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Abstract
The coordinated development of industrial agglomeration and economic resilience can 
drive regional economic advantages; this type of development has become a catalyst for 
sustainable growth and high-quality development of the economy in China. This study 
applied models, including the coupling coordination degree, spatial autocorrelation, and 
Tobit, to explore the heterogeneous characteristics of the coupling of China’s industrial 
agglomeration and regional economic resilience from 2005 to 2019. Additionally, by 
applying the perspectives of economic and geographic location, indicators were selected 
to analyze the associated influencing factors, including industrial externalities, new eco-
nomic geographies, economic policy factors, and other aspects. We found that the over-
all coupling between industrial agglomeration and economic resilience increased over the 
study period, but with only a moderate level of coordination. Provinces with high, moder-
ate, and low levels of coordination eventually emerged along a strip-like alternating pattern 
in space. The dependence increased with an increase in space, but was not significant, and 
there was a lack of benign interaction between the regions. With respect to interactivity 
between locations, the interaction of the east and the coast was the most active. There were 
lower levels of interaction between the west and inland regions. This further confirmed 
the significant temporal and spatial heterogeneity of the coupling. Environmental pollu-
tion, market consumption, the quality of space, and technological support significantly pro-
moted the coupling; opening to the outside world did not. Specifically, with respect to eco-
nomic location, market consumption and spatial quality had a significant positive effect on 
the eastern coupling. The center and west regions were significantly affected by economic 
density and market consumption, and the northeast region was affected by spatial quality 
and capital intensity. Concerning geographical location, market and technological forces 
strongly promoted interactions in both the coast and inland regions. The study found that 
both the government and the market need better guidance to effectively engage with and 
shape industrial agglomeration and economic resilience in a scientific, reasonable, local-
ized, and distinctive manner.
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1  Introduction

In the new era of economic transformation, enhancing regional economic resilience is 
an important part of economic development, and is a strategic requirement for China to 
achieve high-quality development. For important industries supporting economic devel-
opment, promoting integrated development through agglomeration has become an effec-
tive and universal approach to achieve industrial growth. Industrial agglomeration further 
supports the realization of stable and long-term resilient economic development (Yu et al., 
2020). Especially under the impact of the COVID-19 epidemic, industrial agglomera-
tion reflects strong competitive advantages and synergies. At the same time, it enhances 
economic resilience and ensures sustainable, stable, and healthy economic growth (Han, 
2020). Therefore, when facing a future uncertain environment, encouraging the coupling 
and synergy of industrial agglomeration and economic resilience has become an important 
focus of China’s high-quality development strategy (Liu, 2020; Zhao & Wang, 2021). It 
is also an effective choice for supporting regional integration and sustainable economic 
development.

Therefore, based on China’s industrial economy and the changing external environment, 
this study asks the following questions. What are the interactive characteristics of indus-
trial agglomeration and regional economic resilience? How can China best synergistically 
improve the level of “resilience” and “aggregation” in the high-quality transformation of 
the economy? What are ways to enhance and expand the capability and space of the econ-
omy to successfully mitigate an uncertain future? To address these questions, based on 
coupling coordination degree, spatial autocorrelation, and Tobit model, this study focuses 
on the regional economy to analyze the spatial–temporal heterogeneity of the coupling 
between China’s industrial agglomeration and regional economic resilience. Furthermore, 
the study explores the influencing factors involved, and further provides an experiential 
reference and policy guidance for the benign interaction.

Given this background, this paper makes the following contributions to the field. First, 
on the theoretical level, the existing literature has not fully addressed the coupling interac-
tion between industrial agglomeration and regional economic resilience. This paper studies 
the concepts of agglomeration and resilience in the same theoretical framework, further 
enriching theories related to the agglomeration economy and regional economic resilience. 
Second, this study takes a realistic approach to investigate the spatial–temporal heteroge-
neity of the coupling between industrial agglomeration and economic resilience from an 
economic perspective or geographical location. This deeply analyzes the healthy and sus-
tainable development of the industrial space within the region, which encourages interac-
tions according to local conditions, and plays a positive role in realizing regional integrated 
development. Third, at the level of influencing factors, this study identifies the influencing 
mechanisms driving the coupling between industrial agglomeration and economic resil-
ience, which is based on the market, space, environment, and other aspects. This provides 
a decision-making reference for effectively implementing industrial policies and improv-
ing economic resilience, and for promoting the synergy and high-quality development of 
industry and the economy in China.

In short, this paper offers a perspective for improving the efficiency of industrial 
agglomeration and building a resilient space carrier that supports economic growth and 
promotes economic optimization. Simultaneously, the study may also help China balance 
growth and stability in a “new normal” environment, and provides important policy impli-
cations for choosing an appropriate strategic coupling model for industrial agglomeration 
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and economic resilience. In addition, the main conclusions of this paper provide new solu-
tions for the mid- and long-term recovery of China’s economy in the post-epidemic era, as 
well as the reshaping of a more inclusive and sustainable development path.

2 � Literature review

2.1 � Research on industrial agglomeration and regional economic resilience

Industrial agglomeration refers to the concentration of different enterprises in the same 
industry, or related enterprises in different industries, within a geographical unit. Elements 
such as capital, manpower, and technology then continue to converge and develop within a 
spatial range. Industrial agglomeration helps shape regional characteristics and competitive 
advantages, encourages certain economic effects, and is an important engine of regional 
growth (Chen, 2019). Through resource sharing, scale effect, knowledge spillover, and 
technological innovation, industrial agglomeration can improve the efficiency of resource 
allocation, and promote economic transformation and industrial synergy (Lu et al., 2021; 
Yu et al., 2020). The theory of industrial agglomeration originates from industrial location 
theory, which emphasizes the geographical proximity of related industries. Agglomera-
tion economic theory, new industrial space theory, new competitive advantage theory, path 
dependence theory, and new economic geography have laid a rich theoretical foundation 
(Henry et al., 2021; Hu et al., 2021). As the industrial chain has modernized, the clustering 
chain has deepened the economic transformation. This has continuously evolved innova-
tion in industrial agglomeration, and the optimization of the scale of industrial agglom-
eration. Subsequently, the drivers for agglomeration have been analyzed, including natural 
resources, market capacity, infrastructure, and policies (Fujita & Thisse, 2005; Jie et al., 
2020).

With respect to the form of development, as a form of spatial organization within the 
context of the division of labor, industrial agglomeration is mainly manifested in terms 
of specialization and diversification. The concept of specialization agglomeration can be 
traced back to Marshall’s industrial location theory. This form of agglomeration empha-
sizes that knowledge spillovers within the same industry can create a collaborative and 
innovative environment (Galliano & Magrini, 2015). However, there may also be pollution 
spillovers (Hao et al., 2021). Diversified agglomeration has also been widely recognized as 
encouraging technological innovation and structural transformation (Hardy et al., 2018; Yu 
et al., 2020). To measure this agglomeration, based on different perspectives, scholars have 
used indicators such as location entropy, the Herfindahl–Hirschman Index (HHI) index, 
and the spatial Gini coefficient to measure industrial agglomeration (Pei et al., 2021). Some 
scholars have also measured it using the EG and MS index, and from the perspective of 
distance (Chen & Wu, 2021; Hu et al., 2021).

Regional economic resilience emphasizes the ability of the regional economy to with-
stand shocks when addressing external fluctuations, or the ability to successfully transform 
from an old-growth model and achieve development during a shock (Hu & Yang, 2019; Liu 
et al., 2020). The existing literature emphasizes the concepts of equilibrium and evolution, 
and is mostly based on the dimensions of resistance, resilience, relocation, and renewal (He 
& Chen, 2019; Martin & Gardiner, 2019). Economic resilience is characterized by stable 
macroeconomics, inclusive infrastructure, and diverse industrial structures (Faggian et al., 
2018; Iordan et  al., 2015). It is also manifested by striving to break through functional, 
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cognitive, and political lock-in, and by a continued consolidation of resilience, reorganiza-
tion, and creativity (Li et al., 2019; Sweeney et al., 2020).

In terms of the research paradigm, there has also been a gradual focus on combining and 
applying spatial analysis methods based on traditional mathematical characteristics, mainly 
including the core variable and the index system methods (Eraydin, 2016). Most studies 
have used data such as output values, employment, and foreign trade to measure regional 
economic resilience at multiple scales. Case studies have included the European Union, 
individual countries, and urban and rural area contrasts (Doran & Fingleton, 2016; Li et al., 
2020). Political, historical, and cultural factors have also gradually been factored into stud-
ies on economic resilience (Cainelli et al., 2017; Hu & Yang, 2019).

For research hotspots, there have been three main specific areas of intensive research. 
The first has involved coupling research on the multidimensional resilience of economic 
and social, ecological, or other systems. Resilience has been gradually introduced into the 
category of spatial economics, with studies discussing the coupling mechanism of resil-
ience between systems under shocks (Folke et al., 2010; Hardy et al., 2018; Zhang et al., 
2021). For example, the differentiation and integrity of resilience in the developed Guang-
dong-Hong Kong-Macao Greater Bay Area and Yangtze River Delta have been a focus of 
attention (Liu et al., 2020; Zhang & Feng, 2019).

The second intensive research area has applied complex system theory to explore 
regional economic resilience, integrating such frames as engineering, ecology, adaptabil-
ity, and resilience. In the face of new unknown risks (such as COVID-19), for which pri-
ori probabilities nor clear consequences are available, scholars have also emphasized the 
need for regions to address invalid “hypotheses.” This has extended resilience research into 
the areas of “ambiguity” and “uncertainty” (Pendall et al., 2010; Qiu, 2018; Shamsuddin, 
2020).

The third intensive research area involves the complex evolutionary mechanism of 
regional resilience. The trajectories of nonlinear and multiple evolutions of economic resil-
ience and geographic differences have attracted the interest of many scholars. The causal 
mechanisms involved in the interaction, confrontation, feedback, and mutation between 
influencing factors and resilience are complex. Such factors include industrial structure, 
institutional culture, knowledge bases, and psychological cognition (Fahlberg et al., 2020; 
He & Chen, 2019; Ling, 2021; Liu, 2020).

Therefore, given interference and shock from different uncertain factors, such as poli-
tics and climate, scholars have explored how regions can combine their own advantages to 
build industrial agglomeration with regional characteristics and competitiveness. In addi-
tion, scholars have explored paths to actively adapt to the new environment and achieve 
the synergy between industry and economy (Tan et al., 2020; Wang & Zhong, 2021). This 
has become an urgent research topic to inform the long-term high-quality development of 
regional economies.

2.2 � The relationship between regional economic resilience and industrial 
agglomeration

In the context of the interaction between economic globalization and localization, regional 
economic resilience is reflected in the resilience of industrial clusters. Existing studies have 
applied theoretical frameworks, such as evolutionary economic geography (Kitsos et  al., 
2019; Tan et al., 2020), to propose that the structure of regional industrial agglomeration is 
the most important and direct factor impacting regional economic resilience. An advanced 
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industrial structure has significant agglomeration characteristics, and agglomeration can 
maximize the advantages of economies of scale and scope, creating a circular accumula-
tion effect. This, in turn, can help regions mitigate economic crises (Rocchetta & Mina, 
2019; Zhang & He, 2020). Specifically, the initial industrial structure provides a basis for 
an economy to resist external shocks. In addition, the diversified industrial structure has 
an “automatic stabilizer” function that diversifies risks and resists shocks. As a result, the 
structural optimization based on diversified industrial agglomeration becomes a driving 
force for sustained economic resilience (Brown & Greenbaum, 2017; Cainelli et al., 2017; 
Xu & Deng, 2020). However, excessive dependence may limit regional development and 
increase the risk of external shocks. For example, Hu and Yang (2019) noted the related 
diversified export product structure may be reversed, and have a “negative information 
spillover” effect during periods of declining external demand. This may inhibit the resil-
ience of industrial exports. Therefore, scientific and rational industrial agglomeration is 
important for fully maximizing and cultivating comparative advantages and building a 
more economically resilient region.

In addition to explore the impact of industry specialization or diverse agglomeration 
structures on regional economic resilience, scholars have also used indirect factors to ana-
lyze the relationship between agglomeration and resilience, mainly by analyzing knowledge 
spillovers, technological innovation, and other mediators (Bishop, 2019; Wang & Zhong, 
2021; Yu et  al., 2020). Industrial agglomeration impacts economic resilience by chang-
ing the industrial collaboration, and through sharing, matching, and learning mechanisms 
that effectively exert entrepreneurial innovation. This can influence innovation and reor-
ganization. The spillover of knowledge and technology between industries may stimulate 
regional innovation, promote the high-end value chain of industries, and enhance economic 
resilience (Behrens et  al., 2020; Xu & Deng, 2020). Therefore, industrial agglomeration 
is an important way to realize overall technological progress in an industry. Agglomera-
tion stimulates the generation of technological innovation, enhancing the ability of the rel-
evant industrial system to resist shocks and the ability to move toward a new growth model 
(Ghouchani et al., 2021; Rocchetta & Mina, 2019). In addition, studies have explored the 
relationship between industrial agglomeration and economic resilience from other perspec-
tives. For example, Yu et al. (2020) proposed a “technology-relationship-market” model, 
emphasizing that after a region is affected by external shocks, clusters experience interac-
tive responses in these three dimensions (technological innovation, relational governance, 
and market diversification) to achieve recovery. Su and Zhao (2022) noted that the scale of 
the manufacturing industry may improve the economic resilience, by the resource alloca-
tions and production advantages of information agglomeration.

The research described above highlights the role of positive externalities in industrial 
agglomeration; these externalities are an internal driver for improving the resilience of 
the regional economy. First, externalities can effectively decrease the vulnerability of the 
regional economic system to disturbances. They can also increase the regional economy’s 
ability to resist and absorb shocks, improving the sustainability of the regional economy 
(Chen & Wu, 2021; Lu et al., 2021). Second, it can effectively restore the economic sys-
tem, reintegrate internal resources, and adjust its own structure; these conditions improve 
the adaptability of the regional economy (Zhang & Feng, 2019; Zhao & Wang, 2021). 
Third, knowledge spillovers and other factors help the regional economy open a new 
growth path after a shock, enabling it to return to stable growth. This improves the variabil-
ity of the regional economic system (Kitsos et al., 2019). Improvements in the sustainabil-
ity, adaptability, and changeability of the economic system also promote improvements in 
regional opening and innovation, achieving the stable, sustainable, and high-quality growth 
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of the economy (Rocchetta & Mina, 2019). Consequently, industrial agglomeration creates 
advantages with respect to high productivity and high-end resource agglomeration. This, 
in turn, leads to a stronger industrial chain and enhances economic resilience (Liu et al., 
2020; Wang & Zhong, 2021).

Therefore, promoting industrial agglomeration has become an important path for 
enhancing regional economic resilience. The enhanced resilience creates a stable and 
favorable industrial environment for industrial agglomeration (Behrens et  al., 2020; Sun 
et  al., 2022). With the continuous release of the scale and market effect of industrial 
agglomeration, regional economic benefits and synergies have improved, and economic 
resilience has been enhanced. Regions need to promote the formation of effective agglom-
eration and industrial integration, eventually creating a virtuous circle of industrial agglom-
eration and economic resilience (Boschma, 2015; Zhang & He, 2020).

2.3 � Literature summary

In summary, the main studies about industrial agglomeration and regional economic resil-
ience have revealed the following. First, theoretical and empirical studies on industrial 
agglomeration and regional economic resilience are relatively mature, and have mainly 
focused on the impact of short-term crises on industries and the economy. However, 
empirical studies exploring the long-term interaction between the two are lacking, espe-
cially with respect to the temporal and spatial evolutionary characteristics. Given the new 
development pattern of China, more studies are needed that involve empirical research on 
their synchronous interactions, revealing systematic laws governing the heterogeneity of 
spatial–temporal evolution. Second, some studies have focused on the relationship between 
industrial agglomeration and regional economic resilience. With respect to industrial 
agglomeration, research has focused on analyzing the impact of industrial agglomeration 
on economic resilience through positive externalities, such as knowledge and technology 
spillovers. However, few studies have integrated the synergistic interaction between indus-
trial agglomeration and regional economic resilience, and comprehensive and systematic 
quantitative investigations of the characteristics of the interaction are needed. Concern-
ing the location factor, few studies have comprehensively analyzed the interaction from 
the perspective of economic and geographic location. Third, with respect to analyzing the 
mechanism of the coupling between industrial agglomeration and regional economic resil-
ience, most studies have focused on the industrial connection and technological innovation 
within a region. This approach has not fully considered the perspectives of market con-
sumption, environmental pollution, and comparative advantage, and has not addressed the 
deep-level mechanisms impacting the synergy. In addition, few studies have explored the 
heterogeneity of influencing factors under different economic or geographic locations.

Therefore, based on the perspectives of economic and geographic location, this study 
explores the heterogeneity of the spatial–temporal evolution with respect to the coupling 
between industrial agglomeration and regional economic resilience in China from 2005 to 
2019. In addition, this study comprehensively considers the comparative advantage strat-
egy, industrial externalities, and the theory of new economic geography, and analyzes the 
factors affecting the coupling from environmental pollution, opening to the outside world, 
market consumption, spatial quality, technological innovation, and other aspects. There-
fore, focusing on regional economic research, this study attempts to provide insights and 
guidance for the synergistic and efficient development of industrial agglomeration and 
regional economic resilience.
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The rest of this paper is structured as follows. Section  3 analyzes the mechanisms 
involved in industrial agglomeration and economic resilience, and presents the study meth-
odology. Section  4 presents the results. Section  5 analyzes the influencing factors. Sec-
tion 6 discusses the results. Section 7 clarifies the conclusions and recommendations.

3 � Mechanism analysis and methodology

3.1 � Coupling mechanism

Industrial clusters appear hand-in-hand with regional economic development. Regional 
economic resilience is defined as a region’s ability to transform and upgrade industries. 
The interaction between the two is heterogeneous, because of their different development 
levels. Industrial externalities and shocks increase the degree of heterogeneity. This high-
lights the need to explore the strategic integration of economic resilience and industrial 
clusters, to enhance the stability and sustainability of regional development. Figure 1 out-
lines the mechanisms described in this section.

Industrial agglomeration has an impact on regional economic resilience. First, indus-
trial clusters produce regional economic effects, mainly due to the economies of scale and 
scope produced by industrial agglomeration. The theory of an agglomeration economy 
posits that industrial agglomeration is mainly used for regional economic development 
through matching, sharing, learning, and other mechanisms. This affects a region’s resist-
ance and resilience. Second, industrial agglomeration is associated with certain externali-
ties. Different types of agglomeration have different risk-sharing capabilities due to their 
inherent structural differences. This results in differences in the resilience of regions in 
resisting external shocks. Third, industrial agglomeration effectively increases the vulner-
ability of the economic system to internal and external shocks, and decreases the ability to 
resist and absorb shocks. It is an important factor affecting regional economic growth and 
can improve the sustainability, adaptability, and variability of the economy (Fan & Scott, 
2003; Liang, 2014).

Fig. 1   Mechanism involved in the coupling between industrial agglomeration and regional economic resil-
ience
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Regional economic resilience has an impact on industrial agglomeration. First, for inno-
vative industries, economic resilience ensures that the entire industrial cluster advances 
in a stable and upward direction, supporting the stability of industrial clusters. Second, 
for resource industries, applying economic resilience theory can ensure the correct use of 
resources, and build an effective balance between resource consumption and economic 
development, based on a reasonable consideration of other factors, such as environmental 
protection, human, and historical factors. Third, for emerging industry clusters, regional 
economic resilience can ensure overall stable development, and minimizes transforma-
tional plasticity and the possibility of fracture.

Therefore, in actual development, industrial clusters with economic resilience can 
promptly eliminate incorrect asset allocation policies, pursue sufficient stability, and maxi-
mize market flexibility. This can promote high-quality economic development while ensur-
ing economic stability (Chen, 2019).

3.2 � Data sources

This research focuses on China’s provincial administrative region as the research unit. A 
total of 31 provincial administrative regions were included in the study. They are collec-
tively referred to as “provinces” (including municipalities and autonomous regions). The 
research period was from 2005 to 2019, and the data used were mainly collected from 
the “China Industrial Economic Statistical Yearbook,” “China City Statistical Yearbook,” 
“China Statistical Yearbook,” “China Price Statistical Yearbook,” statistical yearbooks of 
each province, and other resources. The statistical caliber of the data for industrial sub-
sectors has changed significantly since 2004, so specific data for some industrial sub-sec-
tors were obtained from the “China Economic Census Yearbook.” These data included 
industrial pollutant emissions; other data were derived for multiple years from the “China 
Environmental Statistical Yearbook.” The relevant data for 2016–2019 were based on data 
totals for specific cities in the “China City Statistical Yearbook.” The remaining missing 
data were adjusted using the imputation method. Due to data limitations, the study does not 
include Taiwan, Hong Kong, and Macau.

4 � Research methods

(1) Regional economic resilience

This study draws on the regional economic resilience measurement method introduced by 
Martin et  al. (2016), which is generally accepted as a consensus approach. This method 
tests the relative resilience of each study area in response to a shock when it occurs, and 
measures the differentiation of the economic operation of each study area when the shock 
does not occur during normal times. The formula is:
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In this formula, Resist
i
 is the relative economic resilience of the i object in year t. In this 

context, the object is the province. The parameter ∆Yi is the actual economic operation sta-
tus of the i object, as expressed in formula (2); and ∆E is the predicted economic operation 
status of the object. This is based on the overall economic operation status of the region 
where the object is located, specifically from formula (3).

In the formula, Yt
i
 and Yt−k

i
 are the quantitative indicators of the study area i at time t, 

t − k. The parameters Yt
r
 and Yt−k

r
 are the quantitative indicators of the reference area where 

the research object is located at time t, t − k. In this study, an example of quantitative indi-
cators is the gross domestic product (GDP).

To facilitate calculations (Liu et al., 2020), formula (1), formula (2), and formula (3) are 
combined and simplified as:

Based on previous research, GDP indicators reflect economic resilience. Finally, when 
a shock occurs, the resilience of each province is calculated, allowing the shocks to be 
compared.

(2) Industrial agglomeration

Industrial agglomeration usually refers to the intensity of production activities in a certain 
industrial sub-industry in a unit of space. The current mainstream measurement indicators 
mainly include the Herfindahl–Hirschman Index (HHI), Economic Density Index, Location 
Entropy, Space Gini Coefficient, and Industrial Concentration. Of these, HHI measures the 
degree of industrial agglomeration, and is used by government departments and econo-
mists. This indicator has the advantages of both relative and absolute concentrations. It is 
not affected by the number and scale of enterprises, and effectively measures the level of 
regional industrial agglomeration. Given the availability and feasibility of the sample data, 
this study applied HHI to measure the level of industrial agglomeration in the reference 
area of China. Using the method adopted by Fan and Scott (2003), the calculation is as 
follows:

(1)Resist
i
=
(
ΔYi − ΔE

)
∕|ΔE|

(2)ΔYi = Yt
i
− Yt−k

i

(3)ΔE =
(
(Yt

r
− Yt−k

r
)∕Yt−k

r

)
Yt−k
i

(4)Resist
i
=

(
Yt
i
− Yt−k

i

)
Yt−k
i

− (Yt

r
− Yt−k

r
)∕Yt−k

r

(Yt

r
− Yt−k

r
)∕Yt−k

r

(5)HHI =

27∑

j=1

(
lij

lj

)2

, lj =

31∑

i=1

lij
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In this formula, i = 1, 2, … 31 represent the different provinces, and j = 1, 2, … 27 repre-
sent industrial subdivisions.1 The parameter lij is the number of employees in the j industry 
of province i; and lj is the number of employees in j industry in China overall. A HHI value 
of 1 indicates that all industries are concentrated in the same area for development. A HHI 
value of 0 indicates that industries are evenly distributed in different areas.

(3) Coupling coordination degree

Coupling determines the trend of the system in moving from disorder to order. The coupling 
model is an effective measure of the degree of mutual influence and interaction between sys-
tems. The coupling model based on the coefficient of variation is usually used to analyze the 
coupling relationship between systems. That is, the degree of coupling coordination is calcu-
lated to represent the coupling status; this is denoted as D (Lu et al., 2017). To facilitate hori-
zontal comparison, a D value between 0 and 0.3 indicates low coordination, that is, the effec-
tive interaction between systems is weak, and there may be mutual consumption. A D value 
between 0.3 and 0.5 indicates moderate coordination; the level of coupling among systems 
is insufficient, but there is a trend toward optimization. A D value between 0.5 and 1 indi-
cates a high degree of coordination, with a strong degree of benign coupling and coordinated 
development.

(4) Global autocorrelation

Global autocorrelation is used to reflect the overall trend of the spatial correlation of the 
observed variables across an entire study area. This study applied ArcGIS and GeoDa soft-
ware to calculate the global autocorrelation of the coupling coordination degree of China’s 
industrial agglomeration and economic resilience from 2005 to 2019. Global Moran’s I index 
was used to analyze the spatial correlation; details are in Luo et al. (2015).

(5) Comprehensive environmental damage index model (CEDI)

An environmental damage index indicates the degree of environmental damage caused by a 
certain type of industrial waste to a region. However, the index does not explain the com-
prehensive environmental damage caused by multiple pollutants in a region. Given this, this 
research applies the processing method of Pei et al. (2021). Based on the obtained environ-
mental damage indexes of industrial sulfur dioxide, industrial sewage, and industrial smoke 
and dust, this study applied the entropy method to determine the weight of the environmental 
pollution of the three industrial wastes. More specifically, the CEDI was used to measure the 
degree of industrial pollution in each region.

There is no specific unit associated with the environmental damage index for the three 
types of industrial wastes; as such, we did not need to standardize the data for this study. The 
proportion of pollutant k in province i is calculated as:

1  Based on the availability of data from the "Statistical Yearbook of China’s Industrial Economics," this 
study selected 27 double-digit industries for research. Specifically, from 2005 to 2011, the industry was 
selected according to the national economic industry classification standard (GB/T4754-2002); from 2012 
to 2019, the industry was selected according to the national economic industry classification and code (GB/
T4754-2011). Due to the differences in the statistics associated with the two industry classification stand-
ards, when calculating the industrial agglomeration, automobile manufacturing and the railway, shipbuild-
ing, aerospace and other transportation equipment manufacturing were combined into the transportation 
equipment manufacturing industry for 2012–2019.
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The information entropy of the k pollutant is further expressed as:

Using the information entropy of each pollutant, the weight of pollutant k is further calcu-
lated as:

Combining the weight of pollutant k and the relative environmental damage index, we fur-
ther calculate the comprehensive environmental damage index:

A higher CEDI index value is associated with a higher level of environmental pollution 
in the region. In contrast, a smaller index is associated with a lower pollution level.

5 � Coupled spatial–temporal heterogeneity

5.1 � Characteristics of temporal heterogeneity

From 2005 to 2019, the overall coupling of China’s industrial agglomeration and eco-
nomic resilience was at a moderately coordinated level; however, there was a trend toward 
increased volatility (Fig.  2). Most provinces with low coordination evolved to be highly 
coordinated provinces with an advantage in synergistic growth. Of the provincial adminis-
trative units, 48.39% had a degree of coupling coordination that was higher than average. 

(6)fik =
EDIik

∑31

i=1
EDIik

(7)ek= −
1

lnn

31∑

i=1

(fik × lnfik)

(8)gj =
(1 − ej)

∑3

i=1
1 − ej

(9)CEDI =
∑3

k=1
fikEDIik

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Total Coast Inland East West Northest Centre

Fig. 2   Coupling coordination degree of industrial agglomeration and regional economic resilience
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Of these, Guangdong had a prominent advantage, whereas Tibet and Ningxia did not. This 
indicates that the interaction effect was not fully realized. The absolute difference in the 
coupling increased, reaching 0.91 in 2019. However, the relative difference was compara-
tively stable at 0.51, especially in Xinjiang and Heilongjiang.

In terms of economic location, the coupling evolved from a pattern where the cou-
pling was higher in the east region compared to the central, northeast, and west regions 
(in descending order) to a pattern where the coupling was higher in the central region 
compared to the east, northeast, and west regions (in descending order). Specifically, the 
interaction between the east, central, and west regions took the shape of a stair-climbing 
trend. The increase from 2012 to 2019 was particularly significant, especially in the central 
region, which increased by 31.71 percentage points. This was closely related to the transfer 
and acceptance of industries and the growth of industrial parks.

The northeast has an old industrial base, with a large range of fluctuation with respect 
to the coupling. It lacks the efficient integration of industrial clusters, leading to a gradual 
decline in industrial cluster. This highlights the urgency of eliminating the original path 
dependence, exploring a new cluster development in the industry, and creating a competi-
tive advantage. This strategic choice could promote industrial development and revitalize 
the northeast. The diversified agglomeration in the east quickly absorbs, dissolves, and 
transfers the negative effects caused by external shocks. With respect to geographic loca-
tion, coupling was consistently higher for coastal provinces compared to the inland. The 
interaction on the coast was more active than the inland; however, the fluctuation trends 
were roughly consistent during the study period, with a gentle upward trend. This shows 
that the interaction between industrial agglomeration and regional economic resilience 
reflects a certain degree of heterogeneity over time.

Fig. 3   Spatial distribution of the coupling
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5.2 � Characteristics of spatial heterogeneity

Figure 3 shows a spatial imbalance in the degree of coupling coordination between indus-
trial agglomeration and economic resilience from 2005 to 2019 in China. In 2005, the 
coupling coordination of China’s industrial agglomeration and economic resilience was 
intricately distributed overall. Specifically, the low coordination class showed a scattered 
pattern, mainly concentrated in the central and west regions. There was an uneven distribu-
tion of the moderate coordinated class; the distribution took the form of a ring-shaped clus-
ter at the border and in central regions, such as Sichuan and Hunan. The highly coordinated 
class was relatively sparsely distributed, and was mainly concentrated on the coast.

In 2012, the coupling showed an overall block-like distribution. Specifically, the low 
coordination class was polarized in the east and west ends of China, decreasing from 14 
provinces to 8. The moderate coordination class was distributed in an hourglass shape that 
was compact in space, reflecting agglomeration characteristics. The highly coordinated 
class increasingly showed a fragmented distribution of star points; however, the coast still 
accounted for the majority.

In 2019, the coupling showed an alternating distribution in the shape of overall 
strips. Concretely, the low coordination class was concentrated in the northwest of 
China, with a centralized distribution trend. The medium coordination class was dis-
tributed in a band with a reduced area, concentrated in the central and northeast regions. 
The highly coordinated class was mainly distributed along the traffic axis, horizontally 
along the Longhai line; and longitudinally along the Baocheng-Chengkun line, Beijing-
Guangzhou line, and the coastal line. The number surged and was concentrated in the 
southeast of China. This further shows that the coupling was spatially heterogeneous.

Table 1 shows the comparative results when setting K-nearest neighbors and distance 
bands, based on the spatial distance weight. Global Moran’s I was used to determine 
whether there was autocorrelation in the space, with a range of [−1,1]. A range of (0,1] 
indicates a positive correlation between geographic entities. A range of [−1,0) indicates 

Table 1   Moran’s I index of the 
coupling

Years K-nearest neighbor Distance zone

Moran’s I P Z Moran’s I P Z

2005 0.168 0.036 1.972 0.128 0.036 1.967
2006 0.027 0.273 0.578 − 0.016 0.374 0.236
2007 0.114 0.088 1.389 0.165 0.025 2.388
2008 0.048 0.214 0.766 0.037 0.188 0.827
2009 0.169 0.041 1.912 0.202 0.014 2.842
2010 0.072 0.169 0.994 0.029 0.223 0.730
2011 0.059 0.190 0.870 0.030 0.211 0.734
2012 0.098 0.116 1.198 0.097 0.077 1.541
2013 0.150 0.050 1.711 0.171 0.019 2.505
2014 0.104 0.105 1.296 0.017 0.238 0.639
2015 0.186 0.032 2.055 0.189 0.019 2.691
2016 0.157 0.043 1.817 0.075 0.100 1.316
2017 0.116 0.083 1.419 0.036 0.195 0.810
2018 0.136 0.061 1.627 0.037 0.185 0.853
2019 0.184 0.030 2.000 0.181 0.020 2.595
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a negative correlation. A value of 0 indicates no correlation. Combining the results indi-
cated that the range of Global Moran’s I was [−0.016,0.202]. Through the P value and Z 
value, it is found that although there are a few years that are not significant, the research 
period as a whole passes the test. Furthermore, the fluctuation in the Global Moran’s 
I indicated that the degree of the coupling coordination of China’s industrial agglom-
eration and economic resilience generally increased during the study period. That is, 
there were specific characteristics associated with spatial agglomeration, and the spa-
tial dependence showed a trend of increasing fluctuations. The results of the K-nearest 
neighbor method indicate that the increases in volatility gradually became smaller. The 
distance-weighted results indicate that the value in the final period was higher than the 
initial period; however, the volatility was not stable. This further shows that the spatial 
agglomeration of the coupling between industrial agglomeration and economic resil-
ience was not particularly significant. This type of benign interaction has not formed 
a spatial contagion and linkage effect. Furthermore, the active interaction was weak, 
further confirming the presence of spatial heterogeneity.

6 � Analysis of influencing factors

6.1 � Index selection

Past research in comparative advantage strategy, industrial externalities, new economic 
geography, and economic policy was used to identify the factors most likely to influence 
the degree of coupling coordination between China’s industrial agglomeration and eco-
nomic resilience in 2005–2019. Drawing on relevant research (Chen & Wu, 2021; Ghou-
chani et al., 2021; Xu & Deng, 2020), we scientifically selected some factors. These fac-
tors included environmental pollution, openness to the outside world, market consumption, 
spatial quality, economic density, capital intensity, and technological expenditures. Specifi-
cally, environmental pollution (Hsh) was represented by CEDI model. The degree of open-
ness was represented by the nominal proportion of foreign domestic investment (Fdi). Mar-
ket consumption (Mar) was expressed as the proportion of total retail sales of consumer 
goods in the country. Spatial quality (Tra) was represented by per capita highway mileage. 
Economic density (Den) was expressed by the GDP of the researched province in the area 
of the administrative units. Capital intensity (Cin) was expressed by the ratio of the actual 
total fixed assets of the industrial sector to the annual average number of employees. Tech-
nological support (Tec) was expressed in terms of technology spending. Production effi-
ciency (Pro) was expressed by the labor productivity of each region.

6.2 � Model building

Considering the variables associated with the influencing factors and the Tobit regression 
model, the relationship equation between the coupling of industrial agglomeration and 
regional economic resilience and its influencing factors is expressed as:

OHit = �0 + �1 lnHshit + �2Fdiit + �3Marit + �4Trait + �5 lnDenit

+ �6 ln Cinit + �7 ln Tecit + �8 ln Proit + �it
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In this formula, OHit represents the coupling coordination degree of the i region in year 
t; �0, �1,… , �8 are unknown correlation coefficients; and �it are random errors. Some of the 
explanatory variables were processed in logarithmic form to concentrate the data. Using 
the Hausman test, if the P value (0.0001) was less than 0.1, there was evidence to reject 
the hypothesis that there was a random effect and the fixed effects model was adopted. 
The study used panel data; as such, the fixed panel Tobit model was adopted. The spatial 
panel Tobit model effectively considers the spatial effect and truncation distribution, yield-
ing more reliable results. This model is significantly better than other models, such as the 
generalized method of moments. The final results are shown in Table 2.

6.3 � Regression results

This study analyzed the effects of different influencing factors on the coupling between 
industrial agglomeration and economic resilience in China from 2005 to 2019. The results 
were as follows.

Environmental pollution. The overall regression coefficient of environmental pollution 
on overall coupling between industrial agglomeration and economic resilience was posi-
tive (0.055), indicating a significant positive correlation at the 1% statistical significance 
level. This shows that environmental damage stimulated the interaction between agglom-
eration and resilience. Environmental destruction promoted the intensive development of 
clean technology and other industrial chains, elevating ecological resilience and gradually 
improved economic resilience. With respect to economic location, an increase in environ-
mental pollution had a positive effect on coupling in the east. A more serious pollution 
level was associated with a higher interaction. As a traditional old industrial base, the long-
term environmental pollution in the northeast is expected to have a negative impact on 
industrial agglomeration and regional resilience. With respect to geographical location, 
its impact on coupling was significant, especially for the coast. This is mainly because its 
industries are developed, and the negative externality of environmental pollution was a dis-
persive force inhibiting industrial agglomeration.

Openness to the outside world. The overall regression coefficient of openness to the 
outside world on coupling between industrial agglomeration and economic resilience was 

Table 2   Regression results of the factors influencing the coupling between industrial agglomeration and 
regional economic resilience in China

“*, **, ***” indicate the statistical significance level of 10%, 5% and 1% respectively

Explanatory 
variable

Total Regional division Coastal or not

East West Centre Northeast Coast Inland

Hsh 0.055*** 0.092*** − 0.070*** 0.010 − 0.241* 0.064*** 0.046**
Fdi − 0.125*** − 0.089*** − 0.059* 0.081 − 0.127 − 0.085*** − 0.275***
Mar 5.482*** 5.332*** 4.268*** 4.114*** 7.934* 5.224*** 5.711***
Tra 15.914*** 43.677** − 22.413*** 38.268 − 115.090*** 20.004 4.441
Den − 0.021 − 0.043* 0.048*** 0.126** 0.253* − 0.038* − 0.011
Cin − 0.026 − 0.183*** − 0.006 0.102 0.268** − 0.110*** 0.019
Tec 0.042*** 0.049*** 0.014 0.040* 0.012 0.049*** 0.029***
Pro 0.006 0.175*** 0.098 − 0.431*** − 0.338* 0.077* 0.014
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negative (− 0.125). This shows that the synergistic interaction was somewhat restrained, 
and the positive spillover effect should be strengthened. The inflow of foreign investment 
generally introduces more advanced technologies and a broader international market. How-
ever, it can also generate an industrial monopoly, mostly concentrated in labor-intensive 
industries. Some high-polluting industries have sequentially entered a specific area, result-
ing in unstable economic growth. Moreover, some industries have relatively high barri-
ers to foreign investment, and domestic industries have not integrated internationally in an 
orderly manner, weakening the interaction. With respect to economic location, openness 
had a significant impact in the east and west. This was particularly the case for the east, 
where the agglomeration of a large amount of foreign investment led to significant interac-
tion. With respect to geographical location, all regions experienced a significant negative 
correlation at the 1% statistical significance level. Key problems, such as insufficient inter-
nal stability while being open, did not support effective interactions.

Market consumption. The overall regression coefficient of market consumption on cou-
pling was positive (5.482), indicating a significant positive correlation at the 1% statistical 
significance level. This strongly confirms that market consumption generated economies of 
scale, with a positive effect on the synergy between industrial agglomeration and regional 
economic resilience. This is because the Chinese market continued to have high develop-
ment potential, and the active and diversified consumer market attracted the gathering of 
many industries and companies. This encouraged high-quality industrial development and 
enhanced economic resilience. With respect to economic location, market consumption of 
four major economic locations all had a significant positive effect on the interaction, espe-
cially in the economically developed east. With respect to geographical location, the posi-
tive effect was also extremely strong, especially in the vast inland area. This also encour-
aged the coordinated development of agglomeration and resilience by increasing market 
consumption power.

Spatial quality. Spatial quality had a significantly positive effect on overall coupling, 
with the coefficient reaching 15.914, at a 1% statistical significance level. This shows that 
improvements in space quality effectively promoted interactions. The cost of space affects 
industrial agglomeration; as such, improving transportation conditions creates a higher 
industrial concentration effect. With respect to economic location, the spatial quality had 
a significant promotion effect on interaction in the east; there was an opposite outcome for 
the west and northeast. This is mainly because infrastructure construction, manifested as 
agglomeration in space in the west, is relatively underdeveloped. This expands the spatial 
difference of coupling and inhibits the coupling. Improving the quality of space does not 
improve short-term economic resilience. Given the lack of an impact from the short-term 
effect of space quality, path dependence of the northeast region led to a lack of economic 
resilience, hindering coupling. With respect to geographical location, the spatial quality 
did not have a significant effect on the coast or inland.

Economic density. The overall effect of economic density on coupling was not signifi-
cant. With respect to economic location, the interactive effect of economic density on the 
coupling positively advanced in the west, central, and northeast regions; this was particu-
larly the case in the west. However, in the east, the influence curve was “displaced,” and did 
not reach the optimal range to promote coupling. The developed east may have experienced 
naturally expected contradictions between industry and economy, as there were significant 
pressures related to industrial transformation and upgrading. Many basic industries gradu-
ally shifted, inhibiting simultaneous improvement. The relatively underdeveloped central 
and west regions actively initiated new industries, gradually increasing their economic den-
sity. This promoted industrial agglomeration and strengthened economic resilience. The 
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geographic location had a restraining effect on the simultaneous development along the 
coast. Coastal provinces adjusted their industrial structure earlier, and enhanced their resil-
ience, by gradually relying on strategic emerging industries and service industries, instead 
of their original industries.

Capital intensity. The overall effect of capital intensity on coupling was not significant. 
With respect to economic location, the capital intensity of the east restrained the interac-
tion. This may be because, while the industries are rich in fixed assets, there are also many 
employees. However, for the east, where traditional industries have gradually shifted and 
are actively developing advanced industries, employment pressure has hindered improve-
ments in economic resilience. The northeast experienced a positive effect as it went through 
a transitional bottleneck period, where capital intensity needed to increase to improve eco-
nomic resilience. With respect to geographic location, coastal provinces experienced a sig-
nificant reverse effect. These areas are rich in capital and are densely populated. A larger 
number of employees is generally associated with a lower capital intensity. In this case, this 
encourages the stability and sustainability of economic development.

Technological support. The overall regression coefficient assessing the relationship 
of China’s technology on coupling was positive (0.042). This was a significant positive 
correlation. Among the determinants of industrial agglomeration, technology spillover is 
an important foundation for industrial innovation and is key to enhancing the ability to 
achieve economic resilience. With respect to economic location, technology had a signifi-
cant effect on the east and central regions, especially the east. With respect to total expend-
iture intensity, and per capita expenditure, the east had an absolute advantage. The east 
effectively promoted the coordination of multiple industries, and improved the degree of 
urban diversified production. In recent years, technology expenditures have been redirected 
toward central regions, significantly supporting industrial agglomeration and strengthening 
economic resilience. With respect to geographic location, there was a significant positive 
effect for all regions. This was particularly true for the coastal provinces, where there have 
been large investments, guiding advanced industrial clusters and further improving eco-
nomic resilience.

Production efficiency. The overall effect of China’s production efficiency on coupling 
was not significant. In terms of economic location, production efficiency had a significant 
positive interaction effect on the east region, but had a restraining effect on the west and 
northeast regions. High-productivity enterprises and highly skilled labor gathered in the 
east. The east generally relied on technology to improve efficiency, and to advance indus-
trial agglomeration and regional economic resilience in both directions. However, a lag 
occurred in the west and northeast. With respect to geographical location, production 
efficiency had a positive effect on coastal provinces. This was due to its comparatively 
advanced industries and outstanding production efficiency. This positively impacted the 
synergy between industrial agglomeration and regional economic resilience.

7 � Discussion

The impact of the COVID-19 epidemic has highlighted an urgent need for the coordinated 
development of industrial agglomeration and economic resilience. Previous studies have 
not provided significant references to inform China’s regional integration synergy and 
high-quality development from the coupling perspective. Therefore, this paper analyzed 
the heterogeneous characteristics of the coupling between the two from 2005 to 2019, and 
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analyzed the drivers from environmental, technology, and market perspectives. We applied 
a popular, accepted, and scientific model to measure industrial agglomeration and regional 
economic resilience (Fan & Scott, 2003; Martin & Gardiner, 2019). Additionally, com-
bined with existing research (Guo, 2020; Wang et  al., 2021; Yu et  al., 2020; Zhu et  al., 
2021), the study analyzed a range of different factors, including market consumption, qual-
ity of space, technological support, environmental pollution, and production efficiency. 
These factors impact both industrial agglomeration and economic resilience, and can also 
act indirectly through these factors.

First, the result of the temporal heterogeneity analysis found that although the coupling 
between industrial agglomeration and regional economic resilience rose over the study 
period, it fluctuated and lacked high interaction. This was consistent with inferences from 
existing research. Many papers have confirmed the characteristics of industrial agglomera-
tion and the long-term resilience of economic growth in China (Han, 2020; Liu et al., 2020; 
Wang & Gao, 2020). Further, Zhao and Wang (2021) and Guo (2020) found that industrial 
agglomeration usually makes the region more resilient. Sun et  al. (2022) concluded that 
the development of both has stage-based volatility, which aligns with our conclusions. The 
coupling is currently at a moderate level of coordination. This is consistent with Zhang 
et  al. (2021) noted that uneconomical agglomeration created by vicious competition for 
common development resources among different industries is a problem, and it is neces-
sary to promote a virtuous circle of the two.

From the perspective of economic and geographical locations, each location devel-
oped differently. This finding aligns with previous research. Specifically, Liu et al. (2020) 
applied a strategic coupling model to explain regional differences in economic resilience 
based on relational economic geography. Liu and Zhang (2021) explored the heterogeneity 
of the impact of manufacturing agglomeration on resilience, and confirmed that regional 
differences resulted in agglomeration having different degrees of effect on resilience. The 
absolute difference became increasingly significant. Zhao and Chen also confirmed differ-
ences in the impact of diversification agglomeration on the economic resilience of different 
locations. They found the largest positive effect in the eastern, coastal, and central regions; 
the effect in those regions was much higher compared to the west (Chen & Wu, 2021; Zhao 
& Wang, 2021). This is because the advantages of the coastal and eastern regions, such 
as the policy system and economic foundation, have attracted significant talent, capital, 
technology, and other elements. These have had a significant spillover effect on industrial 
diversification and agglomeration and economic resilience.

With respect to the interactive disadvantage of the west, Guo (2020) found that it has 
a weak industrial base; the production links between industries are relatively limited; 
and the relationship between industry-related diversity and resilience has an “inverted 
U-shaped” relationship. Zhang et al. (2021) also identified that wasted resources, a “con-
gestion effect,” and chain effects are problems in the west. This does not support economic 
resilience. Additionally, we found that the center region developed later. This reflects the 
fact that the region already had a foundation for aggregation to accept industries. The syn-
ergy between agglomeration and resilience deepened, consistent with the “Rise of Central 
China” strategy.

Second, according to the spatial heterogeneity analysis presented above, the coupling of 
China’s industrial agglomeration and economic resilience showed spatial imbalance. Few 
studies have explored this topic. However, from the standpoint of industrial agglomera-
tion or economic resilience, the two have not been effectively integrated in space. A gen-
eral consensus has emerged that there is a spatial imbalance in China’s economic develop-
ment. This has been caused by differences in regional innovation, opening up, and systems; 
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uneven industrial agglomeration and development (Liu & Zhang, 2021; Yu et al., 2020); 
and uneven economic resilience (Li et al., 2019; Su & Zhao, 2022). This has eventually 
led to a lack of equilibrium in the coupling between the two at different locations. Bai 
et al. (2019) emphasized the diversification in the spatial pattern of resilient systems. Most 
regions with good economic foundations have strong economic resilience and significant 
spatial heterogeneity. All of these reflect the spatial heterogeneity of the coupling. Hu et al. 
(2021) also noted that different regions have different risk-sharing capabilities due to dif-
ferent agglomeration patterns. This, in turn, forms regional differences in resilience against 
external shocks, which are spatially dispersed.

In addition, due to the influence of administrative region economies and the cross-
regional transfer of industries, there is a weak spatial linkage in the coupling. Sun et al. 
(2022) concluded that local “regulatory leakage” and the “demonstration effect” of a local-
ity may influence the development of industrial agglomeration and economic resilience. 
This explains why we concluded that the coupling is strip-shaped, rather than point-shaped 
in space. This also provides a reference for promoting the benign interaction between the 
two. Simultaneously, this study concludes that provinces with highly coordinated interac-
tions have a spatial advantage. This is consistent with the positive trend of China’s eco-
nomic development (Han, 2020). Areas with strong interactions became concentrated 
along the transportation axis and in the southeast. Consistent with the analysis of the devel-
opment of each location, this is consistent with China’s economic pattern.

Third, to analyze the influencing factors, we reveal the factors that affect the coupling of 
resilience, including technology, environment, and space. These results align with evidence 
from similar studies. Wang and Gao (2020) affirmed the positive roles of production effi-
ciency, technological innovation, and market consumption in promoting industrial develop-
ment and improving economic resilience under the impact of the epidemic, especially tech-
nological innovation. Zhu et al. (2021) and Guo (2020) focused on enhancing the resilience 
of industrial clusters through financial capital, industrial ecology, and transportation facili-
ties. Zhang (2020) emphasized the positive effect of good spatial quality. All these factors 
provide a healthy competitive environment for clusters, enhancing economic resilience.

However, Guo (2020) and Zhang et al. (2021) also found that the opening up of clusters 
has a generally negative effect on economic resilience. This is because the more a regional 
industry depends on foreign investment, the closer the external connection becomes, the 
easier it is to form path dependence, and the more serious economic fluctuations may 
become under the influence of external uncertain factors (He & Chen, 2019). This explains 
the inhibited interaction between the two. Additionally, we conclude that environmental 
pollution has a positive impact on the interaction between the two. This also shows that the 
development of agglomeration and resilience has been at the expense of the environment. 
This highlights the need to seek a scientific development model and strengthen pollution 
oversight (Hao et al., 2021). Furthermore, our conclusions show that the coupling of pro-
duction efficiency and capital intensity is not significant. This indicates that the functions 
of these factors have not been fully maximized and could be improved.

Specifically, the east and coast have clear advantages in market consumption, techno-
logical innovation, and production efficiency (Bai et al., 2019). As such, the positive effect 
on coupling was more significant than other locations. At the same time, those regions 
are more susceptible to economic fluctuations in peripheral and neighboring cities due to 
a higher degree of openness (Guo, 2020). Zhao and Wang (2021) emphasized that these 
areas should continue to optimize space and play a positive role in improving the quality of 
space. Zhang (2020) noted that spatial quality has a positive effect on the economic resil-
ience of Northeast China, which differs from this study’s conclusions. For many reasons, 
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our proxy variables vary, and our data have been updated to 2019. In addition, he empha-
sized that spatial quality can improve economic resilience, and does not involve industrial 
agglomeration. Spatial quality does not necessarily promote efficient industrial agglomera-
tion, making the coupling effect on the two not as prominent.

8 � Conclusions and recommendations

8.1 � Conclusions

Using models such as CEDI and Tobit, this study explores the heterogeneity of the cou-
pling between industrial agglomeration and economic resilience in China from 2005 to 
2019, and analyzes the influencing factors. The conclusions are as follows.

First, in the face of an external complex environment, the coupling between China’s 
industrial agglomeration and regional economic resilience showed an increase in volatil-
ity from 2005 to 2019. The coupling was at a moderate level of coordination. This reflects 
the rising resilience of China’s industrial economy. It is important to continue to optimize 
structural policies and consolidate the foundation for a stable industrial recovery. The abso-
lute differences between provinces were relatively significant, with poor regional linkages. 
With respect to location, the east and coastal regions showed increased interaction com-
pared to other regions, and the central region rose in its level of interaction later in the 
study period. The west was consistently at a disadvantage. China’s “four-region strategy” 
needs to be further implemented, and regional coordination should be further encouraged.

Second, during the study period, the coupling showed spatial imbalance, and was ulti-
mately distributed in alternating strips. This indicates the presence of spatial heterogeneity, 
and the need for an accurate and coordinated regional development strategy. The highly 
coordinated area occupied a spatial advantage, and was concentrated along the traffic axis 
in the southeast. The area with low coordination was concentrated in the northwest. This 
benign interaction lacked spatial contagion and linkage effects. Breaking down regional 
barriers and promoting the full flow of elements among regions has become the key to 
regional coordination.

Third, market consumption, spatial quality, and technological support had a significant 
positive effect on the coupling of industrial agglomeration and economic resilience. Open-
ing to the outside world through FDI had a negative effect. This highlights the need for 
scientific and reasonable adjustments according to local conditions, so they can play an 
appropriate role and promote positive interactions. The opening to the outside world and 
economic density in the eastern region hinders interaction, and provides a key for scien-
tifically understanding the functional scale of factors. Promoting an open economy and 
improving the space environment have become a focus for the west. In the northeast, the 
environment, quality of space, and production efficiency need to be improved. The coastal 
regions need to strengthen pollution oversight and rationally encourage high-level opening 
to the outside world. In addition, the inland region should continue to build a new highland 
for an open economy.

Due to limited data availability, future studies should further explore this topic based 
on three- or four-digit industrial classifications and case studies. The correlation between 
different industries could be included in future studies. As big data become more available, 
such as point of interest (POI) data and traffic travel data, time series data and optimized 
index selection could be expanded, providing a new way to conduct an in-depth analysis of 
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regional economic resilience. In addition, it is difficult to quantify other factors that may 
affect the coupling between the two, such as institutions, culture, and customs. As such, 
those were not considered in this paper. In the future, the possible impact of these factors 
should be analyzed using in-depth interviews with subjects of typical and relevant cases.

8.2 � Recommendations

Based on this study’s results, the following recommendations are made to support the inter-
action between regional industrial agglomeration and economic resilience. First, policies 
should be improved to support the resilient development of industries, research investments 
should be increased, the level of industry linkages should be improved, efficient agglom-
eration should be promoted, and scale and spillover effects should be implemented. These 
changes would further advance improvements in regional economic resilience and promote 
regional integration. Second, it is important to standardize the economic order within the 
regional agglomeration area, strengthen joint prevention and control, and ensure healthy 
competition among enterprises. Particular attention should be paid to diversification and 
agglomeration, maximizing their positive role in enhancing economic resilience. Finally, 
correctly addressing the scale of the functions of the elements would maximize the syn-
ergistic effect of each element. This includes selecting appropriate approaches to improve 
resilience, actively launching multiple cluster models, breaking through “low-end lock-in,” 
and enhancing the interaction between agglomeration and resilience.

Specifically, the east should apply the power of science and technology, advance green 
production, strengthen the agglomeration of industrial diversification, build a world-class 
advanced industrial belt, and improve economic resilience. The west should continue to 
improve its infrastructure, and introduce technologies and expand markets, to focus on cul-
tivating regional advantages, characteristic industries, and ecological industries. Interac-
tions would strengthen economic resilience by establishing industrial parks. The northeast 
should increase capital investment, improve production efficiency, and improve industrial 
supporting policies. The coast should more precisely control environmental pollution 
and improve the quality of diversified agglomeration. Based on comparative advantages 
and long-term industrial interests, it is also important to strengthen the synergy between 
the market and technology, and enhance economic stability. The inland should focus on 
ecological protection; scientifically and rationally use foreign capital; increase techno-
logical expenditures to promote economic sustainability; and achieve regional integrated 
development.

In conclusion, this research provides a reference for the coupling and synergy of China’s 
industrial agglomeration and regional economic resilience, which supports sustainable eco-
nomic and high-quality development.
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