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Climate change has become a critical global issue, influencing both natural environments and economic structures, especially in rapidly urbanizing regions. This paper examines the impact of climate risks on urban economic resilience, using panel data from Chinese cities between 2009 and 2022. A multidimensional indicator system, encompassing recovery resilience, adaptive resilience, and transformative innovation capacity, is developed to identify how climate risks negatively affect urban economic resilience. The results show that climate risks weaken resilience by reducing population size and destabilizing financial systems. Additionally, these risks have significant spatial spillover effects, extending from local areas to neighboring cities through regional economic networks, with particular impact on geographically adjacent cities. Heterogeneity analysis indicates that developed eastern cities, central cities, and resource-based cities are more vulnerable to climate risks, while cities in central and western regions and non-central cities show greater resilience. The paper proposes policy recommendations to strengthen urban resilience, including investment in climate-adaptive infrastructure, promoting economic diversification, establishing cross-regional climate risk management, developing green finance systems, and raising public awareness of climate risks.
Keywords: climate risk, economic resilience, spatial spillover, population size, financial stability
1 INTRODUCTION
Since the 1990s, China has experienced rapid economic growth and has now become the world’s second-largest economy. However, the rapid processes of industrialization and urbanization have also led to increasingly severe ecological issues and climate risks [1]. According to data from the United Nations, eight out of 54 major natural disasters worldwide in the 20th century occurred in China. In 2024, various natural disasters in China caused direct economic losses amounting to 401.11 billion RMB, highlighting the significant impact of climate risks on China’s socio-economic development [2, 3, 4]. In particular, the “China Climate Change Blue Book (2024),” published in 2024, points out that China’s climate risk index has continuously risen since 1961, with a notably high increase since the mid-1990s, aligning with the global trend of climate warming. In 2022, the Chinese government released the “National Climate Change Adaptation Strategy 2035,” which explicitly proposes enhancing the capacity of society to cope with climate change and building an adaptive society by 2035. This indicates that climate risks are not only an ecological challenge but also a significant test for China’s high-quality economic development, placing higher demands on the resilience of urban economic systems [3, 5]. In recent years, the frequency and intensity of extreme weather events brought about by climate change have significantly increased, with their impact on urban economic systems being particularly notable. For example, extreme climate events such as heavy rainfall, heatwaves, and droughts have severely affected infrastructure and economic activities. According to the “Global Annual to Decadal Climate Update” released by the World Meteorological Organization (WMO) in 2024, climate change is approaching the risk limits set by the Paris Agreement. In the same year, national natural disasters affected 32.38 million people, with direct economic losses amounting to 93.16 billion yuan. These phenomena indicate that climate change has become a critical factor affecting the stability and sustainability of urban economies [2].
In the face of increasing external shocks and potential risks, the economic systems of different cities show significant differences. Some cities can quickly recover from shocks and maintain economic vitality, while others may suffer long-term damage, demonstrating weaker disaster resilience [6]. A key question arises: Has the increasing climate risk had a significant impact on urban economic systems? The term “resilience,” initially a concept in physics, refers to a system’s ability to return to its original state after a shock; in economics, it is extended to refer to the ability of an economic system to resist external shocks and achieve recovery, adaptation, and transformation [7, 8]. However, existing research has paid little attention to how climate risks specifically affect urban economic resilience and the mechanisms behind this, lacking quantitative analysis and empirical research, which makes it difficult to provide systematic references for practical policy design.
To fill this research gap, this paper explores the impact of climate risks on urban economic resilience based on panel data from Chinese cities between 2009 and 2022. The contributions of this paper are as follows: first, unlike previous studies that focus on a single dimension of economic resilience or macroeconomic impacts, this paper innovatively constructs a multidimensional economic resilience index system and reveals the multi-path impact of climate risks on urban economic resilience. Second, although existing literature has focused on the direct impact of climate risks on specific cities, few studies have explored the cross-city and regional spatial spillover effects. This paper quantifies the significant negative impact of climate risks on the economic resilience of neighboring cities through spatial Durbin models, considering the geographic, economic, and proximity dimensions. Finally, compared to studies focusing on a single region, this paper uses a broader city panel dataset to analyze the differentiated impact of climate risks on cities in different regions and types, providing a novel research perspective.
The structure of the paper is as follows: Section 2 presents a literature review on climate risks and economic resilience; Section 3 introduces the theoretical framework and research hypotheses; Section 4 describes the empirical model and research methods; Section 5 presents the empirical results and analysis; Section 6 provides conclusions and policy implications.
2 LITERATURE REVIEW
2.1 Literature review on climate risk research
With the continuous increase in human activities, particularly the expansion of economic activities, the sustainability of the environment is facing profound impacts and addressing climate risks requires environmental regulation [5, 9]. This imbalanced development model has further triggered a series of global climate issues. As a future uncertainty brought about by climate change and its negative effects, climate risk has become an important research topic in the global academic community. Climate risks are primarily divided into two major categories: transition risk and physical risk. Transition risk refers to the long-term economic impacts arising from policy changes, technological innovations, and market sentiment fluctuations during the process of society transitioning to a low-carbon economy or sustainable development [10]. For example, Campiglio pointed out that adjustments in climate policies may lead to increased operational costs for businesses and a loss of asset value [11].
In contrast, physical risk refers to the short-term and direct economic losses caused by extreme climate events or natural disasters, which typically have more significant destructive impacts on the economic system [12]. Typical physical risks include sea-level rise, extreme heat, storms, and floods, all of which pose major challenges to economic infrastructure and supply chains. Given the immediate and tangible nature of these risks, physical risks are particularly relevant to urban economic systems, where the impacts are more direct and observable. In addition, the availability of data on physical risks, such as historical records of extreme weather events, enhances the ability to quantify and model their effects on urban economies. In the economic field, physical climate risks have profound effects on financial markets, business operations, and investment decisions. For instance, Hu and Borjigin examined the volatility of climate risk in the futures market, Lin and Wu explored the impact of physical risks on financial products, and Campiglio analyzed the effects of climate risk on asset management and portfolio optimization [11, 13, 14].
At the macroeconomic level, physical risks have had widespread and far-reaching impacts on agricultural economies [15], external debt levels, and international trade [2, 16, 17]. In addition, Carleton suggested that the frequent occurrence of extreme climate events could further exacerbate global economic instability, particularly in regions with more vulnerable economies [12]. Based on past studies, physical risks have more directly affected the stability of economic systems, and under the backdrop of frequent extreme weather events, their impact has been increasing. Therefore, this paper focuses on the study of physical risks and their impact on economic resilience, aiming to reveal how to enhance the adaptive and recovery capacities of economic systems when facing natural disasters and extreme climate events.
2.2 Literature review on economic resilience research
The term “resilience” originates from physics and refers to the ability of materials to absorb energy during deformation and fracture. In economics, “economic resilience” is used to describe the ability of an economic system to resist and adjust its development path when faced with shocks [7, 8]. In past studies on the factors affecting economic resilience, both theoretical and empirical research have been emphasized. Theoretically, Sun and Sun reviewed relevant concepts and proposed research dimensions based on China’s context [18]; Liu et al. further clarified the connotation of the economic resilience concept [19]. Empirically, scholars have explored factors influencing economic resilience from perspectives such as macroeconomics [8, 48], industrial diversity [20], smart supply chain [15] and digital finance [20]. However, most past research on economic resilience has focused on macroeconomics or specific industries [7, 8], with relatively limited analysis of the economic resilience of cities as complex dynamic systems. Furthermore, static analytical methods are often employed, making it difficult to fully capture the dynamic adjustment process of economic resilience in the context of multidimensional shocks [20].
Research on the impact of climate risk on economic resilience has found that physical risks affect economic resilience through various pathways. On one hand, extreme climate events directly damage infrastructure and production systems, weakening the short-term resilience of economic systems. For example, Carleton pointed out that natural disasters often interrupt supply chains and logistics systems, causing profound effects on economic activities [12]. On the other hand, physical risks affect economic resilience through indirect pathways, such as market fluctuations, declining investment confidence, and long-term policy adjustments. For instance, Ma et al. [10] emphasized that policy changes can lead to shifts in economic structures and long-term challenges for resilience. Moreover, Zhao et al. [21] explored the effects of climate change on urban economic resilience, Liu et al. [19] examined the role of smog in urban economic resilience, and Wu et al. [22] assessed the economic resilience performance of the Yellow River Basin under climate change. Additionally, Liu et al. [19] studied the negative impact of air pollution on urban economic resilience, emphasizing the importance of environmental governance in enhancing urban resilience.
While existing research has revealed some mechanisms by which climate risk impacts economic resilience, several gaps remain. First, the dynamic relationship between climate risk and economic resilience, particularly in the context of frequent extreme weather events, remains underexplored [23]. Second, systematic studies on the heterogeneous impacts of climate risks on urban economic resilience are lacking [9]. Finally, most current research has focused on the impact of physical climate risks on macroeconomics or specific industries, with limited exploration of the performance of urban economic resilience, a complex dynamic system, under physical climate risk shocks. This paper aims to fill this research gap by combining theoretical analysis and empirical research to reveal the mechanisms through which physical climate risks impact urban economic resilience and to provide scientific evidence for policy-making.
3 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESES
As global climate change intensifies, climate risks not only profoundly affect the ecological environment but also pose a significant threat to the economic structure and stability of cities. Specifically, the impact of climate risks on key areas such as urban population size and the stability of financial markets is particularly prominent [4]. These areas, being fundamental components of urban economies, are directly linked to the core capacity of urban economic resilience. Therefore, this study constructs a framework for urban economic resilience based on recovery capacity, adaptive capacity, and transformative innovation capacity. This framework is developed to capture the multidimensional nature of resilience, addressing how different components interact to enhance a city’s ability to respond to climate risks [24]. Existing literature indicates that climate risks primarily affect urban economic resilience through several pathways:
3.1 Direct impact mechanisms of climate risks on urban economic resilience
Currently, the direct impact of climate risks on cities is primarily manifested in the destruction of critical economic and infrastructure systems. Extreme weather events such as hurricanes, floods, and droughts significantly disrupt the normal operation of infrastructure systems, including transportation, energy supply, and water systems. These disruptions weaken the city’s response and recovery capacities, delivering substantial shocks to economic productivity and residents’ quality of life [25]. Specifically, interruptions in production activities may hinder business operations and lead to economic stagnation. Concurrently, business losses may increase unemployment rates and undermine the ability to meet basic living needs for residents, further exacerbating social instability. This social instability, in turn, diminishes the economic system’s ability to recover from external shocks.
Additionally, the losses caused by climate risks will increase the financial burden on governments, forcing them to allocate large amounts of funds for post-disaster reconstruction and climate adaptation measures. This limits the flow of funds and resource allocation to other economic sectors. Such fiscal pressure not only affects urban economic resilience in the short term but may also erode the city’s innovation capacity and economic growth potential in the long run [26]. Cities with relatively weak infrastructure may fall into prolonged economic distress, hindering their economic development and the achievement of sustainable development goals. This amplifies local fiscal pressures, forcing governments to cut budgets for key sectors such as education and healthcare, impacting long-term urban development and the economic resilience system [27]. Therefore, climate risks not only cause direct damage to the city’s critical infrastructure but also generate profound effects on economic resilience and social stability through a series of cascading reactions.
Hypothesis 1. Climate risks negatively impact urban economic resilience through direct mechanisms.
3.2 Pathways of climate risk impact on urban economic resilience
The impact of climate risks on urban economic resilience primarily occurs through two main pathways: reducing urban population size and disrupting urban financial stability. Specifically, extreme weather events weaken a city’s economic resilience by disrupting various sectors, including population, infrastructure, and financial systems, which in turn affect its capacity to cope with and recover from external shocks. The specific mechanisms of these pathways are illustrated in Figure 1.
[image: Figure 1]FIGURE 1 | Pathway mechanisms of climate risk impact on urban economic resilience.
3.2.1 Impact on Urban Population and Labor Force
The economic vitality and resilience of cities largely depend on stable labor forces and a healthy population size. Densely populated areas tend to demonstrate stronger resilience, which positively influences regional economic resilience, and this relationship can vary depending on urban governance and infrastructure [28]. However, climate risks can reduce population size by altering mobility and living conditions, thus weakening urban economic resilience. Extreme weather events, for instance, damage urban living environments, compelling large numbers of residents to migrate, especially from frequently disaster-prone areas. Long-term adverse climate conditions force residents to relocate to safer regions [29]. Large-scale population outflows not only reduce labor supply but also shrink the consumer market, weakening the economic vitality of the city and increasing vulnerability during economic crises [30]. Furthermore, climate-related physical risks may disrupt businesses dependent on natural resources or logistics, leading to transportation system breakdowns and business shutdowns, which in turn drive up unemployment rates, reduce resident income, and shrink consumer spending [31]. By undermining population structure and labor markets, climate risks weaken urban economic resilience, making it more difficult for cities to demonstrate recovery capacity in the face of future external shocks.
3.2.2 Impact on Urban Financial Stability
Financial stability is a core factor in urban economic resilience, as it reduces economic volatility, supports innovation, and eliminates policy distortions, thereby significantly enhancing regional resilience [32]. However, climate risks increase uncertainty and vulnerability in financial systems and economic operations. Firstly, climate risks lower investor confidence, exacerbating fluctuations in financial markets. Companies facing operational interruptions and losses due to climate events may struggle to secure financial support, leading to financial crises or even bankruptcy. This credit tightening effect not only affects the impacted businesses but also spreads to the broader urban economy, making the financial system more fragile [33]. Moreover, the risks associated with climate events drive up insurance costs, leading to higher premiums. This increases operational costs for businesses, making insurance unaffordable for some enterprises and households, thus exposing them to greater risks and making it impossible to ensure asset security when facing future shocks. The instability in the insurance market also affects bank loans and debt markets, further weakening the city’s economic resilience.
In summary, climate risks reduce urban economic resilience by decreasing population size and disrupting financial stability. Population declines lead to reduced economic vitality, labor market contraction, and increased unemployment, limiting the economy’s ability to recover from external shocks. Fiscal pressure, financial volatility, and high insurance costs weaken the city’s capacity to respond to future risks, further hindering economic stability and long-term development.
Hypothesis 2. Climate risks negatively affect urban economic resilience by reducing population size and disrupting financial stability.
3.3 Spatial spillover effects of the negative impact of climate risks on urban economic resilience
Climate risks have far-reaching impacts on the economic resilience of other cities through the transmission effects within economic networks. Extreme weather events such as hurricanes, floods, or droughts typically damage the infrastructure and economic activities of affected cities, and these impacts quickly spread through regional economic linkages. For example, supply chain disruptions may lead to shortages of raw materials and intermediate goods, hindering production in businesses reliant on affected cities. Logistics delays may disrupt interregional flows of goods, causing market supply-demand imbalances. The globalization of capital flows further exacerbates this transmission effect. When investors withdraw capital due to economic uncertainties in affected cities, capital outflows may destabilize the financial systems of other cities, thereby weakening their economic resilience [34, 35].
Furthermore, climate risks exert additional pressure on other cities through the diffusion effects within social systems, further diminishing economic resilience. Extreme weather events typically trigger population migration and resource competition, particularly when residents of disaster-stricken cities move to neighboring regions due to deteriorating living conditions. This migration raises the demand for housing, places additional strain on infrastructure, and increases the cost of living in receiving cities. Such pressure compounds the burden on these cities. Labor force loss may further reduce regional productivity. In addition, financial linkages amplify the social diffusion effect, as financial instability in the market is transmitted through regional banking networks, affecting the financing environment of other cities [35, 36]. Taken together, climate risks have significant impacts on the economic resilience of neighboring cities through both economic and social spillover mechanisms.
Hypothesis 3. Climate risks negatively affect the economic resilience of other cities through spatial spillover effects.
4 RESEARCH DESIGN
4.1 Sample selection and data sources
Based on the availability of secondary indicators for climate risk and economic resilience, this study selects an initial sample of 168 prefecture-level cities from the period of 2009–2022. The climate risk data is derived from the National Meteorological Centre of China, while data on economic resilience and related control variables are sourced from the “China City Statistical Yearbook.” To ensure data integrity and the accuracy of the analysis, the original data were processed as follows: First, linear interpolation was employed to address missing data for some samples; second, samples with significant missing data were excluded; and third, extreme values in the top and bottom 1% and 99% of the main variables were minorized. After these data treatments, a final sample of 158 prefecture-level cities was obtained, resulting in a total of 2,212″city-year” observations.
4.2 Variable measurement
4.2.1 Explanatory variable: Climate risk index (CRI)
The climate risk variable is derived using the methodology of Guo et al. [37], incorporating four sub-indicators: extreme low-temperature days (LTD.), extreme high-temperature days (HTD), extreme rainfall days (ERD), and extreme drought days (EDD). The specific processing steps are as follows: first, observations with significant data gaps are removed from the sample; second, historical distribution characteristics for each indicator are calculated from January 1, 1973, to December 31, 1992; third, the frequency and types of extreme weather events at local observation stations from 2009 to 2022 are recorded; finally, the annual extreme weather days are aggregated at the regional level to create a comprehensive Climate Risk Index (CRI), as shown in Table 1. To ensure interpretability, the climate risk index is scaled down by a factor of 100. The CRI is computed by the following formula:
[image: image]
TABLE 1 | Urban climate risk indicator system.
[image: Table 1]Where: [image: image] represents the weight assigned to each sub-indicator (LTD., HTD, ERD, EDD), [image: image] is the value of the corresponding sub-indicator. This index aggregates the individual sub-indicators into a single comprehensive measure of climate risk for each region.
4.2.2 Dependent variable: Urban economic resilience index (UERI)
Urban economic resilience index (UERI) is defined as a city’s ability to self-recover and dynamically adapt in response to external shocks [38]. This concept encompasses resistance, recovery, and adjustment capabilities. Based on this definition and existing literature, the selection of secondary indicators for UERI is grounded in established frameworks for measuring economic resilience and urban development [39]. Specifically, this study measures economic resilience across three dimensions: resistance and recovery capacity (Rel), adaptive and adjustment capacity (Ada), and innovation and transformation capacity (Enpu). Eleven secondary indicators are selected for these dimensions, with indicator weights calculated using the entropy weighting method to construct a comprehensive Urban Economic Resilience Index (UERI). The rationale for selecting each indicator is based on its relevance to the city’s ability to recover, adapt, and innovate in the face of external shocks, as supported by recent research on urban resilience [38]. Table 2 presents the selected indicators and weights for each dimension.
TABLE 2 | Urban economic resilience indicator system and weights.
[image: Table 2]4.2.3 Mediating variables
4.2.3.1 Urban Population Size (Psize)
The size of the urban population serves as a crucial foundation for urban economic development and a key factor in enhancing economic resilience. Following the method of Gao [40], this study uses the logarithmic form of the year-end total urban population (LogPsize) to represent city population size. This transformation effectively reduces the influence of outliers on the analysis and better reflects the general characteristics of urban population scale.
4.2.3.2 Urban Financial Stability (Fin)
Urban financial stability measures a city’s financial system’s capacity to operate under external shocks, especially extreme climate events. This resilience is primarily reflected in the banking system, capital markets, and insurance markets. Drawing on the approach of Xie et al. [41], this study measures financial development level and stability by the ratio of year-end financial institution loan balances to the regional GDP.
4.2.4 Control variables
To more comprehensively explore the impact of climate risk on urban economic resilience, this study draws on the control variable design from Xu and Zhang [20], Zhang et al. [42], Zhou et al. [43]. Five control variables are established:
4.2.4.1 Urban Economic Density (Den)
Urban economic density reflects the spatial concentration of economic activities. This study represents economic density as the ratio of regional GDP to urban land area.
4.2.4.2 Urban Entrepreneurial Activity (Live)
Urban entrepreneurial activity indicates the level of dynamism among economic entities in the city. This is measured by the ratio of private and individual business employees to the total urban population.
4.2.4.3 Urban Infrastructure Level (Fund)
The level of infrastructure in a city reflects the completeness of its foundational facilities. This study uses per capita road area as a measure of urban infrastructure level.
4.2.4.4 Urban Foreign Capital Dependency (Export)
Foreign capital dependency indicates the extent to which a city’s economy relies on international capital. This is measured by the proportion of actual utilized foreign capital to GDP, reflecting the city’s dependence on foreign investment.
4.2.4.5 Urban Human Capital Level (Hr)
Human capital level is a key indicator of urban workforce quality. This study uses the ratio of enrolled undergraduate and vocational students to the permanent population to represent urban human resource quality.
The data for the indicators are sourced from the China City Statistical Yearbook. The definitions of the variables used in this study are provided in Table 3, and the descriptive statistics for the main variables are shown in Table 4. The descriptive statistics reveal significant heterogeneity among the sample cities with respect to the main variables in the study. Specifically, the mean value of urban economic resilience (CRI) is 0.097, with a standard deviation of 0.0947. The maximum and minimum values are 0.9878 and 0.0118, respectively, reflecting notable disparities in the levels of economic resilience across different cities. The mean value of climate risk (UERI) is 3.3189, with a standard deviation of 0.2408, indicating that most cities experience climate risk within a narrow range, although some cities are more severely impacted by extreme climate events. The resilience sub-dimensions (Rel, Ada, Enpu) exhibit relatively low mean values, suggesting that cities generally show weaknesses in recovery and resistance, adaptive capacity, and transformational innovation. Control variables, such as urban entrepreneurial vitality (Live), infrastructure development level (Fund), and economic density (Den), display considerable variation, indicating significant differences in economic development conditions across cities, which supports the subsequent empirical analysis.
TABLE 3 | Definitions of key variables.
[image: Table 3]TABLE 4 | Descriptive statistics of main variables.
[image: Table 4]4.3 Econometric model specification
4.3.1 Baseline regression model
To verify the impact of climate risk on urban economic resilience, this study employs a two-way fixed effects model, structured as follows:
[image: image]
Where [image: image] represents the city, [image: image] denotes the year, [image: image] indicates the economic resilience of city [image: image] in year and [image: image] represents the climate risk level for city [image: image] in year [image: image] The control variables [image: image] include entrepreneurial activity ([image: image]), infrastructure development level ([image: image]), economic density ([image: image]), foreign capital dependency ([image: image]), and human capital level ([image: image]) in city [image: image] during year [image: image] [image: image] is city-specific fixed effects, which account for unobserved factors that vary across cities but remain constant over time. [image: image] is time-specific fixed effects, which capture factors that affect all cities in a given year but vary over time. [image: image] is the error term, representing unobserved factors that influence the dependent variable but are not included in the model.
4.3.2 Mediation mechanism model
To examine the mechanisms through which climate risk impacts urban economic resilience, this study draws on Jiang and adopts a two-step model specification as follows [44]:
[image: image]
Here, [image: image] represents the mediation variables, specifically including urban population size ([image: image]) and financial stability ([image: image]). Other variables remain consistent with Model (1). The two-step process is as follows: The first step involves estimating the baseline model (Equation 1), which measures the direct relationship between climate risk and urban economic resilience. In the second step, the mediation model (Equation 2) is used to assess the indirect impact of climate risk on urban economic resilience through mediation variables, such as population size and financial stability. The coefficient of [image: image], if significantly negative, would indicate that climate risk reduces urban economic resilience by decreasing both urban population size and financial system stability, thus validating Hypothesis 2.
4.3.3 Spatial durbin model (SDM)
To capture the spatial spillover effects of climate risk on urban economic resilience, this study extends Model (1) by introducing a spatial weight matrix and interaction terms among economic resilience, climate risk, and control variables, resulting in the following spatial Durbin model (Equation 3):
[image: image]
where [image: image] represents the spatial autoregressive coefficient. If [image: image] is significantly negative, it suggests that climate risk exhibits a spatial spillover effect on urban economic resilience. [image: image] denotes the spatial weight matrix, which includes geographic, adjacency, and economic matrices. [image: image] and [image: image] capture the coefficients of the spatial interaction terms for the explanatory and control variables, respectively. Other variables remain consistent with Model (1) and are not further elaborated here.
5 EMPIRICAL ANALYSIS
5.1 Baseline regression analysis
In the empirical analysis section, we first conduct a baseline regression analysis to verify whether climate risk suppresses urban economic resilience. Table 5 presents the regression results of baseline model (1), where Columns (1) to (4) show the estimates from the panel fixed-effects model, controlling for both city and time fixed effects but excluding other control variables.
TABLE 5 | Baseline regression.
[image: Table 5]Specifically, Column (1) reports the overall impact of climate risk on the urban economic resilience index, while Columns (2) to (4) explore the effects of climate risk on the three sub-indicators within the resilience capacity system: resistance and recovery capacity (Rel), regulation and adaptation capacity (Ada), and transformation and innovation capacity (Enpu). From these regression results, we can identify the varying impacts of climate risk on each resilience capacity.
Column (2) focuses on the resistance and recovery capacity (Rel) sub-indicator, showing a regression coefficient of −0.560, which is not statistically significant. This suggests that climate risk does not significantly affect the resistance and recovery capacity of cities in the sample, indicating that cities’ ability to resist and recover from shocks may be less sensitive to climate risks compared to their adaptive or innovative capacities.
In Columns (5) to (8), we further introduce control variables to examine whether the effects of climate risk on the resilience indicators change significantly after accounting for other influencing factors. Based on regression results of Table 5, we preliminarily verify the significant negative impact of climate risk on urban economic resilience. Specifically, Column (1) reports the baseline regression result without including control variables, where the regression coefficient is −0.601 and significant at the 5% level. This indicates that climate risk indeed has a significant suppressive effect on urban economic resilience. After introducing control variables, the result in Column (5) shows a regression coefficient of −0.575, which remains significant. This finding demonstrates robustness and supports Hypothesis 1: climate risk has a direct negative impact on urban economic resilience.
Further, urban economic resilience is decomposed into Rel, Ada, and Enpu for regression analysis. Column (3) presents the impact of climate risk on urban adaptive and adjustment capacity, with a regression coefficient of −0.455, significant at the 10% level. This suggests that climate risk weakens cities’ ability to adapt and adjust. The result reveals that cities face deficiencies in their adaptive and regulatory mechanisms when responding to climate change, which may hinder long-term economic adjustment and transformation goals.
The results in Column (4) indicate that climate risk also has a significant negative impact on urban innovation and transformation capacity. The regression coefficient is −0.373 and significant at the 5% level. This suggests that climate risk not only weakens cities’ innovative capabilities but also constrains their potential for future economic transformation.
In Columns (5) to (8), we introduce control variables such as urban entrepreneurial activity, infrastructure development level, economic density, foreign capital dependency, and human capital level. The results show that the negative impact of climate risk on urban resilience remains significant, particularly regarding urban innovation and transformation capacity, where the coefficients remain negative and are significant at the 1% level. Overall, climate risk significantly weakens urban economic resilience, with its impact on innovation and transformation being the most pronounced, further supporting the validity of Hypothesis 1.
5.2 Robustness tests
To ensure a more robust evaluation of the weakening effect of climate risk on urban economic resilience and to further investigate its related impacts, this study conducts robustness tests using the methods of replacing the explained variable, high-dimensional fixed effects, lagged explanatory variables, and subsample regressions. The results are shown in Table 6.
TABLE 6 | Robustness test regression results on the impact of climate risk on urban economic resilience.
[image: Table 6]5.2.1 Method of Replacing the Explained Variable
In this test, the explained variable “urban economic resilience” is replaced with “high-quality urban economic development” (measured according to [43]), and the regression results are presented in Column (1) of Table 6. The results indicate that even after substituting urban economic resilience with high-quality urban economic development, the regression coefficient of UERI remains significantly negative at the 5% level, demonstrating the robustness of the baseline regression results.
5.2.2 High-Dimensional Fixed Effects Method
To further control for unobservable provincial-level factors that vary over time (such as the impact of macroeconomic changes on urban economic resilience), this study incorporates province-year interaction fixed effects into the baseline regression model. The regression results are shown in Column (2) of Table 6. The results reveal that under the control of high-dimensional fixed effects, the negative impact of climate risk on urban economic resilience remains significant, confirming the robustness of the research conclusions under a higher-dimensional control framework.
5.2.3 Lagged Explanatory Variables Method
Considering the potential continuity and even long-term nature of the impact of climate risk on urban economic resilience, this study lags the climate risk variable by one period to examine the effect of current climate risk on urban economic resilience in the next period. The regression results are presented in Column (3) of Table 6. The findings indicate that after lagging the explanatory variable by one period, the regression coefficient of climate risk remains significantly negative at the 1% level, suggesting that climate risk has a persistent negative effect on urban economic resilience, further confirming its long-term obstructive effect.
5.2.4 Subsample Regression Method:
Given the profound impact of the COVID-19 pandemic on urban economies, particularly in 2020 and thereafter, urban economic resilience during this period may have been affected by the pandemic rather than climate risk. To address this concern, this study excludes samples from 2020 and beyond and reruns the regression analysis. The results are presented in Column (4) of Table 6. The regression results show that even after removing pandemic-affected samples, the negative impact of climate risk on urban economic resilience remains significant, further supporting the robustness of the research conclusions. In summary, a series of robustness tests further validate the significant negative impact of climate risk on urban economic resilience.
5.3 Endogeneity treatment
The study finds that climate risks significantly reduce urban economic resilience. Conversely, regions with lower economic resilience are more susceptible to severe impacts from climate risks or may consume substantial resources in response to such risks, further hindering resilience improvement. Therefore, a two-way causal endogeneity issue exists. To address the endogeneity problem stemming from this two-way causality, this paper employs the Instrumental Variable (IV) method and the Heckman two-stage method.
First, in the IV method, the PM2.5 index is selected as the instrumental variable. On one hand, the PM2.5 index serves as a crucial indicator for measuring urban climate risk. Over the past two decades, increasing concentrations of PM2.5 have been closely linked to the intensification of environmental stressors and climate-related risks. These elevated pollution levels have contributed to the exacerbation of global climate change, leading to more frequent and severe climate events, such as heatwaves, floods, and storms [45]. As such, the PM2.5 index meets the relevance condition of an instrumental variable by having a strong and established relationship with the urban climate risk. On the other hand, PM2.5 does not directly affect urban economic resilience but may indirectly influence it through pathways such as resource misallocation and population scale, meeting the exclusivity condition. For example, persistent air pollution can drive population migration, alter labor force productivity, or disrupt economic activity by reducing quality of life or escalating health-related expenditures. Hence, the annual median of PM2.5 index is a valid instrumental variable because it satisfies both the relevance and exclusivity conditions, making it an appropriate tool for isolating the causal effect of urban climate risk on economic resilience in the analysis.
The IV regression results are presented in Table 7, Columns (1) and (2). The Cragg-Donald Wald F-statistic is 10.610, ruling out the possibility of weak instruments. The Kleibergen-Paap rk LM statistic is 6.623, with a p-value below 0.05, indicating that the instrumental variable does not suffer from identification issues. Overall, selecting PM2.5 as the instrumental variable is reasonable. The results further reveal that an increase in PM2.5 exacerbates climate risks. In the second-stage regression, the negative impact of climate risks on urban economic resilience remains significant.
TABLE 7 | Endogeneity treatment.
[image: Table 7]Meanwhile, the degree of climate risk may vary across regions due to geographical differences. For example, desert and plateau areas often face more severe climate issues, which have a greater impact on transportation and infrastructure development, thereby exerting a more significant influence on urban economic resilience. This introduces a sample selection bias issue. To mitigate this bias, this paper employs the Heckman two-stage method. Specifically, variables such as urban entrepreneurial vitality (Live), infrastructure development level (Fund), economic density (Den), dependence on foreign capital (Export), and human capital level (Hr) are selected as the first-stage selection variables to estimate the influencing factors of urban economic resilience in the sample. The inverse Mills ratio (IMR), calculated in the first stage, is then included in the second-stage regression analysis. The regression results are shown in Table 7, Column (3). The coefficient of IMR is significant at the 5% level, indicating the presence of sample selection bias. After addressing this issue, the regression coefficient of climate risk (UERI) remains significantly negative, further supporting the conclusion that climate risks negatively impact urban economic resilience. In conclusion, using both the instrumental variable method and the Heckman two-stage method, this study robustly verifies the significant negative effect of climate risks on urban economic resilience.
5.4 Mechanism analysis
The results above indicate that climate risk significantly suppresses urban economic resilience. What pathways does climate risk use to reduce urban economic resilience? To test the mediating effect of climate risk on urban economic resilience, an empirical analysis of the mediation model was conducted, with results presented in Table 8. Columns (1) and (2) show that climate risk significantly negatively affects population size and financial stability, with statistical significance at the 5% level.
TABLE 8 | Mechanism analysis.
[image: Table 8]Specifically, climate risk indeed exerts a significant negative impact on urban economic resilience (CRI) by reducing urban population size (Psize) and disrupting urban financial stability (Fin). In detail, the significantly negative influence of climate risk on population size and financial stability further weakens urban economic resilience, thereby validating Hypothesis 2. This finding indicates that climate risk not only directly affects urban economic resilience but also indirectly exacerbates its impact on the urban economic resilience system by influencing population size and financial stability. Therefore, Hypothesis 2 of this paper is supported.
5.5 Analysis of spatial spillover effects
This study adopts the methodology proposed by Elhorst, employing the Lagrange Multiplier (L.M) test, Wald test, SDM model fixed-effects test, Hausman test, and the simplified SDM model test to determine the spatial Durbin model (SDM) with spatial-temporal double fixed effects as the optimal choice for analyzing the spatial spillover effects of climate risk (UERI) on urban economic resilience (CRI). As an extended spatial regression model, the SDM not only estimates the direct effects of climate risk but also captures spatial spillover effects across regions, revealing the transmission pathways of climate risk across different spatial dimensions [46].
From the regression results presented in the Table 9, climate risk demonstrates a significant negative direct impact on urban economic resilience across the dimensions of adjacency, geography, and economic space, with specific coefficients of −0.038, −0.033, and −0.036, all significant at the 1% level. This indicates that climate risk weakens urban economic resilience, regardless of whether the cities are connected through geographic proximity, economic linkages, or spatial adjacency. The spatial correlation coefficient (rho) further reveals the spatial spillover effects of climate risk. In both the adjacency and geographic spatial models, the rho values are negative and significant, indicating a notable negative spatial spillover effect. Notably, in the geographic spatial model, the rho value is −0.690, which suggests that geographically proximate cities are more susceptible to the adverse effects of climate risk.
TABLE 9 | Spatial spillover effect analysis.
[image: Table 9]This finding further demonstrates that climate risk weakens urban economic resilience through negative spillover effects in adjacency, geographic, and economic spaces, with the spillover effect being particularly pronounced among geographically proximate cities. Therefore, Hypothesis 3 is supported.
5.6 Heterogeneous effects of climate risk on urban economic resilience
Due to differences in resource endowments, urban scale, and geographical location, there are significant disparities among cities in terms of both climate risks and economic resilience. This paper further explores the variations in the aforementioned effects. By further exploring these disparities, we can gain a more comprehensive understanding of the vulnerabilities and adaptive capacities of different cities in responding to climate change, thereby providing theoretical support for the formulation of more precise policies and the implementation of corresponding climate adaptation strategies.
5.6.1 Geographical Location
Cities are divided into three groups—eastern, central, and western—based on their geographical location. The analysis results are presented in Columns (1), (2), and (3) of Table 10. The study reveals that the negative impact of climate risks on economic resilience is significantly greater in eastern cities compared to those in central and western regions. A possible reason is that eastern cities have higher levels of economic development and greater dependence on external markets, making them more vulnerable to climate risks. Due to their advanced economic structures and open market environments, eastern regions are more susceptible to disruptions caused by climate events, which substantially weaken their recovery and adaptive capacities.
TABLE 10 | Regional heterogeneity-1.
[image: Table 10]5.6.2 Urban Hierarchy
Cities are categorized into central and non-central cities based on their importance [47]. Central cities typically refer to those with significant economic status at the regional or national level, such as cities located in economic core areas. These cities possess stronger economic agglomeration effects and policy resources. Non-central cities, on the other hand, have relatively fewer economic activities and resources within their regions. The classification is based on the cities’ administrative and functional roles, with central cities playing a more dominant role in regional or national economic development, while non-central cities are more localized in their influence.
The results are shown in Columns (4) and (5) of Table 10. The analysis indicates that the impact coefficient of climate risks on economic resilience in central cities is five times that in non-central cities. Although central cities exhibit stronger recovery capacities, their highly developed economic systems make them more fragile when exposed to climate risks. In contrast, non-central cities, due to their relatively lower levels of economic activity and resource concentration, experience smaller disruptions to their economic resilience systems when facing climate risks.
5.6.3 Administrative Hierarchy of Cities
Cities are classified into provincial capital cities and non-provincial capital cities. The results of the analysis are shown in columns (1) and (2) of Table 11. The negative impact of climate risk is significantly higher for provincial capital cities compared to non-provincial capital cities. Specifically, the climate risk coefficient for provincial capital cities is −1.857, while the coefficient for non-provincial capital cities is −0.728. As regional political, economic, and cultural centers, provincial capital cities experience high resource concentration and dense economic activities, which places them under greater pressure when responding to climate risks. Additionally, these cities bear more responsibilities for policy implementation and infrastructure maintenance, making them more vulnerable to climate shocks. In contrast, non-provincial capital cities have relatively smaller economic scales and fewer policy resources. While they are also affected by climate risks, their resilience systems experience comparatively limited disruption.
TABLE 11 | Regional heterogeneity - 2.
[image: Table 11]5.6.4 Resource Endowment Conditions
According to the National Plan for Sustainable Development of Resource-Based Cities (2013–2020), cities are divided into resource-based and non-resource-based cities. The results are shown in columns (3) and (4) of Table 11. The impact of climate risk differs significantly between resource-based and non-resource-based cities. Non-Resource-based cities may face deficiencies in infrastructure related to climate adaptation and disaster resilience, rendering them more vulnerable to climate risks. For example, excessive exploitation of water resources can lead to insufficient water supply during droughts, thereby affecting both production and daily life. The economic activities of resource-based cities are often directly tied to resource extraction, which entails a higher risk of environmental degradation, making the adverse effects of climate risks particularly pronounced. Furthermore, these cities face challenges such as population aging and shortages of healthcare and educational resources, which exacerbate the impact of climate risks on economic activities and social stability, further weakening their economic resilience.
In summary, the impact of climate risk on urban economic resilience varies significantly based on geographical location, urban hierarchy, administrative level, and resource endowment conditions. These findings suggest that when formulating policies to address climate risks, differentiated strategies should be implemented based on city-specific characteristics. Particular attention should be paid to the vulnerabilities of eastern regions, central cities, provincial capital cities, and resource-based cities to enhance inter-city economic resilience and overall risk resistance capacity.
6 DISCUSSION
Previous literature has largely focused on the internal factors of economic systems that affect economic resilience, with limited attention paid to the influence of external factors on urban economic resilience, particularly climate risks. This paper, through data collection (Chinese city panel data from 2009–2022) and the application of appropriate empirical analysis methods, tests the hypotheses presented earlier and confirms the reasonableness of the conclusions drawn in the previous literature. In comparison to other related studies, this paper holds significant practical relevance, as with the continuous increase in human activity, especially the expansion of economic activity, environmental sustainability is under profound pressure, and climate issues have become increasingly prominent [24]. Furthermore, the detrimental effect of climate risk on urban economic resilience has emerged as an important issue in contemporary academic discussions. The study’s findings suggest that climate risk significantly suppresses urban economic resilience, and this conclusion remains robust across various tests.
On the other hand, this paper adopts more advanced empirical analysis methods, making certain improvements in the construction of the economic resilience evaluation system and the comprehensiveness of the analytical methods, providing conclusions that are timely. The study finds that climate risk weakens urban economic resilience through various mechanisms, consistent with Butsch et al. and Tran and Uzmanoglu [29, 33]. The research highlights that climate risk undermines infrastructure, leads to population loss, and causes financial system fragility, thereby impacting urban economic resilience. Additionally, climate risk has a significant negative impact on urban economic resilience across neighboring, geographical, and economic dimensions, suggesting that its effects are not confined to the affected cities but spread to surrounding areas through economic networks and supply chains. This finding is also consistent with Nyarko’s research on supply chain disruptions and resource competition [34]. Given the different factor endowments across regions, the impact of climate risk on urban economic resilience also varies significantly.
7 CONCLUSIONS AND POLICY IMPLICATIONS
7.1 Conclusions
In the context of intensifying global climate risks and growing attention on urban economic resilience, this paper examines the impact of climate risk on the economic resilience of Chinese cities and its underlying mechanisms. Using panel data from Chinese cities between 2009 and 2022, the paper constructs an index system for urban economic resilience and assesses the level of climate risk in each city. Through empirical analysis, the study explores both the direct impact of climate risk on urban economic resilience and its indirect effects mediated by factors such as urban population size and financial stability. In addition, the spatial spillover effects of climate risk are analyzed, revealing the varying impacts across different regions and city types. The results show that climate risk significantly weakens urban economic resilience, a conclusion that remains robust after conducting various robustness checks. Furthermore, climate risk exacerbates this impact by influencing urban population size and financial stability. The effect of climate risk varies by region and city type: compared to the central and western regions, non-central cities, and resource-based cities, the eastern region, central cities, and non-resource-based cities are less affected by climate risk. Finally, the study identifies clear spatial spillover effects, where climate risk impacts do not remain confined to individual cities but spread to surrounding cities or regions through economic connections, supply chains, and market fluctuations.
7.2 Limitations and future research directions
Although this study strives to ensure the reliability of the results, there are still some limitations. First, while multiple control variables, regression models, and spatial Durbin models have been used to mitigate the impact of endogeneity, it is not possible to completely rule out the potential correlation between explanatory variables and error terms. This endogeneity may arise from bidirectional causality, omitted variables, or measurement errors, such as the possibility that urban economic resilience may, in turn, influence its capacity to withstand climate risks. Furthermore, the exclusion of key variables such as government policy, economic crises, natural disasters and public health emergencies may lead to bias in the estimates of climate risk effects, impacting the accuracy of the conclusions. Future research could further alleviate these issues by incorporating instrumental variables or quasi-natural experiments and including the integration of longer time series and social events in the analysis. Second, given that this study primarily focuses on Chinese cities, China’s unique political system may influence the relationship between climate risk and economic resilience. The differences in regional policies may affect resource allocation and implementation strength, thereby impacting the enhancement of urban economic resilience. For example, the eastern region emphasizes high-quality development and ecological protection, while the central and western regions focus on economic growth and infrastructure development. Third, the public opinion to climate risks is an important driving force for governments to take measures to address climate change and economic resilience. In future research, we will further consider the impact of public opinion. Cross-national comparisons, studies on behavior and attitudes, as well as research on social movements and policy change, will help us gain a more comprehensive understanding of and effectively utilize public opinion as an important force to better address the global climate change challenge.
7.3 Policy implications
This study contributes to the theoretical understanding of urban economic resilience by emphasizing the complex and multifaceted impacts of climate risks on cities. Based on the above conclusions and discussions, this paper provides several insights for policymakers:
7.3.1 Increase investment in climate-adaptive infrastructure to enhance the city’s ability to respond to climate risks
To address the challenges posed by climate change, the government should prioritize investments in infrastructure that can mitigate extreme weather events, such as flood control, drought prevention, and drainage systems. In addition, projects like smart transportation and green buildings should be promoted to improve the sustainability of urban infrastructure. For non-central cities and resource-based cities, it is crucial to prioritize the construction of disaster-resistant infrastructure to ensure the cities can recover swiftly when climate-related events occur. Furthermore, the use of clean and renewable energy should be encouraged to reduce dependence on fossil fuels and improve the long-term sustainability of cities.
7.3.2 Promote the diversification of urban economic structures to enhance urban economic resilience
Climate risks have a more pronounced impact on cities with a single economic structure. Policies should encourage cities in the central and western regions, as well as resource-based cities, to adjust their industrial structures and drive technological innovation. The government should support the development of green industries, low-carbon technologies, and renewable energy through tax incentives, financial subsidies, and other measures. Furthermore, innovation by high-tech companies should be encouraged to steer the industrial structure towards low-carbon and environmentally friendly directions. Additionally, it is essential to strengthen urban development in the fields of digital economy and green buildings to improve the overall economic resilience of cities, thereby maintaining competitiveness in the context of climate change.
7.3.3 Establish cross-regional cooperation mechanisms to enhance the synergistic effect of climate risk management
Due to the spatial spillover effect of climate risks, cities should strengthen regional coordination and establish cross-regional climate risk management mechanisms. Developed regions in the east can leverage their economic and technological advantages to assist cities in the central and western regions, as well as non-central cities, in enhancing their climate adaptation capabilities, thereby forming a collaborative regional network for responding to climate change. Additionally, cross-regional climate emergency response and resource-sharing platforms should be established to facilitate the sharing of climate risk information and the collaborative execution of emergency plans.
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LTD ‘The number of extreme low-temperature days
HID “The number of extreme high-temperature days
Climate risk index (CRI)
ERD “The number of extreme rainfall days
EDD ‘The number of extreme drought days

Notes: Following the method of Guo et al. [38), we constructed an indicator system for urban climate risk.






OPS/images/inline_9.gif





OPS/images/math_qu2.gif
CREe=Yo + 1 UERE, + yControls, + 4+, + &, @
Mes =g, + @ UERL, +¢ Controls, + A, + . +&,





OPS/images/math_qu1.gif
R, = 3w, Sub - Indicator,





OPS/images/inline_7.gif
UEKI,

[





OPS/images/inline_6.gif





