” as is

conventionally done, can support more efficient use of natural resources,

thereby lowering GHG emissions (Hoff, 2011).

Wastewater is generally an untapped resource that can serve as

a valuable alternative source of water, particularly in water-stressed

regions (UNESCO, 2017). Decentralized water reclamation with inte-

grated resource recovery can yield several inherent benefits in Leh, such

as supporting water conservation, as decentralized systems are smaller

and require less water to flush. Water can be reused locally, for example,

for toilet flushing, groundwater recharge, and agricultural irrigation.

Lifting and treating less water also implies energy conservation, and

organic fertilizer can be recovered from fecal sludge, which can improve

soil fertility. Decentralized water reclamation with resource recovery can

support water, energy, and food security in Leh as well as be a more

manageable and affordable option for the local population.

8 See extended version of case study at https://uccrn.ei.columbia.edu/case-studies.
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adaptation potential of different design scenarios. The outcome of these workshops

resulted in a set of user-friendly analysis tools which showed the effects of heat and

flood risk on buildings’ layout and morphology, surface materials, vegetation and

public spaces. This work expanded in 2024 through the development of the Naples

Sustainable Energy and Climate Action Plan (SECAP) for GCoM. (See the

additional resources for more details on the Naples UDCW).

In response to the notion of a good city, a human need-driven agenda contains

two parts. First, all humans are included, both current and future generations.

This means the solutions must work in a world where 8 billion people today and

11 billion in the future will live – with the majority residing in cities. The

resource efficiency and cost efficiency required for such a world necessitate

a new approach to everything from climate and innovation policy to global

collaboration and city planning. Second, all human needs must be met. This

includes the basic human needs required for survival, that is, nutrition/health,

CASE STUDY 1 (cont.)

In 2023, Leh’s local government put together a consortium to secure

funding to implement the Nexus pilot project, starting in 2024. Using

a Nexus approach, cities can become not only consumers but producers of

valuable resources to regenerate entire city regions (Gondhalekar &

Ramsauer, 2017).

Figure 5 Groundwater extraction in Leh quadrupled from 2005 to 2017

(million liters daily [MLD]), and accrual of wastewater pose threats to

drinking water quantity and quality.

(Source: Gondhalekar, 2023)
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shelter, security, and social and cultural needs that allow individuals and

cultures to flourish. In parallel, ecosystem balance is considered an essential

component of humanwell-being and an ethical agent with an intrinsic value (see

the expanding concept of “rights” by Nash, 1989).

A focus on human needs provides an opportunity to ask and challenge

various stakeholders, including companies, how they are making life better

for people. This is essential for cities and regions as they are responsible

for providing and enabling fundamental services for their citizens. Most

companies only provide a part of the solutions needed, and many are even

undermining human needs by creating artificial needs, manipulating mar-

kets, and by selling more than is needed. Food and goods value chains in

general have a direct impact on the physical dimension of cities, pro-

foundly impacting on available spaces for public services, housing quality,

energy consumption, pollution, and waste generation.

Achieving climate-resilient urban transformation thus requires considering

the impact of innovation and emerging economic sectors in cities and society

as a whole. To effectively address this gap in the context of urban transform-

ations, it is essential to reflect on the impacts that technological (product or

process) innovations have on the spatial, functional, and environmental com-

ponents of cities. New types of spaces and functions – such as coworking,

maker spaces, circular hubs, technological and creative offices – reflect the

strategies of both industrial entrepreneurs who propose innovative develop-

ment models, and of the subjects who control land use, economic policies, and

urban infrastructures (Zukin, 2020). A good example concerns key infrastruc-

tures linked to digital economy models, rooted in recurring transformative

land use patterns, which include executive offices in central urban areas, data

centers in isolated areas, and fulfillment and logistics hubs that often contrib-

ute to urban sprawl.

On the other hand, big tech and e-commerce companies are increasingly

demanding green building standards for their critical infrastructure, and the

size of their investments in cities can become an important asset to drive

transformation towards more equitable, sustainable, and climate-resilient

goals (Grainger, 2024). Nevertheless, making these investments synergized

with community and environmental priorities requires going beyond current

approaches that are mostly driven by corporate sustainability policies

towards a more systematic dialogue between companies, city officials, plan-

ners/designers, and citizens (Temple, 2024).

This is particularly relevant for projects of new business/innovation dis-

tricts, where issues related to rising house prices and the loss of integrity

of multigenerational neighborhoods are observed, and of new critical
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infrastructures (e.g., logistic hubs, data centers) negatively impacting urban

sprawl, soil consumption, and private car usage. Careful consideration should

be paid to systemic impacts of such transformations and the induced system

dynamics in a life-cycle perspective. These projects should better tackle issues

such as embodied carbon of materials (e.g., steel and glass) and spatially and

thermally inefficient form, rather than only balancing these factors with

increased renewable energy production. Anticipating the need for adaptive

reuse of office buildings, avoiding the risk of new monofunctional areas, and

using existing transit-oriented and mixed-use urban design are also areas for

careful consideration (Raven et al., 2018). (See Additional Resources for

information on scaling up of sustainable innovative solutions.)

3.2 Planning and Urban Design Capacities
for Implementation

Most city planning related to climate change has so far been based on static

problem assumption, a compliance approach focused on reducing GHG emis-

sions and where the city is seen in isolation. An expanded climate and innovation

agenda also includes a dynamic solution approach where the city prioritizes

human needs in a way that is compatible with a world where the global population

can live flourishing lives in the next decades, as well as the role of the city as

a solution provider and community enabler (Table 1). For example, the NewYork

Climate Exchange, located on Governors Island in New York City, is a recently

developed global center that harnesses the combined strengths of education,

research, workforce development, policy creation, and public programming to

drive climate action on local, national, and international scales (New York

Climate Exchange, 2021).

This gives rise to two fundamental questions central to urban planning:

1) Facilitating Flourishing Lives: How can urban planning ensure the well-

being of citizens while aligning with the context of natural boundaries

(Rockström et al., 2009)? This challenge holds particular significance for the

Global North, given its resource-intensive existing systems that necessitate

transformation.

2) City-Led Solution Export: How can cities position themselves to actively

export essential solutions that address global needs and goals?

Table 1 outlines five capacities that can help cities implement an Expanded

Climate and Innovation Agenda by addressing the two questions, with a focus

on planning and urban design methods and tools. (See Additional Resources,

Figure 14, for the role of the innovation quadrant and start-ups.)
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Table 1 Key planning and urban design capacities for implementing an
expanded climate and innovation agenda.

Capacity
Motivation and cross-
sectoral implications

Application in
planning and urban
design practice

Scan, map, and
benchmark climate
and innovation
strategies.

Current climate
strategies are often
compliance and
reduction driven,
overlooking local
innovations and
incubators that
address human needs
and export solutions.

Introduce self-
assessment tools to
map climate and
innovation strategies,
and benchmark city
strategies against
indicators such as
human needs.

Engage urban stake-
holders in
discussions.

Use a full iceberg
approach to move
beyond tip-of-the-
iceberg responses.

Urban governance
models struggle with
complex challenges;
moving from reactive
to agenda-setting
innovation requires
a “full iceberg
approach” to build
local institutions’
capacity to address
root causes and
complexities.

Assess planning and
urban design solu-
tions with social,
environmental, and
economic co-benefits
using simulation,
benchmarking tools,
and stakeholder co-
evaluation of multi-
sectoral impacts.

Explore “full iceberg”
implications of plan-
ning and urban design
strategies for gener-
ating new data,
reshaping systems,
enhance well-being,
and align local
actions with global
goals.
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Table 1 (cont.)

Capacity
Motivation and cross-
sectoral implications

Application in
planning and urban
design practice

Deploy 11 billion
innovation quadrantsa

to guide strategies
towards globally
sustainable system
solutions.

An 11 billion innovation
quadrant focusing on
GHG mitigation and
cost-efficient land use
can ensure that global
solutions are
developed and
enabled in cities.

City planners can build
capacity for
international climate
innovation and test
benefits of initiatives
by farming strategies
and solutions within
the quadrant.

Gather and demand
human need-based
data.

Expanding the climate
and innovation
agenda requires data
focused on human
needs, not just
optimization of
existing systems, to
challenge current
infrastructure models
and support smarter,
more sustainable
solutions.

City planning should
prioritize data that
supports both opti-
mization and sustain-
able solutions,
including downscaled
climate data, socio-
economic data
including crowd-
sourced community
insights, and envir-
onmental data from
sensors.

Planners and urban
designers could
increasingly adopt
information-driven
tools to provide
evidence-based
assessments and
simulation of
expected effects of
climate-resilient
development solu-
tions for buildings
and open spaces.
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3.3 Systems Thinking, Multi-Disciplinarity, and Multi-Stakeholder
Visioning

Addressing critical challenges from the nexus of urbanization and climate

change cannot be accomplished without a system-based approach, including

social science, ecology, and technology. Strategies to plan and develop a more

just and resilient future require cities to face multiple climate risks that overlap

in space and time. Strategies to build resilience to one event may decrease

resilience to another event happening at the same time and place (Elmqvist

et al., 2019).

Systems knowledge in the context of climate change and cities relates to

understanding the current state of critical urban systems (e.g., energy, transport,

material flows, water supply and management, food, and waste). Net-zero

carbon, climate-resilient infrastructure, designed and delivered through

a systems approach, can directly benefit people’s health, well-being, livelihoods

and the environment. For example, urban density is supported by well-designed

transport systems in tandem with effective urban planning. Urban density

Table 1 (cont.)

Capacity
Motivation and cross-
sectoral implications

Application in
planning and urban
design practice

Integrate start-ups as
both local and
international solution
providers.

Start-ups and
incubators, which
focus on societal
needs, should be
considered
stakeholders included
in city planning.

Collaboration between
city planners and
incubators can connect
start-ups and
practitioners and
cluster initiatives to
address city- and
community-specific
needs through global-
local networking.

a The 11 billion Innovation Quadrants is a framework that categorizes and visualizes
potential innovations that includes addressing the needs of a projected global
population of 11 billion, environmental sustainability, and climate change impacts
(Mission Innovation, 2023).

Notes: (See ICLEI and Mission Innovation/RISE tools and benchmarking and
assessment tools for cities, companies, and practitioners)
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creates economies of agglomeration, reduces commuting times, and supports

social capital. New infrastructure projects and retrofits of existing infrastructure

can create significant employment opportunities while driving economic gains

(Grainger, 2022).

The generation of target knowledge and transformation knowledge calls for

creative imagination of new system concepts and an articulation of pathways

that can link unsustainable present states of urban systems to envisioned

sustainable future states (Gaziulusoy&Ryan, 2017). In the envisioning process,

multidisciplinary stakeholders are brought together to collect ideas and formu-

late a joint vision that can take the form of qualitative or quantitative goals and

targets, combining data gathering, analysis, and interpretation.

The complexity and diversity of cities and related vulnerabilities inevitably

lead to a plurality of perspectives, values, visions, and knowledge systems that

define what cities are or should be. Transdisciplinary urban systems science and

practice can mobilize a diverse array of knowledge creators to develop resilient

futures. Scientific data, quantitative risk analysis, and computational models are

important to such transdisciplinary science, but not sufficient. Intangible, non-

material flows and dynamics of urban systems, such as how different people

experience risks or how they connect and interact with other groups in the city to

build social capital, are challenging to measure and model (McPhearson et al.,

2022). This raises an urgent need for an “urban systems science” that includes

multiple forms of knowledge collaboratively produced to define a legitimate

and transformative urban climate action process (Romero-Lankao et al., 2018).

Co-production of knowledge includes processes that iteratively unite ways of

knowing and acting – including ideas, norms, practices, and discourses –

leading to mutual reinforcement and reciprocal transformation of societal

outcomes (Wyborn et al., 2019). It embraces multiple ambitions and engages

multiple actors (researchers, decision-makers, and citizens) to produce new

knowledge and new ways of integrating knowledge into decision-making and

action, ultimately producing new outcomes. Decision-making cannot be con-

ducted in a silo but rather an iterative participatory process.

This points to a strong need to advance knowledge and policies that are

currently available with continuous interaction between multiple city actors,

building the climate response together from the beginning. For this to

happen, both science and policy institutions can help to advance diverse

participatory initiatives that are not a threat to their power or something to be

controlled but rather an opportunity for learning (Galende-Sánchez &

Sorman, 2021). Imagining and co-producing shared positive visions is the

basis for developing transformative plans, policies, and actions to drive
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toward building a longer-term, more just, resilient, and sustainable world

(McPhearson et al., 2021).

Collaboration to achieve transformative solutions to climate change in cities

requires that experts from a range of disciplines and representatives from the

city’s communities and government interact substantively. These interactions

depend on a set of critical factors for success. Adame (2021) points out the

following five elements for success in stakeholder interactions: 1. Experience of

local context; 2. Meeting people in the field; 3. Enabling knowledge sharing; 4.

Engaging continuously, 5. Valuing local actors’ input (see Table 2).

As opposed to ‘helicopter research,’ which is far removed from local

contexts and jumps to quick conclusions, recognition of the diversity in

understanding among all participants improves the research itself. In this

sense, local communities are an important resource for the conceptualization

of local and regional solutions for complex and unprecedented climate change

(Roggema et al., 2017).

While there is no shortage of institutional drivers, standards, guidance, and

training for practitioners to draw upon to enhance capacity engagement, the

procedural mechanisms for effective collaboration are lagging behind inten-

tions, declarations, commitments, strategies, and action plans.

4 Climate-Resilient Urban Transformation

Cities and urban neighborhoods around the globe face multiple challenges, with

many residents stressed by insecure tenure, economic turbulence, growing

Table 2 Conditions for success in local collaborations (elaborated
from Adame, 2021).

Experiencing local
context

Consider Indigenous groups, local universities,
commercial sectors, and non-governmental and
governmental organizations.

Meeting people in
the field

Collect and analyze local data and discover
communalities.

Sharing knowledge Offer collaboration and opportunities to engage. Give
credit for data sharing and analyses (e.g., authorship
on reports and journal papers).

Engaging
continuously

Involve a variety of urban stakeholders by sharing
information and asking for feedback early and often.

Valuing local
actors input

Recognize local actors and acknowledge their added
value in results and outcomes.
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inequity, and – most recently – a global health pandemic.9 Climate change

exacerbates many of these challenges and poses an existential threat, but one

that is less tangible and immediate to most people than issues such as paying

next month’s rent, taking care of a sick loved one, feeding a family, or replacing

a lost job. The success of urban climate solutions often depends on how well

they are integrated with solutions to these immediate and pressing challenges. It

is important for climate action to create and connect with opportunities for new

livelihoods, community wealth building, greater equity, and healthier, more

inclusive cities.

Effective urban climate solutions address both climate change and other pressing

challenges, such as poverty, inequality, and lack of opportunity. Urban planners and

designers are now embracing the broader value proposition of climate strategies,

that is, the economic, social, and environmental co-benefits. Climate solutions that

also address near- and long-term urban development needs are more likely to gain

public and private buy-in, political support, and necessary resource commitments,

thereby accelerating, broadening, and deepening their impact.

This section identifies how built environment responses to climate change

can generate other tangible near- and long-term benefits and be more likely to

gain political support and community buy-in. It identifies equitable methods for

defining and measuring value, and ways in which value propositions impact

planning decisions, built environment investment priorities, and outcomes.

4.1 Generating Value with Climate Strategies

For many urban residents, daily life is tenuous. Lack of housing, rising rents,

low-paying jobs, poverty, crime, environmental hazards, and limited access to

basic services (education, health, safe and reliable water, and sanitation) create

significant stress and require immediate time and attention. While severe

weather events and chronic stresses from a warming planet are bringing long-

term climate threats to the forefront of policymaking, they remain often

removed from the daily concerns of many city residents.

The widespread equity imbalance in urban conditions – both globally and

locally – has resulted from decades of resource-extraction practices and inequit-

able consumption patterns. In the global economic order of the 2020s, wealth

imbalances have never been greater (Hasell et al., 2023). Wealthy nations are

consuming more resources and emitting more GHGs than ever before, while

poor nations are left to fend for themselves and bear the brunt of increasingly

9 See ARC3.3 Elements, Justice for Resilient Development in Climate-Stressed Cities, and
Learning from COVID-19 for Climate-Ready Urban Transformation. www.cambridge.org/core/
publications/elements/elements-in-climate-change-and-cities
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disruptive climate trends. The necessary shift away from carbon-intensive

urban practices is not just a shift away from polluting fuel sources: it represents

a profound opportunity to address the systemic imbalances that created the

climate crisis in the first place.

Climate action in cities has demonstrated a potential pathway to addressing

development needs, including job creation, improvedpublic health, social inclusion,

and increased accessibility (see Case Study 2) (Gouldson et al. 2018). To realize

CASE STUDY 2 A CLIMATE RESILIENT URBAN LANDSCAPE IN WESTERN PARKLAND CITY,
SYDNEY10

Rob Roggema

The metropolitan area of Sydney is expected to grow from approximately

five to over seven million people in the next twenty years. Locations of

new housing and required infrastructure are issues that need to be

addressed at the larger scale. The Greater Sydney Commission has devel-

oped a long-term spatial strategy, dividing the total area into three com-

plementary cities. In this strategy, the majority of new housing is planned

in the so-called third city of the Western Sydney Parklands. This area will

be home to over one million new residents over the next ten to twenty-five

years and requires a large-scale urban plan in which future resilience is the

condition for newly built homes.

Western Sydney is part of an inland climate zone that sits within the

mountainous surrounds and therefore, captures heat, dust, and is relatively

hidden from sea breezes, causing accelerated climate impacts. Extreme heat

leads to bushfires and droughts in the summer months, and severe flooding

during the rainy season. In this context, urban growth in this area implicitly

increases the vulnerability of its residents, as more and more people will be

exposed.

To improve climate resilience for future populations, city planners have

placed the landscape at the heart of future regional planning through a series

of six nature-based mapping stages. In Stage 1, the current water network is

captured, with the flow of main water courses based on the local topography,

determining the ecological gradients and pathways of discharging water

flows through the landscape. In Stage 2, alongside the streams, a riparian

zone was planned in which wet forests would create the ideal conditions for

sensitive ecologies, increasing biodiversity and capturing surpluses of water,

preventing flooding. Stage 3 entailed the introduction of an ecological grid

10 See extended version of case study at https://uccrn.ei.columbia.edu/case-studies.
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CASE STUDY 2 (cont.)

forming the frame for structural ecological connections, linking wet and dry,

and nutrient-rich and -poor parts of the landscape to increase ecological

connectivity and exchange, enhancing eco-capacity. Stage 4 introduces plant-

ations of timber forests in the inner parts of the landscape to produce building

materials for homes. Thefinal two stageswill be designed to host agroforestry

and free-range livestock farming.

This planning strategy shows the way landscapes can be put first in

developing a new urban precinct. The way ecology, water, and soil systems

form the underlying layers of the landscape, hence defining the landscape

tissue for land use activities, is an approach that can be applied in every

region in the world, to create a resilient and climate-adaptive urban future.

Figure 6 Topographical regional maps showing flood risk and potential

areas for development in Western Parkland City, Sydney.

(Source: Roggema, 2023)
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these outcomes for all stakeholders, municipal governments need to make explicit

commitments to prioritize climate investment in ways that benefit their most

vulnerable populations and to address historic inequities. In absence of such

commitments, the benefits of sustainable design and planning have accrued dispro-

portionately to thewealthy (Mahendra et al., 2021).Without unprecedented effort to

protect the urban poor and vulnerable from the steadily increasing impacts of

climate change, city economies and populations will be placed at extreme risk

(IPCC, 2022).

4.2 Adding Value through Co-Benefits

The potential economic benefits of addressing climate change in cities are

increasingly clear. The Coalition for Urban Transition found that an annual

investment of US $1.8 trillion in existing technologies and strategies could cut

90 percent of global GHG emissions, generate annual returns of $2.8 trillion in

2030 from energy and material cost savings, and create a net present value of

$16.6 trillion by 2050 (Coalition for Urban Transitions, 2019; Gouldson et al.,

2018). The cost of inaction is also well studied (UNEP, 2023).

The World Bank estimates that by 2030, climate change could drive an

additional 132 million people into poverty, and the annual climate-related

spending for low and middle income countries other than China is estimated

at $783 billion between now and 2030 (World Bank, 2022). Urgent infrastruc-

ture interventions include adaptation of energy systems, creation of coastal-

defense systems, and heat and wildfire mitigation measures. As the scale of

change required to respond to climate change continues to mount, so, too, does

the potential return on investment for cities.11

Climate-action economics are also increasingly favorable in the private

sector, and real estate investments are becoming tied to strong sustainable

development outcomes. As of 2023, the Global Real Estate Sustainability

Benchmark (GRESB), an Environmental, Social, and Governance (ESG)

reporting tool for real estate, included approximately 1,800 real estate

investment fund members representing $8.4 trillion in combined asset

value. Approximately 50 percent of funds are based in Europe, 27 percent

in the Americas, 15 percent in Asia, 7 percent in Oceania, and 1 percent in

Africa (GRESB, 2023). As of 2021, the UN Principles for Responsible

Investment reporting had more than $121 trillion in assets under manage-

ment (UNEP-PRI, 2021).

11 See ARC3.3 Element, Financing Urban Transitions to Climate Neutrality and Increased
Resilience in Cities, www.cambridge.org/core/publications/elements/elements-in-climate-
change-and-cities
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While the correlation between climate action and economic outcomes is

strengthening, the broader value proposition for communities requires further

investigation. It is not guaranteed that high-performing real estate assets will

yield true environmental or social benefits (Kempeneer et al., 2021). Nor are

positive returns on investment for municipalities and private real estate invest-

ors automatically shared equitably across local communities. Similarly, urban

development decisions based on GHG emissions targets alone often do not

provide near-term value to residents and could potentially exacerbate or per-

petuate existing inequities. The impacts of climate change are projected to

increase in all urban regions in the coming decade, even as mitigation efforts

ramp up (IPCC, 2022).

Urban interventions can be designed to provide near-term value beyond

emissions reductions to meet city needs and garner support, purposefully

integrating equity criteria in their design and delivery. The UN proposes

a broad definition of urban development value as the “totality of economic,

environmental, social, and intangible outcomes that have the potential to

improve quality of life for residents in meaningful and tangible ways” (UN-

Habitat, 2020). To achieve this, cities need to prioritize climate actions that have

the potential of delivering multiple benefits.

Another framework for urban planning climate initiatives illustrates the

concept of Integrated Climate Action. Effective strategies to achieve net-zero

cities are intentional to advance the three core goals of sustainable development

(economic growth, social inclusion, and environmental protection) and related

co-benefits while reducing GHG emissions (Figure 7). They are enabled by

complementary policy, action, and investment at different scales. Value propos-

ition for climate resilient urban design and planning is strengthened when

clearly emphasizing links between mitigation/adaptation goals and local socio-

economic priorities.

In this Element, the co-benefits of climate action are referred to as “the

development and implementation of policies and strategies that simultan-

eously contribute to tackling climate change whilst addressing local environ-

mental and developmental problems” (UN; Puppim de Oliveira, 2013). When

well defined and understood amongst stakeholders, co-benefits can help

increase stakeholder support for urban projects, enable mobilization and

funding within city agencies (see Box 2), and increase the speed and impact

of climate actions (Floater et al., 2016; Bain et al., 2016). Cities citing the co-

benefits of their climate action reported 2.5 times more climate actions than

cities that did not (Bachra et al., 2020).
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4.2.1 Measurement and Quantification of Co-Benefits

Once potential co-benefit opportunities are identified, a balanced means of

measuring the value of these benefits is required (Ficklin et al., 2017). Many

studies primarily focus on the potential of climate development strategies to

generate co-benefits rather than systematically evaluating and reporting results

(Suckall et al., 2020). Measuring social value generation and human well-being

indicators related to climate action is difficult. Challenges in quantifying cli-

mate co-benefits include lack of alignment on definitions and measurement

practices, intangibility of co-benefits, difficulty in attributing system change to

specific interventions, and insufficient cost and benefit data (Lou et al., 2022).

Sectoral and governmental silos present additional barriers by preventing the

aggregation of data and expertise (Suckall et al., 2020).

Figure 7 Integrated climate action framework: Value proposition for climate

resilient urban development. (Driskell, D. 2025)
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Emerging data collection and processing techniques are helping to address

these challenges. The proliferation of sensor technology and associated data

tools such as machine learning and artificial intelligence can support evidence-

based urban development decision-making for mitigation and adaptation (Leal

Filho et al., 2022; Yagoub et al., 2022). Data and technology advancements

enable urban planners to correlate urban form with human cognition along with

citizen, stakeholder, and expert input. In particular, public datasets and machine

learning techniques are increasingly used to support built environment research

on the relationship between urban infrastructure and quality of life outcomes

(Biljecki, 2021).

However, while data are essential to quantifying the value proposition of

urban climate strategies, machine learning and artificial intelligence-driven

models and methods should be used with caution. Urban practitioners need to

BOX 2 SIMULTANEOUS VALUE CREATION FOR COMMUNITIES AND INVESTORS IN

SOUTH AFRICAN CITIES

Green buildings present an increasingly better investment opportunity than

business-as-usual structures due to reduced operating costs and higher and

longer-term value retention (Likhacheva Sokolowski et al., 2019). However,

methods for sharing costs and economic benefits for both residents and

investors often require non-traditional funding and investment approaches.

One such example exists in the South African Affordable Housing Real

Estate Development Fund, managed by the IHS Towers Company.

In order to encourage green development techniques while meeting

required returns for investors, the International Finance Corporation

(IFC) contributed an equity investment of US$10 million with funds

from the Global Environmental Facility (GEF) to cover the marginal

costs of sustainable design, as well as technical support, in order to

achieve the EDGE (Equity, Diversity, and Gender Equality) certification

(Likhacheva Sokolowski et al., 2019). These interventions reduced

utility bills for affordable housing residents equivalent to one month’s

rent annually, allowing developers to demonstrate competitiveness in

a cost-sensitive market.

In addition, the incremental costs of EDGE certification have

decreased over time thanks to technological advances and stricter building

codes. Consequently, most developers participating in the fund now

pursue green buildings due to its lower costs and competitive nature

(Likhacheva Sokolowski et al., 2019).
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interrogate both the data and the results to vet potential sociopolitical conse-

quences (Duarte, 2020), and professional design knowledge can be linked to

urban design data processing, simulation, and recommendation techniques

(Hughes et al., 2019). Additionally, data collection and processing tools can

be shared with a variety of urban practitioners with limited urban science

capacity, while maintaining an acceptable level of rigor. (See Additional

Resources for information on the methods of evaluating co-benefits.)

4.3 Responding to Local Development Needs

Climate change is intangible and appears intractable to many urban residents.

Climate-oriented planning and design that do not demonstrate clear progress in

areas of higher priority for stakeholders have ultimately failed to yield both

climate impact and investment returns (Jennings et al., 2020). Furthermore, such

projects slow progress and dampen political will for climate-oriented develop-

ment by calling into question the value of climate action. Identifying and commu-

nicating linked co-benefits encourages both public and private buy-in on climate

strategies, independent of perception of climate change urgency or political

ideology (Bain, 2016).

In 2021, the World Economic Forum global survey found that the top public

priorities for the seventeen United Nations Sustainable Development Goals

(SDGs) were “No Poverty,” “Zero Hunger,” and “Good Health and Wellbeing,”

while “Climate Action” ranked thirteenth on the list (Ipsos, 2021). However, the

relationship between climate action, health, and poverty are both direct (such as in

the case of cardiopulmonary diseases associated with local air pollution) and

indirect (as in the case of food insecurity). In any city, urban practitioners canmap

interdependencies between local climate and socioeconomic issues to determine

local development priorities that address both, thereby selecting climate strategies

that respond to the most pressing stakeholder priorities.

Design for equitable access to co-benefits of climate projects is critical.

Many top-down sustainability planning initiatives have prioritized central

urban areas and assumed a spatial diffusion of the benefits to all parts of the

city. They have often failed to benefit historically marginalized neighbor-

hoods (Mahmoudi, 2019). Cycling infrastructure can reduce emissions and

local air pollution while improving health, safety, and quality of life, pro-

moting job access and reducing transportation inequality.

However, these benefits are only realized if infrastructure is built consciously

to address them, and to do so equitably across the city. For example, only

23 percent of New Yorkers have access to the city’s bike share system, and

this same population is proportionally whiter and wealthier than the remaining

77 percent who have no access (Wachsmuth et al., 2019). Similar disparities
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have occurred in flood prevention planning that favors wealthier urban popula-

tions and exacerbates historic environmental injustices, inequitable access to

renewable energy, and other climate-oriented investments (Liao et al., 2019;

Sovacool et al., 2022).

4.4 Translating the Value Proposition to New Contexts

Urban practitioners rely heavily on precedent for informing planning and design

decisions and often refer to successful case studies that demonstrate clear

potential value for their city or community. However, appropriate translation

of “best practice” strategies requires moving away from a business-as-usual

approach and a consideration of factors that led to project success (including the

political, social, behavioral, environmental, economic, technological, and geo-

graphical context) in the local project context (see Case Study 3). Without this,

even the most well-intentioned climate planning decisions may not provide

local value or respond to community needs. Without stakeholder engagement,

climate measures may fail to realize their mitigation potential and broader

development goals (Gouldson et al., 2018).

CASE STUDY 3 MAKING SUSTAINABLE, AFFORDABLE HOUSING A REALITY

IN MELBOURNE

The IPCC andUnitedNations have identified the development of sustainable,

accessible housing solutions as one of the most pressing challenges for cities

in the climate transition (Habitat for Humanity, 2021; IPCC, 2022 ). Urban

planners and designers are uniquely positioned to provide housing solutions

that achieve the triple bottom line of affordability, social justice, and environ-

mental sustainability. However, these multilayered value propositions cannot

be delivered using a business-as-usual approach (Moore & Doyon, 2018).

This is exhibited by the approach of Nightingale Housing Pty. Ltd., a not-

for-profit founded in Australia in 2016 to help develop and support

a sustainable, affordable housing model created through iterative project

learning by architect JeremyMcLeod of BreatheArchitecture. In conjunction

with local architects, the Nightingale goal is to provide higher density

housing that properly, and equally, addresses the triple bottom line of social

justice, sustainability, and affordability. The concept was first demonstrated

with the development of The Commons, completed in 2013, a five-story,

twenty-four-unit apartment building located inMelbourne. This development

demonstrated what can paradoxically be gained – specifically, increased

social interaction, as well as cost and environmental savings – through
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CASE STUDY 3 (cont.)

strategic elimination and reduction. The architects reduced car parking in

favor of bike parking and communal car share, eliminated second restrooms

and laundry in units in favor of shared facilities, and eliminated the need for

AC and associated costs through passive design and renewable energy

installation (Moore & Doyon, 2018).

The second development, Nightingale 1, was completed in 2017 in

Melbourne. The experience and outcomes from the Commons were

solidified into a set of principles for affordability, transparency, sustain-

ability, deliberative design, and community contribution. Nightingale 1

further improved affordability by capping project profits at 15 percent and

introducing a covenant that prevents the homes from selling at higher than

the average price rise of the neighborhood (Moore & Doyon, 2018).

To scale the design and learnings quickly, architects can apply for

Nightingale licenses to develop similar projects and receive access to the

intellectual property and the waiting list of potential residents. As of 2023,

there are fifteen completed Nightingale developments and seven under con-

struction, each led by different coalitions of architects. Such developments

have spread outside of Victoria to other parts of Australia and New Zealand.

Figure 8 Left: The Commons, Melbourne, with increased bike lanes, open

frontage, and green wall (Source: Tom Ross, 2013).

Right: The façade of Nightingale 1, made of recycled brick.

(Source: Peter Clarke, 2017).
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One example is the failure of Seattle’s bike share program Pronto! in 2017.

While docked bike share systems have been successfully implemented in many

other global cities (from Hangzhou to Paris to New York), Pronto! bikes were

decommissioned after three years due to low ridership.While the attributing factors

were many and nuanced (including lack of private funding and political will),

improperly addressed stakeholder needs were also found to contribute. Station

placement did not adequately consider hilly topography and rainy weather, com-

muting and tourism patterns, and existing public transportation, which ultimately

limited the ridership of both members and non-members (Sun et al., 2018).

Another example is the Huangbaiyu Project in China’s Liaoning province,

a redevelopment project envisioned to be the “world’s first eco-city.” Homes

constructed through this project were ultimately unaffordable to residents and

remained unoccupied by local farmers who did not have enough space in the

new yards to farm. Some of the houses were built with garages, though the

villagers did not have cars (de Jong et al., 2016).

Research and evidence on context-specific drivers of co-benefits is limited

(Gouldson et al., 2018). Much of the research has been done at an international

and national level, with a small portion of research conducted at the city level

(Deng et al., 2017). In particular, there is lack of co-benefits research in Oceania,

South America, and Africa, which often have different development needs than

those of regions in the Global North (Deng et al., 2017). Without this evidence,

local urban practitioners can evaluate the viability of solutions proven in other

contexts for their own project locations, in consultation with communities

(Gouldson et al., 2018). This can lead to scaling of successful climate projects.

5 Integrating Mitigation and Adaptation

There is widespread recognition that adaptation will not be sustainable without

significant mitigation efforts, and likewise, communities will be unable to

mitigate effectively if they are focusing solely on continued adaptation to

climate change impacts (Hürlimann et al., 2021a; IPCC, 2022). By emphasizing

the role of “mitigation co-benefits resulting from Parties’ adaptation actions” in

achieving the global warming limitation goals, the Paris Agreement highlighted

the opportunity for cities to prioritize strategies that integrate mitigation and

adaptation actions in response to climate change (UN, 2015). This is to ensure

that global warming is limited to 1.5°C and that the extent of adaptation effort

required is minimized (Hürlimann et al., 2021b).

The integration of adaptation and mitigation planning and actions is critical to

ensure that these aremutually reinforcing (i.e., to realize synergistic efficiencies), to

maximize the impact of limited city resources, and to minimize any potential
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conflicts that could lead either to maladaptation or malmitigation (Grafakos et al.,

2019; Santos et al., 2021). Maladaptation, actions that reduce short-term risks but

increase long-term vulnerability, and malmitigation, actions that reduce emissions

in the short-term but could lock in technology or practices that limit more efficient

future mitigation measures, are potential pitfalls within climate interventions

(Magnan, 2014; Santos, 2021).

An example of maladaptation can be found in the case of Fiji, where the

construction of seawalls made coastal communities more prone to flooding, as

they prevented stormwater drainage (Piggott-McKellar et al., 2020). The pro-

motion of biofuels can be framed as malmitigation. While biofuels may cut

emissions in the short-term, it risks locking in technology that undermines the

adoption of more efficient fuel sources, with potential to also lead to biodiver-

sity loss and food insecurity (Santos, 2021).

5.1 Defining Integration of Mitigation and Adaptation
and Relationship to Climate Resilient Development

Integration of these two paradigms – adaptation and mitigation – recognizes the

need for urban systems to both dramatically reduce emissionswhile simultaneously

being resilient, adaptive, and transformative in the face of climate change. More

explicitly, Hürlimann and colleagues (2021a) define “climate change transform-

ation” as “the explicit integration of adaptation and mitigation actions, to achieve a

new regimeof 1.5 degrees ofwarming abovepre-industrial levels by2100, and to be

well adapted to it,” setting tangible mitigation and adaptation benchmarks.

Integration of mitigation and adaptation speaks to a systems-based approach

to addressing urban climate change, understanding the complex interrelations

that connect climate, ecosystems, biodiversity, and people (IPCC, 2023). At the

foundation of this approach is the understanding that critical urban services that

support communities – such as energy, mobility, materials, waste, water, and

food – have been made available at the price of biodiversity loss, unsustainable

consumption of natural resources, ecosystem degradation, and economic

inequalities.

The IPCC WGII in AR6 introduced the concept of Climate Resilient

Development as an integrated adaptation and mitigation framework that com-

bines “strategies to deal with climate risks (adaptation) with actions to reduce

GHG emissions (mitigation) which result in improvements for nature’s and

people’s well-being” (IPCC, 2022).

In Figure 9, climate resilient development pathways show varying levels of

integration of adaptation, mitigation, and sustainable development (the bigger the

size, the more integration). In turn, the graph shows the consequences of lower

levels of action.
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Figure 9 Climate-resilient urban development pathways (Elaborated from IPCC, 2022; Singh & Chudasama, 2021).
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5.2 Role of Cities

Cities are responsible for more than 70 percent of global GHG emissions (IEA,

2021) but also highly vulnerable to the effects of climate change. Interactions

between climate hazards, infrastructure systems, growing urban populations,

diverse cultures, real-estate development, and economic activities in cities can

exacerbate climate change and disaster impacts (Chang et al., 2018; Rosenzweig

et al., 2018). Cities that substantially reduce GHG emissions while simultan-

eously ensuring that their land use and infrastructure adapts to a changing climate

are better positioned to remain livable and economically robust in the years ahead.

The Paris Agreement brought hope that initiatives through Nationally

Determined Contributions (NDCs) would help combat climate change, but

urban actions appear notably missing.12 Nationally Determined Contributions,

which stem from the 2015 Paris Agreement, are climate action plans to reduce

emissions and adapt to climate change. Each country that has joined the Paris

Agreement develops an NDC and updates it every five years (UNFCCC, 2015).

While developed countries are better prepared to provide direct assistance and

support services towards adaptation and mitigation activities, developing coun-

tries need financial and technical support to implement more robust mitigation-

adaptation measures (Shammin et al., 2022). This is especially true for cities.

The next decade is essential to achieving urban decarbonization through mitiga-

tion strategies for different sectors of the built environment such as mobility, waste

and resource management, buildings, and energy systems (IPCC, 2023). A wide

range of stakeholders needs to be included in these strategies (Norman, 2018).

Mitigation initiatives are most effective when they reduce, rather than increase,

risks related to climate change hazards, while urban adaptation initiatives work best

when aligned with decarbonization and mitigation objectives. An example is how

sustainable infrastructure can support transport systems (e.g., integrating trees and

vegetative areas along tramways, pedestrian paths, and cycling routes) to offer co-

benefits such as improved access to green space, boosted public/active mobility,

increased biodiversity, and reduced air-soil-water pollution (see Case Study 4)

(Sharifi, 2021).

Cities are ideal testbeds for innovative technology and policy development and

implementation. They are shaping adaptation interventions that confront climate

change at the much-needed ground level. Mitigation and adaptation strategies can

drive innovative urban management to concurrently meet sustainability goals and

natural hazard risk assessments (Scorza & Santopietro, 2021). Focused and central

12 See ARC3.3 Element on Governance, Enabling Policy Environments, and Just Transitions,
www.cambridge.org/core/publications/elements/elements-in-climate-change-and-cities
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administrative oversight of relatively small-scale projects bodes well for cities to

lead in coupled mitigation/adaptation strategies.

Lee and colleagues (2020) suggest that adaptation is positively influenced in

cities with mitigation action policies through monitoring systems, rather than mere

mitigation commitments. This is evident in the case of cities worldwide that are

signatories ofGCoMand commit to updating their Sustainable EnergyActionPlans

(SEAPs) into Sustainable Energy and Climate Action Plans (SECAPs), which use

quantitative indicators to concurrentlymonitor the benefits of implemented projects

and measure for mitigation and adaptation. The study also finds that national

mandates are important drivers of local adoption of adaptation policies. In

Copenhagen, the city’s adaptation strategy aligns with national laws on energy

efficiency in the building sector, enhancing regulations for retrofitting buildings to

improve energy use while also incorporating disaster risk preparedness.

Cities need to be well equipped and prepared in the face of increasing climate

change-induced disasters (Sharifi & Yamagata, 2015). Preparedness should

include governance, finance, and climate policy aspects. Implementation of

goals and policies in practice is largely determined by the robustness of institu-

tions (e.g., strategic plans, policies) and systems (e.g., infrastructure, ecosystems)

(Birchall & Bonnett, 2021). Improving the dialogue among planners, designers,

and emergency managers can help understanding, in a multi-hazard perspective,

the implications of spatial, physical, and functional features of buildings, public

spaces and critical infrastructure on the effective management of response oper-

ations during disaster risk events (Poljanšek et al., 2021).

CASE STUDY 4 THE SUPERBLOCK PROGRAMME IN BARCELONA
13

Ione Avila-Palencia and Jole Lutzu

In the 1850s, urban planner Ildelfons Cerdà proposed a plan for a large, grid-

like district outside the old walls of Barcelona, called the Eixample (“expan-

sion” in Catalan). Aiming to improve public health, the plan considered the

human needs for natural light and ventilation, open space and greenery, and

a transport network accommodating pedestrians, carriages, and tram lines.

Unfortunately, Cerdà’s plan was not realized until the mid−1990s, when
Barcelona’s first superblock14 was developed. Since then, Barcelona has

built six new superblocks with a plan to have twenty-one by 2030 (Marco,

13 See extended version of case study at https://uccrn.ei.columbia.edu/case-studies.
14 A superblock is an urban area that encompasses multiple city blocks, where vehicle traffic is

restricted to the perimeter, and the interior is designed to prioritize pedestrians with limited car
access.
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CASE STUDY 4 (cont.)

2024). As Barcelona’s air and noise pollutants have reached the highest levels

in Europe, superblocks offer an alternative to traditional urban planning.

The superblock model emphasizes the reduction of traffic based on

limiting the space dedicated to cars and promoting a transport mode shift

offering better public transport service and wider infrastructure for active

modes of transport (walking, cycling), as well as an increase in green

spaces. Decreasing cars and expanding green spaces reduce GHG emis-

sions and creates a more climate-resilient city.

The superblock is an intervention aiming to reclaim space for people,

reducemotorized transport, promote sustainablemobility andactive lifestyles,

provide urban greening, andmitigate climate change effects. The original idea

was to take nine city blocks and close them internally to through traffic.Due to

the traffic congestion poorly redistributed in the roads outside the block, the

model was recently optimized using green “axes” instead of blocks (City of

Barcelona, 2020). Green axes are tree-lined corridors, oftenwith rain gardens,

that provide shade, increase air quality, and improve flood drainage systems.

Figure 10 Superblocks in Horta and Sant Antoni

(Source: Ione Avila-Palencia & Jole Lutzu, 2023).
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5.3 Approaches

While mitigation and adaptation actions reduce risks associated with climate

change, they have mostly operated as separate paradigms. Historically, cli-

mate action planning focused primarily on mitigation, with a main goal of

CASE STUDY 4 (cont.)

Figure 11 Barcelona Superblocks.

(Source: Zigurat Institute of Technology, 2021).

Between 2013 and 2018, Superblocks were implemented in the areas of

Poblenou, Horta, and Sant Antoni. After a controversial lack of participa-

tion processes in Poblenou, multi-stakeholder decision-making processes

have occurred in working groups that are steering the design of the

Superblocks in different neighborhoods. A study published in 2020 sug-

gested that the full implementation of the Superblocks could prevent 667

premature deaths annually in Barcelona because of reducing air pollution,

noise, heat, and increasing physical activity levels and access to green

space (Mueller et al., 2020).

Superblocks are now being implemented in several cities in the world,

including Vienna, Los Angeles, Bogota, and Rotterdam (IAA Mobility,

2024). However, they can still encounter barriers and result in negative

outcomes that could limit their development and effectiveness. Future

research should evaluate potential consequences such as risk and effects of

gentrification and the current housing crisis.
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preventing climate change tipping points (Watkiss et al., 2015). In response to

such priorities, mitigation efforts in planning, urban design, and architecture

mainly resulted in strategies to increase energy efficiency of buildings and the

share of energy production from renewable sources, while strengthening

public transportation and promoting sustainable mobility. Adaptation plan-

ning, long neglected in cities, is now increasing rapidly. Cities, out of neces-

sity, are now addressing growing impacts from climate hazards such as heat

waves, intense precipitation events, coastal and riverine flooding, hurricanes

and typhoons, droughts, and wildfires.

While mitigation targets focus on a single global metric, that is, GHG

emissions (Watkiss et al., 2015), adaptation and resilience are primarily con-

cerned with impacts that are local or regional and have a range of non-objective

metrics to assess impacts and adaptation responses (Christiansen et al., 2018).

(See Additional Resources, Table 1, for characteristics of adaptation and miti-

gation measurements.)

Mitigating climate change to achieve the 1.5°C global goal of limiting

warming requires a drastic reduction in GHG emissions in urban areas from

buildings, transportation, industry, and all material streams entering and leaving

the city. These are Scope 3 emissions in the GHG Protocol (De Abreu et al.,

2022). Carbon reduction targets and carbon pricing can drive retrofit programs

and have led to increased building efficiency standards in provincial and

national building codes (e.g., the NYStretch Energy Code 2020 in US, or the

Level(s) system in Europe) (NYSERDA, 2019; European Commission, 2021a).

Municipal governments often set the pace through ambitious retrofit pro-

grams of their own assets, while the private sector and homeowners are often

reluctant to pay upfront investment costs with long payback times. Innovative

financing concepts and bundling of assets to achieve economies of scale could

be solutions to such barriers (e.g., Energy Performance Contracts (EPCs) and

Renewable Energy Communities (RECs)).15

Some mitigation strategies also support adaptation to climate change, but the

achievement of climate benefits strongly depends on the quality of urban

design. For example, urban greening initiatives can contribute to carbon seques-

tration while reducing flood and heat impacts, but require careful design with

the support of ecologists and hydrologists to ensure that targeted ecosystem

services are actually realized over time. In October 2020, the city of Izmir,

Turkey, opened its Mavisehir Peynircioglu Stream Ecological Corridor,

a 41,000m2 greenbelt (European Commission, 2021b). The project aims to

15 See ARC3.3 Element on Financing Urban Transitions to Climate Neutrality and Increased
Resilience in Cities, www.cambridge.org/core/publications/elements/elements-in-climate-
change-and-cities
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sequester carbon, increase biodiversity, reduce UHI, and mitigate flood risk

(European Commission, 2021). Implemented as part of an EU-funded project

(Urban GreenUP), the corridor was a massive undertaking that required the

expertise of a wide range of specialists. To strengthen the outcome of this

initiative and lock-in greening without requiring major funding, Izmir con-

structed several “parklets” throughout the city. These small green areas take

up less space than the ecological corridor, offer more cost-effective urban

greening solutions, and improve pedestrian flow by repurposing street parking

spaces (European Commission, 2021).

With the growing number of climate hazard events, city governments are now

allocating resources for adaptation initiatives. Depending upon the context and

hazard in question, there are opportunities to align adaptation efforts with decarbon-

ization objectives. However, some crucial adaptation strategies may increase GHG

emissions. In Singapore, 99 percent of private condominiums are air conditioned,

with many crediting the city-state’s economic rise to accessible air conditioning.

However, while air conditioning can be viewed as a legitimate adaptation strategy

amidst rising temperatures, it increases GHG emissions and anthropogenic heat,

thus intensifying UHI and creating a vicious cycle (Yuan et al., 2022; Chen, 2023).

Urban and regional planning is a key strategic tool that can facilitate imple-

menting an integrated approach to both mitigation and adaptation actions, for

example, the siting and design of renewable energy solutions (Norman et al.,

2021). However, an analysis in Europe indicates that planning for climate

change mitigation does not always precede adaptation, with about 66 percent,

26 percent, and only 17 percent of cities, respectively, having mitigation,

adaptation, or joint plans in place (Reckien et al., 2018b). (See Additional

Resources for an analysis of synergies, trade-offs, and conflicts of adaptation

and mitigation approaches.)

5.4 Urban Scales

Integrated mitigation and adaptation in cities can assume many forms across

spatial scales, urban systems, and physical networks; a wide range of strategies

adopted in service of urban sustainability already advances this objective

(Raven et al., 2018). However, recent research indicates that implementation

of adaptation planning is lagging behind mitigation action in urban areas, and

that overall, adaptation planning is often occurring in a sector-specific way with

limited consultation (IPCC, 2022). While there is sparse published research

analyzingmethods for integrating mitigation and adaptation, they are increasing

in practice.
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Early academic attention focused primarily on governance frameworks for

overcoming the adaptation/mitigation dichotomy rather than identifying and inves-

tigating adaptation-mitigation interactions in detail (Tol, 2005). Analysis of adap-

tation-mitigation interactions was aimed at broadly determining the right policy

mix of adaptation and mitigation actions (McKibbin &Wilcoxen, 2004), typically

at larger scales (i.e., global and national scales) (Watkiss et al., 2015). As research

has evolved, some integrated adaptation–mitigation frameworks have been devel-

oped for municipal scales (Walsh et al., 2011; Solecki et al., 2015), community and

infrastructure scales (C40 Cities Climate Leadership Group, 2024; Green Business

Certification Inc., 2018), and the building scale (Judah, 2020). More broadly, they

have been integrated into sustainable development planning (IPCC, 2022).

Sections 5.4.1 to 5.4.4 outline approaches and initiatives to integrate adapta-

tion and mitigation at four scales: metropolitan region, city, (largely focusing on

urban planning mechanisms), neighborhood (urban design mechanisms), and

building (architecture/design).

5.4.1 Metropolitan Region

The metropolitan scale is increasingly recognized as pivotal for effective climate

action, offering a framework for coordinated efforts acrossmunicipalities that share

infrastructure, resources, and climate vulnerabilities.Chapter 6: Cities, Settlements

and Key Infrastructure in the most recent IPCC report (AR6) recognizes the

complexities and interrelationships between rural and urban settlements and calls

for adaptation actions that are not constrained by a city’s administrative boundary,

rather, recognizing the networks andflows between urban, suburban, and rural areas

(Dodman et al., 2022). Metropolitan regions include diversified types of territories,

encompassing urban, suburban, and rural communities, with interconnected critical

systems such as transport, water, food, waste, and energy, which are primary drivers

of carbon emissions.

From a planning and urban design perspective, the metropolitan level pro-

vides a unique opportunity for enhancing local mitigation potential, by acting

on the decarbonization of such systems from a circular and decentralized

perspective, and on adaptation, by coordinating responses to extreme events

across multiple municipalities and regenerating ecosystems to exploit their

regulating and provisioning services.16 The New Urban Agenda emphasizes

how metropolitan regions can leverage their unique position to foster synergies

between local governments, the private sector, and civil society, benefiting from

regional planning bodies (UN-Habitat, 2017). However, comprehensive

16 See ARC3.3 Element, Circular Economies for Cities, https://www.cambridge.org/core/publica
tions/elements/elements-in-climate-change-and-cities
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planning at the metropolitan scale is often constrained by fragmented govern-

ance structures and differing local priorities (Kern&Alber, 2009). Regions with

dedicated metropolitan agencies, such as Greater London Authority, show

enhanced capacity for implementing climate policies that transcend municipal

borders, enabling a broader reach and impact (Bulkeley & Betsill, 2013).

Regional green and blue infrastructure networks can serve as both carbon

sinks and resiliency measures, because they absorb and sequester carbon diox-

ide, reduce the UHI, and help manage inland and coastal flooding. Such

networks of existing and restored sea basins, rivers, lakes, wetlands, canals,

and reservoirs (blue) connected with agricultural areas, parks, forests,

redeveloped wastelands, and degraded areas (green) in strategic locations

across urban and peri-urban areas can provide mutual benefits to local commu-

nities and ecosystems supporting quality of life and public spaces in cities and

creating stepping-stones habitats enhancing regional connectivity for biodiver-

sity (Lynch, 2018).

Metropolitan networks and inter-municipal organizations can facilitate col-

laborative climate planning, yet these networks often face challenges in ensur-

ing consistent policy implementation. For example, the C40 Cities Climate

Leadership Group has fostered collaborative climate strategies across metro-

politan regions globally, yet disparities in resources and governance models can

create barriers to comprehensive action (Acuto, 2016). While initiatives such as

these demonstrate the potential of coordinated metropolitan efforts, they also

highlight the challenges that metropolitan regions face in aligning diverse local

and regional objectives.

A significant gap remains between policy creation and implementation at the

metropolitan scale. Although metropolitan regions may adopt climate policies,

local implementation often falls short due to competing priorities and resource

limitations (Aylett, 2015; Measham et al., 2011). This highlights the need for

stronger mechanisms to translate metropolitan climate commitments into con-

crete plans and projects able to deliver tangible actions on the ground. The

underlying challenge of adopting effective climate-resilient planning and urban

design approaches at the metropolitan scale is the difficulty of meeting the

varied needs of local communities while addressing region-wide complexities,

supporting strategies that allow flexibility and tailored responses across

jurisdictions.

5.4.2 City

The way in which a city is defined varies significantly across the world, based on

population size, physical size, governance, and location. Cities are defined as
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having a government that has the authority to legislate and implement climate

change plans.17

Higher urban density, compact urban form, and mixed land use can facilitate

balance between commerce and housing and encourage the local supply of daily

needs. The reduction of travel distance also reduces residents’ unnecessary

motorized travel and encourages walking, cycling, and use of public transpor-

tation (Wang et al., 2018). Enhanced public transportation has the effect of

reducing both GHG emissions from single-occupant vehicle use and waste heat

emissions that contribute to the UHI effect. It is also important to promote use of

non-fossil fuel vehicles.

Urban green and blue spaces can improve water quality, create wind cor-

ridors, reduce impacts of flooding, and alleviate heat waves and droughts. These

reduce GHG emissions, enhance carbon sequestration in vegetation, and cool

cities through evapotranspiration and shading (Demuzere et al., 2014).

Decentralized energy systems with renewable energy facilities can reduce

fossil-fuel energy consumption and increase energy efficiency. Improving the

recycling of solid waste and wastewater can also effectively decrease emissions.

There is great potential to integrate adaptation and mitigation goals at the city

scale. At present, research indicates integration at the city scale is not widely

occurring (IPCC, 2022). For example, in a study of 885 city climate change plans

in Europe, Reckien and colleagues (2018b) found that only 17 percent have a plan

that integrates both adaptation andmitigation, with 66 percent having amitigation

plan only and 26 percent an adaptation plan only. Grafakos and colleagues (2018)

analyzed the climate change adaptation plans (CCAPs) of nine cities across the

world and found that six combined adaptation andmitigation: Bangkok, Chicago,

Mexico, Montevideo, Seoul, and Wellington. Additionally, Reckien and col-

leagues (2018b) found that the format of climate plans and their impetus was

influenced by numerous factors including size of a city, their international

networks, and applicable national legislation.

Many studies focus on analyzing standalone climate plans (including

adaptation or mitigation plans), rather than encompassing a suite of city-

level policies holistically. Such analysis was undertaken by Hürlimann and

colleagues (2021b) who looked at citywide planning documents (across

multiple policies and sectors). The analysis showed that integration of

adaptation and mitigation goals were not occurring effectively in

Melbourne (Hürlimann et al., 2021b).

While these policy evaluation studies are important, a limitation is their lack

of analysis of actual actions that implement those plans. There are important

17 See IPCC Special Report on Climate Change and Cities.
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gaps between climate change policies and their implementation. Table 3 shows

examples of how cities are integrating adaptation and mitigation across multiple

policies and sectors. Crucially, it is important that the selection of a city’s

approach to integration of adaptation and mitigation actions considers the

local community’s needs and characteristics, thus enabling a diversity of

approaches (Solecki et al., 2015; IPCC, 2022).

5.4.3 Neighborhood

The neighborhood scales provides an important opportunity for citizens,

practitioners, and environment professionals to interact to further integrate

adaptation and mitigation. Much of the focus on integrating mitigation and

Table 3 Integration of climate change adaptation and mitigation in cities

City Population Policies Approach References

Melbourne 179,000 - Climate and

Biodiversity

Emergency

Declaration

- Emissions Reduction

Plan

- Climate Change

Adaptation Plan

- Ten Climate Change

Action Priorities

- Actions embedded in

City actions

Climate change

adaptation plan and

emissions reduction

plan are linked, with

multiple synergies.

City of

Melbourne

(2017,

2019, 2021)

Vancouver 697,000 - Climate Emergency

Action

- Climate Change

Adaptation Plan

- Rain City Strategy

- Zero Emissions

Building Strategy

- Zoning and building

regulations

Long-term policy

development,

planning, and action

City of

Vancouver

(2016,

2019, 2025)

Hong Kong 7,482,000 - Climate Action 2050

- Clean Air for

Hong Kong 2035

- Green Tech Fund

Multiple policies,

guides, and initiatives

City of Hong

Kong (2020,

2021)

Notes: (Population statistics from UN Department of Economic and Social Affairs,
2020)
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adaptation has been at the national and city scales in relation to renewable

energy and electrifying transport networks, both between and within cities.

The more fine-grained spatial scale of a neighborhood, a precinct, or even

a block enables local communities to be actively engaged in the process of

decision-making, design, and implementation (Reid & Huq, 2014; Schipper

et al., 2014). Community-based solar farms (Boulder), integrated green infra-

structure (Rio de Janeiro), landscaping for city blocks (Barcelona), district

energy systems (e.g., in Copenhagen and Singapore), and active travel pro-

grams for cycling and walking (Addis Ababa) are all strategies that can reduce

GHG emissions and, with the inputs of climate science and research, be

designed to better adapt to climate change impacts.

In high-density urban districts, Active Integrated Mitigation and Adaptation

(AIMA) infrastructure can be inherently more cost-effective to “upgrade” than

individual building systems and can therefore better “climate-proof” the built

environment against changing conditions (Raven et al., 2018). AIMA deploys

advanced building systems and district infrastructure such as integrated energy

management, recycling, and on-site wastewater treatment that enables climate

resilient development. The neighborhood scale provides the critical link between

the city scale and the building envelope. It also requires cooperation and collab-

oration among multiple owners and interests to co-design and implement change.

Recent examples are Singapore’s Tengah Town, combining a district cooling

system with smart building features, nature-based solutions and transit-oriented

development, or the Western Sydney suburbs greening, that recently banned

black roofs on houses. Both examples integrate adaptation and mitigation and

were co-designed with leading researchers and local communities.

Compact neighborhood development with efficient density balances

urban demand with resources, increases access to public services, and

prevents urban sprawl, which can result in increased GHG emissions.

Mixed-use areas encourage integrated, inclusive urban systems that are

needed to effectively implement mitigation and adaptation strategies, such

as increased walkability, the development of green spaces, and improved

stormwater management through rain gardens and bioswales. Compact

development can also lead to effective sizing of blocks and spaces, non-

motorized transport, and accessibility to mass public transit. Efforts to create

appropriate urban green spaces with water-sensitive and climate-adaptive

design can contribute to energy use efficiency and promote thermal comfort

(Demuzere et al., 2014).

The construction of smart grid and renewable energy systems at the

neighborhood scale can improve the efficiency and safety of power gener-

ation, reduce losses due to transmission and distribution, improve the
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grid-connected power generation capacity of renewable energy, and improve

user management, all of which largely reduce GHG emissions. The “recycle

and reuse” system of wastewater and solid waste management can also be

closely integrated into residential lifestyles.

Appropriate block form and pavement materials can reduce heat gain and

contain excess water. Streets and paths can be designed to accommodate

walking, biking, and public transport to help reduce emissions. Green spaces

with appropriate plant types can serve as carbon sinks (Zhao et al., 2023). Open

spaces can be designed to absorb and retain excess water during flooding.

Sustainable devices such as LED lighting can contribute to emission reduction

targets. Wastewater recycling and reuse equipment as well as solid waste sorting

and collection facilities are to be designed to ensure for the convenience and

adoption by users.

5.4.4 Building

A limited number of integrated adaptation-mitigation frameworks currently

exist for buildings (see Table 4). C40 Cities developed the Adaptation and

Mitigation Interaction Assessment (AMIA) Excel-based tool, where users can

select from a database of adaptation and mitigation strategies at multiple scales,

including the building scale, to identify potential synergies and trade-offs (C40,

2018).

The LEED® (Leadership in Energy and Environmental Design) voluntary

green building certification system, one of the most recognized of such

systems worldwide, is for the first time introducing, in its “version 5,” an

assessment of climate resilient development components, strengthening

aspects related to emissions reduction and explicitly including adaptation,

spatial justice,18 habitats, and biodiversity. (See Additional Resources, Table

2, for green building principles in LEED v5 linked to climate resilient

development.)

In the US, the FEMA’s (Federal Emergency Management Agency) report,

Natural Hazards and Sustainability for Residential Buildings (Gromala et al.,

2010), considers interactions between sustainable building strategies and adap-

tation objectives. The guideline looks at the impact of natural hazard risks on

specific sustainable building strategies, though impacts of resilience strategies

on sustainability and climate mitigation objectives are not investigated. The

document also notes how strategies could be synergistic for one hazard but

create a conflict for another. Using life cycle assessment (LCA), the document

18 Spatial justice, refers to the fair distribution of urban resources and opportunities, ensuring that
people of all socio-economic backgrounds can access and benefit from the urban environment.
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addresses embodied GHGs and introduces the concept of post-disaster sustain-

ability benefits.

Resilient Adaptation of Sustainable Buildings posits that using a regenerative

framework rather than an efficiency-based approach (i.e., focusing on ecosys-

tem services restoration rather than on reduction of energy consumption and

GHG emissions only) will result in buildings that are both sustainable and

resilient. It serves as a valuable design approach for delving into the specifics

of meeting an adaptation goal for a predetermined hazard scenario while also

prioritizing sustainable strategies. However, it does not specifically address

trade-offs and excludes embodied carbon factors (Graves, 2020).

Table 4 Integrated adaptation-mitigation frameworks for buildings

Framework Description

Adaptation and Mitigation
Interaction Assessment (AMIA)

Users select from a database of
adaptation and mitigation strategies at
multiple scales, to identify potential
synergies and trade-offs.

LEED v5® Points-based green building design
rating system encompassing carbon
neutrality, climate adaptation, social
and environmental quality.

FEMA Natural Hazards and
Sustainability for Residential
Buildings

Guidelines focus on impact of natural
hazard risks on specific sustainable
building strategies; explains how
strategies could be synergistic for one
hazard but create a conflict for
another.

Resilient Adaptation of Sustainable
Buildings

Uses regenerative framework to delve
into specifics of meeting an
adaptation goal for a predetermined
hazard scenario while prioritizing
sustainable strategies.

Integrated Building Adaptation and
Mitigation Assessment
(IBAMA)

Twelve-part process-based framework
to assist building developers, owners,
and design teams in increasing
project’s resilience and adaptation to
climate hazards while optimizing
climate mitigation and sustainability
goals and strategies
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Passive buildings, which relates to the structure of the building itself, includ-

ing orientation, window placement, skylight installation, insulation and build-

ing materials, and specific elements such as windows and window shades, are

another form of integrated mitigation and adaptation (Anand et al., 2023). These

approaches can maximize natural light and wind to decrease heat gain,

improve ventilation, and minimize energy load (International Passive House

Association, 2018). Green roofs and walls can cool entire buildings, reducing

the need for indoor air conditioning because green facades and surfaces help

cool them via evapotranspiration. Building-integrated photovoltaic (BIPV) can

serve as both the outer layer of a structure and generate electricity for on-site use

or export to the grid. Wastewater reuse systems and solid waste sorting systems

can also be installed in buildings.

Originally developed for multi-unit residential buildings, the Integrated Building

Adaptation and Mitigation Assessment (IBAMA) is a twelve-part process-based

framework to assist building developers, owners, and design teams to increase

a project’s resilience and adaptation to climate hazards while optimizing mitigation

and sustainability goals/strategies (see Figure 12). The Integrated Building

Adaptation and Mitigation Assessment functions as a flexible decision-making

tool rather than a checklist or series of requirements. This enables teams to respond

to the unique context, vulnerabilities, and circumstances of each project. The

framework provides twenty-one quantifiable evaluation criteria to determine

Figure 12 IBAMA framework guides a project’s approach to climate adaptation

and resilience and includes consideration of the neighborhood scale

(Judah, 2020).
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synergies, conflicts, and trade-offs among all proposed adaptation and mitigation

strategies, as well as alignment of the proposed strategies with other project

priorities such as cost, constructability, and ease of operations (Judah, 2020). (See

Additional Resources, Figure 7, for IBAMA evaluation criteria.)

6 Embedding Environmental and Climate Justice
in Planning and Design

Environmental justice is gaining a central role in planning and urban design

because of its urgency and complexity (Porter et al., 2020). There is clear

evidence that further delays in emissions reductions will further limit effective

adaptation, exacerbating losses and damages, and greatly worsening not only

climate change impacts, but also climate injustices (Porter et al., 2020; IPCC,

2022). Inclusion, equity, and justice dimensions are increasingly considered

a key to shaping climate-resilient development pathways (IPCC, 2022).19

An increasing volume of literature is dedicated to understanding the implications

of climate justice at the urban scale. However, there is limited awareness about how

to effectively embed environmental and climate justice in climate-resilient urban

planning and design in practice, as justice concerns are only recently emerging in

different cities worldwide (Bulkeley et al., 2014). Most of the studies conducted in

this field remain on a theoretical level, with empirical studies mostly focusing

on justice integration at the procedural level of planning and on the impact of

cities’ climate plans on inequality (Fitzgibbons & Mitchell, 2019; Klinsky &

Mavrogianni, 2020). These studies contribute to framing how justice and equity

are currently considered in city planning and district redevelopment projects.

Findings show that only a few cities have integrated justice and equity effectively

in climate action (Hess et al., 2021). Significant gaps are found in how planning and

urban design can help overcome inequitable socio-spatial outcomes of both climate

change impacts and urban transformation. The most affected are the least respon-

sible for global warming and have fewer resources to cope with and recover from

climate impacts, while simultaneously climate change multiplies existing urban

injustices (Reckien et al., 2018a; Foster et al., 2019; Long & Rice, 2019).

Thus, solutions need to embed transformative pathways capable of integrating

processes of empowering equity-driven urban land and housing policies and

collaborative and inclusive planning to reduce urban dynamics of inequality by

including vulnerable groups (Shi et al., 2016; Rosenzweig et al., 2018; Shi, 2021).

Equity in urban planning and design practices cannot be achieved without

fundamental change at both political and practitioner levels (Klinsky &

19 SeeARC3.3 Element, Justice for Resilient Development in Climate-Stressed Cities, www.cambridge
.org/core/publications/elements/elements-in-climate-change-and-cities
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Mavrogianni, 2020). Similarly, moving from an incremental mitigation approach to

concurrent decarbonization and adaptationwill require a system-wide shift in urban

development processes (Tozer et al., 2018). Urban planning and architecture

practitioners as well as policymakers who aim to achieve a just climate transition

could therefore pursue systemic change in urban planning and development

processes, understanding how urban form and governance influence the distribu-

tion of climate risks and vulnerabilities, and how to advance participatory methods

(Hughes & Hoffman, 2020).

This section identifies emerging practices in pursuit of climate justice into

urban development processes and possible pathways for just climate-resilient

design dealing with elements of recognition, rights, responsibilities, distribu-

tion, and procedures (Archer et al., 2014; Chu et al., 2016).

6.1 Intersection of Climate Policy, Urban Planning and Design,
and Justice

Integrating climate justice into climate policymaking and planning can help avoid

the perpetuation of social inequities in cities. As seen in Table 5, pioneer cities

have recognized this opportunity and have incorporated climate justice into their

climate action plans creating intersectional climate and land use policy aimed

explicitly at addressing inequality and vulnerability (Table 5) (Diezmartínez &

Short Gianotti, 2022).

Conversely, policy focused too narrowly on climate benefits has failed to

address social inequalities, and in some cases exacerbated vulnerabilities in

historically marginalized populations (Bouyé et al., 2020).20 Climate policy and

planning decisions that do not explicitly prioritize procedural and distributional

climate justice have been criticized as technocratic and exclusionary (Ajibade,

2019). This has alienated local stakeholders and slowed climate progress

(Cohen, 2018).

Examples of these outcomes can be found in urban densification policies

that are driven by environmental benefits alone. Resulting projects have

exacerbated spatial inequalities, such as unequal access to green space,

a phenomenon which can be observed in cities in both the Global North

and South (Rigolon et al., 2018; Schüle et al., 2019). This phenomenon can

be seen in some cities with left-leaning politics and progressive sustainabil-

ity policies. In Oslo, while compact city planning policy efforts were often

located in lower income and immigrant districts with low provision of blue-

green space (Venter et al., 2023).

20 See ARC3.3 Element, Justice for Resilient Development in Climate-Stressed Cities, www.cambridge
.org/core/publications/elements/elements-in-climate-change-and-cities
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Climate-oriented development projects have often focused too narrowly on

climate benefits, failing to address the needs of local stakeholders and thus

garnering resistance. A São Paulo urban densification project, Nova Luz,

exemplifies this. The project was envisioned in response to the city’s newly

enacted emissions reduction law in 2011. Despite the promise of affordable

housing, the project was met with resistance by those occupying the site,

which grew to include resistance by the broader housing movements in the

city. These groups argued that affordable housing had previously failed to

materialize in urban development projects that did not identify it as the main

Table 5 Climate plans and actions of cities that are developing measures to
achieve climate justice outcomes

City Climate Plan Focus

Los Angeles Green New Deal
Plan

Reduction of emissions and inequality
through low-carbon housing, union-led
green jobs, and resilience in informal
settlements

Cape Town’s ceiling retrofit
project

Roof insulation in low-income areas
improves health, lowers emissions, and
reduces financial stress

New York City’s Cool
Neighborhoods program

Heat mitigation in high-temperature
neighborhoods through reflective
surfaces and green areas; implemented
with community groups

Barcelona’s Climate Plan Focuses on climate justice through
stronger care centers and extreme-heat
shelters for vulnerable groups

Buenos Aires’ Hydraulic Master
Plan

Flood mitigation around 8 water bodies,
prioritizing low-income Lake Soldati
area

Portland and Multnomah
County’s 2015 Climate Action
Plan (CAP)

Guided by community reps from low-
income areas; advances procedural,
distributional, and structural equity
through local investment, job creation,
and climate equity metrics

Sunset Park in Brooklyn,
New York

After Superstorm Sandy, residents
worked with UPROSE to create a
neighborhood climate adaptation and
environmental justice plan
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objective. The subsequent administration proposed a densification plan

designed explicitly to tackle inequality, which received broad community

support from the same housing movements. This plan reduced emissions

even further than the previous plan, though this was not a part of the messa-

ging (Cohen, 2018).

An increasing body of literature has linked urban greening policy to displace-

ment, primarily as the result of the increased real estate value phenomenon often

termed “green gentrification” or “climate gentrification.” (Oscilowicz et al.,

2025). In collaboration with local policymakers, urban planners can play a key

role in identifying anti-displacement strategies, such as preserving existing

affordable housing and business ownership and demanding rent control through

local value capture mechanisms (Rigolon et al., 2018; Oscilowicz et al., 2022).

Climate policy that distributes funding is most effective when carefully

designed to meet distributive, procedural, restorative, and recognitional justice

objectives (See Case Study 5).21 Energy incentives are particularly susceptible to

CASE STUDY 5 CITY-LEVEL CLIMATE ACTION PLANNING IN KANO, NIGERIA

Enjoli Hall, Aliyu Salisu Barau, and Darien Alexander Williams

Kano, Nigeria, is the southernmost trans-Sahara trading city and has roughly

four million residents who are predominantly Hausa and Fulani language-

speaking people, with strong Indigenous and Islamic cultural and spiritual

heterogeneity. Rising temperatures, prolonged droughts, and severe flooding

events pose threats to the city’s economy, human settlements, and heritage

sites, including its ancient city walls and the Great Mosque. Unlike Lagos,

Kano does not have a comprehensive state-led strategic plan for climate

mitigation and adaptation, and the Urban Planning Authority’s current stance

is that climate strategies are not a priority. For these reasons, Kano is an

example of how local adaptation efforts can reaffirm precolonial Indigenous

knowledge systems and meet environmental justice objectives.

Community-based actors in Kano are responding to observed climate

change impacts in the absence of formal plans. “Barefoot planners,” that is,

local actors who have no formal policy authority, draw their power from

ordinary, incremental, and persistent practices of adaptation, such as tree

planting, community-scale water management, and mutual aid networks to

21 SeeARC3.3 Element, Justice for Resilient Development in Climate-StressedCities, www.cambridge
.org/core/publications/elements/elements-in-climate-change-and-cities
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CASE STUDY 5 (cont.)

repair damaged infrastructure. Barefoot planners often act as first responders

to the most devastating impacts of climate change in Kano, forming grass-

roots groups that pool resources and labor to repair damaged infrastructure in

informal settlements in the wake of disastrous floods (Barau, 2020).

For example, the Millennials and Resilience: City, Innovation and

Transformation of Youths Laboratory (MR CITY Lab) is an initiative

aimed at engaging young people to restore urban biodiversity in Kano

through planting of local tree species. The team – composed of university

students, local youth, scientists and researchers, practitioners, and com-

munity leaders – has planted more than 400 Indigenous trees in commu-

nities across the city and facilitated communal dialogue about land and

flora, built skills, and heightened gender equity. The project has served as

a point of decolonial capacity-building to address the erasure brought by

generations of colonial rule, as knowledge of local flora is shared. It

highlights the important role of informal knowledge, actors, and practices

in local climate action planning. It remains to be seen, however, whether

the micro-practices of nongovernmental actors encourage coordinated,

citywide climate action in Kano.

Figure 13 Left: University students participating in tree restoration

activities with the MR CITY Lab.

(Source: MR CITY Lab)

Right: Typical mud-built homes in Kano, Nigeria, seen from Dala Hill

(Source: Tadej Znidarcic, 2015).
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an overly narrow focus on technical criteria and missed opportunities to ensure

fair and just allocation of funds. Though minority and low-income populations

disproportionately experience energy poverty, energy incentives and associated

projects have predominantly served high-income populations. Examples include

access to electric-vehicle-only carpool lanes and charging infrastructure, public

bike shares, spatial inequities in renewable energy project funding and siting, and

uneven distribution of building retrofit incentives (Yenneti et al., 2016; Babagoli

et al., 2019; Sovacool et al., 2019; Hsu et al., 2021).

In these examples, a utilitarian approach to subsidy allocation is econom-

ically inefficient and disempowers energy-poor communities. Effective

regulatory frameworks that include low-income groups with a focus on

energy retrofitting in housing have been developed in the UK with its

Energy Act and the Minimum Energy Efficiency Standard. This policy

gives dwellers a voice in decision-making related to energy retrofitting

(Klinsky & Mavrgianni, 2020).

6.2 Approaches for Just Climate Resilient Planning and Design

In many cases, climate policy is developed at the city, regional, national, or even

international level, but is ultimately interpreted and carried out at the neighbor-

hood scale by urban planners and urban designers. Appropriate strategies for

achieving just climate objectives are therefore best rooted in the local context.

Climate priorities that are coupled with local needs by contextualizing climate-

aligned urban design and planning measures to places and people are likely to

be more effective.

Fundamental tools for the translation of this aim into the urban form are

equitable spatial distribution of green and blue infrastructures, adaptive land/

building uses, and inclusive and collaborative planning and urban design

models. Developing novel planning and urban design methods that link urban

climate science with community engagement in collaborative mapping, design,

and evaluation of solutions can help to achieve procedural, recognitional, and

distributive justice while legitimizing and recognizing the needs of those most

exposed and vulnerable to climate risks (Mohtat & Kirfan, 2021).

For example, in 2019, UCCRN conducted a district-level UDCW program

in Isipingo, a town outside Durban, South Africa. To facilitate participating

City Teams to incorporate climate change initiatives into the Isipingo

Rehabilitation Programme (Figure 14). The purpose of the UDCWs was to

develop implementation actions that considered governmental, developmen-

tal, socioeconomic, and ecological conditions and build capacity across mul-

tiple stakeholder groups to respond to climate change. The UDCW enabled
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city officials from eThekwini Municipality to integrate and scale up mitigation

and adaptation principles by reducing energy consumption, strengthening

resilience, and enhancing human well-being. The group worked synergistic-

ally with construction and landscape configurations to create equitable, inter-

connected, protective, resilient, and attractive urban areas. (See the additional

resources for more details on the Durban UDCW).

Transformation of the built environment is key to leveraging the reduction of

existing socio-spatial inequalities and root causes of vulnerability, but this can

be achieved only conjunctly with more democratic and participatory govern-

ance and spatial decision-making (Wolfram et al., 2019; Hughes & Hoffmann,

2020; Castan Broto, 2021). Of paramount importance is the integration of

inclusiveness and climate action through embedding the claims and needs of

the populations usually excluded from spatial decisions due to race, gender,

income, culture, religion, or other social factors of exclusion. Urban services

and the environmental benefits and co-benefits generated by climate-resilient

planning and design measures deliver a major opportunity to address inequal-

ities in vulnerable groups and areas.

A critical component of a collaborative and inclusive systematic approach is

active and effective stakeholder and community engagement. Climate equity

and justice outcomes have been shown to increase through inclusive planning

and collaborative design processes (Chu, 2016). Without such engagement,

both climate and equity goals may be undermined due to lack of public support

for implementation and lack of ownership to encourage sustained equitable low-

carbon transition outcomes. Moving from a top-down toward a participatory

climate planning and execution process is thus an important priority for

Figure 14 Community engagement session: Finding synergies between

community and climate priorities for the Durban Isipingo central business

district (CBD)

(Source: Enza Tersigni, 2019).
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policymakers and practitioners alike. McCauley et al. (2019) highlighted that this

is particularly important in cities experiencing rapid and informal expansion.

Different cities have employed a range of public engagement methods from

consultation to co-design, co-production, and co-dissemination of results within

their climate plans (Table 6, Bremer et al., 2019; Satorras et al., 2020).

An approach recurrent in climate justice literature is partnering with community-

based organizations and grassroots movements. The organizations and movements

provide expertise and leadership within the communities they serve, facilitating

implementation of climate resilience projects (Gonzalez et al., 2017; Urban

Sustainability Directors Network, 2017; Amorim-Maia et al., 2022). They enable

Table 6 City climate plans with participatory processes for urban climate
planning (See Additional Resources for expanded version)

City Climate Plan Participatory Process Implemented

Detroit Climate Action Collaborative
(DCAC) (US)

Prioritized community involvement as
key aspect of plan’s formulation;
incorporated local insights and
increased climate change awareness
in Detroit; organized range of
activities such as focus sessions
with stakeholders, local climate
conference, targeted consultations
with commercial and religious
groups, and documentary films;
process led to creation of Detroit
Climate Ambassadors program, a
resident-led effort to educate,
prepare, and tackle climate change
in neighborhoods

Cleveland Climate Action Plan (US) Year-long community engagement
process that developed 2018 CAP
Update; 300 residents participated in
12 neighborhood workshops, city
received more than 200 comments
during public comment period;
Climate Action Advisory Committee
was created with more than 90
members include representatives
from business, churches, academia,
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Table 6 (cont.)

City Climate Plan Participatory Process Implemented

NGOs, the city and county,
community organizations, and
foundations

New York’s participatory budgeting
process (myPB) (US)

Facilitation process for investment of
more than $200 million in 700
community-designed projects

CityAdapt Project, San Salvador, El
Salvador, and Xalapa (Mexico)

Funded by GEF and implemented by
the United Nations, which
developed climate adaptation plans
for San Salvador, El Salvador, and
Xalapa, Mexico; worked hand-in-
hand with communities to identify
vulnerability hot spots; conducted
participatory workshops to identify
possible and necessary actions;
conducted workshops to validate
portfolio of actions; presented
results to decision-makers to ensure
support and; created monitoring and
evaluation system in collaboration
with communities

Sustainable Food Production for
a resilient Rosario (Argentina)

Repurposed under-utilized land for
urban and peri-urban agriculture to
improve food security, provide
nutrition to low-income residents,
and strengthen resilience to flood
and extreme heat

Climate Resilient Cities in Latin
America Initiative,

Dosquebradas, (Colombia); Santa
Ana, (El Salvador); and Santo
Tomé (Argentina)

Developed practical way to integrate
stakeholders into decision-making
process using specific tools; Tools
included the QUICKScan
methodology and decision-support
toolbox developed by Wageningen
Environmental Research (WEnR/
Alterra) and the European
Environmental Agency (EEA);
QUICKScan methodology has been
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design and development of adaptation projects from within communities, promot-

ing jobs, skills creation, and achievement of community-driven adaptation

(Gonzalez, et al., 2017; Amorim-Maia et al., 2022).

The place-based and place-making approach involves integrating within pro-

jects the relationship of different communities with space, including recognition

of vernacular and local knowledge especially of Indigenous communities

Table 6 (cont.)

City Climate Plan Participatory Process Implemented

implemented to integrate different
data, knowledge bases and
perspectives, and needs of
stakeholders; stakeholder
engagement created a Climate
Resilient Cities Initiative platform
and workshops with stakeholder
mapping, interviews, policy
recommendations, and capacity
development

Barcelona Climate Plan (Spain) Elaborated through “co-production”
process with citizens, which
consisted of three phases; 1)
Collected proposals from citizens
through face-to-face workshops, self-
organized sessions, and digital
platform Decidim;
2) Validated and prioritized proposals
through municipality-organized
workshops; 3) Evaluation and
acceptance or rejection of proposals
with decisions reasonings posted on
Decidim platform

Paris “Oasis Schools” (France) and
Barcelona “Escuelas refugios
climaticos” (Spain)

Retrofitted schools as climate shelters;
school emerged as neighborhood-
scale climate adaptation and
community hub; from pilot projects,
initiatives turned in urban policies
based on collaborative design
processes with local community
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(Anguelovski et al., 2018). It also implies a decolonial approach to land distribu-

tion and access, including return and redistribution options. Additionally, promo-

tion of cross-identity and vulnerability activism can strengthen government

actions that are already established in the community, empowering local organ-

izations to manage changes (Olazabal et al., 2021).

Community-Based Adaptation (CBA) is a complementary framework for

just climate-resilient urban planning and urban design that focuses on vulner-

able communities through participatory activities at multiple levels (from

national to neighborhood scales) in a wide range of spheres (project implemen-

tation, policy, education, and research) (Ayers & Forsyth, 2009; Forsyth, 2013;

Archer et al., 2014; Kirkby et al., 2018; Rosenzweig et al., 2021). In this

framework, the analysis and assessment of vulnerabilities and risk, as well as

response measures are developed according to a participatory learning and

action model (Kindon et al., 2007).

In CBA, communities are the central focus in both studies of climate risks and

vulnerability and in spatial decision-making (Kirby, 2014). Culture can play

different roles in community-based adaptation, for example, including local

social norms, effecting change from within, entraining adaptation (see Box 3).

BOX 3 THE ROLE OF CULTURE IN IDENTIFYING URBAN STRATEGIES FOR

CLIMATE ADAPTATION

As urban climate solutions are shared and mainstreamed worldwide, the

ability to successfully adapt planning and design to different contexts has

become crucial. This is essential not only to ensure the successful implemen-

tation of climate action in urban settings but also to account for the diverse

communities that exist in local contexts. Culture relates to climate and

environmental justice because “all understandings of the environment are

politicized and are framed by broader power relations and political-

economic structures and processes” (Leck, 2017). In this sense, cultural

knowledge that comes from historically oppressed groups can be systematic-

ally ignored in adaptation and mitigation strategies, while consequently

presenting valuable tools for promoting climate and environmental justice.

In terms of urban planning and design, culture is important because spatial

places are relevant to how groups and individuals self-identify (Heimann &

Mallick, 2016). Moreover, the identity of social groups can be related to

spatial elements from their surroundings such as water sources, landscape

elements, or native ecosystems. As climate adaptation can encompass relocat-

ing communities or changing conditions concerning land or water sources,
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Practical application of planning tools for CBA have been conducted mainly in

developing countries with justice outcomes including inclusive socioeconomic

measures, land use modifications, and spatial interventions (Spires at al., 2014;

Endo et al., 2017; Kim et al., 2018, Han et al., 2025). Cape Town, South Africa,

is one example of a city where CBA is occurring, as local community-based

organizations are rearranging homes in informal settlements to allow for flood

drainage and service delivery amid increasing rainstorms (Fox et al., 2021).

6.3 Future Research and Practice for Advancing Urban
Climate Justice

Urbanplanners andurbandesigners can serve as the linkbetween climate policy and

environmental justice outcomes, leveraging policy and spatial interventions as tools

for increasing wealth and prosperity in marginalized communities. This requires

BOX 3 (cont.)

culture can inform why certain groups may prefer different adaptation strat-

egies. Since culture can also exist and change at different scales, it is import-

ant to consider the different scales of urban planning in climate adaptation

strategies (Leck, 2017).

Establishing “best-practices” for adaptation does not usually account

for cultural differences. To think of adaptation measures in a global

setting, it is necessary to consider cultural, ecological, and institutional

contexts (Ensor & Berger, 2009; Heimann & Mallick, 2016). Adaptation

strategies should not be imposed from the outside but rather have the

complete engagement of communities to drive adaptation action from

within culture. From a planning and design perspective, this entails adapt-

ing best practices from cities with diverse cultural contexts to local solu-

tions and considering stakeholder and community engagement processes

through a cultural lens when adapting these solutions.

This approach promotes a productive role of culture, where shared

knowledge from communities defines the opportunities for adaptation, pre-

dicts best practices, and builds resilience (Ensor & Berger, 2009).

Consequently, culture can provide a series of habits, skills, and styles that

can create an “adaptation driven by culture” toolkit (Leck, 2017). Considering

adaptation strategies without addressing socio-cultural beliefs can lead to

ineffective and resisted policies, and maladaptation.
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a shift in the standard approach to both climate-oriented and equitable development

practices and acknowledging different forms of knowledge (see Box 4). To ensure

these outcomes, urban climate justice ought to be elevated to the primary objective

and driving purpose, while emissions reductions toward climate policy compliance

can be seen as a baseline requirement for all development projects. Business-as-

usual planning and urban design approaches will not achieve both climate and

equity goals in tandem and should therefore be re-examined. Elements to be better

considered in future planning and design practices include rectifying vulnerabilities

by tackling underlying economic reinforcers of racial and gender inequalities, as

well as adopting place-based and co-produced approaches and promoting commu-

nity resilience-building and activism (Amorim-Maira et al., 2022).

BOX 4 TRADITIONAL ECOLOGICAL KNOWLEDGE (TEK) IN URBAN

PLANNING AND DESIGN

Traditional ecological knowledge (TEK) is understood as the “knowledge of

the environment that is derived from experience and traditions particular to

a specific group of people” (Leonard et al., 2013, 2). Although TEK is usually

associated with ancestral communities, it can be attributed to communities

that have historical continuity in a particular environment, with particular

resource use (Leonard et al., 2013). In the context of TEK, people’s resilience

is permeated by local social networks or traditional community structures that

constitute the “social capital” for adaptation (Heimann & Mallick, 2016).

When including TEK in urban planning and design, it is possible to

gather specific information for implementation associated with the tradi-

tions of the communities that will be affected by the various proposed

interventions. In this regard, it is feasible to design community engagement

based on the different categories of TEK.

For diagnostic and planning purposes, efforts can be focused on envir-

onmental knowledge, which relates to seasonal indicators, water availabil-

ity, and, in general, various observations of climate variability and change

(Leonard et al., 2013). For Monitoring, Evaluation, and Learning (MEL),

consideration of biodiversity resource usage and environmental manage-

ment can ensure the long-term sustainability of the interventions. Finally,

the worldview should serve as the framework in adaptation solutions are

tested for different communities, understanding how their cultural identity

interacts with their ethics and values concerning urban climate action

(Leonard et al., 2013).
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Rectifying vulnerabilities includes diversifying funding sources for climate

projects. Studies show that a reliance on private funds has caused investment

and real estate firms to speculate on land values, often generating further

marginalization and intra-urban displacement (Teicher, 2018; Robin & Castan

Broto, 2021). This is exemplified in Chicago, where publicly owned lots in

gentrifying areas are often sold to create green spaces (Riglon et al., 2020).

Unfortunately, the benefits of these new green spaces are rarely distributed

equitably, raising property values and often displacing already marginalized

communities (Riglon et al., 2020).

To avoid climate gentrification, unequal land use and zoning policies need to

be rectified (Anguelovski et al., 2018b; Conolly & Anguelovski, 2021). An

example is the need to ensure affordable housing, while simultaneously

BOX 4 (cont.)

Figure 15 Traditional Ecological Knowledge (TEK) in urban planning

and design.
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ensuring access to green spaces (Anguelovski et al., 2018b). Vienna is a city that

seeks to mitigate the risk of green gentrification. The city has a broad dispersion

of social housing across neighborhoods to prevent segregation and isolation and

has strict rent controls and open-ended contracts that limit price increases

(Friesenecker et al., 2024). These regulations have made social housing more

equitable and ensure that rents stay consistent despite changing neighborhood

demographics. A 2015 plan also introduced an initiative to provide all Vienna

residents with green spaces within 250 meters, guaranteeing equitable access to

nature (Friesenecker et al., 2024).

Innovating participatory practices in planning and urban design towards inclu-

sive co-production processes requires governance and advocacy through urban

policies tailored to the vulnerability of certain groups. Knowledge sharing is

needed so that reliable data about climate risks, vulnerabilities, and systemic

barriers are available to all.22 Training to build awareness of inequities and social

injustices and to facilitate dialogue among grassroots organizations, NGOs, com-

munities, and policymakers is also required (Klinsky & Mavrogianni, 2020;

Mohan & Muraleedharan, 2025).

The need is rapidly emerging for much greater attention to be paid to

advancing understanding of equity and justice implications of urban form and

of functional, spatial, environmental, and technological outcomes of plans and

projects. The lack of empirical studies on the subject has long been coupled with

an excessive focus on normative recommendations and critical analyses, which

too often fail to expound upon the practical methodologies for propelling

climate justice objectives (Hughes & Hoffman, 2020; Mohtat & Kirfan,

2021). More research and exchange between theory and practice are required

to assess the results in terms of justice of changes in the size, orientation,

geometry and layout patterns of streets, blocks and plots, buildings and their

footprints, as well as changes in land use.

Appropriate methodologies belonging to the spatial dimension can be imple-

mented to foster the evaluation of existing urban injustice and the enhancement

of equitable interventions in the built environment. These include spatial ana-

lysis and on-site measurements with a specific focus on participatory GIS (see

Section 8); the latter are used to co-survey and co-own local spatial knowledge

of different groups (Korpilo et al., 2022; Rice-Boayue, 2025). This holds

particular significance in the Global South, where limited access to spatial

data is a gap in the implementation of urban climate justice actions.

22 See ARC3.3 Elements, Urban Climate Science: Knowledge Base for City Risk Assessments
and Resilience, and Justice for Resilient Development in Climate-Stressed Cities,
www.cambridge.org/core/publications/elements/elements-in-climate-change-and-cities
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Moreover, the use of indicators for the evaluation of justice and equity in

cities can support spatial planning and urban design in the elaboration of

proposals that are aware of the specific context. Examples of these indicators

are the Equity Indicators tool developed by the CUNY Institute for State and

Local Governance (ISLG), available for six US cities, and the Environmental

Justice Index elaborated by the Centers for Disease Control and Prevention and

Agency for Toxic Substances Disease Registry (US Department of Health and

Human Services). Toolboxes for Community-based Adaptation (CBA) such as

the Cooperative for Assistance and Relief Everywhere (CARE) and the CBA

Toolkit are also useful tools to help in delivering justice at a practical level in the

built environment (CARE, 2010).

Since urban transformation can actively reduce existing socio-spatial

inequalities, the demands of vulnerable groups and individuals, especially of

marginalized and discriminated communities, are key to deliver climate-

resilient cities. When specific studies on root causes and factors influencing

local vulnerabilities are included as baselines in planning and urban design

proposals, they can be joined with urban climate analyses to match mitigation

and adaptation goals with local priorities. These contextualize climate strategies

and measures to people and places. Risks of maladaptation generated by the

creation of environmental benefits that favor high-income groups (climate

elites) at the expense of the more disempowered, such as green gentrification,

can thus be better understood and reduced. Multi-stakeholder, multilevel, and

context-based urban processes that embed a justice and equity agenda can help

transform how spatial decisions are taken and implemented, how rights are

guaranteed, and how responsibilities for climate and community action are

undertaken.

7 Capacity Building for Urban Decision-Makers
and Practitioners

Achieving global climate goals and disrupting the status quo will depend on the

capacity of built environment practitioners working in countries of all stages of

development to act on climate change and incorporate it into their professional

activities. The Paris Agreement (Article 11) recognizes the importance of cap-

acity building to achieve its goals, with a particular focus on enhancing the

capacity of Parties from developing nations, and the role of developed nations

in supporting the achievement of this aim (UNFCCC, 2015). During COP21

(Paris, 2015), the UN established the Paris Committee on Capacity-Building

(PCCB) to address gaps and needs in developing countries. Further, in 2019 it
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was decided that the PCCB should also serve the Paris Agreement and develop

a work program to advance capacity building (UN, 2023a; UN, 2023b).

7.1 Defining Capacity and Capacity Building

In a report for the World Health Organization (WHO) on capacity building

focused on health systems, Milèn (2001) defined capacity across three levels, as

“an ability of individuals, organizations, or systems to perform appropriate

functions effectively, efficiently and sustainably.” This is consistent with the

UNDP’s (1998) earlier work on capacity building. The definitions of the term

“capacity building” and “capacity development” have limited consensus

(Klinsky & Sagar, 2022). As detailed by Nautiyal and Klinsky (2022), capacity

building for the environment gained prominence in the 1990s through multilat-

eral environmental agreements and continues to have prominence at inter-

national forums to date. They identify problems with the use and

implementation of the concept. Through an analysis of UNFCCC documents,

they identify two dominant narratives of capacity building.

The first narrative was characterized by “tecno-managerial and standardized

data-driven goals,” which is well supported by the UNFCCC (Nautiyal &

Klinsky, 2022). The second narrative, which they found was not well supported,

was capacity building that is inclusive and diverse, implemented through

holistic and transdisciplinary approaches. Nautiyal and Klinsky (2022) advo-

cate that to increase capacity building for climate change, greater support for

the second narrative is needed. In the context of planning and design practices,

collaborative processes for knowledge sharing and co-design in multi-

stakeholder contexts are key to embed inclusive capacity-building practice

while co-producing essential knowledge components integrated into project

development (see Section 6).

In this UCCRN Element, capacity building is defined as “the process by

which individuals, groups, organizations, institutions, and societies increase

their abilities to perform core functions, solve problems, define and achieve

objectives, and understand and deal with development needs in a broad

context and in a sustainable manner” (Milèn, 2001). For climate change, it

is important to develop capacity in both developing and developed countries.

Climate change is global in nature and building capacity for both mitigation

and adaptation in all nations will enable smoother international cooperation.

Building capacity to expand the green jobs sector in both developing and

developed countries will also provide mutual, symbiotic economic opportun-

ities and resiliency.
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Following the UNDP (1998), the UN (2023a, 2023b) adopted a three-

level approach in its climate change capacity-building activities: individ-

uals, organizations and systems (see Figure 16). When assessing the UN’s

framework on climate change capacity, Figure 16 articulates the develop-

ment of knowledge, skills, and competency across the three levels to

achieve climate change outcomes. Competency is defined by the

European Commission (2008) as: “the proven ability to use knowledge,

skills, and personal, social, and/or methodological abilities in work or

study situations and in professional and personal development.”

Effective climate change action needs more than the acquisition of know-

ledge and skills, but the development of competence. Competence and func-

tional skills are recognized components of being a professional (Biggs & Tang,

2007). In this context, professional, project, and process-based agency of

planners and designers is expanded through creativity, multidisciplinarity, sys-

tems thinking and co-design (see Section 3). This is key to building the capaci-

ties of colleagues, clients, community stakeholders, and institutions to change

attitudes and behaviors at all levels to stimulate proactive and effective climate

action across sectors (Murtagh & Sergeeva, 2021; Arnett, 2023).

Figure 16 Climate change capacity building at the individual, institutional, and

systemic levels with a focus on urban decision-makers and practitioners

(Adapted from UNFCCC, 2023).

84 Climate Change and Cities

of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009643894
Downloaded from https://www.cambridge.org/core. Concordia University Library, on 02 Dec 2025 at 20:15:05, subject to the Cambridge Core terms

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009643894
https://www.cambridge.org/core


7.2 Enhancing Climate Change Capacity for Built Environment
Professionals

This section’s focus is climate change capacity building for built environment

professionals (with a focus on urban planners, designers, and architects), and

the institutions and systems within which they operate. Both developing and

developed nations are considered. The actors involved in the production

of the built environment include practitioners, professionals, academics,

researchers, policymakers and community members. These actors vary across

the life stages of producing and altering the built environment. They come from

disciplines including urban planning, design, architecture, landscape design,

construction, and engineering, and can also be from secondary sectors and

actors who have a role supporting the production of the built environment

(Hartenberger et al., 2013).

Each sector and actor brings with them skill sets and capabilities that con-

tribute to different components of the built environment and the regulatory and

policy frameworks that guide its development. Moving from the status quo to

facilitating the necessary climate change actions in each of these sectors/across

multiple actors is critical. The built environment process encompasses multiple

interrelationships, and thus the need for urban planners, designers, and archi-

tects to work with actors from other sectors and key stakeholders to advance

climate change action.

Four broad challenges to facilitating climate change action in built environ-

ments relating directly to capacity building are identified:

• Need to increase the number of built environment professionals in practice.

A recent collaborative study by the Commonwealth Association of Architects,

the Commonwealth Association of Planners, the Commonwealth Association

of Surveying and Land Economy, and the Commonwealth Engineers Council

(2020) found a critical shortage of qualified architects, urban planners, engin-

eers and surveyors in many developing Commonwealth countries, demonstrat-

ing the need to both increase the number of architecture, urban design, and

planning professionals working in cities, as well as enhancing climate training

for existing professionals.

• Need to build the climate change capacity of existing professionals. Recent

research indicates that there are climate change capacity gaps expressed by

built environment professionals and urban planners in Australia and Canada,

and coastal managers in the US (Tribbia & Moser, 2008; Canadian Planning

Institute, 2019; Hürlimann et al., 2023a, 2023b). Similar skills shortages were

explored in depth by the UK Parliamentary House of Commons in relation to

built environment professionals since 2007, highlighting a lack of clear
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strategy, inadequate supply of skilled workers, and low levels of diversity in

the existing workforce, especially in relation to the current “Net Zero”

Greenhouse Gas Emissions Policy (UK House of Commons, 2008; UK

House of Commons, 2021; UK Parliamentary Committee on Climate

Change, 2023). The EU also finds this labor shortage more generally in

construction and engineering, particularly in relation to Net-Zero skills

(European Commission, 2023).

• Need to develop climate change curriculum in education programs degrees.

Recent research into the coverage of climate change in urban planning degree

curriculums across multiple contexts has shown that climate change is not

well addressed (Preston-Jones, 2020, Hürlimann et al., 2021c). Collaborative

efforts across fields are seeking to address curriculum gaps. For example,

Planners for Climate Action (P4CA 2023a,b) have developed a repository of

course manuals with the explicit purpose to facilitate climate change capacity

building for urban planners. In 2023, UCCRN and MIT delivered a free

online course on “Cities and Climate Change,” focusing on core interdiscip-

linary topics supporting urban climate mitigation and adaptation. Yet, further

coordinated work is needed to advance curriculum and continuing profes-

sional development opportunities.

• Need to complement mainstream approaches by engaging a diverse actors.

This includes Indigenous peoples, gender-specific constituencies and com-

munities, using transdisciplinary and holistic approaches and co-creating

pathways that gives meaningful space for marginalized actors to participate

in, direct, and benefit from the capacity-building agenda (Klinsky, 2022)

(see Box 5).

BOX 5 SOCIAL TECHNOLOGY: SOLUTIONS TO EMPOWER

VULNERABLE COMMUNITIES

Social technology is defined as reapplicable products, techniques, or

methodologies, developed with the community and appropriated by it,

which represent effective solutions for social transformation to improve

living conditions and social inclusion (ITS, 2004; Dagnino, 2010;

Pozzebon, 2015). Technology can be classified as social when it pro-

poses to act on a social problem and its values are informed by the

development of society, not the market (Neder, 2011; Pozzebon, 2015;

Addor, 2021). They are alternative technologies to conventional tech-

nology, sustainable and low-cost, and appropriate to the principles of
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7.3 How to Build Capacity

Capacity building typically follows three phases in a continuing cycle:

assessing needs; developing strategies to address these needs; and monitor-

ing and evaluating the capacity-building actions (Milèn, 2001). Critical

capacity gaps have been assessed in a context-specific way across the three

BOX 5 (cont.)

solidarity economy and social justice (Dagnino, 2014). The social tech-

nology movement gained strength at the beginning of the twenty-first

century in Brazil and continues to grow (Dagnino, 2014; ITS, 2004;

Pozzebon, 2015).

Technology is inseparable from the individual’s culture in social

technology (Neder, 2011; Pozzebon, 2015). The incorporation of individ-

ual and community knowledge and their interaction with technicians and

researchers involved is decisive for social practice. This interaction has

three inseparable principles: the formative experience formation through

the day-to-day experience of social individuals as learning and training;

technological culture – treated as a process of sociotechnical adequacy;

and the self-organization of social individuals understood as a space for

constructing appropriate self management methods by the social groups

involved (Neder, 2011).

Urban adaptation and mitigation solutions based on the field of

social technology promote justice and increase the resilience of mar-

ginalized communities’ response to climate crises by placing people at

the center of solutions and incorporating inclusive, emancipatory and

empowerment processes, and reformulate relationships of power

(Heimann & Mallick, 2016; Addor, 2021). Social technology can be

identified in solutions for climate change adaptation and are often

included in urban planning and design actions, such as for food secur-

ity, like the urban agroecological practices developed in urban periph-

eries and slums in São Paulo and Rio de Janeiro (Levidow et al., 2021),

in urban co-design such as those developed in Brazilian favelas to

create urban gardens (Montuori et al., 2017); or for disaster risk

reduction (DRR), such as community-based early warning systems

(EWS), as in the cases for floods and landslides in São Paulo, Brazil

(Marchezini et al., 2017).

87Planning, Urban Design, and Architecture for Climate Action

of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009643894
Downloaded from https://www.cambridge.org/core. Concordia University Library, on 02 Dec 2025 at 20:15:05, subject to the Cambridge Core terms

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009643894
https://www.cambridge.org/core


scales of individual, organizational, and systemic – for each built environ-

ment sector and its actors. However, limited assessment of climate change

capacity gaps and needs has been undertaken for built environment profes-

sionals and the sector at large.

7.3.1 Developing Strategies to Address Climate Change Capacity Needs

There is an increasing body of work conducted by built environment profes-

sional associations and independent organizations at both international and

national scales to advance climate change capacity across sectors of the built

environment. Impetus for many initiatives appears to have come from the Paris

Agreement (UNFCCC, 2015) and IPCC reports, including the Special Report

on 1.5°C (IPCC, 2018). In response, some professional organizations at national

and international levels made declarations of climate change emergency (e.g.,

IFLA, 2019; RIBA, 2019) and have facilitated actions to improve sector

competency. (See Additional Resources, Figure 9, for a Sankey diagram of

climate change facilitators for built environment professionals.)

Information sources trusted by built environment professionals include

industry bodies, government sources, and academic researchers. These results

were found in the Australian property and construction sectors, and in urban

planning studies (Hürlimann et al., 2018; Canadian Institute of Planners, 2019;

Warren-Myers et al., 2020). Research also indicates that colleagues can be an

important source of climate change information for coastal managers and urban

planners (Tribbia & Moser, 2008; Canadian Institute of Planners, 2019;

Hürlimann et al., 2023a, 2023b). However, work is uneven across sectors and

among professional organizations and is not necessarily translated into current

university curricula.

Capacity building for climate change in built environment professions can

encompass a range of formats and structures. Formal programs include

degrees or diplomas provided through universities, of which some may

receive professional accreditation. Less formal opportunities include short

courses or training modules facilitated by professional associations or gov-

ernment authorities. Similarly, professional association publications and

resources can be important catalysts and guides for change. Capacities also

can be built through new “Learning Landscapes” centered on 1. Integrating

pedagogical tools to generate individualized learning experiences; 2. Enabling

educators to conceptualize sociocultural influences in and beyond educational

space boundaries; and 3. Specifically designing spaces for experiential learn-

ing (Hansen, 2012; Neary et al., 2010) (see Case Study 6). (See Additional

Resources for specific capacity building tools.)
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7.3.2 Monitoring and Evaluating Capacity-Building Actions

Monitoring and evaluating the success of capacity-building actions is critical to

improving future processes (Milèn, 2001). Clear articulation of the purpose of

monitoring and evaluation activities is useful to increase effectiveness. Milèn

(2021) identifies some current concerns in the monitoring and evaluating of

capacity-building actions, particularly from a developing country context. More

emphasis is needed on measuring processes rather than results, for example,

evaluating the capacity building itself as well as adaptation outcomes and under-

standing effectiveness of partnerships over time.

CASE STUDY 6 FLOODING ADAPTATION STRATEGY IN APARTADÓ’S
RIVER MASTER PLAN23

Sara Arteaga-Morales and Juliana Vélez-Duque

Apartadó, Colombia, is located along the Apartadó River in the Urabá

region and is home to one of the thirty-six recognized biodiversity hotspots

around the world, the Tumbes-Chocó-Magdalena in Colombia. Severe flash

flooding occurs in the river basin approximately every six to ten years,

exposing almost half of the city of Apartadó and its neighborhoods, which

include seventy-two Indigenous and six afro-Colombian communities, to

damage and displacement. With precipitation projected to increase due to

climate change, extreme weather events associated with the river will

become stronger and more frequent. Recognizing the need to adapt to

climate change, the Apartadó River Master Plan aims to reduce risk expos-

ure and increase flooding protection along the river basin through participa-

tory planning, nature-based solutions, and ecosystem restoration.

The methodology for the Master Plan included three stages: due dili-

gence, diagnostics, and formulation. Community mapping and participatory

planning workshops were conducted with different communities to under-

stand their relationship with the river at cultural and economic levels their

knowledge of ecological restoration, and to build their capacity for experien-

tial learning. The plan’s formulation stage resulted in proposals that encom-

passed environmental education, disaster preparedness, ecological

restoration, community monitoring, eco-resilient neighborhoods, and nature-

based tourism. It also emphasized preservation of cultural and ecological

memory associated with the river.

23 See extended version of case study at https://uccrn.ei.columbia.edu/case-studies.
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CASE STUDY 6 (cont.)

Figure 17 Community mapping and participatory planning workshop

during the development of the Apartadó River Master Plan.

(Source: Sara Arteaga, 2023a)

Figure 18 The Apartadó River crosses the city from east to west.

(Source: Sara Arteaga, 2023b)
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8 Metrics, Performance Indicators, and Tools

Analytical tools and guidelines are essential for supporting urban planning, design,

and architecture for mitigation and adaptation. By means of scientific data and

corresponding metrics analyzed by such tools as evidence, performance of the built

environment can be assessed quantitatively thus providing a knowledge base for

action.

Design guidelines are defined as sets of practical recommendations or codes on

how to design strategies, plan actions, and apply measures to respond to climate

challenges. Design guidelines coalesce multidisciplinary knowledge to advance

climate action. They are used by planners and policymakers to determine how to

implement principles efficiently and meet their purpose appropriately. Both

analytical tools and guidelines are primarily stratified by the spatial scale on

which the research or application is focused. (See Additional Resources for

selected guidelines developed in recent years.)

Technologies such as geospatial mapping, a technique that creates customized

maps by displaying spatial data in a geographic context, and parametric design,

a technique where engineers use algorithms to create complex structures or prod-

ucts, often engage multiple scales, community jurisdictions, stakeholders, and

governance. Drawing from planning, urban design, and building scale experience,

a current theme emerging from the use of these technologies is “silo-busting”

across spatial scales and sectors.

Such an approach highlights the importance of addressing the climate-resilient

urban transformation process through a multiscale perspective to enhance the

coherence of concepts, methods, and assessments at different urban planning and

design scales (i.e., natural areas, building, neighborhood, city, and metropolitan

region) (Leone & Raven, 2018). On the other hand, scale-dependent specificities

CASE STUDY 6 (cont.)

The Apartadó River Master Plan addresses risk management, governance

issues, environmental degradation, social inclusion, and cultural represen-

tation to create a proposal that strengthens disaster response within the

city. It promotes climate and environmental justice, cultural appropriation

programs, and public–private partnerships to tackle weak governance

institutions. The methodology demonstrates the importance of centering

adaptation interventions around communities and local stakeholders that

can guide the narrative of disaster response while incorporating unique

cultural elements to risk management. This climate and environmental

justice approach promotes social empowerment within communities and

enables decision-support frameworks and resilience.
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need to be considered to effectively incorporate principles, models, tools, and

design priorities within planning and urban design for specific projects, also in

relation to sectoral regulations and technical specifications.

The purpose of this section is to discuss the principles relevant to different spatial

scales in urban areas as they relate to mitigation and adaptation and to clarify the

issue of spatial scales in analytical tools and guidelines.Mainmetrics and indicators

are introduced for evaluating GHG emissions reduction and climate-adaptive

performance of the urban environment. State-of-art tools for analyzing urban

environments, including models, frameworks, software, and representative guide-

lines for regulating design practice are reviewed on a case-by-case basis.

8.1 Climate Scales versus Planning and Urban Design Scales

In urban climate science, a useful hierarchy of scales correspond to different

dominant processes that inform observation and modeling (Oke et al., 2017).

The background climate/weather within which metropolitan regions are embed-

ded operates at the regional or mesoscale (~500 km). The influence of cities on

weather through modifications of land cover and subsequent impacts on the

overlying air occurs at an urban scale (~10 km).

At the local or neighborhood scale (~1–5 km), the influence of distinct urban

land use land cover (LULC) types (e.g., residential, commercial, green space) is

evident; these are linked with typical building dimensions, tree canopy cover,

and traffic patterns (Chow & Roth, 2006; Chow et al., 2012). Each neighbor-

hood type has a myriad of climates at the microscale (≤100 m) that are created

by the specific characteristics of buildings (e.g., dimensions), layout (e.g., street

width and orientation), and landscaping. The range of these microclimates is

consistent across a neighborhood type.

Using a similar spatial framework, planning, urban design, and architecture

practice can be categorized by scale from regional plan to building design. The

hierarchies of spatial scales in these two working systems can be correlated, as

shown in Figure 19. Thus, both communities of practice can understand each

other reciprocally and transfer knowledge effectively.

At the mesoscale to urban (city) scale, urban climate research provides back-

ground information, including climate change projections.24 The climate models

that operate at this scale do not routinely include urban land use types but rather

simple urban land cover. The outputs of these models correspond to the scale of

synoptic weather reports and observations of weather patterns over large areas at

specific times. They can be used to support planners and policymakers as they

24 See ARC3.3 Element on Urban Climate Science: Knowledge Base for City Risk Assessments and
Resilience, www.cambridge.org/core/publications/elements/elements-in-climate-change-and-cities
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Figure 19 Relation between urban climate scales and design scales.
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prepare regional plans to reduce long-distance travel related to highGHGemissions

and propose design guidelines for responding to extreme events such as coastal

flooding.

Global analysis data include weather observations, computer simulations of

historical weather patterns, and climate model projections. They describe cur-

rent and future climate, including extreme events such as heat waves and heavy

downpours, providing a context for urban-scale decisions (see https://cds.cli

mate.copernicus.eu). Climate models that focus on city and neighborhood

scales use “urbanized” models that can account for different urban LULC

types and three-dimensional form (morphology).

Observational weather data at city and neighborhood scales is not generally

available, although there are a growing number of cities that have their ownweather

station networks or have utilized volunteer citizen weather station data that capture

the UHI effect. New York City, London, Berlin, and Nairobi are all cities that use

both independent weather stations and volunteer citizen weather data (Klimastadt

Berlin, 2023; NOAA, 2025; TAHMO, 2024; UKMet Office, 2011; USDA, 2024).

This scale corresponds to that of urban planning (i.e., cities and neighborhoods)

related to decisions on land use, transportation, and urban morphology that can

enhance climate resilience. Correlating climatic and policy information via the

integration of spatial scales is essential for better understanding the urban environ-

ment and proposing climate-aligned architecture, design, and planning actions

(see Case Study 7).

CASE STUDY 7 INTEGRATED STORM WATER MANAGEMENT IN NEW YORK CITY:
IMPLEMENTATION OF GREEN INFRASTRUCTURE MEASURES

25

Martina Kohler

Every year in New York City, around 20 billion gallons of untreated raw

sewage and polluted runoff are diverted from the City’s wastewater

treatment plants during combined sewer overflow (CSO) events (Levine,

2020). These are directed into the rivers along the shoreline of the city

because the designed capacity of the system is reached quickly when it

rains. Future climate change-induced increases in precipitation will put

further stresses on the already overloaded system. This case study assesses

the implementation of NYC’s Green Infrastructure (GI) plan to reduce

rainwater overflow and address combined sewer overflows to both adapt

to increased rainfall and to reduce Urban Heat Island (UHI) effects.

25 See extended version of case study at https://uccrn.ei.columbia.edu/case-studies.
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CASE STUDY 7 (cont.)

New York City’s GI program aims to reduce combined sewer overflows

into NYC waterways and the UHI effect through urban greening. The plan,

introduced in2010, has theoverarchinggoal of enablingNYC tomanage1”of

storm water runoff with GI across 10 percent of the impervious surfaces

within the combined sewer area of the city by 2030. More than 11,050 GI

assets, predominantly rain gardens, have been installed or are currently under

construction since 2012.

Figure 20 NewYork City Department of Environmental Protection (DEP),

Green Infrastructure Program Map.

(Source: NYC OpenData, State of NJ, Esri, HERE, Garmin, USGS, NGA,

EPA, NPS, April 13, 2022)

The installation of rain gardens in the public right of way faces some

challenges including necessary maintenance to ensure proper performance,

conflict with density of city infrastructure below the streets and sidewalk

surfaces (gas, cable, freshwater lines), high bedrock, and high-water-table

levels in some areas of the city.

The GI program has made progress despite unanticipated challenges.

Reaching its stated goal in 2030 will require an increased focus on GI

measures on private properties. Currently DEP’s grant program and DEP’s

Private Property Retrofit program both focus on private properties 50,000

square feet and larger. As a result, there remains significant unrealized

potential to capture water and divert roof runoff from the sewer system in

many smaller catchment areas.
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8.2 Analytical and Modeling Tools for Climate Mitigation
and Adaptation

To implement climate-aligned interventions, numerous analytical and modeling

tools have been developed to support the work of researchers and practitioners.

These are relevant to urban scales and aid in assessing the effects of planning and

urban design scenarios in terms of climate mitigation and adaptation (Figure 22).

8.2.1 Analytical and Modeling Tools for Climate Mitigation

A greenhouse gas (GHG) inventory is fundamental for accounting GHG emis-

sions in cities. The IPCC Guidelines on National Greenhouse Gas Inventories

provide methods and rules for countries around the world to establish national

GHG inventories and reduce emissions in four sectors: energy; industrial

processes and product use; agriculture, forestry and other land use; and waste.

At the city scale, the IPCC national source-based emissions accounting is not

readily applicable. Therefore, over the last two decades, leading organizations

and city networks have developed accounting protocols that focus on cities,

including the International Standard for Determining GHG Emissions for

CASE STUDY 7 (cont.)

Figure 21 Rain garden installations at Denton Place, Brooklyn, New York

City, part of the Green Infrastructure Plan.

(Source: Kohler, 2023)
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Figure 22 Design, spatial, and climate scales of analytical and modeling tools for mitigation and adaptation.
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Cities, the Global Protocol for Community-Scale Greenhouse Gas Emission

Inventories (GPC), and the US Community Protocol (UNEP et al., 2010; ICLEI

USA, 2019; Fong et al., 2021, Davey, 2025).

At the building scale, building energy simulation software such as CEA,26

DeST,27 EnergyPlus, DOE-228 calculate building energy performance, and

facilitate design to meet building energy conservation standards. Peking and

Tsinghua University Civil Engineering Software (PKPM-CES) is a carbon

emission design and analysis software applicable to building life cycles. It

includes carbon emission analysis of design, construction, production, trans-

portation, operation and maintenance, and demolition.

8.2.2 Analytical and Modeling Tools for Climate Adaptation

For adaptation tomanage risks at themesoscale and local scale, the Crichton’s Risk

Triangle framework (Crichton, 1999) can be linked with the risk concepts of the

IPCC (IPCC, 2014). Thesemethods provide useful tools to assess andmap climate-

related risks, such as flood hazards (Chen, 2021), extreme heat (Hua et al., 2021),

and air pollution (Shi et al., 2020). The techniques overlay the frequency and

intensity of hazards with the presence of exposed assets, thereby measuring the

propensity or predisposition of urban areas to be adversely affected. (SeeAdditional

Resources, Figure 12, for a spatial distribution of heat vulnerability in HongKong.)

There are several mesoscale climate models capable of simulating weather at

urban scales. The best known of these is the open-source community-based

Weather Research and Forecasting (WRF) model. The urbanized version of this

model accounts for variations in the urban landscape in the form of numerical

descriptors (known as urban canopy parameters or UCPs). The resolution of this

model is variable, but it has been applied at sub-kilometer scales (Chen et al.,

2011). Runningmesoscale models such asWRF requires a considerable amount

of training and resources, beyond the scope of urban planning skills. Planners

and urban designers can work with urban climate scientists to test relevant

climate change scenarios and interventions for individual urban areas.

One of the difficulties in applying mesoscale models to study urban phe-

nomena is acquiring the numerical description (UCPs) of the city’s LULC

composition. One approach to acquiring these is to use the Local Climate Zone

(LCZ) scheme, which categorizes the urban landscape into ten neighborhood

types, each of which is associated with a range of UCP values for climatically

relevant variables, such as the impermeable surface fraction, UHI, and Sky

View Factor (SVF) (Han et al., 2024). Recently, a global LCZ map has been

generated that provides a basic physical geography of cities, which can be

26 City Energy Analyst. 27 Designer Simulation Toolkit. 28 Department of Energy 2.
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used in urban climate modeling. An online LCZ generator enables users to

create their own city map of neighborhood types.29

For investigating climate conditions within urban areas, there are a range of

models and techniques that can be employed to guide climate-sensitive plan-

ning. For example, the Urban Multi-Scale Environmental Predictor (UMEP)

combines models and tools for climate simulations and is linked to the Quantum

GIS system (Lindberg et al., 2018). The UMEP has a suite of submodels that can

be used to examine surface and air temperatures, shadowing patterns and runoff

and supports scenario testing.

A more intuitive and city-specific technique uses theUrban Climatic Map (UC-

Map) method as an evaluation tool to integrate urban climatic factors and town

planning considerations. It presents individual climatic phenomena and hazards on

a common spatial frame and uses maps to combine planning relevant information

(Ren et al., 2011, see Section 8). A complete UC-Map system is composed of an

Urban Climatic Analysis Map (UC-AnMap) and an Urban Climatic Planning

Recommendation Map (UC-ReMap) (Figure 23). The latter is a planning and

action-oriented assessment base that can be operated at the city or the district

scale. Currently, more than fifteen countries have developed their own UC-Map

system and applied it to develop climatic measures or guidelines for local planning.

(See Additional Resources for tools that utilize computational fluid dynamics.)

These tools have various limitations regarding spatial scale, modeling resolution,

simulation time, and suitability. Therefore, the integration of multiple tools and

simulations across spatial scales can be useful in responding to a range of needs in

practice. For example, synthesizing the results of the UC-Map and LCZ facilitates

Figure 23 Structure of Urban Climatic Map (elaborated from: Ren et al., 2010).

29 (https://lcz-generator.rub.de/).
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the synthesis of building morphology and urban climate zones. This provides the

evidence base for urban climate planning recommendations to support planners and

decision-makers on improving mitigation and adaptation performance (Yin et al.,

2022). (See Additional Resources for description of modeling tools to respond to

extreme heat; see also Heat Vulnerability Index (HVI) map of New York.)

8.3 Metrics and Performance Indicators for Climate Mitigation
and Adaptation

Mitigation

Planning, urban design, and building design practitioners can engage with the

concepts and practices used to determine and assess GHG emissions. Global

greenhouse gas performance is generally assessed at a smaller scale by the

emission quantities (tCO2) expressed by area (m2); or total amount per capita or

per gross domestic product (GDP) at a larger scale. ISO 37120 (2018) proposes

that GHG emissions of cities be measured on a per capita basis, which repre-

sents the relationship between carbon emissions and individual consumption

levels. GHG emissions per unit of GDP is a metric that shows the GHG intensity

of the economy, commonly used in China.

For example, at the 2009 UNFCCCCOP in Copenhagen, China committed to

reducing the economic carbon intensity (i.e., CO2 emissions per unit of GDP)

by 40–45 percent from 2005 levels by 2020 (Cansino et al., 2015). The indicator

was then distributed to provinces and cities, becoming a significant carbon

performance measurement at every administrative level. The current carbon

intensity reduction commitment of China is to reduce CO2 emissions per unit of

GDP by 60–65 percent from 2005 levels by 2030 (UNFCCC, 2020).

Improving energy efficiency and optimizing energy supply and distribution

infrastructure are fundamental ways to reduce urban carbon emissions. The integra-

tion of renewable energy sources and energy recovery technologies such as utiliza-

tion of waste heat contribute to lower the energy system emissions. Stockholm has

been a leader in the utilization of waste heat, which uses the waste heat of data

centers to power 2,500 residential apartments (Yuan et al., 2022). Indicators for non-

fossil energy use and energy efficiency are essential to assess the performance for

climate mitigation.

This growing momentum is evident in the actions of major cities, such as

New York, London, Singapore, Paris, Tokyo, and Berlin, which are implementing

both carbon metrics and energy-related indicators in climate change mitigation

initiatives (GCoM, 2022). Smaller to medium-sized cities are also making robust

climate commitments, with some of these cities proposing climate neutrality,

reducing emissions through climate action to ensure no net effect on the climate

system, or zero carbon goals, which aim to eliminate GHGs (Table 7).
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Table 7 Climate action performance indicators of eight case study cities.

City
Area
(km²)30

Baseline
Year
Emissions Climate Mitigation Initiative

Launch
Date Performance Indicators

Berlin 891.85 1990 Climate-Neutral Berlin 2050 2016 CO2 emissions reduced by at least 40% by 2020;
by 2030, CO2emissions reduced by at least
60%; senate and administrative departments
achieve carbon neutrality and eliminate use of
coal, and most of BEK2030 will be
implemented; achieve climate neutrality by
2050

Berlin Energy and Climate
Protection Programme 2030
(BEK)

2018

London 1579 1990 1.5°C Compatible Climate
Action Plan

2018 CO2 emissions reduced by 60% by 2030, nearly
80% by 2040; zero-carbon by 2050;

New York City 789 1990 OneNYC 2050
Building a Strong and Fair

City-A
Livable Climate

2019 by 2040, share of clean energy in electricity to
reach 100%; by 2050, 100% of GHG
emissions eliminated, reduced, or offset;
carbon neutrality achieved

30 Area of city limits.
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Table 7 (cont.)

City
Area
(km²)

Baseline
Year
Emissions Climate Mitigation Initiative

Launch
Date Performance Indicators

Paris 105.4 2004 Paris Climate Action Plan-
Towards a Carbon Neutral
City and 100& Renewable
Energy

2018 CO2 emissions reduced by 25% by 2020; by
2050, carbon emissions reduced by 75%,
local carbon emissions reduced by 100%,
energy consumption reduced by 50%, and
energy consumption from 100% renewable
resources

Singapore 719.9 2005 Taking Actions Today for a
Carbon-efficient Singapore

2016 CO2 emissions reduced by 36% and reach peak
by 2030

Tokyo 2188 2000 Tokyo
Climate Change Strategy

2011 With 2000 as the base year, GHG emissions
reduced by 25% by 2020

Christchurch 1415.47 2016 Ōtautahi Christchurch Climate
Resilience Strategy

2021 Net zero GHG emissions by 2045, halving
emissions by 2030

Mérida 858.41 2000 Municipal Climate Action
Plan

2018 Reduce emissions by 30% compared to the
baseline in 2020, and by 2050, reduce
emissions by 50% with 2000 as the base year
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Adaptation

Human comfort and climate-responsive performance in urban spaces are pre-

dominantly evaluated through monitoring of thermal and wind environments.

Urban climate depends significantly on the characteristics of urbanmorphology.

Thus, urban morphology affects the corresponding metrics and indicators of

thermal and wind environments.

Thermal environment

Air and surface temperatures are employed as the basic climatic variable for

performance metrics to detect hot spots of heat risk in a city at the urban or

neighborhood scales (Oke et al., 2017). Extreme event hours are accumulated as

the very hot day hours and hot night hours during a certain period. In addition,

human thermal comfort indices are widely used to represent human bioclimatic

sensations and health risks due to the surrounding environment at the local or

microscales.

The Universal Thermal Climate Index (UTCI), Physiological Equivalent

Temperature (PET), Standard Effective Temperature (SET), Predicted Mean

Vote (PMV), and Wet Bulb Globe Temperature (WBGT) are the most popular

thermal indices adopted in urban and building design. The thresholds of the

neutral values of these indices vary with climate zones, locations, and socioec-

onomic factors (Zare et al., 2018; Binarti et al., 2020; Jia et al., 2025).

The urban thermal environment is co-determined by urban morphological fac-

tors, including building density, vegetative cover, street canyon ratio (i.e., propor-

tion between width of streets and height of flanking buildings), street orientation,

sky view factor (i.e., the ability of built surfaces to emit radiation to the sky), and

albedo (i.e., the ability of surfaces to reflect solar radiation). (See Additional

Resources for a comparison of thermal perceptions in various bioclimatic indices.)

Wind

The wind environment is mainly assessed by wind speed and direction to

represent urban ventilation performance. Urban ventilation can be severely

reduced by poorly configured neighborhoods, resulting in extreme heat and

frequent urban haze events. To increase the ventilation potential and improve

quality of life within urban areas, designing neighborhood urban ventilation

corridors is essential. Passive cooling strategies can be configured and imple-

mented by regulating for climate-aligned urban morphology (Wai et al., 2025):

• The surface roughness in urban morphology is a key parameter that impacts

wind direction and speed near the ground.

• Frontal area density is the ratio of a building facade to its total site surface area.
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• Building coverage ratio is a metric that compares the area of a building to the

size of the land it is built on.

• Floor area ratio (FAR) is a measurement of a building’s floor area in relation

to the size of the site.

8.4 Barriers and Bridges to Integrating Mitigation
and Adaptation

Successful integration of carbon-neutral and climate-adaptive principles into

urban design and planning processes faces three major challenges:

• Understanding of Scope 1, 2, and 3 GHG emissions31 connected to critical

urban systems such as energy, mobility, materials, food, water, and waste

(Wiedmann et al., 2021; Lwasa et al., 2022);

• Management of complex information on climate impacts (IPCC, 2014); and

• consideration of the range of stakeholder interests and concerns (Rotter et al.,

2013).

Taking up these challenges requires multiscale and multidisciplinary per-

spectives integrating economic, environmental, and social aspects, as well as

dedicated stakeholder engagement. Holistic considerations of climate

change adaptation have in recent years brought forward the concept of

adaptation cobenefits, now embedded in the concept of climate-resilient

development (Raymond et al., 2017; IPCC, 2023). Examples of relevant co-

benefits linked to climate action in cities include increased quality of public

spaces and social services; employment and income generation from new

green jobs creation; improved quality of water, soil and air; increased urban

biodiversity (Bachra et al., 2020). Novel climate-resilient planning and

urban design tools connect climate benefits in terms of mitigation and

adaptation with relevant social, economic, and environmental co-benefits

responding to human needs and enhancing quality of life of urban commu-

nities (see Sections 6, 8, and 9).

9 Urban Design Climate Workshops (UDCWs)

The Urban Design ClimateWorkshop (UDCW) process builds upon established

paradigms of contemporary planning, urban design, and architecture through

31 Scope 1 refers to direct emissions that are owned or controlled by the organization. Scope 2
encompasses indirect emissions resulting from the consumption of electricity, steam, heating,
and cooling. Scope 3 covers all other indirect emissions associated with the organization’s
upstream and downstream activities (World Resources Institute (WRI) and World Business
Council for Sustainable Development (WBCSD), 2004).
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the lens of a resilient and sustainable built environment.32 It views the city as

a body of work made by multiple actors; an indivisible and evolving organism

shaped by infrastructure, development, public process, and density. To bridge

climate science and climate action, policymakers, researchers, practitioners,

and stakeholders need planning and urban design strategies to identify, config-

ure, and evaluate urban climate factors at a neighborhood scale.

UDCW participants develop scenarios and urban prototypes aligned with cli-

mate resilient, net-zero carbon principles to strengthen community adaptability to

climate change, reduce energy consumption in the built environment and enhance

the quality of the public realm. With UDCW sites in diverse global cities, the

planning process works to balance bold visions for the city with marginalized

communities’ access to services. As UDCWs rely on engagement and co-design,

these participatory workshops also act as stakeholder sounding sessions that occur

throughout the ARC3.3 assessment process.

The UDCW is conceived as a hands-on, capacity-building process that

engages urban designers, climate scientists, policymakers, students, and stake-

holders. Working side-by-side, this cross-sectoral planning process envisions

how urban design and planning can shape transformative climate action in

urban districts. Scenario modeling illustrates likely climate impacts from devel-

opment and rezoning alternatives, while climate-sensitive prototyping identifies

opportunities for GHG mitigation and climate adaptation. UDCWs configure

interconnected microclimates and urban systems within the city to achieve

reduced energy loads, cleaner air, and enhanced civic life, while incorporating

mitigation and adaptation. Since 2015, a series of UDCWs have taken place in

New York, Paris, Naples, Durban, Randers, and Rio de Janeiro. (See Additional

Resources for UDCWs in Paris, Durban, Naples, and Sunnyside.)

Drawing from evidence-based urban climate factors (Figure 23), this collab-

orative planning and urban design process was summarized in the Urban

Planning and Urban Design Chapter of the Second Assessment Report on

Climate Change and Cities (Raven et al., 2018). Benefitting from additional

years of UDCW experience, this ARC3.3 Element assesses research, field

testing, and validation of urban systems, built environment models, and frame-

works that integrate climate mitigation and adaptation. This integrated urban

transformation reflects a value proposition paradigm shift that includes envir-

onmental justice, synergies between research and practice, innovative tools,

capacity building, and clear roadmaps for climate action.

32 The UDCW approach and toolkit has been developed, tested, and improved through several
research projects in Europe and the US including H2020 CLARITY; H2020 ESPREssO;
Erasmus+ UCCRN_edu; Horizon Europe KNOWING; Horizon Europe UP2030; National
Science Foundation – Belmont Forum and RCN City-as-Lab + Supplement.
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Notwithstanding effective use of prototyping or developing a representation

of the idea or solution to test before a product is launched to demonstrate

positive outcomes, the goal of UDCWs is to ultimately go beyond “demonstra-

tor projects,” to embed these evidence-based approaches in the standard plan-

ning and urban design process. This would foster a rapid evolution in the

“business as usual” approach to planning and design, where equity and envir-

onmental justice go hand-in-hand with measurable impacts on climate co-

benefits goals. Urban Design Climate Workshop methods and tools identify,

configure, and evaluate responses to stakeholder priorities and urban climate

factors through multiscale planning and design strategies and solutions.

9.1 UDCW Process and Phasing

TheUDCWmethodology focuses on sequential and iterative phases that lead to the

development of neighborhood transformation through a multidisciplinary and mul-

tiscale approach (Raven et al., 2018). Phases of the methodology are implemented

with the support of UCCRN multidisciplinary experts, community experts, and

other stakeholders. This process combines knowledge sharing andco-design actions

with urban decision-makers and local communities together with the development

of simulations based on computational design tools to control the main indicators

that determine the performance of buildings and open spaces in relation to climatic

stress conditions. (See Additional Resources for a list of partners engaged by local

city hosts and UCCRN Regional Hubs that helped to develop UDCWs.)

Depending on the location, objectives, available resources, and participants,

different types of UDCWs have been designed. A key feature is that they are

designed to be iterative and replicable, not “one-offs.”Multiple encounters enable

the development of long-term relationships with stakeholders and of persistent

engagement with climate change challenges experienced by the participating city

over time.

Urban Design Climate Workshop types can be summarized as follows:

• Knowledge Exchange. One to two days (plus two to four weeks preparatory

activities involving UCCRN team) with panel discussion/post-it session with

UCCRN facilitators, session, or side event within a conference (with experts,

scientists, practitioners) (Example: Bonn UDCW, 2019).

• Capacity Building. Three to five days (plus four to eight weeks preparatory

activities involving UCCRN team and local hosts), a workshop with multidis-

ciplinary UCCRN experts, local authorities’ representatives (technical experts,

scientists, practitioners, local authorities and communities) (Example: Durban

UDCW, 2019).

• Design Studio. Seven to fifteen days (plus eight to sixteen weeks preparatory

activities involving UCCRN team and local hosts), a workshop with
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multidisciplinary UCCRN experts, students (technical experts, scientists, prac-

titioners, local stakeholders, and communities, with an opening conference and

a final event involving external audience (Example: Gowanus UDCW, see

Case Study 8; UCCRN_edu UDCW series, 2022–2024).

The UDCW process is intended to explore “climate synergies” that can be

activated with respect to stakeholder priorities, specificities of urban systems,

and planning/design opportunities in relation to the study area and the targeted

program. The UDCW comprises stakeholder priorities, urban systems, co-

design, Metrics, Policies and Feedback Loops. The UDCW Design Process

(Figure 27) describes six phases:

1. Synergies & Adjacencies: Urban Systems & Users;

2. Synergies & Adjacencies: Spatial Scales;

3. Hybrid Neighborhood: Simulation & Modeling;

4. Urban Climate Factors;

5. Urban Form - Opportunities & Constraints;

6. Urban Climate Goals

These phases are not necessarily engaged in chronological order but are inter-

changeable, based on specific needs.

9.2 Urban Climate Factors

Urban Climate Factors have been updated in this Element following five years of

UDCWactivities (2018–2023), and represent a fundamental tool used throughout

UDCW phases for planning and urban design (Raven et al., 2018; Raven, 2019)

(Figure 24).Mitigation and adaptation solutions are embeddedwithin a knowledge-

sharing process to explicitly connect stakeholder priorities to climate benefits. This

provides a framework tomap co-benefits for climate actionwithin the local context.

The four Urban Climate Factors are:

• Efficiency of Urban Systems: Efficient urban systems reduce anthropogenic

emissions from energy, food, transportation, and waste. Reducing the impact

of polluting vehicles, manufacturing, construction, and waste heat from

buildings are critical priorities.

• Form and Layout: Climate-aligned urban design can configure densely occu-

pied urban settlements to offset a challenging local climate context. Urban

districts can be designed to enhance cooling and ventilation to reduce energy

use and allow citizens to cope with higher surrounding temperatures, while

enabling cities to better manage flooding. Climate-aligned urban design that

integrates compact urban form with natural systems can achieve a network of

attractive and healthy microclimates.
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Figure 24 Urban Climate Factors

(Adapted from Raven, 2019)
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• Building Envelope and Surface Materials: Selecting low heat capacity construc-

tion materials and reflective coatings can improve building performance by

managing heat exchange at the surface. Air conditioning-reliant buildings are

often isolated from their neighborhood microclimate. One approach is to define

a wider range of acceptable indoor temperatures by enabling buildings to be

better connected to healthier, outdoor microclimates, whose surface materials

and equipment enhance shading, solar reflection, and reduce water infiltration

• Green and Blue Infrastructure: Increasing vegetative and tree canopy cover can

simultaneously lower outdoor temperatures, building cooling demand, rain and

floodwater runoff, and pollution, while sequestering carbon. Investments in

pedestrian and cycling corridors aligned with parks, water bodies, and other

natural systems, can reduce carbon emissions, enhance carbon sequestration,

capture stormwater and perhaps most effectively, cool cities through evapotrans-

piration and shading.

Shaped by phased policy mandates and aspirations emerging from stakeholder

priorities, the synergies between urban systems and climate play a central role in

configuring the mitigation and adaptation design process. The urban systems

include energy, food, water, waste, transportation, natural systems, and the built

environment. The climate profile includes heat, flooding, drought, and GHG

emissions.

The urban systems and climate profile form the basis for modeling future

development scenarios. The models assess potential mitigation and adaptation

outcomes based upon local climate projections by:

• Performing robust climate hazard/impact and mitigation/adaptation assess-

ments based on IPCC climate scenario approaches

• Streamlining use of quantitative and qualitative indicators to support multi-

scale evaluation of planning and design solutions across metropolitan region,

city, neighborhood, and building scales

• Linking climate mitigation and adaptation outputs from urban development

projects to social, economic and environmental co-benefits

Climate analysis maps identify urban zones subject to the greatest impacts associ-

ated with rising temperatures, increasing precipitation, and extremeweather events.

A climate analysis map is based on spatial reference data. For climate adaptation,

commonly employed climate analysismaps include urbanheat “hotspots” andflood

zonemaps. The spatial resolution is tailored to the urban planning and urban design

level.

Urban Design ClimateWorkshop climate analysis mapping is conducted at the

district and subdistrict scale. District-scale mapping analyzes surface radiation
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obtained from LiDAR satellite data. These are a proxy for UHI and urban

microclimate that helps identify district-level “hot spots,” i.e., zones of greatest

heat intensity. Potential pilot subdistricts are identified from this hotspot data.

Priority districts characterized by population activities, projected development,

and infrastructure investment overlap natural hazard zones and extreme weather

events. In effect, as the urban climate gets hotter and wetter, higher density

increases urban heat stress; and risk of flooding. Urban climate and hazard/impact

assessment models and tools (e.g., Solweig, LadyBug, EnviMet, Sfincs, HEC-

RAS, and the UDCW simulation tools – such as GIS tools, three-dimensional

modeling, and climate-resilient neighborhood three-dimensional configurator)—

can identify priority zones and hotspots at a neighborhood level. (See Additional

Resources, Box 3, for a description of UDCW simulation tools.)

Supporting tools have been developed to analyze relevant metrics linked to

the urban climate factors within identified priority areas (Table 8). Analytical

Table 8 Urban climate factors, indicators, and metrics.

Urban Climate
Factors Indicators Metrics

Efficiency of Urban
Systems

Stationary energy
Waste
Food
Transport
Manufacturing
Waste heat
Circular economy

indicators
GHG emissions per

capita

Average building energy con-
sumption (kWh/m2y)

Total energy consumption
(kWh/m2y)

Renewable energy production
potential (kWh/m2y)

GHG emissions (tCO2e/yr)
Hospitalization costs ($)
Mortality rate increase (%)
Vehicle Kilometers Traveled

(MKT)
Municipal solid waste gener-

ation per capita
Form and Layout Massing diagrams

Wind-Sun impacts
Sky view factor
Land surface

temperature
Thermal comfort

analysis
Heat wave hazards
Heat wave impacts

Mean Radiant Temperature
(TMRT) (°C)

Universal Thermal Climate
Index (UTCI) (°C)

Apparent temperature (°C)
Land surface temperature (°C)
Energy use intensity (kWh/

m2y)
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parametric design tools have been integrated into the UDCW simulation toolkit

as a way for planners and designers to easily analyze climate change projections

and local conditions determined by the urban climate factors. Off-the-shelf

mapping tools generate and illustrate urban systems and climate outcomes,

Table 8 (cont.)

Urban Climate
Factors Indicators Metrics

Energy profile Renewable energy production
potential (kWh/y)

Albedo (0−1)
Computational Fluid

Dynamics (CFD) (m/s)
Building Envelope

and Surface
Materials

Radiation analysis
Building envelope

rating
Thermal comfort

analysis
Heat wave hazard
Heat wave Impact
Energy profile

District energy consumption
(kWh/m2y)

Building energy consumption
(kWh/m2y)

Renewable energy production
potential (kWh/y)

Carbon footprint of building
materials (tCO2e/yr)

Indoor Predicted Mean Vote
(PMV)

Mean Radiant Temperature
(TMRT) (°C)

Universal Thermal Climate
Index (UTCI) (°C)

Apparent temperature (°C)
Run-off (-)
R-Value (K.m2/W)
Albedo (0−1)

Green and Blue
Infrastructure

Tree canopy cover
Biodiversity
Heat wave hazard
Heat wave impact
Flood hazard
Flood impact

Tree canopy cover %
City Biodiversity Index (CBI)
Carbon storage potential from

vegetation (tCO2e/yr)
Run-off (-)
Flood probability index (-)
Impervious surface index

(−1, 1)
Building damage (structure/

content) ($)
Road infrastructure damage

(cleaning/repairing) ($)
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including heat hazards, flood-prone zones, and GHG emissions. GIS models

perform two-dimensional analyses, while three-dimensional computational

design tools simulate the climate and energy drivers from neighborhood to

building scale. (See Additional Resources, Box 3.)

Drawing from the UDCW taxonomy for input data requirements at neigh-

borhood scales, urban development scenarios are evaluated through the lens of

integrated climate adaptation and mitigation benefits. These quantitative cli-

mate indicators are supported by quantitative and qualitative assessment of

social, economic and environmental co-benefits. A three-dimensional modeling

configurator supports a co-design process between practitioners (planners,

architects, and engineers) and local authorities (see the Additional Resources,

Box 4). This provides insights into the mitigation and adaptation performance

of design alternatives at the conceptual stage of project development (Nocerino

& Leone, 2023; Nocerino & Leone, 2024).

9.3 Stakeholder Priorities

The stakeholder priorities phase provides a program framework between aspir-

ational urban transformation scenarios and the daily lives of people, emphasizing

interconnections between among climate, social, economic, and environmental co-

benefits. This phase includes collaborative and participatory activities to assess the

needs and expectations of stakeholders and local communities in an inclusive co-

production process (see Case Study 8).Methods include collaborativemapping and

co-design sessions through innovative approaches, such as Public Participation

Geographic Information System (PP-GIS). Site surveys and collaborative sessions

involve local administration representatives, residents, neighborhoods, and associ-

ations. (See Additional Resources, Box 5 and Table 4, for detailed steps, methods

and activities of the UDCW’s “Stakeholder Priorities” phase.)

CASE STUDY 8 GOWANUS, NEW YORK CITY URBAN DESIGN CLIMATE WORKSHOP
33

A 2019 UDCW for the Gowanus canal area of Brooklyn, New York City,

focused on urban heat stress adaptation integrated with flood resiliency

and GHG mitigation. The Gowanus neighborhood is rapidly being trans-

formed from an industrial area fraught with nineteenth- and twentieth-

century pollution issues into a twenty-first-century residential and com-

mercial community. The Urban Land Institute’s Gowanus Technical

Advisory Panel acknowledged that the anticipated Gowanus rezoning

33 See extended version of case study at https://uccrn.ei.columbia.edu/case-studies.
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CASE STUDY 8 (cont.)

would likely create greater density in the neighborhood, particularly for

residential uses. Unfortunately, more density increases exposure to higher

heat and flood risk.

TheUDCWTeam configured prototype interventions for strategic sites in

Gowanus through baseline (business-as-usual) and best practices (climate-

aligned urban design). These provide compelling evidence to NYC policy-

makers on the value proposition (financial/health/public real co-benefits) from

the UDCW evidence-based strategies. With support from the Urban Land

Institute and the National Science Foundation, the UDCW worked in close

collaboration with stakeholders to co-produce scenarios to achieve climate

resilience and net-zero carbon emissions by balancing a measured amount of

carbon (or CO2 equivalents) released with an equal amount sequestered or

offset to support existing NYC policy benchmarks.

Urban heat deserts throughout the study areawere identified – all ofwhich

lack vegetative cover. The Panel recommended strategies that increase vege-

tation and leverage the network of hidden creeks in Gowanus and the prevail-

ing summer winds to create “paths of respite” throughout the study area.

Figure 25 Climate-aligned scenario for Gowanus, Brooklyn,

New York City.

(NYIT SoAD Urban Design Climate Lab, 2019)
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A major goal is to develop a shared understanding of the urban system network

in relation to the environmental, functional, spatial, and socioeconomic contexts.

Aspirational relationships among stakeholder groups are explored as a component

of the future scenarios. (For further discussion of integrating societal challenges

into the fabric of climate-driven planning and design processes, see Section 6; See

Section 7 for an explanation of how community experts, policymakers, and practi-

tioners strengthen knowledge sharing, co-design, and co-evaluation.)

9.4 Co-Design

Urban transformation pathways are shaped by demographic projections, socio-

economic considerations, and driven by stakeholder aspirations or policy man-

dates (see Section 5). The co-design process demonstrates how urban design,

planning and development confront the nexus between climate hazards, urban

systems, and low-carbon development. Urban Design Climate Workshop parti-

cipants draw from a wide range of cross-sectoral stakeholders. The process

challenges contemporary rules of engagement in shaping the contemporary city.

CASE STUDY 8 (cont.)

The full list of integrated mitigation and adaptation actions for the Gowanus

UDCW can be found in UCCRN’s Case Study Docking Station.*

Figure 26 See the scenarios and results for the Gowanus UDCW.

(Raven et al., 2020)

*Notes: See https://uccrn.ei.columbia.edu/case-studies
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The UDCWs often occur in cities whose strategic, vulnerable neighborhoods

face large-scale rezoning or development pressures. Outputs range from guide-

lines to analogue diagrams, from off-the-shelf digital parametric three-

dimensional modeling tools to GIS mapping (Figure 27).

9.5 Outcomes and Feedback

A critical review of outputs from previous UDCW phases focuses on synergies,

trade-offs, constraints, and opportunities across urban systems, spatial scales,

and stakeholders. Outputs include:

(1) Prototypes identifying functions, built environment and natural systems

(2) Portfolio of meta-design solutions whose replicable approaches are tailored

to local conditions

(3) Design prototypes that consider architectural/technical standards and per-

formance benchmarks

(4) Future scenario comparisons enabled by simulation tools and comple-

mented by multicriteria and cost-benefit analyses.

(See Additional Resources, Table 5, for a complete list of UDCWoutput.)

Points for further research and consideration that have emerged from the

UDCW activities include:

Figure 27 Phasing of the Urban Design Climate Workshop process.

(Raven, 2025)
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• Opportunities for regulatory and urban systems’ synergy overlays at the

neighborhood scale

• Prioritizing policies integrating climate adaptation (urban heat/flooding) and

climate mitigation (net-zero GHG) in the context of competing policy and

investment alternatives

• Private-sector investment and actions through policy, metrics, and incentives

• Framing the nexus of climate justice through the lens of health, equity, poverty,

race, education, training, and professional qualification opportunities

• Balancing stakeholder priorities with emissions, adaptation, energy, and

environmental performance

• In situ or crowd-sourced monitoring information to compare actual project

co-benefits of adaptation and mitigation measures with design scenarios

• Follow-up stakeholder workshops as feedback loop opportunities for con-

tinuation of the UDCW process.

Acommon take away from thedifferentUDCWs is that despite the climate action

plan and urban resilience strategies that are in place in many cities, a prevalence of

“business as usual” approaches in urban (re)development projects is observed, with

major risks for historic residents, vulnerable groups, and carbon neutrality goals.

UDCWs represent auxiliary activities with respect to the complex govern-

ance, planning and design processes of the cities in which the workshops took

place UDCWs help to connect diverse stakeholder visions through evidence-

based data, knowledge sharing, creativity and thus contribute to city climate

action planning and design.

10 Conclusions and Research Gaps

Configuring cities to confront climate change is a complex task involving

the evolution of energy, food, water, transportation, housing, and waste

disposal systems that are major drivers of carbon emissions and vulnerable

to growing climate impacts. A city is further shaped by human needs for

social connectedness, the expression of cultural identity, and connection to

nature. Social, cultural, and behavioral patterns are embedded in the struc-

tures of urban life, giving rise to lifestyles and consumption patterns unique

to each city.

Metropolitan regions, cities, neighborhoods, and buildings are the scales for

engaging, testing, applying and replicating climate-aligned strategies. Urban

planning, design, and architecture are ideal platforms for this experimenta-

tion, empowering cities to adopt innovative tools and practices, driving

equitable climate action, driving the change as a significant force for global

transformation.
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Accelerating climate solutions in cities requires a new collaborative model

for multiscale planning and design that integrates research and practice. Urban

planners, designers, and architects can move cities forward by:

• Delivering innovative concepts that promote the rapid deployment of urban

solutions concurrently supporting carbon neutrality and multi-hazard risk

reduction

• Leveraging physical and digital platforms to enhance multi-stakeholder and

multi-sectoral collaboration

• Connecting urban climate science to design practice and visioning

• Encouraging investments in appropriate technologies and processes able to

accelerate the needed socio-technical-environmental transitions.

Through a transformative system change approach, planning and design practi-

tioners can ensure that solutions are ideated and implemented to address the root

causes instead of symptoms of the climate emergency. With this approach, the

potential impact of city strategies expands from the narrow and static focus on

reducing GHG emissions to delivering on human needs, investigating solutions

relevant to the local context beyond a mere “carbon tunnel vision” and adopting

a “full iceberg approach” to urban transformation. (See Figure 10 and Figure 3 in

Additional Resources.)

Such an approach has the potential to mitigate existing socio-spatial inequal-

ities. Therefore, addressing the needs of vulnerable and marginalized communi-

ties is crucial for creating climate-resilient cities. Including studies on local

vulnerabilities in planning and design can align urban climate analyses with

local priorities, ensuring that mitigation and adaptation strategies are contextually

relevant. This helps prevent maladaptation risks, such as green gentrification,

where environmental benefits disproportionately favor higher-income groups.

Multi-stakeholder, multi-scale, and context-specific urban processes that empha-

size justice and equity can improve spatial decision-making, protect rights, and

ensure shared responsibilities for climate and community action.

Integrating climatic and policy information across spatial scales is vital

for understanding the urban environment and developing effective design

and planning responses to climate change. Data-driven approaches are

crucial for assessing the value of urban climate strategies. Data collection

and computational tools should be accessible to urban practitioners with

limited expertise in urban climate science. In this context, machine learning

and AI-driven models need to be used with caution, primarily leveraging the

current potential of natural language models for “translating” science and

data to decision-makers and communities, embracing complexity rather than

fostering simplified automated assumptions.
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10.1 Research Gaps

10.1.1 Lack of Mitigation and Adaptation Synergies and Trade-Offs

There is limited research that has systematically evaluated mitigation and

adaptation synergies and trade-offs for specific contexts, with only sparse

published research analyzing methods for their integration (IPCC, 2022).

Identified priorities for research include improving understandings of benefits,

costs, synergies, trade-offs, and limitations of major mitigation and adaptation

options (Field et al., 2014). According to Shrestha and Dhakal (2019), few

studies have identified the potential for synergies in energy, infrastructure

planning, construction, and transportation sectors. Similarly, research and evi-

dence on context-specific drivers of co-benefits is limited (Gouldson et al.,

2018). In particular, there is a lack of co-benefits research in Oceania and

Africa, which have very different development needs than those of Western

regions (Deng et al., 2017).

10.1.2 Adaptation Planning Lagging behind Mitigation in Cities

While a general gap is observed between climate change policies and their

implementation, implementation of adaptation planning is lagging behind miti-

gation action in urban areas, and that overall, adaptation planning is occurring in

a fragmented, and incremental way, often focused on specific sectors with

limited consultation. Coherence of approaches and assessment metrics about

carbon neutrality, adaptation and spatial/environmental justice goals across

governance and planning/design scales (from state-level target and policies, to

regional, city, neighborhood and building levels, including improved building

codes) requires a coordinated effort by institutions, practitioners and communi-

ties. In particular, the impact of multi-center metropolitan characteristics on

GHG emissions and adaptation should be better accounted for and verified

using data from more urban areas.

10.1.3 Limited Cross-Scale Integration of Digital Tools

Proprietary digital tools deployed by designers at the building and city scale

could be better integrated across scales, and more transparent and accessible

to aid interdisciplinary climate change actions for facilities and urban

development management. Research focuses on open source and planner/

designer-friendly assessment tools highlighting climate benefits (mitigation

and adaptation) and co-benefits (social, economic, and environmental)

through designer-friendly digital twins enabling the comparison of alterna-

tive proposed scenarios at city, neighborhood, and building scales, as well as
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at conceptual and early-stage design levels. Research on ongoing drivers

towards future “smart city” proposals could go beyond the technological

parameters and proprietary big data dashboards to facilitate a more human-

centered and multi-species focus to potentially recognize “more-than-

human” stakeholders.

10.1.4 Insufficient Capacity-Building across Populations and Skillsets

Significant research gaps are identified with respect to building capacities across

urban groups. Complementary narrative for a more inclusive, diverse, holistic,

and multidisciplinary approach to capacity-building – to balance the dominant

prevailing narrative which is overly technocratic and thereby “siloed” – should be

further developed. This could involve articulating more of a “shared-language”

able to cut across disciplinary boundaries, and link multilevel interests in both

higher education and professional qualification. This links to the need of reflec-

tion on pedagogical approaches and the effectiveness of resources and frame-

works developed, with the novel methods aimed at instilling not only knowledge

and skills competency, but also a sense of “agency” in students about the

procedural mechanisms that hinder or facilitate climate change actions in prac-

tice, within and across their daily work as professions.

10.1.5 Integrating Cultural Contexts and Ethical Considerations
in Climate-Resilient Development

Further research is needed to address the gaps in knowledge, including the

needs of built environment professionals with respect to the consolidating

“climate-resilient development” concept and the levels of personal agency

that urban professionals have, also reflecting on the adequacy of professional

codes of conduct to include climate change as an ethical issue for practitioners.

The role of cultural contexts and, where available, Indigenous and/or traditional

environmental knowledge, are important to not only tailor and ground profes-

sional knowledge and skills competencies to urban community settings and

climatic conditions, promoting greater acceptance and adoption, but also to

complement the mainstream scientific approaches.

10.2 Way Forward

To scale up and speed up climate action in cities, transformative approaches that

integrate novel strategies tackling interconnected technological, environmental,

socioeconomic, and governance challenges linked to climate-resilient urban

development must be adopted. A shift in mindset is essential, emphasizing

equitable, resilient, and net-zero urban transitions that respect biodiversity,
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protect ecosystems, and promote inclusivity. Achieving these goals requires

systemic change across urban scales and systems, fostering innovation and

collaboration at every level.

A key priority is to support through innovative planning and design concepts

the integration of urban systems across scales, from buildings and neighbor-

hoods to metropolitan regions. Informing projects and plans through advanced

risk assessments can help to update building codes, land-use planning, and

infrastructure development, ensuring that climate considerations become cen-

tral to urban decision-making. Housing and infrastructure systems, including

water supply, drainage, sanitation, transport, energy, and waste management,

play a critical role in enhancing resilience, reducing greenhouse gas emissions,

and improving well-being and equity. Adopting holistic frameworks, such as

those reflecting on water–energy–food and climate–pollution–biodiversity nex-

uses, can inform transformative solutions that are both integrative and scalable.

Monitoring and learning are vital components of this transition. Co-creating

city-specific indicators, metrics, and environmental sensing technologies to

assess responsiveness of urban transformation to community and climate prior-

ities can enable the implementation of climate-resilient urban development path-

ways towards shared future visions. Interoperable, user-friendly data systemswill

facilitate the monitoring of diverse policy domains while supporting the needs of

local contexts, including informal settlements and marginalized communities.

Neighborhood-scale climate action offers a valuable testing ground for innova-

tive solutions. Effective climate-resilient development at this scale requires

engaging a diverse range of stakeholders and addressing local power dynamics.

By aligning community priorities with climate science, cities can create actionable

plans that meet the specific needs of local authorities, residents, and private actors.

These localized efforts can aim for rapid transferability, enabling the adoption of

successful approaches across different contexts and scales.

Ultimately, the future of cities lies in the ability of planners, urban designers,

architects, engineers, policymakers, developers, and researchers to foster multi-

sectoral collaboration, harnessing innovation, equity, and cutting-edge technol-

ogy to transform cities into resilient, sustainable hubs to confront not only the

climate crisis but to ensure the well-being of people and nature.

Appendix: UCCRN ARC3.3 Stakeholder Soundings

The UDCWs have been used as research-practice cross fertilization platforms

and as an opportunity to engage with city stakeholders during the writing

process of this ARC3.3 Element.
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In particular, the Erasmus+ UCCRN_edu project in collaboration with the

National Science Foundation (NSF) featured several UDCWs in the period

2022–2024 to activate dynamic partnerships between researchers, urban pol-

icymakers, and local representatives in Europe, Africa, North America, and

Latin America.
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