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Abstract: The coordinated development of resource-environment-economy is the strategic choice to
realize sustainable development. To explore the historical pattern of the coordinated development of
resource—environment-economy, showing the logic of the spatiotemporal evolution of the system in
China, this paper conducts a measurement study. Based on the actual data of 30 provinces in China
from 2005 to 2019, the paper constructs an evaluation index system for the coordinated development
of resource—environment-economy and establishes a coupling coordination degree (CCD) model
and a spatial autocorrelation analysis model. The results show that the mean value of the coupled
coordination of the three systems (resource-environment—economy) gradually increased from the
stage of near dissonance (0.479) in 2005 to the stage of good coordination (0.853) in 2019. The global
Moran’s I was 0.349, indicating that there is a certain spatial aggregation of resource—environment-
economy at the province level. Coastal areas have a higher degree, while inland areas have a lower
degree. In the spatial correlation analysis, the resource-environment-economy coupling coordination
degree of 30 provinces in China is significantly positively correlated. Low—low clusters are found
mainly in the Northwest (e.g., Xinjiang, Qinghai). Furthermore, the findings provide some targeted
international recommendations. Relevant policies should encourage sustainable development and
promote green transformation of industrial structure.

Keywords: resource-environment—economy; coordinated development; coupling coordination
degree; spatial correlation analysis

1. Introduction

In the 21st century, China’s economic development has been remarkable worldwide.
The total economic volume of China is second only to the American total economic volume
and still has great potential for development. However, some researchers point out that in
the process of rapid development of China’s economy, the traditional crude economic devel-
opment model has caused serious resource shortages and environmental pollution, relying
on high consumption of resources [1-3]. The over-exploitation of mineral resources and
the massive consumption of fossil energy are the main resource problems facing China [4].
Inefficient use of resources leads to exceeding the limit of ecological and environmental
carrying capacity. The harsh ecological environment, in turn, inhibits the development of
resources and the economy. The price of rapid economic development in some regions of
China is an increasingly polluted environment and a lack of resources, which is inconsistent
with the concept of sustainable development [5].

There is no doubt that the poor development patterns of the three subsystems of
resource, environment, and economy will further intensify the conflicts among the three
systems. If we do not take action, resource shortage will deteriorate into resource de-
pletion [6], environmental pollution will cause ecological degradation [7], and economic
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development space will be extremely compressed and lack developmental momentum [8].
The government has proposed focusing on resource utilization efficiency and ecological
environmental protection while developing the economy, prompting the Chinese economy
to enter a stage of high-quality economic development. In this context, this paper conducts
a spatial-temporal measurement study of the resource—environment—economy system,
aiming to provide a scientific basis for promoting China’s high-quality economic develop-
ment and ecological civilization construction and to formulate scientific policies according
to local conditions. This paper also has implications for the sustainable development of
similar countries and regions in the world.

We note that the current research is focused mainly on comprehensive assessment and
simple quantitative analysis on the one hand, which presents only the overall characteristics
and patterns of the region and does not analyze the reasons for the incoordination among
the systems in depth from within each system. On the other hand, there is still a need to
refine the impact of resource systems such as resource consumption and resource utilization
efficiency. The innovations are as follows. (1) A set of scientific and reasonable evaluation
index systems of coordinated resource-environment-economy development is constructed,
which involves mainly key analysis indexes at the national level. (2) A multivariate,
coupled-coordination degree model is established based on the indicator system. (3) Spatial
autocorrelation analysis is used to further analyze the spatial relationship among resource,
environment, and economic coupling and coordination. (4) The study reflects a comparative
analysis of the binary and multivariate coupling coordination degree model, which is
precisely what the existing literature in the database lacks. Through comparative analysis,
we can not only comprehensively grasp the evolution law of the resource—environment-
economy system but also grasp the particularity of coordinated development between
different regions. This renders the policy recommendations that we propose more valuable
for implementation. This study systematically sorts out the spatiotemporal evolution
patterns of resource—environment-economy at a national level, filling the research gap
in this field. This paper can be used as a major guidance of the formulation of national
sustainable development strategies.

The structure of the remaining parts is as follows. Section 2 presents a literature review,
mainly summarizing the previous non-linear methods of research. Section 3 establishes
the coordinated development evaluation system and regression model. The analysis of
results is shown in Section 4. Section 5 presents the conclusions of the study. Section 6 is
the discussion and policy recommendations.

2. Literature Review

Grossman and Krueger initially proposed the Environmental Kuznets Curve (EKC),
which argued the relationship of the subsystems as “inverted U-shaped” [9], in which
the economy affects the environment through scale [10], technology [11], and structural
effects [6]. Since then, the researchers have given substantial attention to the correlation
between the environmental and economic systems. Wilfred suggested that the economy
and the environment can be developed in harmony [12]. The relationship between the
subsystems was also found to be “U-shaped” [13], “N-shaped” [14], monotonically increas-
ing, or decreasing. Nevertheless, some studies have found that the relationship between
environmental pollution and economic growth is not an inverted “U” shape [15-17].

In fact, the introduction of the Environmental Kuznets Curve (EKC) provided a num-
ber of econometric methods for environmental and economic research [18]. Cantele et al.
used an equilibrium model to expand the connection between the economic system and
environmental change [19]. As the research has progressed, it has been found that en-
vironmental problems are closely related to human exploitation of resources. Natural
resources are an important material basis and spatial carrier for high-quality economic
and social development. Yu et al. used methods such as structural decomposition to
study the impact of CO, generated from energy utilization in China’s light and chemical
industries on sustainable development [20,21]. Scholars have gradually started to research
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the coordinated development of the three systems: resource-environment—economy. Re-
search in this area focuses mainly on the construction of an evaluation index system and
the application research of methodological models. The evaluation index system of the
resource—environment—economy was constructed to measure the coordinated develop-
ment of different regions [22-24]. Zhang et al. used the entropy value method and local
coordinated development measure to measure the comprehensive evaluation system of
regional coordinated development and its spatial and temporal differentiation character-
istics with the help of the o coefficient, variation coefficient, and GIS visualization [25].
By taking China as an example, a two-line comprehensive evaluation system of sea—land
coordination was constructed [26]. In terms of the construction and application of the
methodological models for coordinated development, the commonly used ones include
the coupled coordination degree model, system dynamics model, grey correlation analysis,
fuzzy hierarchy analysis, etc. The studies based on the system dynamics model found the
coordinated development of resource, environment, and economy as the optimal path [27].
Combined with the coupled coordination degree model, the system dynamics model un-
der the different intensities of resource-environmental control can be further measured
for its coordinated development level [28]. Existing studies have measured the coupling
coordination degree in the four major regions of China from 1995 to 2014 by construct-
ing a three-system coupling coordination model of energy—economy-environment [29].
Xing et al. used a system dynamics model to simulate four typical scenarios (i.e., cur-
rent, economic, resource, and environmental scenarios) in Wuhan to develop a coupled
coordination model to evaluate the city’s resource—environment-economy [30]. Yang et al.
measured the linkages and spatiotemporal heterogeneity between sustainable development
and ecosystem services [31]. The coupled coordination model can show the spatiotemporal
heterogeneity of the resource—environment-economy. Combining the geographic detector
model, the study level can be either a county or a town [32], a region divided by geographi-
cal location [33], or a region divided by climate type [34]. Economic corridors, such as the
Silk Road Economic Belt in China, also have study value [35]. The level of coordinated
development can also be measured by using principal component analysis and a fuzzy
mathematical affiliation function [36,37]. There are also studies using Markov chains to
explore the spatiotemporal characteristics of the resource-environment-economy pattern
in urban agglomerations [38], and the Tapio decoupling model is applied to analyze the
decoupling changes [39].

In addition, the coordinated development of resource, environment, and economy can
be measured and predicted by the grey correlation model [40], ARMA model [41], and the
innovative numerical evaluation scheme [42]. Zhang et al. measured the coupled coordi-
nation between economic development and water resources in China [43]. Bildirici et al.
focused on the impact of CO, generated by human use of fossil energy on economic growth
by using a smooth transition autoregressive model [44] and a Markov switching vector
autoregressive neural network approach [45]. Tomal explored the coupled coordination
of the development of all urban areas in Poland by using an ordered classification rating
model [46]. Naikoo et al. used an integrated fuzzy logic and coupled coordination model
to evaluate the impact of land use expansion on land resources in India [47]. These studies
reveal the level of influence of resource use, environmental change, and economic activities
on the overall sustainability of the resource-environment—economy system.

3. Research Methods
3.1. Indicator System Construction

Sustainable development is a global issue. How to achieve economic development and
environmental protection with limited resources has become an urgent issue. Therefore, it
is particularly important to establish a resource—environment-economy evaluation index
system that can comprehensively, scientifically, and objectively evaluate the sustainable
development status. A set of scientific and reasonable evaluation indicator systems is con-
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structed in this paper based on previous studies [22-24,48,49], which includes 31 indicators
in 7 dimensions, as shown in Table 1.

Table 1. Evaluation index system for coordinated resource-environment-economy development.

Systems Tier 1 Indicators Tier 2 Indicators Code Unit Direction
. million tons of
Total energy consumption X3 standard coal -
Resource Coal consumption Xs million tons -
consumption Natural gas consumption X3 billion cubic meters -
Electricity consumption Xyq billion kWh -
Water consumption X5 billion cubic meters -
Energy consumption
.. Xe - -
Resource elasticity factor
Electricity consumption
7. X7 - -
elasticity factor
.. Energy consumption per CNY tons of standard
Resource efficiency 10,000 of GDP Xs coal /CNY 10,000
Electricity consumption per 0
CNY 10,000 of GDP X9 kWh/million
Water consumption per CNY X cubic meters/CNY }
10,000 of GDP 10 10,000
Sulfur dioxide emissions Y ton -
Industrial fume emissions Y, ton -
Environmental Industrial wastewater s
. . Y3 million tons -
pollution discharge
Respirable particulate 3
matter PM10 Y mg/m )
. Greenery coverage Y5 Y% +
Environment . cubic meters per
Green space per capita Yq +
person
Environmental Integrated industrial solid Y, million tons +
. waste volume
quality .
Annual completed investment s
.. . . Yg million +
in industrial pollution control
Harmless dlgposal rate of Yo % .
domestic waste
GDP per capita Zy billion +
Totali investment in Z billion .
fixed assets
Total retail sales of social s
Economy scale consumer goods Z3 billion +
Total imports and exports Zy billion +
General budget revenue of Zs billion +
local finance
Ratio of urban to rural 7 o .
Economy Economic qualit disposable income 6 °
q Y Fixed asset input-output ratio Zy Y% +
Urbanization rate Zg % +
GDP percentage of Z % +
tertiary sector
GDP percentage of industry VAN % -
Economic structure Construction as a share 7 o i
of GDP 1 ’
Scientific research expenditure Zi % +

as a percentage of GDP

The resource subsystem includes indicators such as fossil energy, electricity, and water
resources. The environmental subsystem takes industrial pollution as the main indicator,
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which can better reflect the drawbacks of the research area. The economic subsystem
includes indicators such as GDP and urbanization. This work provides reliable support for
the study of the coordinated development level of China’s resource-environment—economy
system and the spatial differentiation between provinces.

3.2. Research Data and Processing
3.2.1. Research Data

Data on the evaluation indicators of coordinated resource—environment—economy
development in 30 provinces (excluding Tibet, Hong Kong, Macao, and Taiwan) were
selected for empirical analysis. The statistics are so massive that we list the database
at the end of the paper. Some of the data for indicators that are not directly available
were obtained through relevant calculations, and some missing data were obtained by
mean interpolation.

3.2.2. Data Processing

The basic indicators have different indicator attributes and measurement units, and
the indicator data need to be processed according to the indicator meanings and calculation
methods. The choice of the standardization method will affect the results of the compre-
hensive evaluation of the indicator system. This paper refers to the common method of
data pre-processing and selects the extreme difference method to standardize the indica-
tors [50-52]. The specific formula for standardization is as follows.

Xij — Min xjj

. 1<i<m
Stimulant : x}; = —— @
] max x;; — min x;;
1<i<m 1<i<m

max X — X

. / 1<i<m Y
Destimulant : x;; = - 2)

] max x;j — min xjj
1<i<m 1<i<m

where maxx;; and minx;; are the maximum and minimum. x; j is the value standardized to
the data of x;;. The term stimulants means the positive indicators that their higher values
indicate that the they contribute more to the system and vice versa [30].

3.3. Empowerment of Indicators

The entropy method is a method to determine the weight of indicators by calculating
the size of the information contained in each indicator [53], which give weights to the
evaluation indicators of coordinated resource—environment—economy development in
this study. It is an objective assignment method, which can prevent the error caused by
subjective factors [52,53]. The specific operational steps are as follows.

(1) Indicators weighting (p;;) ... ... i—years; j—specific indicators

m
pij = xij/ Y Xij @)
i=1
(2) Calculating the entropy:.

ej=—K (pi]-xlnpij),oge]-gl,Kzl/lnm 4)

1

L=

(3) Calculating the redundancy.

djzl—Ej (5)
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(4) Indicator weights.

n
w]:d]/ Zdj,j:1,2,~~-,n (6)
j=1

3.4. Evaluation Model Designing
3.4.1. Integrated Evaluation Function

The weights of the indicators of each subsystem of resource, environment, and econ-
omy are obtained by assigning weights through the entropy method, and then the compre-
hensive evaluation score of each subsystem is calculated each year.

Next are the comprehensive evaluation functions of resource, environment, and econ-
omy, respectively, as shown in Formula (7) [54].

10
filx) = 421 Wi X Xjj
]:
19
si(y) = ,anjxxij,izl,z,u-,m (7)
]:
33
hi(z) = Z w;j X Xij
j=20

3.4.2. Coupling Coordination Model

This study establishes a multi-faceted coupled coordination model. The two-system
coupled coordination model includes three forms: resource-environment, resource—economy,
and environment-economy and measures the coordination relationship between the three
subsystems: resource, environment, and economy [55]. At the same time, a three-system
coupled coordination model of the resource—environment-economy system is established
in China’s provincial areas.

(1) Two-system coupled coordination model

To analyze the current situation of coordinated development between the two systems
of resource, environment, and economy, a two-element coupling coordination degree model
is established by taking the coupling coordination degree model of the two systems of
resource—environment as an example. The formulas are as follows.

1 2
Ci= \/fi<x> x gi(y)/ [2<ﬁ<x> +gi<y>>} ®

{ D; = \/Ci x T; (9)

T = afi(x) + Bgi(y)
(2) Three-system coupled coordination model

The three-system coupled resource—environment-economy coordination model is
formulated as follows.

3 1 ’
Ci = \/fi(x) x &i(y) x hi(z)/ L,)(fi(x) +gi(]/))} (10)

{ D; = m (11)
Ti = afi(x) + Bgi(y) + vhi(z)

where D; is the degree of coupling coordination. f;(x), g;(v), h;j(z) denotes the evaluation
functions of the resource, environmental, and economic subsystems, respectively. C; is the
coupling degree of the two, the C; € [0,1], and D; is the degree of coupling coordination. T;
is the comprehensive evaluation index of the three systems [56]. «, B, -y are the coefficient
to be determined and satisfy « + 8 + v = 1. This study considered that the 3 subsystems
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of resource, environment, and economy are equally important, so the 2-element system is
« = B =1/2. The ternary systemisa = f =y = 1/3 [33].

There is no unified standard for the classification of coupling coordination. This study
combines the criteria of Chen et al. [51] for classifying the types of coupling coordination
with the current development status of resource, environment, and economic systems and
divides the coupling coordination degree into two categories, including “dysfunctional
and declining” and “coordinated development”, with a total of ten levels (Table 2). The
coupling coordination value directly reflects the coupling coordination levels. “Dysfunc-
tional and declining” indicates that the coordinated development of each system is poor,
and the composite system is in the stage of dysfunctional and declining. “Coordinated
development” indicates that the system is beginning to develop together. When the system
is in the quality coordination stage, it reaches the optimal state and achieves synergistic
development among the systems.

Table 2. Classification criteria for coupling coordination levels.

No. C(i)(i‘l:lfrll::igon Grade Stage Type Stage Characteristics
1 (0.0, 0.1] Extreme disorders
2 (0.1,0.2] Severe disorders T ¢ dvsfunctional Poorly developed inter-system
3 (0.2,0.3] Severe disorders ypeso P }’15 unctiona coordination, complex systems in a
4 (0.3,04] Mild disorders ecline dysfunctional decline stage
5 (0.4, 0.5] On the verge of disorder
6 0.5, 0.6] Reluctantly coordinated .
7 EO.6 0.7] Primary Zoordination The gystem begins to enter a phase (?f
8 (0.7,0.8] Intermediate coordination Type of coordinated coo;dmated develop}r:er}t an(:(lisynlergles
9 (0.8,0.9] Good coordination development etween systems begin to develop
10 (0.9,1.0] Quality coordination Inter-system synergy development

3.4.3. Spatial Autocorrelation Analysis

Spatial autocorrelation analysis is conducted to study the spatial correlation and
variability of the coordinated development of resource, environment, and economy among
30 provinces in China. Spatial autocorrelation analysis uses the Moran’s I to determine the
degree of correlation within a spatial range. Compared to traditional regression models,
spatial autocorrelation analysis can better consider the specificity of spatial data. According
to the different spatial scope of the study, it can be separated into global and local spatial
autocorrelation.

(1) The global Moran’s I

The global Moran’s I (GMI) was used for measurement, analyzing the spatial cor-
relation and degree of variation in the coupled coordination of resource, environment,
and economy.

(@D 0 < Moran's I < 1; the spatial relationship is positive. As the value increases, the
spatial correlation becomes more significant.

@ Moran’s I = 0; the spatial relationship is a randomly distributed state.

® —1 < Moran's I < 0; the spatial relationship is negative. As the value decreases,
the spatial correlation becomes slender, and the spatial difference increases.

ity Yy wii(xi — %) (xj — %)
§% Yty it wy

Moran’s I =

(12)

(2) The LISA statistic

Local spatial autocorrelation can analyze the local spatial incongruity that exists
in the coupled coordination of resource, environment, and economy, and to discover
the spatially heterogeneous characteristics of the degree of coupled coordination among
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provinces. The LISA statistic of Local Moran’s I is tested via the following formula, where
§2 =Lyt (xi—%)%

LISA = X’T_j i%[wi]-(xi —%)] (13)
=

n, the number of subjects studied

Xi, Xj, the value of the object attribute

X, the mean of x;

wj, j, the matrix of weights between objects i and j

4. Results
4.1. Analysis of Time-Series Evolutionary

At the overall level, the coupled coordination degree of the resource-environment—
economy system in China’s provinces is on the rise from 2005 to 2019, as shown in Figure 1
and Table 3. In particular, the mean value of the coupled coordination of the three systems
(resource—environment-economy) gradually increased from the stage of near dissonance
(0.479) in 2005 to the stage of good coordination (0.853) in 2019. The coupled environment—
economy coordination tends to rise faster than the other coupled coordination, indicating
that the resource subsystem is more restricted. Before 2012, the coupling coordination
of resource—environment was higher than that of the three systems, while environment—
economy was lower than that of the three systems. On the one hand, this is reflected in
the fact that before 2012, China’s economic development model was relatively backward
and relied mainly on the high consumption of resources. On the other hand, due to limited
and non-renewable resources, the consumption of resources brought about by economic
development has increased, leading to a slow increase in the coupling coordination of
resource—environment and resource-economy. Since 2012, with the implementation of
the “New Development Concept”, the government has been vigorously promoting the
optimization of economic structure and promoting energy conservation and emission
reduction [57], such that the three systems in the provincial average have maintained an
upward trend.

Table 3. Coupling coordination value of resource—environment—-economy system.

Provinces 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Beijing 0436 0487 0.576 0.640 0636 0667 0724 0730 0774 0.806 0.840 0.819 0.848 0.818 0.862
Tianjin 0467 0517  0.561 0.602 0.629 0.640 0672 0687 0.696 0.731 0778 0.825 0.841 0.811 0.842
Hebei 0.450 0.462  0.532 0.588 0.615 0.671 0.674 0688 0.719 0775 0.817 0.822 0.850 0.842 0.883
Shanxi 0.453 0.474  0.548 0644 0.660 0.642 0.655 0.688 0.713 0.736 0.781 0.808 0.778 0.781 0.824

Mg:ée(flia 0.530 0.507  0.587  0.646 0.676  0.681 0.682 0705 0.743 0.794 0.805 0.836 0.823 0.796 0.803

Liaoning 0532 0560  0.565 0.605 0.628 0.656 0666 0711 0732 0744 0771 0774 0822 0.821 0.818

Jilin 0.481 0.519 0.569 0.590 0.603 0.627 0.620 0648 0.678 0721 0759 0.824 0.824 0.827 0.864
Heilongjiang 0.406 0435  0.509 0.578 0.613 0659 0687 0683 0742 0762 0795 0.814 0.809 0.845 0.860
Jiangsu 0.465 0.475 0.568 0.616 0596  0.627 0.663 0.695 0726 0.762 0.800 0.816 0.844 0861 0.864
Shanghai 0.469 0.529 0.560 0.602 0.651 0626 0641 0683 0.673 0739 0732 0790 0819 0.844 0.861
Zhejiang 0.410 0.427  0.453 0.502 0.565 0573 0598 0.685 0.689 0.758 0.809 0.827 0.839 0.848 0.911
Anhui 0.540 0525  0.551 0.568 0570 0580  0.602 0.640 0.670 0.708 0.729 0.805 0.846 0.853 0.856
Fujian 0546 0513  0.549 0.584 0.621 0595 0554 0665 0.683 0.661 0749 0.778 0788 0.786 0.821
Jiangxi 0.509 0.499 0537 0627 0652 0674 0.669 0710 0724 0.731 0754 0770 0.820 0.842 0.848

Shandong 0.432  0.489 0.529 0.592 0.620 0.643 0686 0732 0756 0.805 0792 0.846 0.882 0.866 0.861
Hubei 0.496  0.508  0.561 0.595 0.600  0.621 0.609 0.640 0.698 0719 0.742 0.832 0.844 0.854 0.861
Henan 0434 0441 0.499 0.530 0566 0575 0.613 0.660 0.677 0.732 0747 0825 0.849 0849 0.883
Hunan 0.431 0.510  0.560 0.593 0.615 0639 0635 0670 0703 0.733 0784 0.803 0.834 0.827 0.861
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Table 3. Cont.

Provinces 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Guangdong 0344 0395 0468 0557 058 0615 0647 0706 0741 0737 0808 0838 0861 0869 0.877
Guangxi 0462 0498 0544 0585 0637 0627 068 0730 0752 0775 0818 0847 0858 0830 0.868
Hainan 0568 0540 0556 0.603 0.638 0659 0672 0724 0754 0775 0757 0816 0834 0798 0.801
Chongqing 0411 0421 0550 0633 0626 0667 0694 0724 0771 0754 0795 0813 0850 0.868 0.868
Sichuan 0481 0507 0559 0603 0577 0615 0637 0674 0711 0742 0762 0794 0824 0841 0.858
Gansu 0473 0495 0507 0564 0.606 0601 0607 0650 0675 0701 0728 0830 0791 0793 0.858
Ningxia 0542 0533 0558 0592 0619 0688 0639 0703 0739 0797 0770 0860 0819 0823 0.827
Shaanxi 0544 0544 0570 0604 0650 0.678 0.682 0688 0714 0729 0768 0766 0777 0807 0.831
Qinghai 0564 0558 0585 0557 0.607 0626 0679 0695 0681 0739 0764 0816 0791 0800 0.837
Xinjiang 0518 0484 0573 0588 0661 0676 0687 0671 0673 0706 0740 079 0830 0839 0.831
Yunnan 0478 0485 0549 0580 0.632 0647 0647 0677 0720 0759 0796 0828 0841 0854 0.883
Guizhou 0488 0468 0483 0584 0.604 0630 0633 0665 0717 0751 0791 0805 0818 0838 0.872
Mean-value 0479 0493 0544 0592 0619 0637 0652 0688 0715 0746 0776 0814 0828 0831 0.853
1.00
0.90
B 0.80
b
en
L
A
=t
2 0.70
<
g
g
—
g
o 0.60
=]
2
o
3
o 0.50
—#— Resource-Environment
0.40 —®&— Resource-Economy
—&— Environment-Economy
[ —¥— Resource-Environment-Economy
030 | | | | 1 | | | | | | | | IYear
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 1. Time series variation in the coupled coordination of resource, environment, and economy
for the provincial mean.

At the regional level, the coupled coordination of the resource—environment-economy
system in the 6 regions showed an overall increase from 2005 to 2019, as shown in Figure 2.
Since 2012, the resource, environment, and economy policies and measures promulgated
and introduced by the government have had a significant influence on the coordinated
development of resource, environment, and economy. Before 2012, China’s provincial
economic development model relied mainly on resource inputs, and the coupling and coor-
dination of resource, environment, and economy were all low. Since 2012, the government
has attached great importance to the construction of ecological civilization, advocating



Sustainability 2023, 15, 6995

10 of 20

Coupled Coordination Degree
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green development, energy saving, emission reduction, and environmental protection,
which has gradually improved the environmental quality of China’s provinces and regions.
As China’s economy enters a new normal stage of “medium to high speed, new dynamics
and excellent structure”, the capacity for innovation is constantly enhanced. The degree of
resource, environment, and economy continues to maintain an upward trend because of
the new energy development. By 2019, the six regions of China had all risen to a stage of
good coordination.
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Figure 2. Time series characteristics of the coupled resource, environment, and economic coordination
of the six regions.

It is also worth noting that in 2017 and 2018, the coupled coordination degree of
resource—environment, resource—economy, and resource—environment—economy systems
in North China, Central and South China, and Northwest China fell back. This is because
the conversion speed of new and old kinetic energy was slow, leading to a lack of mo-
mentum in their development. In contrast, the level has been able to maintain a steady
increase in East China and Southwest China [52]. The economic development of East
China is dominated by high-value-adding, low-energy consumption tertiary industries and
high-tech industries. Southwest China is rich in natural resources, with less resource con-
sumption and a relatively good environment. With the “Belt and Road” and other strategic
policies, the economy of the southwest region has been developing rapidly. As a result, the
coordination of resource, environment, and economy in East China and Southwest China
has increased.

4.2. Analysis of Spatial Distribution Characteristics

The years 2005, 2010, 2015, and 2019 were selected as the time sections, and ArcGIS
software was used to visualize the spatial distribution characteristics of the coordinated de-
velopment of resource, environment, and economy in 30 provinces in China [58]. Due to the
limited space of this paper, only the spatial distribution characteristics of the environment—
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economy and resource—environment—economy are analyzed; the two other systems will
not be analyzed in detail.

4.2.1. Analysis of the Spatial Distribution Characteristics of the Two Systems

Figure 3 shows that the coupled environment—economy coordination of China’s
30 provinces is generally low, with most of them at the barely coordinated stage and
only Beijing at the well-coordinated stage. Most of the provinces with high coupling coor-
dination are located in coastal areas, such as Jiangsu, Shanghai, and Guangdong [59], while
in China’s inland areas, the coupling coordination is lower due to the relatively backward
economic development of Xinjiang, Ningxia, Gansu, and Qinghai provinces. As the gov-
ernment advocates the “New Development Concept”, the coupled environment-economy
coordination in the inland regions has also been rising.

Distribution of Environment-Economy
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Figure 3. Characteristics of the spatial distribution of environment-economic coupling coordination.

The diagram also shows that there is a more obvious radiative development in the
coupled environment—economy coordination between provinces. It can be seen that there
is a spatial correlation between the coupling coordination degree of environment and
economy. In Hubei, for example, with the radiating effect brought by Hubei, the economy,
resources, and environment of neighboring provinces are also affected accordingly. In 2005,
Hubei was at the primary coordination stage. In 2010, Chonggqing also rose to the primary
coordination stage. In 2015, Hunan also rose to the primary coordination stage. In 2019, the
coupling coordination of environment—economy in Sichuan, Chongqing, Hunan, Henan,
and Anhui all rose to the primary coordination stage.
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4.2.2. Analysis of the Spatial Distribution Characteristics of the Three Systems

The spatial distribution characteristics of the three-system (resource-environment—
economy) coupling coordination degree are analyzed by combining the hierarchical classifi-
cation of the three-system (resource—environment-economy) coupling coordination degree
of 30 provincial regions in China at different time sections (Table 4). From Table 4 and
Figure 4, it can be seen that most of the 30 provincial areas in China are at the primary
coordination stage, and there are significant differences between the coastal provinces and
inland provinces in terms of the degree of coordination of the three-system coupling [59].
The coastal provinces of Jiangsu, Shanghai, Zhejiang, and Guangdong are at an intermediate
level of coupling and coordination. The coastal provinces are relatively more economically
developed and densely populated and have fewer resources than the inland provinces, so
the government encourages enterprises to vigorously develop high-tech industries and
tertiary industries, thus making the economic development of the coastal areas less depen-
dent on resource consumption and reducing the emission of pollutants [60]. Meanwhile,
the economic development of Xinjiang, Qinghai, and Gansu provinces is more backward,
and their economic development still relies on resource consumption, generating a large
number of pollutants, thus making the coupling of their three systems less coordinated.
The government has introduced strategies such as “Western Development” and “One Belt,
One Road”, but due to the geographical location and inconvenient transportation, the
transformation is slow, and the development momentum is insufficient. The economic
development of the inland region is still at an underdeveloped level.

Table 4. Rank classification of three-system coupling coordination in 30 provinces in China.

Coupling
Coordination Level

2005 2010 2015 2019

Reluctantly
coordinated

Xinjiang, Ningxia,
Shanxi

Guizhou, Xinjiang,

Qinghai, Gansu Gansu, Xinjiang

Xinjiang

Primary coordination

Hunan, Hubei, Hunan, Anhui,

Jilin, Hubei, Shandong,
Hunan, Jiangxi, Anhui,
Heilongjiang, Hebei,
Guangxi, Sichuan,
Henan, Chongging,
Shaanxi, Yunnan,

Shanxi, Henan, Yunnan,
Guangxi, Ningxia,
Sichuan, Inner
Mongolia, Anhui,
Hebei, Shaanxi,

Heilongjiang,
Chonggqing, Liaoning,
Anhui, Jilin, Shandong,
Guangxi, Inner
Mongolia, Sichuan,

Chonggqing, Henan,
Shandong, Jiangxi,
Sichuan, Heilongjiang,
Guangxi, Liaoning,
Jilin, Shaanxi, Yunnan,

Mongolia, Guizhou,

Hebei, Shanxi,
Guizhou, Inner
Mongolia, Gansu,
Ningxia, Qinghai

Heilongjiang, Jilin,
Hunan, Jiangxi,
Liaoning, Hubei

Hebei, Jiangxi, Shaanxi,
Yunnan, Henan,
Guizhou, Shanxi,
Ningxia, Qinghai

Qinghai, Inner

Gansu

Intermediate
coordination

Guangdong, Tianjin,

Tianjin, Guangdong,
Zhejiang, Jiangsu,
Fujian, Hainan,
Shandong, Chongging

Tianjin, Zhejiang,
Guangdong, Hainan,
Fujian, Jiangsu

Tianjin, Zhejiang,
Guangdong, Hubei,
Fujian, Hainan, Jiangsu

Jiangsu, Fujian,
Zhejiang, Hainan,
Liaoning

Good coordination

Beijing, Shanghai Beijing, Shanghai Beijing, Shanghai Beijing, Shanghai

In addition, the three-system coupling in China has a certain spatial aggregation,
which is similar to the environment-economy [61]. For example, in 2010, Xinjiang, Qinghai,
Gansu, and Guizhou showed as being in the reluctantly coordinated stage, and they all
clustered in the more backward areas of economic development in the west. Between
2005 and 2015, most of the provinces with a high degree of three-system coupling were
located in China’s coastal regions, which are vigorously developing tertiary industries and
high-tech industries, and these provinces have been transforming and upgrading their
economies more rapidly, thus making their three-system coupling and coordination degree
rise continuously. By 2019, the spatial distribution of the three systems gradually develops
in the direction of random distribution.
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Figure 4. Spatial distribution characteristics of resource-environment-economy coupling coordination.

4.3. Spatial Correlation Analysis
4.3.1. Global Moran’s I Test

This part is to further verify the spatial aggregation on the coupled coordination degree
of environment-economy and resource—environment—-economy of 30 provincial regions
in China. The global Moran’s I test results for the coupled coordination degrees of the
30 provincial areas in the 4-time cross-sections were calculated, as shown in Tables 5 and 6.

Table 5. Results of Moran'’s I test for global autocorrelation of coupled environment—-economy coordination.

2005 2010 2015 2019

Moran’s I Index 0.475 0.459 0.452 0.432
Z-value 4.172 4114 4.015 3.891
p-value 0.001 0.001 0.001 0.001

Table 6. Results of Moran’s I test for global autocorrelation of coupled resource-environment—
economy coordination.

2005 2010 2015 2019

Moran’s I Index 0.488 0.489 0.469 0.447
Z-value 4.253 4313 4.166 3.973
p-value 0.001 0.001 0.001 0.001

The Moran’s I index values for the global spatial autocorrelation of the coupled
environment-economy and resource—environment-economy of the 30 provinces in China
are all positive, and the z-values are all greater than 2.58, which are highly significant at
the 99% confidence interval, as shown in Tables 4 and 5. The spatially significant positive
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correlations were found among the 30 provinces in China. Furthermore, Moran’s I index
was found to decrease gradually over time, indicating that the spatial correlation among
provinces and regions in China has been decreasing over time. However, the coupling
coordination degree between provinces and regions is influenced mainly by each province’s
economy, environment, and resources; the spatial correlation between provinces weakens
and gradually develops in the direction of random distribution.

4.3.2. The LISA Diagram

Through the global spatial correlation analysis, the coupled coordination among the
resource, environment, and economy of 30 provincial areas in China is spatially correlated
but cannot illustrate the spatial correlation of local areas. The LISA diagram can visualize
the specific effects of local spatial correlation through local spatial correlation analysis.

As can be seen from Figure 5, the local “low-low” clusters of environmental-economic
coordination are more obvious. In 2005, six provinces in Qinghai, Gansu, Sichuan, Ningxia,
Shaanxi, and Inner Mongolia were in the “low-low” aggregation category, while the other
three provinces were in the “low-low” aggregation category. In 2015, Inner Mongolia’s
environment-economy coupling coordination showed a “high-low” clustering category be-
cause Inner Mongolia vigorously developed its tertiary industry, mainly tourism, which led
to economic growth and fewer pollution emissions. In 2015, Inner Mongolia’s environment—
economy coupling coordination increased but was still lower than that of Xinjiang, Gansu,
and Shaanxi, thus showing a “high-low” clustering category. In 2019, the environment-
economy coupling coordination in Jiangsu was in the “high-high” aggregation category,
indicating that the environment—economy coupling coordination in Jiangsu was high, and
the environment—economy coupling coordination in its neighboring provinces such as
Shanghai, Zhejiang, and Shandong were also high. In addition, in 2019, the environmental—-
economic coupling coordination in Sichuan was in the “high-low” aggregation category,
indicating that the environmental-economic coupling coordination in Sichuan was high,
while the environmental-economic coupling coordination in its neighboring provinces
such as Qinghai, Yunnan, and Guizhou was low.

Figure 6 showed the local spatial coordination of the three systems (resource—
environment—economy) coupling: a more obvious “low-low” aggregation category. Most
of them are in the western region (e.g., Xinjiang, Qinghai, Sichuan). In 2005 and 2019, six
provinces were in the “low-low” clustering category, and in 2010 and 2015, five provinces
were in the “low-low” clustering category. The economic gap between the eastern and
western regions is gradually increasing, and the economic development pattern of the
western provinces is slow to change, resulting in a lower degree of the three systems. The
spatial differences of the three systems in China’s provinces are obvious, with the economic
development of the western provinces being more backward [62], resulting in a relatively
low degree of coupling and coordination of the three systems. In addition, in 2005, the
three-system coupling coordination in Zhejiang was in the “high-high” aggregation cate-
gory, indicating that the three-system coupling coordination in Zhejiang is high, and the
three-system coupling coordination in its neighboring provinces, such as Shanghai, Jiangsu,
and Fujian, is also high. This is consistent with the spatial distribution characteristics of the
coupling coordination degree in the above and further accurately verifies that the spatial
distribution of the coordinated development of resource, environment, and economy is
different, with the coupling coordination degree in coastal areas being higher and that in
western areas being relatively lower.



Sustainability 2023, 15, 6995

15 of 20

[ Not Significant (23>
B Lov-Low (6>
[ ] Low-High (0

igh-Low (0)
. O o s s
— —

I i High (0)

LISA of

[ Not significant (22)
I Low-Low (5

[ ] Low-High (0

B sish-Low (0> —

I Eish-High (1

500

y in 2015

Legend

~—— Border

Provincial Administrative Region

Coupling Coordination Degree
Not Counted ($)

I Not significant (24)

B Low-Low (5>

[ Low-High (0>
High-Low (0

= 0 125250 500

B sichHigh (0)  w——— —

LISA of Economy in 2019

Legend
Border
‘Provincial Administrative Region
Coupling Coordination Degree
Not Counted ($)
] Not significant (23)
B Low-Low (4
[ Low-High (0>
B High-Low (1) &
I sighigh (1D

500
Kiometer
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5. Conclusions

This study measures the coordinated development of resource, environment, and
economy in 30 provinces of China. The conclusions are the following;:

(1) China’s resource-environment-economy system showed an overall upward trend
in coordinated development from 2005 to 2019. Since 2012, the coupling coordination
degree of environment-economy has shown a significant upward trend, surpassing the cou-
pling coordination of resource—environment and resource—economy. In 2019, the resource-
environment-economy system reached a good, coordinated stage.

(2) In terms of spatial distribution characteristics, there are significant differences be-
tween the coupled coordination of resource, environment, and economy in the 30 provinces
of China. The degree of coupling coordination in coastal areas such as Shanghai, Guang-
dong, Zhejiang, and Jiangsu are already at an intermediate or good level, while the degree
of coupling coordination in inland areas, especially in the northwest, is still at a mini-
mal or elementary level. In addition, the coupling coordination between provinces is
spatially aggregated.

(3) In the spatial correlation analysis, the Moran’s I index of the global spatial correla-
tion analysis of the coupling coordination degree is positive, indicating that the coupling
coordination degree is positively correlated in space. The local space shows a “low-low”
aggregation category more obviously. The local spatial correlation analysis reveals that the
coupling coordination in Jiangsu shows a “high-high” clustering category, while Xinjiang,
Qinghai, Gansu, and Inner Mongolia show a “low-low” clustering category. The spatial
correlation of the coupling coordination degree has been weakening over time, which
indicates that the spatial distribution of resource, environment, and economic coordination
development has developed in the direction of random distribution.

6. Discussion and Policy Recommendations
6.1. Limitations

(1) This study collected statistical data only from 2005 to 2019. However, as is well
known, the COVID-19 pandemic has changed the economy, and the economic growth rate
of most countries in the world has declined. The COVID-19 pandemic has also added
pressure to environmental management and resource allocation [63]. The data under
the pandemic situation in 2020-2022 are not comparable with the previous data. In the
future, we should explore the coordinated development level of the resource-environment-
economy system during the COVID-19 epidemic (2020-2022).

(2) General research indicators were used in this study, especially the environmental
subsystem. However, the environmental system is a pluralistic and complex system. There
should be differences in carbon emission intensity between different regions, which is an
important research topic for sustainable development [64,65]. Future research can introduce
relevant indicators of carbon emissions and explore the impact of greenhouse gases on
climate change and economic development professionally.

(3) The subject of this study is a developing country, and the country has a global
sustainable development strategy. However, due to the high degree of privatization and
marketisation in developed countries internationally, there may be greater limitations in
studying the resource—environment—economy system by administrative regional divisions.
Future research could be based on government regional planning, with a focus on regional
development, highlighting the impact of one pole of the system of economy, environment,
and resource on the development of the region. Digital innovation of enterprises is an
important aspect of economic sustainability transformation [66]. Future research can also
consider the impact of the development strategies of leading enterprises within this system
on the coordinated development of other regions of the country.
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6.2. Policy Recommendations

Based on the results of the spatiotemporal measurement of the coordinated devel-
opment of resource, environment, and economy, this paper proposes the following tar-
geted recommendations.

(1) Vigorously develop new energy sources and improve the efficiency of resource
use. For example, coastal provinces such as Beijing, Shanghai, Jiangsu, and Zhejiang
have optimized their energy structures by vigorously developing renewable energy and
new energy. Therefore, for provinces that rely excessively on resource consumption, they
should actively promote the development of low-carbon and environmentally friendly
fuels, wind, and solar energy projects; strictly control the growth of energy consumption in
key industries; set upper limits on resource utilization; and comprehensively promote new
energy vehicles to reduce energy consumption.

(2) Increase efforts to protect the environment and promote ecological civilization. For
example, Shanghai is an economically developed region and also emits massive amounts
of pollutants. Shanghai has exceeded its emission reduction targets and significantly
reduced the emission of major pollutants, renovated and expanded urban sewage plants to
enhance their sewage treatment capacity, and taken the lead in the country in implementing
waste separation to reduce environmental pollution. Therefore, provinces with serious
environmental pollution should learn from the experience of Shanghai and other provinces
and establish an ecological civilization system based on prevention at source, process
control, and accountability.

(3) Accelerate the transformation and upgrading of the economy and promote high-
quality economic development. At present, Guangdong, Shanghai, Jiangsu, Zhejiang, and
other provinces with more developed economies in China are taking the lead in developing
new industries and optimizing their industrial structure, such that their economic transfor-
mation and upgrading are at an accelerated stage. For the more backward provinces such
as Xinjiang, Gansu, Qinghai, and Ningxia, economic transformation and upgrading are at a
slow start and need to accelerate the construction of a new “double-cycle” development
pattern, deepen supply-side reform, implement green development, and adhere to the
concept of coordinated development.

(4) Promote regional cooperation and coordinated development. China’s lack of
balance is a major constraint on sustainable development. Policies in this regard should
focus on strengthening regional cooperation and optimizing resource allocation. The
government should promote the rural revitalization strategy and improve the economic
strength of lagging regions.

These recommendations help promote the coordinated development of China’s provin-
cial resource, environment, and economy, which are manifested mainly in improving re-
source utilization, living environment, and economic quality. Similar countries in the world
can also draw lessons from this research.
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