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Abstract 

Background Cities, as frontline responders to climate change, necessitate a precise understanding of climate-adap-
tive features. This systematic review aims to define and outline the characteristics of climate-adaptive cities, contribut-
ing vital insights for resilient urban planning.

Methods This systematic review, initiated on March 6, 2018, and concluded on August 26, 2021, involved review-
ing multiple electronic databases based on the study’s objectives. The Critical Appraisal Skills Program (CASP) tool 
was used for quality assessment and critical evaluation of articles retrieved through a comprehensive and systematic 
text search. Descriptive and thematic analyses were conducted to extract definitions, features, and characteristics 
of climate-adaptive cities.

Results Out of 6104 identified articles, 38 articles met the inclusion criteria. In total, 20 definitions and 55 features 
for climate-adaptive cities were identified in this review. Codes were categorized into two categories and ten subcat-
egories. The categories included definitions and features or characteristics of climate-adaptive cities.

Conclusion A climate-adaptive city, as derived from the findings of this study, is a city that, through effective 
resource management, future-oriented planning, education, knowledge utilization, innovation in governance 
and industry, decentralized management, and low-carbon economy, leads to the adaptability, resilience, sustain-
ability, and flexibility of the capacity of individuals, communities, institutions, businesses, and systems within a city 
against all climate change impacts and reduces their negative consequences.

Keywords Climate change, Climate-adaptive cities, Adaptation, Resilience, Resource management, Low-carbon 
economy

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Public Health

*Correspondence:
Abbas Ostadtaghizadeh
ostadtaghizadeh@gmail.com
1 Social Determinants of Health Research Center, Research Institute 
for Health Development, Kurdistan University of Medica Sciences, 
Sanandaj, Iran
2 Present Address: Department of Health in Emergencies and Disasters, 
School of Public Health, Tehran University of Medical Sciences, Poorsina 
Ave, Tehran 14177-43578, I.R, Iran
3 Center for Climate Change and Health Research (CCCHR), Dezful 
University of Medical Sciences, Dezful, Iran
4 International Institute of Health Management Research, Delhi, India
5 Social Determinants of Health Research Center, Isfahan University 
of Medical Sciences, Isfahan, Iran
6 Department of Nursing, Faculty of Nursing and Midwifery, Tehran 
Medical Sciences, Islamic Azad University, Tehran, Iran

7 Department of Health in Emergencies and Disasters, School 
of Medicine, Kurdistan University of Medical Sciences, Sanandaj, Iran
8 Spiritual Health Research Center, Iran University of Medical Sciences, 
Tehran, Iran
9 Climate Change and Health Research Center (CCHRC), Institute 
for Environmental Research (IER), Tehran University of Medical Sciences, 
Tehran, Iran

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-18591-x&domain=pdf


Page 2 of 22Yari et al. BMC Public Health         (2024) 24:1200 

Background
Climate change imposes greater stress on urban areas 
[1]. Urban areas, encompassing metropolitan and sub-
urban regions, accommodate the majority of the global 
population [1, 2] and are accountable responsible for 
approximately 40% of greenhouse gas emissions [1] and 
over 70% of global  CO2 emissions [2]. These statistics are 
projected to rise in the future [1]. In addition to green-
house gas emissions, urban areas face challenges such 
as excessive energy and resource consumption, waste 
generation, crime, social and cultural instability, and the 
ongoing global population growth, all contributing to 
the complexities of climate change impacts [3]. Conse-
quently, cities are at the forefront of addressing climate 
change challenges [1, 4], with many researchers consider-
ing them indispensable in this regard [5].

Modern human activities exacerbate various climate 
phenomena, including global warming, UHI (Urban 
Heat Island) effect, heatwaves, and droughts [6]. Cli-
mate change and its repercussions are among human-
ity’s major concerns, posing significant challenges to 
global sustainable development [7]. The rapid pace of cli-
mate change, coupled with its pervasive and detrimental 
effects on the environment, economy, and public health, 
underscores the critical importance of addressing cli-
mate-related issues [8].

The recent escalation in temperatures, driven by global 
warming and intensified heat in urban centers due to 
the UHI effect, profoundly impacts urban life, espe-
cially during warmer seasons [6]. These climatic shifts 
not only pose significant health risks but also endanger 
vital necessities such as clean air, water, food, and shelter 
[9]. Moreover, climate change exacerbates poverty and 
marginalization, particularly among vulnerable popula-
tions [10]. The increasing global population further exac-
erbates climate-related challenges, including the UHI 
effect and urban heat issues [6]. The consensus on global 
warming’s human-induced nature and the persistence of 
trends in energy consumption, development, and popula-
tion growth emphasize the urgency of addressing climate 
change [10].

Climate change, urbanization, and aging populations in 
many regions are expected to heighten the risk of heat-
related illnesses, particularly due to heat exposure [11]. 
Furthermore, climate change leads to more frequent and 
severe weather events, such as droughts, storms, precipi-
tation, and heatwaves, contributing to social, economic, 
and environmental disruptions globally [12]. The anthro-
pogenic nature of climate change underscores the need 
for adaptation efforts to mitigate its impacts [13]. Adap-
tation involves enhancing resilience and reducing vulner-
ability to observed or anticipated climate changes [14, 
15]. Urban adaptation capacity, influenced by economic, 

social, and environmental factors, plays a crucial role in 
determining cities’ ability to respond effectively to cli-
mate change [16].

In this context, adaptation capacity refers to the abil-
ity of a system to adjust to climate change, including cli-
mate variability and temperature thresholds, in order to 
mitigate potential damages, seize opportunities, and cope 
with resulting consequences [17]. Enhancing adaptation 
to climate change in urban areas involves implement-
ing various methods. Adaptation capacity encompasses 
the ability of stakeholders to absorb and recover from 
the effects of climate change while also leveraging new 
opportunities to increase adaptability. Factors influenc-
ing the capacity for adaptation to climate change include 
the economic, social, and environmental characteristics 
of each region. These characteristics may have general 
applicability across regions or be specific to certain areas 
facing distinct levels of risk from climate change [18].

Given the adverse impacts of climate change, efforts 
to develop practical adaptation strategies have gained 
traction, shifting the focus from understanding vulner-
abilities to implementing actionable plans [19]. The aim 
of global adaptation agreements is to bolster resilience, 
reduce vulnerability, and support sustainable develop-
ment [20]. Community-based adaptation initiatives, inte-
grated into urban policies at local and national levels, 
foster public participation and enhance urban resilience 
[21]. Notably, some communities have initiated measures 
to mitigate global warming impacts, such as assessing the 
role of vegetation and water surfaces in mitigating ther-
mal effects [22].

Urban areas face significant challenges in creating cli-
mate adaptation conditions for their residents, neces-
sitating effective urban climate change programs [23]. 
Social, economic, governmental, and environmental fac-
tors play pivotal roles in driving or hindering the devel-
opment of such programs [24]. While large and affluent 
cities actively engage in climate planning, vulnerable cit-
ies and individuals with high exposure to climate impacts 
often have limited involvement [1].

The introduction underscores the imperative of under-
standing urban adaptation to climate change and aims to 
establish a foundational understanding of climate-adap-
tive cities. Despite various definitions of climate adapta-
tion, those specifically addressing climate-adaptive cities 
remain limited and lack comprehensiveness. Through 
this study, we seek to identify the distinctive features and 
characteristics that define cities adept at responding to 
climate change challenges.

The implications of this research extend beyond aca-
demia, offering practical insights for urban policy and 
planning. By elucidating climate adaptation intricacies 
in urban areas, this study contributes to the development 
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of robust mitigation and adaptation strategies, ultimately 
enhancing urban resilience and safeguarding residents 
from the adverse impacts of climate change. Addition-
ally, the findings are poised to guide policymakers and 
urban planners in formulating more effective strategies, 
fostering sustainable and resilient urban ecosystems amid 
evolving climate conditions.

Materials and methods
This study is part of a review that examines the concepts, 
characteristics, components, challenges, and implemen-
tation strategies of climate-adaptive cities. In this study, 
only the definition and characteristics of adaptive cit-
ies are presented. The following steps were taken for 
this study, which was then evaluated using the PRISMA 
checklist.

Inclusion and exclusion criteria
This study encompassed published articles and books 
addressing the definition, characteristics, and features of 
climate-adaptive cities within the scope of the research 
questions. The inclusion of articles and documents was 
not restricted by time, covering works available until 
March 6, 2018. It is crucial to clarify that while there was 
no limitation on the publication date of included mate-
rials, the retrieval process and study focus encompassed 
documents available until the specified date. Follow-
ing the collection of studies, the examination of entered 
studies commenced and persisted until August 26, 
2021. Excluded were studies not addressing the defini-
tions or characteristics of climate-adaptive cities, those 
solely examining other components, studies unrelated 
to events, disasters, accidents, or crises, and articles not 
related to a human population residing in a specific geog-
raphy. Additionally, documents not available in full text 
and not relevant to our research topic, as well as studies 
not in English, were excluded.

Databases and search strategy
This systematic review utilized available books, manuals, 
guidelines, and scientific resources, as well as electronic 
searches on various websites and databases available 
on the Internet, including PubMed, Web of Science, 
EMBASE, Cochrane Library, Scopus, ScienceDirect, and 
Google Scholar, without any limitations on the date or 
type of study. The language of the research in the above-
mentioned databases was English. In addition to these 
databases, reputable international websites, such as those 
affiliated with the United Nations (UNDP, UN-HABITAT, 
UNISDR, UNEP), were also examined. Moreover, articles 
on Google Scholar were searched manually. Reading the 
articles’ references and using the snowball mechanism 

were other methods used to find relevant articles. This 
study was conducted on March 6, 2018.

The following English keywords and their similar 
terms extracted from the MeSH database or the Taza-
roos database, which is specifically designed to identify 
synonymous terms, were used. It should be noted that 
consultation and agreement with experts and stakehold-
ers were carried out before the search regarding the key-
words and types of terms. In general, only two groups of 
words were used to increase the study’s sensitivity, which 
are:

Group 1 keywords: City, Urban, Municipal, Civil, 
Burgh
Group 2 keywords: Adapt*, Cop*, Resil*, Accommo-
dat*

Study selection
Based on the inclusion and exclusion criteria, the 
researchers (AY, AM, HA, MN, NY, AM, SHS) screened 
the titles and abstracts of the retrieved articles using the 
EndNote software to find relevant articles. Then, the full-
text of the selected articles was independently reviewed 
by two researchers (AY,  AM). In case of disagreement 
between the two researchers, a third researcher (AOT) 
resolved the differences and helped them make the best 
selection. The process of reviewing and selecting articles 
is shown in Fig. 1.

Quality appraisal and data extraction
The quality of the articles was evaluated by the research-
ers using the Critical Appraisal Skills Program (CASP), 
which provides a systematic way to evaluate the overall 
quality, reliability, and quality of different study designs 
[25, 26]. CASP provides a structured framework for 
assessing key aspects such as research methodology, 
sampling, data analysis, and result reporting.

Each article underwent a detailed evaluation based on 
specific parameters outlined in the CASP criteria. These 
parameters encompassed methodological rigor, validity 
of findings, appropriateness of statistical methods, and 
the clarity of reporting. The evaluation process resulted 
in the categorization of articles into three quality groups: 
low, moderate, and high. Documents and articles that 
were categorized in the low-quality group were excluded, 
and articles categorized in the moderate and high-quality 
groups were included in the study. This thorough qual-
ity appraisal process aimed to uphold the integrity and 
credibility of the included studies, ensuring that the find-
ings synthesized in the systematic review are built upon 
a foundation of methodologically sound and reliable 
research.
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Data extraction and analysis
The extracted data was recorded in two separate forms. 
The first form included general characteristics of the 
article, such as the article’s identification number in this 
study, title of the study, first author of the article, year 
of the study, type of study, country or city where the 
study was conducted, the subject matter extracted from 
the article for the present review, and the study’s objec-
tive. The second form was related to the extraction of 
definitions and features of climate-resilient cities. Then, 
descriptive and thematic analysis was performed for 
the selected articles and texts. In this study, the authors 
coded the extracted descriptive information, definitions, 
and features of climate-resilient cities. Then, similar 
codes were grouped together. Finally, the grouped find-
ings were analyzed for categorizing these strategies. The 
accuracy and completeness of the extracted data were 
discussed by the research team in a group discussion.

Results
During the research, in the first stage of the main 
review study, 6,104 articles and documents were iden-
tified through the search process. After removing 903 
cases of duplicate articles, 5,201 articles remained and 
were reviewed and screened. In the second stage, after 

studying the titles and abstracts, 4,176 articles were 
excluded from the retrieved studies. Finally, the full-text 
of 1,025 articles was reviewed, and based on the inclusion 
and exclusion criteria, 987 articles were removed. In the 
end, 38 studies related to the definitions and features of 
climate-resilient cities were included in the main review 
study and were examined and analyzed. The results 
of evaluating the entered articles with the CASP tool 
showed that 70% of the studies had high quality, and 30% 
had moderate quality (Table  1) (Fig.  1 provides a quick 
overview of how data was collected).

Descriptive analysis
The reviewed articles were primarily from the United 
States, accounting for approximately 18.42% of the total. 
Canada contributed around 7.89%, both individually and 
as part of a joint article with Saudi Arabia. Australia and 
England followed closely, with approximately 15.78% and 
10.52%, respectively. Thailand comprised about 5.26% 
of the articles. Other countries collectively contributed 
approximately 42.13% of the total. Regarding the types 
of articles, original articles constituted the majority at 
around 39.4%. Case studies followed, representing about 
21.05%, and review articles accounted for 7.8%. Addition-
ally, there was one mixed review and case study, making 

Fig. 1 Flow chart diagram of the screening process for included studies on the definitions and characteristics of climate-adaptive cities
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up approximately 2.6% of the total. Furthermore, two 
books, two surveys, and two theses were identified, each 
contributing approximately 5% to the overall distribution.

51.3% of the reviewed articles referred to the character-
istics of climate-adaptive cities, 2.3% to the definition of 
resilience, 20.6% to the definition of adaptation, 10.4% to 
the definition of climate-adaptive city, 7.7% to the defini-
tion of adaption to climate change, and 7.7% to both the 
definition and characteristics of climate-adaptive cities. 
The specifications of the entered articles are shown in 
Table 1.

Thematic analysis
Given that this study focuses on defining and outlining 
the characteristics of climate-adaptive cities, the the-
matic analysis begins by separating codes related to the 
definitions of adaptive cities from those related to their 
features. Following this division, codes within each cat-
egory are further classified into relevant subcategories. 
Both categories are integral to our understanding, as the 
definitions aim to articulate what constitutes an adaptive 
city, while the characteristics elaborate on the specific 
attributes of such cities. In essence, characteristics serve 
as complementary elements, providing detailed insights 
into the nature of adaptive cities.

A total of 75 codes were extracted from 38 articles, 
including 55 codes related to the characteristics of cli-
mate-resilient cities and 20 codes related to definitions. 
The highest number of codes in the category of features 
of climate-resilient cities was related to the subcategory 
of effective resource management with 18 codes. In the 
category of definitions, the highest number of codes 
was related to the definition of resilience with 16 codes 
(Table 2). In this review, only four definitions of climate-
resilient cities were extracted. It should also be noted that 
the subcategories of stakeholder participation and knowl-
edge utilization had the lowest number of codes with 
only three codes among the subcategories in this review. 
Based on this study, many of the features of climate-resil-
ient cities were extracted from the experiences of resil-
ient cities or cities that have taken steps in this regard.

Discussion
In none of the reviewed studies, comprehensive defi-
nitions and features of climate-resilient cities were 
thoroughly investigated. Introducing a novel and com-
prehensive definition of climate-resilient cities, along 
with categorizing their features and characteristics, 
holds significant potential for contributing to the existing 
body of literature. This contribution extends to enhanc-
ing the resilience of cities in diverse regions worldwide. 
Moreover, delineating the features and characteristics of 
climate-resilient cities in this study proves to be highly 

efficacious in evaluating the resilience level of cities and 
urban areas to climate change, while concurrently pin-
pointing prevailing weaknesses and challenges (Fig. 2).

Definition of climate adaptation and climate‑adaptive 
cities
According to definitions of climate adaptation, it is a 
multidimensional, location-based challenge [43]. In fact, 
adaptation to climate change is a process [65], and in 
another definition, it is the coordination between future 
climate change scenarios and current change strategies 
and programs [33]. Some definitions of climate adap-
tation refer to capacities, which are sustainable and the 
abilities of communities to cope with environmental 
changes [34], or the capacity of a system, society, or com-
munity to resist or adapt to a risk, to achieve and main-
tain a level of performance and structure [36]. However, 
the capacity for adaptation is more interpreted as the 
ability of stakeholders, individuals, groups, and systems 
[30]. In another definition, climate adaptation is defined 
as learning to live with severe weather events, changing 
weather patterns, and preparing for some unavoidable 
changes [44]. From the health perspective, adaptation is 
a responsive action for public health, which is necessary 
to prevent, reduce, and manage climate-related risks [42]. 
In fact, climate adaptation is the adjustment of natural 
or human systems to real or potential climate stimuli or 
their effects, mitigating damages and taking advantage of 
opportunities [35] and results in preventing or reducing 
vulnerability to climate change [28].

Although there are numerous definitions regarding 
adaptation to climate change, the definitions of climate-
adapted cities are limited and very few. Moreover, none 
of these definitions are comprehensive, applying solu-
tions to change and reducing the effects in a timely and 
effective manner before uncontrollable changes occur, 
and learning from non-adaptive ways used by other cit-
ies for defining climate-adapted cities [37]. In this defini-
tion, solutions are generally mentioned, while clarifying 
this issue is very important. Another definition mainly 
refers to reducing social vulnerability and emphasizes the 
importance of bottom-up adaptation [39], while ignoring 
other characteristics of climate-adapted cities.

In another definition, a climate-adapted city is defined 
as a city that can only maintain stability against heat 
islands [32]. Although this definition is in line with the 
global Paris Agreement aimed at global adaptation, it 
cannot be considered a comprehensive goal. This goal 
seeks to ensure sufficient adaptation response to the 
global temperature goal, ultimately leading to sustainable 
development [20, 66]. Finally, a relatively better defini-
tion of urban resilience to climate change is as follows: 
the flexibility of the capacity of individuals, communities, 
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Table 2 Reviewed categories and sub-categories of definitions, features and characteristics of adaptive cities to climate change

Category Sub‑ Category Code

Definition of Climate Adaptation and 
Climate‑Adaptive Cities

Climate Adaptation and Resilience • Adaptation capacity refers to the ability of stake-
holders to organize themselves, develop knowledge, 
strengthen leadership, and make decentralized deci-
sions [22].
• Adaptation capacity refers to the ability of individu-
als or groups to respond and adjust to environmental 
changes [22].
• Adaptation capacity refers to the ability of sys-
tems to adjust to climate change, such as coping 
with extreme weather conditions [22].
• Adaptation is a process through which stakeholders 
can reflect and respond to the impacts of changes 
in their operations, modify underlying infrastructure 
that creates risk, adjust their capacity to tolerate risks, 
and undertake other measures to adapt to climate 
change [23].
• Adaptation is the alignment between future climate 
change scenarios and strategies and plans for chang-
ing current practices [24].
• Adaptation is the capacity that a community dem-
onstrates sustainably in response to environmental 
changes [25].
• Climate adaptation is the adjustment of natural 
or human systems to actual or potential climatic stimuli 
or their effects in order to moderate harm or exploit 
beneficial opportunities [26].
• Regarding flood resilience in urban environments, 
resilience can be defined as the capacity of a system, 
community, or society that is exposed to a hazard 
to resist, absorb, adapt, and recover from its effects 
in order to achieve an acceptable level of functioning 
and structure. In other words, resilience is equivalent 
to resistance, recovery, reflection, and response, which 
take into account the need to learn from the past [43].
• Resilience is the capacity of economic and social 
systems to sustain change and adapt within a critical 
life threshold [65].
• Adaptation is a practical response to public health, 
which is necessary to prevent, reduce, and manage 
climate change-related risks [33].
• Adaptation is a complex, place-based issue with mul-
tiple dimensions that is heavily dependent on climate, 
environmental, social, and political conditions [34].
• Adaptation means learning to live with more severe 
weather events and changing climate patterns, 
and preparing for other unavoidable changes [36].
• Climate adaptation is the "ability or potential of a sys-
tem to successfully respond to climate vulnerability 
and change" [30].
• Climate adaptation refers to an action taken to pre-
vent or reduce vulnerability to climate change impacts 
[44].
• Climate adaptation is the ability to respond to envi-
ronmental changes, meaning maintaining the essential 
and minimum functioning of society against external 
stimuli [42].
• Climate resilience is a capacity of a system to dynami-
cally adapt through risk reduction management 
against disasters [35].
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Table 2 (continued)

Category Sub‑ Category Code

Climate‑Adaptive Cities • A climate-adaptive city is a city that can sustainably 
withstand the urban heat island effect [28].
• A climate-adaptive city is a city that applies 
change and mitigation solutions in a timely man-
ner, before changes become unmanageable, 
and has learned from non-adaptive approaches taken 
by other cities [37].
• Urban resilience refers to the capacity of individuals, 
communities, institutions, businesses, and systems 
within a city to survive, adapt, and grow regardless 
of the type of chronic stresses and acute shocks expe-
rienced [39].
• A climate-adaptive city/society is one 
that has adapted from the bottom up, resulting 
in reduced social vulnerability [32].

Characteristics of Climate‑Adapted Cities Stakeholder Participation • The importance of stakeholder engagement in 
achieving proper water resource management [66].
• Public participation/civic engagement [67].
• The effective role of social coordination in resilience 
[68].

Effective Resource Management • Effective resource management [66].
• Developing sustainable strategies by estimating 
and assessing each household’s contribution to global 
warming based on different lifestyles and climatic 
conditions in different parts of the world [66].
• Reducing energy consumption to control greenhouse 
gas emissions [66].
• Greater attention to cost-effectiveness in reducing 
emissions of greenhouse gases such as SO2 and NOx 
[59].
• Effective energy management and utilization 
through the design of wind catchers, chimneys, special 
summer spaces with domed or elevated ceilings, 
courtyards, cellars, basements, underground water 
reservoirs, and natural refrigerators [50].
• Using new strategies for water and wastewater 
systems and flood control to enhance their resilience 
to climate change [45].
• Effective use of limited resources [22].
• Sustainability, resource management, and proper 
resource utilization [54].
• Resource management for achieving adaptation [54].
• Lifestyle changes and proper resource utilization [22].
• Capacity building and effective adaptation methods 
utilization [22].
• The effective role of better economic conditions 
in resilience of communities [68].
• Low-carbon technology and the provision of new 
sources of energy [69].
• Sustainable centralized water management to over-
come challenges related to urban development, water 
infrastructure, and environmental quality [47].
• The impact of access to vegetation cover on effective 
adaptation [70].
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Table 2 (continued)

Category Sub‑ Category Code

Foresight in Planning • Foresight in planning [71].
• Developing scenario-based water adaptation plan-
ning [45].
• Reducing the use of fossil fuels and utilizing renew-
able energy sources, such as solar, wind, nuclear, 
and bioenergy, to reduce carbon footprint [57].
• Foresight and future planning to achieve adaptation 
by predicting future changes and developments [57].
• The necessity of adaptation and the development 
of executive criteria for assessing the flexibility and vul-
nerability of urban drainage systems, with predictions 
and modeling of practical measures for severe weather 
periods, in order to evaluate how a future storm will 
behave [63].
• Foresight for achieving adaptation [63].
• Considering the economic dimensions in climate 
change policy planning, identifying stakeholders 
and their participation, and looking to the future [52].
• Foresight, efficiency, and proper resource utilization 
as key factors in achieving a resilient city [52].
• A future-oriented and collectively compatible 
response to the situation [42].
• Attention to past flood experiences, household 
preparedness, resilient infrastructure design, and local 
capacity building [62].

Education • Education on adaptation methods at all levels [22].
• Expanding adaptation capacities [22].
• Utilizing the capacities of social media to increase 
adaptation capacity [22].
• Increasing the learning of local farmers to enhance 
their resilience to climate change [22].
• Learning management and adaptation strategies 
to cope with the effects of climate change [22].
• Community awareness of the conditions in which 
they live [68].

Utilizing Knowledge • Knowing and being able to recognize weather 
and sea change signs to prepare for responding to risks 
[68].
• Utilizing indigenous knowledge and community-
based approaches, leveraging interdisciplinary knowl-
edge and governmental cooperation, and integrating 
physical and socio-ecological characteristics to achieve 
successful adaptation [26].
• Utilizing knowledge, including indigenous knowledge 
and interdisciplinary research [26].

Innovation in Governance and Industry • The important role of governance in enhancing 
resilience [22].
• Innovation [69].
• Low-carbon development policies through industrial 
structure and innovation in governance [69].
• Incentive mechanisms for using low-carbon technolo-
gies [69].
• Increasing local water resource resilience 
through a bottom-up approach to decision-making 
[55].
• Low-energy consumption through sustainable house 
design [56].
• Attention to energy and carbon dioxide emissions, 
transportation system, waste management, water, 
socio-economic capacity, and intersectoral sustainabil-
ity for achieving sustainable development in cities [54].
• Attention to resilience and capacity-building aspects 
[62].
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institutions, businesses, and systems within a city to sur-
vive, adapt, and grow regardless of the chronic stress and 
acute shocks they experience [39]. Therefore, based on 
the characteristics of climate-adapted cities and the texts 
reviewed in this study, it can be suggested that a climate-
adapted city is a city that, through effective resource man-
agement, future-oriented planning, education, knowledge 
utilization, innovation in governance and industry, decen-
tralized management, and low-carbon economy, leads 

to adaptation, resilience, sustainability, and flexibility of 
the capacity of individuals, communities, institutions,  
businesses, and systems within a city, against all impacts of 
climate change and reducing the resulting consequences.

Characteristics of climate‑adapted cities
In the literature review conducted in this study, no spe-
cific study was found to investigate the characteristics 
of climate-adapted cities. Nevertheless, determining the 

Table 2 (continued)

Category Sub‑ Category Code

Decentralized Climate Change Management • Increasing the capacity of local government to assist 
in the adaptation of the people, especially farmers, 
to environmental changes [22].
• Decentralized urban risk management [72].
• Distributed urban risk management [46].
• Adaptation to climate change requires decentralized 
planning based on local risk assessment [72].
• Increasing local water resource resilience 
through a bottom-up approach to decision-making 
[72].

Low‑Carbon Economy • Low-carbon economy as one of the prominent char-
acteristics of resilient cities [49].
• Creating green jobs [49].
• Transforming existing jobs into green jobs [49].
• Ability to continue working in more resource-efficient 
conditions [49].
• Attention to low-carbon economy [29].

Fig. 2 Characteristics and features of climate-adaptive cities identified through systematic review
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features, characteristics, and standards of adaptation can 
be highly effective in assessing its efficiency and catego-
rizing the factors that foster adaptive capacity.

Identifying adaptation criteria is often challenging for 
development interventions, which can lead to difficul-
ties in classifying whether anything that creates adaptive 
capacity can be called adaptation [67, 68]. Therefore, in 
this review, all variables and factors that can be consid-
ered as characteristics of a climate-adapted city were 
extracted and categorized in a scientific and systematic 
manner.

Stakeholder participation
Based on the literature review and considering the effec-
tive role of social coordination in resilience [59], one of 
the characteristics of climate-adapted cities is the use of 
participatory techniques, including local stakeholders 
[50] and community participation [45, 54]. Friend (2010) 
also considers community participation as a promi-
nent feature of climate-adapted cities [54]. Although 
this participation should be comprehensive, Al-Zubari 
et al. (2018) only referred to the necessity of stakeholder 
participation in achieving proper water resources [45]. 
However, the community-based adaptation process in 
climate-adapted cities involves engaging other institu-
tional elements in decision-making, ensuring the com-
patibility of top-down planning with local needs, and 
using participatory research to facilitate the participa-
tion of local communities in shaping adaptation planning 
processes [21]. Therefore, it can be said that community-
based adaptation can provide an opportunity for people’s 
participation in planning and adaptation activities in a 
comprehensive and proper manner. Facilitating people’s 
participation leads to understanding and enhancing their 
awareness of their risk, vulnerability, and resilience to cli-
mate change [69].

Effective resource management
Effective resource management [45, 47] and efficient use 
of limited resources [30, 47] are among the most impor-
tant characteristics of climate-adapted cities. Al-Zubari 
(2018) [45] emphasizes the need to create sustainable 
strategies by estimating the assessment of each house-
hold’s contribution to global warming based on different 
lifestyles and climatic conditions in different parts of the 
world, as well as reducing energy consumption to con-
trol greenhouse gas emissions [45]. This highlights the 
importance of resource management for achieving effec-
tive adaptation. This adaptation strategy may vary across 
different climates, as individuals’ thermal responses to a 
consistent thermal environment differ from one location 
to another [70].

Kilkis S (2016) [47] also highlights the importance of 
sustainability, resource management, and the judicious 
use of resources in climate-adapted cities. He argues 
that achieving sustainable development in cities requires 
attention to factors such as energy consumption, carbon 
dioxide emissions, transportation systems, waste man-
agement, water resources, socio-economic capacity, and 
inter-sectoral sustainability [47]. Although, the current 
global progress and sustainable initiatives, as outlined 
in international frameworks such as the Paris Climate 
Agreement and the United Nations Sustainable Devel-
opment Goals (SDGs), are not advancing rapidly or at 
the expected pace in reducing greenhouse gas emissions 
and addressing climate change. In other words, advance-
ments in these areas are encountering challenges and 
obstacle [71].

In line with the focus on transportation systems, Garg 
(2001) writes in his article that since greenhouse gases 
SO2 and NOx in Indian cities are more emitted from 
industries, focusing on transportation systems as sources 
of greenhouse gas emissions will have a higher cost-effec-
tiveness in reducing emissions [57]. Based on the above, 
it can be concluded that reducing greenhouse gas emis-
sions from urban transportation systems is one of the 
characteristics of climate-adapted cities, which will also 
lead to economic benefits.

In his study, Quay R (2010) presents the characteris-
tics of different cities based on a review of their experi-
ences. For example, the city of Denver has developed a 
water adaptation planning process based on scenarios, 
while New York City has developed new strategies for 
water and sewage systems and flood control to enhance 
their resilience to climate change [63]. In addition to 
these, other solutions for effective resource manage-
ment towards climate adaptation have been mentioned, 
including: effective energy use management through 
wind catchers, chimneys, summer spaces with dome or 
elevated ceilings, courtyards, basements, underground 
water tanks, and natural refrigerators [52]; access to veg-
etation coverage [62]; centralized sustainable water man-
agement [55]; lifestyle change and proper use of resources 
[30]; low-carbon technologies and new energy sources 
[56]; focusing on cost-effectiveness in reducing green-
house gas emissions [57]; reducing energy consumption 
to control greenhouse gas emissions [45]; and the use of 
renewable energy sources [72] for climate adaptation in 
urban areas.

Foresight in planning
One of the most important characteristics of climate-
adapted cities is foresight, future prediction, and plan-
ning for the future to achieve effective adaptation. In this 
regard, Alhashmi et  al. (2017) emphasizes the need for 
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planning to reduce the use of fossil fuels and use renew-
able energy sources such as solar, wind, nuclear, and bio-
mass to reduce carbon emissions [46]. Nanos and Filion 
(2016) also point to the importance of foresight in cli-
mate adaptation planning, considering resilience and 
executive criteria to assess the flexibility and vulnerability 
of urban drainage networks in Kingstone. They argue that 
this can be achieved through forecasting and designing 
models for hard weather periods to assess how a storm 
will behave in the future [49]. Carrero et  al. (2013) also 
mentions the characteristics of foresight, stakeholder 
participation, and resource management. In his article, 
he emphasizes considering the economic dimensions in 
climate change policy planning, identifying stakehold-
ers and their participation, and having a future-oriented 
approach as effective factors for management [50]. Addi-
tionally, Keenan et al. (2016) includes foresight and col-
lective response to current conditions as characteristics 
of resilience [29]. Therefore, foresight, resource effi-
ciency, and proper resource management can be consid-
ered essential for cities to achieve climate adaptation.

Education
One of the key characteristics of climate-adaptive cities 
is education, which involves teaching adaptation strate-
gies at all levels. THP (2017) suggests using social media 
to increase local farmers’ adaptability and learning to 
enhance resilience to climate change. Therefore, it can 
be concluded that education and capacity building on 
effective adaptation strategies and changes in lifestyle 
and resource use are critical for climate adaptation [30]. 
Geirsdóttir et  al. (2014) emphasizes the importance of 
community awareness of their living conditions in cli-
mate adaptation. For example, knowledge of past com-
munities in reading weather signs and sea changes had 
prepared them to react to hazards and raised their pre-
paredness level [59]. In conclusion, numerous adaptation 
strategies and solutions can be taught to communities 
to enhance their participation in climate adaptation. 
Therefore, one of the characteristics of climate-adaptive 
communities is to pay attention to the following while 
teaching adaptation strategies: using learning methods 
and teaching techniques appropriate for the community’s 
culture and awareness level, using social media capacity, 
using virtual spaces and modern teaching methods, and 
engaging local leaders and educators for education.

Utilizing knowledge
The gap between knowledge and action in the field of 
climate change has made it difficult to understand and 
establish a relationship with it [73]. Tapan Kumar Dhar 
(2016) [35] believes that using indigenous, interdisci-
plinary and community-based knowledge along with 

governmental collaborations, as well as integrating 
physical and socio-environmental characteristics, are 
necessary for successful adaptation [35]. Therefore, it 
seems that the use of indigenous knowledge and inter-
disciplinary research [35], is one of the necessities for 
achieving climate-adaptive cities. Community aware-
ness of their living conditions can play a significant role 
in identifying and interpreting environmental changes, 
which can enhance their preparedness and response to 
climate change hazards [59]. In this regard, Odemerho 
emphasizes the importance of utilizing the experiences 
and human knowledge of flood-prone areas to adapt to 
floods and recognize the dominant type of flood and its 
root causes [74, 75]. Overall, it can be inferred that uti-
lizing knowledge, especially interdisciplinary, local, and 
indigenous knowledge, and utilizing past experiences are 
characteristics of climate-adaptive cities and can enhance 
their awareness, preparedness, and adaptation to climate 
change.

Innovation in governance and industry
Governance [30] and industry play a crucial role in 
enhancing the resilience of communities to climate 
change, and innovation in these areas is one of the key 
characteristics of climate-adaptive cities. For example, 
Guangkuo Gao (2015) [56] considers the development of 
low-carbon policies through industrial structure, inno-
vation in governance, low-carbon technology, incentive 
mechanisms, and new energy supply as characteristics 
of climate-adaptive cities [56]. Based on the review con-
ducted in this study, other examples of innovation in gov-
ernance and industry include: increasing the resilience 
of local water resources with a bottom-up approach in 
decision-making [60], low-energy consumption through 
sustainable house design [61], attention to energy and 
carbon dioxide emissions, transportation systems, 
waste management, water, social-economic capacity, 
and intersectoral sustainability for achieving sustainable 
development in cities [47], and attention to resistance 
and capacity building [51]. Therefore, the adaptation of 
climate-adaptive cities requires the creation, expansion, 
or imitation of innovative strategies and plans for cli-
mate adaptation in governance and industry. This issue, 
including some insights on corporate social responsibil-
ity, should receive the attention and support of policy-
makers and industry leaders.

Decentralized climate change management
Another characteristic of climate-adaptive cities is decen-
tralized management. One example of this is decen-
tralized urban risk management [53, 58]. For instance, 
decentralization of urban risk management in the cen-
tral system in Vietnam is an example of decentralization 



Page 20 of 22Yari et al. BMC Public Health         (2024) 24:1200 

[53]. One aspect of climate adaptation is decentralized 
planning based on local risk assessments. Moreover, 
decentralized management signifies the involvement 
and participation of communities in decision-making. 
In this regard, Gonzales (2017) argues that a bottom-
up approach in decision-making can help increase the 
resilience of local water resources [60]. Furthermore, 
increasing the capacity of local governments to assist the 
adaptive growth of people, especially farmers, to environ-
mental changes has been recommended [30].

Low‑carbon economy
One of the prominent features of climate-adaptive cit-
ies is a focus on a low-carbon economy [64]. Li (1995) 
identifies the creation of green jobs, the possibility of 
transforming existing jobs into green jobs, and the abil-
ity to continue working under lower consumption condi-
tions as examples of a low-carbon economy [76]. In this 
regard, it is also possible to mention the imposition of 
taxes on carbon dioxide, its trading, and investment in 
wind, solar, water, biomass, and other types of renewable 
energy [56] should be promoted. Although recent stud-
ies on the transition to a global low-carbon economy or 
decarbonization are not encouraging, as both human and 
natural carbon dioxide emissions are increasing due to 
human factors [77], attention to this issue is essential for 
climate-adaptive cities. In summary, a low-carbon econ-
omy is critical for reducing greenhouse gas emissions and 
addressing climate change. Climate-adaptive cities must 
prioritize the development of a low-carbon economy to 
reduce their carbon footprint and promote sustainability.

The main limitations of this study were associated with 
the extended duration of the project. This study was part 
of a larger systematic review. Due to the substantial scale 
of the overarching project, the execution time of the work 
and its completion extended. While the implementation 
date is specified in the methodology, the prolonged dura-
tion can be justified to some extent given the significance 
of the climate change issue and the contemporary nature 
of the topic. Another limitation pertained to accessing 
articles. Some articles were not readily available, prompt-
ing researchers to attempt retrieval through contacting 
authors, purchasing articles, or utilizing accessible aca-
demic databases.

Conclusion
Based on the definitions and characteristics exam-
ined in this systematic review, a climate-adaptive city 
is a city that, through effective resource management, 
forward-thinking planning, education, knowledge uti-
lization, innovation in governance and industry, decen-
tralized management, and low-carbon economy, can 
adapt, be resilient, sustainable, and flexible in the face 

of all possible climate change impacts and minimize 
their negative consequences on the capacity of individu-
als, communities, institutions, businesses, and systems 
within a city. It should be noted that all actions must be 
in line with the economic, social, cultural, and geographi-
cal characteristics of each region separately and must be 
based on sustainable development.

Forward-thinking planning in this regard must be com-
munity-based and resource management with a bottom-
up approach in decision-making. In a climate-adaptive 
city, the participation of all stakeholders and local com-
munities must be facilitated in a way that ultimately leads 
to reduced social vulnerability and economic efficiency.

Conclusively, future research in this field should pri-
oritize the issue of carbon justice, a pivotal element in 
achieving sustainability and resilience in climate-adaptive 
cities. Additionally, we recommend conducting foun-
dational studies to thoroughly explore decision-makers’ 
attitudes, contributing to the development of appropri-
ate protocols, principles, and urban plans. Subsequent 
research can extensively investigate the roles of corporate 
entities, academia, and industries in climate-adaptive city 
development. In conclusion, this study underscores the 
urgent need for a more comprehensive approach to cli-
mate change adaptation in urban planning.
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