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The natural hazards caused by climate change have a significant impact on the production and life of urban residents, enhancing urban resilience is an important way to cope with climate disasters and ensure the safety of urban systems. Based on the “urban resilience” research relevant literature, the paper applies bibliometric analysis software to reveal the research hotspots and evolution trends of urban resilience in the perspective of climate change. The results indicate that the main research contents can be summarized into four aspects: ⅰ) influencing factors of urban resilience; ii) evaluation index and method of urban resilience; iii) the impact of climate change on urban resilience; ⅳ) Enhancing urban resilience in response to climate change. Finally, potential directions for future research on urban resilience were proposed, multi-dimensional research on urban resilience should be carried out from aspects of theoretical development, urban planning based on resilience mechanisms should be carried out from the perspective of planning practice, and innovation and reform should be carried out in policy implementation and urban management. Accurately understanding the conceptual connotation and construction mechanism of urban resilience is a crucial premise for climate mitigation and adaptation. Relevant research conclusions can provide useful reference for theoretical research and spatial planning of resilient cities.
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1 INTRODUCTION
The global urbanization rate has exceeded 50% on average, and the number and density of urban population are rising every day. Cities are the centers of economic activities and innovation, as well as the main sources of energy consumption and greenhouse gas emissions (Kennedy et al., 2014; Zhao et al., 2020). The changes in urban development around the world will have a huge impact on global sustainable development after the novel coronavirus pneumonia (COVID-19). With the continuous deepening of urbanization, more and more people gather in cities, and the economic and population agglomeration function of cities are more prominent. At the same time, meteorological disasters caused by extreme climate have become the main types of disasters threatening the security of urban space. The impact of climate change on cities has become increasingly significant. On the one hand, urban areas consume more energy and emit more greenhouse gases, which is the main cause of climate change; On the other hand, densely populated urban areas are extremely vulnerable to climate change, especially for the region’s “most disadvantaged populations” (Klein et al., 2003; Hunt and Watkiss, 2011). Climate change has exacerbated existing urban problems and made cities more vulnerable (Adger et al., 2003; Tyler and Moench, 2012). Under the background of global climate change, various uncertain risks such as extreme climate and natural disasters have posed an important obstacle on human living environments and urban sustainable development. How to enhance the resilience of urban system has become a new problem for cities. Therefore, it is necessary to explore how to build a future city that can effectively resist the crisis and be inclusive by enhancing urban resilience.
The increase of extreme weather disasters caused by climate change continues to threaten the safety of human settlements and ecological security. Floods and droughts, food and water shortages, and climate disaster events adversely affect future urban land structure, infrastructure construction, as well as the life, welfare, and property of residents (Abel et al., 2011). Enhancing urban resilience is an important initiative to effectively avoid the loss of life and property caused by climate risks and to improve the wellbeing of society. In recent years, “urban resilience” has received a lot of attention in the field of urban planning and social governance (Ribeiro and Goncalves, 2019; Tong, 2021). Urban resilience is a new approach to urban risk management, it focuses on improving the ability of self-organization, functional coordination, and adaptability to uncertainties of the urban system (Ahern, 2011; Shao and Xu, 2015), pays attention to the plasticity of changes in natural and human factors (Xu et al., 2018), and pursues the concept of sustainable development of human and environmental systems. It can be seen that how cities can operate normally and maintain resilience in the face of increasing risks and challenges (Cai et al., 2012), and building climate resilient city has become a new project that needs to be studied urgently.
Urban resilience has become a new analysis tool and research perspective in the field of urban sustainable development and global environmental change (Li and Zhang, 2011; Zheng et al., 2018). In order to effectively reduce the damage caused by climate disasters to human economy and society, urban resilience can contribute to ecosystem resilience and human wellbeing through ecosystem services (Demuzere et al., 2014), thus is considered a widely adopted and effective approach for climate change mitigation and adaptation, while driving economic development and improving social wellbeing. City is a complex and diverse system, vulnerable to the impact of natural disasters. The Intergovernmental Panel on Climate Change (IPCC) pointed out that global warming has made extreme weather more frequent in various regions, and “climate-resilient pathway” as an important development strategy for mitigating and adapting to climate crisis (Denton et al., 2014). In addition to coping with climate risks, urban resilience also focuses on strengthening the city’s overall anti-risk capabilities. In the face of risks or disturbances, cities can adapt and recover to the original state, and they can also predict, anticipate and prevent the risks and disturbances of climate change in advance (Moser and Boykoff, 2013; Maru et al., 2014; Meerow et al., 2016; Shaker et al., 2019), which emphasizes the initiative and learning capacity of urban systems. Scientific diagnosis of climate risks and design of urban system development path according to different types of risks and adaptation goals (Tyler and Moench, 2012), which is an important branch of urban resilience. On the basis of sustainable development of cities from the perspective of climate change, this paper summarizes the progress of urban resilience, systematically sorts out the basic concepts and main research topics of urban resilience, and proposes the future development direction according to the current research trends, so as to provide support for the comprehensive research of multi-factor, multi-level and multi-objective urban resilience in the future. It provides reference for improving the ability of cities to cope with uncertainty and urban sustainable development research.
2 MATERIALS AND METHODS
2.1 Definition and scope
Climate change refers to the change of climate state caused by natural internal processes or external forcing, as well as the continuous change of atmospheric composition or land use by human activities. Climate change brings various problems, such as sea level rise due to global warming, and changes in the climate environment that make extreme weather such as droughts, floods, hail, storms and high temperatures frequent, which have a significant impact on human survival and activities (Jabareen, 2013). Urban resilience reflects the ability of urban systems to adapt and recover from risks such as natural disasters and major social events. Coping with natural disasters caused by climate change is one of the most important directions for building resilient cities, focusing on the long-term impact of urban systems on climate change processes and the comprehensive response to extreme climate disasters (Barbarossa et al., 2018).
2.2 Data sources
In order to explore the research progress and hotspots of urban resilience, the relevant literature data in this paper are from the core databases of “Web of Science” (WoS) and “China National Knowledge Infrastructure” (CNKI). We searched the literature database for topics (including subject, title or keywords) with “Urban Resilience + Climate Change” or “Resilient City + Climate Change”, and other keywords or concepts related to resilience, such as “green infrastructure”, “Climate change and disasters”, “climate change impact”; The time span of literature retrieval was set from 2003 to 2022 (the retrieval time was February 2023); According to the above retrieval conditions, the advanced search method of WoS and CNKI database was used to cover all the literature as far as possible, and a data set of 1635 literatures related to urban resilience from 2003 to 2022 was preliminarily obtained. Therefore, a document-screening task was carried out manually, by further reading the title and abstract of the literature, the irrelevant literature was eliminated, and 559 valid literatures were retained.
2.3 Research methodology
Based on the “urban resilience” research related documents collected in WoS and CNKI core database from 2003 to 2022, this paper uses CiteSpace and VOSviewer two kinds of bibliometric software to analysis and knowledge visualization of the above datasets. The analysis function of CiteSpace can process the literature data with keyword co-occurrence and literature co-citation. The literature with strong co-citation is clustered by different algorithms, combined with data information such as high-frequency keyword matrix and highly cited literature, and then the literature clusters are named with nominal terms extracted from titles, abstracts or keywords. Through the induction method of co-occurrence clustering and high-frequency words analysis of keywords in domestic and foreign literatures, the hot topics of urban resilience research were analyzed, and the research hotspots and frontier issues of urban resilience were grasped based on keyword frequency map. The visual bibliometric analysis of literature was conducted by VOSviewer software to reveal main content of the literature. With the help of qualitative bibliometric analysis, the research hotspots, evolution trends and characteristics of urban resilience research can be obtained. The distribution structure, quantity change and correlation of literatures were conducted on the existing literature dataset and co-occurrence network of keywords, for better grasping the main research content and evolutionary relationship in current research.
3 RESULTS AND EVOLUTION TRENDS
3.1 Research hotspots
Keywords are the author’s concise summary of the main idea of the article, which can reflect the hot topics in the research field. The VOSviewer software was used to statistic high-frequency keywords in the literature, and the frontier hotspots of urban resilience research were analyzed by visual clustering map. According to the keyword clustering map, resilience, urban resilience, vulnerability, sustainability, adaptation, risk, systems, governance, ecosystem services, challenges, infrastructure and green infrastructure are the keywords most frequently used by scholars in the study area of urban resilience.
The hot topics in the research field of urban resilience were displayed by using the co-occurrence function of the visualization software VOSviewer. We searched all keywords in the literature, high-frequency keywords were screened out, and a co-word knowledge graph is generated according to the core keywords (Figure 1). Combined with relevant literatures, four hot topics in the current international research on urban resilience were summarized: ecosystem resilience, infrastructure resilience, governance resilience, and urban sustainable transformation. From the major clusters recognized by Citespace, five topics were identified after reviewing the highly co-cited document in the clustering diagram. These topics were named as “urban heatwave and high temperature,” “urban waterlogging and flood,” “sea-level rise,” “forest wildfire,” and “Nature-based Solutions (NbS)”, respectively.
[image: Figure 1]FIGURE 1 | Network analysis of keyword co-occurrence.
3.2 Evolution trends
The concept of resilience has experienced three stages of evolution from engineering resilience (Berkes and Folke, 1998), ecological resilience to more complex social-ecological resilience (Carpenter et al., 2001; Folke, 2006). According to the sequence change of high-frequency co-occurrence keywords (Figure 2), the study of urban resilience has undergone a transformation from large-scale space to small-scale space. From the resilience of social ecosystems to resilient cities and resilient infrastructure, the spatial scale of resilience has gradually focused on cities and their internal spaces. More resilience studies of different types of small-scale spaces will become a useful supplement to the macro-and meso-scale studies of regions and cities.
[image: Figure 2]FIGURE 2 | Sequence changes of the top 20 keywords in 2003-2022.
From the perspective of research fields and hotspots, the research on “urban resilience” has shown a trend towards a multidisciplinary field. The previous related papers mainly focused on the resilience and vulnerability of social ecosystems, including resilience to specific disasters, how to deal with urban risks has been a worldwide concern for a long time. The research direction has gradually expanded to resilient cities, sponge cities, green infrastructure, etc. It can be seen that the overall evolution trend of “urban resilience” research is its corresponding planning strategies, governance measures, evaluation methods and so on. In recent years, many studies have extensively explored the role of nature-based solutions in addressing climate change and natural disasters. Nature-based solutions enhance urban resilience in terms of both urban planning and infrastructure to address climate change mitigation and adaptation (He et al., 2023).
3.3 Main research content
In order to withstand the risks of climate change, urban systems need to have the ability to update, restructure and adapt. Enhancing urban resilience has become the best approach to urban sustainable development to effectively cope with various impacts or changes and reduce the vulnerability and uncertainty of the development process.
(1) Influencing factors of urban resilience
From the basic elements of urban composition, land use, economic development, housing, transportation, disaster and infrastructure plans affect the resilience of a city. Economic, social, and institutional factors influence urban resilience, and the level of urban economy determines the resilience of urban economic development and is the dominant factor affecting post-disaster economic resilience (Zhou et al., 2019). Climate change poses systemic and complex problems for urban planning and management at multiple levels and scales, which are difficult to be solved by traditional linear methods (Carter et al., 2015) and need to deal with problems at different levels from more dimensions. Policy intervention and institutional management play a lasting role in improving urban resilience and regional transformation (Dawley et al., 2010). Infrastructure plays an important role in ensuring sustainable urban development (Paul and Charles, 2012), reasonable urban spatial form can not only reduce the frequency and intensity of extreme climate disasters, but also enhance the system resilience and adapt to climate change (Feng et al., 2020). Urban ecological environment aims to achieve specific goals such as maintaining biodiversity, reducing flood risk, alleviating heat island effect and safeguarding human settlement environment (Chad et al., 2018).
(2) Evaluation index and method of urban resilience
The main content of quantitative research on urban resilience is to construct an evaluation index system for resilience assessment, or to construct an economic or mathematical model (Sherrieb et al., 2010) for static resilience evaluation or analysis of influencing factors, in order to provide a basis for quantitative decision-making. Geographical location has an important effect on the distribution of spatial difference in urban disaster resilience, remote sensing models can assess the spatial heterogeneity and quantitative characterization of spatio-temporal evolution of urban resilience (Li and Zhai, 2017); Aiming at the goal of resilient community action, the evaluation index system of urban community resilience was preliminarily constructed from five dimensions of infrastructure, society, economy, institution and nature (Joerin et al., 2012); Assessing urban resilience through network resilience evaluation of network efficiency, diversity, and connectivity (Peng et al., 2018). Therefore, to better achieve urban resilience, the combined effects of physical, social, and natural factors need to be incorporated into the assessment of adaptive planning policies. However, how to evaluate the implementation effect of adaptive measures from multiple perspectives such as social, economic and ecological perspectives still needs more research and exploration (Han and Peng, 2019).
(3) The impact of climate change on urban resilience
Cities’ response to climate risks depends on infrastructure standards, resource quality endowments and investment in environmental governance (Highfield et al., 2014; Han et al., 2021). Climate change is having a great impact on the space for human survival and activities, a series of natural disasters related to climate change have seriously threatened economic development, infrastructure operation, human health, and the safety of citizens’ lives and property (Satterthwaite, 2013; Papa et al., 2015). This requires urban and regional development, especially in the layout of productive forces, urban and rural infrastructure construction and major project planning, to fully consider the requirements of adapting to climate change (Barbarossa et al., 2018). In the context of extreme weather occurs frequently, the risk uncertainty faced by cities has increased. Under the background of increasing uncertainty of disasters and risks, the concept of resilient city is further recognized and concerned by the academic community, and is considered as an important indicator and collaborative process of sustainable development (Magis, 2010; Ahern, 2011; Leichenko, 2011). Enhancing urban resilience is not only a strategic choice, but also a new paradigm of urban development in the context of climate change.
(4) Enhancing urban resilience in response to climate change
Numerous studies have presented strategies and practices to enhance urban resilience in various aspects from macroscopic urban morphological planning and microscopic spatial design (Wang and Zang, 2017), covering urban stormwater and water system resilience planning and design (Zhou and Li, 2017; Li et al., 2019; Zhang et al., 2019), delta urban planning (Dai et al., 2017; Dai et al., 2019), and island planning and design (Wang et al., 2017; Bosselmann et al., 2019; Chen et al., 2019; Tu, 2019). Furthermore, the combination of grey and green infrastructures can reduce the reliance on the overall urban drainage system, urban woodland and sunken green spaces can effectively store and detain rainwater (Ahern, 2011; Casal-Campos et al., 2015; Meerow and Newell, 2017). Spatial planning has been widely accepted as an effective strategy responding to climate change and city safety problems caused by climate change and extreme weather events. Since spatial elements should be rationally distributed in land use and urban development regulations, to reduce the impact of climate disasters on cities, major infrastructure and important urban space needs to avoid climate-sensitive areas. In the process of building resilient cities to cope with climate change, the content of climate change adaptation should be incorporated into spatial planning, and a climate adaptation strategy featuring government-led and public participation should be formed in the planning system (Markolf et al., 2018).
4 CONCLUSION AND FUTURE DIRECTIONS
Based on the perspective of climate change, this study tries to analyze the research hotspot, main research content, and the future directions of urban resilience. The high-frequency co-occurring words with urban resilience involve resilient city, vulnerability, sustainability, risk adaptation, system governance, ecosystem services, challenges, infrastructure construction, green infrastructure, reflecting the research hotspot in different stages. According to the existing literature, urban resilience construction is a comprehensive improvement of society, economy, ecology, infrastructure, and governance level. Urban resilience is enhanced through multiple means such as urban planning, infrastructure construction and maintenance, and institutional mechanism optimization, so that cities can integrating nature-based solutions for urban resilience to cope with extreme weather, and improve the resilience of cities to climate change.
The trend of climate change is inevitable, and urban resilience research has weaknesses in disaster prevention planning, resilience and spatial integration, and regional linkage. Adaptive measures should be taken as early as possible to reduce disaster risk and promote sustainable urban development. The current research progress mainly focuses on the mitigation and adaptation of urban resilience to climate change, as well as nature-based solutions to enhance urban resilience to reduce disaster risk. With the intensification of climate change, the frequency and intensity of extreme weather and climate events such as floods, droughts and high temperatures will also increase. It is particularly important to understand the sensitivity and vulnerability of urban systems to these changes. On this basis, a flexible and effective urban resilience planning program can be developed, taking into account social, economic and environmental interests.
Climate change brings various negative effects to human daily life and production, and thus poses a threat to sustainable urban development. Urban resilience is a hot topic on how urban space responds to natural disasters caused by climate change. The United Nations Human Settlements Programme (UN-Habitat) identified urban disaster risk management, urban economy and society, resilient infrastructure and basic services, urban planning and environment, and urban governance as five pillars of urban resilience. Based on the analysis of the current research progress and predicament of urban resilience, the authors assume that more attention should be given to the following aspects:
1) Conduct multi-perspective systematic study on urban resilience. Faced with complex urban systems, future research on urban resilience needs to conduct a holistic evaluation of the interaction between urban systems and climate change. New technologies such as big data crawlers, sensor technology, digital image recognition, and interdisciplinary modeling methods can support resilience planning. Strengthen dynamic observation and research on human, logistics and information flows by means of emerging technologies, so as to improve the city’s prediction and preparation for unknown risks. Planning for the construction of resilient urban infrastructure often includes nature-based solutions that can have a positive impact on the social and natural environment. Nature-based solutions for urban resilience are means of sustainable development with social, economic, and environmental benefits.
2) Planning and design city based on resilience mechanism. With the aggravation of climate change, it is urgent to improve the adaptability of cities in spatial planning system regarding resilience planning and risk reduction. The urban resilience mechanism covers the development process of the urban system and the whole life cycle. It emphasizes the systematic construction of planning techniques, construction standards, social governance and public participation to comprehensively enhance the structural adaptability of urban system, so as to enhance the overall resilience of the city. In planning and design practice, the resilience planning strategy of climate mitigation and adaptation is incorporated into the planning system, so as to promote achievement the goal of urban resilience to climate change.
3) Innovation and reform of urban governance and management system. In order to form a virtuous cycle of resilient urban construction, the institutional method of feedback mechanism is established from the effects and influencing factors of urban resilience practice. Explore the establishment of a resilience infrastructure project library and encourage the application of science and technology to promote the development and pilot of resilience projects. Innovate financing channels and public-private partnership models, increase investment in urban resilience construction, and guide more social capital to invest in resilient infrastructure. Governments and financial institutions can further explore the ecological paths of urban resilience construction that combines resilient infrastructure with nature-based solutions.
AUTHOR CONTRIBUTIONS
WW and HW were in charge of designing the experiments and writing the manuscript. HW, XH, and HH were in charge of revising the manuscript. HW was in charge of project administration. All authors contributed to the article and approved the submitted version.
FUNDING
This work was supported by Key Laboratory of Degraded and Unused Land Consolidation Engineering, the Ministry of Natural Resources (SXDJ2024-02); the opening foundation of Anhui province engineering laboratory of water and soil resources comprehensive utilization and ecological protection in high groundwater mining area (2022-WSREPMA-02); The Third Batch of Huizhi Leader Creative Space Project in Chengde Hi-Tech Zone (HZLC2024023).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abel, N., Gorddard, R., Harman, B., Leitch, A., Langridge, J., Ryan, A., et al. (2011). Sea level rise, coastal development and planned retreat: analytical framework,governance principles and an Australian case study. Environ. Sci. Policy 14 (3), 279–288. doi:10.1016/j.envsci.2010.12.002
 Adger, W. N., Huq, S., Brown, K., Conway, D., and Hulme, M. (2003). Adaptation to climate change in the developing world. Prog. Dev. Stud. 3 (3), 179–195. doi:10.1191/1464993403ps060oa
 Ahern, J. (2011). From fail-safe to safe-to-fail: sustainability and resilience in the new urban world. Landsc. Urban Plan. 100, 341–343. doi:10.1016/j.landurbplan.2011.02.021
 Barbarossa, L., Pappalardo, V., and Martinico, F. (2018). Building the resilient city. strategies and tools for the city masterplan. J. urban Plan. Landsc. Environ. Des. 3 (2), 15–24. 
 Berkes, F., and Folke, C. (1998). “Linking social and ecological systems for resilience and sustainability,” in Linking social and ecological systems: management practices and social mechanisms for building resilience ed . Editors F. Berkes, and C. Folke (Cambridge, UK: Cambridge University Press), 13–20. 
 Bosselmann, P. C., Kondolf, G. M., and Webber, P. (2019). An island in transition: adaptation of urban form. Landsc. Archit. 9, 45–56. 
 Cai, J. M., Guo, H., and Wang, D. G. (2012). Review on the resilient city research overseas. Prog. Geogr. 31 (10), 1245–1255. 
 Carpenter, S., Walker, B., Anderies, J. M., and Abel, N. (2001). From metaphor to measurement: resilience of what to what. Ecosystems 4 (8), 765–781. doi:10.1007/s10021-001-0045-9
 Carter, J. G., Cavan, G., Connelly, A., Guy, S., Handley, J., and Kazmierczak, A. (2015). Climate change and the city: building capacity for urban adaptation. Prog. Plan. 95, 1–66. doi:10.1016/j.progress.2013.08.001
 Casal-Campos, A., Fu, G., Butler, D., and Moore, A. (2015). An integrated environmental assessment of green and gray infrastructure strategies for robust decision making. Environ. Sci. Technol. 49 (14), 8307–8314. doi:10.1021/es506144f
 Chad, S., Sarah, W., Laura, D. V., Zuniga-Teran, A., Gerlak, A. K., Schoeman, Y., et al. (2018). Contributions of green infrastructure to enhancing urban resilience. Environ. Syst. Decis. 38 (8), 330–338. doi:10.1007/s10669-018-9702-9
 Chen, B. L., Sun, Y. M., and Li, Y. L. (2019). Resilient urban design of central and eastern pazhou based on “strategy-feedback” mechanism. Landsc. Archit. 9, 57–65. 
 Dai, W., Sun, Y. M., and Meyer, H. (2019). Resilience as a new concept of planning transformation in delta areas. Landsc. Archit. 9, 83–92. 
 Dai, W., Sun, Y. M., Meyer, H., and Bacchin, T. K. (2017). Resilient planning of delta cities under climate change. City Plan. Rev. 12, 26–34. 
 Dawley, S., Pike, A., and Tomaney, J. (2010). Towards the resilient region? Policyactivism and peripheral region development. Local Econ. 25 (8), 650–667. doi:10.1080/02690942.2010.533424
 Demuzere, M., Orru, K., Heidrich, O., Olazabal, E., Geneletti, D., Orru, H., et al. (2014). Mitigating and adapting to climate change: multi-functional and multi-scale assessment of green urban infrastructure. J. Environ. Manag. 146, 107–115. doi:10.1016/j.jenvman.2014.07.025
 Denton, F., Wilbanks, T. J., Abeysinghe, A. C., Burton, I., Gao, Q., Lemos, M. C., et al. (2014). “Climateresilient pathways: adaptation, mitigation, and sustainable development,” in Climate change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects ed . C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, and T. E. Bilir, 1101–1131. https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-Chap20_FINAL.pdf. 
 Feng, L., Gong, X., Da, H., and Wen, H. (2020). How do population inflow and social infrastructure affect urban vitality? Evidence from 35 large- and medium-sized cities in China. Cities 100, 102454. doi:10.1016/j.cities.2019.102454
 Folke, C. (2006). Resilience: the emergence of a perspective for social-ecological systems analyses. Glob. Environ. Change 16 (3), 253–267. doi:10.1016/j.gloenvcha.2006.04.002
 Han, Y., Chen, C., Peng, Z., and Mozumder, P. (2021). Evaluating impacts of coastal flooding on the transportation system using an activity-based travel demand model: a case study in Miami-Dade County, FL. Transportation 49, 163–184. doi:10.1007/s11116-021-10172-w
 Han, Y., and Peng, Z. (2019). The integration of local government, residents, and insurance in coastal adaptation: an agent-based modeling approach. Comput. Environ. Urban Syst. 76, 69–79. doi:10.1016/j.compenvurbsys.2019.04.001
 He, X., Wei, H., and Li, S. (2023). Research progress and application prospect of nature-based solutions in China. Front. Environ. Sci. 11, 1133433. doi:10.3389/fenvs.2023.1133433
 Highfield, W. E., Peacock, W. G., and Van Zandt, S. (2014). Mitigation planning: why hazard exposure, structural vulnerability, and social vulnerability matter. J. Plan. Educ. Res. 34 (3), 287–300. doi:10.1177/0739456X14531828
 Hunt, A., and Watkiss, P. (2011). Climate change impacts and adaptation in cities: a review of the literature. Clim. Change 104 (1), 13–49. doi:10.1007/s10584-010-9975-6
 Jabareen, Y. (2013). Planning the resilient city: concepts and strategies for coping with climate change and environmental risk. Cities 31, 220–229. doi:10.1016/j.cities.2012.05.004
 Joerin, J., Shaw, R., Takeuchi, Y., and Krishnamurthy, R. (2012). Action-oriented resilience assessment of communities in Chennai, India. Environ. Hazards 11 (3), 226–241. doi:10.1080/17477891.2012.689248
 Kennedy, C. A., Ibrahim, N., and Hoornweg, D. (2014). Low-carbon infrastructure strategies for cities. Nat. Clim. Change 4 (5), 343–346. doi:10.1038/nclimate2160
 Klein, R. J., Nicholls, R. J., and Thomalla, F. (2003). The resilience of coastal megacities to weather-related hazards. A. Kreimer, M. Arnold, and A. CarlinBuilding Safer Cities: The Future of Disaster Risk World Bank, Washington, DC, USA, 101–120. 
 Leichenko, R. (2011). Climate change and urban resilience. Curr. Opin. Environ. Sustain. 3, 164–168. doi:10.1016/j.cosust.2010.12.014
 Li, H., Yang, P. F., Zhang, Z. X., Liu, W. Y., and Jiang, W. C. (2019). Planning strategy for improving spatial resilience of urban water system in mountainous areas from the perspective of “design ecology”. Planners 15, 53–59. 
 Li, H., and Zhang, P. Y. (2011). Research progress and prospective applications of vulnerability approach under global change. Prog. Geogr. 30 (7), 920–929. 
 Li, Y., and Zhai, G. F. (2017). China’s urban disaster resilience evaluation and promotion. Planners 33 (8), 5–11. 
 Magis, K. (2010). Community resilience: an indicator of social sustainability. Soc. Nat. Resour. 23, 401–416. doi:10.1080/08941920903305674
 Markolf, S. A., Chester, M. C., Eisenberg, D. A., Iwaniec, D. M., DavidsonZimmerman, C. I. R., and Chang, H. (2018). Interdependent infrastructure as linked social, ecological, and technological systems (SETSs) to address lock-in and enhance resilience. Earths Future 6 (12), 1638–1659. doi:10.1029/2018EF000926
 Maru, Y. T., Smith, M. S., Sparrow, A., Pinho, P. F., and Dube, O. P. (2014). A linked vulnerability and resilience framework for adaptation pathways in remote disadvantaged communities. Glob. Environ. Change 28, 337–350. doi:10.1016/j.gloenvcha.2013.12.007
 Meerow, S., and Newell, J. P. (2017). Spatial planning for multifunctional green infrastructure: growing resilience in Detroit. Landsc. Urban Plan. 159, 62–75. doi:10.1016/j.landurbplan.2016.10.005
 Meerow, S., Newell, J. P., and Stults, M. (2016). Defining urban resilience: a review. Landsc. Urban Plan. 147, 38–49. doi:10.1016/j.landurbplan.2015.11.011
 Moser, S. C., and Boykoff, M. T. (2013). Successful adaptation to climate change: linking science and policy in a rapidly changing world. First Edition, 17. Abingdon, UK: Routledge/Taylor & Francis Group. 
 Papa, R., Galderisi, A., Vigo Majello, M. C., et al. (2015). Smart and resilient cities. a systemic approach for developing cross-sectoral strategies in the face of climate change[J]. TeMA J. land use, Mobil. Environ . 8(1): 19–49. 
 Paul, J. M., and Charles, P. (2012). Factors in the resilience of electrical power distribution infrastructures. Appl. Geogr. 32, 668–679. doi:10.1016/j.apgeog.2011.08.001
 Peng, C., Lin, Y. Z., and Gu, C. L. (2018). Evaluation and optimization strategy of city network structural resilience in the middle reaches of Yangtze River. Geogr. Res. 37 (6), 1193–1207. 
 Ribeiro, P. J. G., and Goncalves, L. A. P. J. (2019). Urban resilience: a conceptual framework. Sustain. Cities Soc. 50, 101625. doi:10.1016/j.scs.2019.101625
 Satterthwaite, D. (2013). The political underpinnings of cities’ accumulated resilience to climate change. Environ. urbanization 25 (2), 381–391. doi:10.1177/0956247813500902
 Shaker, R. R., Rybarczyk, G., Brown, C., Papp, V., and Alkins, S. (2019). (Re)emphasizing urban infrastructure resilience via scoping review and content analysis. Urban Sci. 3 (14), 44–15. doi:10.3390/urbansci3020044
 Shao, Y. W., and Xu, J. (2015). Understanding urban resilience: a conceptual analysis based on integrated international literature review. Urban Plan. Int. 30 (2), 48–54. 
 Sherrieb, K., Norris, F. H., and Galea, S. (2010). Measuring capacities for community resilience. Soc. Indic. Res . 99(2): 227-247, doi:10.1007/s11205-010-9576-9
 Tong, P. (2021). Characteristics, dimensions and methods of current assessment for urban resilience to climate related disasters: a systematic review of the literature. Int. J. Disaster Risk Reduct. 60, 102276. doi:10.1016/j.ijdrr.2021.102276
 Tu, X. L. (2019). Small island urban design from resilient city viewpoint. Planners 13, 49–53. 
 Tyler, S., and Moench, M. (2012). A framework for urban climate resilience. Clim. Dev. 4 (4), 311–326. doi:10.1080/17565529.2012.745389
 Wang, M., Peng, H. Y., Wang, J. Q., and Wang, Y. C. (2017). Doing by leveraging: resilience building and dynamic design for small island’s landscape based on using natural processes. Landsc. Archit. 11, 73–79. 
 Wang, Q., Zang, X. Y., Zhang, H., Shi, W., Gan, H., et al. (2017). Enhanced repair of segmental bone defects in rabbit radius by porous tantalum scaffolds modified with the RGD peptide. Landsc. Archit. 28 (4), 50–56. doi:10.1007/s10856-017-5860-4
 Xu, Y. Y., Li, G., Cui, S. H., Xu Yiping, 许., Pan Junbiao, 潘., Tong Ningjun, 童., et al. (2018). Review and perspective on resilience science: from ecological theory to urban practice. Acta Ecol. Sin. 38 (15), 5297–5304. doi:10.5846/stxb201709081620
 Zhang, R., Zang, X. Y., and Chen, T. (2019). Research on the renewal planning strategy of old residential district based on resilience to flood: a case study of chuanfuxincun community. Chin. Landsc. Archit. 2, 64–68. 
 Zhao, R. D., Fang, C. L., and Liu, H. M. (2020). Progress and prospect of urban resilience research. Prog. Geogr. 39 (10), 1717–1731. doi:10.18306/dlkxjz.2020.10.011
 Zheng, Y., Xie, X. L., Lin, C. Z., Wang, M., and He, X. J. (2018). Development as adaptation: framing and measuring urban resilience in Beijing. Adv. Clim. change Res. 9 (4), 234–242. doi:10.1016/j.accre.2018.12.002
 Zhou, K., Liu, B. Y., and Fan, J. (2019). Economic resilience and recovery efficiency in the severely affected area of Ms 8.0 Wenchuan earthquake. Acta Geogr. Sin. 74 (10), 2078–2091. 
 Zhou, Y. N., and Li, B. W. (2017). Resilient urban design for flood control. Planners 2, 90–97. 
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Wang, Wei, Hassan and He. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Research progress and prospects of urban resilience in the perspective of climate change		1 Introduction

		2 Materials and methods		2.1 Definition and scope

		2.2 Data sources

		2.3 Research methodology





		3 Results and evolution trends		3.1 Research hotspots

		3.2 Evolution trends

		3.3 Main research content





		4 Conclusion and future directions

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg





OPS/images/feart-12-1247360-g001.gif





OPS/images/feart-12-1247360-g002.gif
@905 c0000s0s00000@e
s @00 500 oco
000 & oo

m_mm_%wm:mm%%









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Earth Science





