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Abstract: Carbon emissions have a profound impact on the transformation goals and
development paths of cities. In the context of carbon neutrality, it is of great significance to
explore the coupling coordination level of the social–ecological systems in resource-based
cities for realizing regional low-carbon and sustainable development. In this study, the
entropy weighting method, coupling coordination degree model and geographical detector
were used to measure the comprehensive development level and coupling coordination
level of the social–ecological system in 116 resource-based cities in China from 2010 to 2020
and their spatial–temporal characteristics and influencing mechanism were analyzed. The
results show the following: (1) The comprehensive development level of the social system
in China’s resource-based cities has a significant upward trend, while the comprehensive
development level of the ecological system has a gentle upward trend, and the coupling
and coordination level of the social–ecological system has a fluctuating upward trend.
(2) There is obvious spatial differentiation between the comprehensive development level
and the coupling coordination level of the social–ecological systems in resource-based
cities in China, and the relative difference is gradually increasing. (3) The digital economy
index, urbanization level, science and education investment, and population density are
important factors affecting the coupling coordination level, and the interaction between
digital economy index, urbanization level, and population density has a strong explana-
tory power in the differentiation of the coupling coordination level. Based on the above
conclusions, effective policy recommendations are put forward: formulate more refined
and differentiated development paths, co-ordinate the spatial layout to give full play to the
role of urban agglomeration, vigorously develop the digital economy, increase investment
in science and education, rely on scientific and technological innovation to create devel-
opment advantages, reasonably guide the population layout and take a new urbanization
development route.

Keywords: resource-based cities; social–ecological system; coupling coordination;
geographical detector

1. Introduction
How to explore the coupling coordination level and influencing mechanism of the

social–ecological systems of resource-based cities in China in the context of carbon neutrality
is an urgent problem to realize the green development path of resource-based cities and
promote regional sustainable development. With the rapid economic growth, China has
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become the world’s largest carbon emitter, and resource-based cities, as China’s important
strategic energy and resource guarantee bases, are characterized by high carbon emissions
and the phenomenon of the “resource curse”. Therefore, the proposal of carbon a carbon-
neutral target brings new challenges and opportunities for the transformation of resource-
based cities [1].

In recent years, China has attached great importance to the transformation of resource-
based cities, and has given them policy guidance in different contexts: in 2013, China issued
a guidance document on the transformation of resource-based cities, which classified
resource-based cities into four categories, growing, Mature, Recessionary and Regenerative
resource-based cities, and provided guidance on the personalized development strategies
of resource-based cities; in 2017, the National Development and Reform Commission
(NDRC) issued guidance to guide resource-based cities to explore new economic devel-
opment models based on their own resource endowments; in 2021, the State Council
approved the “Fourteenth Five-Year Plan for Promoting High-Quality Development of
Resource-Based Areas”, which put forward higher requirements for the transformation of
resource-based cities, proposing to further improve the level of resource and energy uti-
lization. It was proposed to further improve the level of resource and energy use, support
the low-carbon, green, intelligent technological transformation and transformation and
upgrading of resource-based enterprises, and do a good job in an orderly manner to reach
the carbon peak carbon neutral work [2]. In summary, in the context of carbon neutrality, it
is of great practical significance to carry out the research on social–ecological systems of
resource-based cities, which is an important means to comprehensively grasp the system
evolution law and connotation of resource-based cities, and also one of the effective paths
to promoting the green development of resource-based cities.

Many researchers have described and analyzed the interaction between the natural
environment and human society at various levels, including social system and ecological
systems. Global environmental change has further highlighted the complex processes and
mechanisms of human–land relations, and the interdependence and interaction of various
system elements have been gradually discovered and valued by researchers, and the con-
cept of the “social–ecological” system has been gradually formed [3]. At present, it is widely
believed that the social–ecological system (SES) consists of social subsystems, ecological
subsystems and the interaction between the two, and has different structures, functions and
complex characteristics from a social system or ecosystem alone [4]. International scholars’
related research started earlier, covering many topics such as natural ecological systems [5],
climate change [6], land use [7,8], governance and management policies [9,10], etc. Along
with the increasing complexity of the role of social–ecological systems, related research has
on the theoretical transformation and practical application of social–ecological systems. In
recent years, theory-oriented analytical frameworks have focused more on the study of
social–ecological systems as a holistic coupling framework for their evolutionary processes
and integrated effects. At the level of theoretical transformation, Eppinga [11] proposed
that, in order to promote the sustainable development of social–ecological systems, it is
necessary to understand how climate and land-use changes caused by human behaviors can
interfere with the interactions between human societies and the ecological system on which
they depend; and based on the principles of management of complex social–ecological
systems, Butler [12] proposed a generic framework of adaptive governance tailored to the
characteristics of the restoration of natural environments. According to Oliveira [13], the
social–ecological system perspective encompasses both social and environmental factors,
and nonlinearities, feedback, modeling, and multilevel networks should be used to un-
derstand and study these phenomena. At the level of practical application, the analytical
framework focuses more on the mechanisms and processes of interaction between the sub-
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systems of the social–ecological system. Magarey [14] uses a model that integrates multiple
capital stocks and flows to study the interactions between the social and ecological compo-
nents of ecosystem services with the aim of understanding and assessing the sustainability
of these systems. Martinez-Fernandez [15] uses socioecological modeling to understand the
linkages between water, agriculture and rural systems; Gittins [16] explores the potential
application of the socio–ecological framework in the field of ecological conservation as a
tool to improve the sustainability and resilience of water resources; Colding [17] describes
a new approach to urban ecological design that analyses the relationship between urban
processes and urban form at the micro-level of the city, enabling city dwellers to experience
social and ecological services directly.

Related research in China has focused on analyzing the structure and process of
social–ecological systems from the perspectives of vulnerability [18,19], adaptability [20],
resilience [21], and toughness [22] and then comprehensively investigated their spatial
and temporal evolution and influencing mechanism. At the theoretical level, Chinese
scholars’ research frameworks on social–ecological systems have gradually integrated
with the theoretical connotations of the concepts of resilience, adaptability, and resilience
so that they present the characteristics of multiple and complex systems. Song [23] con-
structed an assessment matrix of social–ecological system resilience in energy-rich areas
in four stages: “prevention–buffer–recovery–adaptation”; Yang [24] argued that the in-
tegration of resilience and vulnerability assessment has become a new way to analyze
the driving process of social–ecological system evolution and the mechanism of the re-
sponse of fast and slow variables to system perturbations. At the practical application
level, China’s social–ecological system research framework has constructed an evaluation
system rich in regional characteristics, taking into full consideration the actual situation and
development goals of the study area from both the time and spatial scales. For example,
Huang [25] combined the socio–ecological system framework with the land use function
theory and systematically constructed a comprehensive framework for the risk assessment
of production–life–ecological spatial conflicts in terms of spatial patterns and governance
dimensions. In recent years, China has begun to carry out a series of explorations for
social–ecological systems in specific regions, and how to guarantee the coordinated devel-
opment of social and ecological systems in resource-based cities has become a hot topic
of academic concern in the context of the national situation in which the contradiction
between economic development and ecological protection is gradually becoming severe.
Zhang [26] found that the economic development and economic vitality of Huainan City
had a positive impact on the development of social and ecological subsystems, respectively;
Jiang [27] found that the integrated ecological–economic–social development of Yichun City
had gone through a development process from ecology to economy, and then ecology as
the main driving force; Zhao [28] conducted an empirical study on 24 coal resource-based
cities in China, and believed that the coupling coordination of economic resilience and
ecological carrying capacity is the core of the coal resource-based cities to realize urban
economic transformation and coupling coordination of ecological environment, and is also
the key to promote the innovative development of resource-based cities.

In conclusion, although the research on resource-based cities based on the “social–
ecological” system has made some progress, the research on exploring the level of social–
ecological system coupling and coordination and the promotion path of resource-based
cities in the context of carbon neutrality is still in the initial stage. In this paper, we construct
a social–ecological system evaluation index system for resource-based cities in the context
of carbon neutrality, and analyze the coupling process and spatial–temporal differentiation
law, so as to provide powerful support for resource-based cities to explore a more scientific
and efficient green development path.
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2. Materials and Methods
2.1. Study Area

Resource-based cities are types of cities in which the extraction and processing of nat-
ural resources, such as minerals and forests, are the dominant industries within the region.
As resource-based cities rely mainly on natural resource extraction and processing in the
early stage of development, their resource endowment advantages have strongly promoted
regional economic growth. However, the high carbon emission development mode formed
by the excessive reliance on resources gradually triggered a series of problems such as
industrial structure disorders, resource wastage, and increased environmental pollution
in resource-based cities, resulting in the lack of a sustainable development mechanism for
resource-based cities, which has plunged them into the “resource curse” [29]. At present,
a total of 262 cities of different levels in China are recognized as resource-based cities,
including 126 prefecture-level administrative regions, accounting for about one-third of
the number of prefecture-level cities in China. Due to the large number of resource-based
cities and the large differences in the level of economic and social development, they face
different conflicts and problems. Based on the differences in resource security capacity
and sustainable development capacity, the National Sustainable Development Plan for
resource-based cities (2013–2020) classifies resource-based cities into four types, namely,
growing, mature, recessionary, and regenerative, and specifies the direction of develop-
ment and key tasks for each type of city. Based on the National Sustainable Development
Plan for resource-based cities (2013–2020) issued by the State Council in 2013, this study
selects 116 prefecture-level resource-based cities, including 15 growing cities, 63 mature
cities, 23 recessionary cities and 15 regenerative cities, to explore the spatial and temporal
characteristics of their social–ecological systems under the context of carbon neutrality
(Figure 1).
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2.2. Establishment of Index System

In previous studies, the evaluation system of social–ecological systems in resource-
based cities often involves indicators of economic development, people’s quality of life,
natural ecological conditions and other aspects, thus reflecting the interaction between
multiple systems in the city but ignoring the new problems faced by social–ecological
systems in resource-based cities in the context of carbon neutrality. Under the background
of carbon neutrality, the social–ecological system of resource-based cities presents an open
system with multiple structures, complex content, and interaction and cooperation. On the
one hand, the resource endowment and ecological environment of resource-based cities
limit the level of economic development of resource-based cities [30]. On the other hand,
the proposal of carbon neutrality puts forward new requirements for the transformation
of resource-based cities, breaks the original path dependence of resource-based cities, and
promotes the construction of low-carbon and clean industrial systems, thus causing a series
of economic and social changes such as industrial structure [31]. Moreover, resource-based
cities also need economic and technical input and support in changing energy use patterns
and environmental governance [32]. Therefore, the social system also affects the ecological
system changes of resource-based cities to a certain extent. This multi-complex coupling
and coordination relationship reflects the green and sustainable development level of
resource-based cities (Figure 2).
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Based on the research of relevant scholars [33,34] and the coupling relationship be-
tween the development characteristics of resource-based cities and their social–ecological
systems under the carbon neutrality goal, this paper constructs the comprehensive level
evaluation index system of resource-based cities’ social–ecological systems in the context
of carbon neutrality (Table 1). The development level of the social system of resource-based
cities is represented by four criteria levels: economic scale, industrial structure, living
standard and public service, and the development level of the ecological system of resource-



Land 2025, 14, 207 6 of 26

based cities is represented by three criteria levels: resource endowment, ecological pressure
and environmental governance.

Table 1. Evaluation index system of comprehensive development level of social–ecological systems
in resource-based cities.

Criteria First Level
Indicator Basic Level Indicator Unit Attributes Weights

Social system

Economic scale

GDP per capita (X1) CNY/person + 0.0519

Total retail sales of consumer goods per capita (X2) CNY/person + 0.0314

Investment in fixed assets per capita (X3) CNY/person + 0.0483

Industrial
structure Ratio of tertiary industry to secondary industry (X4) / + 0.0271

Living
standard

Disposable income of urban residents per capita (X5) CNY/person + 0.0219

Net income of rural residents per capita (X6) CNY/person + 0.0206

Proportion of employed persons in total population (X7) % + 0.0413

Public service

General public budget expenditure per capita (X8) CNY/person + 0.0426

Number of medical beds per 10,000 people (X9) One bed/10,000 people + 0.0175

Library collection per 10,000 people (X10) One book/10,000 people + 0.0618

Ecological
system

Resource
endowment

Gross industrial output value above designated size per capita (X11) 10,000 CNY/person + 0.0748

Total water resources per capita (X12) Square meter/person + 0.1151

The proportion of extractive industry employees in total employees (X13) % − 0.0896

Ecological
pressure

Industrial wastewater discharge per unit of output value (X14) Tons/10,000 CNY − 0.0519

Industrial sulfur dioxide emissions per unit of output value (X15) Tons/10,000 CNY − 0.0613

Carbon emission intensity (X16) Tons/10,000 CNY − 0.0880

Environmental
governance

Investment in environmental pollution account for GDP (X17) % + 0.1240

Expenditure on environmental protection account for the budgetary
expenditure (X18) % + 0.0236

Carbon trading, energy-consuming right trading, emission trading
account for the total market transactions (X19) % + 0.0306

Note: “+” for positive impacts, “−” for negative impacts.

For the social system, at the level of economic scale, GDP per capita reflects the overall
affluence level of resource-based cities. Although there are differences in the production of
different types of resource-based cities in different industries, the GDP per capita can reflect
the results of the production activities of economic units in 11 industries, such as agriculture,
forestry, animal husbandry, fishery, industry and finance, which is comprehensive and
integrated, and thus can be applied to different types of resource-based cities. Total retail
sales of consumer goods per capita and investment in fixed assets per capita reflect the
strength of the economic driving force of resource-based cities. Among them, the total
retail sales of consumer goods per capita reflect the consumption of physical commodities
in the whole society, which can most directly and sensitively reflect the market vitality
of resource-based cities, and the investment in fixed assets per capita can reflect the long-
term investment made by resource-based cities for expanding the scale of production and
improving the efficiency of production, which represents the potential of economic growth
of resource-based cities. At the level of industrial structure, the ratio of the output value of
the tertiary industry to that of the secondary industry is used as a measure of industrial
structure advancement, which reflects the tendency of “service” in the economic structure
of resource-based cities, with reference to the relevant research of Gan [35]. At the level of
living standards, the per capita disposable income of urban residents and net income of
rural residents are used to reflect the income level of urban residents and rural residents in
resource-based cities, and the proportion of employed persons to the total population is
used to reflect the employment situation in resource-based cities, taking into account the
problem of unemployment caused by the industrial restructuring of resource-based cities.
At the level of public services, the per capita general public budget expenditure is used
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to measure the government’s investment in providing basic services to the public, while
the number of medical beds per 10,000 people and the number of books in libraries per
10,000 people are used to measure the level of medical security and the level of cultural
facilities construction in resource-based cities, respectively.

With regard to ecological system, at the resource endowment level, since the produc-
tion and development of all types of resource-based cities are closely related to resource
exploitation, the resource security capacity of resource-based cities is reflected by the per
capita gross industrial output value above designated scale and the per capita total water
resources, taking into account the resource security status of resource-based cities as well as
the demand for resource development. In addition, considering that the extractive industry
can comprehensively and accurately include coal, petroleum, natural gas, metal and non-
metallic mineral processing industry, timber harvesting and water production and supply,
and other subsectors directly related to natural resources, the proportion of the extractive
industry in the total number of employees can be used to preliminarily reflect the degree of
natural resource dependence of the city [36]. Resource-based cities with a higher percentage
of employees in extractive industries are more resource-dependent and have a relatively
weaker ability to withstand external risks. At the level of ecological pressure, since the
extraction of resources has caused a certain degree of ecological damage to resource-based
cities, the industrial wastewater and industrial sulfur dioxide formed in the industrial
production process, as well as carbon dioxide emissions per unit of GDP (carbon intensity),
are used as indicators of ecological pressure. At the level of environmental governance, the
proportion of investment in environmental pollution control to GDP and the proportion of
expenditure on environmental protection to budgetary expenditure reflects the importance
of how resource-based cities attach to ecological protection. Since resource-based cities rely
on an industrial structure dominated by heavy industry, it is difficult for the government
to regulate the economic structure; therefore, under the goal of carbon neutrality, carbon
emissions trading, energy use rights trading and sewage rights trading, as sustainable
market-based environmental regulatory instruments, can provide economic incentives
for enterprises within the jurisdictions of resource-based cities while encouraging them
to reduce environmental pollution and carbon emissions, and gradually become an im-
portant tool for resource-based cities to balance environmental governance and economic
growth. Therefore, this study uses carbon emissions trading, energy-consuming right trad-
ing, and emissions trading to account for the total amount of market transactions, which,
on the one hand, can reflect the demand for energy conservation and emission reduction in
resource-based cities, and, at the same time, can also reflect its effectiveness in promoting
the improvement of environmental quality and balancing the social–ecological system.

2.3. Data Resource

In this study, data were obtained from the China Statistical Yearbook for Regional
Economy, China City Statistical Yearbook, statistical yearbooks of provinces and cities,
national economic and social development bulletins and ecological and environmental con-
ditions bulletins of cities, official websites of local governments and official data platforms.
In the process of data selection, firstly, we made sure that the administrative level of the
study area was the same to ensure the consistency and comparability of the collected data
in different city samples. Secondly, we avoided selecting indicators with more missing
data due to the fact that some resource-based cities have lagged in data release or have not
disclosed certain data. In addition, we filled in some of the missing data through linear
interpolation to ensure the timeliness and completeness of the available data. Finally, we
ensured that all data were authoritative data released by government departments such as
the National Bureau of Statistics and local government statistical offices.
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The data for X1, X2, X3 and X4 are from the China Statistical Yearbook for Regional
Economy and the China City Statistical Yearbook. The data for X5 and X6 are from the
China Statistical Yearbook for Regional Economy and the National Economic and Social
Development Bulletin of the cities. The data for X7, X8, X9 and X10 are from the China
Statistical Yearbook for Regional Economy. The data for X11, X12 and X13 are from China
City Statistical Yearbook and Statistical Yearbooks of cities. The data for X14 and X15 are
from China City Statistical Yearbook. The data for X16, X17 and X18 are from Statistical
Yearbooks of provinces and cities and Ecological and Environmental Conditions Bulletins
of cities. The data for X19 are from Statistical Yearbooks of provinces and cities, the Carbon
Emission Exchange Centre, the Environmental Resource Exchange Centre and the National
Public Resource Trading Platform.

2.4. Model and Processing
2.4.1. Entropy Weighting Method

The entropy method can avoid the randomness of the subjective assignment method
and solve the problem of overlapping information of multiple indicator variables. Firstly,
all the indicators are standardized by the extreme difference method, and secondly, the
indicators are assigned by the entropy value method. Calculate the weight p-ij of the j-th
indicator of the i-th programme and the fiducial entropy of the j-th indicator; then calculate
the coefficient of variation gj of the j-th indicator to obtain the weight matrix Wj.

pij =
X′

ij

∑m
i=1 X′

ij
(i = 1, 2, · · · , m, j = 1, 2, · · · , n) (1)

ej = − 1
lnm

m

∑
i=1

pijlnpij; gj = 1 − ej (2)

Wj =
1 − ej

∑n
j=1 1 − ej

(3)

Based on the standardized data and composite weights obtained, the comprehensive
development level (Ut) of the social–ecological system in the resource-based city over
the years was calculated using linear weights. According to the different systems of
indicators, the comprehensive evaluation index U1 of the social system of China’s resource-
based cities and the comprehensive evaluation index U2 of the ecological system can be
calculated sequentially.

Ut =
n

∑
i=1

WjXij (4)

2.4.2. Coupling Coordination Degree Model

The coupling degree function can reveal the intrinsic synergistic mechanism of in-
teraction and mutual influence among multiple systems. Construct the coupling degree
function C:

C = 2 ×
[

U1 × U2

(U1 + U2)
2

]1/2

(5)

Since the coupling degree function cannot determine whether the systems promote
each other at a higher level or are closely connected at a lower level, this paper further
introduces the coupling coordination degree function to reflect the degree of coordination
between the systems. The formula is as follows:

D =
√

C × T ; T = αU1 + βU2 (6)
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D denotes the social–ecological system coupling and coordination function of Chinese
resource-based cities, and α and β denote the weights of the importance of social system
and ecosystem. Referring to scholars’ investigations on the interaction mechanism of
social systems and ecological systems [26,37], the social–ecological system is a composite
system that depends on human behavior, resource flows, the natural environment and
socio–cultural functioning. Therefore, from the perspective of coordinated economic, social
and environmental development, the social–ecological system of resource-based cities is
a composite system based on the mutual support, promotion and adjustment of social
systems and ecosystems, and, through the efficient and coordinated coupling of the systems,
it is possible to achieve optimization of the overall development of the region and a virtuous
cycle. Therefore, this study considers the degree of contribution of social systems and
ecosystems to the coordinated development of resource-based cities’ social–ecological
systems to be equally important, so α and β are both taken as 1/2. Referring to related
studies [38], the social–ecological coupling and coordination level of Chinese resource-based
cities can be classified into five grades: D ∈ [0,0.2) denotes serious unbalance; D ∈ [0.2,0.4)
denotes moderate unbalance; D ∈ [0.4,0.6) denotes basic coordination; D ∈ [0.6,0.8) denotes
moderate coordination; and D ∈ [0.8,1) denotes high coordination.

2.4.3. Geographical Detector

The entropy method can avoid the randomness of the subjective assignment method
and solve the problem of overlapping information of multiple indicator variables. Firstly,
all the indicators are geographical detectors, as proposed by Wang [39], which are used
to detect the variability of the spatial distribution of geographic things and explore its
mechanism and contain four analysis modules: factor detector, risk detector, interaction
detector and ecological detector. The factor detector mainly detects the spatial heterogeneity
of the dependent variable and the degree of explanation of the spatial heterogeneity of the
dependent variable by the respective variable, which is represented by the q-value, and the
expression is as follows:

q = 1 − ∑L
h=1 Hhδ2

h
Nδ2 (7)

The value of q ranges from 0 to 1, and, the closer it is to 1, the stronger the influence
factor reveals the spatial differentiation pattern of the dependent variable; where N repre-
sents the number of resource-based cities, h is the number of classification of the influence
factor, Nh represents the number of resource-based cities of type h, δ2 represents the vari-
ance of the level of coupling and coordination of the social–ecological systems of China’s
resource-based cities and δ2

h represents the variance of the coupling and coordination level
of the classification h.

Interaction detection firstly calculates the q-values of two factors X1 and X2 on the
dependent variable Y, respectively, and then calculates the q-values of the two factors
interacting and compares them with the q-values of their respective explanatory power
of the dependent variable, in order to identify whether the interaction of the two factors
enhances or attenuates the effect on the dependent variable. The intersection results
include five types: nonlinear weakening, single-factor nonlinear weakening, double-factor
enhancement, independence and nonlinear enhancement [40].

3. Results
3.1. Temporal Variation Characteristics

The weights of indicators and the comprehensive scores of social systems and ecolog-
ical systems are calculated by the entropy weighting formula, and the average compre-
hensive scores of social systems of growing, mature, recessionary and regenerative cities
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are 0.192, 0.183, 0.182 and 0.223, respectively, and the average comprehensive scores of
ecological system are 0.199, 0.209, 0.214 and 0.197, respectively. Figure 3a–d shows the
time series changes of social–ecological system (SES) comprehensive scores and coupling
coordination degree of growing, mature, recessionary, and regenerative resource-based
cities, respectively. It can be seen that the comprehensive development level of the social–
ecological systems of China’s resource-based cities, in general, shows an upward trend,
in which the upward trend of the comprehensive development level of the social system
is more obvious and the upward trend of the comprehensive development level of the
ecosystem is more gentle. The average annual growth rates of the comprehensive social
system scores of growing, mature, recessionary, and regenerative cities from 2010 to 2020
are 8.000%, 7.000%, 6.303% and 6.533%, respectively, and the average annual growth rates
of the comprehensive ecosystem scores are 2.57%, 1.761%, 2.293%, and 2.229%.
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This indicates that resource-based cities have generally made more significant achieve-
ments in economic development and social security in recent years, which is especially
prominent in regenerative resource-based cities, but the overall level of resource-based
cities, regardless of their type, still needs to be further improved. At the same time, all types
of resource-based cities’ ecological systems are slow to improve, reflecting the ecosystem
benefits of resource-based cities in the context of carbon neutrality.

Comparing the comprehensive score of the social system with the comprehensive
score of the ecological system, it can be found that the comprehensive development level
of social–ecological systems of different types of resource-based cities has different stages
(Table 2). For growing resource-based cities, before 2016, the comprehensive development
level of the social system is lower than the comprehensive development level of the eco-
logical system, but the relative gap between the two systems’ comprehensive scores keeps
narrowing; after 2016, the comprehensive development level of the social system starts to
gradually surpass the level of the ecological system, and the gap shows an increasing trend,
with the relative gap increasing from 0.01 in 2016 to 0.03 in 2020. For mature resource-
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based cities, from 2010 to 2018, the comprehensive development level of the social system
was lower than that of the ecosystem, and the relative gap between the comprehensive
scores of the two systems gradually narrowed from 0.063 in 2010 to 0.001 in 2018, and the
comprehensive development level of the social system surpassed that of the ecosystem
after 2019, with the relative gap reaching 0.001 by 2020. For recessionary resource-based
cities, the comprehensive development level of the social system has been lower than the
comprehensive development level of the ecosystem from 2010 to 2020, but its relative gap
is gradually narrowing from 0.066 in 2010 to 0.008 in 2020. For regenerative resource-based
cities, before 2013, the comprehensive development level of the social system is lower than
the comprehensive development level of the ecological system, and the relative gap shrinks
from 0.026 in 2010 to 0.003 in 2013; after 2013, the comprehensive development level of the
social system exceeds the comprehensive development level of the ecological system, and
the relative gap keeps increasing, from 0.013 in 2013 to 0.065.

Table 2. Development types of resource-based cities.

Year
Growing

Resource-Based
Cities

Mature
Resource-Based

Cities

Recessionary
Resource-Based

Cities

Regenerative
Resource-Based

Cities

2010 Social system
lagging

Social system
lagging

Social system
lagging

Social system
lagging

2015 Social system
lagging

Social system
lagging

Social system
lagging

Ecological system
lagging

2020 Ecological system
lagging

Ecological system
lagging

Social system
lagging

Ecological system
lagging

As can be seen from Table 2, the development stages of growing resource-based cities
and mature resource-based cities are similar, indicating that, although their early resource
holdings were relatively abundant, with the increasing depletion of resources, the eco-
logical system of growing and mature resource-based cities suffered from damage and
insufficient ecological protection, and ecological system development gradually lagged
behind. Recessionary resource-based cities, on the other hand, have insufficient economic
development momentum and lagging social system development for a long time due
to premature resource depletion, but, in recent years, recessionary resource-based cities
have actively realized green transformation, injected new vitality into their social devel-
opment, and narrowed the gap between their social system and ecosystem. Regenerative
resource-based cities practiced the scientific development path of technological reform and
transformation, and upgrading earlier than recessionary resource-based cities. Therefore,
their social system development level surpassed the ecosystem earlier than other types of
resource-based cities. The regenerative resource-based cities practiced the scientific devel-
opment path of technological transformation and upgrading earlier than the recessionary
cities and achieved more significant social benefits by relying on the new economic growth
points, so the development level of their social systems surpassed the ecological system
earlier than the other types of resource-based cities.

Through the coupling coordination degree model, the coupling coordination degree
of social–ecological systems of growing, mature, recessionary and regenerative resource-
based cities is measured, respectively, thus reflecting the coordinated development level of
social–ecological systems of different types of resource-based cities. As can be seen from
Figure 3, the average score of the social–ecological system coupling and coordination levels
of growing, mature, recessionary and regenerative resource-based cities are 0.462, 0.464,
0.472, 0.491, respectively, the whole of which shows an upward trend of urgency and then
slowness. Among them, the coupling and coordination levels of growing resource-based
cities, mature resource-based cities, recessionary resource-based cities and regenerative
resource-based cities increased by 25.835%, 22.710%, 21.152% and 19.443%, respectively, in



Land 2025, 14, 207 12 of 26

2015 compared with 2010, and increased by 15.22%, 12.687% and 13.289%, respectively, in
2020 compared with 2015, 11.687%, with average annual growth rates of 3.816%, 3.304%,
3.231% and 3.816%. Through the study of coupling coordination, it can be found that
the coupling coordination level of resource-based cities’ social–ecological systems under
carbon neutrality has shown a relatively rapid development under the support of the Plan
and other policies, but is limited by its development path and development quality; the
development momentum of the coupling coordination level has gradually slowed down in
recent years, reflecting the fact that there is still a general problem of failing to scientifically
integrate and balance the social benefits and ecological benefits.

3.2. Spatial Pattern Characteristics

ArcGIS 10.2 was used to map the spatial divergence of comprehensive scores and
coupling coordination levels of social–ecological systems in resource-based cities in China,
presenting the spatial trends of social–ecological systems in resource-based cities in 2010,
2015 and 2020, respectively, with a view to reflecting the spatial development of social–
ecological systems in resource-based cities.

Figure 4 shows the spatial differentiation of the comprehensive development level
of social systems (CDLSSs) in resource-based cities. As can be seen from Figure 4, the
comprehensive development level of social systems in resource-based cities in China has
evolved spatially from a generally low level with a small gap to a generally higher level
with a wider gap, and the phenomenon of agglomeration has gradually appeared in the
cities with a lower level and a higher level. In 2010, the development level of the social
systems in China’s resource-based cities as a whole was at the lowest degree and the spatial
differentiation was not obvious, and the only cities with a higher level of development
were Baotou, Ordos, Dongying, Karamay and Panjin, where the resource possession was
relatively rich. In 2015, the comprehensive development level of social systems in 31 cities,
including Anshan, Benxi, Baoji and Fushun, was raised from its lowest degree to a lower
degree, and cities in the medium degree and lower degree formed a trend of clustering on
a small scale in the Northeast, Northwest, and Southeast regions. It is worth noting that
relatively high-value aggregation areas are generally at the junction of provinces, such as
Ordos, Yulin and Sanming, indicating that cities located at provincial junctions have a more
convenient and developed geographic location, play the role of a bridge, and are susceptible
to the radiation drive of neighboring cities. In 2020, with the further improvement of the
integrated social system scores of resource-based cities in the low-level areas, the number
of resource-based cities in the lowest degree declined to 29, the number of resource-based
cities in the lower degree rose to 65, and the number of resource-based cities in the medium
degree rose to 5. The relatively high-level area is gradually formed into a more continuous
regional distribution from point to piece, such as from the middle of Gansu, the northern
part of Shaanxi and the southern part of Inner Mongolia, which together form a relatively
high-level area. Overall, the spatial characteristics of high-level areas are distributed in
patches and low-level areas are distributed sporadically.

Figure 5 shows the spatial differentiation of the comprehensive development level of
ecological systems (CDLESs) in resource-based cities. As can be seen from Figure 5, the
comprehensive development level of ecological system in China’s resource-based cities
shows the characteristics of overall level improvement and increasing spatial differences,
and the spatial pattern changes in 2010, 2015 and 2020 are smaller than those of the com-
prehensive development level of the social system, which indicates that the ecological
system improves with a lag relative to the improvement of the social system. In 2010,
the overall comprehensive level of the ecological system in China’s resource-based cities
was at the lowest degree and a lower degree, while it showed the initial characteristics
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of differentiation. The resource-based cities in the lower degree and medium degree are
mainly concentrated in the northeast region represented by Hulunbeier, Yichun, Heihe,
Hegang and Shuangyashan, and the southeast–southwest region represented by Nanping,
Sanming, Longyan, Liupanshui and Lincang, indicating that these regions are relatively
rich in resource endowment. It also shows that the ecological restoration work of some
recessionary resource-based cities is more effective. In 2015, relatively high-value zones
began to gradually form in the northwestern and eastern regions, and, in the northeast-
ern region, the relatively high-value zones were further expanded, indicating that some
growing and mature resource-based cities also began to use industrial upgrading and other
means to pay attention to the improvement of ecological systems. In 2020, the compre-
hensive level of ecological systems in resource-based cities in the northwest and northeast,
such as Wuwei, Baiyin, Pingliang, Heihe and Yichun, was raised to medium and higher
levels, resulting in the formation of an extensive relatively high-value zone in the northwest
and northeast regions, indicating that ecological system protection and enhancement has
already formed a general consensus among resource-based cities in the northwest and
northeast regions. Cities with low levels of integrated ecological system development are
still concentrated in Henan and Shanxi provinces in the central region and are in a relatively
low-value agglomeration compared with neighboring cities. This is due to the fact that
Henan and Shanxi provinces, as coal resource provinces, have long relied on high-pollution
and high-emission heavy industries, such as coal mining, which has led to slower energy
conservation and emission reduction and ecological system restoration efforts.

Land 2025, 14, x FOR PEER REVIEW 13 of 28 
 

China, presenting the spatial trends of social–ecological systems in resource-based cities 
in 2010, 2015 and 2020, respectively, with a view to reflecting the spatial development of 
social–ecological systems in resource-based cities. 

Figure 4 shows the spatial differentiation of the comprehensive development level of 
social systems (CDLSSs) in resource-based cities. As can be seen from Figure 4, the com-
prehensive development level of social systems in resource-based cities in China has 
evolved spatially from a generally low level with a small gap to a generally higher level 
with a wider gap, and the phenomenon of agglomeration has gradually appeared in the 
cities with a lower level and a higher level. In 2010, the development level of the social 
systems in China’s resource-based cities as a whole was at the lowest degree and the spa-
tial differentiation was not obvious, and the only cities with a higher level of development 
were Baotou, Ordos, Dongying, Karamay and Panjin, where the resource possession was 
relatively rich. In 2015, the comprehensive development level of social systems in 31 cities, 
including Anshan, Benxi, Baoji and Fushun, was raised from its lowest degree to a lower 
degree, and cities in the medium degree and lower degree formed a trend of clustering on 
a small scale in the Northeast, Northwest, and Southeast regions. It is worth noting that 
relatively high-value aggregation areas are generally at the junction of provinces, such as 
Ordos, Yulin and Sanming, indicating that cities located at provincial junctions have a 
more convenient and developed geographic location, play the role of a bridge, and are 
susceptible to the radiation drive of neighboring cities. In 2020, with the further improve-
ment of the integrated social system scores of resource-based cities in the low-level areas, 
the number of resource-based cities in the lowest degree declined to 29, the number of 
resource-based cities in the lower degree rose to 65, and the number of resource-based 
cities in the medium degree rose to 5. The relatively high-level area is gradually formed 
into a more continuous regional distribution from point to piece, such as from the middle 
of Gansu, the northern part of Shaanxi and the southern part of Inner Mongolia, which 
together form a relatively high-level area. Overall, the spatial characteristics of high-level 
areas are distributed in patches and low-level areas are distributed sporadically. 

 
Figure 4. Spatial differentiation of comprehensive development level of social systems in resource-
based cities.



Land 2025, 14, 207 14 of 26

Land 2025, 14, x FOR PEER REVIEW 15 of 28 
 

 

Figure 5. Spatial differentiation of comprehensive development level of ecological systems in re-
source-based cities. 

Figure 6 shows the spatial differentiation of coupling coordination degree (CCD) of 
social–ecological systems in resource-based cities. As can be seen from Figure 6, the spatial 
distribution pattern of the coupling and coordination level of social–ecological systems in 
China’s resource-based cities generally shows a more obvious spatial aggregation feature. 
In 2010, the coupling and coordination level of most resource-based cities in the central 
region was seriously out of balance, and the coupling and coordination level of resource-
based cities in the northeastern and southeastern regions was relatively high, reaching the 
basic coordination level, which puts the overall coupling and coordination level in a spa-
tial pattern of low in the central region and high in the surrounding region. In 2015, as the 
coupling coordination level of resource-based cities such as Changzhi, Jinzhong, 
Yangquan, Taiyuan, Nanping and so on rose, a new region of relatively high value formed 
in the northeast, central and southwest regions, making the cities at the same coordination 
level further spatially dispersed, showing the characteristics of spatial heterogeneity. In 
2020, Yichun, Jixi, Mudanjiang, Ordos, Zhangye and other resource-based cities further 
increased their coupling coordination level from basic coordination to moderate coordi-
nation, while Nanyang, Pingdingshan, Luzhou, Zigong, and Qujing increased their cou-
pling coordination level from moderate unbalance to basic coordination so that the distri-
bution of the relatively low values in 2020 gradually expanded compared with those in 
2015, presenting a pattern similar to that in 2010, which entailed low coupling coordina-
tion in the middle and high coupling coordination around the periphery. 

Figure 5. Spatial differentiation of comprehensive development level of ecological systems in resource-
based cities.

Figure 6 shows the spatial differentiation of coupling coordination degree (CCD)
of social–ecological systems in resource-based cities. As can be seen from Figure 6, the
spatial distribution pattern of the coupling and coordination level of social–ecological
systems in China’s resource-based cities generally shows a more obvious spatial aggregation
feature. In 2010, the coupling and coordination level of most resource-based cities in the
central region was seriously out of balance, and the coupling and coordination level of
resource-based cities in the northeastern and southeastern regions was relatively high,
reaching the basic coordination level, which puts the overall coupling and coordination
level in a spatial pattern of low in the central region and high in the surrounding region.
In 2015, as the coupling coordination level of resource-based cities such as Changzhi,
Jinzhong, Yangquan, Taiyuan, Nanping and so on rose, a new region of relatively high
value formed in the northeast, central and southwest regions, making the cities at the
same coordination level further spatially dispersed, showing the characteristics of spatial
heterogeneity. In 2020, Yichun, Jixi, Mudanjiang, Ordos, Zhangye and other resource-
based cities further increased their coupling coordination level from basic coordination
to moderate coordination, while Nanyang, Pingdingshan, Luzhou, Zigong, and Qujing
increased their coupling coordination level from moderate unbalance to basic coordination
so that the distribution of the relatively low values in 2020 gradually expanded compared
with those in 2015, presenting a pattern similar to that in 2010, which entailed low coupling
coordination in the middle and high coupling coordination around the periphery.
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3.3. Analysis of Driving Mechanism

Based on related studies [41,42] and data availability, this paper selects six influencing
factors, namely, digital economy index, population density, urbanization level, science and
education investment, technological innovation and foreign trade dependence, and uses a
geographical detector to investigate the driving mechanism of coupling and coordination
level of social–ecological systems in resource-based cities in the context of carbon neutrality,
as shown in Table 3. The following are the detailed explanations for each impact indicator:

(1) The digital economy is a new type of economic form with digital information as
the core production factor, supported by information technology, with the modern
information network as the main carrier and digital technology to provide products
or services [9]. It is an important path for resource-based cities to achieve carbon
emission reduction by promoting the optimization and upgrading of the industrial
structure of resource-based cities in terms of the development of informatization,
the development of the Internet, and the development of digital transactions [43].
This study refers to the digital economy index (DEI) constructed by related scholars
from the aspects of Internet development [43,44] and digital inclusive finance [45] to
evaluate the comprehensive development level of the digital economy in resource-
based cities.

(2) Population density (PD) refers to the number of people per unit of land area, which is
an important indicator of population distribution in resource-based cities. Although
resource-based cities can drive urban development through the population agglomer-
ation effect, an overly dense population will also form aggregation costs [46], which
puts a burden on the social and ecological carrying capacity of resource-based cities.
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(3) The urbanization level (UL) is the degree of agglomeration of various production
factors in the spatial scope of cities, representing the scale and level of construction of
resource-based cities, and is measured by the ratio of the urban resident population to
the total resident population of cities. The urbanization process is not only a process of
continuous industrial and population agglomeration and rapid economic and social
development, but also a process of large energy consumption and high concentration
of carbon emissions [47].

(4) Science and education investment (SEI) represents the proportion of education ex-
penditure and science and technology expenditure in the general public budget
expenditure of the government. With the increasingly prominent role of knowledge in
economic and social development, the role of science and technology and education
in contributing to regional economic and social development is gradually increas-
ing [48]. This indicator reflects the importance that resource-based cities attach to
education and science and technology and also relates to the talent pool and scientific
and technological innovation capacity.

(5) Technological innovation (TI) is represented by the number of patents granted per
10,000 people, which reflects the current ability of resource-based cities to transform
scientific research results and is also a key step in whether resource-based cities can
apply new technologies to actual production and promote the upgrading of industrial
structure [49].

(6) Foreign trade dependence (FTD) is measured by the proportion of the city’s actual
utilization of foreign capital to GDP in that year, reflecting the degree of openness of
resource-based cities. For resource-based cities that have difficulties in development
transition, vigorously attracting foreign capital and applying it rationally not only
helps to increase economic returns but also helps to introduce new technologies and
provide a good foundation for green and sustainable development [50].

Table 3. Influencing factors of the coupling coordination level of social–ecological systems.

Influencing Factors Abbreviation Unit Factors Explain

Digital economy index DEI /
Digital economy index is constructed from two aspects: Internet

development and digital inclusive finance. This indicator reflects a
new pattern of economic development.

Population density PD People/square kilometer The number of total resident population per square kilometer.
This indicator reflects human resources and population pressure.

Urbanization level UL % The urban population accounts for the total resident population.
This indicator reflects the scale and level of urban construction.

Science and education investment SEI %
Expenditure on education and science accounted for the

proportion of general public budget expenditure. This indicator
reflects the government’s emphasis on education and science.

Technological innovation TI One patents/10,000 people
Number of patents granted per 10,000 people. This indicator

reflects the degree of integration between research and
urban industry.

Foreign trade dependence FTD % The proportion of actual utilized foreign capital in GDP that year.
This indicator reflects the city’s openness.

3.3.1. Factor Detection Results

In this paper, we use a geographical detector to detect and identify the influencing
factors of the coupling and coordination level of social–ecological systems of resource-based
cities in China from 2010 to 2020. The actual data of each influence factor in 2010, 2015 and
2020 are selected as independent variables, and the coupling coordination development
level of the corresponding city is selected as the dependent variable so that the explanatory
power q value of each influence factor can be obtained (Table 4).
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Table 4. Factor detection results and ranking of influencing factors.

Rank
2010 2015 2020

Factor q Factor q Factor q

1 DEI 0.220 ** DEI 0.245 ** DEI 0.251 *
2 UL 0.158 * SEI 0.190 TI 0.174
3 SEI 0.116 * UL 0.183 * UL 0.093
4 PD 0.108 * PD 0.125 PD 0.076
5 FTD 0.104 FTD 0.065 FTD 0.062
6 TI 0.056 TI 0.064 SEI 0.031

Note: *, ** denote significance at the 10% and 5% levels.

According to the detection results, the influence of each influence factor on the social–
ecological coupling and coordination level of resource-based cities is different in different
years. From 2010 to 2020, the difference between the influencing factors shows a tendency
to expand and the significance decreases, indicating that the differentiation of the coupling
coordination level between different resource-based cities is gradually narrowing and
the influencing mechanism is becoming more and more complex. Among them, in 2010,
the digital economy index, urbanization level, science and education investment and
population density were more important influencing factors. In 2015, the digital economy
index and urbanization level were more important influencing factors. In 2020, the digital
economy index was a more important influencing factor.

The digital economy index had a significant influence in 2010 (0.220), 2015 (0.245)
and 2020 (0.251), and the degree of influence increased year by year, reflecting the key
role of digital economy development for resource-based cities in enhancing the level of
social–ecological coupling and coordination. On the one hand, the digital economy can
accelerate the upgrading of the industrial chain, reduce the dependence of resource-based
cities on heavy industry and achieve high-quality economic development in a greener
and more low-carbon way. On the other hand, the digital economy promotes the flow of
information factors, which, in turn, promotes the government to use digital governance to
modernize its governance capacity, and ultimately reduces the differences in public services
between regions and improves the level of social security.

The urbanization levels in 2010 (0.158) and 2015 (0.183) had a more significant impact,
reflecting the promotion of urbanization for resource-based cities to play the economic
agglomeration effect and improve the level of infrastructure construction, while the new
road of urbanization proposed in 2012, which was intensive, intelligent, green and low-
carbon, also had a positive impact on the social and ecological systems of resource-based
cities in the context of carbon neutrality. However, the influence of urbanization level in
2020 is no longer significant and shows a downward trend (0.093). On the one hand, this
is because resource-based cities are limited by their economic development potential and
environmental carrying capacity, resulting in a general lag in urbanization level. On the
other hand, excessive urbanization also puts pressure on the ecological environment of
resource-based cities.

The influence of science and education investment and population density have
similar change characteristics. The influence of science and education investment was
stronger in 2010 (0.116) and 2015 (0.190), but there was a clear downward trend in 2020
(0.031), reflecting the fact that the influence of the heterogeneity of science and education
investment on the coupling coordination among different resource-based cities is gradually
shrinking with the increase in the emphasis and investment on education and science in
most resource-based cities. Population density in 2010 had an explanatory strength of
0.108 with a significance level of 10%, indicating that many resource-based cities still relied
on the old production mode in 2010, and population concentration can bring abundant
human resources and economic effects to resource-based cities. In 2015 and 2020, the
significance of the indicator of population density decreases, which, on the one hand,
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indicates that resource-based cities begin to reduce the influence of this indicator through
industrial upgrading and other ways, and, on the other hand, reflects the fact that excessive
population concentration will bring pressure to the social–ecological system of the city.

3.3.2. Interaction Detection Results

The results of the interaction detection analyses using six types of influence factors
are shown in Figure 7. The results show that the interaction between any two factors is a
nonlinear enhancement, indicating that the interaction of any two influencing factors has a
greater effect on the coupling coordination level of social–ecological systems in resource-
based cities than a single influencing factor. Therefore, the evolution of the coupling
coordination level of social–ecological systems in resource-based cities in the context of
carbon neutrality is the result of the joint action of multiple influencing factors. The higher
the q value of the interaction, the greater the influence of the interaction between the
two factors on the level of coupling coordination.
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As shown in Figure 7, in 2010, the q-value of the interaction between the digital econ-
omy index and science and education investment was the largest (0.484), indicating that
the interaction between the digital economy index and science and education investment
played a dominant role in the spatial differentiation of the level of coupling and coordi-
nation, followed by the population density and the level of urbanization (0.477), and the
digital economy index and the urbanization level (0.462). In 2015, the digital economy
index had the largest q-value for the interaction with science and education investment
(0.529), followed by the digital economy index and urbanization level (0.483), and the digi-
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tal economy index and population density (0.477). In 2020, the q-value for the interaction
between the digital economy index and science and technology innovation was the largest
(0.468), followed by the digital economy index and urbanization level (0.436), and the
digital economy index and population density (0.436).

From the results of the interaction detection, it can be seen that the q value of the inter-
action between the digital economy index and urbanization level, science and education
investment, and population density are all higher (q > 0.4), which not only indicates that
the digital economy index has a stronger single-factor explanatory power for the level of
coupling and coordination, but also reflects the fact that there is also a stronger interaction
between the digital economy and the other factors, which work together with a multi-
system and complex mechanism in the social–ecological system of resource-based cities.
The high level of interaction of the urbanization level with the population density and
digital economy index also indicates the importance of the new urbanization path charac-
terized by urban–rural integration, industry–city interaction, and harmonious development
for the enhancement of the coupling coordination level of the social–ecological system
in resource-based cities. In 2020, the interaction between the digital economy index and
scientific and technological innovation reached 0.468, which is more of an illustration of the
importance of combining the achievements of science and technology innovation with the
digital economy in a new direction for the low-carbon development path of resource-based
cities in the future.

4. Discussions
Exploring the spatial–temporal characteristics and influencing mechanism of the

coupling and coordination development level of social–ecological systems in resource-
based cities is of far-reaching significance for promoting the transformation of resource-
based cities, achieving the goal of carbon neutrality and the sustainable development of
the region in a low-carbon way. The results of empirical analyses show that, in terms of
temporal changes, the integrated development levels of social systems and ecosystems of
different types of resource-based cities show different development trends in different time
periods, and the coupled coordination level shows a fluctuating upward trend. Liu [37]
found that the development of ecological and social systems in Erdos, a resource-based
city in China, lagged behind the development of economic subsystems and that the level
of coupling and coordination among the three systems was slowing down after a rapid
growth trend. Guo [51] explored the performance of green transition and the evolution of
coupled coordination development characteristics of Jinzhong city, a resource-based city in
China, based on four subsystems, economic, social, resource, and ecological, and found that
the level of coupled coordination generally showed an upward trend, but was constrained
by the influence of the stage of shortcomings in the four-dimensional system. Based on
these similar stage characteristics, scholars also proposed an analysis based on the current
situation of the study area, that is, the sustainable development of resource-based cities is
often limited by the economic structure dominated by heavy industry, and many resource-
based cities are still attempting to carry out industrial structural adjustment, which has not
yet played a new supportive role for the local economy [52], while the ecosystems are made
stagnant by the environmental impacts caused by the resource development and are not
able to provide sufficient support for the economic and social system development, and
thus exhibit the characteristic of lagging behind the social system. This is also consistent
with the conclusion in this study that the development level of social systems in declining
resource-based cities lags behind that of ecosystems for a long period of time, and that the
development level of ecosystems in growing, mature, and regenerating resource-based
cities gradually lags behind that of social systems.
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In terms of spatial pattern, this study found that the phenomenon of spatial aggrega-
tion gradually appeared in Chinese resource-based cities with higher and lower levels of
socioeconomic system and ecosystem development, and the level of coupling coordination
showed the spatial characteristics of high in the central region and low in the peripheral
regions. The evolution of this spatial feature is also corroborated in related studies, for
example, Su [53] found that the multidimensional socioeconomic development level of
resource-based cities has a large difference in spatial distribution, and the regional spatial
aggregation feature is more significant. Among them, the fast-developing cities are con-
centrated in the central and southeastern regions, and the slow-developing regions are
in the northeast. Dou [54] measured the coupled and coordinated development level of
production systems, living systems and ecosystems in resource-based cities in China, and
found that the overall distribution characteristics of smaller fluctuations in the southwest
region, faster rises in the northwest region, smaller variations in the east region, and the
greatest ups and downs in the northeast were evident. This spatial pattern of divergence
indicates that the level of social–ecological coupling in resource-based cities is not only
affected by the regional ecological and environmental capacity but also relates to national
strategies [55].

In terms of influencing mechanism, this study detects several factors that have the
most significant influence on the social–ecological system of resource-based cities and
finds that the digital economy index, urbanization level, science and education investment
and population density are the more important influences that affect the level of social–
ecological system coupling and coordination of resource-based cities, which is in line
with the conclusions of the existing studies. Xu [56] found that the digital economy
has an inhibiting effect on the ‘resource curse’ of Chinese resource-based cities and can
effectively promote the transformation of traditional industries from low-end to high-
end in resource-based cities. Yang [57] explored the influencing factors affecting the
coupled and coordinated development of cities in the Yangtze River Economic Belt and
found that the digital economy, the aggregation of innovative talents, and the level of
marketization can significantly and positively promote the level of urban synergy. Zhu [58]
measured the direction of industrial transformation and influencing factors of resource-
based cities and found that the population ratio has a highly significant positive effect
on the industrial transformation and upgrading of resource-based cities. Compared with
existing studies, this study simultaneously considered the influence of spatial heterogeneity
and the interaction between different factors on the level of coupled coordination, which
made the influencing mechanism more complete.

The limitations of this study and directions for future improvement are as follows:
(1) In terms of research scales, this study uses city data, and the results focus on the macro
levels, lacking research on the micro-scale. In addition, the measurement results of this
study are based on Chinese resource-based cities and have limited applicability to other
countries. In future research, the study area can be subdivided to strengthen the study of
the micro-scale, such as the study of county, community or village social–ecological systems.
Secondly, the relevant characteristics and practical experiences of resource-rich areas in
other countries should be used to construct a research framework with stronger universality
for the level of coupled social–ecological system coordination in resource-based cities. (2) In
terms of research content, the theoretical basis and analytical framework involved in
resource-based cities’ social–ecological systems in this study should be more diversified.
In future research, we should focus on integrating the concepts of multidisciplinary fields
such as performance management, integrated governance and carrying capacity into the
analytical framework of urban social–ecological systems so that the analytical framework
can reflect the complexity of urban social–ecological systems in a more comprehensive and
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systematic way. (3) In terms of research methodology, this study relies on historical data
and lacks dynamic prediction of future development scenarios of resource-based cities’
social–ecological levels, which is not conducive to the government’s decision-making based
on the assessment results. Future research should consider broadening data source channels
through machine learning, data mining and other technologies to improve the timeliness
and accuracy of social–ecological system data. At the same time, the coupled social–
ecological system coordination level of resource-based cities under different scenarios can
be predicted through the scenario simulation method to provide a more comprehensive
and dynamic perspective for the government to make decisions.

5. Conclusions and Recommendations
5.1. Main Conclusions

This study constructed an evaluation index system for the comprehensive level of
social–ecological systems of resource-based cities in the context of carbon neutrality and
used the entropy method, the coupling coordination model and geographical detector to
measure the comprehensive development and the coupling coordination level of social–
ecological systems in 116 resource-based cities in China, and to analyze their spatial–
temporal characteristics and influencing mechanism. The results show the following:

(1) In terms of temporal variation, the comprehensive development level of social–
ecological systems and the level of coupling coordination in resource-based cities
in China have generally shown an upward trend, but the trend of change has been
phased. Among them, the upward trend of the comprehensive development level of
social systems is more obvious than that of ecological systems, showing two stage
characteristics: social system lagging and ecosystem lagging.

(2) In terms of spatial patterns, the comprehensive development level of social–ecological
systems in China’s resource-based cities is characterized by an overall increase in level
and an increase in spatial differences. The coupling coordination level changes from
low level in the central region and high level in the neighboring regions to a pattern
of sporadic distribution of low level cities and aggregation of high level cities, and as
the level of some of the cities rises, it again shows the characteristics of low level in
the central region and high level in the neighboring regions.

(3) In terms of the driving mechanism analysis, the digital economy index, urbanization
level, science and education investment, and population density are the more impor-
tant influencing factors affecting the coupling coordination level of social–ecological
systems in resource-based cities. In addition, the interaction between digital economy
index and urbanization level, science and education investment, population density,
and the interaction between urbanization level and population density have strong
explanatory power on the coupling coordination level.

5.2. Policy Recommendations

Based on the conclusions of this study, the following recommendations are put forward
on how to improve the level of comprehensive development and coupling coordination of
social–ecological systems in resource-based cities in the context of carbon neutrality:

(1) Formulate more refined and differentiated development paths for different types of
resource-based cities. From the time series analysis, it can be seen that there are stages
in the comprehensive development level and coupling coordination level of social–
ecological systems in growing, mature, recessionary and regenerative resource-based
cities. Among them, growing and mature resource-based cities need to pay attention
to the accumulation of their resource endowments, accelerate the transformation of
the economic development mode and not neglect ecological protection and ecologi-
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cal restoration while creating economic effects so as to enhance the comprehensive
development level of the relatively lagging ecological systems. Recessionary resource-
based cities should continue to stabilize the comprehensive development level of
social systems, constantly explore new economic growth models and promote the
coordinated development of social systems and ecological systems. The relative gap
between the development levels of social systems and ecological systems in regenera-
tive resource-based cities is gradually widening, indicating that regenerative cities
need to pay further attention to the enhancement of their ecological systems and drive
the development of ecological systems with green and efficient economic growth.

(2) Coordinate the spatial layout to give full play to the role of urban agglomeration and
guide the multi-level synergistic development of resource-based cities. As can be seen
from the spatial pattern, there is a certain clustering effect in the level of comprehensive
development of social systems and ecological systems and the level of coupling
coordination in resource-based cities. For low-value agglomeration areas, such as
cities in the central region with a low coupling coordination level, the clustering
effect should be brought into full play, and good interaction between their social–
ecological systems should be promoted through resource sharing and other modes.
For high-value agglomerations, such as those in the eastern and northeastern regions,
it is necessary to actively exert the “Matthew effect” to drive the development of
neighboring resource-based cities. For cities at the junction of low-value and high-
value zones, such as Ordos, Yulin and Sanming, the role of “industrial corridors”
should be fully utilized to reduce the relative differences between high-value and
low-value zones.

(3) Vigorously develop the digital economy and break down the barriers to urban devel-
opment. As shown by the driving mechanism, the digital economy index has high
explanatory power both in factor detection and interaction detection, which fully
indicates that the digital industry, in the context of carbon neutrality, has gradually
become an important force in reshaping the economic and social system of resource-
based cities. Resource-based cities should accelerate the development of a digital
economy to reduce ineffective economic activities and resource consumption caused
by communication barriers and information asymmetry so as to create a low-carbon
and high-quality development path.

(4) Increase investment in science and education and rely on scientific and technological
innovation to create development advantages. From the results of factor detection
and interaction analysis, it can be seen that the two factors of science and education
investment and scientific and technological innovation also have certain explanatory
power for the social–ecological system of resource-based cities. Firstly, with the loss
of labor due to population contraction and the shift in the economic structure under
the carbon-neutral target, resource-based cities urgently need to further increase the
skilled and innovative proportion of the population to meet the requirements of
high-quality development of resource-based cities. Education expenditure can create
more industry elites for resource-based cities, which can strongly support the major
industries and social development of resource-based cities under the background of
carbon neutrality. Secondly, scientific inputs can innovate the economic development
model so that resource-based cities can gradually do away with resource dependence
and accelerate the transformation of economic development dynamics. In 2020, the
explanatory power of scientific and technological innovation in both the factor de-
tection results and interaction analyses rose sharply, which indicates that scientific
and technological innovation has become a direction that needs to be vigorously
developed in order to enhance the coupling coordination level of social–ecological sys-



Land 2025, 14, 207 23 of 26

tems in resource-based cities. Resource-based cities should further integrate regional
innovation resources, endeavor to form breakthroughs in key areas such as critical
technologies and industrial chain security, enhance their innovation capacity and
provide talents for upgrading the coupling and coordination level of social–ecological
systems in resource-based cities.

(5) Reasonably guide the population layout and take a new urbanization development
route. As can be seen from the results of factor detection, the explanatory power
of population density has always been high, indicating that population aggregation
can provide sufficient human resources and mega-markets for resource-based cities’
resource development and production, which ensures the vitality of economic de-
velopment. However, on the other hand, we should also note the overall impact
of China’s demographic changes on resource-based cities. Currently, China’s pop-
ulation shows two important features: the total population of China is close to its
peak and will remain on a downward trend for a longer period of time, and the
regional distribution of the population shows a tendency to flow from low-density,
low-productivity areas to high-density, high-productivity areas. Therefore, most
resource-based cities, especially recessionary resource-based cities, are likely to expe-
rience population contraction in the future along with weakened economic vitality,
reduced employment opportunities and declining urban livability resulting from
the industrial recession, which will further exacerbate the social–ecological system
imbalance of resource-based cities and make it difficult to provide the transforma-
tional impetus for resource-based transformation. Therefore, the resource-based
government should reasonably guide the population layout and introduce supporting
population support policies in the future to guide the gradual transfer of population
from higher-density cities to lower-density cities, which can strongly promote the
sustainable development of resource-based cities. The government should also be
aware that the population contraction in resource-based cities leads to a demographic
structure that tends to age as it does, so promoting the equalization of basic public
services in resource-based cities and improving social security initiatives for the aging
population are also important measures to improve the development of the social
system in resource-based cities. The interaction analysis shows that the interaction
of urbanization level with population density and digital economy index is at a high
value, indicating that resource-based cities should not blindly increase the urban-
ization level. Resource-based cities should steadily implement new urbanization
from the population and economic levels and solve the problem of renewal by up-
grading and functional re-engineering of resource-based cities themselves through
the mutual promotion of population quality, industrial standard and urbanization
level so as to enhance the coupling and coordination of social–ecological systems in
resource-based cities.
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