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Abstract


Metropolitan areas worldwide are facing growing pressures, such as high population density, environmental degradation, and socio–economic challenges. Urban resilience has become a key focus in addressing these issues. This study explores the development of urban resilience research in metropolitan areas through a systematic review using the PRISMA method of SCOPUS-indexed articles. The review shows a significant annual increase in urban resilience studies, with three main themes clustered into environment, urban planning, and social–human dimensions. Highly cited research emphasizes urban concepts, resilience measurement of urban systems against various shocks, and resilience dimensions. Notably, metropolitan areas in Asia lead in urban resilience-related discussions, particularly in response to frequent and diverse shocks. Most studies apply quantitative methods at the city/metropolitan scale, using multi-dimensional resilience indicators. The literature highlights the distinct characteristics of Asian metropolitan regions compared to others, underlining the need to assess resilience not only in urban cores but also in peri-urban, desakota, and rural settings. These findings stress the importance of formulating policies that promote adaptive, sustainable and local ecosystem management to strengthen urban resilience across different metropolitan landscapes.
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1. Introduction


Research shows that by 2050, approximately two-thirds of the world’s population will live in urban areas, marking a significant shift from rural to urban living [1,2]. Rapid urbanization poses challenges to mental health and well-being, especially in developing countries that often lack adequate support services [1]. The accelerating pace of urbanization and the expansion of urban areas beyond administrative boundaries [3] has also exposed the fragile ecological future of cities, which are engines of innovation and economic growth [2]. Cities are places that people depend on to live, but on the other hand, many social, economic and environmental problems challenge the survival of people living in these areas.



Currently, cities worldwide are experiencing significant pressure in all aspects. This ranges from increasing urban population density, environmental degradation, and social pressures to the economic challenges increasingly felt by urban communities today. Various studies have been conducted regarding the challenges faced by cities, one of which is the extent to which they can withstand shocks, known as urban resilience. In contrast to urban sustainability, which focuses on long-term viability, balancing environmental, social, and economic aspects, urban resilience emphasizes the ability to withstand and recover from specific disturbances/shocks [4] that occur suddenly and in a short period of time [5]. Although different in purpose, both are equally important in the rational development planning process so that cities can be resilient and sustainable [6]. The concept of urban sustainability is already well established compared to urban resilience, which has only developed in recent years, in response to numerous shocks. Therefore, through a review of the literature related to the development of the concept of urban resilience, especially in metropolitan areas, in-depth and comprehensive rational urban planning can better address the problem of urban uncertainty from various pressures through urban resilience principles without abandoning urban sustainability principles in the future.



When discussing cities, we inevitably consider their development to form urban areas, known as metropolitan areas. The concept of metropolitan areas has been extensively explored by researchers, defining their function or role not only in terms of socio–economic centers but also in terms of the interconnectedness of surrounding areas. According to [7], the definition of “metropolitan” emphasizes the functional and spatial integration of urban areas. In his work, Bourne defines a metropolitan area as “An integrated economic and social unit with a core urban center and surrounding communities that are linked by employment, commuting patterns, and social and service networks.”



Bourne’s definition indicates that there are three key elements of metropolitan areas:




	
Integration: The metropolitan area is not just a collection of settlements but functions as a single system.



	
Core–periphery structure: There is a dominant central city (or cities) surrounded by smaller towns and suburbs.



	
Functional ties: These include economic links (e.g., labor market integration), social networks and infrastructure connections (e.g., transportation and services).








Bourne’s perspective laid the groundwork for understanding metropolitan areas not only in terms of population density or size, but more importantly, in terms of interaction and interdependence across urban and suburban spaces. Likewise, [8] explained that a metropolitan area is the spatial spread of core cities outside their city limits, which creates a large urban agglomeration. These metropolitan areas typically include satellite cities, small towns, and rural areas that are socioeconomically tied to the main cities or urban cores and are often measured by travel patterns, employment linkages, and public services.



The definition of resilience itself comes from the Latin word “resilio” which means “return to its original state” [9,10,11]. Originating in the field of ecology in the 1970s, ‘resilience’ is understood as the capacity of a system or agent to maintain or restore functionality in the event of disturbance or stress [12]. Thus, urban resilience refers to the ability of cities to adapt, recover, and rebuild quickly in the face of various stresses, shocks, and disasters [13,14].



Meanwhile, according to [15], resilience is defined as the capacity of individuals, communities, and systems to survive, adapt, and grow in the face of stress and shocks, and even transform when conditions require it. In line with this, the [16] describes resilience as the capacity of a community or society system that has the potential to be exposed to disasters to adapt, by surviving or changing in such a way as to achieve and maintain an acceptable level of function and structure. This is determined by the level of ability of the social system to organize itself to increase its capacity to learn from past disasters, better protect itself in the future, and improve disaster risk reduction efforts.



Resilience is generally seen as a broader concept than capacity because it goes beyond the specific behaviors, strategies, and actions for risk reduction and management that are typically understood as capacity. However, it is difficult to clearly distinguish between these concepts. Ref. [17] explains that in everyday usage, “capacity” and “coping capacity” are often used interchangeably with “resilience.” He further explained that resilience encompasses three meanings:




	
The capacity to absorb stress or disruptive forces through resistance or adaptation.



	
The capacity to manage, or maintain, certain basic functions and structures during a hazardous event.



	
The capacity to recover or “bounce back” after an event.








The definition of resilience has been refined to include the ability to withstand and overcome disasters with minimal impact and damage [18]. It includes the capacity to reduce or avoid damage, contain the impact of disasters, and recover with minimal social disruption [18]. Resilience in “hazard” research generally focuses on engineering and social systems, and includes pre-disaster actions to prevent the occurrence of hazards, damage and losses (preparedness) and post-disaster strategies to help cope with and minimize the impact of disasters [18].



In this context, metropolitan cities that are geographically and geologically located in disaster-prone locations with varying urban system capacity capabilities make it important to review the concept of urban resilience in more depth.



Although experts have found that urban resilience is dynamic, complex, multifaceted, multidimensional, and multifactorial, the concept of urban resilience has been widely discussed and developed in a clear and coherent manner [5]. The concept of resilience, including the determination of resilience dimension categories, shock types and spatial scales of urban resilience assessment, has been clearly structured, as summarized in Table 1, Table 2 and Table 3.



However, to build such complex resilience in the future, it is necessary to build an integrated framework and tools [24] for urban governance, planning, and policy formulation in building adaptive and sustainable cities [25]. Therefore, through this literature review, the development of urban resilience research in metropolitan areas will be identified by examining the types of shocks that occur, the research methodology used, the spatial scale of the research object, and the indicators used, so that the existing research gap can be identified with the aim of building a more integrated urban resilience framework. Through this systematic literature review (SLR), at least three questions were asked to explore the extent to which research related to this topic has developed:




	
How has urban resilience research in metropolitan areas developed over the years, and which topics have been widely discussed and cited in research related to this theme?



	
What types of shocks occur, and on which continents do they occur in metropolitan areas?



	
What research methods, spatial scales, and indicators are used to measure and evaluate urban resilience in metropolitan areas?









2. Materials and Methods


Using the PRISMA method—Preferred Reporting Items of Systematic Re-views and Meta-Analysis—as a reporting guideline or manual to improve transparency and quality of reporting in systematic reviews and meta-analyses [26], the author compiled answers to the three questions above. The article database was used to review international articles, either in the form of papers/journals or book chapters, indexed by SCOPUS, with a retrieval deadline of 24 January 2025. The SLR stages are as follows:




	
The database search focused on collecting articles related to urban resilience in metropolitan areas or megacities. Each search began with a search for the article title or keywords “urban resilience,” followed by the abstract title or keywords containing the words “in metropolitan” OR “megacity” OR “megacities.”



	
The search results from the SCOPUS database, which is limited to the fields of social and environmental science, yielded 924 articles. Furthermore, duplications were identified using the Zotero application (version: 7.0.22 (64 bit)), which efficiently manages, stores, and cites research sources. From this application, two articles that had duplicates were obtained, so the number of articles ready to be filtered was 922. Furthermore, using Microsoft Excel, the articles were checked using the criteria for the suitability of the title to the topic to be discussed, which was limited only to those in English; 401 articles were obtained in the form of journals or books. Filtering was continued by examining the suitability of the abstract content and the availability of open-access journals. The final number of articles reviewed was 248.



	
A total of 248 articles were reviewed by creating a list of information categories from journals referring to the research questions. The information needed, in addition to that already provided by SCOPUS in the form of year of publication, number of citations per year, author’s name, and information from the results of the article review, was also added in the form of type of the shock, spatial scale, research approach method, resilience dimensions, analysis used, indicators used, study location, and research results.








The article search flow is illustrated in Figure 1.



The initial stage of the article review was to determine the relevance of keywords from articles identified based on the keywords mentioned above. Using VOSviewer application version 1.6.20, the number of occurrences and strength of the links between keywords (links) can be seen by forming several clusters of associations. More occurrences of keywords indicated that more people were conducting research on the topic of this keyword, which was related to other keywords, and the strength of links showed which keywords act as a ‘bridge’ between conceptual clusters.



In addition, it is also seen which topics have novelty from the relevance of the keywords, as indicated by the change in gradation from blue to yellow. The more yellow the circle color of each keyword, the more the topic related to the keyword is still relatively new to be discussed; conversely, the bluer the circle color, the longer the topic of the keyword has been discussed.



In the next stage, based on the 248 articles reviewed, the author maps which metropolitan areas are widely discussed based on the grouping of the types of disasters/shocks [5] that arise and correspond to the continent in which the metropolitan area is located. The division of continents is grouped into six parts: metropolitan Asia, metropolitan Europe, metropolitan North America, metropolitan South America, metropolitan Africa, metropolitan Australia, and New Zealand. Each metropolitan area on each continent has different characteristics in terms of geography, climate, demographics, sociocultural factors, and other factors that affect the resilience of the metropolitan area in that location.




3. Results


3.1. Keyword Correlations on Urban Resilience in Metropolitan Areas


Based on the database with the theme of urban resilience in metropolitan areas or megacities, the relationship between keywords taken from the top 100 three clusters formed by looking at the frequency of occurrences (Figure 2), the frequency of links and the strength of the links between keywords (Figure 3).



Figure 2 shows the number of keywords that appeared in each cluster. Cluster 1 (red color) is a cluster of 36 different keyword terms centered on the word “China” (77 occurrences). This word has the highest frequency in Cluster 1; other high-frequency words (26 occurrences) in Cluster 1 included land use, green infrastructure, ecosystem services, ecosystem resilience, and GIS. For medium-frequency occurrences (16–24 occurrences), the terms urban ecosystem, urban sustainability, remote sensing, biodiversity, spatiotemporal analysis, urban agriculture, and urban policy were used. For low frequency (less than 16 occurrences), there is accessibility, connectivity, infrastructure plan, rapid urbanization, urban forestry, and coastal zones to land use change.



In Cluster 2 (green), from 32 different keywords, the term “metropolitan area” is seen as the word that has the most occurrences of all clusters (206 occurrences) and has a strong relationship between words in the cluster and between clusters. Other high-frequency keywords with more than 50 occurrences are resilience, urban planning, climate change, urbanization, sustainable development, urban resilience, megacity, sustainability, the United States, and urban development. Keywords with a medium frequency of occurrence and relationships between keywords in the cluster and between other clusters include the following: risk assessment, urban growth, vulnerability, governance approach, adaptive management, decision making, flooding, megacities, green space, disaster management, spatial planning, and strategic approach. Meanwhile, keywords that had a low frequency in Cluster 2 were flood control, water management, water supply, extreme event, heat island, and mitigation.



Furthermore, for Cluster 3 (blue) with 32 keywords, the term “urban area” is the most frequently occurring keyword (98 occurrences) and has a strong relationship with the other two clusters. Other keywords that have a high frequency of occurrence include human, COVID-19, urban population, and city. Keywords with medium frequency were cities, neighborhoods, spatial analysis, controlled study, and urban. Meanwhile, keywords with a low occurrence but still having a relationship with keywords in the same cluster and other clusters are disaster, adult, environmental protection, quality of life, risk management, male, perception, public space, risk factor, building, adolescent, majority clinical study, middle-aged, and semi-structured interview.



Figure 3 shows the frequency and strength of the links among the keywords from 100 keywords selected as bridges/connections between clusters. In Cluster 1 (red), six keywords have the largest links among keywords and the strength of links among keywords, including the keyword “China,” which has 99 links with other keywords in all clusters, with a strength of links among keywords of 574. The next keywords were “land use” (link: 98, strength of link: 373), “ecosystem services” (link: 93, strength of total link: 339), “ecosystem resilience” (link: 93, strength of total link: 312), “GIS” (link: 93, strength of total link: 239) and “spatiotemporal analysis” (link: 94, strength of total link: 217).



In Cluster 2 (green), six keywords that have the greatest links among keywords and the strength of the links among keywords: “Metropolitan Area“ (link: 99, strength of link: 1072), “urban planning” (link: 98, strength of link: 720), “urbanization” (link: 99, strength of total link: 631), ”climate change” (link: 98, strength of total link: 614), “resilience” (link: 98, strength of total link: 597) and “sustainable development” (link: 99, strength of total link: 496).



Cluster 3 (blue) has six keywords with the largest number of links among keywords and the strength of their keywords, namely: “urban area” (link: 99, strength of link: 701), “human” (link: 97, strength of link: 468), “controlled study” (link: 94, strength of link: 236), “spatial analysis” (link: 94, strength of link: 200) “urban population” (link: 90, strength of link: 242) and “COVID 19” (link: 88, strength of link: 189).



Based on the occurrence and link results of the keyword associations above, it can be concluded that Cluster 1 (red) keyword associations discuss “environmental issues” more, with keywords that function as a bridge among clusters, namely, “China, land use, ecosystem services, ecosystem resilience, GIS and spatiotemporal analysis”. Cluster 2 (green) discusses “urban planning” more, with the main keywords connecting clusters being “metropolitan area, urban planning, urbanization, climate change, resilience and sustainable development”. Cluster 3 (blue) discusses “social and human issues” more with the main keywords connecting clusters “urban area, human, controlled study, spatial analysis, urban population and COVID 19”.



Figure 4a–d illustrate the correlation between countries that publish the most articles on urban resilience in metropolitan areas, as well as the latest developments in research on this topic. Figure 4a shows the relationships between “country” nodes, indicating the number of documents published by those countries. The lines connecting the nodes represent collaboration between countries. The color of the nodes and lines indicates the year of the research. Larger nodes represent a higher number of published documents, and the more yellow the node and line colors, the more recent the research. The United States (222 documents), China (202 documents), Italy (133 documents), the United Kingdom (83 documents), India (69 documents), and Germany (52 documents) rank as the countries with the most publications on urban resilience in metropolitan areas. Meanwhile, recent research topics are mostly discussed by authors from China. Looking at the continental distribution, many Asian countries with metropolitan areas also contribute significantly to this topic, including China, India, Japan, South Korea, Indonesia, Taiwan, Hong Kong, Thailand, Nepal, Iran, and Pakistan. This reflects the high frequency of disasters or shocks occurring in metropolitan areas across Asia.



The United States, China, and Italy are the three countries with the highest number of publications on this topic. The United States began research on this topic in 2003, earlier than China and Italy (Figure 4b). The initial keywords that emerged until 2017 were ‘neighborhood,’ ‘urban system,’ ‘governance approach,’ and ‘green space.’ Research developments began to focus more on ‘resilience’, ‘vulnerability’, ‘urban planning’ and ‘disaster management’ during 2018–2020, while by 2022, studies had progressed to include keywords such as ‘human,’ ‘urban climate,’ and ‘environmental justice’.



China is the second-highest country in terms of the number of published documents on this topic. Research began in 2014 with initial keywords that emerged until 2022, such as ‘resilience,’ ‘flooding,’ and ‘megacity.’ The research progressed in 2023, focusing on keywords such as ‘urban area,’ ‘metropolitan area,’ ‘ecosystem resiliency,’ and ‘urbanization.’ By 2024, the latest studies explored keywords such as ‘environmental protection,’ ‘conservation of natural resources,’ non-human, ‘abiotic‘ and ‘ecosystem services.’



The third country is Italy. As a European nation, Italy began its research on this topic in 2015, with the initial keywords being ‘decision making’ and ‘biodiversity’. In the following year, 2021, the focus shifted to topics such as ‘urban growth’, ‘urbanization’, ‘resilience,’ and ‘metropolitan area.’ The research continued to develop in 2022, with increasing attention to ‘climate change,’ ‘urban regeneration,’ and ‘infrastructure.’



From the research developments on urban resilience in metropolitan areas across these three countries, it can be seen that the current research trend is increasingly directed toward environmental issues, human aspects, and climate change. Among the three, China continues to be the most active in conducting research on this topic.




3.2. The Development of Urban Resilience Research Topics in Metropolitan Areas in the World from Year to Year


The search results for articles that underwent the SLR process can be seen in the development of urban resilience research topics in metropolitan areas. Figure 5 shows that the number of articles related to the topic of urban resilience in metropolitan areas has started to grow rapidly in the past 15 years or since 2010, whereas before 2010, research related to this topic had not developed much.



When viewed from the types of shocks that occurred in several review periods, it can also be seen that the shocks were increasingly diverse in nature. In the period before 2010, the discussion of resilience was limited to natural disasters and social aspects, while in the following 10-year period, the issue of resilience began to develop into the issue of climate change, energy crisis, and increasingly in the current period, pandemics and technological disruption. This trend highlights the increasing importance of studying the vulnerabilities of metropolitan areas each year, in response to various shocks, whether natural, man-made, or non-natural.



The research topics that are widely cited to provide an overview of the trend issues being widely discussed on this topic (Table 4) include the 12 city categories (sustainable city; ‘green city’; ‘digital city’; ‘smart city’; ‘intelligent city’; ‘information city’; ‘knowledge city’; ‘resilient city’; ‘eco-friendly city’; ‘low carbon city’; ‘livable city’) written by [27]. The various city concepts explained provide learning opportunities for researchers to use these terms, at least if they want to understand their implications for urban development and regeneration policies and practices. The concept of urban resilience itself is explained in several other journals that have the most citations, including research conducted by [28], who views the city from a resilience perspective, which can encourage better integration of ecological and social considerations in urban planning, resulting in a more adaptive and sustainable urban environment. In addition, the city resilience analysis model was explained by [29], who showed the effectiveness of various resilience strategies through dynamic system simulations. The differences in overcoming resilience between villages and cities are also interesting and widely cited. Ref. [30] explained that there are significant differences in disaster resilience between urban and rural areas. Resilience in urban areas is mainly driven by economic capital, whereas community capital is the most important driver of disaster resilience in rural areas.



Other urban resilience topics that are widely cited are how urban systems are measured for their resilience to shocks, such as urban farming systems supporting food security during the COVID-19 pandemic [31], measuring resilience in metropolitan railway networks [32], slum development in disaster recovery [33], and special discussions on the use of roofing material colors that can reduce the impact of urban warming [34]. Topics on urban resilience that review the dimensions or types of shocks that occur are also widely cited, such as measuring resilience due to flooding by [35] through modeling and spatially by measuring a spatial urban flood resilience index. Another study by [36] compared flood risks in metropolitan city systems using the analytical hierarchy process (AHP) and interval AHP (I-AHP) methods. The impact of climate change and global warming has also been a widely cited topic in recent years, including how the level of vulnerability to temperature warming differs between urban centers and the outskirts of urban areas. The recommendations from this study are based on mitigation and adaptive strategies, such as environmentally friendly actions and the existence of a health database, in an effort to increase climate resilience [37].



The topic of urban resilience is also widely cited by examining the dimensions of resilience, such as the economic dimension in the research of [38] related to circular economic resilience in waste management. The ecological dimension is related to the assessment of ecological risks of urban landscapes through the adaptive cycle framework of [39], changes in ecological resilience in metropolitan areas and the implications of resilience management to improve adaptation and sustainable development in coastal urban areas from the research of [40].





 





Table 4. Top 20 urban resilience research article titles in metropolitan areas with the highest number of citations per year.






Table 4. Top 20 urban resilience research article titles in metropolitan areas with the highest number of citations per year.





	The Number of Citations in Scopus
	Title
	Authors
	Number of Quotes per Year





	1
	Sustainable-smart-resilient-low carbon-eco-knowledge cities; Making sense of a multitude of concepts promoting sustainable urbanization
	[27]
	7950



	2
	Urban flood resilience. A multi-criteria index to integrate flood resilience into urban planning
	[35]
	6167



	3
	Home gardening and urban agriculture for advancing food and nutritional security in response to the COVID-19 pandemic
	[31]
	5920



	4
	Flood risk assessment in metro systems of mega-cities using a GIS-based modelling approach
	[36]
	4886



	5
	Resiliency assessment of urban rail transit networks: Shanghai metro as an example
	[32]
	2743



	6
	Resilient cities: Meaning, models, and metaphor for integrating the ecological, socio–economic, and planning realms
	[28]
	2700



	7
	Urban—Rural Differences in Disaster Resilience
	[30]
	2467



	8
	System dynamics modelling for improving urban resilience in Beijing, China
	[29]
	2280



	9
	Green and cool roofs to mitigate urban heat island effects in the Chicago metropolitan area: Evaluation with a regional climate model
	[34]
	2244



	10
	Evicting slums, ‘building back better’: Resiliency revanchism and disaster risk management in Manila
	[33]
	1783



	11
	Heat vulnerability caused by physical and social conditions in a mountainous megacity of Chongqing, China
	[37]
	1733



	12
	Exploring the spatial–temporal dynamics of ecosystem health: A study on a rapidly urbanizing metropolitan area of Lower Gangetic Plain, India
	[41]
	1725



	13
	Spatial–temporal variation, driving mechanism and management zoning of ecological resilience based on RSEI in a coastal metropolitan area
	[40]
	1600



	14
	Steps toward a resilient circular economy in India
	[38]
	1575



	15
	Adaptation responses to climate change differ between global megacities
	[42]
	1567



	16
	Analyzing the level of accessibility of public urban green spaces to different socially vulnerable groups of people
	[43]
	1557



	17
	Assessing urban landscape ecological risk through an adaptive cycle framework
	[39]
	1529



	18
	Modelling pedestrian emotion in high-density cities using visual exposure and machine learning: Tracking real-time physiology and psychology in Hong Kong
	[44]
	1250



	19
	From the smart city to the smart metropolis? Building resilience in the urban periphery
	[45]
	1167



	20
	Equality of access and resilience in urban population-facility networks
	[46]
	1067








Table 5 illustrates the relationship between the type of shock and the geographic location of metropolitan areas. Environmental shocks, particularly natural disasters, are the most frequently reported, followed by economic, human-induced, and technological shocks. Additionally, when examining the regions where these disasters are most commonly studied in the context of urban resilience, Asia stands out as the most frequently analyzed. This suggests that metropolitan areas across Asia, especially in East Asia (e.g., China, Japan, South Korea) and Southeast Asia (e.g., Thailand, the Philippines, Indonesia) face significant challenges related to regional vulnerability and exposure to various types of shocks and disasters.




3.3. Identification of Spatial Scales, Research Methods, and Indicators for Urban Resilience Assessment in Metropolitan Areas


Based on the results of the identification of the reviewed articles, the author attempted to analyze how many articles discussed urban resilience in metropolitan areas based on the spatial scale of the area, whether they discussed community/society scale, local scale (district or subdistrict), city scale, or regional or national scale (Figure 6a). The results of the search showed that almost 70 percent of these articles discussed the city scale. Metropolitan areas, although they cross urban administrative boundaries or borders between regional areas, are considered because of the ease of available data and the level of complexity. According to [47], the greater the spatial level, the more factors that play a role and increase the complexity of the system. Thus, the greater the spatial scale, the more factors that influence the complex system, and the easier it is to understand the selection of urban area scales.



The research approach is shown in Figure 6b. More than 50% of the reviewed articles used a quantitative approach, 31% used a qualitative approach, and the rest used a mixture of quantitative and qualitative methods. This shows that the quantitative approach method is used to evaluate whether the area is resilient through various evaluations, such as those related to the type of shock, dimensional form, measurement of indicators, spatial relationships, and other evaluation approaches.



Various analyses are conducted for each research method approach. Table 6 shows, based on the results of the SLR, the types of analyses used by the authors for each methodological approach (quantitative, qualitative, and mixed methods) in measuring urban resilience in metropolitan areas. The choice of analysis is also adjusted according to the spatial scale at which the research is conducted.



The final discussion in this SLR is to trace the indicators used by researchers in measuring or evaluating urban resilience in metropolitan areas, which can be a reference for researchers in building an operational index to measure resilience at the study location. Identification is carried out by grouping based on the dimensions of resilience (social, economic, ecological, physical and institutional), spatial scale, type of shock and analysis used. The results of the indicator search are diverse, with various analyses adjusted for the type of shock (Appendix A). Generally, the selection of indicators for measuring the level of urban resilience can be determined by which resilience dimension is measured. In the social dimension, the selection of indicators is more directed at the ability of cities, groups or communities to overcome disruptions due to social changes, such as education, employment, health, population and political conditions. In the economic dimension, the selection of indicators is directed at the ability to independently regulate the economy, both the structure and socio–economic system, toward economic balance by looking at the level of income and fiscal management of the government, employment, trade, economic development, innovation and industry, population savings and investment development. In the infrastructure dimension, indicators are widely used to measure the quality of infrastructure and the ecosystems within it, such as transportation, communication, energy and settlement facilities (drinking water, sanitation, drainage), all of which aim to provide, protect and connect communities in the region. Finally, the selection of indicators in the institutional dimension is directed to assess the ability of all types of institutions and actors within them, such as service level, participation level, governance, skill level, and local content, in adapting to changes due to shocks.





4. Discussion


4.1. Urban Resilience Research Trends in Metropolitan Areas


4.1.1. Review: Correlation Between Keywords


Research trends on urban resilience in metropolitan/megacity areas, based on keyword correlations, revealed three clusters, each with the keywords of environment, urban planning, and human and social issues. The first cluster keyword, “environment,” indicates a link between environmental factors and urban resilience. Several studies have found that intensive and efficient land use (the primary keyword of the environmental cluster) in metropolitan China significantly impacts urban resilience [77,78]. Similarly, when combined with other key keywords from other environmental clusters, such as ecosystem services, several studies have shown a strong link with urban resilience [79,80]. This suggests that environmental management has a strong relationship with urban resilience.



The second cluster keyword, “urban planning,” is also a keyword related to urban resilience. Several studies have highlighted the importance of integrating urban resilience principles into multi-scale planning policies in metropolitan areas [81] through the concepts of vulnerability, adaptive capacity, and governance [82]. Ref. [6] highlights that rational urban development can be achieved if cities are resilient and sustainable. Therefore, urban planners, policymakers, and researchers must consider the key issue of urban resilience in rational urban planning.



The third cluster keyword is “social and human,” emphasizing that the community is no longer viewed merely as an object but as an active participant in shaping urban resilience. Multiple studies highlight the significant role of social connectedness in enhancing urban resilience [83,84].



From these three clusters, it can be concluded that the level of urban resilience is related to how the environment of a region is managed and planned and the interaction/connectedness between the people living in that region.



Research trends related to this topic can also be observed by analyzing the differences in the development of research topics in the three countries with the highest number of publications (the United States, China, and Italy). The analysis is conducted by examining the background and policies adopted in each country, focusing on the interrelation of keywords across different time periods.



The early development of research in the United States up to 2017 was represented by the keyword “neighborhood,” which highlights the importance of local context in the participatory process of adaptive planning for climate change [85], as well as the significance of social networks in determining the capacity of cities and suburbs to cope with shocks or disruptions [86]. After 2017, research on urban resilience gradually increased, with a more noticeable growth trend during the 2018–2019 period. During this time, due to the negative impacts of urbanization and natural disasters, such as flooding, the U.S. began to place more emphasis on disaster management. Climate change became a major topic from 2022 to the present. During this period, addressing extreme heat has become a key aspect of climate adaptation planning [87,88]. Context-specific policy analyses and coordinated efforts among agencies are crucial for developing targeted interventions to reduce heat-related illnesses and fatalities [89].



The development of resilience in China began with the keyword “flooding,” as this type of disaster has been a major concern in the country. Research shows that urban resilience efforts must target vulnerable poor populations affected by flooding [90] and should be carried out through a systematic and dynamic approach, particularly for the protection of coastal areas [91]. Alongside this, continuous industrialization and rapid urbanization have driven the fast growth of Chinese cities. However, the negative impact of this development, such as resource shortages, environmental degradation, and land use conversion, poses significant threats to the country. To address the challenges of urbanization and climate change, China has implemented ecosystem-based adaptation strategies, such as the Sponge City initiative [92]. This approach aims to enhance urban water resilience and sustainability by integrating ecosystem-based solutions into urban planning [93]. Recently, multi-dimensional evaluations have shown that environmental and institutional resilience in China tends to be relatively high, while economic, social, and infrastructure resilience lag behind [94].



Italy began the development of urban resilience research in metropolitan areas with a focus on environmental issues, particularly in the keyword “biodiversity.” This indicates that Italy showed considerable concern for environmental preservation in the early stages of research development, including the implementation of greening programs prioritized based on ecological and social criteria [95]. Similar to the United States and China, the development of resilience and sustainability topics in Italy has grown alongside urbanization and urban growth in its cities. Climate change has also become a widely discussed topic in recent years in Italy. Urban resilience and climate change adaptation are becoming increasingly important for Italy’s metropolitan areas. Research highlights the need for integrated approaches, such as multi-criteria decision making for vulnerability assessments [96], and emphasizes the importance of science–policy–practice dialogue, which is still lacking in many Italian metropolitan cities when addressing climate change [97].



The correlation between keywords and research developments in the three countries with the highest number of publications shows that “human” and “environment” are the main keywords in adapting to various stresses and shocks occurring in metropolitan areas.




4.1.2. Review: Highly Cited Research


Several studies related to urban resilience in metropolitan areas that are widely cited as SLR results show several things that can strengthen the concept of urban resilience in metropolitan areas. The terminology of urban concepts mentioned by [27], such as “smart city” or “resilient city,” demonstrates that these concepts are not merely jargon but have major implications for policy approaches and development strategies. This relates to the explanation of the correlation between the keywords “urban planning” and “urban resilience,” which requires the integration of both. A review of the characteristics of urban resilience shows that urban resilience is multidimensional, not only related to physical infrastructure but also the social and ecological systems that support urban life [28]. Furthermore, urban resilience is also multi-sectoral. Several studies have been conducted on specific shocks in each sector, such as food security and urban agriculture during the pandemic [31], urban railway networks [32], post-disaster slum planning [33], and roof color for urban temperature mitigation [34].



Another important aspect is the widely cited research by [30] regarding the differences between urban and rural resilience. They explain that resilience policies cannot be generalized but must be tailored to the local characteristics and socio–economic structure of each region. This is because each region has different system capacities, with urban areas having a stronger economic structure than rural areas, while rural areas possess a greater social capital system capacity. Therefore, it is crucial to review local characteristics and socio–economic structures in determining resilience policies.




4.1.3. Review: The Types of Shocks That Occurred


Based on the results of the analysis of the development of urban resilience research topics, where the author divided it into three research year periods, it can be seen that the trend of research development increases from year to year when viewed from the cases of the shocks that occur.



At the beginning of the review period, before 2010, the research trend was more toward how cities can cope with shocks from social pressures, environmental degradation and natural disasters. In several studies during this period, the concept of urban resilience began to emerge, leading to urban planning through an integrated social and ecological system [28]. This is reinforced by [86]’s argument that the urban ability to face crises depends on the strength and connectivity of its environmental and social network, which is further strengthened by social and economic integration and relations with the political system. This clarifies that the relationship between the environment and human society is a key factor in urban resilience.



In the next 10 years, the impacts of global climate change and the energy crisis will begin to emerge. In addressing climate change, research shows that the interplay between resilience, vulnerability, and adaptation is crucial for understanding long-term changes in urban spaces and managing climate-related disaster risks [98]. Moreover, investments in infrastructure and public facilities may provide short-term benefits but potentially lead to maladaptive outcomes in the long term, highlighting the need for more effective adaptive policies in metropolitan governance [98]. This shows that urban resilience is an integrated system that involves not only one dimension but multiple dimensions. Another emerging shock issue in this period is the energy crisis, where a sustainable energy transition is necessary to address the threat of this crisis. One notable aspect of the policy response to the energy crisis in metropolitan Europe is the rise of energy communities, which are becoming key players in the urban energy transition and contribute significantly to sustainability and resilience. These communities enable the collective generation, distribution, and consumption of renewable energy, promoting self-consumption and collaboration [99,100,101]. This shows that the community as part of the human social keyword, plays an important role in urban resilience when a crisis occurs.



From 2020 to the present, shocks due to natural disasters and disease transmission, such as the COVID-19 pandemic from 2020 to 2021, have also become a widely discussed issue. Based on a few studies, to enhance resilience against future pandemics, cities must focus on various aspects, including the economy, environmental management, governance, social inequality, smart city solutions, transportation, and urban design [102]. Key strategies involve pre-event planning, long-term visioning, early response, integrated governance, community empowerment, and the appropriate use of technology [102]. Again, learning from this pandemic shock, the keywords of urban planning and social human representation for communities play an important role in urban resilience. Apart from that, technological disruption in the transformation of urban systems is also a new issue that emerged during this period. As a continuation of the impact of COVID-19, it has also affected how urban systems transform into community activities during the pandemic, which has resulted in many restrictions on activities. From research we know that cities with diverse, flexible, and adaptable technological knowledge bases tend to be more resilient to crises and recover quickly from disruptions [103]. Cities that are adaptive to changes in their urban systems are key to overcoming the shock caused by today’s disruptive technology.





4.2. Urban Resilience in Metropolitan Asia and Resilience Research Challenge


Why are metropolitan areas in Asia becoming areas that are quite widely discussed regarding urban resilience as a result of the SLR above, and how do these special characteristics affect urban resilience in these metropolitan areas in the face of various shocks that occur? From a geographical perspective, metropolitan areas in Asia are mostly located in the Pacific Ring of Fire. Many Asian countries, such as Japan, Indonesia, and the Philippines, are located in this tectonically active region, making them prone to earthquakes and volcanic eruptions. In addition, many large cities in Asia, such as Jakarta, Bangkok and Manila, are starting to develop in areas around deltas and coastal areas [104], because they are located in a monsoon climate region with high rainfall, making them very vulnerable to flooding, tropical storms (typhoons), and rising sea levels. Climate change has also increased the vulnerability of metropolitan areas in Asia. Increasing global temperatures cause extreme weather, flash floods, droughts, and heat waves, which are increasingly frequent and intense.



Demographic factors also affect urban vulnerability in metropolitan areas. Along with urbanization and suburbanization, Asian cities are experiencing large population growth compared to other cities in the world [105]. However, the fastest urbanization occurs in Asia, and unfortunately, most of it in the form of growing metropolitan cities or megacities, which causes complex problems. Metropolitan cities, such as Tokyo, Mumbai, Jakarta, and Dhaka, have populations of millions in dense spaces, causing new problems, such as the emergence of slums in disaster-prone areas, so that small disasters can have a major impact on humans and assets.



An interesting part of metropolitan areas in Asia that needs to be reviewed is the fringe region known as peri-urban, rural and urban areas [106]. In contrast to the process of urbanization and suburbanization in metropolitan areas of the United States and Europe which extend to less densely populated rural areas, studies of metropolitan areas in Asian countries show that the expansion of metropolitan areas is spreading to densely populated rural areas, so that the outward expansion of the largest metropolitan areas has eroded the long-standing distinction between rural and urban [106]. However, the results of the measurement of rural and urban climate resilience in the Yangon Metropolitan area show that resilience in this area is a continuous and uneven process across the urban–rural spectrum influenced by factors such as land use, community structure and urbanization patterns [107].



Given the various factors mentioned above, it is relevant that research related to resilience in metropolitan areas of Asia is widely studied. Therefore, it is important for Asian cities to develop risk-based planning systems, build adaptive infrastructure, and empower local communities to respond to the shocks.



Based on the SLR results, research related to the resilience of Asia metropolitan is a focus that needs to be studied more deeply, considering the characteristics of this area, which are different from metropolitan areas in other continents, where the characteristics can no longer be distinguished between rural and urban areas. Thus, areas, especially the outskirts of metropolitan areas in Asia (peri-urban, desakota, rural areas) become important to study further. This is reinforced by several arguments from researchers, such as [8], who stated that policies for peri-urban areas, such as desakota, must be carried out carefully and focus more on the sustainability and livability of this area. In addition, because the desakota zone may be vulnerable to international economic fluctuations, which can result in unemployment and increased poverty, the development of governance and management in this metropolitan area is important. Likewise, [108] explains the existence of the term desakota in the Asian metropolitan area created as an effort to focus on intense interaction and resilience of rural and urban activities.



The explanation above shows that urban resilience research at the local scale needs to be reviewed more deeply in the future in this region. This suburban area is likely to have a lower level of resilience than other metropolitan areas. A review on a smaller scale (local/community/individual scale) is expected to reveal more comprehensive urban problems and recommendations, especially for urban spatial planning policies in metropolitan areas that are more adaptive and sustainable. Likewise, for the approach method, a mixed method combining quantitative and qualitative approaches, examining the performance and capacity of the urban system comprehensively in the fringe area, becomes the main analysis method for assessing the level of resilience in this region.




4.3. Selection of Research Methods, Spatial Scales and Indicators in Measuring Urban Resilience


The SLR results show that many researchers have used quantitative approaches to measure the level of resilience of a region compared to qualitative or mixed methods. Each of these approaches has advantages and disadvantages, which can be explained as follows.



Urban resilience can be easily identified through one approach, namely, looking at changes in the city system, both in terms of function and city structure [15]. Systems within a city usually provide similar services, such as providing food and water for citizens, supplying electricity and other utilities, facilitating trade in goods and services, and creating and enforcing laws, among others. Changes in these systems will be seen from two forms of resilience: resilience in terms of performance and capacity of a city system [5]. This performance assessment evaluates or assesses the response of an area to shocks (i.e., whether the city is resistant, resilient or non-resilient), whereas the capacity assessment examines the underlying adaptive capacity of the urban system in responding to shocks (i.e., short-term and sudden disturbances) [5].



According to [5], the research methodology for measuring urban resilience is divided into two approaches: a deterministic approach that examines the performance of urban systems, which is generally a quantitative analysis, and a heuristic approach that measures the adaptive capacity of urban systems, which is usually a qualitative analysis. Each approach has advantages and disadvantages. The deterministic approach has the advantage of being able to explain whether the area is resilient, why it is resilient and the form and determining factors of resilience. However, one disadvantage of this approach is that it cannot clearly explain the type of resilience that occurs. While the heuristic approach can clearly interpret the type of resilience (such as engineering, ecology, evolutionary and transformational), it cannot determine whether the area is resilient. In addition, the heuristic approach has weaknesses because it relies on the amount of data available, practical rules, everyday experience, and logical thinking, rather than following systematic procedures, such as the deterministic approach, so that errors or suboptimal decisions in some cases also occur. As a result, several economic geographers propose integrating comparative case studies with quantitative analysis to improve the assessment of resilience [24]. They emphasize that qualitative methods play a crucial role in uncovering the specific mechanisms driving urban resilience, which often remain hidden when relying solely on quantitative approaches. Therefore, a fairly comprehensive approach to measuring urban resilience is a mixed-method approach that combines the strengths of both deterministic (quantitative) and heuristic (qualitative) approaches to propose a synthesis framework applicable in future studies. Thus, that research can answer whether it is resilient, why vulnerability or resilience occurs and how it occurs. In Table 6, it can be concluded that the various analysis used in the qualitative method explains how the adaptive capacity of the urban system responds during a shock/disruption. While the various analyses in the quantitative method describe the performance of the urban system as it is affected by the shock. A mixed-method analysis, which combines both qualitative and quantitative approaches, can explain both aspects. It shows how adaptive the area is and how well it performs in facing the shock that occurs.



The SLR findings also reveal that most studies assessing urban resilience tend to focus on the city level, rather than broader spatial scales, such as global, national, or regional levels, or narrower ones, such as local communities or individual societies. This trend can be attributed to the spatial heterogeneity of resilience-building processes, where influencing factors vary depending on the scale [23,109]. At larger scales, the number of influencing factors increases, making the system more complex [47]. Therefore, the higher the spatial scale, the more complex the system becomes. Conversely, using smaller spatial scales allows for clearer and more manageable resilience assessments. As noted by [23], each resilience issue is associated with a specific spatial scale. For instance, at the national or regional level, topics such as climate change, economic concerns, and institutional factors are commonly addressed (see Table 3).



The selection of a study’s spatial scale also influences the research methodology. Studies conducted at the community or society scale approach, often through case studies, typically use qualitative methods, as the smaller scale allows for more in-depth exploration and detailed understanding of how resilience develops—something less feasible at broader spatial scales.



Resilience measurement indicators are influenced by the type of shock experienced. For instance, in the case of natural disasters, such as floods, the independent variables used as indicators may include contributing factors, such as topography, the amount of green open space, flood levels, urban sprawl, population growth, and changes in river width. By observing these driving factors, cities can assess the extent of their resilience, identify critical areas of weakness, and identify actions and programs to improve resilience.



In general, the relationship between methods, spatial scales and indicators in evaluating urban resilience assessment can be concluded from Table 7.





5. Conclusions


A systematic literature review of urban resilience in metropolitan areas revealed three main thematic clusters: environmental issues, urban planning and social–human factors. This means that urban resilience research highlights the need for interdisciplinary frameworks that combine environmental management, strategic urban planning, and community engagement to make regions more resilient. There has been a significant increase in research on urban resilience in metropolitan areas since 2010, with more than 70% of articles discussing resilience at the city scale and more than 50% using a quantitative approach. This study shows a trend of increasing attention to various disaster issues, especially due to the impact of climate change, economic shocks, socio–environmental issues and the COVID-19 pandemic that have occurred in recent years, which have affected urban resilience.



Metropolitan areas in Asia, especially countries in East and South Asia, are the main focus in this literature not only because of its exposure to multiple risks but also due to its unique socio–spatial dynamics. The peri-urban and desakota zones, in particular, warrant special attention as they may represent the weakest links in the urban resilience chain. To effectively address these issues, resilience assessments must shift toward a smaller-scale focus, encompassing local, community, and individual levels. Such an approach is essential to uncover nuanced urban problems that are often obscured in macro-level analyses. In turn, this localized understanding can inform more adaptive, inclusive, and sustainable urban spatial planning policies.



Future research should place greater emphasis on urban resilience at the local or suburban scale, particularly in the fringe areas of Asian metropolitan regions, where resilience levels are generally lower. A mixed-methods approach that integrates both quantitative and qualitative techniques can offer a more holistic understanding of the performance and capacity of urban systems in these areas. Dimension of resilience will be focused not only on socio–ecological, economic, and infrastructure dimensions but also issues of wealth, income, livelihoods, well-being, inclusion and social networks will be elaborated. One of the potential directions is conducting longitudinal studies in desakota zones, which are experiencing continuous transformation. Such studies are vital for tracking how resilience evolves or diminishes over time due to urban growth, population movement, environmental pressures, and changing governance structures. Another promising area of research involves examining the integration of governance and social capital indicators. In these fringe zones, where formal governance may be weak or fragmented, social capital often plays a key role in adaptation.
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Dimension

	
Spatial Scale

	
Shock

	
Analysis

	
Indicator

	
References






	
Socio-Economic

	
Community

	
Climate Change

	
Factors that influence

	
Age, generation group, education, income

	
[74]




	
Regional and city

	
Earthquake, climate change and COVID-19

	
Descriptive analysis and trends

	
Poverty, multidimensional poverty, potential lives lost, infant mortality, municipal expenditure, COVID-19 infected, COVID-19 deaths

	
[110]




	
City

	
Opioid overdose crisis

	
Resilience index or vulnerability index

	
Observed versus predicted opioid overdose mortality rates, availability of health and social services, community mobilization efforts, and community attitudes toward addiction.

	
[111]




	
City

	
Natural Disasters

	
City resilience index

	
Population census, financial independence ratio, local tax revenues, percentage of economically active population, population, percentage of population over 65 years of age

	
[112]




	
City

	
Economic downturn and outmigration

	
Economic resilience index

	
Diversity (industrial diversity and industrial transformation), income and expenditure related capabilities (community and government income and expenditure), innovation environment (environmental technological innovation, environmental ecological development, basic social environment), Development trends (economic and social development trends) openness (openness to domestic and foreign trade)

	
[113]




	

	

	

	

	

	




	
Economic

	
City

	
COVID-19 Pandemic

	
City resilience index

	
GDP per capita, proportion of tertiary industry in GDP, realization of foreign capital utilization, urban per capita income, income in the general public budget

	
[114]




	
City

	
Economic recession

	
Economic capacity, socio–demographic capacity, and connectivity capacity Community

	
Income equality, economic diversity, affordability, business environment, educational attainment, health insurance rates, civic infrastructure, metropolitan stability, and voter turnout.

	
[115]




	
City

	
Economic fluctuations

	
Temporal development of urban resilience

	
GDP per capita, GDP growth rate, total fixed asset investment

	
[116]




	
City

	
natural disasters (rain, storm, typhoon)

	
urban resilience index

	
employment rate of population aged 16 and over, GDP per capita, Public budget expenditure, total value of industrial output by district, urban GDP by district

	
[117]




	
City

	
Natural disasters

	
Urban and rural resilience index

	
Home ownership, employment rate, racial/ethnic income equality, primary sector/tourism independence, gender income equality, business size, large-scale distribution retail-regional, federal employment

	
[30]




	
City

	
COVID-19

	
Urban resilience index

	
Annual GDP, Regional budgeted expenditure, Proportion of tertiary industry in GDP, Scientific operational cost, Total local tax revenue, Actual foreign investment, End of year savings balance for urban and rural resilience

	
[57]




	
City

	
Rapid urbanization

	
City resilience index

	
GDP per capita, City income, Actual amount of foreign investment used in a year,

Ending of year-end savings balance of urban and rural population, Non-agricultural employment ratio (%)

	
[118]




	
City

	
Climate change

	
Urban resilience index

	
GDP per capita, government fiscal expenditure per capita, urbanization rate, population density in built-up areas, percentage of economic losses due to climate disasters in GDP, urban disposable income per capita

	
[73]




	

	

	

	

	

	




	
Social

	
Local

	
Flood

	
Resilience index

	
Population density, per capita income, inadequate sanitation

	
[58]




	
District

	
Floods

	
Influencing factors

	
Human (population density, age, ethnic disparities, disability), community (health access, population well-being, migration), organization (administrative work, regional accessibility, housing capacity)

	
[61]




	
City

	
water drought

	
City blueprint Approach consists of: Trends and Pressures Framework (TPF)

	
TPF = social pressure (urbanization rate, disease burden, education level, political instability),

	
[119]




	
City

	
social disparities

	
Temporal development of city resilience

	
number of hospital beds per 10,000 people, number of higher education students per 10,000 people, registered unemployment rate in urban areas

	
[116]




	
City

	
natural disasters (rain, storms, typhoons)

	
City resilience index and analysis of inhibiting

	
population aged 60 years and over and under 17 years, population density, number of volunteer groups, health technicians, area of administrative division, area per capita

	
[117]




	
City

	
Natural disasters

	
Urban and rural resilience

	
Index of equality of achievement in education, pre-retirement age, access to transportation, communication capacity, English language competence, people with non-special needs, Health insurance, Mental health support, food supply capacity, access to doctors

	
[30]




	
City

	
COVID-19 pandemic

	
City resilience index

	
Number of students on campus, number of beds in health facilities, percentage of non-agricultural employment, registered urban unemployment rate

	
[114]




	
City

	
COVID-19 pandemic

	
City resilience index

	
Population density, number of unemployed (registered) in urban areas, number of public administration practitioners, number of university students, number of doctors in the public health system, average number of employees working, number of people covered by basic health insurance

	
[57]




	
City

	
Rapid Urbanization

	
City resilience index

	
Number of students in regular schools and universities, number of hospital beds per 1000 population

	
[118]




	
City

	
Climate change

	
City resilience index

	
Ability for social development, percentage of population receiving natural disaster relief funds, expectations life, insurance penetration and density, proportion of vulnerable population (<16 or >60 years), proportion of population with minimum standard of living, percentage of population with pension income and property, number of resilient communities

	
[73]




	

	

	

	

	

	




	
Ecological

	
City

	
Urbanization

	
ecological resilience index

	
pollution load, environmental quality, landscape form

	
[120]




	
City

	
water shortage

	
Ecological resilience index (resistance, adaptability, resilience), influencing factors, evaluation and spatiotemporal evolution of water poverty characteristics

	
resistance (secondary industry added value/GDP, tertiary industry added value/GDP, GDP per capita, natural population growth rate, proportion of science and technology expenditure to public budget expenditure), adaptability (industrial smoke and dust emissions, industrial sulfur dioxide emissions, centralized household waste treatment rate) Resilience (drainage pipe length, volume of urban solid waste disposal, green open space area of parks, green coverage rate in built-up areas, fiscal self-sufficiency rate, green open space area of parks per capita)

	
[62]




	
City

	
rapid urbanization

	
ecological network resilience (ecological resistance, network analysis index)

	
land use type, vegetation cover, geographic feature information

	
[121]




	
City

	
urbanization and climate change

	
urbanization and climate change landscape ecological risk assessment (LERA): potential, connectivity and resilience

	
potential (vegetation coverage, temperature, brightness, rainfall erosivity, night light intensity) connectivity (landscape diversity, integral connectivity index, distance to construction land, road network density) resilience (vegetation cover trends, night light intensity trends)

	
[39]




	
City

	
water drought

	
The City Blueprint Approach consists of: Trends and Pressures Framework (TPF), City Blueprint Performance (CBF), Governance Capacity Framework (GCF)

	
TPF = environmental pressures (floods, water scarcity, water quality, heat risk) 2. CBF (water quality, solid waste, basic water services, wastewater treatment, infrastructure, climate resilience, governance)

	
[119]




	
City

	
increasing population density, flooding

	
impact on population growth, built-up area expansion, infrastructure pressure, flood risk exposure, and loss of agricultural land until 2050

	
percentage of population increase, built-up area growth, population density, conversion of agricultural land area, and number of people exposed to flood risk zones.

	
[122]




	
City

	
ecological degradation

	
Temporal development of urban resilience

	
green coverage level of built-up areas, green area of parks per capita, level of non-hazardous domestic waste treatment

	
[116]




	
City

	
natural disasters (rain, storm, typhoon)

	
Urban resilience index and analysis of inhibiting factors

	
number of regional parks, green area of parks, green area of green space, river area

	
[117]




	
City

	
Natural disasters

	
City and village resilience index

	
Local food suppliers, natural flood buffers, efficient energy use, permeable surfaces, efficient water use

	
[30]




	
City

	
Natural disasters

	
City resilience index

	
Percentage of residential area, percentage of industrial area, percentage of commercial area, population density, percentage of housing permitted before 1985, percentage of area with disaster prevention facilities and installations

	
[112]




	
City

	
COVID-19 pandemic

	
City resilience index

	
Level of green coverage in built-up urban areas, public green areas per capita, volume of industrial wastewater discharged, level of non-hazardous household waste disposal

	
[114]




	
City

	
COVID-19 pandemic

	
City resilience index

	
Green areas, green coverage in built-up areas, public green areas, land area, industrial wastewater discharge, industrial sulfur dioxide emissions

	
[57]




	
City

	
Rapid urbanization

	
City resilience index

	
Coverage level of green open space in built-up areas, Area of green open space parks per capita, Wastewater discharge per capita

	
[118]




	
City

	
Climate change

	
City resilience index

	
Ratio of environmental expenditure to fiscal expenditure, percentage of green forest area (or green area per capita in urban areas),

	
[73]




	

	

	

	

	

	




	
Physical/Infrastructure

	
Local

	
Floods

	
Resilience index

	
Flood depth and flood duration factors

	
[58]




	
City

	
traffic congestion

	
congestion index to assess traffic vulnerability and resilience of transportation systems

	
traffic volume (vehicles/hour), degree of saturation (ratio), and congestion index

	
[123]




	
City

	
Flood

	
Impact of flood policy, governance, and urban planning on flood resilience

	
flood elevation, urban expansion, population growth, river width changes, and topography

	
[124]




	
City

	
Infrastructure vulnerability

	
Temporal development of urban resilience

	
road area per capita, gas penetration rate, drainage pipe density

	
[116]




	
City

	
natural disasters (rain, storm, typhoon)

	
Urban resilience index and analysis of inhibiting factors

	
drainage pipe maintenance management assessment score, pipe sludge per unit length, inspection score of operation and maintenance of drainage pump stations, number of health institutions, number of hospital beds, number of waste management installations in the service area

	
[117]




	
City

	
Natural disasters

	
Urban and rural resilience index

	
More robust housing type, availability of temporary housing, medical care capacity, evacuation routes, quality housing stock, temporary shelters, school restoration potential, industrial resupply potential, high-speed internet infrastructure

	
[30]




	
City

	
Climate change

	
City resilience index

	
Ability to manage urban risks, waterlogging points in urban areas, traffic congestion index, public health facilities per capita, broadcasting and television coverage

	
[73]




	
City

	
Natural Disasters

	
City resilience index

	
Average degree of land slope, average land height, percentage of river or tributary areas, percentage of land 10 m below sea level, daily rainfall intensity level

	
[112]




	
City

	
COVID-19 pandemic

	
City resilience index

	
Urban road area per capita, urban drainage pipe density, annual electricity consumption, goods traffic on highways, Internet broadband access users

	
[114]




	
City

	
COVID-19 pandemic

	
City resilience index

	
Number of hospitals and health centers, number of beds in hospitals and health centers, actual road area, volume of highway transportation, total annual electricity supply, total annual water supply

	
[57]




	
City

	
Rapid urbanization

	
City resilience index

	
road area per capita, gas supply per capita, number of buses per 10,000 population, length of drainage pipes per capita, proportion of international internet users

	
[118]




	
Local

	
COVID-19 pandemic

	
Potential risk location of transmission

	
Number of buildings with size <90 m2 per sub-district, number of buildings with size 90–300 m2 per sub-district, number of buildings with size >1000 m2 per sub-district, population density, number of intersections per sub-district, distance from train station

	
[63]




	
Local

	
COVID-19 pandemic

	
Consistency Index and consistency ratio

	
1. public transportation (route, station penetration, social distance, occupancy; 2. green-blue infrastructure (walkability, activity range, basic functionality, green infrastructure) 3. Public buildings and facilities (building type, mixed use, open space, ventilation and lighting) 4. Health service organization (patient capacity, facility location, equipment and supplies, infection control capacity) 5. policy management (citizen participation, effectiveness of handling capacity, information sharing)

	
[59]




	

	

	

	

	

	




	
Institutional

	
City

	
climate change

	
institutional capacity assessment

	
engagement, mainstreaming, monitoring and evaluation, investment, information, knowledge, innovation and learning, skills and expertise, local content sensitivity, implementation

	
[125]




	
City

	
Hurricane

	
CERNL’s role in rebuilding basic services and infrastructure, assessing the effectiveness of the board in a fragmented institutional framework

	
speed of service recovery, level of infrastructure repair, level of stakeholder participation, and functionality of governance structures during the recovery process

	
[52]




	
City

	
water drought

	
City blueprint Approach consists of: Governance Capacity Framework (GCF)

	
awareness, useful knowledge, continuous learning, stakeholder engagement process, management ambition, change agents, multi-level network potential, financial feasibility and capacity implementation

	
[119]




	
City

	
institutional weaknesses

	
Temporal development of city resilience

	
number of social security participants, number of community service facilities, number of public management employees and social organizations

	
[116]




	
City

	
Natural disasters

	
City and village resilience index

	
Mitigation expenditure, flood insurance coverage, jurisdictional coordination, disaster relief experience, local disaster training, performance regime (nearest metro area or state/capital), population stability, nuclear power plant accident planning, agricultural insurance coverage

	
[30]
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Figure 1. Article search flow in the study literature review (SLR) process based on the keywords urban resilience in metropolitan or megacity or megacities. 
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Figure 2. Top 100 keyword terms from articles related to urban resilience in metropolitan areas based on frequency of occurrence. Cluster 1 (red color): 36 terms centered on the keyword “China”; Cluster 2 (green color): 32 terms centered on the keyword “metropolitan area” and Cluster 3 (blue color): 32 terms centered on the keyword “urban area”. 
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Figure 3. Top 100 keyword terms from articles related to urban resilience in metropolitan areas based on link frequency and total link strength. 
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Figure 4. (a) The correlation between published document countries. (b–d) Recent positions of the keywords for the country with highest number of published articles related to urban resilience in metropolitan areas or megacities: (b) United States, (c) China and (d) Italy. 
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Figure 5. Development of urban resilience research in metropolitan areas from year to year. 
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Figure 6. Percentage of articles based on (a) spatial scale and (b) research approach method. 
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Table 1. Dimension categories of urban resilience.
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	Dimension
	Descriptions





	Social
	The ability of a group or community to overcome external pressures and disturbances resulting from social, political and environmental change [19] through access to capital and creating opportunities to face threats [20].



	Economic
	The ability of a socio–economic system to withstand shocks, recover from crisis situations after the crisis has ended, and continue to adapt [21] to external changes independently [22].



	Infrastructure and ecosystem/environment
	The ability of quality infrastructure and ecosystems to protect, provide and connect communities during times of shock [15].



	Institutional
	The ability of all types of institutions and key actors to continuously adapt to changing conditions, including the ability to respond to negative phenomena [23].










 





Table 2. Types of shock to urban resilience.
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	Type of Shocks
	Descriptions
	Example





	Economic
	Disrupts the supply chain by reducing demand
	2008 Financial Crisis, 2020 Economic Crisis



	Institutional
	Instituional change that changes the economic landscape
	Brexit, COVID-19 policies, North American Free Trade Agreement (NAFTA)



	Organizational
	Changes in industrial structure due to foreign competition alter global supply chains
	Change in labour laws and consumption preference



	Environmental
	Disrupts the supply chain by halting production
	Earthquakes, floods, climate change, forest fires



	Man-made
	Disrupts the supply chain by halting production
	Terrorist attacks



	Technological
	Disruptive technology that changes the economic landscape disrupting global supply changes
	Steam engine, blockchain technology



	Epidemic
	Alters the economic landscape and disrupts the supply chain by halting production
	COVID-19, severe acute respiratory syndrome (SARS), Ebola pandemics







Source: Ref. [5].













 





Table 3. Spatial scale categories of urban resilience.
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	Spatial Scale
	Resilience Research Focus





	Global
	Limitations on disaster reduction and adaptation to climate change.



	National
	In addition to climate change, attention is also directed toward a country’s macroeconomic aspects—such as economic growth, labor market conditions, and economic competitiveness—as well as infrastructure development.



	Regional
	Focus on economic structure, economic interdependence, or levels of innovation between regions.



	Urban (city/metropolitan)
	Socio-ecological approach, focusing on the ability of infrastructure to withstand natural disasters, local economic adaptation, inclusion and integration of local communities.



	Suburban (local/community)
	Focus on issues of segregation, cohesion and social networks.



	Household/Individual
	Focus on human capital, physical and mental health in the face of threats.







Source: Ref. [23].













 





Table 5. Various types of shocks/disaster factors that occur in metropolitan areas on various continents of the world.
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No

	
Disaster Factors

	
Type of Shock

	
Metropolitan Asia

	
Metropolitan North America

	
Metropolitan South America

	
Metropolitan Europe

	
Metropolitan Africa

	
Metropolitan Australia and New Zealand






	
1

	
Non-Nature

	
Economic

	
economic depression (3), socio–economic disparities, food security, housing challenges, economic pressures/fluctuations (5), socio–economic changes, rising oil prices,

	
aging population, financial insecurity and inequality/economic inequality (2), food insecurity (2), economic recession (3)

	
economic crisis, transition economy, deindustrialization

	
economic crisis (7), food security, transition economy (3)

	
socio–economic pressures

	
food security, rising oil prices, socio–economic pressures




	
Institutional

	
Decentralization

	
Decentralization

	

	
Institutional transformation, city policy, decentralization

	
-

	




	
Technology

	
public transportation network (3), use of technological devices, infrastructure failure, airport closures, urban rail transit disruption, technological shifts, food availability disruption

	
public transportation

	

	
use of e-mobile applications, public transportation, automation and advanced technology

	
-

	
Public transport




	
Medical

	
resource organization, political instability

	

	

	

	




	
2

	
Humans

	
Human creative/artificial

	
Human urban stress (2)/external shock/mental health (2), urbanization (10), land use change (5), congestion/pollution (3), population density (2)

	
urbanization (4), opioid overdose, social inequality and racism

	
Land use change

	
urban sprawl, congestion, urbanization (3)

	
urbanization (4), child displacement, congestion

	




	
3

	
Nature

	
Environment

	
floods (26), climate change (16), environmental stress (3), drought/water shortage (4), extreme storms (2), natural disasters (5), landslides(3), tsunamis, urban heat (4), sea level rise, earthquakes (2), typhoons, energy vulnerability, wetlands

	
hurricane, tornado, snowstorm, climate change (8), urban heat (3), flood (2), decrease in water flow, natural disaster (3)

	
Floods (5), earthquakes (4), climate change(2), extreme weather, heat waves, landslides (2), tsunamis (2), drought, hurricane, environmental stress

	
sea level rise, climate change (9), energy crisis, volcanic eruptions, ecological change, earthquakes, floods (5), heat waves, environmental service degradation

	
extreme heat (3), natural disasters, floods (3), climate change, drought, sea level rise

	
Earthquakes, loss of biodiversity, environmental stress and ecological degradation




	
Epidemic

	
COVID-19 (6), epidemic disaster, infectious disease

	
COVID-19 (2)

	
COVID-19 (2)

	
COVID-19 (9)

	
COVID-19

	
COVID-19








Description: The number “x” in brackets (x) indicates the number of shock/disaster events.













 





Table 6. Identified forms of analysis in research methods for urban resilience assessment.
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	Forms of Analysis in Research Methods
	Spatial Scale
	References





	
	
Qualitative Approach






	-

	
Adaptive and transformative capacity




	-

	
Strategic and policy analysis




	-

	
Institutional framework analysis




	-

	
Community/individual building initiative




	-

	
Resiliency assessment through questionnaire, interview




	-

	
Descriptive analysis of case studies






	City

City/Metropolitan

Metropolitan

Community

Regional/National

Case study
	[48,49]

[45,50,51]

[52]

[53]

[54,55]

[56]



	
	b.

	
Quantitative Approach







	-

	
Resiliency or Resistance Index




	-

	
Risk Assessment Index




	-

	
Influencing factors Analysis




	-

	
Spatial Analysis




	-

	
Social Network Analysis




	-

	
Optimization model




	-

	
Simulation model (System Dynamic)






	City, local

City, case study

City, District

Metropolitan, city

City, Community

Case study

City
	[57,58,59]

[39,60]

[61,62]

[63,64,65,66]

[67,68]

[69,70]

[29,71,72]



	
	c.

	
mixed-methods approach







	-

	
Combination of factor analysis and expert opinion




	-

	
Combination of relationship between variables of extreme heat and perception of personal experiences, social culture responses




	-

	
Combination of vulnerability assessments, adaptive capacity, and response strategies




	-

	
Combination of Social Network Analysis and Qualitative




	-

	
(Interview)






	City

Communities

Metropolitan

Metropolitan
	[73]

[74]

[75]

[76]










 





Table 7. The relationship of various reviews in evaluating the urban resilience assessment.
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Forms of Resilience

	
Urban System Performance

	
Urban System Capacity






	
Review

	
The results of regional reactions to shocks, assess the response of a region (resistance, resilience or non-resilience) or how resilient the region is compared to another.

	
Empirically examined the adaptive capacity of regional resilience by examining changes in the system (structure and function) experienced by a region after a shock occurs.




	
Approach of methodology

	
Deterministic (quantitative)

Advantage: Can explain whether it is resilient or not and why it has resilience. (what are the forms and determining factors of resilience)

Disadvantage: The type of resilience cannot be clearly interpreted.

	
Heuristic (qualitative)

Advantage: Can interpret types of resilience (engineering, ecological, evolutionary and transformative) clearly,

Disadvantages: It cannot determine whether an area is resilient or not.




	
Suggestion: using mixed-method approach combines the strength of deterministic (quantitative) and heuristic (qualitative) approaches to answer whether it is resilient, why and how its vulnerability or resilience occurs




	
Analysis Method

	
Benchmarking or counterfactual, such as resilience index measurement, influencing factors, impact measurement, temporal resilience

	
Causal mechanisms or policy implications, descriptive analysis of case studies,




	
Spatial Scale

	
Generally in the city, regional and national scale, few in the local scale

	
Generally in the local scale, society/community




	
Dimensions/Issues discussed

	
Regional and national scale: climate change, economic dimension

City/local scale: socio–ecological, economic and infrastructure dimension

	
Local/community scale: wealth, income, livelihoods, well-being, inclusion and integration of local/community issues

Regional/national scale: institutional dimension




	
Indicator

	
The driving factors/driver/driving axis of each dimension/issue is discussed so that critical points that influence the level of resilience of a region can be identified.
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