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ABSTRACT
Cities are major contributors to global greenhouse gas emissions, and urban residents are 
experiencing escalating health impacts from climate change. It is therefore essential that city 
planning focuses on creating resilient, healthy built environments. This research explored the key 
determinants of healthy, climate resilient cities and identified indicators that could inform 
evidence-based planning internationally. We conducted a scoping review of academic and grey 
literature on healthy and climate resilient cities indicators. We identified three groups of 
determinants and indicators: climate hazard-specific, general resilience to climate hazards, and 
policy-specific. Across these groups, there were 12 categories of determinants, and 371 indicators. 
There was some consensus about urban heat, air pollution and flood being key climate-related 
health hazards, and the importance of green space; building quality; access to diverse amenities; 
low-carbon transport; and policymaking processes that promote urban climate resilience. However, 
the number and diversity of indicators may provide limited guidance to researchers and 
policymakers about optimal measures of healthy, climate resilient cities. We highlight specific 
gaps in current indicators and measurement considerations, including the need to validate 
indicators for cities internationally. Indicators that measure urban adaptive and transformative 
capacity are needed to track and guide policy progress towards healthy, climate resilient cities.
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Introduction

Health and climate change are among the most pressing 
challenges for cities in the twenty-first century, as high
lighted in the Sustainable Development Goals (SDGs) 
(UN General Assembly 2015, Watts et al. 2015, 2021, van 
Daalen et al. 2024). The World Health Organization 
reports that 23% of the deaths globally are linked to 
people’s living environments (Prüss-Üstün et al. 2016). 
Urban environments – where the majority of people now 
reside – present both health risks and opportunities 
through their built environments (e.g. housing, trans
port, parks) and non-built factors (e.g. employment, 
education) (Pineo et al. 2018). Urban environments are 
responsible for 75% of global energy-related greenhouse 
gas emissions, making cities a key driver of the health 
impacts of climate change (Frumkin and Haines 2019).

Climate change affects human health through multi
ple pathways (Li et al. 2020). Direct and indirect 
impacts include climate-related illnesses (e.g. water-, 
food-, and vector-borne diseases, cardiovascular dis
ease), injuries and deaths from extreme weather, invo
luntary displacement, physical damages to buildings, 
and income losses (IPCC 2022, Thompson et al. 2023, 

Skevaki et al. 2024, van Daalen et al. 2024). Such factors 
threaten both physical and mental health and can have 
cascading and compounding effects, especially on vul
nerable populations (IPCC 2022, van Daalen et al.  
2024), which can exacerbate existing social and health 
inequities in urban areas (Friel et al. 2011, Badland and 
Pearce 2019, Freitas et al. 2020, Khanal et al. 2022). It is 
therefore essential for city planning to focus on enhan
cing urban resilience in the face of climate change- 
related environmental hazards that impact health 
(Ferguson et al. 2020, United Nations Environment 
Programme & International Science Council 2024). 
These include hazards that exacerbate climate change 
(e.g. light pollution, solid waste) and those that are 
a consequence of climate change (e.g. heatwaves, 
storms, floods) (IRDR 2014, UNDRR 2020, IPCC  
2023).

Building urban climate resilience has emerged as 
a multisectoral approach to address climate change 
through mitigation and adaptation. Although 
a single, universally accepted concept or definition of 
urban resilience does not exist (Meerow et al. 2016), it 
has recently been defined as ‘the capacity of indivi
duals, communities, institutions, businesses, and 
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systems within a city to adapt, survive and thrive no 
matter what kind of chronic stresses and acute shocks 
we experience, and to positively transform as a result’ 
(Lowe et al. 2024, p. 7). This definition reflects more 
recent evolutionary understandings of resilience that 
extend beyond the traditional notion of ‘bouncing 
back’ to a pre-disaster state. Instead, it emphasizes 
the capacity of urban systems to adapt and transform 
in ways that optimise human and planetary health 
(Wilkinson 2011, Meerow and Stults 2016). In this 
context, transformative capacity refers to the ability 
‘to cross thresholds into new development trajectories’ 
(Folke et al. 2010, p. 20), delivering systemwide change 
towards healthy and climate resilient cities, at scale 
(UNFCCC 2024).

Climate resilient cities offer numerous health bene
fits by promoting active, low-carbon urban lifestyles, 
and enhancing the ability of residents to survive, adapt, 
and thrive amidst climate-related shocks and stresses 
(World Health Organization 2021, 2022, Giles-Corti 
et al. 2022, IPCC 2022). In addition, healthy and thriv
ing urban populations contribute to resilience. The 
built environment can play a key role in reducing the 
risks of non-communicable and infectious diseases, 
mitigating greenhouse gas emissions and limiting the 
impacts of extreme weather events and coastal flooding 
(IPCC 2022). For example, urban green spaces can help 
cool cities during heatwaves, and provide additional 
health benefits through supporting physical activity, 
improving air quality, and offering contact with nature 
(Nieuwenhuijsen 2020, Iungman et al. 2023). While 
resilience to specific climate change-related hazards 
such as urban heat or flooding is important, general 
resilience focuses on the capacity of cities to adapt to 
and respond to all known or unknown disruptions, 
including those associated with climate change 
(Meerow and Newell 2019, Lowe et al. 2021).

However, promoting urban climate resilience can 
sometimes create unintended conflicts with health 
objectives. For example, while public transport sys
tems support healthy lifestyles, they are vulnerable to 
extreme weather events (Bolte et al. 2023, Gössling 
et al. 2023). Due to the interconnectedness of urban 
health and climate change resilience, it is imperative to 
adopt a holistic approach to integrating these con
cepts, with a focus on maximising co-benefits and 
minimising potential trade-offs (Sharifi et al. 2021, 
Simpson et al. 2021).

Evidence-based and transformative planning poli
cies are necessary for achieving healthy and sustain
able development (Giles-Corti et al. 2022). Utilising 
indicators to measure how policies and built environ
ment features (e.g. transport, energy use, air quality, 
urban greening, housing) support healthy, climate 
resilient cities provides valuable insights for planning 
and prioritisation, and enables ongoing progress mon
itoring (Lowe et al. 2015, Giles-Corti et al. 2022).

There has been increasing interest in the development 
and use of indicators to measure aspects of urban envir
onments and health (Pineo et al. 2018, Davern et al.  
2023). Many of these indicator frameworks focus on 
urban sustainability, exemplified by the global effort to 
localise UN SDG indicators across cities worldwide 
(HLPF-UN 2024). Other indicators address determi
nants of urban health and liveability (Boeing et al. 2022; 
Lowe et al. 2022; Pineo et al. 2018; WHO 2010), while 
some measure urban resilience specifically (ARUP 2014, 
Wardekker et al. 2020). Rothenberg et al. (2015) notes 
a lack of standardization among the various indicator 
collections developed by international organisations such 
as the WHO, UN-Habitat, and the World Bank, as well 
as regional frameworks like those from the US 
Department of Health and Human Services. A 2022 
Lancet Global Health Series on Urban Design, 
Transport and Health called for the development of 
additional policy and spatial indicators of climate resili
ent cities (Giles-Corti et al. 2022). However, comprehen
sive reviews of current indicators that can be used to 
assess the health and climate resilience of urban areas are 
lacking.

To fill this gap, we aimed to identify key determi
nants of healthy, climate resilient cities and examine 
how these determinants have been measured. The 
study sought to address the following research 
questions:

● What determinants of healthy, climate resilient 
cities are measured in the literature?

● What existing measures or indicators have been 
used to assess these determinants of healthy, cli
mate resilient cities?

This review was designed to inform the selection and 
development of indicators that could be calculated for 
cities internationally, to enhance the ability to com
prehensively benchmark and monitor cities. Further, 
by helping to clarify the concepts and determinants of 
healthy and climate resilient cities, this review was 
undertaken to inform a risk-based decision support 
system for delivering healthy, climate resilient cities.

Methods

A scoping review methodology was used to identify 
and summarise existing research on indicators and 
determinants of healthy and climate resilient built 
environments. This review followed the PRISMA pro
cess for scoping reviews (PRISMA 2018).

Search strategy

We developed lists of keywords and their synonyms in 
four relevant categories: built environment and city 
planning; climate resilience; health; and indicator 
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(Table 1). These keywords were selected based on the 
research questions and an initial scoping of relevant 
articles to determine the most commonly used key
words and synonyms. Appropriate combinations of 
these keywords were entered into the Scopus database 
in July 2023 to search for peer-reviewed, scholarly 
literature published since 2009. First, a broad search 
query including all search terms was used to identify 
relevant review articles. Second, a narrower search 
query was used to find research studies that defined 
or included indicators for healthy, climate resilient 
cities. Given the broad nature of the research topic 
and large number of potentially relevant papers, for 
feasibility, this more targeted search with fewer search 
terms was used to identify the most relevant research 
articles. Reference lists were screened to find addi
tional promising articles. Reputable grey literature 
was identified by using the same keyword categories 
in knowledge repositories of relevant research centres, 
associations and institutions, including WHO, the 
United Nations, Rockefeller Foundation, Federal 
Emergency Management Agency (FEMA) and the 
OECD along with subject-related searches in the 
Google search engine.

Literature selection

Titles and abstracts were initially screened for relevance 
to the research questions. Promising papers were then 
retrieved in full-text and further reviewed against the 
inclusion and exclusion criteria (Table 2). We included 

literature published since 2009, as this aligned with the 
time when the health impacts of climate change and 
climate resilience began receiving increased attention. 
For example, resilience became a central theme for the 
United Nations in the early 2000s, as reflected in the 
‘Hyogo Framework for Action: Building the Resilience 
of Nations and Communities to Disasters’ (United 
Nations Specialised Conferences 2005). Meanwhile, The 
Lancet published its first report from the commission on 
climate change and health in 2009 (Costello et al. 2009).

Data extraction and analysis

Based on the aim and scope of research, the following 
details from the included literature were extracted into 
a summary table: publication information, study loca
tion, study methodology, climate change-related 
hazards addressed, determinants of healthy, climate 
resilient cities, and indicators and their data sources.

After extracting the data, inductive thematic analy
sis was used to categorise the identified indicators 
according to the determinants of healthy, climate resi
lient cities that they measured (Willis 2010, Neuman  
2011). Aligned with previous urban indicator review 
methods (Badland et al. 2014), the extracted indicators 
were aggregated into themes or domains (e.g. active 
transport), and then further grouped into determinant 
categories (e.g. transport), through an iterative pro
cess. The determinants were further analysed in terms 
of whether they reflected general resilience to all cli
mate change-related hazards or were specific to 

Table 1. Keywords used in search queries and their categories.
Built environment and city planning Climate change resilience Health Indicator

● urban environment
● land use
● transport planning
● city planning
● urban planning
● urban policy
● built environment
● spatial planning
● urban design

● climate change
● urban resilience
● climate resilience
● climate change resilience
● city resilience
● resilient cit*
● climate resilient cit*
● disaster resilience
● sustainability

● health
● urban health
● health inequit*
● health equity
● healthy cit*
● public health
● population health

● indicator*
● measur*
● index
● indice*
● benchmark*
● criteria
● criterion
● model*
● monitoring
● decision support tool

*Indicates truncation used to retrieve all related words with different endings.

Table 2. Inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria

General inclusion criteria
● Focus on determinants, measures and/or indicators at the nexus of 

the built environment, health and climate resilience (or resilience to 
climate change-related hazards)

● Published in English

General exclusion criteria
● Publications dated before 2009
● Opinion piece
● Publications that did not include all three areas of built environ

ment, health and climate resilience (for example urban health or 
resilience studies without a built environment aspect were 
excluded)

● Publications that did not mention or include relevant indicators at 
the nexus of built environment, health and climate resilience

Review articles
● Peer-reviewed review articles

Research articles
● Peer-reviewed journal articles, books, book chapters and editorials

Grey literature
● Grey literature from reputable and credible sources

CITIES & HEALTH 939



certain hazards; and how they related to the pathways 
through which city planning impacts human and pla
netary health, according to Giles-Corti et al. (2022) 
framework from the Lancet Global Health Series on 
Urban Design, Transport and Health. This framework 
highlights how policies for a range of urban systems 
influence the development of built environment fea
tures. Through direct and indirect pathways, built 
environments shape travel behaviours and environ
mental and health risk exposures, which ultimately 
determine health and climate resilience outcomes.

Previous research has highlighted the need to mea
sure built environment characteristics and environ
mental exposure outcomes related to health and 
climate resilience, as well as the ‘upstream’ policy deter
minants and governance considerations, which shape 
those outcomes (Giles-Corti et al. 2020). The indicators 
identified were categorised as either quantitative and/or 
spatial indicators, or policy indicators. Policy indicators 
measure the development, presence and quality of poli
cies that shape healthy, climate resilient cities (Lowe 
et al. 2022). Quantitative indicators numerically mea
sure built environment features or climate change- 
related hazards and population exposure to these, 
while spatial indicators are used to assess their distribu
tion and accessibility across a geographical area.

Results

Included literature

The results of the literature selection process are 
shown in the PRISMA flowchart (Figure 1). In total, 

50 documents were included in the review. There were 
29/269 (10.8%) review articles identified that were 
eligible for full-text review, one of which could not 
be retrieved. After full-text screening, nine review 
articles (9/28; 32.1%) were included and the others 
were excluded for two reasons: 1) not sufficiently 
covering all three areas of health, climate resilience 
and built environments (nine articles); and 2) not 
including indicators (10 articles).

Only 56/882 (6.3%) of the research studies identi
fied in the second search were eligible for full text 
review after the initial screening of titles and abstracts 
according to the inclusion and exclusion criteria. Of 
these, 36/56 research studies were included (64.3%). 
Two could not be retrieved and 18 were excluded after 
full-text review; 12 for reason one and six for reason 
two, as outlined above. Additional reference list review 
resulted in one other article being included, bringing 
the total number of research studies to 37.

In terms of grey literature, 33 documents under
went full-text review. Four met the inclusion criteria, 
with 29 (87.9%) being excluded as they did not men
tion relevant indicators. The included reports were 
published by WHO (2022), UN-Habitat (2022), and 
ARUP (2014, 2019). The WHO report (2022) titled 
‘Review of indicator frameworks supporting urban 
planning for resilience and health’ summarised and 
analysed six indicator frameworks related to urban 
resilience and health (Table 3). Since the six frame
works were reviewed as part of this overarching pub
lication, the individual frameworks were not sourced 
separately. Therefore, while only four reports were 

Figure 1. PRISMA process flowchart for the scoping review.
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included, a total of nine grey literature indicator fra
meworks were reviewed (Table 3).

We found that the nexus of urban health, climate 
change and the built environment was a relatively 
recent research focus. While literature published 
prior to 2009 was excluded, the included review arti
cles were all published since 2020, the research articles 
since 2015 and the grey literature since 2014.

The review articles and grey literature did not focus 
on a specific country or city. Of the 37 research arti
cles, the majority examined European urban contexts 
(11/37; 29.7%) followed by the United States (6/37; 
16.2%) and China (4/37; 10.8%). Details of the coun
tries covered in the research studies are summarised in 
Table 4.

Determinants

The review identified 12 categories of determinants 
and several domains within each category based on 
thematic analysis of the indicators. These determi
nants, domains and their associated indicators were 
further aggregated into climate hazard-specific, gen
eral resilience to climate change-related hazards and 
policy-specific. Much of the included literature did not 
explicitly address relationships between determinants, 
indicator categories or domains, possibly due to the 
complex, multi-directional nature of these connec
tions. Based on our analysis, Figure 2 proposes a high- 
level framework of the relationships between the main 
determinants and indicator categories used to measure 
the health and climate resilience of urban areas.

In terms of climate hazard-specific determinants, 
most of the literature (38/50; 76%) focused on one or 
more environmental hazards that exacerbate and/or are 
a consequence of climate change, such as heat, pollu
tion and flooding. Exposures to these hazards can be 
considered intermediary outcomes or ‘downstream’ 
determinants of health and climate resilience (Giles- 
Corti et al. 2022) (Figure 2). Notably, the relationship 
between urban heat and population health, often 
referred to as ‘heat-health nexus’ (Ellena et al. 2020,  

2023) was explored more extensively than other climate 
change-related hazards (33/50 documents; 66%).

The general resilience determinant categories 
included green and blue spaces, buildings, access to 
amenities and services, transport, land use, infrastruc
ture resilience, and population vulnerability. With the 
exception of population vulnerability, these categories 
focused on built environment features and related poli
cies as ‘upstream’ determinants of hazard exposure, 
urban climate resilience and health (Giles-Corti et al.  
2022) (Figure 2). Population vulnerability, which 
includes demographic, social, cultural, health, eco
nomic and environmental characteristics, interacts 
with the built environment to influence downstream 
outcomes. Policy-specific determinants were govern
ance considerations, which were ‘upstream’ determi
nants of health and resilience outcomes but were not 
related to a particular climate change-related hazard or 
built environment category (Giles-Corti et al. 2022).

Indicators

In total 371 indicators were identified after duplicates 
were removed, with the large majority being quantita
tive and/or spatial indicators (313; 84.4%) compared 
with only 58 policy indicators (15.6%) (Table 5). The 
full list of the extracted indicators, their categorisa
tions and their corresponding reviewed documents 
can be found in the Appendix.

General resilience to climate hazards indicators 
were the most numerous group (204/371; 55%), fol
lowed by climate hazard-specific indicators (134/371; 
36.1%), and a much smaller number of policy-specific 
indicators (33/371; 8.9%). Determinant categories 
with the most indicators were green and blue spaces 
(60/371; 16.2%) and heat (58/371; 15.6%), reflecting 
the strong focus in the included literature on urban 
heat and greening as a key mitigation strategy. In 
addition, the pollution (50/371; 13.5%) and buildings 
(45/371; 12.1%) determinants had a relatively high 
proportion of indicators overall.

Table 3. List of grey literature indicator frameworks included in the scoping review.
Framework Scale Developer Year

WHO (2022) report ‘Review of indicator frameworks supporting urban planning for resilience and health’
SDG indicators United Nations (2015) Country United Nations 2015
New Urban Agenda Monitoring Framework and related indicators UN- 

Habitat (2020)
City UN-Habitat 2020

Disaster Resilience Scorecard for Cities UNDRR (2017) City UNDRR – Making Cities Resilient 2030 campaign 2019
Indicators for resilient cities Figueiredo et al. (2018) City OECD 2018
Risk Systemicity Questionnaire SMR (2021) City ICLEI European Secretariat – Smart Mature Resilience 

project
2018

ThinkHazard! tool GFDRR (2020) Region/ 
district

Global Facility for Disaster Risk Reduction 2007

Other sources
Global urban monitoring framework UN-Habitat (2022) City UN-Habitat 2022
City resilience index ARUP (2014) City ARUP 2014
The city water resilience approach ARUP (2019) City ARUP 2019
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Climate hazard-specific indicators

Heat
All climate hazard-specific indicators, including 
those related to heat, were quantitative and/or spa
tial. Within the heat category, the temperature 
domain had the largest number of indicators, 
focused on measuring heat as a key climate risk 
exposure. Heatwaves amplified by climate change 
have negative health impacts such as heat stroke, 
and exacerbation of non-communicable diseases 
such as respiratory and cardiovascular disease and 
mental health issues (Ebi et al. 2021, Münzel et al.  
2022, Amoatey et al. 2025). Land surface tempera
ture was the most reported temperature indicator 
(Prudent et al. 2016, Bernetti et al. 2020, Ellena 
et al. 2020).1 Other indicators included air tempera
ture metrics (e.g. ambient air temperature (Foshag 
et al. 2020, Peng and Maing 2021, Yin et al. 2021)), 
extreme heat events, and indoor temperature under 
extreme heat (Pascal et al. 2021, Hess et al. 2023). 

Heat island indicators, which measure the phenom
ena where urban areas are hotter than their sur
rounding rural environments (Mushtaha et al.  
2021), included atmospheric urban heat island inten
sity, surface urban heat island, and urban local cli
mate zones (Arifwidodo and Chandrasiri 2020, 
Badaloni et al. 2023, Técher et al. 2023). Five indi
cators measured how humans experience tempera
ture, including the Physiological Equivalent 
Temperature index, heat index, heat vulnerability 
index, globe temperature and wet bulb globe tem
perature (Salvalai et al. 2022, Speak and Salbitano  
2022, Xu et al. 2023).

There were also a range of indicators that measured 
subjective thermal sensation or comfort (e.g. Universal 
Thermal Climate Index, Thermal sensation and ther
mal acceptable vote, Discomfort Index). Humidity 
indicators incorporated relative humidity and 
a composite humidity index (Cheng et al. 2021, 
Schmidt and Walz 2021, Van De Walle et al. 2022). 
While humidity can affect thermal comfort and is 
believed to increase human heat stress, the relation
ship between humidity and mortality and morbidity 
needs further exploration (Baldwin et al. 2023).

Enhanced radiation and urban cooling interven
tions can lower temperatures, decreasing negative 
health effects of urban heat and bolstering cities’ capa
city to adapt to climate change (Baldwin et al. 2023). 
Indicators in the radiation domain measured surface 
reflection, absorption and emittance, how much radia
tion a surface receives, and radiation and heat passing 
through surfaces using indicators such as: surface 
albedo, global radiation, thermal radiation and heat 
flux and land surface emissivity (Schmidt and Walz  
2021, Van De Walle et al. 2022). While most of these 
indicators can be measured both for built and natural 
environments, four of them had a more direct focus 
on the built environment: street and roof incoming 
solar radiation, and solar transmittance and 

Table 4. Countries studied in the included research studies 
(excluding reviews and grey literature).

Country Number of publications

High income economies
USA 6
Italy 5
Germany 3
South Korea 3
France 2
UK 2
Hong Kong 1

Upper middle-income economies
China 4
Thailand 1
Turkey 1

Lower middle-income economies
Vietnam 1

Low-income economies
Uganda 1

Not a specific country
Global 5
No specific location 1
EU capital cities 1

Figure 2. Framework of determinants and indicators for measuring healthy, climate resilient cities.
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reflectance indexes, which focus on glass material and 
roofs in built environments respectively (Cheng et al.  
2021, Gonzalez-Trevizo et al. 2021).

Cooling indicators included accessibility to cooling 
facilities (e.g. number and capacity of accessible com
munity cooling centres per elder person), shading in 
the built environment and energy required for cooling 
(Li et al. 2022, Kim et al. 2023). Ventilation indicators 
included horizontal and average wind velocity and 
measurement of ventilation corridors, which consist 
of green spaces, water bodies and roads (Eldesoky 
et al. 2020, Çağlak and Murat 2023). While wind and 
ventilation can alleviate heat islands (Al-Obaidi et al.  
2021), more research is required to understand these 
relationships and assess the impacts of ventilation 
corridors on air pollution (Han et al. 2022, Guo et al.  
2023).

Pollution
Pollution is an environmental hazard (UNDRR 2020) 
that can be a driver and/or an outcome of climate 

change (Kelly and Fussell 2015, Orru et al. 2017, 
Münzel et al. 2025). For example, air pollution is 
deeply interconnected with climate change (UNDRR  
2020, p. 53). Many air pollutants are greenhouse gases 
or are co-emitted with greenhouse gases (Pinho- 
Gomes et al. 2023) and warmer conditions and wild
fires and dust storms caused by climate change can 
exacerbate air pollution with significant negative 
health consequences such as respiratory and cardio
vascular disease and premature mortality (Boogaard 
et al. 2023, Iungman et al. 2024). As another example, 
light pollution contributes to greenhouse gas emis
sions, but also disrupts ecosystems, potentially inten
sifying climate impacts (Karan et al. 2023).

Most of the indicators in this category measured air 
pollution, as a key climate change-related health risk. 
Thirteen indicators measured the level of various types 
of particulate matter (PM), with five of these measur
ing percentage reduction in PM (Diener and Mudu  
2021). PM2.5 and PM10 were the most commonly 
reported air pollution indicators and were included 

Table 5. Categorisation of the extracted indicators.

# Determinants Domains

Number of indicators

Quantitative and/ 
or spatial Policy Total

Climate hazard-specific
1 Heat Temperature 26 0 26

Radiation/reflection 11 0 11
Cooling 6 0 6
Sensation/comfort 6 0 6
Ventilation 3 0 3
Humidity 3 0 3
Heat island/heat intensity 3 0 3

2 Pollution Air pollution 35 0 35
Non-air pollution 15 0 15

3 Flood Flood risk 16 0 16
Impervious surface 4 0 4

4 Other hazards Cyclonic winds 2 0 2
Water scarcity 2 0 2
Wildfires 2 0 2

General resilience to climate hazards
5 Green and Blue spaces Provision/cover 23 3 26

Green area characteristics 11 0 11
Access 9 0 9
Ecosystem services 5 3 8
Blue space 3 3 6

6 Buildings All buildings 26 5 31
Housing 14 0 14

7 Access to amenities and services  
+ satisfaction

Utilities and waste services 11 0 11
Recreational amenities 7 0 7
General access and satisfaction 7 0 7
Healthcare 3 0 3
Safety 1 0 1
Food 1 0 1

8 Transport Active transport 11 0 11
Public transport 6 0 6
Motor vehicle traffic 5 0 5
Transport network planning and operation 0 2 2

9 Population vulnerability 14 0 14
10 Land use Coverage 9 2 11

Land use features 4 2 6
11 Infrastructure resilience 9 5 14

Policy-specific
12 Governance Strategy/Policy making and planning 0 19 19
13 Identifying, understanding and monitoring 

current and future risk
0 10 10

14 Resources (data, financial, institutional, human) 0 4 4
Total 313 58 371
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as part of the UN SDG indicator framework (United 
Nations 2015). Fine particulate matter (PM2.5), 
including from motor vehicle traffic, is the leading 
environmental health risk factor globally 
(Southerland et al. 2022). Other indicators measured 
particular gases (e.g. nitrogen oxides, sulphur dioxide) 
(Sera et al. 2019, Donzelli and Linzalone 2023), green
house gas emissions per capita, and an air quality 
index (Pineo et al. 2018, Lee et al. 2023). Air pollution 
exposure indicators included estimated average expo
sure, percentage of reduction in direct exposure and 
the percentage of population living within 500 meters 
of highways and major roads (Diener and Mudu  
2021). There were also indicators of air pollutant 
deposition velocity and amount, climate-related envir
onmental conditions that affect air pollution (e.g. 
colder winters, hotter and drier summers), the effect 
of acid rain on critical infrastructure, and behavioural 
and health impacts of air pollution (e.g. spending time 
outdoors, respiratory disease and mortality) (UN- 
Habitat 2020, SMR 2021).

Non-air pollution indicators measured other types 
of pollution linked to climate change and health: land, 
light, noise (day, night and due to proximity to roads), 
water (quality, bioswales, domestic and residential 
wastewater) (European Environment Agnecy 2019, 
IPCC 2019, Agathokleous 2023, Dao et al. 2024), 
solid waste and hazardous waste (Figueiredo et al.  
2018, UN-Habitat 2022). Two indicators measured 
the accumulation of light, noise and other non-air 
pollution in urban areas (Gonzalez-Trevizo et al.  
2021, Donzelli and Linzalone 2023).

Flood
Flood is another hazard exacerbated by climate 
change, with significant implications for urban health 
both short-term (e.g. injury, drowning, waterborne 
diseases) and long-term (e.g. displacement, psycholo
gical health) (Alderman et al. 2012, IPCC 2022). In the 
reviewed literature there were two main domains of 
flood indicators: flood risk (16 indicators) and imper
vious surfaces (4 indicators). Most of the flood risk 
indicators (14/16) were extracted from the grey litera
ture. They included flood characteristics that impact 
of population exposure to flood (e.g. 100 year flood 
plain, inundation depth and return period); and vul
nerability and exposure of urban areas to flood (e.g. 
state of the drainage system, informal settlements in 
flood prone areas, and impacts of flooding on electri
city, sewage and drinking water supplies) (ARUP  
2019, GFDRR 2020, SMR 2021). Two indicators 
focused on the provision of health services to reduce 
trauma linked to water hazards (Prudent et al. 2016, 
Houghton and Castillo-Salgado 2020). Meanwhile, 
impervious surfaces were measured as contributors 
to flooding (e.g. the proportion of cities covered by 
buildings, roads or paved surfaces) (Pascal et al. 2021, 

Wei et al. 2023). Impervious surfaces can increase 
flood risk by limiting natural infiltration and increas
ing stormwater runoff, and create additional health 
risks from contaminated water exposure (Zhang and 
Chui 2019).

Other hazards
While heat, pollution and flood were the most com
monly measured climate change-related hazards in the 
reviewed documents, the ThinkHazard indicators 
developed by the Global Facility for Disaster 
Reduction and Recovery (GFDRR 2020) highlighted 
the importance of measuring other hazards that 
impact on human health and can be exacerbated by 
climate change, including cyclonic winds, wildfires, 
and water scarcity. The indicators measured severity 
of these hazards (i.e. mean wind speed, fire weather 
index, water availability), and their frequency (i.e. 
return period).

General resilience to climate hazards indicators

Whilst general resilience to climate hazards indicators 
were mostly quantitative and/or spatial measures, 26/ 
59 policy indicators related to general resilience 
domains. With a few exceptions, most of these policy 
indicators were sourced from the grey literature.

Green and blue spaces
‘Green and blue spaces’ was the largest category of 
indicators (60 indicators), with the majority focused 
on green spaces. This reflects the multiple benefits of 
green spaces for absorbing carbon dioxide, and pro
moting health in the face of climate change by com
bating urban heat (Diener and Mudu 2021; Kabisch 
et al. 2017), providing contact with nature, and sup
porting biodiversity and physical activity (Hunter 
et al. 2023, van Daalen et al. 2024). Twenty-three 
quantitative and/or spatial indicators focused on mea
suring vegetation or greenery provision and/or cover 
(e.g. green spaces, vegetation, trees, grasses, cropland, 
domestic gardens, green roofs and walls, protected 
natural areas and green infrastructure as a whole) 
(Houghton and Castillo-Salgado 2020, Murage et al.  
2020, Choi et al. 2022). Urban green space area, and 
urban vegetation measured by the Normalized 
Difference Vegetation Index (NDVI), were the most 
commonly occurring indicators in this domain (Braun 
et al. 2023, Klopfer and Pfeiffer 2023). Policy indica
tors in the provision/cover domain evaluated the exis
tence of relevant policy, principles and responsible 
actors for developing and implementing green infra
structure, as well as levels of funding, subsidies, tax 
breaks and investment in urban green space (ARUP  
2019, Slätmo et al. 2019).

Green area characteristics that may impact on the 
ability of these spaces to afford health and climate 
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benefits were measured by indicators of live/dead 
grass, tree dimensions (height and width), and the 
richness and percentage of native species, as 
a measure of biodiversity (Pineo et al. 2018, Badaloni 
et al. 2023). Green space access indicators focused on 
proximity to parks and green spaces and number or 
area of green spaces per person (Pineo et al. 2018, 
Arifwidodo and Chandrasiri 2020, Kim et al. 2023). 
The reviewed studies also measured ecosystem ser
vices offered by green spaces, including cooling ser
vices, carbon stock and sequestration services and 
biodiversity (Schmidt and Walz 2021, Wang 2023). 
There were also policy indicators focused on the man
agement of ecosystem services, which may impact on 
the effectiveness of green infrastructure for supporting 
urban health and climate resilience (e.g. assessing 
whether ecosystem services are specifically identified 
and managed as critical assets) (ARUP 2014, UNDRR  
2017).

While less researched than green spaces, blue 
spaces can contribute to healthy, climate resilient 
cities by mitigating urban heat, reducing obesity 
and all-cause mortality, and improving general 
health and mental health (Smith et al. 2021, 
Hunter et al. 2023, Fricke et al. 2024). There were 
only three quantitative and/or spatial blue space 
indicators: proportion of water bodies (Sharifi 
et al. 2021, Wei et al. 2023), accessibility to water 
bodies (Ellena et al. 2020, Cheng et al. 2021, Li 
et al. 2022) and Normalized Difference Water 
Index (NDWI) (Gonzalez-Trevizo et al. 2021), 
which maps the coverage of water bodies. 
Similarly, there were three policy indicators that 
measured the enhancement of urban water ame
nities and land development and place-making 
around water bodies (ARUP 2019).

Buildings
The buildings category included two indicator 
domains: housing and ‘all buildings’. Quantitative 
and/or spatial housing indicators considered general 
characteristics such as housing size, type, age, condi
tion, and affordability (Cheng et al. 2021, Sharifi et al.  
2021), as factors that can shape the contribution of 
housing to greenhouse gas emissions and climate 
adaptation. Other indicators more directly assessed 
housing aspects that impact on greenhouse gas emis
sions (energy efficiency, electricity use per capita, 
compliance with building codes), and the ability to 
safeguard residents from extreme weather (whether 
houses have been retrofitted to withstand climate 
change-related hazards) (ARUP 2014, United 
Nations 2015, UN-Habitat 2020, Hess et al. 2023). 
An indicator of the proportion of people living in 
slums or inadequate housing can be used to measure 
population vulnerability to climate-related hazards 
(Ezeh et al. 2017).

Quantitative and/or spatial indicators in the ‘all 
buildings’ domain measured general building charac
teristics and materials similar to the housing domain, 
as well as garden vegetation, sky, and building view 
factors, and building height and density (Peng and 
Maing 2021, Makvandi et al. 2023, Wei et al. 2023), 
which can all impact on urban temperature regulation 
and energy consumption. Climate resilience and sus
tainability of buildings have also been considered via 
the following indicators: thermal performance of 
buildings, insulation, shading, building footprint, 
energy consumption, number of new and refurbished 
buildings certified with a sustainability standard, vul
nerability of buildings to climate hazards and whether 
buildings have insurance cover for high-risk hazards 
(Figueiredo et al. 2018, Ellena et al. 2020, Técher et al.  
2023). Policy indicators in the ‘all buildings’ domain 
focused on the existence and enforcement of building 
resilience and sustainability codes, standards and prin
ciples, which impact on the ability of buildings to 
protect and promote health in the face of climate 
change.

Access to amenities and services
Indicators measured access to a wide variety of ame
nities that shape physical and mental health and the 
ability of communities to survive, adapt and thrive in 
the face of climate change. The utilities and waste 
services domain measured access to essential services, 
including water and sewage networks, electricity, com
munication technology, affordable energy, waste col
lection and disposal services (United Nations 2015, 
Cheng et al. 2021, Schmidt and Walz 2021). 
Recreational amenities indicators measured access to 
playgrounds, outdoor and indoor physical activity 
facilities, open spaces and seating (Pineo et al. 2018, 
Li et al. 2022, UN-Habitat 2022). Some indicators did 
not target any specific service, instead measuring 
access and satisfaction with amenities in general, 
such as living environment index of multiple depriva
tion, satisfaction with neighbourhood living environ
ment and access to city centre (Murage et al. 2020, Lee 
et al. 2023, Wang 2023). Other indicators in this cate
gory measured access to health care and emergency 
medical care, number of health care beds, neighbour
hood safety and access to affordable food supply 
(ARUP 2014, Ellena et al. 2020, Cheng et al. 2021).

Transport
The largest transport domain was quantitative and/or 
spatial indicators related to active transport (11 indi
cators), highlighting the importance of walking and 
cycling for reducing transport emissions, promoting 
physical activity, and reducing non-communicable 
disease (Sallis et al. 2015, Yin et al. 2021, Van De 
Walle et al. 2022). Indicators assessed existing pedes
trian infrastructure (e.g. amount and quality of paths) 
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and bicycle paths (e.g. kilometres of bike paths per 
100,000 population), as well as use of active transport 
modes (e.g. foot traffic patterns, percentage mode 
share for commuters) (Pinheiro and Luís 2020, 
Sharifi et al. 2021, Yin et al. 2021, Salvalai et al. 2022, 
Wei et al. 2023). Public transport spatial indicators 
measured accessibility and availability of public trans
port (e.g. kilometres of different public transport per 
100,000 people) as well as the percentage of commu
ters using public transport (Pineo et al. 2018, UN- 
Habitat 2020, 2022, Lee et al. 2023). Public transport 
is important for healthy, climate resilient cities as it 
reduces transport emissions relative to private motor 
vehicles, provides opportunities for physical activity to 
and from stations or stops, and supports equity of 
access to essential infrastructure and services (World 
health Organization 2025). Motor vehicle traffic con
tributes to greenhouse gas emissions and traffic 
hazards (Giles-Corti et al. 2016), with indicators mea
suring access and density of roads, traffic levels and 
noise (Badaloni et al. 2023, Donzelli and Linzalone  
2023). Transport policy indicators focused on the 
diversity and affordability of the transport network 
and effective transport operation and maintenance 
(ARUP 2014).

Land use
Indicators measured a range of land uses, beyond the 
specific types of land uses covered in other categories 
outlined above. Quantitative and/or spatial indicators 
measured various land use aspects that impact on 
exposure and responses to climate change-related 
hazards such as urban heat, pollution and flood. 
These included the built-up area (e.g. Normalized 
Difference Built-Up Index (NDBI), percentage built- 
up area (Ellena et al. 2020, Gonzalez-Trevizo et al.  
2021)), amounts of unused land, grey space and open 
space (Weber et al. 2015, Nice et al. 2022, Çağlak and 
Murat 2023), and area and rate of urbanisation (Sera 
et al. 2019, Cheng et al. 2021, Li et al. 2022).

Three metrics were most specifically related to 
urban health and climate resilience. First, ‘the rural- 
urban gradient’ (Gonzalez-Trevizo et al. 2021) which 
was used to examine ‘the influence of human distur
bances on ecological, social and coupled natural- 
human systems’ (Kaminski et al. 2021, p. 2937). 
Second, ‘urban landscape metrics’ (Gonzalez-Trevizo 
et al. 2021) quantified a variety of urban patterns 
(Bhatti et al. 2018) and have been extensively used to 
examine the connection between land uses and heat
ing/cooling effects in urban areas. Third, ‘safe hazard 
shelters versus expected public demand’ (Figueiredo 
et al. 2018) which is one of the few composite indica
tors that connects land use planning to climate 
change-related hazard preparedness. Land use policy 
indicators measure the enforcement of land use zon
ing, the use of urban design to maximise ecosystem 

services and the extent to which land use plans have 
been developed using local hazard risk assessment 
(UNDRR 2017, Figueiredo et al. 2018, UN-Habitat  
2022).

Infrastructure resilience
Infrastructure resilience indicators were all 
extracted from the grey literature, indicating 
a lack of emphasis on this area in the reviewed 
academic literature. Robust, responsive and adap
tive infrastructure is an integral part of urban 
resilience (Meerow et al. 2016). The functional 
disruption of infrastructure can lead to widespread 
social and economic impacts, and affects human 
health by limiting access to essential services (Pant 
et al. 2016). The identified quantitative indicators 
included the loss factor (i.e. customer service days 
at risk of loss) for various critical infrastructure 
assets: electrical energy, gas, road, rail, airport, 
communication, water and sanitation (UNDRR  
2017). Other quantitative indicators measured the 
cost of lost communication and transport services 
(UNDRR 2017). The infrastructure resilience cate
gory also included policy indicators measuring the 
availability of robust, secure, flexible and reliable 
infrastructure, and application of appropriate 
codes, standards and their enforcement for infra
structure resilience (ARUP 2014, UNDRR 2017).

Population vulnerability
Population vulnerability indicators measured 
demographic, health, social, economic and environ
mental characteristics of urban populations that 
influence exposure and vulnerability to climate 
change-related hazards and associated health 
impacts. They included population density, percen
tage of the population that is elderly or requiring 
recuperation, mortality, overexposed population, 
social sensitivity, percentage of population at the 
risk of displacement, number of homeless people, 
and percentage of households living in fuel poverty 
(Arifwidodo and Chandrasiri 2020, Ellena et al.  
2020).

Policy-specific indicators

Policies and their translation into interventions can 
support the creation of urban environments, systems 
and services that reduce the health impacts of climate 
change. In addition to the general resilience policy 
indicators discussed above, we identified a range of 
other governance-related indicators that assess policy 
processes, strategies, actions, implementation, resour
cing and enforcement related to healthy, climate resi
lient cities. These indicators form a distinct policy- 
specific group, with indicators spanning three 
domains.
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Policymaking and planning processes
Indicators in this domain assessed whether hazard 
and risk assessments were factored in during strat
egy development, and whether decisions were 
evaluated based on their resilience benefits or lim
itations (ARUP 2014, UNDRR 2017, UN-Habitat  
2020). There were also indicators directed at dis
aster response and recovery planning including 
the clarification of private and public sectors’ 
roles in disaster response, effectiveness of emer
gency response services, existence of post event 
recovery and economic reboot plans, and the role 
of stakeholders in Build Back Better plans 
(UNDRR 2017). Three indicators specifically 
emphasized health considerations, through mea
suring efforts to minimize the health impacts of 
climate change. These indicators were: the integra
tion of health in climate change policies, engage
ment with health departments in planning and the 
robustness of health systems (ARUP 2014, 
Kleiman et al. 2022, Hoeben et al. 2023). Other 
indicators measured whether planning approaches 
were interdisciplinary and participatory, to ensure 
that health, climate and built environment actors 
work closely together and policies align to create 
healthy, climate resilient cities (Bannan et al. 2022, 
Kleiman et al. 2022).

Identifying and monitoring risks
This domain focused on identifying, understanding and 
monitoring current and future climate change- related 
risks. Relevant indicators included hazard and multi- 
hazard mapping, asset identification, vulnerability and 
exposure mapping, scenario planning, risk assessments, 
multi-hazard early warning, and monitoring and fore
casting systems (ARUP 2014, UN-Habitat 2020, Yin 
et al. 2021).

These policy indicators did not focus on any spe
cific climate change-related hazard and were geared 
towards the risk framework that is adopted by inter
national agencies such as United Nations offices. In 
this framework, risk is often considered as a function 
of hazards, vulnerability, exposure and capacity in 
a given context, which can be calculated for economic, 
physical, social, cultural and environmental assets 
(UN General Assembly 2016, UNDRR 2019).

Resources
Resources indicators focused on budgets and financial 
resources for climate change adaptation and mitiga
tion, data integration across climate change and 
health, availability of a single integrated set of resili
ence data for practitioners, and measurement of spare 
capacity as a key quality of resilient urban systems 
(ARUP 2014, UNDRR 2017, Kleiman et al. 2022, 
Lowe et al. 2024).

Discussion

Breadth of determinants and indicators

Building urban climate resilience in ways that max
imise benefits for human health is an urgent global 
priority (United Nations 2018, 2023, United Nations 
Environment Programme & International Science 
Council 2024, van Daalen et al. 2024, Whitmee et al.  
2024). To support these goals, it is imperative to 
understand priority determinants and use urban- 
scale indicators to measure and monitor progress. 
We found that there is a large body of literature on 
determinants and measurement of healthy and climate 
resilient urban environments. This literature arises 
from many disciplines and countries (mostly from 
higher income economies) internationally. Diverse 
quantitative, spatial and policy indicators of healthy 
and climate resilient cities have been developed and 
applied in research and practice, however, there does 
not seem to be an agreed upon indicator framework. 
Indicators identified in this review measured similar 
conditions or domains in different studies and across 
geographical locations. For example, we found 26 dis
tinct temperature indicators and 35 indicators of air 
pollution, including 13 different indicators of airborne 
PM. The number and diversity of indicators, particu
larly the large number of quantitative and spatial indi
cators, may provide limited guidance to researchers, 
policy-makers and planners about optimal measures 
of healthy, climate resilient cities.

Nonetheless, the determinant categories and indi
cator framework identified through this scoping 
review provide some indication of policy and mea
surement priorities. There is some agreement in the 
reviewed literature about urban heat, air pollution and 
flood being key climate-related health hazards, and the 
importance of planning for quality urban green space, 
building quality, robustness and sustainability, access 
to a variety of amenities, active, low-carbon transport 
systems, and risk assessment and policymaking pro
cesses that actively promote urban climate resilience. 
These determinants highlight the multiple sectors 
involved, and the need for complex system thinking 
to create healthy, climate resilient cities (Pineo et al.  
2020, Bustamante et al. 2021, ICS 2021, Luna Pinzon 
et al. 2022, Gatzweiler et al. 2023). This is consistent 
with the wider international literature on intersectoral 
opportunities and approaches to achieve health and 
resilience co-benefits from climate action in urban 
contexts (Rockefeller Foundation and Arup 2015, 
Whitmee et al. 2024). Indeed, some of the identified 
policy indicators specifically focus on collaboration 
and intersectoral cooperation, particularly the invol
vement of the health sector in decisions about urban 
planning responses to climate change (UNDRR 2017, 
Figueiredo et al. 2018, ARUP 2019, Bannan et al. 2022, 
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Kleiman et al. 2022, Hoeben et al. 2023, Lee et al.  
2023).

Consistent with urban health and liveability frame
works (Badland et al. 2014, Giles-Corti et al. 2020,  
2022), the indicators and determinants identified in 
our review span policies and upstream built environ
ment determinants through to climate-related hazard 
exposure. Our findings broadly aligned with Giles- 
Corti et al. (2022) framework of pathways through 
which city planning influences human and planetary 
health. Like our review, this framework encapsulates 
the importance of good and integrated governance, to 
support active transport, access to amenities, well- 
designed housing, and urban greening access. These 
in turn influence risk exposures such as air pollution, 
greenhouse gas emissions, and heat islands.

Indicator gaps

However, relative to Giles-Corti et al. (2022) frame
work, there were some potential gaps in the indicators 
identified. While our review found some indicators of 
ecosystem services provided by green spaces, there was 
a lack of indicators of biodiversity loss, biodiversity- 
sensitive design and nature-based solutions more 
broadly. We found some housing and building- 
related energy use and efficiency indicators, but there 
were no specific indicators identified for the transition 
to renewable energy use in buildings or transport. 
Cultural determinants of urban health and climate 
resilience were also not covered by the identified 
indicators.

Disaster mitigation and management should be an 
integral part of city planning, to prevent, prepare for, 
and adapt to the physical, social, economic and psy
chological impacts of disasters in complex and 
dynamic urban environments (Renn et al. 2018, 
Galasso et al. 2021, Giles-Corti et al. 2022). Many of 
the identified built environment indicators measured 
aspects of climate change mitigation and adaptation, 
and we also found policy indicators focused on hazard 
identification and monitoring. However, there were 
no policy indicators related to specific types of climate 
change-related hazards or disasters. Nor were there 
policy indicators identified that assess actions to 
reduce the health impacts of disasters (e.g. policies to 
limit development in risk-prone areas). Much of the 
literature on policy-specific indicators provided insuf
ficient details on data sources or measurement meth
ods, limiting the ability to accurately replicate these 
indicators.

Further, some climate change-related hazards such 
as urban heat, flood and air pollution appeared to have 
received more attention than others in the measure
ment and monitoring of healthy, climate resilient 
cities. Although similarly expected to increase in fre
quency and severity due to climate change (IPCC  

2022), hazards such as bushfire/wildfire, extreme 
cold, storms, cyclones and hurricanes have garnered 
minimal focus in the literature at the intersect of 
health, built environment and climate resilience. 
These indicator gaps could be due to difficulties in 
measurement and data availability. However, relevant 
literature may come from a wide range of fields, so 
more targeted reviews of literature related to these 
hazards and other determinants may be needed to 
identify relevant indicators.

Informing policies and interventions

Indicators can inform effective urban governance and 
robust reporting and evaluation of progress towards 
healthy and climate resilient urban environments. The 
identified indicators could be used to reveal problems, 
inequities or emerging issues related to climate change 
-related hazard exposures, built environment character
istics, population vulnerability or urban governance 
arrangements. This can inform agenda-setting and for
mation of policies or interventions to solve pressing 
challenges (Whitehead et al. 2004, Lowe et al. 2018). 
Policy indicators can be used to evaluate whether policy
making processes, resource allocation and policy aims 
and actions could support healthy, climate resilient 
cities (Lowe et al. 2022). Many of the identified indica
tors would be suitable for measuring changes that result 
from implementation of specific policies, plans or inter
ventions, including monitoring short- and longer-term 
impacts on health and evolutionary climate resilience 
and whether stated policy aims are being achieved 
(Lowe et al. 2018, Pineo et al. 2018). This, in turn, can 
inform data-driven adjustments to policies in response 
to unintended negative consequences.

While indicators can be powerful tools, a range of 
other research evidence (e.g. community perspectives; 
quantitative evidence or modelling of the impacts of 
built environments on health) is needed to inform pol
icy and evaluate outcomes. Evidence alone is also unli
kely to be sufficient for galvanising policy action (Taylor 
and Hurley 2016). The wider political, economic and 
social context, including policy narratives and the power 
of policy actors, will ultimately determine strategies to 
tackle health and climate resilience challenges in cities 
(Sabatier and Weible 2014, Lowe et al. 2019).

Measuring and monitoring evolutionary urban 
climate resilience

To achieve evolutionary urban climate resilience, 
urban systems need to exhibit adaptive and transfor
mative capacity in addition to the ability to persist 
through, and recover from, climate change-related 
shocks and stresses (Lowe et al. 2023, 2024). These 
four characteristics of resilience – persistence, recov
ery, adaptive capacity and transformative capacity – 
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can be pursued through urban policy and built envir
onment interventions (Davidson et al. 2019), and 
measured through indicators and research. The iden
tified climate hazard-specific indicators reflected 
a reactionary (i.e. persistence and recovery) stance to 
hazards, as they measure exposure and/or responses to 
hazards rather than reducing health impacts or miti
gation of those hazards. The identified general resili
ence quantitative and spatial indicators were mostly 
cross-sectional measures of the status of built environ
ment characteristics. These would need to be repeated 
at regular intervals (e.g. every 5 years) to be able to 
assist with monitoring adaptations and changes in the 
built environment over time. Nevertheless, some spa
tial indicators were more focused on adaptive and 
transformative capacity as they explicitly measured 
changes in determinants of healthy, climate resilient 
cities, such as percentage reduction of average PM 
concentrations (Diener and Mudu 2021); or change 
in tree cover (UN-Habitat 2022).

Targets or benchmarks are needed to help guide 
adaptation and transformation of built environments 
(Lowe et al. 2022). In the reviewed literature, there 
was a lack of clarity on the desirable direction of 
change for most indicators, let alone clear targets or 
benchmarks. For example, indicators such as ‘traffic 
levels’ do not explicitly clarify whether and how 
much traffic should be reduced to promote health 
and climate resilience.

While quantitative and spatial indicators can mea
sure policy implementation and impacts, policy indi
cators focus on measuring governance and decision- 
making processes. They are therefore oriented towards 
evaluating capacity for positive change and evolution, 
and align with the urban resilience literature which 
emphasises that resilience-building is more about pro
cesses than outcomes (Redman 2014, Kuhlicke et al.  
2019). This further highlights the need to fill the iden
tified policy indicator gaps in the climate hazard- 
specific and general resilience to climate hazards 
domains. For example, general resilience policy indi
cators can assess the existence and quality of policies 
related to transport system resilience, building design 
and access to amenities (Lowe et al. 2022), to inform 
targeted policy improvements.

Data and measurement considerations

A wide variety of data sources are required to generate 
the identified indicators. Quantitative and spatial indi
cators rely on remote sensing imagery, spatial data on 
the location of urban design and transport features, and 
street networks, and data on population characteristics. 
Composite spatial indicators (e.g. urban heat vulner
ability) have advantages for measuring complex, multi- 
factorial domains of healthy, climate resilient cities, but 
may require a wider range of data inputs. Policy 

indicators require policy and process evaluation data, 
which is often not routinely collected (Lowe et al. 2022).

We identified existing indicators developed in, and 
applied to, a wide range of countries internationally, 
with many indicators (especially from the grey litera
ture) having apparent international relevance. While 
a standard set of indicators would offer consistent and 
comparable measurement of cities internationally, not 
all indicators may be relevant or measurable in all 
countries or cities. When selecting indicators for 
research or practice in particular urban contexts, it is 
necessary to consider whether they are applicable to 
those cities, in terms of the specific climate change- 
related, built environment, sociodemographic, cul
tural or governance challenges they may be facing. 
Indicator selection also requires scoping data avail
ability, quality and consistency across regions or inter
nationally. Only then is it possible to determine 
whether an indicator can be measured for 
a particular city, the most appropriate scales (e.g. 
street, neighbourhood or whole metropolitan area) 
for measurement, and whether comparisons are pos
sible within and between cities. Previous research has 
found that decision makers prefer indicators to be 
measurable at various scales, and able to show spatial 
inequities within cities, to help target interventions 
(Lowe et al. 2015). Using globally available open data 
wherever possible supports the principle of open 
science and international comparability (Boeing et al.  
2022). Further research on potential methodological 
solutions in response to spatial challenges related to 
indicators is required (Solís et al. 2017).

Beyond data scoping, any attempt at creating indi
cators that can be used globally would require a highly 
iterative process including policy makers, stake
holders, identifying data sources and evaluating evi
dence (Pineo et al. 2018). Indicator methods would 
also need to be validated for cities of interest, or 
internationally. This can involve calculating and test
ing the accuracy of indicators for specific city contexts, 
using local expert knowledge (Badland et al. 2014, Liu 
et al. 2022). It can also be useful to validate indicators 
against other reference data sources. Consideration 
should be given to establishing associations between 
indicators and health and resilience outcomes, by link
ing indicators measured at an appropriate scale to 
outcome datasets. Regular reviews are required to 
ensure evidence of effectiveness, feasibility of mea
surement, data availability and programmatic rele
vance (Requejo et al. 2013).

There have been previous calls to marry indicators 
to existing urban policies, to simplify indicator selec
tion (Badland et al. 2014). As a complement to rele
vant spatial indicators, policy indicators can evaluate 
the presence and quality of policies themselves. We 
found that, with a few exceptions, the policy indicators 
were derived from grey literature. There is a need for 
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policy indicators to be more widely included in 
research studies, which would enable these indicators 
to be further tested, validated and refined.

Limitations and future research

Scoping reviews are broad in nature and there could 
potentially be gaps in the included literature. We tried 
to mitigate this risk by including research articles, 
review papers and grey literature. Although various 
keywords were included and different search queries 
were tested, the identified indicator gaps may be partly 
due to the keywords used for this review. In addition, 
only documents written in English were accessed, 
which may have limited inclusion of relevant indica
tors, especially related to lower-income countries 
whose populations are at higher risk of climate 
change impacts. While the selected literature covered 
a broad spectrum of domains and indicators, more 
targeted reviews of specific fields or climate change- 
related hazards, and inclusion of other languages 
could potentially yield additional relevant indicators. 
Future research could also refine or develop new indi
cators to address the indicator gaps we identified, as 
discussed above.

It was beyond the scope of this review to evaluate 
the feasibility or relevance of the identified indicators 
for specific urban contexts, as this requires detailed 
data scoping and testing (IPCC 2022). However, this is 
a necessary and planned next step in our research 
project.

This study has highlighted the relevance of indica
tors for measuring the health and climate resilience of 
urban areas. Future research could more fully explore 
the complexity and inter-relationships between the 
various determinants and indicators of urban health 
and climate resilience, and how these relationships can 
be built upon to leverage the goal of healthy and 
resilient cities.

Conclusion

The challenge of planning cities that contribute to 
human health in the face of climate change is well 
documented in the existing literature. Addressing 
this challenge requires a complex systems perspec
tive, and transformative and evidence-based 
approaches to creating healthy, climate resilient 
cities. This scoping review contributes to under
standing the key determinants and indicators of 
healthy and climate resilient urban areas, which 
could inform research and decision-making. We 
identified 12 main categories of determinants that 
have been measured in the literature, spanning cli
mate hazard-specific, general resilience to climate 
hazards and policy-specific aspects. Although we 
uncovered a wide range of indicators, there was no 

agreed upon indicator framework in place to concur
rently measure health and climate resilience. 
Multiple indicators were often used to measure simi
lar concepts, providing limited guidance on optimal 
measures for research and practice. Our review iden
tified the need for spatial and process-oriented policy 
indicators capable of measuring adaptive and trans
formative capacity, in alignment with evolutionary 
urban climate resilience. Informed by this review, 
our intention is to validate methods for internation
ally applicable open-source policy and spatial indica
tors of healthy, climate resilient cities, which can be 
used to guide policymaking and show inequities 
within and between cities. Our findings will also 
inform future research to develop a risk-based deci
sion support system for delivering healthy, climate 
resilient cities.

Note

1. References for the indicators outlined in the Results 
are examples of the sources of the indicators. See the 
Appendix for a complete list of indicators and their 
references.
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