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An evaluation and spatial statistical analysis of China’s
regional sustainable development level
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Abstract: Sustainability is an important factor of ecological civilization, and a reasonable sustainable
development system is the basis for its enhancement. Based on the theory of sustainability science, we designed an
evaluation index system comprising three subsystems: resource, environment and socio-economic development.
Based on data from 30 provinces and cities in China from 2014 to 2016, we used the entropy method to
evaluate the sustainable development level of different regions. In addition, we also summarized and classified
different regions from the perspective of spatial statistical. The results show that the socioeconomic system
has the greatest influence on the regional sustainable development system, indicating that the healthy and rapid
development of the social economy is very important in sustainable development. In addition, China’s sustainable
development level is relatively low and varies greatly among different regions. Therefore, on the one hand, the
government should reasonably strengthen and optimize environmental regulation and encourage the public to
participate in supervision. On the other hand, it is necessary to improve the co-governance mechanism of different
regions’ ecological environment; improving the co-governance mechanism will serve not only to establish the
cross-regional coordinated development management of institutions at the national level but also to establish a
benefit-sharing and interest-compensation mechanism and find a balance of interests between regions. Finally, we
should strengthen legal construction and clarify the rights and obligations of all parties to guide cross-regional

coordinated development in line with laws and regulations.
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1 Introduction

With the development of industrial civilization, the tra-
ditional economic development model characterized by
high consumption, high pollution and low efficiency has
caused the continuous degradation of the ecological en-
vironment and has introduced severe challenges to the
economic and social development of mankind. Since the
World Commission on Environment and Development
(WCED) proposed the viewpoint of sustainable develop-
ment in 19921, sustainable development has received
international consensus, and cooperation between coun-
tries and regions has been continuously promoted. Since
the reform and opening in 1978, China’s economy has
soared. In the past few decades, China has become one
of the fastest growing countries in the world. Correspond-
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ingly, China has also become one of the countries with the
most serious resource consumption and environmental
degradation in the world'?!. At present, China’s resource
stock and environmental carrying capacity are both dif-
ficult to fit into the traditional economic growth model,
and resource shortage and environmental pollution have
become major obstacles to economic development™!. In
2014, the Chinese central government formally proposed
the slogan “Declaration of War on Pollution”*!, which
greatly increased the severity of punishments for polluters
and pollution behaviors and linked the performance of
government officials with the achievements of environ-
mental protection. Local governments have also made
efforts to develop more than 30 innovative systems to
actively promote the system design of sustainable devel-
opment, including property rights management of natural
resources, monitoring and early warning of the carrying
capacity of resources and the efficient and economical
utilization of resources!*. China has become one of the
most insistent and positive countries in the world in im-
proving the ecological environment. However, it should
be noted that as a huge developing country, China still
has relatively rigid demands for economic growth. There-
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fore, the Chinese government must consider the pressure
of economic growth when protecting resources and the
environment. It is impossible to completely ignore the
economic growth rate when dealing with ecological envi-
ronmental protection. In other words, China’s future de-
velopment should choose between maintaining economic
growth and protecting resources and the environment in
order to bring the two into an ideal state of balanced de-
velopment. In addition, China is a mega-economy with
various geographical conditions, ecological endowments
and socioeconomic development levels in different re-
gionsP!; thus, areas should rely on their local conditions
and implement different development concepts and strate-
gies to achieve the maximize benefits. We believe that an
improvement in national sustainable development capac-
ity should be based on improving regional capacity, and
the improvement of regional capacity must be based on an
accurate understanding of the current condition of differ-
ent regions!®®!. Therefore, the comprehensive evaluation
of “sustainability” in different regions of China using sci-
entific and reasonable evaluation methods is obviously an
important aspect of sustainable scientific research. It is
not only an important factor in analyzing regional com-
petitiveness but also a necessary condition of regional
development strategy.

2 Literature review

Following the industrial revolution and advances in in-
dustrialization, the relationship between human beings
and nature worsened. In particular, after being contin-
ually exposed to global environmental events such as
resource shortages, global warming, ecological degrada-
tion, serious desertification, population explosions and
oil crises, people have developed a sense of crisis vis-
a-vis the planet’s ecological imbalance!®!. The idea of
sustainable development originated in 1962 with the pub-
lication of “Silent Spring” by the American biologist
Rachel Carson, a book which illustrated the severity of
the impact of modern pollution on the ecological environ-
ment and warned human beings to confront the serious
consequences of their own production activities. The eco-
logical issues raised by this popular scientific book have
led to debates over the concept of development, mark-
ing the beginning of sustainability thinking!!%!!l. Ten
years later, an informal international academic group, the
Rome Club, published a research report, “The Limits of
Growth”, which triggered a fierce response from the in-
ternational community!'"*'?!. This report begins with a
consideration of the earth’s limited resources and energy,
believing that human population growth and economic
development are facing an insurmountable limit. This

research strengthened people’s awareness of the crisis at
hand and marked a major advancement in sustainability
thinking!'!!. Later, in 1980, the International Union for
the Conservation of Nature (IUCN) was entrusted by the
United Nations Environmental Planning Group (UNEP)
with the development of the World Natural Resources
Conservation Framework, which preliminarily outlined
the concept of sustainable development: The basic rela-
tionships in the natural, social, ecological, and economic
development processes must be studied to ensure global
sustainable development!'!:!3!, In 1987, the World Com-
mission on Environment and Development (WCED) pub-
lished its famous report, “Our Common Future”, which
officially proposed this definition of sustainable develop-
ment as: To meet the needs of the present, without causing
harm to future generations!!!'#!. This definition has also
become the most widely accepted definition of sustain-
able development worldwide. At the same time, the report
pointed out that sustainable development is also a process
of change in its use of resources, investment orientation,
technological development and policy changes to continu-
ously promote the potential to meet the needs of humanity
now and in the future. In 1999, the National Research
Council (NRC) published a report entitled “Our Common
Journey: A Transition Toward Sustainability”, which fol-
lows the concept of the WCED report and points out that
sustainable development aims at “achieving long-term
coordination between social development goals and envi-
ronmental limits”!'"-131. In 2012, the “Rio +20” summit
adopted an outcome document, “The Future We Want”,
which launched a series of actions centered on the de-
velopment of Sustainable Development Goals (SDGs)!¢!.
A few years later, in September 2015, the United Na-
tions adopted a series of important measures at the 70th
UN General Assembly, namely, the Post-2015 Develop-
ment Agendas (Post-MDGs). The establishment of these
Post-MDGs has greatly changed the current global sus-
tainable development governance model and mechanism,
affecting future global development rules and even the
development spaces among countries, and the issue has
received extensive attention from the international com-
munity!!”). The United Nations subsequently formed a
number of influential recommendations around SDGs and
Post-MDGs, such as “New Global Partnerships: Poverty
Reduction and Economic Transformation through Sustain-
able Development”!!”- 18] “Million Sounds: The World We
Want”!!7-1] " the “Global Sustainable Development Goals
Recommendation”% efc. Some civil think tanks and
social groups have also built multiple research platforms
around SDGs and Post-MDGs, and actively influence the
direction of global sustainable development governance
from a nongovernmental perspectivel!’l. Cha!'!l believes
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that from the mid-1980s to the mid-1990s the research
methods of sustainable development focused mainly on
static and qualitative research. From the mid-1990s to the
early 21st century, sustainable development science was
based on quantitative research methods and constructed
the sustainable development evaluation index system and
model.

Academia has carried out wonderful research on the
relationship between the coordinated development of
regional economy, society, resources and environment.
Coastanza et al.>!! and Wackernagel et al.l’?! believe
that ecological carrying capacity research is built on a
foundation of complex ecosystems, including resources,
environment, human society and economic system, which
complement each other. Western scholars’ most represen-
tative research on sustainable development are as follows:

(1) Urban sustainable development, that is, the study on
economic growth and the sustainability of human activi-
ties, resources and environment in the process of urban
development. Calthorpe, a famous urban planning scholar,
has clearly pointed out that urban sustainability means
finding a balance among social, economic and ecological
environments to ensure their continued existence!?*>#!, In
recent years, with the acceleration of urbanization around
the world and the increase in resource depletion, regional
sustainable development has been greatly affected. Rapid
urbanization has become an important cause of the de-
terioration of the ecological environment. As cities are
regions where human activities exert the greatest pressure
on the natural ecosystem, the urban ecological bearing
capacity has far exceeded its own load'®!. Resources
and the environment are the basis of urban development.
The protection, utility and recycling of resources and the
environment are the basic principles of sustainable ur-
ban development!*®). Urban development involves testing
the sustainability of resource and environmental carrying
capacity. Another important purpose of urban sustain-
able development research is to enhance the resilience of
urban ecological functions and provide a better life for
residents!?”-?8], In addition, Jin used the system dynam-
ics method to construct an urban ecological sustainable
development framework, simulated and predicted eco-
logical footprint changes under different scenarios, and
proposed corresponding countermeasures!>>2°!; Wang!*"!
comprehensively explored the variability trajectory and
spatial differentiation of Beijing’s agricultural sustain-
able development capacity and analyzed the symbiotic
relationship and interaction effect of factors influencing
urban agriculture; Pengl®!! took 280 cities in 30 provin-
cial administrative regions of China from 2003 to 2013
as research objects and studied the spatiotemporal differ-
ence characteristics of China’s urban sustainable develop-

ment ability based on Data Envelopment Analysis (DEA)
and Exploratory Spatial Data Analysis (ESDA). Taking
Quanzhou as an example, and in keeping with the quanti-
tative calculation of sustainable development level by us-
ing the energy value analysis method, Huang!*?! built the
Sustainable Development Kuznets Curve Model (SDKC)
to analyze the dynamic relationship between urban sus-
tainable development level and economic growth, and
then used the improved Gray Slope Correlation Model
to discuss the causes of the curve. Most research results
show that with the continuous improvement of a city’s
economy and basic functions, the conflicts among eco-
nomic society, urban construction, population increase, re-
source shortage and the gradual improvement of people’s
requirements for the quality of the ecological environment
will become more serious. However, current research on
the long-term mechanism of sustainable urban develop-
ment, especially the interaction between socioeconomic
systems and resource-environment systems, remains very
limited and must be further explored.

(2) Research on the Environmental Kuznets Curve. In
1955, economist Simon Kuznets!*}! studied the level of
per capita income and the degree of fairness in distribution
and proposed that the level of environmental pollution
first increased and then decreased with economic growth,
presenting the relationship shape of an inverted U-shaped
curve. This means that when a country’s economic devel-
opment level is low, the degree of environmental pollu-
tion is relatively slight, but with the increase in people’s
income, environmental pollution becomes increasingly
serious, and the degree of environmental deterioration
increases with the growth of the economy. However,
when the economy reaches a certain level, that is to say, a
crucial “turning point”, then with a further development
in the economy, the degree of environmental pollution
will gradually slow down, and the environmental quality
will improve. In 1991, during the North American Free
Trade Agreement negotiations, Americans worried that
free trade would worsen the Mexican environment and af-
fect the US domestic environment. American economists
Grossman and Krueger**! discussed the relationship be-
tween environmental quality and per capita income for
the first time, pointing out that the relationship between
pollution and per capita income is “pollution increase
with per capita GDP increase at low income levels, and
decline with per capita GDP increase at high income lev-
els”. In 1993, Panayotoul®™ first referred to this inverted
U-shaped relationship between environmental quality and
per capita income as the environmental Kuznets Curve
(EKC), which revealed that environmental quality ini-
tially declined with income increase, but after the income
level rising to a certain extent (turning point), the envi-
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ronmental quality will improve with the increase in in-
come. In recent years, the academic community has also
carried out a great deal of research on the relationship
between regional economic growth and environmental
pollution. The empirical analysis based on the environ-
mental Kuznets Curve has been extremely rich!***!. The
study of the Kuznets Curve is a good indication of the
long-term dynamic relationship between regional eco-
nomic development and sustainable quality. However,
due to the differentiation of indicator selection, differ-
ent studies often lead to different results. Therefore, the
selection of indicators requires further exploration.

(3) Regional sustainable development ability. This
is the most common research area on sustainable sci-
encel*>?Y. The general research method is to design a
set of evaluation index systems and then use a mathemat-
ical method to carry out comprehensive evaluation and
scoring. Such research has great practical value. How-
ever, most of the evaluation indicators are too narrowly
designed. Usually, only the resource and environmental
carrying capacity of the region is considered, and the in-
dicators of social and economic systems such as scientific
and technological innovation are neglected. We believe
that the capacity for regional sustainable development can
not only be related to resources and environment but also
to the quality and efficiency of economic growth and the
benefits of regional science and technology innovation.
In addition, due to the complexity of the system and the
difficulty in obtaining historical data, most existing stud-
ies focus on static analysis using data from a single year
while ignoring the change process of time factors thus af-
fecting evaluation accuracy. Bartelmus”®!! suggested that
regional sustainability is a dynamic process with a contin-
uous evolution and development; therefore, a multiyear
analysis can reflect the level more realistically. In this
study, we adopt the entropy method and set the research
duration as 3 years. We hope that the results will be more
credible. In addition, considering the obvious regional
differences in China’s economic development, we focus
on the spatial statistic of regional sustainable develop-
ment capabilities and strive to provide a good reference
for regional research and government decision-making.

3 Evaluation methods and index system

3.1 Evaluation methods: Entropy

The concept of entropy originated in classical thermo-
dynamic theory. It was introduced into information theory
by C. E. Shannon in 1948, was theorized and named "In-
formation Entropy”®?!, which was used as a measure of
uncertainty. The greater the entropy value of the indicator,
the greater its impact on the overall evaluation. Therefore,

the index weight can be determined according to the en-
tropy value of the information provided by each indicator
observation. We assume that the original indicator data
matrix X = (z;;), . comprises m evaluation schemes
and n evaluation indicators. For a certain indicator X ;, if
the difference between the index value x;; is larger, the
role of the indicator in the comprehensive evaluation is
greater; if the index values are all equal, then the indicator
does not play a role in the comprehensive evaluation. The
calculation steps of the entropy method are as follows:

(1) Because the entropy calculation method is based
on the ratio of a certain indicator to the sum of the same
indicator values of each scheme, there is no dimension
effect and standardization is required. In addition, in
order to avoid the meaninglessness of the logarithm when
entropy is sought, data translation is required.

For positive indicators (bigger is better):

X - Xij — min(Xay, Xoj, -+, Xng) 1
7 max(Xuy, Xoj, o0, Xpy) — min(Xay, Xoj, -, Xnj)
i=1,2---,nj=12,---,m
1)
For negative indicators (smaller is better):
X/ _ max(X1j7X23,~~- 7an)—X¢j +1

U max (X, Xogy -+ Xog) — min (Xuy, Xajso oo, Xog)

i:1’27""naj:1727"'7m

(2

(2) Calculate the proportion of the 7, plan under the
J¢h indicator:

Pj=——— (j=12---m)
3
3 X, 3)

(3) Calculate the entropy value of the j;;, indicator:

e; = —kZp,;j In (p;;), andk > 0
i=1 “

k=1/In(n), e; >0

(4) Calculate the coefficient of variation of the 7, indi-
cator. For the indicator, the greater the difference between
the indicator values is, the larger the impact on the eval-
uation of the program and the smaller the entropy value.
Define the coefficient of variation:

1-— €j -
i = , and E, = e;
gj m—E, J:Z1 j

)
0<g <1, Y g=1

ji=1

(5) Calculate the weightiness:
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5 (1<j<m)

2 8 ©

j=1

w; =

(6) Calculate the comprehensive scores of sustainable
development capabilities in each region:

m

W=y =12m) g
j=1

3.2 Construction of the indicator system

This study takes resource conservation, environmen-
tal optimization and socioeconomic development as the
three pillar systems of sustainable development and is
based on the idea that there is a synergistic, symbiotic
and balanced relationship among the three. Therefore,
to assess the sustainability capacity, we must establish a
quantitative evaluation index system with a comprehen-
sive perspective. Based on existing research, we construct
a regional sustainable development evaluation index sys-
tem consisting of three subsystems, which includes 6
first-level indicators and 29 second-level indicators and
judges the positive and negative attributes of each indica-
tor (see Table 1).

(1) Resource system. Abundant resource supply is the
material basis for sustainable development in the region.
Whether it is the traditional or modern economic develop-
ment model, investment in natural resources has always
been the primary prerequisite and important guarantee of
economic growth and social development. In this study,
the resource system is divided into two subsystems: re-
source consumption and resource recovery and disposal.
The former is a negative indicator, which is used to mea-
sure the consumption level of various important resources
in the process of regional economic development. The
latter is a positive indicator to measure how much the re-
gion improves the comprehensive utilization of resources
in the process of economic development.

(2) Environmental system. A good ecological environ-
ment is a strong guarantee of sustainable development.
Generally, regional economic development and environ-
mental protection together constitute an interconnected
system: environmental protection is the prerequisite for
economic development, and only when the economy is
developed to an ideal condition can the ecological envi-
ronment be truly protected. In this paper, the environ-
mental system is divided into two subsystems: pollution
emission and ecological environment improvement. The
former is a negative indicator that measures the damage
to the ecological system caused by the discharge of vari-
ous major pollutants, and the latter is a positive indicator
that measures the extent to which the region improves the

environment.

(3) Social and economic system. Economic and social
development is the overall driving force and ultimate goal
of sustainable development in the region. A sustainable
development system aims to realize the unification and
promote the coordination of economic, social and eco-
logical benefits in the development process and to further
transform the economic development mode from exten-
sive to intensive. In this study, the socioeconomic system
also sets up two subsystems of economic and social devel-
opment levels and scientific and technological innovation
ability to investigate the impact of some important social
conditions on sustainable development in the region.

4 Comprehensive evaluation

We take 2014-2016 as the research years and 30 Chi-
nese mainland provinces and cities as the research ob-
jects. Due to a lack of relevant data, Tibet, Hong Kong,
Macao and Taiwan are not included. The basic data come
from the China Statistical Yearbook!®* and the China En-
ergy Statistical Yearbook!® . According to the entropy
method, the score of the subsystems and comprehensive
system of 30 provinces and municipalities are ranked as
shown in Table 2. Considering the limited length of the
article, all the numbers we calculated in this paper are the
average value from 2014 to 2016.

We can see from Table 2 and Figure 1 that the scores
of China’s regional sustainable development system show
complex and diverse characteristics, with different regions
showing obvious distinctions, and the problems of protec-
tion and development coexisting. China has a large land
area; thus, terrain and climatic conditions and land types
are very complex and diverse, and the socio-economic
development between regions are quite different. We
can see from Table 2 that the province with the highest
resource system score is Shandong (0.5607) and the low-
est is Xinjiang (0.3099), with an average of 0.4538; the
highest environmental system score is Hainan (0.6249)
and the lowest is Shandong (0.3122), with an average
of 0.5145; the highest score in the socioeconomic devel-
opment system is Guangdong (0.6373) and the lowest
is Jilin (0.0862), with an average of 0.2207; the highest
score in the comprehensive system is Zhejiang (0.5931)
and the lowest is Xinjiang (0.2632), with an average of
0.4112.

(1) Resource system. China’s energy resources short-
age and inequality distribution have increasingly become
obstacles to economic development. In recent years, with
the vigorous development of natural gas and power re-
sources in the western region and the implementation
of national-level projects such as “West-East Gas Trans-
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Table 1. The index system of sustainable development ability evaluation

Target Layer Indicator Type Indicator Description Indicator Unit ndicator
Property
B11 Water Use 100 million cu.m  Negative
Resource  B12 Land for Agricultural Use 1,000 hectares Negative
Consumption
(B1) B13 Land for Construction 1,000 hectares Negative
B14 Electricity Consumption 100 million kwh ~ Negative
Resource B2 CommonA Industrl'a.I Solid Wastes 10,000 tons Positive
System Comprehensively Utilized
B
(B) B22 Common Industrial Solid Wastes Disposed 10,000 tons Positive
Resource
Disposal and B23 Hazardous Wastes Utilized 10,000 tons Positive
Recovery
(B2) B24 Hazardous Wastes Disposed 10,000 tons Positive
B25 Consumption Wastes Treatment Capacity ton/day Positive
B26 Treatment Rate of Consumption Wastes % Positive
C11 Total Waste Water Discharged 10,000 tons Negative
C12 Sulfur Dioxide Emissions 10,000 tons Negative
Pollutant 13 Nitrogen Oxides Emissions 10,000 tons Negative
Emission
(CD C14 Smoke and Dust Emissions 10,000 tons Negative
Regional capacity . . .
C15 Common Industrial Solid Wastes Produced 10,000 tons Negative
assessment system
for sustainable Environment C16 Hazardous Wastes Produced 10,000 tons Negative
development System
(a) © C21 Forest Coverage Rate % Positive
C22 Total Area of Afforestation hectare Positive
Ecological
Environment C23 Area of Nature Reserves 10,000 hectares Positive
Improvement C24 Proportion of Wetlands in Total Area of N .
c2) . % Positive
Territory
C25 In.vestment.Completed in the Treatment of 10,000 yuan Positive
Industrial Pollution
D11 Total Population by Natural Growth Rate %00 Positive
Socialand 15 Grogs Capital Formation 100 million yuan  Positive
Economic
Development D13 Per Capita Disposable Income of an Positive
Level Households yu
i D1
%OClal ar?d @D D14 Per Capita Consumption Expenditure of an Positive
conomic Households e
System
(D) D21 Full-time Equivalent R&D Personnel man-year Positive
Technological ) .
Innovation D22 R&D Expenditures 10,000 yuan Positive
Ability D23 R&D Projects item Positive
(D2)
D24Inventions in Force piece Positive
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Table 2. Evaluation results and ranking of sustainable development capacity of different regions in China in 2014-2016

B: Resource System C: Environment System D: Social and Economic System A: Comprehensive System

free Score  Ranking Score Ranking Score Ranking Score Ranking
Beijing 0.4797 8 0.5742 4 0.3023 6 0.5101 4
Tianjin 0.475 9 0.561 6 0.2325 9 0.4647 8
Hebei 0.5223 3 0.3583 29 0.2009 13 0.3513 25
Shanxi 0.5476 2 0.3891 28 0.1209 25 0.3536 24
Inner Mongolia  0.431 22 0.5041 21 0.1473 20 0.3508 26
Liaoning 0.501 5 0.4335 25 0.1589 16 0.3663 22
Jilin 0.448 16 0.5467 12 0.0862 30 0.3634 23
Heilongjiang ~ 0.3506 29 0.5437 16 0.0872 29 0.2848 29
Shanghai 0.4967 6 0.6019 2 0.3513 5 0.5659 2
Jiangsu 0.4448 18 0.4117 27 0.5791 2 0.5071 5
Zhejiang 0.5047 4 0.5458 13 0.4732 3 0.5931 1
Anhui 0.4373 19 0.4858 23 0.2215 10 0.3793 18
Fujian 0.4477 17 0.5948 3 0.2668 7 0.4817 6
Jiangxi 0.4242 26 0.5447 15 0.1488 18 0.3736 21
Shandong 0.5607 1 0.3122 30 0.4631 4 0.4756 7
Henan 0.4267 23 0.4182 26 0.2543 8 0.3415 27
Hubei 0.4251 24 0.5325 19 0.2184 12 0.3993 14
Hunan 0.432 21 0.5469 11 0.2185 11 0.415 11
Guangdong 0.4249 25 0.472 24 0.6373 1 0.5589 3
Guangxi 0.4231 27 0.5568 9 0.148 19 0.3805 17
Hainan 0.472 10 0.6249 1 0.1248 24 0.4533 9
Chongqing 0.4698 11 0.5576 7 0.1495 17 0.4186 10
Sichuan 0.4351 20 0.5225 20 0.1647 14 0.3749 19
Guizhou 0.4542 14 0.5455 14 0.1007 27 0.3746 20
Yunnan 0.4666 12 0.5538 10 0.1299 22 0.4044 13
Shaanxi 0.4801 7 0.5346 17 0.1415 21 0.4077 12
Gansu 0.4062 28 0.5569 8 0.0906 28 0.339 28
Qinghai 0.4534 15 0.5696 5 0.1153 26 0.3975 15
Ningxia 0.4641 13 0.5332 18 0.1264 23 0.3862 16
Xinjiang 0.3099 30 0.5037 22 0.1612 15 0.2632 30
Average 0.4538 - 0.5145 - 0.2207 - 0.4112 -
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mission” and ‘“West-to-East Power Transmission”, the
regional distribution and utilization of China’s energy re-
sources have improved, but have not yet achieved an opti-
mum level. Therefore, China must further strengthen and
control its total energy and water resource consumption
and land area construction; further, China must implement
the strict farmland protection, land conservation and wa-
ter resource management policies. In addition, different
regions should strengthen research on resource technolo-
gies and introduce them according to their characteristics,
vigorously develop and utilize new and renewable clean
energy, and improve the efficiency of energy utilization in
order to achieve the sustainable development of regional
energy and economy.

(2) Environmental system. The environmental system
scores are not good and show large regional differences.
Therefore, in further measures, the Chinese government
should not only strengthen the regional coordination of
environmental protection but must also carry out the en-
vironmental assessment of key areas, river basins and in-
dustries to adjust and optimize the industrial layout, scale
and structure that do not conform with the ecological
environment construct function, strictly controlling en-
vironmentally risky projects. Moreover, the government
must also raise pollution discharge standards, increase
the elimination of outdated production capacity in key
industries such as iron and steel, and encourage all admin-
istrative regions to enact policies to eliminate outdated
production capacity using a wider scope and stricter stan-
dards. Further, they must vigorously develop energy con-
servation and environmental protection industries, clean
production industries, and clean energy industries; thus,
the government must strengthen the guidance of scien-
tific and technological innovation, focus on guiding green
consumption, raise the level of technology and equipment
in green industries such as energy conservation, environ-
mental protection, and resource recycling, and foster and
develop a number of high-tech enterprises.

(3) The social and economic system. The healthy and
rapid development of the social economy is crucial to pro-
moting regional sustainable development. However, from
the perspective of the entire evaluation system, the aver-
age score of the socioeconomic development system is the
lowest. The relationship between economic development
and environmental protection is extremely complicated,
and there is inevitably a contradiction between the two.
To a certain extent, economic development comes at the
expense of destroying the ecological environment. In
developing countries, including China, this problem is
more serious. At present, developing countries basically
depend on industry and even heavy industry as the pil-
lars of economic development. The exhaust gas, dust

and sewage discharged from industrial production will
follow the ecological cycle, causing pollution in a wider
area, which creates a confrontation between economic
development and environmental protection. However, en-
vironmental protection is fundamentally a development
issue. A highly developed economic level is also a posi-
tive factor in protecting the environment. Therefore, we
should not only focus on economic development but also
make it consistent with environmental protection.

(4) The comprehensive system. The comprehensive
system score represents the comprehensive capability of
regional sustainable development. As shown in Figure 1,
from 2014 to 2016, all provinces in China scored unsat-
isfactorily in the system. However, by comparing the
original data, we can conclude that, first the average
level of sustainable development in the eastern region
leads the rest of the country, showing a declining trend
from the eastern coast to the inland region. Most of the
provinces and cities showing excellent performance are
concentrated in the economically developed eastern re-
gion. Second, there is a positive correlation between
the level of regional sustainable development and the re-
gional economic aggregate, population growth rate and
per capita disposable income of residents. Overall, cities
with a higher GDP, larger population and greater land
size have performed better in sustainable development.
Lastly, regional innovation capabilities are highly corre-
lated with the level of integrated sustainability. Along
with an improvement in regional innovation capability,
the overall level of sustainable development of the region
has increased significantly.
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Figure 1. Ranking of sustainable development capacity in dif-
ferent regions of China from 2014 to 2016

5 Spatial statistical analysis

To further explore the spatial statistic characteristics
of China’s regional sustainable development, we use the
spatial statistical method to classify different provinces.
With reference of Li & Guo (2017), this paper constructs
the spatial weight matrix, and then analyzes the spatial
distribution of the whole region with global spatial au-
tocorrelation, and then reveals the correlation of spaces
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through Moran scatter diagram and local spatial autocor-
relation analysis.

5.1 Global spatial autocorrelation

Global spatial autocorrelation analysis is used to de-
scribe the spatial distribution characteristics of subjects in
the whole region and analyze whether they have aggrega-
tion. This paper adopts the index as the measure method,
which is not easily affected by deviation from normal
distribution. The calculation formula is as follows:

n n

nx 3 3 Wiz —T)(z; — )

I =

®

(z; —T)?

1=
(3,5, W) x 5
i=1j=1 j=1

In formula, W;; is the spatial weight. The value range
of Moran’s I is [-1 1]. When the value of Moran’s I is
greater than 0, there is a positive correlation between the
sample areas, and the observed values of each area tend
to converge. The study area presents a spatial distribu-
tion pattern of “agglomeration”, and the phenomenon of
“agglomeration” becomes more obvious with the value
becomes greater. When the value of Moran’s I is less
than 0, there is a negative correlation between sample
regions, and the observed values in each region have
different trends. There is a spatial pattern of “competi-
tion” between observation regions. When the value of
Moran’s 1 is 0, the study area showed an independent ran-
dom distribution, with small differences among each area,
and the observation areas tended to be evenly distributed.
Through GeoDa software, the average data of sustainable
development levels of 30 provinces and cities from 2014
to 2016 are imported into analysis. After calculation,
the Moran’s I value of regional sustainable development
in China from 2014 to 2016 is 0.3921, indicating that
sustainable development in different regions has been
showing positive spatial autocorrelation, showing a spa-
tial distribution pattern of agglomeration.

5.2 Local spatial autocorrelation

The Moran scatter diagram is used to show the in-
stability of local space, and the local spatial connection
situation can be recognized more intuitively by visual two-
dimensional graph. The spatial relationship represented
by Moran scatter diagram is shown in Table 3.

In addition, we often use the local indicators of spatial
association (LISA) to study local spatial autocorrelation.
Generally speaking, LISA is an indicator to describe the
degree of spatial agglomeration between regional units
with significant similar values. The calculation formula
of local Moran index is:

xl —E n .
I = % > Wi(z; — ) ©)
J

m

If the value of I; is greater than zero, it means units
with similar sustainable development level have spatial
agglomeration. If the value of I; is less than zero, it
indicates that there is no spatial agglomeration.

The Moran scatter diagram of sustainable development
levels of 30 provinces and cities in China from 2014 to
2016 is shown in Figure 2. It can be seen from Figure
2 that the scatter diagram distribution during the study
period has similar characteristics: Provinces distribution
mainly concentrates in the quadrant I and III, indicated
that space effect type mainly belonging to positive corre-
lation; The provinces and cities located in quadrant I are
mainly in eastern coastal areas, and located in quadrant
IIT are mainly in the central and western areas.

Therefore, we know that the spatial distribution of
China’s inter-provincial sustainable development level
is polarized, forming a high level of eastern provinces and
cities convergence and a low level of eastern and western
provinces and cities convergence.
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Figure 2. The Moran scatter plot of sustainable development
system (A), resource system (B), environment system (C) and so-
cial and economic system (D) of China between 2014 and 2016

Through LISA analysis by GeoDa software, we can
get the Moran aggregation diagram of different spatial
autocorrelation types represented by different colors, as
shown in Figure 3.

In order to further identify the local spatial clusters of
China’s inter-provincial sustainable development level
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Table 3. Spatial relationship characteristics of Moran scatter plot

Quadrant The local spatial relationship
I The sustainable development level of provinces and surrounding provinces are both high
(High-High agglomeration, H-H)
I The sustainable development level of the province is low, but the surrounding level is high
(Low-High agglomeration, L-H)
I The sustainable development level of provinces and surrounding provinces are both low
(Low-Low agglomeration, L-L)
v The sustainable development level of the province is high, but the surrounding level is low
(High-Low agglomeration, H-L)
Table 4. Regional aggregation of sustainable development level in China from 2014 to 2016
System H-H L-H L-L H-L
Sustainable Development System (A) Jiangsu, Zhejiang, Jiangxi Jilin, Inner Mongolia, Qinghai
" P 4 Shanghai, Fujian & ’ goha, &
Resource System (B) Hebei Henan, Qinghai
esource Syste ebe Jiangsu gha -
. Hebei, Henan, Shanxi, Anhui,
Environment System (C) - - Shandong -
Social and Economic System (D) Jiangsu, Anhui, Zhejiang, Jiangxi Xinjiang, Sichuan, Gansu, i

Shanghai, Fujian

Inner Mongolia

from 2014 to 2016, this paper screened the four quadrants
of Moran’s scatter diagram to eliminate the insignificant
provinces, and acquired the local cluster result, as shown
in Table 4.

In general, in these significant provinces and cities,
the H-H type is all economically developed places in
the eastern region, the L-H type mainly contains Jiangxi,
Henan and Jiangsu, while the L-L type is mainly in the
central and western regions. In addition, no Chinese
provinces and cities belong to the H-L type.

For sustainable development system, Jiangsu, Zhejiang,
Shanghai and Fujian are belonging to the H-H type. The
four H-H type provinces and cities are the most econom-
ically developed areas on the southeast coast of China
and together form one of the regions with the strongest
sustainable development capabilities. The commonality
of this zone is the scores of the socioeconomic system,
which are ranked top in the country, and the compre-
hensive score of sustainable development ability is also
among the highest in the country. This shows that the so-
cioeconomic system plays an important role in the overall
system, indicating how important the healthy and rapid
development of the social economy is to regional sus-
tainability. The most typical is Jiangsu, the resource

system score (0.4448, ranked 18) and environmental sys-
tem score (0.4117, ranked 27) are not very well, but the
sustainable development comprehensive score (0.5071,
ranking 5) is very good. With years of economic develop-
ment and industrial upgrading, these regions have good
industrial structures. High-energy-consumption and high-
environment-pollution industries have been transferred to
areas where the prices of production factors and environ-
mental protection intensity are relatively small. In their
ensuing development, these regions should continue to
play their geographical advantages, focus on the develop-
ment of high-tech emerging industries with high added
value, and intensify their research into green technology
to become a powerful high-tech industry center. Jiangxi
belongs to the L-H type. Jilin, Inner Mongolia and Qing-
hai are belonging to the L-L type. All these provinces are
located in the inland areas of central and western China.
Although the scores of each system are very different,
their common feature is that their socioeconomic system
scores are not satisfactory (the highest score being Jiangxi
at 0.1488, ranking 18 in the country). Some provinces
scored ideally in a certain system, such as Qinghai in
the environmental system (0.5696, ranking 5). However,
they do not perform well in other systems. The poor
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Figure 3. Moran aggregation map of Chinese regional sustain-
able development level

performance of these provinces in the socioeconomic
system has led to an unsatisfactory performance in over-
all sustainable development. Therefore, in future steps,
these regions should vigorously develop their economy,
contribute to the welfare of residents through economic
growth, and enhance regional strength and social wealth.
In addition, they should adopt scientific economic growth
methods and rely more on scientific and technological
progress to improve the quality of economy.

For the resource system and environment system, China
has a very bad performance. Most prominent provinces
are L-H and L-L types. As the largest developing country
in the world, China has few per capita resources and se-
rious imbalance regional development. Moreover, exten-
sive development mode has great dependence and damage
on natural resources and environment. China is one of the
most resource-constrained countries in the world. First,
with the continue increase of population, the pressure on
the shortage of land resources will become increasingly
serious. Second, most parts of central and western China
are short of water, so that when rainfall is uneven or dry,
the potential danger of water shortage is obvious. Third,
China’s existing traditional energy consumption is very
fast, the external demand for energy imports is increasing.

What’s more, the current energy structure is still domi-
nated by coal, which has a significant impact on atmo-
spheric quality, and the pollution is obvious™! . In China,
heavy industry accounts for a huge proportion of indus-
trial output value. Oil pollution, petrochemicals, chemi-
cal raw materials manufacturing, ferrous metal smelting
and other polluting industries are relatively developed,
and structural and regional environmental risk prevention
pressures are gradually increasing. The total energy con-
sumption of coal-based energy continues to develop, and
the proportion of clean energy and purchased electricity
is also relatively small. Therefore, the task of improving
energy structure and reducing total coal consumption is
arduous'®! . Therefore, it is necessary for China not only
to strengthen the ecological transformation of traditional
industries but also to vigorously cultivate strategic emerg-
ing industries and reduce the dependence of its economic
development on resources and environment.

Social economic system is the most important sub-
system of sustainable development system. The H-H
provinces are mainly in the eastern region, have strong
productivity ability, and are also ideal in the ranking of
various indicators, showing a good ability for sustainable
development. Some eastern regions have even reached
the level of moderately developed countries. In com-
parison, the economic development in the central and
western regions is backward, the industrial structure is
gratuitous, and the level of people’s income and scientific
and cultural literacy are also not well, which is the rea-
son why most L-L cluster provinces were in the central
and western regions. Therefore, in future development,
these regions should vigorously develop their economy,
contribute to the welfare of residents through economic
growth, and enhance regional strength and social wealth.
In addition, they should adopt scientific economic growth
methods and rely more on scientific and technological
progress to improve the quality of economy.

6 Conclusions

This paper constructs an evaluation index system for
regional sustainable development and uses statistics from
2014 to 2016 to analyze the sustainable development ca-
pability of 30 provinces in China. The first conclusion is
that the socio-economic system has the greatest influence
on the whole system, indicating that the healthy and rapid
development of the social economy is very important to
sustainable development; second, regional differences
are quite significant, the highest-ranking being Zhejiang
(0.5931) and the lowest-ranking being Xinjiang (0.2632);
lastly, China’s overall ability is poor and most regions
have different kinds of sustainable development pressures,
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except for a few provinces and cities such as Zhejiang,
Shanghai, Guangdong, efc.

7 Discussion

Optimize environmental regulation rationally. The re-
lationship between environmental regulation and techno-
logical innovation and socio-economic development has
always been an important issue of academia. Magat!®”!
first pointed out that technological innovation is an impor-
tant determinant of the trade-off between environmental
protection and economic development. In the early 1990s,
Michael Porter®®>! proposed the “Porter Hypothesis”,
arguing that a rationally environmental regulation policy
can stimulate enterprises to undertake technological in-
novation, generate innovative compensation, and make
up for and even exceed the cost of environmental reg-
ulation to achieve a “win-win” status for both environ-
ment and economy. At present, China’s environmental
regulation is relatively weak and cannot meet the require-
ments of ecological civilization construction and sustain-
able development. Therefore, the government must first
continuously enrich the tools for regional environmental
regulation to establish a fair, diverse and sophisticated
policy tool system. Transferring environmental regula-
tion tools from a reliance on administrative measures to
a comprehensively dependence on legal, economic, tech-
nological and necessary administrative measures would
strengthen the application of complex environmental regu-
lation tools, promote their coordination and optimization,
and encourage the public to participate in governance.
Second, the government must strengthen the relevance
of regional policies and implement differentiated envi-
ronmental regulations, such as strengthening the synergy
between regional environmental policies and regional de-
velopment policies as well as connecting policies between
regional environmental and economic development. More
specifically, in terms of the regional resource and environ-
mental endowment and ecological carrying capacity, the
government should determine the focus and direction of
environmental regulation in each region and promote the
unification of regional development goals and environ-
mental regulation policies. Based on scientific analysis,
it should rationally determine different environmental
policy objectives and strengthen the policy docking of
common environmental issues. Lastly, a scientific and
effective environmental supervision system based on re-
gional differences is needed. Under the premise of strictly
implementing the total amount control, various pollutant
discharge standards and sewage charges can be subdi-
vided according to regional differences. The government
also needs to establish a national vertical and unified envi-

ronmental supervision system to constrain the short-term
behavior of local governments.

Improve the co-governance mechanism of the ecolog-
ical environment. Ecological problems are fluid, cross-
regional and long-term. Therefore, ecological governance
must be integrated and requires greater cooperation be-
tween the central government and local governments and
between different local governments. However, due to the
“administrative district economy”, a region’s cooperation
and economic relations with the surrounding areas often
aim at maximizing its own interests; this lack in synergy
awareness and holistic perspective makes coordination
and development difficult across different regions and
leads to a reduction in the quality of development and
overall benefits. Therefore, it is necessary to establish
and improve the coordination mechanism, reconcile the
interests of cross-regional development, and guide the
division of labor and coordinated development of trans-
regional areas. This is both the rule of regional economic
development and the essence of scientific development.
In this regard, we may need to establish a management
institution of cross-regional coordinated development at
the national level which would be responsible for for-
mulating relevant policies and promulgating the laws
and regulations of cross-regional coordination across the
country. In addition, we must find a balance of interests
among regions and actively construct a benefit-sharing
and interest-compensation mechanism for the coordinated
development of cross-regional cities. We can also con-
struct a framework of laws and regulations to remit the
present lack of legal safeguards for coordinated develop-
ment and cooperation. At the same time, it is necessary
to strengthen law management, clarify the enforcement
power of coordinated to contracting parties, and guide
coordinated cross-regional development with laws and
regulations.
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