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Abstract: In the context of sustainable development, economic resilience provides a new research
perspective for resource-based cities to resist external shocks and risks. The purpose of this study
is to explore the characteristics and determinants of resource-based cities’ economic resilience in
China, and to provide effective policy recommendations. This paper constructs an index system
to measure the economic resilience of 114 resource-based cities in China from 2005 to 2019. This
paper uses spatial analysis methods and the Theil index to reveal spatiotemporal evolution and
regional disparities. Then, it uses the spatial Durbin model to reveal influencing factors from the
perspective of spatial spillover effects. The conclusions are as follows: Firstly, the economic resilience
of resource-based cities in China shows a growth trend. The spatial polarization of economic resilience
in resource-based cities has intensified, showing a distribution pattern of high in the east and low
in the west and northeast, with the cold spot of economic resilience moving from the southwest
to the northeast. Secondly, the distribution of economic resilience in the eight economic regions is
spatially heterogeneous. Inter-regional disparity is the main source of different economic resilience
in the eight major economic regions. Thirdly, market potential and talent development potential
are the direct drivers of economic resilience in resource-based cities. Nationalization, industrial
specialization, and fiscal risk inhibit the development of economic resilience. Resource dependence
not only hinders local innovation and transformation ability, but also negatively impacts the economic
resilience of surrounding cities. Therefore, resource-based cities need to promote the diversification
of industrial structures, and ensure resource allocation through the combination of the market and
the government. At the same time, the government should build a new mechanism for coordinated
regional development and open up the enclave economic model.

Keywords: resource-based cities; economic resilience; spatiotemporal evolution; influencing factors;
spatial Durbin model

1. Introduction

Identifying the evolution and limiting factors of city economic system resilience
is fundamental to understanding the evolutionary trajectory of economic systems and
responding to external shocks. It is also a frontier of sustainability science research [1].
In the past few decades, China has experienced the impact of a series of internal and
external factors, such as hyperinflation in 1989, the Asian financial crisis in 1997, and the
international financial crisis in 2008. After these shocks, China can defuse risks and achieve
stable economic operations without the strong resilience of the economic system. Although
China’s economy has maintained steady growth as a whole, the economic development
of resource-based cities has been slow or has even stopped after a series of crises, and
city transformation has been weak. The drawbacks of insufficient economic resilience
of resource-based cities were gradually exposed. Especially after the outbreak of the
global financial crisis in 2008, how a resource-based city, a special type of city region,
could maintain a stable city structure after external shocks became an urgent problem to
be solved.
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As a national energy resource strategic guarantee base, resource-based cities are types
of cities with a special nature, relying on the rise and development of resource exploitation,
as well as taking resource-based industries as the leading industries of the city’s economies.
Its large number and wide distribution have made great historical contributions to the im-
provement of the national industrial system and the recovery of the national economy since
the founding of New China [2–4]. However, with the depletion of resources, the risks of
path dependence and lock-in formation are gradually exposed. Resource-based cities have
become China’s economic growth depressions, and their sustainable development faces a
series of problems. At present, China’s resource-based cities are still overly dependent on
resources, and the ecological damage caused by irregular resource exploitation contradicts
the distribution of economic benefits [5]. In addition, resource-based cities also face the
threat of insufficient development momentum, and when the external environment fluctu-
ates strongly, this resource-led economic activity mode makes city transformation weak and
falls into the trap of resource advantage [6]. After China entered the stage of high-quality
development, a number of industrial transformations and upgrading demonstration zones
and demonstration parks were established to support the transformation and upgrading of
old industrial cities and resource-based cities. The Fourteenth Five-Year Plan focuses on
special types of areas and improves the long-term mechanisms for sustainable development
of resource-based areas. Although resource-based cities have made phased achievements in
industrial transformation and ecological protection, external shocks and disturbances have
been frequent since China’s economy entered the new normal, and COVID-19 has posed
new challenges to the smooth operation of the national economy. Improving the resilience
of urban economies not only helps resource-based cities resist external risks caused by
uncertainties in their own economic downturn, but also has great significance for achieving
high-quality development.

Facing the dual pressures of the transformation of old and new kinetic energy in
the city economic system and the increase in external uncertainties and risks, improving
economic resilience is an important way for resource-based cities to cope with internal
disturbances and external shocks. In order to improve the economic resilience of resource-
based cities, we need to solve the imbalance in the development of resource-based cities, and
provide a theoretical basis and decision-making support for promoting regional sustainable
developments. This paper attempts to construct a scientific index system to measure
the economic resilience of resource-based cities, elaborate on the temporal and spatial
evolutionary characteristics of economic resilience, and identify the driving mechanisms of
economic resilience from the perspective of spatial spillover.

The structure of the rest of the paper is as follows: Section 2 is a literature review;
Section 3 introduces the methods and data sources; Section 4 discusses the temporal evolu-
tion, spatial evolution, and regional disparities of China’s resource-based cities’ economic
resilience, and reveals the influencing factors of economic resilience from a spatial perspec-
tive; Section 5 discusses the research results; Section 6 summarizes the conclusions and
presents policy recommendations.

2. Literature Review

Resilience reflects the ability of things to return to their original state after external
shocks and disturbances. The concept first appeared in 1970 and was introduced to the
field of ecology by the biologist Holling to measure whether an ecosystem can remain in
its original state after absorbing driving variables [7]. Since then, academia has expanded
its connotations of resilience to the fields of physics, sociology, and economics. Economic
resilience is an inherent attribute formed in the operation of a regional economic system that
takes different forms after external shocks. The evolution trajectory of the economic system
after a shock is different, and the economic resilience shows different forms: returning to the
exact same steady growth path as before the disturbance; maintaining the original structure
and function; maintaining a stable growth path below the original level; diving below the
original level of development and remaining unable to maintain stability; functions and
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structure are reorganized, transcending the original state and entering a new development
model [8]. The resilience of economic systems mainly includes the following four aspects:
the ability of the economic system to resist shocks, the ability of the economic system to
recover after the shock, the ability of the economic system to reorganize internal resources
and structures, and the ability to adopt a new development model after an impact [9].

The economic resilience research stage can be divided into two phases: the concept for-
mation stage and the research exploration stage [10]. The first stage (2002–2010) draws on
the theories of other disciplines and introduces resilience theory into the field of economics.
Research on economic resilience is mainly based on theoretical exploration and qualitative
analysis, while research in the field of macroeconomics is more intensive. Simmie and
Martin integrated resilience theory into city economic systems, pioneering the study of
urban economic resilience [8]. Aiginger explored how to make a country’s economic system
resistant to shocks and how economic policies can stabilize the economy after shocks [11].
Briguglio constructed an economic resilience indicator system from four dimensions, and
measured the economic resilience of different countries [12]. The theory of economic re-
silience in the second stage (2010–present) has deepened, relevant empirical analysis has
developed rapidly. Europe has pioneered empirical research on economic resilience. Based
on Schumpeterian perspective, regional innovation capabilities contribute to economic
resilience growth in the UK [13]. Masik built an economic resilience framework for future
events of the same crisis based on Poland’s experience of not sliding into a recession during
the crisis in Europe [14]. The strength of the 2008 financial crisis and resilience were hetero-
geneous among European Union countries. Pontarollo used spatial econometrics to explore
whether and how differences in economic virtuosity affected the employment trajectories
of European regions [15]. Ezcurra believes that government quality is an important factor
when shaping regional resilience after a crisis [16]. From the experience of other regions,
employment diversification is gradually becoming a determinant of the resilience of U.S.
provincial cities [17]. Resilience is a key concept for solving the vulnerability of Filipino
families [18]. Chinese scholars’ research on economic resilience is still in its infancy, and
most of the research subjects are certain urban agglomerations in certain provinces. From
the perspective of urban agglomeration, Zhu. J and other scholars explored the evolution
of economic resilience in China’s three urban agglomerations [19,20]. Xie, Juntao et al.
focused on the economic resilience of northeast China, and studied its manifestation and
formation mechanisms [21,22]. Tang Yu analyzed the obstacle factors of economic resilience
in Shanxi Province, providing theoretical support for the economic transformation and
high-quality development of Shanxi Province [23]. Li chose resistance and recoverability to
reflect the regional economic resilience of Liaoning Province, and explored the influencing
factors of economic resilience by constructing a spatial model [24]. Some scholars have also
conducted preliminary explorations of the economic resilience of China’s resource-based
cities. When comparing the economic resilience of resource-based cities in northeast China
with northern coastal areas, it was found that different institutional reform models affect
the urban development path [25]. For mining cities, industrial diversification had a positive
effect on economic resilience, and industrial specialization was not conducive to economic
resilience growth [26].

In summary, current research on economic resilience is relatively weak and there are
certain deficiencies. First, there are many studies on the economic resilience of European
countries, and less research on China’s economic resilience. Research on China’s economic
resilience is narrow, mainly concentrated at the level of a certain urban agglomeration in
a certain province, the analysis of the economic resilience of resource-based cities in the
country needs to be expanded. Second, most of the current research is based on single-
level indicators to explore the evolution of economic resilience, and the establishment of a
resource-based urban economic resilience index system can more comprehensively reflect
the spatial-temporal differentiation characteristics and the ability of urban systems to cope
with long-term shocks. Third, spatial correlations are ignored when discussing the factors
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influencing economic resilience. The spillover effects and influencing factors of economic
resilience are rarely revealed from a spatial perspective.

This paper is different from previous studies by taking 114 resource-based cities in
China as the research subjects, constructing an economic resilience index system, measuring
the economic resilience of China’s resource-based cities from 2005 to 2019, and revealing
its spatiotemporal evolution pattern in order to provide a reference for Chinese resource-
based cities to narrow the gap between regional economic resilience and improve the
overall resilience level, using the Durbin model to explore the influencing factors of various
dimensions of resource-based urban economic resilience based on the perspective of spatial
spillover effect.

3. Data and Methods
3.1. Construction of an Indicator System

There are two main methods to measure economic resilience currently [27], one is
to reflect regional economic resilience with the help of change when a core variable faces
shocks. This method focuses on the resilience of regional economic systems in short-term
shocks. Scholars mostly use changes in regional GDP to indicate economic resilience or
to predict economic resilience based on economic facts [24,28–30]. Another is to build
an indicator system to measure regional economic resilience. A single indicator does not
provide a comprehensive and objective assessment of economic resilience and does not
reflect the ability of the economic system to respond to shocks in the long term.

With reference to existing research, this paper constructs an evaluation system for
the economic resilience of resource-based cities from three dimensions: resistance and
recovery ability, adaptation and regulation ability, and innovation and transformation
ability [31,32]. The indicators are shown in Table 1. Resistance and recovery ability reflect
the vulnerability and stability of an economic system, in terms of its ability to withstand
external shocks and restore its structural and functional stability after a disturbance. Cities
with high resilience can be less affected by shocks, which are usually influenced by fac-
tors, such as the level of economic development, the level of urban construction, and the
employment of the population [33]. This article uses six indicators to measure resistance
and recovery ability: savings amount of urban and rural areas, per capita GDP, registered
urban unemployment rate, regional GDP growth rate, green coverage, and per capita
road area. Adaptation and regulation ability is the potential of an economic system to
actively adjust after a shock, adapt to the shock, and develop according to the original
path. It is often influenced by ecology, government management capacity, and consumer
potential [12,22]. Five indicators are used to measure adaptation and regulation ability:
financial self-sufficiency, total retail sales of consumer goods, financial scale, sulfur dioxide
emissions, and comprehensive utilization rate of solid waste. Innovation and transfor-
mation ability is a higher-level capability that reflects the ability of an economic system
to actively adjust its internal structure and transform into a new development model. It
is influenced by a combination of factors, such as technology, education, and industrial
structure [34,35]. We measured innovation and transformation ability with six indicators:
financial expenditure on education, technological level, internet penetration, innovation
and entrepreneurship index, rationalization of industrial structure, and optimization of
industrial structure.

The index attributes of unemployment rates, sulfur dioxide emissions, and rationaliza-
tion of industrial structure are negative, and the remaining index attributes are positive. The
rationalization of industrial structures reflects the transformation ability of resource-based
cities. The more reasonable the industrial structure, the stronger the ability to innovate and
evolve. Drawing on the practices of Wang Jun and Li Hong [36,37], the following methods
are used to construct the industrial structure rationalization index:

RIS =
n

∑
i=1

(
Yi
Li

/
Y
L

)
=

n

∑
i=1

(
Yi
Y

/
Li
L

)
(1)
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Table 1. The index system of economic resilience.

Target Layer Criteria Layer Indicator Layer Indicator Description Min Max

Economic
resilience

Resistance and
recovery ability

Savings amount of urban
and rural areas (ten

thousand yuan)
Reflect the residents’ ability to resist risks (+) 4851.0100 411,606.3665

Per capita GDP (yuan) Reflect the level of regional economic
development (+) 82.1871 176,587.5654

Registered urban
unemployment rate (%) Reflects regional unemployment risk (−) 0.3011 98.6776

Regional GDP growth
rate (%)

Reflects the level of economic growth in
economic locations (+) −19.3800 37.0000

Green coverage (%) Reflects the level of urban greening 0.0000 64.7800

Per capita road area (m2)
Reflect the level of infrastructure and

construction in the region (+) 0.0000 60.0700

Adaptation and
regulation ability Financial self-sufficiency

Revenue within the general budget of the
Treasury/Expenditure within the General

Budget of the Treasury (+)
0.0544 1.1156

Total retail sales of
consumer goods (ten

thousand yuan)
Reflects the size of the regional market (+) 11.5970 216,967.3230

Financial scale (%) Proportion of deposits from financial
institutions (+) 0.2452 4.3483

Sulfur dioxide emissions (t) Regional industrial sulphur dioxide
emissions (−) 917.0000 337,164.0000

Comprehensive utilization
rate of solid waste (%)

Regional comprehensive utilization rate of
general industrial solid waste (+) 0.0001 135.0000

Innovation and
transformation

ability

Financial expenditure
on education

Local financial expenditure on education/
Expenditure within the general budget of

local finance (+)
0.0357 0.3774

Technological level (ten
thousand yuan) Local science and technology expenditure (+) 0.7700 1954.9554

Internet penetration
(thousand persons) Number of regional internet users (+) 97.0000 33,700.0000

Innovation and
Entrepreneurship Index

Reflect the level of regional innovation and
entrepreneurship activity (+) 1.3652 90.4110

Rationalization of
industrial structure

Reflect the degree of regional industrial
coordination and the degree of effective use

of resources (−)
0.0943 3.7583

Optimization of
industrial structure

Secondary industry output value/tertiary
industry output value (+) 0.0013 2.6692

In Formula (1), Yi represents the added value of i industry; Y represents the total
output value of each industry; Li is the number of people employed in i industry; L is the
total number of people employed.

3.2. Methods
3.2.1. The Entropy Evaluation Method

The concept of entropy originated in the classical theory of thermodynamics and was
introduced into information theory by Shannon in 1948. Entropy measures uncertainty.
The more information there is, the less uncertainty there is and the less entropy there is.
The smaller the amount of information, the greater the uncertainty and the greater the
entropy [38]. Delphi and APH are subjective weighting methods that are subjective to a
certain extent, and the scoring expert affects the credibility of the overall results. Compared
to these two methods, the entropy method reflects the information entropy of the indicators
and is an objective weighting method that effectively overcomes the bias caused by human
factors and the problem of superimposing information on indicators. This paper uses the
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entropy evaluation method to determine the weights to comprehensively measure the
economic resilience of resource-based cities in China.

In a comprehensive evaluation, there are differences in the magnitudes and types
of indicators. In order to exclude the influence of differences in indicators in the results,
standardization is required to remove the magnitudes. Commonly used standardization
methods are min-max normalization and zero-mean normalization. Compared to zero-
mean normalization, min-max normalization scales the original metric proportionally to a
number between 0 and 1, and the resulting interval is more stable. Therefore, this article
uses min-max normalization for dimensionless processing. If a single indicator is beneficial
to the development of economic resilience, the positive indicator calculation method is
used. If a single indicator is not conducive to economic resilience, the negative indicator
calculation method is used.

positive indicator : X′ij =
Xij − Xmin

Xmax − Xmin
(2)

negative indicator : X′ij =
Xmax − Xij

Xmax − Xmin
(3)

In Equations (2) and (3), X′ij is the standardized value of the j-th index of the i-th
city, Xmin is the minimum value of the j-th index in the sample period, and Xmax is the
maximum value of the j-th index in the sample period.

Afterwards, the weight of each indicator in the index system is calculated with infor-
mation entropy: Pij represents the weight of the index; ej indicates information entropy,
di indicates redundancy; wj is the weight for each indicator. Finally, we then calculate the
score Si for economic resilience. 

Pij = X′ij/
m
∑

i=1
X′ij

ej = − 1
ln m

m
∑

i=1
Pij ln Pij

dij = 1− ej

wj = dj/
m
∑

i=1
dj

Si =
n
∑

j=1
wjX′ij

(4)

3.2.2. Theil Index

The Theil index was introduced in 1967 by Dutch economist Theil, and was the most
commonly used measure of regional economic disparities. The advantage of the Theil
index over the coefficient of variation and generalized entropy is that it can decompose
overall regional differences into intra-regional differences and inter-regional differences,
thus, better reflecting the sources of the overall regional variation. Drawing on Theil’s
research, this paper uses Stata to decompose the Theil index and the total difference in
economic resilience of resource-based cities into intra-regional differences and inter-regional
differences across eight major economic regions. The calculation formula is as follows:

Tpi = ∑
i

∑
j

(Yij

Yi

)
log
(Yij/Y

1/ni

)
(5)

Tp = TWR + TBR = ∑
i

(
Yi
Y

)
Tpi + ∑

i

(
Yi
Y

)
log
(

Yi/Y
ni/n

)
(6)

Tpi represents the overall difference in economic resilience in resource-based cities,
which is decomposed into intra-regional differences, TWR, and inter-regional differences,
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TBR. The Theil index is valued between 0 and 1, and the smaller the value, the smaller the
regional economic resilience gap.

3.2.3. Moran’s I

Global spatial autocorrelation refers to the degree of correlation between object at-
tributes and adjacent spatial unit attributes. Moran’s I is derived from Pearson correlation
coefficients, which are the primary method for measuring spatial autocorrelation [39]. This
article uses Stata’s spatgsa command to calculate Moran’s I. Measuring whether there is
spatial autocorrelation in the economic resilience of resource-based cities in China is helpful
for understanding the spatial pattern of economic resilience of resource-based cities, and
for analyzing whether the economic resilience of each city has a spatial spillover effect. The
calculation formula is as follows:

Moran′s I =

n
n
∑

i=1

n
∑

j=1
wij(xi − x)

(
xj − x

)
n
∑

i=1

n
∑

j=1
wij

n
∑

i=1
(xi − x)2

(7)

In Formula (7), wij represents the spatial weight matrix, xi and xj represent the eco-
nomic resilience of i cities and j cities, and x is the average economic resilience of each city.
Moran’s I greater than 0 indicates the presence of a positive spatial correlation, and less
than 0 indicates the existence of a spatial negative correlation.

3.3. Influencing Factor Model
3.3.1. Spatial Durbin Model

Spatial econometrics was born in the 1970s and was first proposed by Paelinck and
Klaassen. They did not give a specific definition of spatial econometrics, but only gave
the criteria for future formation and development of spatial models. Later, Anselin et al.
expanded on Paelinck’s research, refining the theory of spatial econometrics, and building
a more effective spatial model [40].

The spatial model can be divided into spatial lag model (SLM), spatial error model
(SEM), and spatial Durbin model (SDM) according to the different manifestations of spatial
spillover effects. The spatial lag model is primarily used to study the spatial correla-
tion between the explanatory variables and emphasizes the spatial spillover effects of the
explanatory variables. The spatial error model emphasizes the existence of spatial hetero-
geneity, and believes that the spatial correlation between variables is caused by random
disturbances between regions.

The spatial Durbin model is a generalized form of the spatial error model and the spa-
tial lag model, which can be simplified to the SEM model and the SLM model under certain
conditions. The SDM considers the interaction between spatial units and considers that
the explanatory variables are not only affected by local factors, but also by the explanatory
variables and explanatory variables in the neighboring regions, and can more accurately
identify the influencing factors of the explained variables. This article uses Stata to execute
the spatial Durbin model. The specific settings of the model are as follows:

Yit = δ
n

∑
j=1

WijYjt + α + βXit +
n

∑
j=1

WijXjtθ + µi + λt + εit (8)

In Formula (8), Yit is the dependent variable, representing the economic resilience
of resource-based cities; Wij is the spatial weight matrix; Yjt is the economic resilience of
neighboring resource-based cities; Xit represents the set of resource-based city independent
variables; Xjt is a set of explanatory variables for neighboring resource-based cities; α is a
constant term. µi and λt are spatial fixation effects and time fixation effects, respectively;
εit is a random error term.
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3.3.2. Influencing Factor Setting

A variety of factors jointly affect a city’s economic resilience. This paper selects the
eight variables in Table 2 as explanatory variables to explore the impact mechanism of
the temporal and spatial evolution of China’s resource-based cities’ economic resilience:
resource dependence, nationalization, market potential, talent development potential,
work-force level, specialization of industry structure, fiscal risk, and location factors.

Resource dependence is defined as an economy’s dependence on resources, measured
by the ratio of the total employed population in extractive industries to the total employed
population [41]. Areas rich in natural resources are prone to over-dependence on resources
in the development process, resulting in a series of problems. The excessive concentration
of resources affects the government’s investment in other areas. Resource industries are
controlled by a few, which can easily breed administrative corruption and widen the gap
between the rich and the poor in the city [42]. Natural resources have low price elasticity.
Once resource prices fluctuate greatly, the entire economy will face greater uncertainty.
This series of problems has a negative impact on economic resilience and is not conducive
to the timely recovery of cities after external shocks [43,44].

Excessive nationalization is not conducive to the growth of China’s economic re-
silience [45,46]. Non-state enterprises have higher efficiencies than state-owned enter-
prises. From the experience of China’s reform and opening, China’s economic growth
and efficiency improvement mainly come from the non-state sector. The high degree of
nationalization leads to the joint monopoly of large state-owned enterprises and the gov-
ernment on urban resources, squeezing the production and operation activities of small
and medium-sized enterprises, which is not conducive to the stability of the city’s internal
structure and innovative development.

The market potential is expressed by population density, and the talent development
potential is expressed by the number of universities. The market potential can induce factor
inflow by raising factor prices, which has a positive impact on the growth in economic
resilience. The expansion of the local market leads to the strengthening of the spatial ag-
glomeration of economic activities, promotes the generation and diffusion of new ideas and
new technologies, and promotes the development of surrounding areas in the process of
diffusion. Talent development potential improves a city’s economic resilience by reserving
human resources [47]. The city needs to be replenished with large amounts of manpower
and materials to maintain its functional stability after a shock. High-quality human re-
sources are conducive to improving the efficiency of factor allocation and enhancing the
city’s economic resilience.

The workforce level is an important factor affecting the growth in economic resilience.
This article uses the number of employees at the end of the year to measure the labor force
level. Most existing studies believe that labor supply has a positive impact on economic
resilience’s growth [48]. As an important production factor, the labor force is the basic
factor of regional economic development. Sufficient labor is conducive to the stability of a
city’s structure and the smooth operation of its economy.

In the early stages of reform and opening, China’s resource-based cities built pro-
fessional cities relying on natural resources and accumulated huge amounts of wealth.
However, when the city encounters a strong industrial crisis or the economy is in a down-
ward state, the specialization of the industrial structure will no longer be suitable for
the development of resource-based cities. Industrial diversification can diversify and re-
duce risks brought on by external shocks [26,49], enhance urban economic resilience, and
maintain stable regional development.

Fiscal risk and geographic location also have an impact on the economic resilience
of resource-based cities. This paper uses the ratio of the fiscal deficit to regional GDP to
measure fiscal risk. Fiscal deficits increase the burden of government debt. Excessive fiscal
deficits may trigger fiscal crises and reduce the city’s adjustment capabilities. Eastern China
has an advantageous geographical location, while the west is dominated by mountains
and basins; the transportation is inconvenient. In the production process, factors flow from
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remote western cities to eastern cities, making the economic resilience of eastern cities
higher than that of western cities.

Table 2. Description of the influencing factor variable.

Variable Variable
Meaning Variable Description Min Max Mean

Rely Resource
dependence

Total employed population in extractive
industries/Total employed

population (%)
0.0001 0.5782 0.1167

Nation Nationalization

Number of employees in public
administration and social

organizations/Total regional
population (%)

0.0016 0.0514 0.0124

Market Market
potential

Take the natural logarithm of
population density 2.3046 6.9318 5.4854

Talent
Talent

development
potential

Take the natural logarithm of the
number of ordinary colleges

and universities
0.0000 2.8332 0.8962

Labor Workforce
level

Take the natural logarithm of the
number of employees at the end of

the year
1.7047 5.9412 3.2298

Fixl
Specialization

of industry
structure

Industrial structure
specialization index 0.3471 62.5605 5.0085

Risk Fiscal risk Fiscal deficit/regional GDP 0.0181 0.9710 0.1271

Locat Location
factors

The value for located in the eastern
region is 1, otherwise it is 0 0.0000 1.0000 0.2456

3.4. Study Area and Data Sources

The State Council of China issued the “National Sustainable Development Plan of
Resource-Based Cities (2013–2020)” in 2013, which defined the scope of resource-based
cities in China. China’s resource-based cities involve 28 provincial-level administrative
regions, 126 prefecture-level administrative regions, 62 county-level cities, 58 counties,
and 16 municipal districts, covering more than 40% of China’s land area and more than
36% of the country’s population. The 126 prefecture-level administrative regions include
116 prefecture-level cities, 8 autonomous prefectures, and 2 prefectures. Due to the serious
lack of data in autonomous prefectures, prefectures in Bijie and Laiwu withdrew from the
city and joined districts in 2019. This paper selects 114 prefecture-level cities as research
objects, including 14 growing cities, 62 mature cities, 23 declining cities, and 15 regenerative
cities. It should be noted that the resource-based cities referred to in this article are resource-
based city regions.

This paper uses the panel data of 114 prefecture-level cities from 2005 to 2019 to
comprehensively measure the economic resilience level of resource-based cities in China,
and at the same time study its impact mechanism. The data were mainly derived from the
China City Statistical Yearbook, the China Regional City Statistical Yearbook, the China
Urban-Rural Construction Statistical Yearbook, and the National Bureau of Statistics of
the People’s Republic of China. The innovation and entrepreneurship index was from the
Peking University Open Research Data Platform [50]. The missing values were created by
interpolation. In order to eliminate the factor of price fluctuation, the savings amount of
urban and rural areas, per capita GDP, and the total retail sales of consumer goods are all
converted from the base period of 2005.

4. Results
4.1. The Temporal Evolution of Economic Resilience in Resource-Based Cities

The average economic resilience of resource-based cities in China shows a continuous
growth trend. Figure 1 shows the overall time evolution of economic resilience in resource-
based cities. From 0.1306 in 2005 to 0.2597 in 2019, the average annual growth rate was
5.04%. There are obvious differences in the growth in economic resilience between different
cities. From 2005 to 2007, the growth rate was rising, with an average annual growth rate of



Sustainability 2022, 14, 10434 10 of 21

4.55%. From 2008 to 2012, it was at a stage of high-speed growth, with an average annual
growth rate of 5.44%. After 2013, the growth rate in economic resilience slowed down and
remained at a relatively stable level, which was a stage of steady growth. China’s economy
began to transition to high-quality development. Xuzhou, Ganzhou, and Luoyang are
the top three cities in terms of the total growth in economic resilience; Qitaihe, Hegang,
and Heihe are the last three cities in terms of growth in economic resilience. From the
perspective of growth rate, the economic resilience of Ganzhou, Yichun, and Xuzhou has
increased rapidly, with an average annual growth rate of more than 9%. Qitaihe, Hegang,
and Daqing are the three cities with the lowest growth rates, all located in Heilongjiang
Province, with an average annual growth rate of less than 2%.
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Figure 1. The trend of resource-based cities’ economic resilience.

There are obvious differences in the economic resilience of resource-based cities in
different regions. Figure 2 shows the characteristics of the economic resilience of resource-
based cities: East Coast > Northern Coast > South Coast > Middle Reaches of the Yangtze
River > Middle Reaches of the Yellow River > Northeast Region > Southwest Region >
Northwest Region. The cities with the largest growth rates in economic resilience are in
the coastal area, with an average annual growth rate of 6.11%; the growth rate in economic
resilience of cities along the Yellow River and Yangtze River is in the middle, at 5.57%;
the northeast region has the smallest average annual growth rate of only 2.59%. During
the Thirteen Five-Year Plan period, the economic resilience of resource-based cities in the
middle reaches of the Yangtze River increased, gradually surpassing the resource-based
cities in the southern coastal areas, and the overall economic resilience of the southwest
region began to exceed that of the northeast region.
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Figure 2. The trend of economic resilience in eight major economic regions.

4.2. The Spatial Evolution of Economic Resilience in Resource-Based Cities

We used sequential clustering to divide the different economic resilience types of
114 resource-based cities in China. According to the loss function, resource-based economic
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resilience is divided into five levels: low level (0–0.1345), lower level (0.1346–0.1921),
medium level (0.1922–0.2611), higher level (0.2612–0.3896), and high level (0.3897–0.7193).
Figure 3 shows the spatial evolution of the resilience of China’s resource-based cities.
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First, from 2005 to 2019, the resilience of China’s resource-based cities showed a low-
medium-high growth trend. The economic resilience of Chinese resource-based cities was
low in 2005; cities with low levels of economic resilience accounted for 56.14%. Economic
resilience has ample potential since China entered the new normal in 2013. In 2015, only
18.42% of cities were at a low level of economic resilience. After 2019, there were only seven
low-value areas, namely Jinchang, Hegang, Qitaihe, Shuangyashan, Yichun, Liaoyuan, and
Tongchuan. High-value areas increased from 6 to 13 between 2015 and 2019; the new cities
were Chuzhou, Handan, Nanyang, Suqian, Ganzhou, Yichun, and Huzhou.

Second, the spatial differentiation of economic resilience in resource-based cities is
remarkable, with a distribution pattern of high in the east and low in the west. In 2015, 25%
of the top 20 cities with economic resilience were located in Shandong Province, and 30%
of the bottom 20 cities were located in Gansu Province. In 2019, the middle reaches of the
Yangtze River also became a high-level area of economic resilience, with representative
cities including Ganzhou, Yichun, Chuzhou, and Xuancheng. In 2019, areas with low levels
of economic resilience were mainly located in the northwest and northeast regions. The
bottom 20 cities with economic resilience are now mainly located in Heilongjiang and
Gansu Province.
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Third, the spatial polarization of the economic resilience in resource-based cities has
intensified, and the distribution has shown a non-equilibrium trend. Between 2005 and
2019, the number of cities with low levels of economic resilience continued to decrease,
and the number of cities at higher and higher levels increased. The economic resilience
of resource-based cities was low in 2005, with a value of 0.1765. However, the economic
resilience range of China’s resource-based cities increased to 0.6135 in 2019. It shows
that the spatial polarization of the economic resilience level of China’s resource-based
cities continues to expand. The Matthew effect, proposed by Robert K. Merton in 1968,
can explain this phenomenon. If an individual has an advantage in a certain aspect,
this advantage will continue to accumulate, thereby gaining a greater advantage. If an
individual is disadvantaged in one aspect, the disadvantage will continue to expand. The
expansion of the range shows that the economic resilience of regions with high economic
resilience is increasing, while the economic resilience of cities with low economic resilience
is decreasing. The Matthew effect states that the strong get stronger and the weak get
weaker, which gradually emerges here.

Clustering can be found in Figure 4. The cold spot areas are low-value clusters, and
the hot spot areas are high-value clusters. The cold spot areas of economic resilience have
changed significantly, and the hot spot areas have remained basically unchanged. The
cold spot areas with low economic resilience values were first located in the southwest,
and then gradually shifted to the northeast. The regions with high-value economic re-
silience have always been concentrated in the eastern and central regions. The trickle-down
effect believes that cities where economic development is prioritized can drive the devel-
opment of surrounding cities. Tangshan, Xuzhou, Zibo, and Linyi had high economic
resilience in 2005, which had a positive radiation effect on the surrounding areas, making
the high-value agglomeration of economic resilience in eastern and central cities more and
more significant.

Sustainability 2022, 14, x FOR PEER REVIEW 13 of 22 
 

 

changed significantly, and the hot spot areas have remained basically unchanged. The 
cold spot areas with low economic resilience values were first located in the southwest, 
and then gradually shifted to the northeast. The regions with high-value economic resili-
ence have always been concentrated in the eastern and central regions. The trickle-down 
effect believes that cities where economic development is prioritized can drive the devel-
opment of surrounding cities. Tangshan, Xuzhou, Zibo, and Linyi had high economic re-
silience in 2005, which had a positive radiation effect on the surrounding areas, making 
the high-value agglomeration of economic resilience in eastern and central cities more and 
more significant. 

    
(a) 2005 (b) 2010 

    
(c) 2015 (d) 2019 

Figure 4. Evolution of hotspots. 

4.3. The Regional Disparities of Economic Resilience in Resource-Based Cities 
This paper uses the Theil index to calculate the overall gap in the economic resilience 

of resource-based cities in China, and decomposes them according to the eight major eco-
nomic regions (Northeast Region, Middle reaches of the Yellow River, North coast, North-
west Region, Southwest Region, Middle Reaches of the Yangtze River, East Coast, and 
South Coast). The results are shown in Table 3 and Figure 5. 

Table 3. Theil index of eight economic regions’ economic resilience. 

Years Theil TBR TWR 
2005 0.0435 0.0225 0.0210 
2006 0.0434 0.0212 0.0222 
2007 0.0491 0.0249 0.0241 
2008 0.0525 0.0237 0.0287 
2009 0.0563 0.0243 0.0320 

Figure 4. Evolution of hotspots.



Sustainability 2022, 14, 10434 13 of 21

4.3. The Regional Disparities of Economic Resilience in Resource-Based Cities

This paper uses the Theil index to calculate the overall gap in the economic resilience
of resource-based cities in China, and decomposes them according to the eight major
economic regions (Northeast Region, Middle reaches of the Yellow River, North coast,
Northwest Region, Southwest Region, Middle Reaches of the Yangtze River, East Coast,
and South Coast). The results are shown in Table 3 and Figure 5.

Table 3. Theil index of eight economic regions’ economic resilience.

Years Theil TBR TWR

2005 0.0435 0.0225 0.0210
2006 0.0434 0.0212 0.0222
2007 0.0491 0.0249 0.0241
2008 0.0525 0.0237 0.0287
2009 0.0563 0.0243 0.0320
2010 0.0597 0.0251 0.0346
2011 0.0610 0.0268 0.0342
2012 0.0623 0.0280 0.0343
2013 0.0664 0.0295 0.0369
2014 0.0706 0.0306 0.0400
2015 0.0688 0.0295 0.0393
2016 0.0772 0.0347 0.0425
2017 0.0881 0.0384 0.0496
2018 0.0893 0.0401 0.0492
2019 0.0835 0.0369 0.0466
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The Theil index of economic resilience of resource-based cities in China increased
from 0.0435 to 0.0835 from 2005 to 2019, with an average annual growth rate of 4.76%,
indicating that the overall regional gap in economic resilience in the eight major economic
zones widened. The decomposition of the Theil index yields intra-regional gaps and inter-
regional gaps. Before 2008, intra-regional disparities contributed greatly to the overall
regional disparity in economic resilience of resource-based cities in China, with an average
contribution rate of 50.45%. After the 2008 financial crisis, the resilience of cities between
regions expanded, and the overall gap was mainly due to the inter-regional gaps, with
an average contribution rate of 56.03%. To sum up, the gap in economic resilience among
resource-based cities is mainly caused by the unbalanced development among regions. The
inter-regional gap continues to widen, and it will still be the decisive force for the gap in
economic resilience and development in the future.

Figure 5 shows that the economic resilience and regional gaps of resource-based cities
in the eight major economic regions are at different levels, and at the same time, show
a trend of differentiated evolution. The Theil index ranking of each region is as follows:
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Northeast Region > Middle Reaches of the Yellow River > Northern Coast > Northwest
Region > Southwest Region > Middle Reaches of the Yangtze River > East Coast > South
Coast. Meanwhile, the Theil index of cities located in the middle reaches of the Yellow
River and the middle reaches of the Yangtze River has the most obvious upward trend;
the regional differences in economic resilience in the northwest, northeast, and southwest
regions show a downward trend, of which the northwest region has the most significant
decline. This trend shows that the development of the eastern and western regions has
become more uncoordinated, and the economic resilience gap between cities has gradually
widened. However, the economic resilience gap between underdeveloped cities in the
northeast and northwest has gradually narrowed.

4.4. Spatial Regression Analysis of Factors Impacting Economic Resilience

Using the Moran index to test the spatial autocorrelation of economic resilience of
resource-based cities in China. Table 4 shows that Moran’s I from 2005 to 2019 was
significantly greater than zero at the 1% level, indicating that there is a positive spatial
correlation in the economic resilience of Chinese resource-based cities.

Table 4. Moran’s I of resource-based cities’ economic resilience from 2005 to 2019.

Years 2005 2006 2007 2008 2009 2010 2011 2012

Moran’s I 0.380 *** 0.438 *** 0.459 *** 0.487 *** 0.461 *** 0.514 *** 0.492 *** 0.461 ***

Years 2013 2014 2015 2016 2017 2018 2019

Moran’s I 0.473 *** 0.495 *** 0.495 *** 0.451 *** 0.469 *** 0.442 *** 0.455 ***

Note: *** indicate the significance levels of 10%.

Table 5 shows that the LM test rejects the null hypothesis at the 1% significance level,
indicating that there are spatial errors and spatial lag effects, and that the spatial Doberman
model is more appropriate. In addition, the LR test and Wald test also rejected the null
hypothesis at the 1% significance level, further indicating that the spatial Durbin model
cannot be degraded into the SAR and SEM. Using the same method to determine that all
dimensions of economic resilience are applicable to the spatial Durbin model.

Table 5. Statistical test of SDM.

Variable Statistics p-Value

LM-spatial error 270.460 0.000
LM-spatial lag 180.803 0.000

LR-spatial error 161.12 0.000
LR-spatial lag 72.82 0.000

Wald-error 165.98 0.000
Wald-lag 87.74 0.000

Table 6 shows the estimation results of the economic resilience of China’s resource-
based cities by the SDM. The spatial autoregressive coefficient ρ passed the 1% significance
test, indicating that economic resilience has an endogenous interaction between regions
in resource-based cities. Resilience is affected not only by local explained variables, but
also by the spatial spillover effects of explained variables and explanatory variables in
neighboring cities. For every 1% increase in the economic resilience of local resource-based
cities, the economic resilience of neighboring resource-based cities increases by 0.1931%.
The estimation results of the SDM show that, in terms of main effects, market potential
and location factors have a significant positive impact on the economic resilience, the
degree of nationalization, and industrial structure specialization, and financial risks have
a significant negative impact; in terms of spillover effects, talent development potential
and industrial structure specialization have a significant role in promoting the economic
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resilience of neighboring resource-based cities; resource dependence, labor level, and
financial risks have a significant inhibitory effect on the economic resilience of neighboring
resource-based cities.

Table 6. Estimated results for the impact factors of economic resilience.

Variable SEM SAR SDM

Rely −0.0601 *** −0.0936 *** −0.0692 ***
Nation −0.0082 *** −0.0060 ** −0.0063 **
Market 0.0635 *** 0.0730 *** 0.0652 ***
Talent 0.0046 *** 0.0053 *** 0.0052 ***
Labor 0.0693 *** 0.0619 *** 0.0689 ***
Fixl −0.0014 *** −0.0008 *** −0.0010 ***
Risk −0.0967 *** −0.1132 *** −0.0740 ***
Locat 0.0226 *** 0.0140 *** 0.0230 ***

W*Rely −0.0365 **
W*Nation −0.0018
W*Market 0.0081
W*Talent 0.0030 ***
W*Labor −0.0265 ***
W*Fixl 0.0011 ***
W*Risk −0.1348 ***
W*Locat −0.0110 **
R-square 0.5757 0.6205 0.6202 ***

ρ 0.1901 *** 0.1931 ***
Note: **, *** indicate the significance levels of 5%, and 10%, respectively.

When the spatial spillover effect exists, changes in a certain influencing factor not
only cause changes in local economic resilience, but also affect changes in the economic
resilience in neighboring cities through a feedback mechanism. However, there is a certain
bias in the parameter estimation results of the SDM, which cannot accurately reflect the
marginal effects of the respective variables. This paper draws on the practice of Lesage
and uses the partial differential method to decompose the total effect into direct effects and
indirect effects. Direct effects reflect the impact of changes in local explanatory variables
on local economic resilience, and indirect effects reflect the impact of local explanatory
variables on the economic resilience of neighboring resource-based cities. Table 7 shows
the direct effect, indirect effect, and total effect of economic resilience in each dimension in
resource-based cities.

Resource dependence has a significant negative impact on economic resilience and
innovation and transformation ability, and has a significant negative spatial spillover effect
on the economic resilience, resistance and recovery, adaptation and regulation ability, and
innovation and transformation ability of neighboring cities. This proves the existence of
the “resource curse” effect. Relying on their rich natural resources, resource-based cities
focus on developing resource-based industries, crowding out investment in scientific and
technological innovation, which is not conducive to the long-term development of economic
resilience. Therefore, the degree of resource dependence not only hinders the development
of local innovation, but also inhibits the overall economic resilience of neighboring resource-
based cities.

Nationalization has a significant inhibitory effect on the economic resilience, adapta-
tion and regulation ability, and innovation and transformation ability of resource-based
cities, and the coefficients are −0.0068, −0.0078, and −0.0230, respectively. The dimension
of innovation and transformation ability is most affected by nationalization. National-
ization is not conducive to the ownership structure breaking the single-subject pattern
of state-owned enterprises and promoting the diversified development of the market
economy. In addition, the spatial spillover effect of nationalization is limited, and the
diffusion effect is not strong, which does not have a significant impact on neighboring
resource-based cities.
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Table 7. Spatial spillover effect for the impact factors of economic resilience.

Variable

Economic Resilience Resistance and Recovery Ability

Direct
Effect

Indirect
Effect

Total
Effect

Direct
Effect

Indirect
Effect

Total
Effect

Rely −0.0737 *** −0.0576 *** −0.1314 *** 0.0186 −0.1166 *** −0.0979 ***
Nation −0.0068 *** −0.0034 −0.0102 *** 0.0020 −0.0004 0.0016
Market 0.0677 *** 0.0243 *** 0.0920 *** 0.0555 *** 0.0640 *** 0.1195 ***
Talent 0.0056 *** 0.0045 *** 0.0102 *** 0.0045 *** 0.0050 *** 0.0094 ***
Labor 0.0671 *** −0.0151 *** 0.0520 *** 0.0270 *** −0.0016 0.0254 ***
Fixl −0.0009 *** 0.0010 *** 0.0001 −0.0003 0.0011 *** 0.0009 *
Risk −0.0881 *** −0.1724 *** −0.2604 *** −0.0905 *** −0.1143 *** −0.2049 ***
Locat 0.0220 *** −0.0068 0.0152 *** 0.0283 *** −0.0039 0.0244

Variable

Adaptation and Regulation Ability Innovation and Transformation
Ability

Direct
Effect

Indirect
Effect

Total
Effect

Direct
Effect

Indirect
Effect

Total
Effect

Rely 0.0087 −0.1352 *** −0.1266 *** −0.0604 ** −0.1669 *** −0.2273 ***
Nation −0.0078 ** 0.0060 −0.0018 −0.0230 *** −0.0010 −0.0240 ***
Market 0.0287 *** 0.0464 *** 0.0751 *** 0.0543 *** 0.0534 *** 0.1077 ***
Talent 0.0050 *** 0.0043 *** 0.0093 *** 0.0076 *** 0.0067 *** 0.0142 ***
Labor 0.0377 *** 0.0019 0.0396 *** 0.0604 *** −0.0096 0.0508 ***
Fixl −0.0010 *** 0.0005 −0.0005 −0.0020 *** 0.0007 −0.0013 **
Risk −0.0702 *** −0.0938 *** −0.1639 *** −0.0224 −0.1375 *** −0.1599 ***
Locat 0.0384 *** −0.0109 0.0274 ** 0.0234 ** −0.0060 0.0174

Note: *, **, *** indicate the significance levels of 1%, 5%, and 10%, respectively.

Market potential and talent development potential play a significant role in promoting
the economic resilience of resource-based cities in China. At the same time, they radiate to
surrounding cities and have a positive spatial spillover effect on neighboring resource-based
cities. The dimension of resistance and recovery is most obviously affected by the factors
of market potential, and the dimension and transformation ability are most affected by
the talent development potential. Increasing the market potential and talent development
potential can stimulate the endogenous driving force of economic growth. The increase in
local market capacity and the gathering of high-quality talents are the “shock absorbers”
to stabilize economic fluctuations, which not only enhance the city’s risk resistance and
innovation ability, but also benefit the surrounding resource-based cities.

The workforce level has a significant positive effect on promoting the economic re-
silience of resource-based cities, and has a negative effect on neighboring regions. The
more abundant the local labor force, the more resilient the economy is. In the context
of the transformation of resource-based cities, if the city lacks sufficient talent reserves,
the current labor force level will not match the new industry. Local resource-based cities
are forced to introduce talents from other places, which aggravates the instability of the
local economy.

The specialization of the industrial structure has a significant negative impact on the
economic resilience, adaptation and regulation ability, and innovation and transformation
ability of resource-based cities, and has a positive spillover effect on the economic resilience
of neighboring cities. Resource-based cities used to rely on the rich local natural resources
and invested a lot of resources in a leading industry in the local area, focusing on building
a specialized city. This development model has played an important role during a specific
period, but in the context of the new era, the drawbacks of this model are gradually revealed.
Once the local leading industry is strongly impacted by external influences, it is difficult
for the city to transform in time and maintain a stable development trend in the crisis
according to its own characteristics.

The direct and indirect effects of fiscal risk on economic resilience are significantly
negative at the level of 1%, indicating that fiscal risk not only hinders the improvement
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of local economic resilience of resource-based cities, but also has a negative impact on the
economic resilience of neighboring cities. Fiscal risk increases the possibility of damage to
the government’s fiscal revenue and expenditure systems and affects the city’s ability to
withstand external shocks.

The location of resource-based cities is also an important factor affecting their economic
resilience. The economic resilience of resource-based cities in the east is better than that of
resource-based cities in other regions. The geographical location of eastern cities is better
than that of the western region, which means the production factors flow from west to
east in the development process, resulting in a serious loss of resources in underdeveloped
cities. A sharp decline in city resistance has reduced the overall economic resilience
of cities.

5. Discussion

Economic resilience provides a new research perspective for cities to resist external
risks and achieve sustainable development. At present, most studies evaluate city resilience
based on a single indicator, and rarely build an indicator system to comprehensively mea-
sure the long-term resilience of city economic systems. In addition, most studies analyze
European regional economic resilience from a national macro-perspective, ignoring the
spatiotemporal characteristics of city economic resilience. Based on the theory of economic
system resilience and combining the characteristics of resource-based cities, this research
constructs an evaluation system and an analysis framework for the economic resilience of
resource-based cities in China. On this basis, the temporal and spatial evolution laws and
regional gaps of resource-based cities are revealed. Different from previous studies, this
paper considers spatial correlation when studying the influencing factors, and reveals the
spillover effects and determinants of economic resilience based on spatial perspectives. The
research results provide a theoretical basis for the resilience and sustainable development
of China’s resource-based cities.

Based on resilience theory, the research constructs a scientific index system from
three dimensions of resistance and recovery ability, adaptation and regulation ability, and
innovation and transformation ability to measure the economic resilience of resource-
based cities in China, and identifies its spatial and temporal differentiation. The overall
resilience of China’s resource-based cities has continued to grow, but the resilience of the
northeast and northwest regions is low and the growth rate is slow, and the resilience
of the coastal areas is high and the growth rate is fast. This is consistent with the study
by Hu et al., cities located in the northeastern region have low resilience, while cities in
the eastern coastal regions have higher economic resilience [25]. Different regions have
different institutional changes and development paths, resulting in regional locations and
urban historical characteristics that affect key institutions’ interpretation of resilience [31,51].
Developed regions are more receptive to new ideas and new technologies, thereby adjusting
city structures and enhancing their resilience to risks. Although the economic resilience
gap between resource-based cities in northeast China has a tendency to narrow, the city’s
development potential is insufficient, and it is easy to lose and lose. In addition, more
attention should be paid to the spatial correlation characteristics of resource-based cities, a
special type of city. This paper verifies the existence of spatial correlations and spillovers in the
economic resilience of resource-based cities in China. An increase or decrease in the resilience
of one city could affect the economic resilience of neighboring cities, triggering simultaneous
changes in surrounding cities. Therefore, cities should make full use of this spillover effect.
High-resilience cities drive the development of surrounding cities, while low-resilience cities
actively undertake industrial restructuring and upgrading [26,49]. Consistent with existing
research, resource dependence, nationalization, industrial structure specialization, and
financial risks have a negative effect on the economic resilience of resource-based cities,
while marketization, talent development potential, and labor force have a positive effect
on resilience improvement [47,48]. From the perspective of spatial spillover, high resource
dependence and financial risks are not conducive to the improvement of the economic
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resilience of neighboring cities, and the market potential and talent potential have become
the keys to driving the improvement of the overall economic resilience of the region.
Therefore, in the process of sustainable development of resource-based cities, attention
should be paid to the diversification and transformation of the industrial structure, and the
ability of the urban economic system to disperse risks should be improved. Expanding the
market and attracting high-quality talent can break the long-standing resource-dependent
development model of resource-based cities.

Simultaneously, the study still has some limitations. Firstly, due to limited access
to data, the study only covered 114 prefecture-level cities. Given the limitations of the
data, it was determined that the sample could be broadened in the future to include data
from all prefectures, autonomous prefectures, and leagues. Alternatively, further focus
on the county, a more microscopic area, to make the findings more relevant. It is also
possible to include non-resource-based cities in the study, compare the economic resilience
of resource-based cities and non-resource-based cities, identify the gap between them
and the reasons for the gap, and provide more favorable support for regional balanced
development. Secondly, the study lacks a more nuanced consideration of time. Future
research can focus on how different times and different types of external shocks affect
economic resilience, and how a city’s economic systems can recover and achieve higher
levels of growth under a certain shock. Finally, a more detailed classification of resource-
based cities by resource type or cycle type can be created, introducing new explanatory
variables in the discussion of influencing factors and analyzing what heterogeneous role
each determinant plays between different types of cities.

6. Conclusions and Recommendations
6.1. Conclusions

The key conclusions can be summarized as follows:
From the perspective of time evolution, the economic resilience of China’s resource-

based cities showed a sustained growth trend. Ganzhou, Yichun and Xuzhou have the
fastest economic resilience growth rates, while Qitaihe, Hegang and Daqing have slow
growth rates. Resource-based cities’ economic resilience in different regions have significant
differences. The economic resilience and growth rates of resource-based cities in the eastern
coastal regions are much higher than those in the northeast and northwest regions.

From the perspective of spatial evolution, the economic resilience of resource-based
cities in China has significant spatial differentiation, showing a distribution pattern of
high in the east and low in the west and northeast. At the same time, the phenomenon
of spatial polarization has intensified, and the economic resilience development between
cities has shown the Matthew effect. From 2005 to 2019, the hot spots of economic resilience
of resource-based cities were always located in the eastern and central regions, and the cold
spots shifted from the southwest to the northeast. In addition, from 2005 to 2019, the Theil
index of economic resilience of resource-based cities in the eight major regions continued to
increase, indicating that the economic resilience disequilibrium in the eight major economic
regions has increased. Decomposing the Theil index reveals that inter-regional disparities
are the main source of resilience gaps in resource-based cities.

Market potential, talent development potential and labor level are the direct driving
forces for improving the economic resilience of China’s resource-based cities. The model
with state-owned enterprises as a single subject and excessive industrial concentration is
not suitable for the current stage of China’s development. Resource dependence, market po-
tential, talent development potential and fiscal risks not only affect the economic resilience
of local resource-based cities, but also have spatial spillover effects on neighboring cities.
Resource dependence and financial risks are not conducive to the economic resilience of
neighboring areas, but market potential and talent development potential have a radiating
effect on surrounding cities, enhancing local economic resilience while also benefiting
surrounding cities.
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6.2. Policy Recommendations

Based on the above conclusions, China’s resource-based cities should start with their
own characteristics and formulate differentiated policies through a combination of local
conditions and overall planning, focusing on improving the overall economic resilience of
cities and narrowing regional differences in economic resilience.

The first step is to ensure the rationality and fairness of resource allocation through
an implementation mechanism that combines market leadership and government guid-
ance. The market mechanism has changed the traditional direct intervention method,
using the macro-management method to adjust the market economy from both the sup-
ply side and the demand side by promoting the function and scope of resource allo-
cation, and stimulating market vitality. The government guides and guarantees fair-
ness in the allocation of public resources and avoids homogeneous competition and the
siphoning effect.

Second, China’s resource-based cities should break the lock-in effect and promote
the diversification of industrial structures. Relying on resource advantages to develop a
specific industry is the early choice of resource-based cities, and the resource advantage trap
restricts the transformation of resource-based industries to non-resource-based industries.
Therefore, resource-based cities should take the industrial transfer in coastal areas as an
opportunity to develop high-value-added industries, cultivate a matching production
structure, and realize the diversification and upgrading of industrial structures. In addition,
in order to solve the problem of unbalanced development of regional economic resilience, a
new mechanism for coordinated regional development should be built, resources should
be complemented within urban agglomerations, and the “enclave economy” model should
be opened up.

The final step is to take the digital economy and intelligent economy as an opportunity
to stimulate the potential of new talent resources, giving priority to the new economic
sectors, and realizing the extension of the industrial chain. The low conversion rate
of education and technological achievements has weakened the economic resilience of
resource-based cities, so China’s resource-based cities should effectively integrate resources,
provide preferential policies for talents, and explore new power and new technologies.

Author Contributions: Conceptualization, G.L. and M.L.; methodology, G.L. and M.L.; software,
G.L. and M.L.; formal analysis, G.L. and M.L.; data curation, G.L. and M.L.; writing—original draft
preparation, G.L. and M.L.; writing—review and editing, G.L.; funding acquisition, G.L.; G.L. and
M.L. are the co-first authors, M.L. is the corresponding author. All authors contributed equally to this
work. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the National Social Science Funding of China, grant
number (18BJY081).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Innovation and entrepreneurship index is from Peking University Open
Research Data Platform (https://doi.org/10.18170/DVN/PEFDAS, accessed on 27 November 2021).
Other data are mainly from China City Statistical Yearbook (https://navi.cnki.net/knavi/yearbooks/
YZGCA/detail, accessed on 19 November 2021), China Regional Economy Statistical Yearbook
(https://navi.cnki.net/knavi/yearbooks/YZXDR/detail, accessed on 19 November 2021), China
Urban-Rural Construction Statistical Yearbook (https://navi.cnki.net/knavi/yearbooks/YCXTJ/
detail, accessed on 22 November 2021) and National Bureau of statistics of the People’s Republic of
China(http://www.stats.gov.cn, accessed on 3 December 2021).

Acknowledgments: Thanks to the editors and reviewers for their comments; our article has been
greatly improved. Moreover, we would like to thank Hebei GEO University (KJCXTD-2022-02) for
providing us with the necessary financial support.

Conflicts of Interest: The authors declare no conflict of interest.

https://doi.org/10.18170/DVN/PEFDAS
https://navi.cnki.net/knavi/yearbooks/YZGCA/detail
https://navi.cnki.net/knavi/yearbooks/YZGCA/detail
https://navi.cnki.net/knavi/yearbooks/YZXDR/detail
https://navi.cnki.net/knavi/yearbooks/YCXTJ/detail
https://navi.cnki.net/knavi/yearbooks/YCXTJ/detail
http://www.stats.gov.cn


Sustainability 2022, 14, 10434 20 of 21

References
1. Elmqvist, T.; Andersson, E.; Frantzeskaki, N. Sustainability and resilience for transformation in the urban century. Nat. Sustain.

2019, 2, 267–273. [CrossRef]
2. Li, H.; Long, R.; Hong, C. Economic transition policies in chinese resource-based cities: An overview of government efforts.

Energy Policy 2013, 55, 251–260. [CrossRef]
3. Yu, J.; Li, J.; Zhang, W. Identification and classification of resource-based cities in China. Geographical 2019, 29, 1300–1314.

[CrossRef]
4. Miao, C.; Hu, Z.; Geng, F.; Miao, J. Characteristics of economic evolution and the influencing factors of resource-dependent cities

in China: The role of path dependence, vulnerability and path creation. Geogr. Res. 2018, 37, 1268–1281.
5. Li, Q.; Guo, Q.; Zhou, M.; Xia, Q.; Quan, M. Analysis on the mechanism and influencing factors of the coordinated development

of economy and environment in china’s resource-based cities. Sustainability 2022, 14, 2929. [CrossRef]
6. Hou, G.; Zou, Z.; Zhang, T.; Meng, Y. Analysis of the Effect of Industrial Transformation of Resource-Based Cities in Northeast

China. Economies 2019, 7, 40. [CrossRef]
7. Holling, C.S. Resilience and Stability of Ecological Systems. Annu. Rev. Ecol. Syst. 1973, 4, 1–23. [CrossRef]
8. Simmie, J.; Martin, R. The economic resilience of regions: Towards an evolutionary approach. Camb. J. Reg. Econ. Soc. 2010, 3,

27–43. [CrossRef]
9. Martin, R.; Sunley, P.; Gardiner, B.; Tyler, P. How regions react to recessions: Resilience and the role of economic structure. Reg.

Stud. 2016, 50, 561–585. [CrossRef]
10. Sun, J.W.; Sun, X.Y. Research Progress of Regional Economic Resilience and Exploration of Its Application in China. Econ. Geogr.

2017, 37, 1–9.
11. Aiginger, K. Strengthening the resilience of an economy. Intereconomics 2009, 44, 309–316. [CrossRef]
12. Briguglio, L.; Cordina, G.; Farrugia, N.; Vella, S. Economic Vulnerability and Resilience: Concepts and Measurements. Oxf. Dev.

Stud. 2009, 37, 229–247. [CrossRef]
13. Simmie, J. Regional Economic Resilience: A Schumpeterian Perspective. Raumforsch. Raumordn. 2014, 72, 103–116. [CrossRef]
14. Masik, G. Economic resilience: The case of Poland and Certain European regions. Geogr. Pol. 2016, 89, 457–471. [CrossRef]
15. Pontarollo, N.; Serpieri, C. Challenges and Opportunities to Regional Renewal in the European Union. Int. Reg. Sci. Rev. 2021, 44,

142–169. [CrossRef]
16. Ezcurra, R.; Rios, V. Quality of Government and Regional Resilience in the European Union. Evidence from the Great Recession.

Pap. Reg. Sci. 2019, 98, 1267–1290. [CrossRef]
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