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Abstract: Urban areas generate more than 70% of the world’s climate change emissions, mainly
CO2, produced by the combustion of fossil fuels. Climate change is increasing cities’ exposure to
climate hazards, such as heat waves or floods. Therefore, there is a need to improve risk management
with the inclusion of climate resilience in urban policy design. Despite improved urban climate
monitoring, there are still relatively few scientific publications on climate change adaptation in urban
areas. Adaptation to climate change is not achieved through specific action, but rather through the
adoption and continuous implementation of adaptation actions such as housing rehabilitation, green
space management and protection measures for vulnerable groups. This variety of actions makes it
difficult not only to identify different indicators, but also to use common benchmarks. Considering
the role of municipalities in adapting to climate change, it is crucial to identify adaptation indicators
that serve as a basis for decision making, as well as evaluation methods that allow the effectiveness of
planned and implemented measures in municipalities. It can be used to determine which measures
increase the level of adaptation or lead to poor adaptation. Therefore, monitoring indicators makes
it possible to evaluate the effectiveness of the measures, in addition to formulating new ones. This
paper includes a literature review of existing index designed to address climate hazards and mitigate
their impacts in urban areas.

Keywords: climate change; climate change adaptation; urban areas; index; natural risk; indicators

1. Introduction

Urban areas contain around 54% of the world’s population, and by 2050, this per-
centage is expected to grow to 68% [1]. This makes population growth in urban areas a
factor of global warming [2], significantly affecting society and making it likely that the
most significant effects will be experienced in those areas. A city’s adaptation capacity,
understood as its potential to move to a more desirable position in the face of the impacts
and risks of climate change, largely depends on the cultural, social, economic, and political
contexts in which adaptation takes place [3]. Increasing adaptation capacity improves the
opportunity for systems to manage the different ranges and magnitudes of climate impacts
while allowing flexibility to rework approaches if they are later considered to be on an
undesired trajectory [4].

Climate impacts are likely to affect many aspects of urban systems. Climate adaptation
requires interventions which help cities to address many of their pressing problems. For
example, the provision of social services and the maintenance of environmental resources,
while mitigating the growing urban emissions of greenhouse gases and managing climate-
related risks [3]. Research shows that initially, climate change researchers and institutions
paid less attention to climate risks in urban areas, and more attention was paid to ecosystems
and agriculture [2]. However, as the urban population grows and exposure to climate
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increases, more cities are introducing formal planning processes for their adaptation to
climate change [5] considering also socioeconomic and human health vulnerabilities [2].

In a general context, indicator methodologies are usually used to understand the
growing interest in climate adaptation. The Intergovernmental Panel on Climate Change
(IPCC), who is the leading international body for the assessment of climate change, has
exposed some of the challenges for these methodologies [6]. While it is easy to report on
adaptation activity, the outcomes are more difficult to measure [5]. Thus, to effectively apply
climate strategies, it is necessary to understand and measure how the climate is changing,
the physical, environmental and social impacts of the changes, and if the adaptation and
resilience policies and programs implemented in response are working [7].

In recent years, researchers have increasingly addressed the issue of climate change
adaptation monitoring, in response to increasing demands for information about disasters,
extreme events, or vulnerabilities. For example, “Laurien et al. (2022)” evaluate different
assessments of approaches to climate and disaster resilience. They find a lack of clear
standards and validated approaches in the measurement methodologies and the interaction
between multiple hazards [8]. Other research evaluates resilience combining an index-
based approach and principal components analysis [9]. A metric-based approach that
uses free and open data sources so that the composite resilience indicator set could be
simulated [10], or using another index such as the Socio-Climatic Vulnerability Index
that uses free and open data too [3]. Furthermore, traditional approaches for collecting
information on weather conditions and predicting risks, usually based on databases, can
have different drawbacks such as the limitation of the sample scale or the frequency of
data updates. This makes climate action plans developed on outdated information or using
larger study scales.

A key challenge seen in this research lies in how to measure, monitor, and evaluate
critical indicators of climate change. Thus, an urban climate indicators tracking system is an
important tool for decision makers to help plan responses and timelines to climate change
and communicate with the general public about the increasing risks and the need for
such decisions [11]. Creating an effective indicator system involves not only defining key
climate variables and impacts, but also monitoring adaptation and resilience measures [7].
These indicators should be designed to respond to the requirements of action against
climate change in urban environments, and the demands of city-level climate risk managers
and urban system operations specialists. Urban climate indicators will be required to
encompass the tightly coupled structure of urban systems and the complex context of
social, economic, and political conditions [7,12]. Furthermore, they should allow for
tracking the evolution of climate change at a local level, documenting its vulnerability
and interdependent impacts in the region by allowing for the evaluation of programs and
policies designed to improve resilience.

Climate change has a negative impact in our systems, therefore, the European Com-
mission has adopted a climate adaptation strategy (2021) [13] which establishes a method
for preparing for the effects of climate change. However, some researchers highlights
the difficulties to comparing the situation of different municipal entities and to linking
adaptation impacts to local actions [11].

Nowadays, there is no standardized index that allows evaluating the adaptation
capacity that a city has to face climate change, despite the existence of ISO 14092:2020
“Adaptation to climate change—Requirements and guidance on adaptation planning for
local governments and communities” [14]. Therefore, it is useful to carry out a review of
different databases to serve as a starting point to measure possible adaptation indicators and
know the indexes used by researchers to measure the adaptation capacity. The challenge of
comparing different local areas with similar hazards, the absence of a standardized index,
and the selection of common indicators led the authors to investigate the existing studies.

Thus, the aim of this paper consists in carrying out a literature review on the use of
indexes and tools to measure and monitor climate change adaptation in the context of
urban areas. Firstly, the paper describes the methodology used for the review. Secondly,
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the most significant results, along with a discussion is presented. Finally, the last section
exhibits the concluding points of the research.

2. Materials and Methods

With the aim to answer to the following question: Are there common indices for assessing
the adaptive capacity of cities?, a series of databases were consulted, such as Scopus, Web
of Science, and Google Scholar (Databases were consulted during the month of March)
using the keywords climate adaptation index, indicators, cities, and urban. The search
strategy was:

• (“Climate adaptation index”) AND (“index” OR “indicators”) AND (“cities” OR “urban”)

The revision was limited to papers written in English, published in the last 10 years
(2013–2022). The main intention was to obtain recent results in adaptation topics. Scopus
and Web of Science include Open Access articles, so to complement the first revision, a
second revision was required, including publications with open access. Finally, a third
selection included papers classified as “Review” and “Articles”. Following this initial
review, a total of 524 articles were identified.

To include more relevant papers in this research, some inclusion/exclusion criteria
were defined:

• Phase 1. Duplicates revision: The papers duplicated during the search process
were removed.

• Phase 2. Not related to the topic: Papers not related to urban sector were discarded.
• Phase 3. Index or indicators: Publications which included index or indicators

were selected.
• Phase 4. Index selection: Index related to the adaptation theme of vulnerability,

thermal comfort, resilience, and adaptation were included.

In the literature review process, keyword filters were applied in three search engines:
SCOPUS, Web of Science, and Google Scholar.

The results of the search for the word “Adaptation index” in combination with “Urban
area” or “cities” in the Scopus database yielded a total of 240 articles, of which 205 were
published in the last 10 years. Of these, 108 articles are available in open access, 7 are
literature reviews, and 98 are research articles.

In the Web of Science database, a search for the keyword “Climate adaptation index”
combined with “index” or “indicator” and “cities” or “urban” yielded a total of 676 articles,
of which 654 were published in the last 10 years. Of these, 330 articles are available in open
access, 13 are literature reviews, and 309 are research articles.

Finally, in Google Scholar, searching for the keyword “Adaptation index” in combina-
tion with “Urban area” or “cities” and “systematic review” yielded a total of 115 articles, of
which 97 were published in the last 10 years.

These results indicate that there are a significant number of articles available in these
databases that address the topic of adaptation indexes in urban areas or cities, and that
most of them are research articles. In addition, a significant proportion of these articles are
available in open access, which facilitates access to them for researchers and students.

The initial search resulted in 524 papers. Once the duplicates were removed, 493
papers were filtered to include only those that addressed topics related to the urban sector,
cities, or risks in cities, which reduced the list to 196 papers.

In the next step, the list was filtered to include only documents that addressed indices,
indicators or tools related to adaptation, which reduced the list to 124 documents. Figure 1
shows overview methodology applied.

Table 1 shows the number of reviewed papers per type of index. The revision included
the index considered in the research studies. It can be seen that 39 papers related to
vulnerability, 20 related to adaptation, 13 related to resilience, 15 related to thermal comfort,
and 5 related to the universal thermal climate index were found.
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Figure 1. Overview of the methodology. Adapted from [15].

Table 1. Index collected in papers considered. Table created by the author.

Type of Index Number of
Papers Type of Index Number of

Papers

Vulnerability 39 Adaptation 20
Resilience 13 Thermal comfort 15

Universal Thermal Climate
Index (UTCI) 5 Blue city indicators 1

Exposition 1 Government 1
Habitability 2 City blueprint index 1

Cooling effect index 1 Area index 1

Comfort index 1 Sustainability index of
collective centres 1

Bare soil index 1 Index WSC (Water Wise Cities) 1
Danger indicators 2 Risk indicators 2

Sensitivity indicators 1 Social indicators 1
Urban sustainability 1 Thermobioclimatic Index 1
Vegetation indicators 6 Index of discomfort 3
Precipitation index 1

The articles that included indexes like vulnerability, adaptation, resilience, thermal
comfort, and UTCI (UTCI: It is an equivalent temperature (◦C), a measure of the human physio-
logical response to the thermal environment) were selected (n = 91). The selected literature to
review is presented in Table 2. The table shows the year of publication, the journal, and the
type of risk considered.

Table 2. Literature to review considered. Table created by the author.

No. Title Authors Year Journal Type of Risk Citation

1 Indices of Coastal Vulnerability to
Climate Change: A Review Roukounis et al. 2022 Environmental

Processes Coastal Flood [16]

2

Big Data in Criteria Selection and
Identification in Managing Flood
Disaster Events Based on Madro
Domain PESTEL Analysis: Case

Study of Malasya Adaptation Index

Abdullah et al. 2022
Big data and

cognitive
computing

Coastal Flood [17]
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Table 2. Cont.

No. Title Authors Year Journal Type of Risk Citation

3

A multilevel analysis to explain
self-reported adverse health effects

and adaptation to urban heat: a
cross-sectorial survey in the

deprived areas of 9 Canadian cities

Bélanger et al. 2016 BMC Public
Health Urban Heat [18]

4

Review of studies on outdoor
thermal comfort in warm humid
climates: challenges of informal

urban fabric

Bauriti et al. 2019
International

Journal of
Biometeorology

Urban Heat [19]

5

A Literature Review of Cooling
Center, Misting Station, Cool

Pavement, and Cool Roof
Intervention Evaluations

Black-
Ingersoll et al. 2022 Atmosphere Urban Heat [20]

6

Accelerating Urban Heating Under
Land-Cover and Climate Change

Scenarios in Indonesia: Application
of the Universal Thermal

Climate Index

Setiawati et al. 2021 Frontiers in Built
Environment Urban Heat [21]

7
Indicators for Monitoring Urban

Climate Change Resilience
and Adaptation

Feldmeyer et al. 2019 Sustainability Climate
Change [22]

8
Are cities prepared for climate

change? An analysis of adaptation
readiness in 104 German cities

Otto et al. 2021

Mitigation and
Adaptation

Strategies for
Global Change

Climate
change [23]

9 Index for climate change adaptation
in China and its application Lin et al. 2021 Climate Change

Research
Climate
change [24]

10

Development and Validation of a
Behavioural Index for Adaptation to
High Summer Temperatures among

Urban Dwellers

Valois et al. 2017
Environmental
Research and
Public Health

Urban Heat [25]

11 Assessing current and future heat
risk in Dublin city, Ireland Paranunzio et al. 2021 Urban Climate Urban Heat [26]

12

Which are the factors influencing the
integration of mitigation and

adaptation in climate change plans
in Latin American cities?

Kim et al. 2019 Environmental
Research

Climate
change [27]

13
Development as adaptation:

Framing and measuring urban
resilience in Beijing

Yan et al. 2018 Climate change
Research

Climate
change [28]

14

Development and validation of an
index to measure progress in

adaptation to climate change at the
municipal level

Jacob et al. 2022 Ecological
Indicators

Climate
change [11]

15

The climate and ocean risk
vulnerability index: Measuring

coastal city resilience to
inform action

Rouleau et al. 2022 Sustainable
Cities Coastal Flood [29]

16

Climate Adaptative Design Index
for the Built Environment

(CADI-BE): An Assessment System
of the Adaptative Capacity to Urban

Temperatures Increase

Bassolino et al. 2021 Energies Urban Heat [30]

17

Advancing index-based climate risk
assessment to facilitate adaptation
planning: Application in Shanghai

and Shenzhen, China

Tian et al. 2022
Advances in

climate change
research

Climate
change [31]

18

An urban climate assessment and
management tool for combined heat

and air quality judgements at
neighbourhood scales

Steeneveld, et al. 2018
Resources,

Conservation
and Recycling

Urban Heat [32]
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Table 2. Cont.

No. Title Authors Year Journal Type of Risk Citation

19
Multi-Risk Climate Mapping for the

Adaptation of the Venice
Metropolitan Area

Maragno, et al. 2021 Sustainability Climate
change [33]

20
An Integrated Approach to Evaluate

Urban Adaptative Capacity to
Climate Change

Hu, et al. 2018 Sustainability Climate
Change [34]

21

Assessment of urban resilience
based on the transformation of

resources-based cities: a case study
of Panzhihua, China

Yang, et al. 2021 Ecology and
Society

Climate
Change [35]

22

Assessment of urban flood
vulnerability using the

social-ecological-technological
systems framework in six US cities

Chang, et al. 2021
Sustainable
Cities and

Society
River/coastal

Flood [36]

23

Measuring urban vulnerability to
climate change using and integrated

approach, assessing climate risks
in Beijing

Zhang, et al. 2019 PeerJ Climate
change [37]

24

Linkages between Typologies of
Existing Urban Development

Patterns and Human Vulnerability
to Heat Stress in Lahore

Iqbal, et al. 2022 Sustainability Urban Heat [38]

25
Urban Ecosystem Vulnerability

Assessment of Support
Climate-Resilient City Development

Cai, et al. 2021 Urban Planning Climate
Change [39]

26

An Index-Based Assessment of
Perceived Climate Risk and

Vulnerability for the Urban Cluster
in the Yangtze River Delta Region

of China

Sun, et al. 2019 Sustainability Climate
Change [40]

27

Development and application of a
Socioeconomic Vulnerability

Indicator Framework (SVIF) for
Local Climate Change Adaptation

in Taiwan

Jhan, et al. 2020 Sustainability Climate
Change [41]

28

Spatial Heterogeneity and
Attribution Analysis of Urban

Thermal Comfort in China from
2000 to 2020

Wu, et al. 2022
Environmental
Research and
Public Health

Urban Heat [42]

29
Assessment of measured and

perceived microclimates within a
tropical urban forest

Chow, et al. 2016
Urban Forestry

& Urban
Greening

Urban Heat [43]

30

Planning Resilient and Sustainable
Cities: Identifying and Targeting

Social Vulnerability to
Climate Change

Ge, et al. 2017 Sustainability Climate
Change [44]

31

Quantifying coastal flood
vulnerability for climate adaptation

policy using principal
component analysis

Wu, Tao 2021 Ecological
Indicators Coastal Flood [45]

32

An adaptation index to high
summer heat associated with

adverse health impacts in
deprived neighbourhoods

Belanger, et al. 2015 Climatic Change Urban Heat [46]

33
Assessing Coastal Flood Risk in a

Changing Climate for
Dublin, Ireland

Paranunzio, et al. 2022 Marine Science
and Engineering Coastal Flood [47]

34
Size does matter: City scale and the

asymmetries of climate change
adaptation in three coastal towns

Paterson, et al. 2017 Geoforum Climate
Change [48]
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Table 2. Cont.

No. Title Authors Year Journal Type of Risk Citation

35
A comprehensive assessment of

urban vulnerability and its spatial
differentiation in China

Chuanglin, et al. 2016 Geographical
Sciences

Climate
Change [49]

36
Urban Resilience for Urban

Sustainability: Concepts,
Dimensions, and Perspectives

Zeng, et al. 2022 Sustainability Climate
Change [50]

37
County-level heat vulnerability of

urban and rural residents in
Tibet, China

Bai, et al. 2016 Environmental
Health Urban Heat [51]

38 Assessing urban adaptative capacity
to climate change

Araya-
Muñoz, et al. 2016

Journal of
Environmental
Management

Climate
Change [52]

39

Assessment of Urban Resilience to
Natural Disasters with a System
Dynamics Tool: Case Study of

Latvian Municipality

Feofilovs, et al. 2020
Environmental

and Climate
Technologies

Climate
Change [53]

40

Passive activity observation (PAO)
method to estimate outdoor thermal

adaptation in public space: case
studies in Australian cities

Sharifi, et al. 2020
International

Journal of
Biometeorology

Urban Heat [54]

41

Evaluating the Role of Urban
Drainage Flaws in Triggering
Cascading Effects on Critical

Infrastructure, Affecting
Urban Resilience

Krishnamurti, et al. 2022 Infrastructures Flood
(drainage) [55]

42
Spatial Assessment of Urban

Climate change Vulnerability during
Different Urbanization Phases

He, et al. 2019 Sustainability Climate
Change [56]

43

Thermal perception in outdoor
urban spaces under the

Mediterranean climate of
Annaba, Algeria

Labdaoui, et al. 2021 Urban Climate Urban Heat [57]

44

Urban Climate walk: A stop-and-go
assessment of the dynamic thermal

sensation and perception in two
waterfront districts in Rome, Italy

Peng, et al. 2022 Building and
Environment Urban Heat [58]

45

A Heat Vulnerability Index: Spatial
Patterns of Exposure, Sensitivity

and Adaptative Capacity for
Santiago de Chile

Inostroza, et al. 2016 PLOS one Urban Heat [59]

46
Mapping Heat Vulnerability Index
Based on Different Urbanization

Levels in Nebraska, USA
Jalalzadeh, et al. 2021 GeoHealth Urban Heat [60]

47

Planning Nature Based Solutions
against urban pluvial flooding in

heritage cities: A spatial multi
criteria approach for the city of

Florence (Italy)

Pacetti, et al. 2022
Journal of

Hydrology:
Regional Studies

Flood
(drainage) [61]

48 Development of a heat vulnerability
index for New York State Nayak, et al. 2018 Public Health Urban heat [62]

49
Excess Heat Factor climatology,

trends, and exposure across
European Functional Urban Areas

Oliveira, et al. 2022
Weather and

Climate
Extremes

Urban Heat [63]

50

Role of green roofs in reducing heat
stress in vulnerable urban

communities- a
multidisciplinary approach

Sharma, et al. 2018 Environmental
Research Letters Urban Heat [64]

51
A global analysis approach for

investigating structural resilience in
urban drainage systems

Mugume, et al. 2015 Water Research Flood
(drainage) [65]
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Table 2. Cont.

No. Title Authors Year Journal Type of Risk Citation

52

A New Framework for
Understanding Urban Social

Vulnerability from a
Network Perspective

Ge, et al. 2017 Sustainability Climate
Change [66]

53

How Can Climate Resilience Be
Measured and Visualized?

Assessing a Vague Concept Using
GIS-Based Fuzzy Logic

Schaefer, et al. 2020 Sustainability Climate
Change [67]

54 Adapting Cities to Pluvial Floding:
The Case of Izmir (Türkiye) Salata, et al. 2022 Sustainability Pluvial Flood [68]

55

Empirical Model of Human Thermal
Comfort in Subtropical Climates: A

First Approach to the Brazilian
Subtropical Index (BSI)

Assis, et al. 2018 Atmosphere Urban Heat [69]

56

Investigation of Spatio-Temporal
Changes in Land Use and Heat

Stress Indices over Jaipur City Using
Geospatial Techniques

Chandra, et al. 2022 Sustainability Urban Heat [70]

57
Finding key vulnerable areas by a

climate change vulnerability
assessment

Kim, et al. 2016 Natural Hazards Climate
change [71]

58

The Influence of Socioeconomic
Factors on Households’

Vulnerability to Climate Change in
Semiarid Towns of Mopani

South Africa

Yusuf, et al. 2021 Climate Climate
Change [72]

59

Effects of Orientations, Aspect
Ratios, Pavement Materials and
Vegetation Elements on Thermal

Stress inside Typical Urban Canyons

Lobaccaro, et al. 2019
Environmental
Research and
Public Health

Urban Heat [73]

60
Thermal comfort range and

influence factor of urban pedestrian
streets in severe cold regions

Jin, et al. 2019 Energy &
Buildings Urban Heat [74]

61

Integration of earth observation and
census data for mapping a

multi-temporal flood vulnerability
index: a case study on

Northeast Italy

Cian, et al. 2021 Natural Hazards Coastal Flood [75]

62
Mapping Climate Vulnerability of

River Basin Communities in
Tanzania to Inform

Resilience Interventions
Macharia, et al. 2020 Sustainability Drought [76]

63
Assessing urban vulnerability to

flood hazards in Brazilian
municipalities

Joan, R. 2016 Environmental &
Urbanization Flood [77]

64
Climate change water vulnerability

and adaptation mechanism in a
Himalayan City, Nainital, India

Chauhan, et al. 2022
Environmental

Science and
Pollution
Research

Drought [78]

65
Urban Heat Island vulnerability

mapping using advanced GIS data
and tools

Sidiqui, et al. 2022 Journal of earth
system science Urban Heat [79]

66
Coastal vulnerability to climate

change in China´s Bohai
Economic Rim

Zhang, et al. 2021 Environmental
International

Climate
change [80]

67
Mapping Urban Heat Vulnerability
of Extreme Heat in Hangzhou via

Comparing Two Approaches
Liu, et al. 2020 Complexity Urban Heat [81]

68
Estimate of outdoor thermal comfort
zones for different climatic regions

of Iran
Roshan, et al. 2019 Urban Climate Urban Heat [82]
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Table 2. Cont.

No. Title Authors Year Journal Type of Risk Citation

69

Conceptualizing and Measuring
Megacity Resilience with and

Integrated Approach: The Case
of China

Yang, et al. 2022 Sustainability Climate
Change [83]

70

Spatial Exposure and Livelihood
Vulnerability to Climate-Related
Disasters in The North Coast of

Tegal City, Indonesia

Rudiarto, I. 2020

International
review for

spatial planning
and sustainable

development

Coastal Flood [84]

71

Geophysical and social vulnerability
to floods at municipal scale under

climate change: The case of an
inner-city suburb of Sydney

El-Zein, et al. 2021 Ecological
Indicators Floods [85]

72

Summer Outdoor Thermal
Perception for the Elderly in a

Comprehensive Park of
Changsha, China

Li, et al. 2022 Atmosphere Urban Heat [86]

73

Measuring Subjective Flood
Resilience in Suburban Dakar: A

Before-After Evaluation of the “Live
with Water” Project

Bottazzi, et al. 2018 Sustainability Flood [87]

74

Outdoor thermal comfort conditions
during summer in cold semi-arid
climate. A transversal field survey

in Central Anatolia (Turkey)

Canan, et al. 2019 Building and
Environment Urban Heat [88]

75
Capturing the multifaceted

phenomena of
socioeconomic vulnerability

Sorg, et al. 2018 Natural Hazards Climate
change [89]

76

A GIS-Based Approach for Flood
Risk Zoning by Combining Social

Vulnerability and Flood
Susceptibility: A Case Study of

Nanjing, China

Chen, et al. 2021
Environmental
Research and
Public Health

Flood [90]

77
Thermal Environment Map in Street
Canyon for Implementing Extreme

High Temperature Measures
Takebayashi, et al. 2020 Atmosphere Urban Heat [91]

78

Assessing vulnerability and capacity
of Bhubaneswar as a progressive

smart-city: An empirical case study
of Fani cyclone impact on the city

Kawyitri, N 2021
International

Journal Disaster
Risk Reduction

Cyclone [92]

79

Assessing Urban Vulnerability to
Flooding: A Framework to measure

Resilience Using Remote
Sensing Approaches

Cerbaro, et al. 2022 Sustainability Flood [93]

80
Adaptative capacity to extreme

urban heat: The dynamics of
differing narratives

Guardaro, et al. 2022 Climate Risk
Management Urban Heat [94]

81
Global adaptation readiness and
income mitigate sectorial climate

change vulnerabilities
Asumadu, et al. 2022

Humanities &
Social Sciences
Communica-

tions

Climate
change [95]

82
Assessment of Cities´Adaptation to
Climate Change and Its Relationship

with Urbanization in China
Pei, et al. 2022 Sustainability Climate

change [96]

83
The structural analysis of driving
forces to adaptive capacity with

climate change in Ahvaz City. Iran
Mohammadi, et al. 2022 Research Square Climate

Change [97]

84

Mapping Transboundary Climate
Risk: the case study of the

Trinational Metropolitan Area
Upper Rhine Area

Riach, et al. 2021 Natural Hazards Climate
change [98]



Energies 2024, 17, 1959 10 of 19

Table 2. Cont.

No. Title Authors Year Journal Type of Risk Citation

85

Assessing hazards induced
vulnerability in coastal districts of
India using site-specific indicators:

an integrated approach

Rehman, et al. 2020 GeoJournal Climate
change [99]

86 Review of Current and Planned
Adaptation Action in Pakistan Parry, J.E. 2016 CARIAA

Working papers
Climate
change [100]

87 Climate change adaptation for
seaports and airports Ching-Poo 2020

Liverpool John
Moores

University
Climate
change [101]

88 A framework for examining
adaptation readiness Ford, et al. 2015

Mitigation and
Adaptation

Strategies for
Global Change

Climate
change [102]

89 The impact of adaptation on climate
vulnerability: Is readiness relevant? Amegavi, et al. 2021

Sustainable
Cities and

Society
Climate
Change [103]

90
Major principles and criteria for

development of an urban resilience
assessment index

Sharif, et al. 2014

International
Conference and

Utility
Exhibition

Climate
Change [104]

91
Urban adaptation index: assessing

cities readiness to deal with
climate change

Alves, et al. 2021 Climatic Change Climate
Change [3]

A total of 91 papers were considered. Figure 2 shows the trend of publications (by
year) related to climate adaptation in urban environments in the last 10 years. It should be
noted that most of these papers were conducted in 2020, 2021, and 2022.
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Figure 2. Year of publication of the 91 papers considered. Figure created by the author.

Figure 3 shows a classification by geographic region (origin of these articles) to know
where the climate adaptation is a relevant topic. The majority (41%) were written in Asia,
followed by Europe (32%), America (21%), Oceania (4%), and Africa (2%). These results
suggest that research and publication on the topic of climate adaptation is more prevalent
in Asia and Europe compared to other regions of the world. On the other hand, the
publications selected studied the following topics: urban area (88%), costal area (10%), and
suburban area (2%).
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3. Results and Discussion

Based on the literature review, two points were developed. On the one hand, nat-
ural risks identified and the methodologies that were used were analyzed to measure
adaptation capacity, vulnerability, or urban exposition. Our analysis underscores three
primary risks: climate change, urban heat, and floods. On the other hand, categories and
indicators about climate change adaptation in urban areas were identified. Through the 91
papers identified, three categories which were frequently mentioned in the literature were
considered (socio-economic, governance, and environmental). Based on these, we have
listed different indicators.

3.1. Natural Risk Identified

Based on the literature review, the risks with more importance at urban level are
(i) climate change (n = 39), (ii) urban heat (n = 32), and (iii) flood (n = 17). Therefore,
municipal governments have regarded the enhancement of urban resilience as a crucial
strategy [38].

Of the 91 references, 39 focus their efforts on the impacts of climate change. They
develop indices based on secondary information. For instance, “Feldermeyer, D. et al.
(2019)” involve stakeholders in defining the relevance of indicators [22]. They categorize
the indicators into different categories (environment, infrastructure, economy, society, and
governance), while “Kim, H. and Grafakos, S. (2019)” considered institutional, socioe-
conomic, and environmental categories to evaluate mitigation and adaptation in urban
climate change plans [27].

Other studies have developed their index namely, the “Adaptation readiness index” [23];
“Index for climate adaptation” [24]; and “Index for climate change adaptation” [3]. The first study
implemented their index at local level, the second at national level, and the third developed
their index to assess the current potential capacity of cities to deal with climate change
impacts at local level.

Heatwaves in urban areas were studied in 32 of 91. Studies on heatwaves focus the
knowledge on two objectives. On the one hand, outdoor thermal comfort (n = 14), and on
the other hand, social vulnerability to the heat island effect (n = 16). Two of the thirty-two
studies have different objectives. “Valois, P. et al. (2017)” focus their study on the actions
that citizens take during heatwaves [25]; and “Bassolino, E. and Cerreta, M. (2021)” verify
the effectiveness of urban transformation climate-adaptative regeneration processes [30].

Other studies have focused on outdoor thermal perception; commonly used metrics
include physiological equivalent temperature (PET) (PET: The air temperature at which, in
a typical indoor setting (without wind and solar radiation), the heat budget of the human body
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is balanced with the same core and skin temperature as under the complex outdoor conditions to
be assessed [103]), universal thermal climate index (UTCI), standard effective temperature
(SET) (SET: A comfort index based on the transient modelling of the human metabolism, including
the mechanisms of thermoregulation caused by the ambient conditions or the activity level [105]),
and predicted mean vote (PMV) (PMV: A comfort index based on the transient modelling of the
human metabolism, including the mechanisms of thermoregulation caused by the ambient conditions
or the activity level [105]) [74,86].

For the analysis of social vulnerability to the heat island effect, some scientists create
maps to detect areas with higher vulnerability, considering climatic conditions, exposure,
and population sensitivity [21,26,30,38,62].

Flood risk was studied in 17 of the 91 articles considered. These studies are categorized
into coastal flooding (n = 8) [16,17,29,36,45,47,75,84], pluvial flooding (n = 6) [68,77,85,87,90],
and urban drainage (n = 3) [55,61,65]. Flood reports concentrate the knowledge on the
vulnerability (Vulnerabilityy: predisposition to be adversely affected. Vulnerability comprises a
number of elements including sensitivity, or susceptibility to harm, and lack of capacity to cope
with or adapt to harm), index of the area, considering exposition (Exposition: The presence
of people, livelihoods, species or ecosystems, environmental functions and services, or elements of
economic, social or cultural heritage in places and sites that could be adversely affected), sensitivity
(Sensitivity: The degree to which a system or species is affected, positively or negatively, by climate
variability or change), and adaptative capacity (Adaptation capacity: The ability of systems,
institutions, and people to adjust to potential harms, take advantage of opportunities, or respond
to consequences).

The 17 articles related with floods use secondary information to develop the index
and define the indicators. Some of them employ multicriteria analysis in the process.

3.2. Key Indicators for Climate Change Adaptation

“Hansen and Macedo (2021)” consider the coupled relationship between humans and
nature, defining the term Urban Ecology. “They characterize it as the study of ecosystems
that include humans living in cities and urbanizing landscapes”, connecting three systems:
the natural environment, built environment, and social environment [106].

Our article includes three categories which are frequently mentioned in the literature,
and very similar to the systems considered by Hansen and Macedo. Socio-economic
categories include indicators include age, employment, education, population density,
access to resources, and old buildings. Governance categories include strategies and plans,
transparency, and civil protection plans. Finally, the environmental category includes
indicators as climatic parameters, climate risk, and land use. Indicators selected in the
table below (Table 3) are those most frequently repeated in the 91 articles considered in
the review.

Table 3. Indicators reviewed. Table created by the authors.

Categories Indicator Description Number of Articles

Socio-economic

Age % of population over 65 and
below 15 51

Employment % of
employment/unemployment 33

Education % of population with low
education level 51

Population density Number of populations exposed 32

Access to resources
% of population without access to

internet, air conditioning,
water sources

15

Governance

Old building Age of the building 11
Strategies and plans Plant and risk analysis considered 14

Transparency Public access to government 6
Civil protection Civil protection per climate risk 6

Environmental

Climatic parameters Measuring weather conditions 16
Climate risk Determinate climate risk 34

Land use % of soil cover per green
areas/grey areas 32
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3.2.1. Socio-Economic

There are socio-economic factors which affect the adaptation capacity [107]. Social
vulnerability should be examined to validate the adaptative capacity of the population for
natural events. Adaptation measures under climatic conditions should promote socioe-
conomic well-being in vulnerable people. According to “Roukounis, C. and Tsihrintzis
(2022)”, most vulnerability indices consider socio-economic factors. These factors reflect
the sensitivity and adaptative capacity of the population who suffer natural hazards. There-
fore, the socioeconomic category includes six indicators: age, employment, education,
population density, access to resources, and old buildings [15,16].

Age as an indicator is analyzed in 51 of the 91 articles considered. Vulnerability can
vary according to the age of the population. People older than 65 or younger (<15 years) are
more vulnerable to extreme events than people in other age ranges [108,109]. The influence
of people´s level of education is the second indicator considered in the articles revised (51
to 91). It considers the impact of education on the adaptative capacity. Another important
inter-relationship is the population density with climate change. Densely populated urban
areas are particularly vulnerable to the effects of climate change.

In some cases, belonging to a vulnerable population group means that you are affected
by more than one indicator at a time. For example, unemployed people have more difficulty
accessing essential resources such as air conditioning. For instance, people with less
resources have more problems to adapt to than rich people [110]. In addition, the poorer
population tends to live in older dwellings, where access to basic resources (such as air
conditioning) is more limited. In the literature review, 11 articles considered the building
age construction [111]. Climate change can significantly impact residential buildings’
energy consumption and greenhouse emissions. Therefore, climate change adaptation
should consider building design and façade renovation.

3.2.2. Governance

Adaptation has become a policy emergency to face climate change [112]. Governance
is the category with the lowest relevance in the revised articles. Only 15% of the articles
consider strategies or municipal plans as relevant indicators, and just 6 of 91 papers consider
government transparency and civil protection plans. Climate change sets out a challenge for
governments, and open government can contribute to improving management of climate
change issues [113]. “Sharifi, A. and Yamagata, Y. (2014)” include governance as one of the
major criteria that can be used in a framework for the assessment of urban resiliency [104].
The authors “Davoudi, S. and Sturzaker, J. (2017)” provide valuable insights into the
complexities of urban form and the challenges of achieving sustainable urban metabolism,
which are relevant to understanding and addressing climate risk in urban areas. The
article highlights the limited success of urban planning policies in Europe and North
America in steering urban form towards a more sustainable path. Additionally, it discusses
the complexities of urban development processes, the influence of planning regulations
and cultural norms on urban form, and the diverse typologies of policy interventions
aimed at shaping urban development. These insights are valuable for understanding the
multifaceted nature of urban development and the need for more effective policy packages
to address sustainability challenges in urban areas [12].

Strategies and climate plans as indicators have been studied in 15% of the articles
studied. Government implications in these initiatives are interesting to reduce the barriers
to climate change adaptation that have our cities. The lack of financial resources, unclear
division of tasks and responsibilities, uncertain societal costs and future benefits, and
fragmentation within and between scales of governance make cities lack these types of
studies [114].

Finally, civil protection is another indicator with low relevance (6 of 91 articles con-
sidered); however, some articles, such as the report of “Groven, K. et al. (2012)”, consider
relevant in what form climate change adaptation policy has been integrated into civil pro-
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tection, because preparing for extreme weather should be the protection system’s central
task [115].

3.2.3. Environmental

Environmental factors are directly associated with climate change. Environmental
indicators are helpful to evaluate, monitor, and improve cities’ environmental impact, life
quality, and resilience [116].

Thirty-four of the ninety-one articles considered determinate climate risk such as heat
waves, floods, and cyclones, not climate change globally.

Of the 91 revised articles, 32 include the soil type as an indicator to evaluate the adaptive
capacity of urban areas. “García Sánchez, F.J. (2019)” consider how green infrastructure plays
a key role in defining strategies for adapting cities to climate change [117]. Another report
considers the importance of green infrastructure for municipalities’ ecosystem services.

Climate parameters make it possible to monitor changes over time. Sixteen of the
ninety-one articles measured climatic parameters. The main challenges they face when
monitoring climate parameters are (i) identifying relevant resilience indicators at the
appropriate scale, (ii) relating those to well-being indicators that can be tracked at different
scales over the longer term, and (iii) using climate data to interpret well-being indicators in
the context of climate changes and variations [118].

4. Conclusions

The literature review highlights the importance of climate adaptation indicators as
an essential tool in mitigating the effects of climate change. The diversity of approaches
and the need for standardization underscore the complexity of the field. After a selection
process, 91 studies related to climate adaptation in urban environments and different
areas (coastal, urban, and semi-urban) were reviewed. Some studies focus on physical
variables and others on both physical and social factors. The diversity of approaches is
interesting; the authors have used different scales of analysis, criteria for selecting variables,
and natural phenomena as the main hazards for their research. The fact that there is a
diversity of approaches and different selection criteria makes it difficult to compare the
state of adaptation of cities.

Although standards such as ISO 14092:2020 exist, the absence of a specific framework
for indicator selection was identified. In most case studies, indicators have been selected
based on the availability of data and the aspirations of the researchers.

Most of the articles were published in recent years, with a significant increase in
publications in 2021 and 2022. This trend suggests an increased interest and commitment
to address climate adaptation challenges, mainly in Asian countries, particularly China.

Climate change, urban heat, and floods are the most-studied risks in the climate adap-
tation literature. On the other hand, drought and cyclones have received less attention
in published research in this field, although they are sometimes a consequence of climate
change. Climate change is considered, as a whole, as a general risk; however, the inter-
connectedness between risks is not assessed (e.g., an increase in temperature results in an
increase in droughts). The literature creates an index based on secondary information and
collaboration from citizens or expert panels. It does not focus on determining if cities are
prepared to face heatwaves; instead, it concentrates on citizens’ thermal comfort perception
and social vulnerability, which are assessed using indexes like PET, UTCI, SET, and PMV.

Socio-economic and governance indicators have a direct impact on urban areas. These
indicators can help urban planners and policymakers identify areas of vulnerability and
develop effective adaptation and mitigation strategies to protect urban populations from
the impacts of climate change. This is a relatively recent field of study with ample room
for further research. Ongoing evaluation and standardization of climate adaptation indi-
cators are essential to ensure their effectiveness and comparability. The exchange of best
practices and collaboration among researchers, policymakers, and communities is crucial
to addressing current and future climate challenges. The review identified the need for a
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specific framework for the selection of indicators, particularly in reports related to climate
change and floods.
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