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Abstract: The development of China’s resource industry is facing great pressures from industrial
structure adjustment and environmental restraints, and the sustainable risk of the provincial resource
industry is different. Considering the development of the resource industry and environmental
pressure, this article selects the panel data of 31 provinces from 2015 to 2019 to construct an index
evaluation system with six dimensions: influence, induction, supply and demand safety, regional
pollution emission, environment quality, and pollution control. The results showed that Shanxi,
Anhui, Jiangsu, and Shanghai had the highest sustainable risk in the resource industry, while
Heilongjiang, Jilin, Tianjin, Fujian, Jiangxi, Hunan, Guizhou, Sichuan, and Qinghai had the lowest
sustainable risk. The resource industry model of all the provinces is divided into sustainable,
industrial, ecological, and unsustainable. Finally, this article puts forward reasonable suggestions
for the four scenarios and argues that the balanced development of the resource industry sector and
environmental protection is conducive to reducing the sustainable risks of the resource industry.

Keywords: China; resource industry; sustainable risk; environment; assessment

1. Introduction

The development of China’s resource industry presents provincial differences, and
there are outstanding contradictions between the development of the resource industry
sector and environmental protection. As an important foundation of the regional economy
and people’s livelihoods, its sustainable development is also necessary to guarantee re-
gional sustainable development, and a two-way drive in the resource industry sector and
environmental protection must be maintained [1–3]. An assessment of the sustainable risks
of China’s provincial resource industries is conducive to the analysis of the resource indus-
try sector’s development and environmental pressure problems in 31 provinces, providing
reasonable suggestions for the regional differences in the sustainable development of the
resource industry based on the analysis results, as well as means to avoid the sustainable
risks of the resource industry so that the sustainable development of the resource industry
nationwide can be realized.

Different fields are paying more and more attention to sustainable development, and
the results of sustainable risk assessments affect the trends of economic development. Car-
rying out sustainable risk assessments on specific regions or industries can help find prob-
lems in a timely manner, and the government can propose sustainable development plans
based on the results to promote the continued development of regions or industries [4–8].
As a developing country with a good development trend, China is facing an important
node of economic transformation, and the middle-income trap is the primary problem
it faces. Once China enters the middle-income trap, its economic development will face
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huge challenges, and there will also be the possibility of social disorder [9–11]. At the same
time, the Dutch disease is an economic problem closely related to the resource industry. In
the process of social and economic development, if a primary production sector makes an
exceptionally outstanding contribution to the economic structure, it may lead to the decline
of other industrial sectors. This affects the extreme development of the economic structure,
and this phenomenon has begun to appear in some cities in China [12,13]. Whether it is
the middle-income trap or the Dutch disease, both are important macroeconomic issues
that developing countries may face in the process of economic growth, and they have the
unsustainable risks of some industrial development in common. Therefore, the sustainable
risk assessment of China’s resource industry can promptly discover the inhibitory factors
restricting its development [14–18]. From the perspective of the industrial structure, the
primary processing and extended industry sectors of minerals and oil and gas resource
products constitute the main body of the resource industry. There are eight sectors that are
often used to measure the development of regional resource industries, such as coal mining
products, oil and gas extraction products, metal ore mining products, non-metallic minerals
and other mining and beneficiation products, petroleum, coking products and nuclear fuel
processing products, non-metallic mineral products, metal smelting and rolled products,
and metal products [19,20]. The construction of an ecological civilization is an important
part of China’s current sustainable economic development. The sustainable development
of the regional economy must adhere to the two-way drive of ecological protection and
industrial optimization. The resource industry sector, especially, needs to pay attention to
the environmental problems it causes. Improving the environmental response capacity of
the resource industry can effectively avoid the loss of benefits caused by environmental
pressures. In the long run, the eco-friendly resource industry is an effective way to break
the “resource curse” and “intergenerational risk” [21–25].

Sustainable risk is a key factor that affects the green and stable development of a
sector or regional economy. From a spatial perspective, it mainly includes the sustainable
development of a specific industry or region. At present, environmental protection sectors
and policy protection sectors have low sustainable risks, and resource-consuming sectors
have higher sustainable risks. The sustainable risk of economically developed areas
is lower than that of areas with low and medium levels of development [26,27]. The
sustainable risk assessment of different regions or industries requires a comprehensive
assessment from multiple dimensions such as economy, society, and ecological environment.
Evaluating economic development issues in a certain field from a single dimension may
cause problems that are inconsistent with the actual situation. At the same time, the lack of
reference to necessary indicators will have a greater impact on the accuracy of economic
evaluation [28,29]. At present, macroeconomic analysis and micro-observation calculations
are mostly used to analyze social and economic issues. Among them, risk assessment, fuzzy
comprehensive evaluation, goal planning, neural networks, and econometric methods are
primarily used to analyze matters of sustainable economic development [30–35]. Research
on the sustainable development of the regional resource industry has gradually become a
hotspot in industrial economic research. Many scholars in economics and interdisciplinary
fields have begun to propose solutions to the bottleneck of the development of the resource
industry, but most scholars only focus on a unilateral discussion [36–38]. When reviewing
the sustainable development of the resource industry, we found that their main focus is on
the improvement of industrial capacity and the improvement of the regional environment,
and the two studies are independent of each other. Those scholars mostly use mature
methods or quantitative analysis software to analyze certain economic issues, and the
results lack a suitable quantitative model to support the sustainable risk assessment of the
resource industry [39,40].

As a supplementary study to related research results, this article proposes to take
China’s provincial-level resource industry as the research object and build a comprehensive
evaluation system of the two dimensions of resource industry sector development and
environmental pressure. A total of 23 indicators—such as the influence coefficient of
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the resource industry sector, the sensitivity coefficient, the trade situation of the resource
industry sector, and environmental quality—were selected to support the quantitative
model so as to realize the quantitative evaluation of China’s provincial-level resource
industry. In response to the evaluation results, we put forward rationalized sustainable
development ideas based on the actual economic development of the region.

2. Framework, Model, and Methods
2.1. The Framework

On the basis of literature review, this article constructs a quantitative evaluation model,
selects evaluation indicators, and evaluates the sustainable risks of the resource industry in
31 provinces in China. The main content of the research includes model design, method
introduction, data processing, result analysis, and recommendations (Figure 1).

Sustainability 2021, 13, x FOR PEER REVIEW 3 of 15 
 

As a supplementary study to related research results, this article proposes to take 
China’s provincial-level resource industry as the research object and build a comprehen-
sive evaluation system of the two dimensions of resource industry sector development 
and environmental pressure. A total of 23 indicators—such as the influence coefficient of 
the resource industry sector, the sensitivity coefficient, the trade situation of the resource 
industry sector, and environmental quality—were selected to support the quantitative 
model so as to realize the quantitative evaluation of China’s provincial-level resource 
industry. In response to the evaluation results, we put forward rationalized sustainable 
development ideas based on the actual economic development of the region. 

2. Framework, Model, and Methods 
2.1. The Framework 

On the basis of literature review, this article constructs a quantitative evaluation 
model, selects evaluation indicators, and evaluates the sustainable risks of the resource 
industry in 31 provinces in China. The main content of the research includes model de-
sign, method introduction, data processing, result analysis, and recommendations (Fig-
ure 1). 

Evaluation model construction
（The evaluation index）

The weight of the index
(Entropy method)

Spatial clustering effect analysis
(Spatial autocorrelation analysis)

The index calculation
 (Input-output method)

The evaluation of the Sustainable Risk 
Assessment

 
Figure 1. The overall framework. 

2.2. The Model 
2.2.1. The Assessment Index System 

There are large spatial differences in the sustainable risks of China’s resource in-
dustry. In the provincial region, indicators such as resource endowment, industrial 
foundation, industrial structure, and environmental pressure have varying degrees of 
impact on the sustainability of the regional resource industry [41–44]. Therefore, while 
assessing the sustainable risks of China’s provincial regions, it is necessary to choose 
appropriate methods to reasonably assign weights to various indicators. This article uses 
comprehensive evaluation methods to achieve quantitative analysis and guide the sus-
tainable development of China’s provincial resource industries. 

The sustainable development of China’s provincial-level resource industry is mainly 
constrained by the development of the resource industry sector and environmental 
pressures. Based on previous research foundations [45–47], it is believed that simply 
considering sectoral trade conditions cannot fully reflect the interaction between indus-
tries. This article uses the input-output method to analyze the interaction between the 
resource industry sector and other industry sectors, and comprehensively analyzes the 
development of the regional resource industry sector in combination with the trade situ-
ation of the sector. At the same time, it considers the indicators of regional pollution 

Figure 1. The overall framework.

2.2. The Model
2.2.1. The Assessment Index System

There are large spatial differences in the sustainable risks of China’s resource industry.
In the provincial region, indicators such as resource endowment, industrial foundation,
industrial structure, and environmental pressure have varying degrees of impact on the
sustainability of the regional resource industry [41–44]. Therefore, while assessing the sus-
tainable risks of China’s provincial regions, it is necessary to choose appropriate methods to
reasonably assign weights to various indicators. This article uses comprehensive evaluation
methods to achieve quantitative analysis and guide the sustainable development of China’s
provincial resource industries.

The sustainable development of China’s provincial-level resource industry is mainly
constrained by the development of the resource industry sector and environmental pres-
sures. Based on previous research foundations [45–47], it is believed that simply con-
sidering sectoral trade conditions cannot fully reflect the interaction between industries.
This article uses the input-output method to analyze the interaction between the resource
industry sector and other industry sectors, and comprehensively analyzes the development
of the regional resource industry sector in combination with the trade situation of the sector.
At the same time, it considers the indicators of regional pollution emissions, regional envi-
ronmental quality, and pollution control investment, and a comprehensive and objective
evaluation of the sustainable risks of China’s provincial-level resource industry has been
made (Figure 2).
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In the assessment system, the main body of the resource industry primarily consists
of eight sectors: coal mining products, oil and gas extraction products, metal ore mining
products, non-metallic minerals and other mining and beneficiation products, petroleum,
coking products and nuclear fuel processing products, non-metallic mineral products, metal
smelting and rolled products, metal products. We used their pushing and pulling effects
on other sectors as single indicators. The intermediate use, final use, import, and domestic
inflows from other provinces in the resource industry jointly support the supply security
system. Among the regional environmental pressure indicators, indicators such as regional
carbon emissions, the percentage of days with good environmental conditions, and the
amount of investment in industrial pollution control determine the environmental quality.

2.2.2. The Sustainable Risks Assessment Model

In order to assess the sustainable risks of China’s provincial-level resource industry,
this article constructs comprehensive evaluation indicators from the two dimensions of
resource industry sector development and regional environmental pressure. The devel-
opment of the resource industry sector is greatly affected by the industrial structure and
the safety of the supply and demand of the sector. Therefore, it is necessary to consider
the influence and sensitivity of the resource industry sector on other sectors, as well as
the output difference of the industrial sector. Regional environmental pressure must be
comprehensively considered from the perspective of regional pollution emissions, the
overall environment, and pollution control.

The development of the resource industry sector is positively affected by its influence
and sensitivity on other sectors—that is, the greater the influence and sensitivity coefficients
of the resource industry sector are, the stronger the pulling or pushing effect of the resource
industry sector on other sectors will be. It is positively affected by the output of the resource
industry sector—that is, the greater the output is, the more prosperous the industrial sector
will be.

GO = IU + FU − IM− IF (1)

GO is the economic added value of the resource industry sector through the integration
of production factors in the accounting year, IU is the resource industry sector invests part
of its output in other sectors, FU is the capital consumption paid by the resource industry
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sector to maintain production activities, IM is the amount of foreign production materials
invested in the resource industry sector, and IF is the amount of production materials
outside the province invested in the resource industry sector.

RI = α1 IN + α2SE + α3GO (2)

RI is the economic development level of the resource industry sector without con-
sidered other factors; α1, α2, and α3 are the weights of each indicator; IN is the influence
coefficient; and SE is the inductance coefficient.

Regional environmental pressure indicators are subject to regional pollution emissions,
the overall environment, and pollution control conditions. Only the overall environmental
conditions are selected as negative indicators—that is, the greater the regional pollution
emissions are, the lower the proportion of days with good environmental conditions is,
and the higher the pollution investment is, the greater the regional environment pressure
will be.

EN = β1CE− β2EQ + β3 IP (3)

EN is the regional environmental pressure; β1, β2, and β3 are the weights of each
indicator; CE is the total carbon emissions; EQ is the percentage of the region’s annual
environmentally good days; and IP is the total pollution control investment.

The sustainable risk of the regional resource industry is constrained by the devel-
opment of the resource industry sector and environmental pressure. Therefore, when
considering the sustainable risk of the provincial resource industry in China, it is necessary
to comprehensively evaluate the development of the regional resource industry sector
and the environmental pressure subdivision indicators. The development of the regional
resource industry sector is a negative indicator, and the environmental pressure is a positive
indicator—that is, the smaller RI and the larger EN are, the greater the sustainable risk of
the regional resource industry will be.

RS = −γ1RI + γ2EN (4)

RS = −α1 IN − α2SE− α3(IU + FU − IM− IF) + β1CE− β2EQ + β3 IP (5)

RS is the sustainable risk of the regional resource industry, and γ1 and γ2 are the
weights of the indicators.

2.3. The Methods
2.3.1. The Calculation of the Index

In order to analyze the impact of the interaction between the resource industry sectors
on the sustainability of the regional resource industry, the article introduces the pulling
and pushing influence indicators of the resource industry sector on other sectors. Here we
mainly use the input-output table to calculate the influence coefficient and the inductance
coefficient of the resource industry sector [48,49]. The main indicators and accounting steps
are as follows.

(1) The direct consumption coefficient, also known as the input coefficient, refers to
the quantity of the i sector directly consumed by the unit’s total output of the j sector in the
production and operation process.

aij =
xij

Xj
(i, j = 1, 2, . . . , n) (6)

aij is the direct consumption coefficient, xij is the quantity of products or services of
sector i directly consumed in the production and operation of sector j, and Xj is the total
input of sector j.

(2) B is the Leontief inverse matrix.

B = (I − A)−1 (7)



Sustainability 2021, 13, 4191 6 of 15

I is the identity matrix, and A is the direct consumption coefficient matrix.
(3) The inductance coefficient refers to the degree of demand sensitivity that a certain

sector receives when each additional unit of the national economy is finally used—that is,
the amount of output that the sector needs to provide for the production of other sectors.
The larger the coefficient is, the stronger the pushing effect towards economic development
will be.

Ei =

n
∑

j=1
bij

1
n

n
∑

i=q

n
∑

j=1
bij

(i, j = 1, 2, . . . , n) (8)

Ei is the inductance coefficient,
n
∑

j=1
bij is the sum of the rows of the Leontief inverse

matrix, and 1
n

n
∑

i=q

n
∑

j=1
bij is the average of the row sums of the Leontief inverse matrix.

The influence coefficient refers to the extent to which the production demand of each
department is affected when a certain product sector of the national economy increases by
a unit of final product. The larger the influence coefficient is, the stronger the pulling effect
towards economic development will be.

Fj =

n
∑

i=1
bij

1
n

n
∑

i=q

n
∑

j=1
bij

(i, j = 1, 2, . . . , n) (9)

Fj is the influence coefficient,
n
∑

i=1
bij is the sum of columns of Leontief’s inverse matrix,

and 1
n

n
∑

i=q

n
∑

j=1
bij is the average value of column sums of Leontief’s inverse matrix.

2.3.2. The Weight

The different dimensional indicators need to be reasonably weighted for each indicator.
In order to comprehensively evaluate the impact of the 23 indicators on the sustainable
risk of the regional resource industry, the entropy weight method is selected to objectively
weight each indicator. The entropy method determines the weight of the indicator accord-
ing to the difference in the degree of data confusion. If the information entropy of the
indicator is smaller, it means that the degree of disorder of the indicator is higher, and
when the range of change is larger, the impact on the comprehensive evaluation is also
greater [50–52]. The main indicators and accounting steps are as follows.

(1) Data standardization processing.
Positive index,

Yij =
Xij −Min(Xj)

Max(Xj)−Min(Xj)
(i = 1, . . . , m; j = 1, . . . , n) (10)

Negative index,

Yij =
Max(Xj)− Xij

Max(Xj)−Min(Xj)
(i = 1, . . . , m; j = 1, . . . , n) (11)

Assuming that there are m cities and n indicators, Xij represents the original value
of the j index of city i, and Max(Xj) and Min(Xj) represent the maximum and minimum
values of the j index in all cities. Yij represents the value of the index of i city j after dimen-
sionless standardization. Yij ∈ [0, 1], and the larger the Yij is, the greater the contribution to
the target value will be.
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(2) Determine the index weight.

pij =
Yij

m
∑

i=1
Yij

(i = 1, . . . , m; j = 1, . . . , n) (12)

ej = −
1

Inm

m

∑
i=1

pij Inpij(i = 1, . . . , m; j = 1, . . . , n) (13)

wj =
1− ej

n
∑

j=1
(1− ej)

(i = 1, . . . , m; j = 1, . . . , n) (14)

In Formulas (12)–(14), pij is the proportion of the index value of the i city under the j
index, ej is the information entropy of the j index, and wj is the weight of the j index.

2.3.3. Spatial Autocorrelation Analysis

Spatial autocorrelation analysis can reflect the potential interdependence of the target
value in the study area [53,54]. This article uses Moran I to measure the development of
the resource industry sector, the environmental pressure situation, and the sustainable
level of the regional resource industry sector, and then analyzes the spatial correlation
characteristics of the sustainable risks of the resource industry in 31 provinces.

Moran I =
m

m
∑

i=1

n
∑

j=1
wij

×

m
∑

i=1

n
∑

j=1
wij(ERi − ER)(ERj − ER)

m
∑

i=1
(ERj − ER)2

(15)

In Formula (15), wij is the value of the spatial weight matrix. When the unit i is
adjacent to j, it is set to 1; otherwise, it is set to 0. ERi is the calculation result of i regional
index, ERj is the calculation result of j index, and ER is the average value of ERi. The value
range of Moran I is [−1, 1]. When its value is greater than 0, it is a positive correlation. The
larger the value is, the stronger the spatial aggregation will be. When its value is less than
0, it is a negative correlation. The smaller the value is, the stronger the spatial difference
will be, and when its value is equal to 0, it means that the space is not correlated and the
space presents a random distribution.

3. Sustainable Risk Evaluation of China’s Provincial-Level Resource Industry
3.1. Data Sources

The data mainly relates to China’s provincial-level industrial development and envi-
ronmental protection-related content from 2015 to 2019. Among them, the relevant data
of the industry association measurement mainly come from the input-output table of
31 provinces in China (except Hong Kong, Macao, and Taiwan) in 2017, and the input-
output method is used to measure the inductance coefficient and influence coefficient of
the resource industry sector (Appendix A). The output and environmental pressure data
of the resource industry come from the World Bank, the China Statistical Yearbook, the
Ecological Environment Bulletin, and reports from related industries and environmental
sectors. For some missing parts of the data, the article adopts statistical methods such as
data fitting and forecasting to supplement.

In Appendix A, Xi, Yi(i = 1, 2, . . . , 8) are the inductance coefficients and influence
coefficients of the eight resource industry sectors in different provinces; X1 and Y1 refer
to coal mining products; X2 and Y2 refer to petroleum and natural gas mining products;
X3 and Y3 refer to metal mining and processing products; X4 and Y4 refer to non-metallic
minerals and other mining and processing products; X5 and Y5 refer to petroleum, coking
products, and nuclear fuel processing products; X6 and Y6 refer to non-metallic mineral
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products; X7 and Y7 refer to metal smelting and rolling processing products; and X8 and
Y8 refer to metal products.

3.2. Development of the Resource Industry Sector and Environmental Pressure

The entropy method is used to weight the development of China’s provincial resource
industry sector and the environmental pressure. This article comprehensively considers the
actual data of the selected indicators for evaluation, and uses natural breaks (Jenks) based
on ArcGIS 10.2 to distinguish the degree of the evaluation results [55–57]. The natural
breaks (Jenks) method is a special cluster analysis method, and ArcGIS 10.2 can classify
regions according to the similarity of the index weighting results (Figure 3). In order
to comprehensively consider the resource industry sector and environmental pressure
indicators, we chose to divide the weighting results into two dimensions, high and low, to
form a combination of 2× 2 = 4.

Figure 3. The status quo of China’s regional differences in different dimensions. (a) resource industry sector, (b) environ-
mental pressure. This respectively shows the regional differences in the sector and the environment.

According to Figure 3, there has been a large spatial difference between the devel-
opment of China’s resource industry sector and environmental pressure in recent years.
The development of the resource industry sector is dotted, and environmental pressure
constraints still exist. The regions with a relatively high degree of development in China’s
resource industry sector are mainly Central China and East China, and the environmental
pressure in North China is relatively high.

In order to analyze the results of the natural breaks (Jenks) under the two dimensions
of resource industry sector development and regional environmental pressure, we have
defined four scenarios on the basis of previous studies (Table 1): 1. When the development
level of the regional resource industry sector is high and the regional environmental pres-
sure is low, we call this area a sustainable resource industry area; 2. when the development
level of the regional resource industry sector is high, but there is greater environmental
pressure, the area is a pure resource industry-rich area—that is, an industrial area; 3. when
the development level of the regional resource industry sector is low, but the environmental
pressure is relatively small, we consider the region to be a resource-poor region—that is, an
ecological region; and 4. when the development of the regional resource industry sector is
low, and there is greater environmental pressure, the regional resource industry presents
unsustainable development. We will continue to conduct a comprehensive assessment of
the overall sustainable risk in the following sections and combine the four scenarios to
further analyze the factors that lead to regional sustainable risks.
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Table 1. China’s provincial-level classification based on the resource industry sectors and the
environmental pressure.

Type Provinces Total Proportion

Sustainable area Heilongjiang, Jilin, Beijing,
Jiangxi, Hunan, Sichuan, Qinghai 22.6%

Industrial area Tianjin, Hebei, Shandong, Henan,
Jiangsu, Guangdong 19.4%

Ecological area

Tibet, Gansu, Ningxia, Liaoning,
Yunnan, Guangxi, Hainan,

Guizhou, Chongqing, Hubei,
Shanghai, Zhejiang, Fujian

41.9%

Unsustainable area Xinjiang, Shanxi, Inner Mongolia,
Shanxi, Anhui 16.1%

It can be seen that based on the sustainable perspective of the resource industry, China
has the highest proportion of ecological regions, while the proportions of sustainable,
industrial, and unsustainable provincial regions are roughly the same. Among them, the
resource industries and environmental protection in sustainable areas can develop in a
balanced manner, and the unsustainable regions are mainly the extensive production areas
of traditional resource industries, while the regional environmental pressure has still been
relatively high in recent years. The main reason for the formation of industrial areas is
that the development of the resource industry is relatively good but the environmental
problems cannot be properly resolved, while the ecological areas are due to their weak
resource industry foundation and can maintain good environmental quality.

3.3. Sustainable Risk of Regional Resource Industry

The sustainable risk of the regional resource industry is based on the comprehensive
consideration of the two dimensions of the development of the resource industry sector
and the environmental pressure. In order to further evaluate the sustainable risks of the
resource industry in China’s 31 provinces, this article comprehensively assigns weights to
23 sub-indexes, excludes the interaction between some indicators, uses entropy method to
calculate the secondary weighting, and comprehensively evaluates the provinces in China.
The sustainable development of regional resources and the calculation results are divided
into three levels to achieve objective evaluation (Figure 4). Here we also use ArcGIS 10.2 to
achieve the purpose of clustering. According to the significance of multiple classification
results and the needs of subsequent analysis, the three dimensions of high, medium, and
low are most suitable for assessing the sustainable risks of the regional resource industry.

Figure 4. Distribution of sustainable risks in the resource industries of China’s 31 provinces.
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According to Figure 4, it can be seen that the four provinces of Shanxi, Anhui, Jiangsu,
and Shanghai have the highest sustainable risks in the resource industry. Further com-
parison of the classification results in Table 1 shows that the development of the resource
industry and environmental pressures in Shanxi and Anhui are severe. Among them,
the main reason for the sustainable risk of Jiangsu’s resource industry is the pressure
of environmental constraints. Shanghai’s resource industry has a weak foundation, but
the environmental quality is relatively good. The nine provinces of Heilongjiang, Jilin,
Tianjin, Fujian, Jiangxi, Hunan, Guizhou, Sichuan, and Qinghai have the lowest sustainable
risks. Among them, the indicators of the resource industry sector and environmental
pressure constraints in Tianjin, Fujian, and Guizhou show a positive offset, leading to
a reduction in sustainable risks, and Beijing has a weak offsetting effect for these two
indicators. The sustainable risk of the remaining 18 provinces’ resource industry sectors is
at a medium level.

3.4. Spatial Autocorrelation Analysis

This article uses ArcGIS 10.2 to measure the indicators of the spatial autocorrelation
of sustainable risks, resource industry sector development, and environmental pressure
in China’s provincial regions and uses global autocorrelation (Moran I) to analyze and
characterize spatial correlation characteristics of different dimensions (Table 2).

Table 2. Global spatial autocorrelation analysis results in all dimensions.

Dimensions Moran I Z P Spatial Pattern

Industrial sector
development level 0.017933 0.676089 0.498984 Not obvious

Environmental
pressure 0.335556 4.852068 0.000001 Spatial gathering

Sustainable risks in
the resource industry 0.132961 2.164479 0.030428 Spatial gathering

According to the results of the spatial autocorrelation analysis, there is no significant
spatial correlation in the development of the resource industry sector, but both regional
environmental pressures and the sustainable risks of the resource industry have significant
spatial clustering characteristics. The reason for this phenomenon is that the regional
environmental pressure presents a certain regular regional difference, and the development
of the resource industry sector is not exactly the same in each province. Regional resource
endowments, industrial foundation, industrial structure, and trade conditions are all
important factors that lead to differences in the development of the resource industry sector.
The sustainability of the resource industry is subject to the dual constraints of industrial
sector development and environmental pressure, so there is a certain degree of spatial
agglomeration characteristics.

4. Scenario Discussion and Suggestions

Based on the results of the comprehensive analysis, this article believes that the sus-
tainable risks of China’s provincial-level resource industries are still severe, with industrial
and ecological provinces accounting for a relatively high proportion. In light of the actual
development of the regional economy, it is necessary to further strengthen the development
status of the resource industry sector and improve the quality of the regional environ-
ment. By improving the sustainability of different types of regional resource industries, the
government exerts the driving effect of the resource industry on the basis of reducing envi-
ronmental pressure and ensuring the supply of resources. Finally, the following specific
planning suggestions are put forward for the four types of those provinces.

Scenario 1: Sustainable areas. The sustainable provinces of China’s resource industry
are mainly regions with better economic foundations, where the resource industry sector
and regional environmental protection can achieve coupled development, and in some
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provinces, the resource industry sector and regional environmental protection are positively
canceled. The former areas should continue to strengthen the dual development of the
industrial sector and the regional environment, and further consolidate the sustainability
of the resource industry, while the latter areas should focus on promoting the development
of the resource industry sector or regional environmental protection according to the actual
situation of the region, and achieve the balanced promotion of the two dimensions. At the
same time, based on the perspective of circular economy, the local government should give
full play to the radiation driving effect of the resource industry on the basis of ensuring the
sustainability of the resource industry in the region, and help the sustainable development
of the resource industry in the surrounding area.

Scenario 2: Industrial areas. China’s industrial areas are mainly traditional industrial
bases. The development of the resource industry in the region has a certain historical
basis, the infrastructure of the resource industry is complete, and the industrial chain is
perfect. In the process of national economic development, the resource industry played
an effective promoting role, but it also caused greater environmental damage—its annual
industrial pollution investment accounted for more than the national average, resulting in
poor sustainability of the regional resource industry. For industrial areas, the government
should give priority to environmental protection elements, actively adjust the regional
industrial structure, optimize the resource industry chain, and realize clean production of
the resource industry. At the same time, energy conservation and environmental protection
industries should be further cultivated to build new regional economic growth poles and
reduce regional development bottlenecks caused by regional environmental risks.

Scenario 3: Ecological areas. According to the results of the comprehensive evalua-
tion, nearly 50% of the provinces in China’s provincial regions are ecologically developed,
and the vast majority of regions have medium-level sustainable risks in the resource in-
dustry. It shows that China’s regional environmental protection work has achieved great
results in recent years. Affected by the structural adjustments on the supply side, some
regional resource industries have begun to dissolve into resource-based cities, and the main
purpose of resource industry development has gradually developed to ensure domestic
demand. In order to stimulate the vitality of resource-based industries in ecological regions,
it is possible to appropriately develop a clean resource industry chain on the basis of
ensuring the supply of basic resources. By leveraging the advantages of the development
of the resource industry in the surrounding regions, the economic driving effect of the
resource industry can be realized, so as to avoid the shortcomings of the regional economic
development caused by the lack of industrial structure.

Scenario 4: Unsustainable areas. The unsustainable areas are mainly remote areas or
traditional resource-based areas with a weak economic foundation in China, which are the
bottleneck of China’s economic development. Affected by historical development factors,
the resource industry chain in some provinces is not yet perfect. At the same time, some
provinces have gradually weakened the influence of the resource industry due to industrial
structural adjustments in recent years, the positive role of the resource industry sector in
promoting regional economic development in the overall industrial layout has decreased,
and unsustainable regions are facing greater environmental pressure. For the unsustainable
regions, the government should give priority to ensuring the supply of regional resource
industries and actively repair the environmental quality. At the same time, the regional
industrial structure should be accelerated to promote the sustainable development of the
regional resource industry sector, and avoid the sustainable risk of the resource industry
caused by the rapid or slow development of the resource industry sector.

5. Conclusions

On the basis of a large number of literature reviews, we selected multiple indicators
to construct an evaluation system, and used input-output, entropy method, and compre-
hensive evaluation methods to evaluate the sustainable risks of the resource industry in
31 provinces in China. This article mainly achieves the following purposes.
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(1) We evaded the problems in sustainability assessment, proposed a correlation
measurement of the interaction between the resource industry sector and other sectors,
combined with indicators such as industrial sector trade volume, environmental pressure,
etc., to build a quantitative evaluation model for sustainable risks.

(2) By analyzing the sustainable risk assessment results of the resource industry in
31 provinces, we found that there are significant differences in the sustainable risk of the
resource industry in China’s provincial regions. The development of the resource industry
sector and environmental pressure are important factors affecting its sustainability, and
promoting the development of the resource industry sector and environmental protection
in a balanced way can effectively reduce sustainable risks.

(3) In view of the four scenarios, we put forward reasonable ideas and believe that
differentiated regional resource industry development paths can effectively enhance its
competitive advantage, thereby avoiding regional economic risks caused by the resource
industry.

The research results of this article will provide a theoretical reference for the devel-
opment of China’s resource industry, and the research ideas will also provide a certain
reference for sustainable risk assessment in other fields. At the same time, it is necessary
for scholars to further improve related research on the actual impact of regional resource
industry departments on the regional economy and the development direction of the
resource industry under the background of industrial structure adjustment.
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Appendix A

Table A1. The inductance and influence coefficient of China’s resource industry sectors in 31 provinces in 2017.

X1 X2 X3 X4 X5 X6 X7 X8 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Beijing 0.32 1.34 0.46 0.38 0.87 0.56 5.16 0.84 0.93 0.96 1.11 0.88 1.22 1.20 2.00 1.49
Tianjin 1.04 1.50 1.41 0.56 1.76 0.76 3.20 0.92 0.95 0.60 1.24 1.14 0.85 1.17 1.42 1.45
Hebei 3.50 0.69 1.38 0.82 1.51 0.69 3.02 1.22 0.80 0.77 1.18 1.06 1.06 1.12 1.16 1.25
Shanxi 1.98 0.56 1.01 0.53 1.06 0.72 2.94 0.83 1.01 1.06 1.27 1.15 1.06 1.07 1.22 1.10

Inner Mongolia 1.68 0.85 0.96 0.73 1.27 0.72 2.08 0.99 0.86 0.77 0.87 1.04 0.99 1.11 1.21 1.23
Liaoning 1.04 1.36 1.27 0.75 1.43 0.74 2.63 1.00 0.60 0.83 0.91 0.78 0.98 1.10 1.20 1.32

Jilin 0.98 1.13 1.21 0.56 0.92 0.83 3.56 0.88 1.08 0.77 1.15 1.09 1.08 1.22 1.20 1.22
Heilongjiang 1.88 1.50 0.81 0.58 1.89 0.75 2.01 0.69 0.77 0.65 1.02 1.06 1.03 1.25 1.34 1.36

Shanghai 1.13 1.41 0.56 0.43 1.58 0.79 1.96 0.81 0.34 0.91 0.34 0.34 0.94 1.14 0.98 1.18
Jiangsu 1.41 1.25 0.99 0.64 1.18 0.83 2.81 1.10 0.88 0.51 0.79 1.16 0.86 1.23 1.20 1.30

Zhejiang 2.41 1.16 1.25 0.68 0.96 0.73 3.21 0.86 0.92 0.37 0.93 1.01 0.76 1.15 1.35 1.30
Anhui 2.14 0.32 1.16 0.46 1.17 0.76 3.19 1.00 0.77 0.32 1.04 1.13 0.95 1.14 1.37 1.37
Fujian 0.90 1.03 2.25 1.21 1.13 0.84 2.98 0.83 1.02 0.93 0.82 1.03 1.23 0.96 1.00 1.03
Jiangxi 1.81 0.92 1.54 0.78 1.21 0.88 2.83 1.22 1.09 0.35 1.30 1.26 0.92 1.26 1.35 1.48
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Table A1. Cont.

X1 X2 X3 X4 X5 X6 X7 X8 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Shandong 0.74 0.76 0.93 0.41 2.00 0.94 2.41 1.17 0.97 0.84 1.10 1.26 1.17 1.15 1.26 1.31
Henan 1.62 1.17 1.04 0.64 1.02 0.92 2.42 1.01 0.88 0.70 1.01 1.00 0.96 1.14 1.20 1.28
Hubei 0.71 0.71 0.79 0.74 0.90 0.94 1.56 1.07 0.97 0.79 0.96 1.04 0.98 1.09 1.20 1.22
Hunan 2.37 1.05 0.94 0.53 1.11 0.91 2.26 1.01 1.16 0.41 1.09 1.13 0.85 1.20 1.22 1.29

Guangdong 0.83 0.98 0.65 0.67 1.04 1.02 4.04 0.97 0.81 0.64 0.97 0.96 0.88 1.21 1.36 1.36
Guangxi 0.91 1.10 0.89 0.65 1.29 0.76 2.42 0.74 0.81 0.75 0.95 1.01 1.00 1.12 1.18 1.19
Hainan 1.06 0.97 0.59 0.51 2.30 0.85 1.62 0.79 0.37 0.86 1.02 1.18 1.18 1.05 0.78 0.95

Chongqing 1.29 0.83 0.71 0.65 1.28 0.91 2.99 0.83 0.89 0.79 0.96 1.19 1.10 1.06 1.24 1.18
Sichuan 1.04 1.16 1.15 0.88 1.08 0.91 2.35 1.01 1.06 0.82 0.99 1.13 1.05 1.19 1.20 1.21
Guizhou 2.65 0.41 0.74 0.60 1.67 0.82 2.45 0.77 0.91 0.39 0.94 1.05 1.14 1.25 1.29 1.29
Yunnan 0.98 0.85 1.43 0.70 1.12 0.83 2.53 0.84 1.00 0.43 1.07 1.06 0.98 1.13 1.28 1.31
Shanxi 2.51 1.12 1.54 0.66 1.33 0.86 2.82 1.04 0.80 0.65 1.16 1.16 1.01 0.90 1.18 1.34
Gansu 1.21 1.29 1.20 0.67 1.21 0.79 2.21 1.01 0.82 0.76 1.01 0.93 0.96 1.09 1.28 1.28

Qinghai 0.84 1.20 0.81 0.92 1.36 0.75 3.51 1.30 1.03 0.75 1.01 1.04 0.88 1.22 1.36 1.58
Ningxia 1.23 1.25 0.83 0.55 1.21 0.68 1.88 0.85 0.85 0.73 0.98 0.96 1.03 1.20 1.26 1.35
Xinjiang 0.94 1.60 0.99 0.77 1.71 0.79 1.93 0.89 0.78 0.69 0.87 1.06 0.86 1.17 1.22 1.35

Tibet 1.50 1.00 0.65 0.68 1.48 1.21 1.86 1.27 0.57 0.57 0.89 0.89 0.57 1.13 1.37 1.61
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