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Abstract

:

Recognizing regional economic resilience and its influencing factors under different shocks is necessary to promote stable regional economic development. The article analyzes the regional economic resilience of 31 Chinese provinces under three kinds of shocks, namely, financial crisis, economic downturn, and COVID-19, in terms of the resistance of regional economies to shocks, and examines spatial distribution and main influencing factors. The results of the study found that: (1) The characteristics of regional economic resilience under different shocks are different. During the financial crisis, the strong resilient provinces are distributed in the central and western and northern regions; during the economic downturn, the strong resilient provinces are mainly distributed in the western and central regions; during COVID-19, the strong resilient provinces are mainly distributed in the western and eastern coastal regions. The economic resilience of each province shows significant “high-high” and “low-low” spatial clustering characteristics during the economic downturn and the COVID-19. (2) The main influencing factors of economic resilience in different shocks are different. In the financial crisis, the magnitude of the contribution of the influencing factor is leading industry (0.283) > related diversity (0.197) > foreign trade dependence (0.190); during the economic downturn, the magnitude of the contribution of the influencing factor is population density (0.464) > leading industry (0.427) > related diversity (0.285); the magnitude of the contribution of the impact factor during the COVID-19 was related diversity (0.282) > unrelated diversity (0.274) > leading industry (0.272). (3) In the interaction of impact factors, the strongest explanatory power is found in related diversity, unrelated diversity, and leading industries, which represent the industrial structure. Therefore, there is a need to adjust the industrial structure and improve the regional economic resilience from the shock itself.
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1. Introduction


Since the new century, China’s economy has developed steadily and maintained steady growth. While the economy is developing steadily, it is also facing various shocks such as financial crisis, natural disasters, economic downturn, changing international situation and unexpected public events, etc. These shocks have caused serious negative impacts on regional economic development in various provinces in China, and the magnitude of their impacts varies. Against this background, regional economic resilience, which measures the quality of regional economic development, has come into being. Studies have focused on the economic resilience under the same kind of shocks; however, does the economic resilience of different regions vary under different shocks? Are the influencing factors the same? It is also worthwhile to conduct an in-depth study.



Toughness (resilience) was first applied to the physical discipline to indicate the ability of a system or an individual to recover from a shock or perturbation. The definition of resilience varies from one research area to another. Early studies of “engineering resilience” focused on the stability of a system, mainly as a system approaching equilibrium or steady state [1], while “ecological resilience” refers to the ability of a system to move from one possible steady-state path to another without changing its structure, function, or properties [2,3]. There is also evolutionary resilience, which emphasizes the balance between adaptive states and adaptive capacity through the restructuring of the economy, which is essentially adaptive [4]. As the field of research expands and the depth of research deepens, the concept of resilience slowly penetrates into the economic field. Some regions are able to recover quickly to their original development trends under the impact of economic crisis, while some regions even generate new development paths that exceed their original development trends, and some others decline as a result. Different regions differ in their ability to withstand shocks and their ability to recover, adapt, and innovate after shocks, and this difference is regional economic resilience [5]. Purwandari considers a city to be economically resilient when it does not fall into adverse conditions when faced with a major economic shock [6]. Hu et al. explored the relationship between maintaining the original economic growth path and exploring new economic growth paths after a shock to the economic system and the different impacts caused by their evolution, arguing that regional resilience refers to the complementary, symbiotic, and locally grounded relationship between adaptation and resilience [7]. In this view, the definition of regional economic resilience differs by perspective.



There are two main approaches to measure regional economic resilience: the indicator system approach and the construction of a regional economic resilience index. The indicator system method is to construct a regional economic resilience assessment system and synthesize a regional economic resilience index to measure the economic resilience of different regions. Cutter et al. [8] in 2008 developed a resilience assessment indicator system from six dimensions: social, economic, institutional, infrastructure, ecological, and community. In 2014, Cutter further proposed a baseline indicator of community resilience (BRIC), using public data from government or research institutions to measure the resilience of different regions in the United States in six dimensions: social, economic, community, organizational, infrastructure, and environmental [9]. Huang et al. [10] drew on the resilience baseline model proposed by Cutter and combined it with the actual situation in China to construct a provincial level covering five dimensions: economic resilience, social resilience, environmental resilience, infrastructure resilience, and organizational resilience. Artiom et al. [11] proposed an innovative approach to measure economic resilience at the sectoral level, analyzing the resilience of the Lithuanian agricultural sector by constructing a system of indicators for affordable food products, farm viability, employment, and income. Sharma et al. [12]. constructed a resilience-based framework to outline four salient factors of resilience in the tourism sector: government response, technological innovation, local belonging, and consumer and employee confidence. The construction of a regional economic resilience index reflects is expressed by choosing the change in a core variable in the face of a shock perturbation [13]; Martin in his 2012 study uses a sensitivity indicator to measure the regional economic resilience of the UK based on the change in employment during the economic crisis [5], and Martin in his 2019 study calculates the economic resilience of the UK based on the change in the value added of output between the contractionary period and the resilience and recovery resilience during the expansionary period [14]. Giannakis et al. [15] use input–output models with deviation–share analysis to explore the economic resilience of the Greek region in response to the crisis. Fingleton et al. [16] use employment rate as a measure of resilience to study the resistance and correlation of economic resilience under employment shocks.



In studies of the factors influencing regional economic resilience, industrial structure is considered the most important determinant of regional economic resilience [4]. Frenken [17] classifies industrial structure diversity into related diversity and unrelated diversity, when multiple industries with strong economic and technological ties are clustered in space, and when multiple industries with no obvious economic and technological ties are clustered and distributed in space. He argues that related diversity can increase regional employment and economic growth through Jacobs’ externality, and unrelated diversity can stabilize regional economic development by suppressing the growth of unemployment under shocks through the portfolio effect. The emergence of this study provides new ideas on the impact of industrial diversity on regional economic resilience. Aarstad [18] argues that unrelated diversity is a negative driver of firm productivity, with no significant effect on increasing innovation, but unrelated diversity can support rare breakthrough innovations, while related diversity has no such effect [19]. In a study of industrial specialization and regional economic resilience Mratini argues that industrial specialization within a region has no direct relationship to economic resilience [20], while service sector specialization negatively affects regional economic resilience [21].



As research progresses, more and more scholars are adding “soft variables” such as responsive society, policy, culture, and innovation networks to the list of factors influencing economic resilience. Pendall and Hauser [22,23] argue that the potential vulnerability of individuals or households, unstable urban residential housing living environments, and cognitive coherence in social networks are closely related to regional economic resilience. Whitley, Swanstorm, et al. argue that the impact of government intervention on economic resilience is twofold; overly entrenched institutions can impede economic transformation and industrial restructuring, and a strong government can have a largely positive effect in coping with shocks and promoting industrial upgrading [24,25]. The choices of local actors such as governments and universities are critical to regional resilience [26]. Magro explores the association between industrial and innovation policies and the resistance and resilience of regional economic resilience [27], and Žičkienè examines the impact of direct payment policies on the economic resilience of the agricultural sector [28]. For cultural factors, an open and diverse socio-cultural atmosphere is conducive to resilience to economic shocks [29,30]. Rosca argues that innovations in urban governance can contribute to economic resilience [31], and Shutters explores the economic resilience of different structures by creating an urban economic network using interdependent industrial sectors and comparing structural changes in that network with economic changes [32].



Most of the existing literature is mainly theoretical and focuses on the measurement of regional economic resilience and the influencing factors under the global financial crisis shock in 2008–2009 [33], and the research on the economic resilience of different regions under different shocks is relatively scarce. In this paper, by studying the economic resistance capacity as regional economic resilience under three different shocks faced by China’s economic development, we aim to find that 31 Chinese provinces show spatial differences in economic resilience in response to different shocks, and mainly analyze the factors influencing regional economic resilience, clarify the influence mechanism of regional economic resilience, and provide a reference basis for the development of regional economic resilience.




2. Research Methodology and Data Sources


2.1. Research Methodology


2.1.1. Measurement of Economic Resilience


The core indicator method was used. Drawing on Martin with the measurement of economic resilience [5,14], the sensitivity index is used to measure the regional economic resilience and study the difference between the economic resistance of provinces and the national economic resistance. GDP, as one of the important indicators in the economic accounting system, can visually reflect the trend of economic changes, so this paper uses GDP to calculate regional economic resilience. The formula for calculating the regional economic resilience resistance is as follows:


  R e  s t p  =    (   E t p  −  E  t − k  p   )  /  (   E  t − k  p   )  −  (   E t C  −  E  t − k  C   )  /  E  t − k  C     |   (   E t C  −  E  t − k  C   )  /  E  t − k  C   |     



(1)




where:   R e  s t p    is the economic resilience of the pth research object in year t;    E t p   ,   E  t − k  p    are the GDP increase values of the research object p (province) at time t and t − k;    E t C   ,   E  t − k  C    are the GDP increase values of the region (country) where the research object is located at time t, t − k.



When   R e  s t C    > 0, it means that the resistance ability of the study object p in the face of shocks is greater than the average level of the study region C, i.e., the economic resilience of object p is stronger; when   R e  s t p    < 0, it means that the resistance ability of the study object p in the face of shocks is less than the average level of the study region C, i.e., the economic resilience of object p is weaker.




2.1.2. Spatial Correlation Measurement of Economic Resilience


In order to better grasp the spatial correlation characteristics of regional economic resilience of Chinese provinces, it can be explored through exploratory spatial data analysis (ESDA), which can be divided into global spatial autocorrelation analysis and spatial local autocorrelation analysis, and the global Moran index is used to measure the overall trend of spatial correlation of economic resilience in the whole study area. The calculation formula is as follows [34,35].


  M o r a  n ′  I =    ∑  i = 1  n   ∑  j = 1  n  W i j  (  D i −  D ¯   )   (  D j −  D ¯   )     S 2   ∑  i = 1  n   ∑  j = 1  n  W i j        



(2)




where n is the number of provinces studied;   D i   and   D j   are the economic resilience of provinces i and j, respectively; Wij is the spatial weight matrix (1 for spatial adjacency and 0 for non-adjacency);    S 2    represents the variance of economic resilience; and   D ¯   represents the mean of economic resilience.



The local Moran index, as a complement to the global Moran index, is used to measure the local spatial autocorrelation characteristics of the provinces in the study area. The calculation formula is as follows:


  M o r a  n ′  I =    (  D i −  D ¯   )     S 2     ∑  j = 1  n  W i j  (  D j −  D ¯   )   



(3)







At a given significance level,   M o r a  n ′  I   > 0 indicates a positive spatial correlation between neighboring provinces, i.e., the strength of economic resilience is more similar between neighboring provinces; if   M o r a  n ′  I   < 0, it indicates a negative correlation between neighboring provinces, i.e., the strength of economic resilience differs between neighboring provinces.




2.1.3. Analysis Method of Influence Factors


Geodetector is a statistical method to detect spatial heterogeneity as well as to reveal its influencing factors. The core idea is that if the independent variable can have an important influencing effect on the dependent variable, then there is a similar spatial distribution between the independent variable and the dependent variable [36,37], and it can detect the spatial divergence and influence factors by avoiding the limitations in the traditional mathematical models. Its divergence and factor detection can detect the spatial divergence of the explanatory variable Y, as well as detect how much a factor, i.e., the explanatory variable X, explains the spatial divergence of the explanatory variable Y. In this paper, the factor detection and interaction in the Geodetector model are used to identify the influencing factors of economic resilience under different shocks. The calculation formula is as follows:


  q = 1 −  1  N  σ 2     ∑  h = 1  L   N h   σ h 2   



(4)




where: q is the influence factor explanatory capacity detection value, h = 1, 2..., L is the number of classifications;    N h    and N are the number of cells contained in the detection element and the number of cells in the whole region, respectively;    σ h 2    and    σ 2    denote the variance of layer h and the whole region; q takes values in the range of [0, 1] and the larger q indicates the better explanatory ability of the influence factor on regional economic resilience.





2.2. Data Sources


This paper is based on 31 provinces in China, and due to the availability of data, this study does not include data from Hong Kong, Macao, and Taiwan. The study period is three time periods in 2007–2020, namely, for 2007–2009, 2011–2013, and 2018–2020. The data are mainly obtained from the China Statistical Yearbook 2007–2020 and the statistical yearbooks of provinces and cities. The following data are used to measure regional economic resilience and the factors influencing it:




	(a)

	
Gross Domestic Product. A total of 288 observations, including 31 provinces as well as the national GDP, are brought into Equation (1) to calculate regional economic resilience.




	(b)

	
Impact factor data. Related diversity and unrelated diversity are calculated based on Equations (6) and (8), with a total of 5301 observations, including the number of urban units employed at the end of the year in 19 industries in 31 provinces; the leading industries are calculated based on Equation (9), with a total of 2232 observations, including agriculture, forestry, animal husbandry and fishery, industry, construction, wholesale and retail trade, transportation, storage and postal service, accommodation and catering, finance, and real estate in 31 provinces.











3. Study Content and Results


3.1. Shock Division


Since the type and nature of each shock in the economic development process varies, identifying the characteristics and influencing factors of regional economic resilience under different shocks is important and missing in current research. Therefore, a classification of shock types is needed.



GDP is an important indicator of economic conditions, and the GDP growth rate is a dynamic indicator reflecting the degree of change in the level of economic development in a certain period and is also a basic indicator reflecting the dynamism of a country’s economy. Therefore, this paper adopts the peak method to divide China’s economic cycle from 2007 to 2020 with reference to GDP growth rate, so as to clarify various short-term shocks. From Figure 1, we can visually see that China’s economic development has experienced three relatively obvious short-term shocks. The first was the global financial crisis shock in 2008 (financial crisis), which hit the European and American economies hard and caused a significant decline in China’s foreign exports and economic growth. The second was the structural shock (economic downturn) in 2012, when China’s economic development was in urgent need of industrial transformation and economic structure optimization due to the complex international situation and the long-term path lock of domestic industrial development. Under the internal and external problems, China’s economy entered the growth rate shift period, transitioning from high-speed growth to medium-to-high-speed growth, and economic development slowed down. The third time was the social public safety shock (COVID-19), which caused China and other countries to come to a socio-economic standstill for a time and economic growth fell off a cliff due to the characteristics of the rapid outbreak and wide spread of COVID-19 [38,39,40,41]. Since the downturn economic pressure and COVID-19 are still not over, this paper selects three times cross-sections from 2007–2009, 2011–2013, and 2018–2020 to study the resistance of regional economies in the face of shocks as regional economic resilience.




3.2. Analysis of Regional Economic Resilience Characteristics


The economic resilience of 31 Chinese provinces under three shocks is calculated based on Equation (1) under the GDP dimension, and the results are shown in Figure 2.



Figure 2 shows that there are significant differences in the resistance capacity of different regions to cope with shocks under different shocks. During the financial crisis, there are 16 provinces with economic resilience greater than zero, mainly in the central and western regions as well as the northern regions; there are 15 provinces with economic resilience less than zero, mainly in the coastal regions and north China, and the economic resilience is roughly distributed in the center-periphery in space, with a strong resistance in the center and a weak resistance in the periphery. Mainly due to the financial crisis on the development of China’s economy the main challenge is the decline in foreign demand, China’s exports fell sharply, resulting in a high degree of foreign trade dependence of the provinces being hit by a larger impact. In the economic downturn, there are 20 provinces with economic resistance capacity greater than zero, mainly in the western and central regions; there are 11 provinces and cities with economic resistance capacity less than zero, mainly in the northern and coastal regions. Due to the continued impact of the financial crisis, world economic development slowed down, and China’s economy entered a period of adjustment. The economic downward pressure has increased while introducing preferential policies for economic development in the central and western regions, making the central and western regions more resilient. During COVID-19, there were 17 provinces and cities with economic resistance greater than zero, mainly in the western and southwestern regions as well as the eastern coastal regions; there were 14 provinces and cities with economic resistance less than zero, mainly in the central and northern regions. Local governments have taken corresponding control measures to control the spread of the epidemic, which has seriously affected the development of the regional economy. For provinces and cities with stronger economies and that were less affected by the epidemic, the economic resistance is stronger.



From the values in Table 1, it can be seen that the global Moran index is positive in all three shocks, and the Moran index values are larger and tested significantly at a 1% significance level in the economic downturn and COVID-19. It indicates that the economic resilience of Chinese provinces and cities shows the clustering characteristics of strong resilient provinces and cities adjacent to strong resilient provinces and cities, and weak resilient provinces and cities adjacent to weak resilient provinces and cities.



This section may be divided into subheadings. It should provide a concise and precise description of the experimental results, their interpretation, as well as the experimental conclusions that can be drawn.



Further, the local spatial characteristics of China’s regional economic resilience are visualized by drawing Moran scatter plots using Stata. As shown in Figure 3. The slope of the trend line in the Moran scatter plot reflects the degree of spatial autocorrelation of the sample to a certain extent. During the financial crisis period (a), the slope of the trend line is smaller and the scatter distribution is more dispersed, indicating that the spatial clustering characteristics of economic resilience of provinces and cities are not obvious. During the economic downturn (b), the scatter points are mainly distributed in quadrants one and three, indicating that the economic resilience of each province and city shows a positive correlation. The first quadrant, including Yunnan, Sichuan, and Chongqing, shows a “high-high” clustering, which indicates that these provinces and cities are more resilient and positively influenced by neighboring provinces and cities, and their economic resilience shows a high level of spatial clustering. The third quadrant, including Shanxi, Hebei, Henan, etc., shows a “low-low” clustering, indicating that these provinces and cities are less resilient and negatively influenced by neighboring provinces and cities, and their economic resilience shows low spatial clustering characteristics. In the COVID-19 period (c), the scattered points are mainly distributed in the first and third quadrants, with the largest distribution in the first quadrant, indicating that most provinces and cities have “high-high” clustering, and economic resilience has a high level of spatial autocorrelation.




3.3. Analysis of Regional Economic Resilience Influencing Factors


3.3.1. Selection of Influencing Factors


Regional economic resilience is determined by a variety of factors. These factors determine a region’s ability to resist, adapt, and recover [42]. There have been studies that commonly analyze economic resilience by economic development status and industrial structure [43,44,45,46]. In this paper, six variables, industry-related diversity (RV), industry-unrelated diversity (UV), leading industry (LI), foreign trade dependence (FTD), degree of innovation (DI), and population density (DP), are selected as influencing factors of regional economic resilience. Related diversity, unrelated diversity, and leading industry are derived from Equations (6), (8), and (9) (Table 2); foreign trade dependence is expressed by the value of import and export trade to total GDP; the degree of innovation is expressed by the number of patents per 10,000 people; and population density is expressed by the ratio of year-end population to the area of each province.




3.3.2. Measurement of Influencing Factors


Industrial diversity is divided into related diversity and unrelated diversity. In the measurement of related diversity and un-related diversity, 19 types of industries are used as the sub-category sectors according to the China Statistical Yearbook, and the major sectors are divided into six categories of industries, namely, primary industry, secondary industry, production industry, consumption industry, distribution industry, and social service industry according to the International Standard Industrial Classification (ISIC). Due to the availability of data this paper uses output value to measure industrial diversity.



The calculation of the related diversity index (RV) and the un-related diversity index (UV) were based on Frenken who defined them [17].



The methodology provided in the concept of diversity. It is assumed that the small category sector i belongs to the large category sector Sk, where k = 1, 2, ..., K.



The share of urban large-class sectors in all industries is Pk and the share of small-class sectors in all industries is Pi, calculated as follows:


  P k ∑ i ∈ S k P i  



(5)







The related diversity (RV) can represent the entropy index of all subcategories of sectors under the broad category;   H k   is expressed as the entropy index of subcategories of sectors within the broad category:


  R V =  ∑  k = 1  K  P k H k  



(6)






  H k = ∑ i ∈ S k  (    P i   P k    )  ln  (    P k   P i    )   



(7)







The unrelated diversity (UV) Index can be expressed as an entropy index for the broad sectoral categories:


  U V =  ∑  k = 1  K  P k l n  (   1  P k    )   



(8)







Regional leading industries need to choose industries that can give full play to their comparative advantages, and the size of the industry is an intuitive reflection of the comparative advantages of regional industries. In regional economics, location entropy is usually used to judge the scale of an industry [47]. In this paper, location entropy is used to evaluate the leading industries of provinces and cities. The locational entropy is calculated as follows:


  L  Q  c j   =    Y  p j   /  Y p     Y J  / Y    



(9)




where    Y  p j     is the output value of industry j in the study object p;    Y p    is the total output value of the study object p;    Y J    is the total output value of industry j in the study region (country); and Y is the total output value of the study region (country). The larger the   L  Q  p j    , the more obvious the comparative advantage of industry, and the more likely it is to become the leading industry.




3.3.3. Analysis of the Results of Influencing Factors


After reading literature related to the Geodetector model, it is known that the independent variable should be a type variable, and if the independent variable is a numerical, then the relevant data needs to be discretized first [48]. In this paper, related diversity, unrelated diversity, and leading industry are classified and processed by the natural interruption point grading method in ArcGIS software. Factor probes (Table 3) and interaction probes (Table 4) were conducted for each impact factor in the three shocks to investigate the explanatory power of different factors on China’s regional economic resilience.



Analyzing the impact factors of regional economic resilience under three different shocks reveals that the explanatory power of leading industries on regional economic resilience is higher during the financial crisis. This is due to the fact that the financial crisis mainly affects the financial industry, export-oriented industries, and real estate industry, and has less impact on basic industries such as accommodation and catering, agriculture, forestry, and fishery. During the economic downturn, the leading industries and population density have stronger explanatory power for regional economic resilience. Due to the long period of the financial crisis and the strong after-effects, as well as China’s “four trillion” stimulus plan, which vigorously promotes the development of the infrastructure industry, the provinces with the construction industry as the leading industry have strong economic resilience. Related diversity, unrelated diversity, and leading industries are strong determinants of economic resilience during COVID-19. Related diversity and unrelated diversity represent the degree of concentration of industries with strong economic and technological ties in the region. Related diversity can accelerate recovery from industry-specific shocks because technological linkages between industries can enable laborers who lost their jobs in shocks to find new jobs [49], and regions with related diversity are better at reabsorbing unemployment than regions with unrelated diversity [50]. Regions with diversified industries are more resistant [51,52].



Most of the current studies on the influence factors on the spatially differentiated characteristics of regional economic resilience have considered only single-factor influences, rarely involving the interactions of different factors. Interaction detection using geographic probes analyses whether every two factors in the three shocks together change the explanatory power of Y or whether the effects of these influencing factors on Y are independent of each other [37] From Table 4, every two-factor interaction shows a two-factor enhancement i.e., q(X1∩X2) > Max(q(X1),q(X2)) versus a non-linear enhancement i.e., q(X1∩X2) > q(X1) + q(X2). This indicates that the explanatory power of any two influencing factors when acting together is greater than the explanatory power of individual factors, i.e., the influence of each influencing factor on the spatial divergence of China’s regional economic resilience is not isolated. Specifically, the interaction power of related diversity and leading industry (0.771) and of unrelated diversity and leading industry (0.771) are highest during the financial crisis; the interaction power of unrelated diversity and leading industry (0.750) is highest during the economic downturn, and the interaction power of related diversity and leading industry (0.737) is highest during COVID-19. Therefore, the factors that play a strong interaction under the three shocks are related diversity, unrelated diversity, and leading industry.






4. Discussion


Through measuring the economic resilience of China’s provinces under three different shocks, namely, the financial crisis, the economic downturn, and COVID-19, as well as the main influencing factors, this paper draws the following main conclusions: (1) The economic resilience of provinces under different shocks has very large regional differences. During the financial crisis, the provinces and cities with stronger economic resilience were distributed in the central and western, and northern regions in a circular pattern, and the economic resilience is roughly distributed in the center-periphery in space, with strong resistance in the center and a weak resistance in the periphery; during the economic downturn, the provinces with stronger economic resilience were mainly distributed in the western and central regions; during COVID-19, the regions with stronger economic resilience were mainly concentrated in the northwest, southwest and coastal regions. The economic resilience of each province shows significant “high-high” and “low-low” spatial clustering characteristics during the economic downturn and COVID-19. (2) The main influencing factors on economic resilience under different shocks differed. The explanatory power of the leading industry is stronger during the financial crisis period; the explanatory power of population density and leading industry is stronger during the economic downturn; the explanatory power of related diversity, unrelated diversity, and leading industry are stronger during COVID-19. The explanatory power of the same impact factor on economic resilience also varies across shocks. For example, population density has the strongest explanatory power in the downturn period but the weakest impact during COVID-19. (3) In the interaction of the two-by-two influencing factors, related diversity, unrelated diversity, and leading industry, which represent industrial structure, have stronger explanatory power, and population density has weaker explanatory power.



Overall, it seems that the economic resilience and impact factors vary across regions depending on the nature of the shock [53]. In the study of this paper, its primary explanatory factors are related diversity, unrelated diversity, and leading industry, and secondary explanatory factors are foreign trade dependence, degree of innovation, and population density. Slaper et al. argue that the economic resilience of a region depends on the region’s industrial structure [54,55,56,57] and the ability to transform the industrial composition, and that the ability of different industries in the region to contribute to regional economic resilience varies [54]; regions with resource-based industries as the leading industries are prone to form path locking, which hinders regional economic resilience [58]. Cainelli [52] found that industrial diversity within a region significantly enhances its short-term shock resistance, but lacks help in long-term shock resilience; a diversified industrial structure disperses external disturbances and enhances the region’s ability to cope with shocks, which helps improve regional economic resilience [30,59]; and unrelated diversity faces more switching costs and risk of innovation failure in shocks, which is detrimental to regional economic resilience [4]. Martini argues that regions with higher regional economic resilience have higher levels of human capital [20]. Kuliš demonstrates that that human capital, population density, and trade openness have a positive impact on regional economic resilience [21].




5. Conclusions


The theoretical discussion and empirical analysis in this paper add to the theory and practice of regional economic resilience research. Unlike previous studies on economic resilience under a single shock (mostly financial crisis), this paper distinguishes three short-term shocks in China’s economic development process: financial crisis shock, structural crisis shock (economic downturn), and public security shock (COVID-19); investigates the differences in economic resilience under different shocks; and detects the explanatory power of economic resilience impact factors under different shocks using a geographic probe, and finds that the main impact of economic resilience The explanatory power of the factors differs under different shocks, and the explanatory power of the same impact factor on economic resilience differs in different shocks. Under the interaction, industry-related impact factors have the strongest interactive explanatory power on regional economic resilience. Therefore, improving regional economic resilience needs to start from the nature of the shock itself, and the formulation of relevant policies needs to pay due attention to the interaction impact factors and promote industrial optimization and upgrading while taking multiple measures to jointly enhance economic resilience. This paper also has certain limitations, focusing on short-term economic resilience but ignoring the “chronic burning” [60] of long-term economic resilience. In the future, the correlation and difference between short-term economic resilience and long-term economic resilience can be further studied in depth to further improve the theoretical and empirical research on regional economic resilience.
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Figure 1. Classification of economic shocks. 
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Figure 2. Spatial divergence of economic resilience. Note: The map is based on the map with the review number GS (2019) 1698 down-loaded from the standard map service website of the Ministry of Natural Resources, and the base map is unmodified. 
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Figure 3. Moran scatter plot of regional economic resilience. 
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Table 1. Results of spatial correlation test of economic resilience.






Table 1. Results of spatial correlation test of economic resilience.





	Variables
	I
	E(I)
	sd(I)
	z
	p-Value *





	Financial Crisis
	0.090
	0.033
	0.118
	1.041
	0.149



	Economic Downturn
	0.352 ***
	0.033
	0.116
	3.318
	0.000



	COVID-19
	0.353 ***
	0.033
	0.117
	3.310
	0.000







Note: ***, * indicate significant at 1%, and 10% significance levels, respectively.
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Table 2. Related diversity, unrelated diversity, and leading industries.
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Financial Crisis

	
Economic Downturn

	
COVID-19




	
Province

	
RV

	
UV

	
LI

	
RV

	
UV

	
LI

	
RV

	
UV

	
LI






	
Beijing

	
1.090

	
1.579

	
7

	
1.111

	
1.586

	
7

	
1.133

	
1.536

	
7




	
Tianjin

	
0.993

	
1.356

	
7

	
0.972

	
1.247

	
7

	
1.069

	
1.456

	
7




	
Hebei

	
1.115

	
1.291

	
5

	
1.151

	
1.257

	
5

	
1.166

	
1.297

	
4




	
Shanxi

	
1.135

	
1.270

	
5

	
1.159

	
1.244

	
5

	
1.170

	
1.274

	
4




	
Inner Mongolia

	
1.072

	
1.491

	
5

	
1.118

	
1.477

	
5

	
1.126

	
1.425

	
4




	
Liaoning

	
1.059

	
1.417

	
4

	
1.115

	
1.374

	
5

	
1.103

	
1.440

	
4




	
Jilin

	
1.112

	
1.430

	
1

	
1.125

	
1.411

	
1

	
1.141

	
1.411

	
1




	
Heilongjiang

	
0.983

	
1.510

	
1

	
1.023

	
1.546

	
1

	
1.082

	
1.553

	
1




	
Shanghai

	
0.861

	
1.431

	
7

	
0.876

	
1.391

	
7

	
0.947

	
1.550

	
7




	
Jiangsu

	
0.873

	
1.237

	
4

	
0.915

	
1.153

	
8

	
0.954

	
1.166

	
2




	
Zhejiang

	
0.905

	
1.126

	
7

	
0.943

	
1.096

	
7

	
0.972

	
1.235

	
5




	
Anhui

	
1.163

	
1.288

	
1

	
1.169

	
1.241

	
1

	
1.097

	
1.272

	
3




	
Fujian

	
0.837

	
1.128

	
5

	
0.897

	
1.057

	
3

	
0.980

	
1.219

	
3




	
Jiangxi

	
1.067

	
1.334

	
1

	
1.072

	
1.249

	
3

	
1.043

	
1.235

	
1




	
Shandong

	
1.018

	
1.172

	
5

	
1.074

	
1.157

	
4

	
1.108

	
1.260

	
5




	
Henan

	
1.152

	
1.272

	
6

	
1.146

	
1.199

	
1

	
1.147

	
1.238

	
3




	
Hubei

	
1.065

	
1.352

	
1

	
1.086

	
1.255

	
1

	
1.098

	
1.347

	
6




	
Hunan

	
1.116

	
1.299

	
1

	
1.134

	
1.254

	
1

	
1.109

	
1.292

	
1




	
Guangdong

	
0.863

	
1.312

	
8

	
0.847

	
1.244

	
8

	
0.863

	
1.319

	
8




	
Guangxi

	
1.088

	
1.388

	
1

	
1.127

	
1.343

	
1

	
1.104

	
1.303

	
1




	
Hainan

	
0.919

	
1.629

	
1

	
1.052

	
1.592

	
1

	
1.189

	
1.548

	
1




	
Chongqing

	
1.123

	
1.292

	
3

	
1.082

	
1.250

	
7

	
1.057

	
1.345

	
3




	
Sichuan

	
1.145

	
1.224

	
1

	
1.147

	
1.200

	
1

	
1.141

	
1.315

	
1




	
Guizhou

	
1.152

	
1.274

	
1

	
1.204

	
1.246

	
5

	
1.182

	
1.240

	
1




	
Yunnan

	
1.108

	
1.376

	
1

	
1.158

	
1.340

	
1

	
1.179

	
1.311

	
1




	
Tibet

	
1.044

	
1.113

	
3

	
1.010

	
1.023

	
3

	
1.017

	
1.157

	
3




	
Shaanxi

	
1.144

	
1.310

	
3

	
1.204

	
1.303

	
3

	
1.214

	
1.358

	
3




	
Gansu

	
1.128

	
1.302

	
3

	
1.174

	
1.276

	
1

	
1.198

	
1.283

	
1




	
Qinghai

	
1.155

	
1.408

	
3

	
1.180

	
1.350

	
3

	
1.175

	
1.309

	
3




	
Ningxia

	
1.163

	
1.391

	
3

	
1.199

	
1.374

	
3

	
1.200

	
1.320

	
3




	
Xinjiang

	
0.938

	
1.501

	
1

	
1.002

	
1.505

	
1

	
1.157

	
1.257

	
1








Note: The leading industries 1–7 are agriculture, forestry, animal husbandry and fishery, industry, construction, transportation and storage and postal services, wholesale and retail trade, accommodation and catering, finance, and real estate.
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Table 3. Explanatory power of regional economic resilience impact factors.
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Impact Factor

	
Financial Crisis

	
Economic Downturn

	
COVID-19






	

	

	
Related Diversity

	
0.177

	
0.285

	
0.282




	

	
Industry Structure

	
Unrelated Diversity

	
0.197

	
0.193

	
0.274




	
Leading Industry

	
0.283

	
0.427

	
0.272




	
Economic

	

	

	

	

	




	
Resilience

	

	
Foreign-trade dependence

	
0.190

	
0.234

	
0.137




	

	
Economic Base

	
Degree of Innovation

	
0.174

	
0.270

	
0.167




	
Density of Population

	
0.119

	
0.464

	
0.097
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Table 4. Regional economic resilience impact factor interactions.






Table 4. Regional economic resilience impact factor interactions.





	

	
Financial Crisis

	
Economic Downturn

	
COVID-19




	
Interaction

	
p

	
Interact Result

	
p

	
Interact Result

	
p

	
Interact Result






	
RV∩UV

	
0.573

	
Nonlinear-Enhance

	
0.705

	
Nonlinear-Enhance

	
0.668

	
Nonlinear-Enhance




	
RV∩LI

	
0.771

	
Nonlinear-Enhance

	
0.716

	
Bi-Enhance

	
0.737

	
Nonlinear-Enhance




	
RV∩FTD

	
0.531

	
Nonlinear-Enhance

	
0.607

	
Nonlinear-Enhance

	
0.534

	
Nonlinear-Enhance




	
RV∩DI

	
0.719

	
Nonlinear-Enhance

	
0.698

	
Nonlinear-Enhance

	
0.622

	
Nonlinear-Enhance




	
RV∩DP

	
0.427

	
Nonlinear-Enhance

	
0.643

	
Bi-Enhance

	
0.477

	
Nonlinear-Enhance




	
UV∩LI

	
0.771

	
Nonlinear-Enhance

	
0.750

	
Nonlinear-Enhance

	
0.590

	
Bi-Enhance




	
UV∩FTD

	
0.517

	
Nonlinear-Enhance

	
0.727

	
Nonlinear-Enhance

	
0.458

	
Bi-Enhance




	
UV∩DI

	
0.521

	
Nonlinear-Enhance

	
0.677

	
Nonlinear-Enhance

	
0.502

	
Nonlinear-Enhance




	
UV∩DP

	
0.527

	
Nonlinear-Enhance

	
0.705

	
Nonlinear-Enhance

	
0.458

	
Nonlinear-Enhance




	
LI∩FTD

	
0.521

	
Bi-Enhance

	
0.625

	
Bi-Enhance

	
0.580

	
Nonlinear-Enhance




	
LI∩DI

	
0.519

	
Nonlinear-Enhance

	
0.610

	
Bi-Enhance

	
0.643

	
Nonlinear-Enhance




	
LI∩DP

	
0.612

	
Nonlinear-Enhance

	
0.682

	
Bi-Enhance

	
0.405

	
Bi-Enhance




	
FTD∩DI

	
0.405

	
Bi-Enhance

	
0.521

	
Bi-Enhance

	
0.355

	
Bi-Enhance




	
FTD∩DP

	
0.407

	
Nonlinear-Enhance

	
0.584

	
Bi-Enhance

	
0.370

	
Nonlinear-Enhance




	
DI∩DP

	
0.417

	
Nonlinear-Enhance

	
0.608

	
Bi-Enhance

	
0.500

	
Nonlinear-Enhance
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