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This study utilizes a panel dataset covering 262 Chinese cities from 2012 to 2019 and employs spatial econometric convergence test models to investigate the impact of public environmental awareness on spatial convergence of urban economic resilience. Empirical results reveal a significant spatial convergence pattern in urban economic resilience, but environmental awareness hampers this convergence. Through a mediation analysis, we find that the role of environmental awareness in the spatial convergence of urban economic resilience is moderated by two critical factors: foreign investment and scientific expenditure. The development of foreign investment and an increase in the scale of scientific expenditure weaken the inhibitory effect of environmental awareness on the spatial convergence of urban economic resilience.
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1 INTRODUCTION
Over the past decades, the process of urban economic prosperity has encountered risks at various geographic scales (Giannakis and Bruggeman, 2017). Major risk events, exemplified by financial crises and the COVID-19 pandemic, have made people realize the significant value of urban risk resilience and post-crisis recovery capacity within the functioning of the social system (Hill et al., 2008; Hu et al., 2022). Strengthening urban economic resilience has become a fundamental pursuit in modern economic development. However, cities, as micro units within the macro framework of economic development, exhibit spatial interconnections. Urban economic resilience inevitably possesses spatial spillover effects due to these geographical linkages (Jiang et al., 2022; Ren et al., 2023a). Understanding the vulnerability changes and the adaptive capabilities during crises of the economic systems from the spatial dynamic perspective of urban economic resilience is foundational in enhancing overall economic system resilience from the micro to macro level.
An inevitable topic in reshaping urban resilience frameworks and self-recovery structures is the inherent contradiction between the stability of urban economies and environmental sustainability. It is well-known that the development of modern urban economies, which has historically been based on resource consumption and environmental sacrifice, has brought fleeting prosperity on the world economic stage, followed by significant costs in terms of ecological destruction and climate change (Duan et al., 2023). This has led to a sharp increase in environmental awareness among the public. Consequently, current economic development faces the dual challenge of injecting resilient external forces into the economic system while meeting the public’s calls for environmental protection. Public environmental awareness has undoubtedly become a potential factor affecting urban economic resilience. Given the dynamic spatial correlations inherent in economic resilience (Jiang et al., 2022), studying the role of environmental awareness in the spatial evolution of urban economic resilience from the perspective of spatial convergence or divergence is of significant importance in finding a balance between the environment and urban economic development.
Since the concept of economic resilience entered the public consciousness, driven by a sense of urgency, it has become a widely discussed topic in academia. Previous research, when dissecting regional economic resilience, has delved into the specific meaning of economic resilience. For example, Martin and Sunley (2015) proposes that economic resilience should encompass not only the concepts of vulnerability and sensitivity but also adaptability to new development pathways following shocks. Bristow and Healy (2014); Hu and Yang (2019) points out that resilience is an economic behavior, and in this dynamic process, human agency plays a decisive role. On the other hand, specific factors influencing economic resilience have also been thoroughly explored. Notably, the pivotal role of industrial structure in enhancing economic resilience (Brown and Greenbaum, 2017), the stimulation of a demographic dividend on economic resilience (Jiang et al., 2022), and the constraints on the improvement of economic resilience posed by government quality and institutional environment (Tan et al., 2020) are well-documented. Despite the shared understanding in academia regarding the basic framework of economic resilience and a range of related factors, the burning topic of environmental awareness has not yet been incorporated into the discussion. The exploration of its relevance to the dynamic spatial evolution of urban economic resilience is necessary and timely.
Based on this, we first collect panel data from 262 cities in China, calculate the indicator of urban economic resilience, and gather data on the frequency of environmental pollution-related keyword searches by internet users in each city using the Baidu search engine. Subsequently, we utilize convergence tests improved with three major spatial econometric models (SDM, SAR, and SEM) to fit spatial convergence models for urban economic resilience, including absolute and conditional convergence models. Next, we analyze the specific effects of environmental awareness on spatial convergence of urban economic resilience and conduct corresponding robustness tests. Finally, to explore the specific pathways through which environmental awareness influences the spatial convergence of urban economic resilience, we conduct moderation effect analysis.
Through empirical testing, we have the following research findings: 1) Urban economic resilience exhibits significant spatial convergence characteristics, meaning cities with lower resilience have a faster growth rate, leading to a tendency for different cities in adjacent regions to converge. 2) Environmental awareness hampers the spatial convergence of urban economic resilience. In simpler terms, heightened environmental awareness decelerates the pace at which neighboring cities converge regarding economic resilience. 3) Within the context of environmental awareness affecting the spatial convergence of urban economic resilience, foreign investment and scientific expenditure act as moderators. To be more precise, larger foreign capital investments or increased scientific expenditures weaken the inhibitory impact of environmental awareness on the spatial convergence of urban economic resilience.
This study makes significant academic contributions and has practical implications in three main aspects. First, previous research has primarily focused on economic infrastructure when exploring the factors affecting urban economic resilience. This study, for the first time, examines the effects of heightened public environmental awareness, aligning with the contemporary need to balance environmental and economic benefits, which represents a mainstream value. Second, this study monitors how diverse influencing factors affect the dynamic spatial evolution of urban economic resilience. This provides a policy entry point for enhancing the resilience of the entire macroeconomic system by starting from micro-geographic units. Third, this study analyzes the specific channels through which environmental awareness affects the spatial convergence of urban economic resilience. This offers a theoretical basis for building a balanced economic framework that integrates environmental protection and economic development, with a focus on foreign investment and scientific expenditure.
The remainder of this study is organized as follows: Section 2 provides a comprehensive summary and review of relevant literature. Section 3 introduces the empirical methods employed in this study and detail the selected variables. Following that, Section 4 analyzes the empirical test results. Section 5 conducts a mechanism analysis to delve deeper into the findings. Finally, Section 6 draws the conclusions based on the research and offers policy recommendations in line with the study’s outcomes.
2 LITERATURE REVIEW
2.1 Economic resilience and its influencing factors
In the field of economic geography, resilience is regarded as a non-equilibrium dynamic process involving multiple actors (Martin, 2012; Bristow and Healy, 2014). Traditionally, resilience comprises three categories: engineering resilience, ecological resilience, and adaptive resilience (Martin, 2012). Engineering resilience can be understood as the speed at which a system returns from a non-equilibrium state to an equilibrium state. Ecological resilience refers to the process of absorbing destabilizing factors after the system departs from stability and moves toward the next equilibrium state (Holling, 1973). Adaptive resilience measures the system’s ability to undergo internal restructuring and adjustments after experiencing expected risks and external shocks to minimize external damage (Martin and Sunley, 2015). Compared to the equilibrium methods used in engineering and ecological resilience, the continuous non-equilibrium dynamic adjustment process emphasized by adaptive resilience aligns better with the contemporary economic geography’s definition of resilience (Hu and Hassink, 2017; 2020). Therefore, in the context of economic geography, resilience typically encompasses four dimensions: resistance to risks, stability in the face of shocks, self-recovery after shocks, and forward innovation after recovery (Martin, 2012). Current research attempts to operationalize economic resilience using existing economic indicators, with employment, exports, GDP, and other data commonly used to construct resilience indices (Di Caro, 2015; Doran and Fingleton, 2016). While there may be multiple interpretations of economic resilience and variations in measurement methods, there is a consensus regarding the regional heterogeneity of economic resilience in geographical space (Giannakis and Bruggeman, 2017).
The differentiation in how different regions handle economic risks in terms of resistance and adaptability has led to extensive discussions about the influencing factors of economic resilience. It is important to note that regions with structural weaknesses do not necessarily exhibit lower economic resilience (Tan et al., 2020). Several key factors affecting the dynamic recovery capacity of regional economic systems have been identified, including human capital, industrial structure, government roles, and technological development (Martin et al., 2016; Tan et al., 2020; Hu et al., 2022; Ren et al., 2023b). Diversification in industrial structure, as opposed to a singular structure, reduces development resistance, disperses external adverse shocks, and acts as a “buffer” (Angulo et al., 2018; Cainelli et al., 2019). The “talent pool” effect created by population concentration provides support in terms of human capital for regional economic development. It accelerates economic structural adjustments and upgrades, enhancing the resilience of regional economic systems (Jiang et al., 2022). Furthermore, the supplementary support provided by national institutions in the aftermath of a crisis accelerates the recovery process after internal equilibrium is disrupted, serving as a significant factor in enhancing economic resilience (Ezcurra Orayen and Ríos Ibáñez, 2019). Given the non-uniform distribution of different influencing factors in geographic space, the rationale for different regional economic systems to exhibit varying features of dynamic adaptability and adjustment capabilities during crises becomes evident.
2.2 Environment and economic resilience
The relationship between the environment and the economy is a dialectical contradiction. The recovery of an impacted economic system relies on favorable environmental conditions, while economic recovery, to some extent, increases the pressure on environmental governance by sacrificing the environment. The interdependence and mutual opposition between the environment and the economy make finding a balance between the two an enduring topic in academia. Gasper et al. (2011); Ren et al. (2023c) emphasize that deteriorating environmental conditions and climate crises are key obstacles to urban economic development and represent the primary challenges facing urban economic development today. Building on this, Dodman et al. (2013) underscore the need to integrate environmental management into urban planning, creating a mutually reinforcing relationship between urban economic development and environmental regulation. Guan et al. (2011) conduct systematic modeling and dynamic assessments of urban environments, economies, and resources, highlighting that maintaining a healthy environment is the foundation for sustainable urban economic development. The symbiotic relationship between urban environments and economic development makes the environment a fundamental element affecting urban economic resilience. As pointed out by Briguglio et al. (2006), the environment is not only a significant component of vulnerability but also contributes to the recovery of the economy after experiencing shocks. Therefore, there exists a certain causality between the environment and urban economic resilience.
2.3 Literature gaps
Previous research has defined the concept of economic resilience in multidimensional ways and attempted to uncover the influencing factors within economic structures. However, environmental issues outside the realm of economic topics have seldom been connected to urban economic resilience. Furthermore, as economic resilience is a dynamic process, it possesses not only temporal dynamics but also spatial dynamics. Previous studies have rarely delved into how economic resilience evolves in geographic space. Therefore, this study incorporates environmental awareness as an emerging element into the framework of factors affecting urban economic resilience and explores its specific impact on the spatial convergence process of urban economic resilience, thus addressing a gap in previous research.
3 EMPIRICAL METHODS AND DATA
This section presents the econometric models used in this study to measure the spatial correlation of urban economic resilience and conduct spatial convergence tests. It also provides information on the basis for selecting variables, data sources, and a basic analysis of each variable.
3.1 Empirical models
3.1.1 Moran’s index
Given that Moran’s Index has been found to be particularly suitable for measuring spatial correlation in economic indicators (Wang et al., 2023), we employ this method to test whether urban economic resilience exhibits spatial correlation. The calculation method for Moran’s Index is as follows:
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In Eq. 1, [image: image] represents the calculated value of economic resilience for city i, [image: image] is the mean value of economic resilience for the sample cities, [image: image] is the variance of economic resilience for the sample cities, and [image: image] is the spatial weight matrix. The Moran’s Index ranges from −1 to 1. When it is positive (negative), it indicates that the tested variable has positive (negative) spatial autocorrelation. The larger the absolute value of the Moran’s Index, the stronger the spatial correlation of the tested variable.
3.1.2 Spatial σ convergence test
According to the research of Rey and Dev (2006), in order to overcome the limitation of traditional σ convergence tests, which do not consider spatial effects, constructing a spatial σ convergence index by extracting the standard deviation from the Spatial Lag Model (SEM) can better reflect the dynamic changes in the disparities of economic indicators among all individuals. The basic form of SEM is as follows:
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In the Eqs 2, 3, λ represents the spatial error coefficient, W is the spatial weight matrix, I is the Moran’s Index, [image: image] is the economic resilience of city i in year t, [image: image] is the mean value of economic resilience for the sample cities in year t, and [image: image] is the overall convergence test index. The decreasing (increasing) trend of [image: image] represents the trend of economic resilience disparities among cities gradually narrowing (expanding) from a national perspective.
3.1.3 Spatial β convergence test
Compared to traditional β convergence tests, spatial β convergence models take into account the spatial error effects and spatial lag effects resulting from the mutual influence between different micro-level geographic units. This makes the results of the model testing more in line with economic reality. In order to examine whether cities with different initial levels of economic resilience have different growth rates of economic resilience, which would lead to a spatially convergent trend in economic resilience, we draw inspiration from the research of Cheng et al. (2022) and construct spatial β convergence tests based on Spatial Durbin Model (SDM), Spatial Autoregressive Model (SAR), and Spatial Error Model (SEM):
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Eqs 4–6 represent the absolute spatial β convergence tests constructed based on SDM, SAR, and SEM, while Eqs 7–9 represent the conditional spatial β convergence tests constructed based on SDM, SAR, and SEM. The conditional spatial β convergence tests are formed by introducing several control variables into the models of the absolute spatial β convergence tests, aiming to account for potential variations in the impact of different influencing factors on economic resilience across cities.
In Eqs 4–9, [image: image] represents the economic resilience of city i in year t, [image: image] represents the natural logarithm of the economic resilience growth rate of city i in year t + 1, β represents the spatial convergence coefficient, δ represents the indirect spatial convergence coefficient under the weight matrix, [image: image] represents the control variables introduced in the conditional spatial β convergence test, [image: image] and [image: image] are the coefficients of the control variables, [image: image] is the spatial weight matrix, λ and ρ respectively indicate the spatial error coefficient and spatial lag coefficient, [image: image] and [image: image] are individual and time effects, [image: image] is the random disturbance term. When β is a negative value, it indicates the presence of absolute or conditional spatial convergence in the economic resilience of cities. If [image: image] is a negative (positive) value, it signifies that variable [image: image] is promoting (inhibiting) the spatial convergence of urban economic resilience.
3.2 Data
3.2.1 Variables
3.2.1.1 Dependent variable: urban economic resilience (ER)
In accordance with the definitions and measurement methods of urban economic resilience as outlined in the studies by Faggian et al. (2018), Holl (2018), and Martin (2012), this study defines urban economic resilience as the capacity of an economic system to withstand crises and risks and its dynamic adjustment ability to adapt after facing shocks. The specific calculation method is as follows:
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In Eq. 10, [image: image] represents the GDP of city i in year t, [image: image] represents the national GDP in year t, and the subscript t-k denotes the corresponding values from k years ago. If this indicator is greater than 0, it signifies that the economic resilience of city i is stronger than the national economic resilience. Additionally, a larger numerical value for this indicator indicates a higher level of economic resilience for that city. In this study, we use k = 1, which means that the city’s economic resilience is calculated as the ratio of the natural logarithm of the GDP growth rate of city i in the t-th year to the natural logarithm of the national GDP growth rate in the t-th year. Since economic resilience itself is a logarithmically transformed value, we no longer take its logarithm when conducting spatial β convergence tests on it.
3.2.1.2 Explanatory variables
Core explanatory variable: Environmental awareness (EA). Drawing inspiration from the approach used in the study by Zhu and Wang (2022) to measure government tourism awareness, this study employs the frequency of Baidu search terms related to environmental pollution as a proxy variable for public environmental awareness. The data for this variable is sourced from the Mark Data Network macrodatas.cn.
Other control variable: Industrial structure (IS). Given the complex impact of industrial structure on regional economic resilience (Tan et al., 2020), we include the proportion of the tertiary industry’s value added to GDP as a proxy variable for industrial structure in the control variables. Data for this variable is sourced from the China City Statistical Yearbook.
Human resources (HR). Given that human resources are a key factor influencing urban economic resilience (Zhou and Qi, 2023), we incorporate the number of urban employees as a proxy variable for human resources into the control variables. Data for this variable is obtained from the China City Statistical Yearbook.
Government intervention (GI). Given that government intervention has a significant impact on urban economic resilience (Hu et al., 2022), we include government fiscal expenditure as a proxy variable for government intervention in the control variables. Data for this variable is obtained from the China City Statistical Yearbook.
Foreign investment (FI). Given the beneficial impact of foreign investment on urban economic resilience (Jiang et al., 2022), we include the number of foreign-invested enterprises as a proxy variable for foreign investment in the control variables. Data for this variable is sourced from the China City Statistical Yearbook.
Scientific expenditure (SE). Considering that scientific expenditure effectively supports urban economic resilience (Tan et al., 2017), we include the total scientific expenditure as a proxy variable for scientific expenditure in the control variables. Data for this variable is sourced from the China City Statistical Yearbook.
Considering the data incompleteness following the occurrence of the pandemic, we select panel data at the city level for China from 2012 to 2019 as our research sample. To standardize the data scales across different variables, we apply logarithmic transformations to all control variables. A summary of the selected variables for this study is provided in Table 1.
TABLE 1 | Detailed summary of each variable.
[image: Table 1]3.2.2 Initial analysis
The descriptive statistics for each variable are presented in Table 2. First, the overall mean of urban economic resilience (ER) is −0.019, indicating that Chinese cities have room for improvement in their ability to withstand economic downturns and recover in times of crisis. Second, the between-group standard deviation of environmental awareness (EA) is 0.980, significantly higher than the within-group standard deviation of 0.316, suggesting significant differences in the level of environmental pollution control awareness among Chinese cities in the process of economic development. Third, the between-group standard deviations of industrial structure (IS), human resources (HR), government intervention (GI), foreign investment (FI), and scientific expenditure (SE) are all higher than the within-group standard deviations. This indicates that Chinese cities exhibit significant regional heterogeneity in terms of their economic development patterns, resource endowment, and development processes.
TABLE 2 | Descriptive statistics for each variable.
[image: Table 2]4 EMPIRICAL ANALYSIS
This section systematically provides the outcomes of the spatial correlation analysis for urban economic resilience, the spatial σ convergence test results, absolute spatial β convergence test results, conditional spatial β convergence test results, and robustness test results.
4.1 Spatial correlation measurement
To grasp the geographic distribution of cities in China exhibiting different levels of economic resilience, we initially create spatial status maps of urban economic resilience, as illustrated in Figure 1. Figures 1A, B are generated based on data from 2012 to 2019, respectively. By comparing Figure 1A with Figure 1B, it is evident that urban economic resilience has transitioned from weak spatial correlation to strong clustering over time. As of 2019, cities with elevated economic resilience were primarily clustered in the southern regions, while cities with lower economic resilience were predominantly located in the northern regions. Looking at the color distribution, it is apparent that urban economic resilience exhibits clear spatial correlation characteristics in its geographical distribution.
[image: Figure 1]FIGURE 1 | Geospatial distribution maps of urban economic resilience in 2012 and 2019. Notes: The darker the color that covers a region, the stronger the urban economic resilience of that area.
To quantitatively measure the spatial correlation of urban economic resilience, we conduct the Moran’s I test and generate Moran scatter plots for all years within the sample period. Table 3 presents the results of the Moran’s I test, showing that the Moran’s I values for the years 2012–2019 are all significantly positive at the 1% level. This indicates that urban economic resilience exhibits significant positive spatial autocorrelation. Figure 2 illustrates the Moran scatter plots for the years 2012–2019. These plots are predominantly concentrated in the first and third quadrants, further confirming the presence of positive spatial autocorrelation in urban economic resilience. Song et al. (2022) also affirm the existence of spatial correlation when examining the spatial evolution characteristics of urban economic resilience in China.
TABLE 3 | Moran’s Index for urban economic resilience from 2012 to 2019.
[image: Table 3][image: Figure 2]FIGURE 2 | Moran’s scatter plots of urban economic resilience from 2012 to 2019. Notes: The majority of Moran’s scatter plots are distributed in the first and third quadrants, confirming the presence of positive spatial autocorrelation in urban economic resilience.
4.2 Spatial σ convergence
In order to examine the dynamic evolution of spatial disparities in urban economic resilience from a national perspective, we create a σ index graph based on the SEM standard deviation to illustrate the situation of spatial σ convergence, as shown in Figure 3. The σ index in Figure 3 fluctuates and undergoes two noticeable turning points: one in 2015 when it transitions from decreasing to increasing, and another in 2017 when it shifts from increasing to decreasing. The potential reasons behind these fluctuations can be attributed to China’s entry into the early stages of the Thirteenth Five-Year Plan after 2015, which brought about comprehensive reforms in areas such as fiscal policy, finance, and businesses. Different cities faced varying impacts due to differences in their economic foundations and resource endowments, resulting in temporary differentiation in urban economic resilience. In 2017, China experienced a significant rebound in the strength of the Chinese yuan exchange rate, alleviating capital outflows, shifting market expectations. From a fundamental perspective, China’s economic resilience demonstrated overall robustness.
[image: Figure 3]FIGURE 3 | Trends in spatial σ convergence index. Notes: The decreasing range of the σ index signifies spatial convergence of urban economic resilience at a national level.
4.3 Spatial β convergence
4.3.1 Absolute spatial β convergence
To examine whether urban economic resilience spontaneously exhibits spatial convergence driven by growth rates, we conduct the absolute spatial β convergence test. Table 4 presents the results of the LM test conducted before the β convergence test. The LM test provides significant spatial error and spatial lag effects at the 1% level, which are prerequisites for the use of spatial econometric models.
TABLE 4 | LM test results.
[image: Table 4]Table 5 reports the regression results of the absolute spatial β convergence test for urban economic resilience. As shown in Table 5, the spatial coefficients λ/ρ is significant at the 1% level for all three spatial econometric models, indicating a good fit to the data. The convergence coefficient β, which we are interested in, is −0.827 in SDM, −0.679 in SAR, and −0.822 in SEM, and all are statistically significant at the 1% level. This suggests that, without considering differences in urban endowments and development characteristics, urban economic resilience exhibits spatial convergence (Shi et al., 2022). In other words, cities with lower initial levels of economic resilience experience higher growth rates in economic resilience, resulting in spontaneous convergence across different levels of urban economic resilience in geographical space.
TABLE 5 | Results of absolute spatial β convergence test.
[image: Table 5]4.3.2 Conditional spatial β convergence
Due to the varying economic foundations and development endowments of different cities, the impact of influencing factors on urban economic resilience differs, resulting in distinct convergence paths across different geographical regions. We further consider the influence of multiple exogenous variables affecting urban economic resilience and conduct the conditional spatial β convergence test. Table 6 reports the regression results of the conditional spatial β convergence test. In Table 6, λ/ρ remains statistically significant at the 1% level for all spatial econometric models. The convergence coefficients β in SDM, SAR, and SEM are −0.881, −0.753, and −0.876, respectively, all statistically significant at the 1% level. This suggests that urban economic resilience exhibits conditional spatial convergence. In other words, even when considering the various exogenous factors affecting urban economic resilience, cities with lower economic resilience still experience relatively faster growth, leading to the convergence of urban economic resilience within a specific geographical region.
TABLE 6 | Results of conditional spatial β convergence test.
[image: Table 6]This study aims to investigate the impact of environmental awareness on the spatial convergence of urban economic resilience. In Table 6, the coefficients of environmental awareness (EA) in SDM, SAR, and SEM are 0.011, 0.011, and 0.009, respectively, and they are significant. This indicates that an increase in public environmental awareness inhibits the spatial convergence of urban economic resilience. On the one hand, the environment serves as a source of vulnerability in the process of urban economic development. Adverse environmental conditions have a disruptive and damaging impact on the development of the urban economy itself. Therefore, improving the quality of environmental management is one of the important ways to enhance urban economic resilience (Briguglio et al., 2006). The motivation to enhance economic resilience while undergoing environmental governance pressure varies spatially due to differences in the environmental conditions of different cities.
On the other hand, there is an inherent contradiction between the self-recovery of urban economies after crises and the maintenance of a healthy ecological environment. The economic downturn caused by significant public health events like the COVID-19 pandemic implies that urban economies, seeking recovery from such crises, are bound to undergo a brief period of extensive economic development (Wei et al., 2023). This rapid economic development often leads to a significant increase in public environmental concerns (Saadat et al., 2020). The public’s call for environmental responsibility creates resistance to the dynamic adjustments of urban economies, conflicting with the need for economic recovery. Therefore, this aspect of increased environmental awareness hinders the growth rate of urban economic resilience. For these reasons, the enhancement of environmental awareness undoubtedly slows down the spatial convergence of urban economic resilience.
Regarding the control variables, industrial structure (IS), the coefficients under SDM, SAR, and SEM are −0.066, −0.074, and −0.086, respectively, and they are significant. This suggests that the optimization of the industrial structure promotes the spatial convergence of urban economic resilience. First, in the process of urban economic development, the growth of the tertiary sector serves as the driving force behind demand expansion and stimulates consumption. This enables cities with well-developed tertiary sectors to have stronger recovery capabilities after economic crises (Jiang et al., 2022). Second, the service-oriented tertiary sector has strong innovation attributes. Under the influence of high technology and quality management, it equips urban economies with robust market crisis response capabilities and resilience (Hu et al., 2022). Third, the growth of the tertiary sector signifies a break from the traditional single industrial structure of urban economies. Different industries respond differently to economic crises, and diversified economic structures reflect the risk diversification principle of not putting all the eggs in one basket (Tan et al., 2020). This enhances the urban economy’s ability to resist risks. As a result, optimizing the industrial structure by emphasizing the growth of the tertiary sector hastens the enhancement of economic resilience in cities initially possessing lower economic resilience. In essence, it expedites the spatial convergence of urban economic resilience.
The coefficients for human resources (HR) under SAR and SEM is 0.026 and 0.024, respectively, and it is significant. This suggests that the improvement of human resources inhibits the spatial convergence of urban economic resilience. Considering China’s current population and labor force structure, China is currently in a demographic dividend era, with a significant portion of the population being working-age youth, and there has been substantial growth in a highly skilled workforce in recent years. The massive influx of labor into cities has accelerated the urbanization and industrialization processes (Fan, 2005), enhancing cities’ abilities to withstand risks and economic recovery. However, it's evident that China’s urban economy exhibits extreme disparities in development. Major first-tier cities attract the majority of the highly skilled labor force, while economically less developed cities have a limited capacity to absorb high-end technical talent. As a result, this has led to an uneven geographic distribution of labor resources in China (Fang et al., 2009). Therefore, the explosive growth of human resources in China has exacerbated the economic resilience disparities among different cities, which, in turn, hampers the spatial convergence of urban economic resilience.
The coefficients for government intervention (GI) under SDM, SAR, and SEM is 0.087, 0.083, and 0.069, respectively, and all of them are significant. This indicates that an increased level of government intervention hampers the spatial convergence of urban economic resilience. Government intervention in local economies is primarily carried out through fiscal means. For cities with relatively fragile economic systems, their capacity for self-recovery is limited, and the restoration of their economic structure relies mainly on government fiscal adjustments. In the long term, a prolonged dependence on government finances can lead to urban economies gradually losing their immunity to crises, resulting in reduced survival capabilities during crises (Wang and Li, 2022). As discovered by Guo and Xu (2019), government intervention has a negative impact on urban economic resilience. Therefore, the strengthening of government intervention levels accentuates the differences in economic resilience between cities with poor recovery capacity and those with strong economic recovery capabilities. In other words, increased government fiscal intervention suppresses the spatial convergence of urban economic resilience.
4.4 Robustness test
To validate the robustness of our findings regarding the inhibitory effect of environmental awareness on the spatial convergence of urban economic resilience, we perform robustness tests by replacing the original spatial weight matrix with a geographic distance matrix and an economic matrix, respectively, instead of the original squared geographic distance matrix (Lou et al., 2021; Yuan et al., 2023). The results of the robustness tests are presented in Tables 7, 8. Tables 7, 8 demonstrate that the spatial terms λ/ρ and the coefficients for β remain significant at the 1% level. Moreover, the coefficients for the core explanatory variable, environmental attention (EA), and the coefficients for other control variables do not exhibit significant changes in sign or significance when compared to the benchmark regression results. Hence, we can infer that our array of findings concerning the influence of environmental awareness and other factors on the spatial convergence of urban economic resilience is strong and reliable.
TABLE 7 | Robustness test results with economic weight matrix.
[image: Table 7]TABLE 8 | Robustness test results with geographic distance weight matrix.
[image: Table 8]5 MECHANISM ANALYSIS
5.1 The moderating effect of foreign investment
Upon verifying the inhibitory impact of environmental awareness on the spatial convergence of urban economic resilience, we proceed to examine the moderating factors that affect the relationship between environmental awareness and the spatial convergence of urban economic resilience. First, we consider the moderating effect of foreign investment (FI). With the influx of foreign capital, cities benefit from cutting-edge production technology, international market information, and advanced management experience. This enhances energy efficiency in the urban economic development process and reduces the level of environmental degradation (Luo et al., 2021). Consequently, public anxiety about environmental deterioration is alleviated, and the city’s economy can allocate resources more flexibly when responding to crises and making dynamic adjustments, without being constrained by environmental degradation. This ultimately strengthens urban economic resilience. In other words, the expansion of foreign investment acts as a reverse moderator of the inhibitory effect of environmental awareness on the spatial convergence of urban economic resilience.
Based on this, we introduce the interaction term between environmental awareness (EA) and foreign investment (FI), denoted as EA*SE, into the conditional spatial β convergence test model, and the regression results are shown in Table 9. The spatial term coefficients ρ/λ are significant in SDM, SAR, and SEM, and the coefficients of the interaction term EA*FI are significant in SDM, SAR, and SEM, with values of 0.016, 0.016, and 0.017, respectively. Consequently, we conclude that foreign investment has a moderating effect on the inhibitory impact of environmental awareness on the spatial convergence of urban economic resilience. Specifically, foreign investment hinders this inhibition Table 10.
TABLE 9 | Moderating effect of foreign investment.
[image: Table 9]TABLE 10 | Moderating effect of scientific expenditure.
[image: Table 10]5.2 The moderating effect of scientific expenditure
Additionally, we also consider the moderating effect of scientific expenditure. The scale of scientific expenditure within a city provides ample financial support for businesses to undertake technological improvements and innovation projects, thereby fully unlocking their innovation potential and stimulating advancements in green technology (Liu, 2021). This results in businesses significantly reducing pollution and excessive resource consumption during their production and operations, leading to a gradual reduction in environmental pressure on the city’s economy. Furthermore, the city’s economy can transmit more positive sentiments to society. As a result, public awareness for the environment decreases, and the city’s economic development has a better environmental foundation for risk prevention and structural repair, ultimately strengthening urban economic resilience. In other words, the increase in scientific expenditure serves as a moderating factor that counteracts the inhibitory impact of environmental awareness on the spatial convergence of urban economic resilience.
Based on this, we introduce the interaction term between environmental awareness (EA) and scientific expenditure (SE), denoted as EA*SE, into the conditional spatial β convergence test model, and the regression results are shown in Table 9. The spatial term coefficients ρ/λ are significant in SDM, SAR, and SEM, and the coefficients of the interaction term EA*SE are also significant, with values of 0.010, 0.008, and 0.010, respectively. Consequently, it can be concluded that scientific expenditure moderates the inhibitory effect of environmental awareness on the spatial convergence of urban economic resilience. Specifically, scientific expenditure hinders this inhibition.
6 CONCLUSION
Since the devastating impact of the 2008 financial crisis on the global economic systems, enhancing economic resilience has become a pivotal aspect of subsequent economic development (Hill et al., 2008). However, the recent rapid growth of urban economies has led to severe ecological and resource challenges, creating a delicate balance between the demand for environmental improvement and the need to strengthen urban economic resilience. Given the strong spatial interconnections of urban economic resilience, environmental awareness naturally has an influence on the spatial dynamics of urban economic resilience. Therefore, in an effort to find a balance between environmental benefits and economic benefits, this study examines the specific role of public environmental awareness in the spatial convergence of urban economic resilience.
Our empirical results confirm a strong spatial convergence trend in urban economic resilience, implying that the growth rates of economic resilience in neighboring cities vary due to different initial levels. Specifically, cities with lower initial resilience levels experience faster growth, leading to a convergence effect in geographical space, where cities become more similar in terms of economic resilience over time. Importantly, we find that increased public environmental awareness hinders the spatial convergence of urban economic resilience, meaning that higher levels of environmental awareness among the public slow down the convergence of urban economic resilience. Additionally, we observe that optimizing industrial structure promotes the spatial convergence of urban economic resilience, while the expansion of human resources and increased government intervention suppress the spatial convergence of urban economic resilience. Furthermore, through mechanism analysis, we confirm that while environmental awareness exerts an inhibitory effect on spatial convergence of urban economic resilience, foreign investment and scientific expenditure play significant negative moderating roles.
Our study holds significant policy implications. First, concerning the spatial convergence trend of urban economic resilience, we should focus on removing policy barriers between neighboring cities and leverage the demonstrative role of major cities. This will enable smaller cities to autonomously enhance their economic resilience driven by spatial spillover effects. Second, due to the inhibitory effect of public environmental awareness on the spatial convergence of urban economic resilience, policymakers should prioritize environmental regulations. Ecological restoration should precede economic recovery, as a healthy ecological environment nurtures stable economic recovery capability. This will help alleviate public environmental anxiety and reduce resistance to policy implementation. Third, considering the moderating effects of foreign investment and scientific expenditure, the government should leverage China’s advantages in foreign investment and allocate a higher proportion of research funding in fiscal expenditure. This will maximize the benefits of foreign investment and scientific spending in stimulating innovation among Chinese enterprises, reduce the burden of environmental governance, and expedite the enhancement of urban economic resilience.
To facilitate further exploration of the dynamic role of public environmental awareness on urban economic resilience, we also outline the limitations of our study. Given that the development opportunities and patterns of urban economies are highly influenced by their geographical locations, coastal cities and inland cities exhibit substantial differences in the spatial behavior of economic resilience. Public environmental awareness also varies due to the differing ecological conditions in the regions where cities are located. This study employes a nationwide sample of cities. In future research, it would be beneficial to conduct heterogeneous analyses to make the research findings more conducive to tailoring economic development policies to specific regional needs, taking into account the differences in environmental concerns and ecological conditions.
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the povlon;
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