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Abstract: In this study, we examined the spatial difference of environmental regulation intensity
in 30 provinces (autonomous regions and municipalities directly under the central government) of
China. It was found that there were significant differences in environmental regulation intensity in
the four regions, with a decreasing trend of “west–central–northeast–east” on the whole. Applying
the Theil index showed that intra-regional differences accounted for more than 85% of the overall
differences in environmental regulation intensity. Goble Moran’s I index was used to verify the
spatial correlation of China’s environmental regulation. It was found that the p-value of Goble
Moran’s I index was less than 10% in 7 years from 2010 to 2019. It was verified that the environmental
regulation intensity in China has had a spatial correlation. In addition, a positive spatial correlation
between the environmental regulation intensity in each province was found, indicating that an
increase in the environmental regulation intensity of one province will lead to an increase in the
intensity of environmental regulation in neighboring provinces. Finally, through the construction of a
spatial Markov model to test the spillover effect of environmental regulation intensity in China, it
was found that the local environmental regulation intensity will change to different degrees when
there are spatial differences in the intensity of environmental regulation in neighboring provinces.
This research will be helpful for provincial governments to formulate appropriate environmental
regulation targets based on regional characteristics, which is of great significance for China’s and
other countries’ green economic development and other countries to solve the contradiction between
environmental pollution and economic development.

Keywords: environmental regulation intensity; spatial correlation; spillover effect

1. Introduction

Realizing a balance between environmental protection and economic development
and achieving a win–win situation between environmental quality improvement and high-
quality economic development are urgent problems to be solved in China. China’s economy
has made remarkable progress in the past 40 years, but the long-term extensive economic
development model has increased the burden on the ecological environment. According to
the 2020 Global Environmental Performance Index Report (EPI) (The website of the EPI
report is https://epi.yale.edu/) jointly released by the Yale University and other research
institutes on 20 March 2022, China ranked 120th out of 180 countries with an environmental
performance index score of 37.3. This reflects that China’s environmental improvement lags
behind the global average. Refusing the idea that ‘environmental governance and economic
development can only choose one or the other’ is an important part of the construction of a
socialist economic and ecological civilization with Chinese characteristics, and it is also a
great challenge facing the Chinese government.
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However, it is difficult to effectively solve the dilemma between environmental qual-
ity improvement and high-quality economic development by the market itself. In the
real-world market economy, environmental protection and economic development are
often contradictory, and economic growth itself cannot effectively solve the problem of
environmental degradation. In addition, due to the negative externalities of environmental
problems caused by the nature of public goods and environmental resources, the existence
of micro-economic subject opportunism, and China’s long-term economic growth mode
with high energy consumption, non-green production in the free market economy has a
first-mover advantage and enterprises have insufficient motivation to independently carry
out green production. Therefore, encouraging enterprises to produce green products by
market mechanism alone is difficult, and the market failure problem needs to be solved by
government intervention.

In order to achieve the goal of environmental protection, the government or the
environmental protection agency, will implement a series of policies, laws and regulations,
measures and means in the form of injunction or market incentives in order to force the use
of environmental resources of each subject in their activities to undertake the responsibility
of protecting the environment and natural resources, as well as realize the sustainable
development of economic and social issues. These policies, regulations, measures and
means are called environmental regulations.

Environmental regulation has become an important means to solve the problems of
environmental pollution and ecological destruction in China. As an important means of
environmental governance, environmental regulation is an important starting point for
China to fight the battle of pollution prevention and establish an environmental gover-
nance system. It is also the key to ensure the coordination of economic development and
environmental governance. Provincial governments have also established a large number
of local regulations to promote the improvement of local environmental quality. However,
due to the great differences in resource endowment, industrial structure, urban and rural
structures, technological progress, and other aspects, the degrees and characteristics of
environmental pollution in different regions are also different. Therefore, provincial gov-
ernments formulate and implement environmental regulation policies according to local
economic and environmental pollution conditions. As a result, the intensity of environmen-
tal regulations made by different provincial and municipal governments varies to different
degrees. Under the environmental protection tax implemented in 2018, for example, the
environmental protection tax rates formulated by provinces (regions and municipalities
directly under the central government) are quite different, as shown in Table 1.

It can be seen that there are great differences in the intensity of environmental regu-
lations in different provinces, so the formulation of environmental regulations should be
closely related to geospatial factors. Therefore, on the basis of analyzing the spatial differ-
ences of environmental regulation intensity in different regions, scholars need to clarify the
influence of changes in environmental regulation intensity in neighboring provinces on
the formulation of environmental regulation policies in local provinces in order to guide
the local government to formulate and implement environmental regulation policies in
accordance with local conditions so as to maximize the effectiveness of environmental
regulation policies and improve local ecological environment quality.

Accordingly, the authors of this this paper established a theoretical framework based
on “spatial heterogeneity–spatial correlation–spatial spillover effect”. Focused on the
intensity of environmental regulation itself, this theoretical framework was used to inves-
tigate the definition of its spatial effect and to deeply analyze the theoretical and action
mechanisms related to this spatial effect of environmental regulation, providing theoretical
and logical bases for subsequent research. In order to enrich the research framework of
the spatial evolution process and the multi-factor driving mechanism of environmental
regulation, researchers should fully explore and study the spatial effects of environmental
regulation and discuss the regional differences, dynamic evolution rules of spatial patterns,
and influencing factors of environmental regulation in China. It is helpful for the govern-



Sustainability 2022, 14, 6504 3 of 26

ment to further adopt appropriate means of environmental regulation and has important
reference value and significance for promoting the coordinated development of economic
growth and environmental governance.

Table 1. Statistical table of environmental protection tax rate of China’s provinces (%).

Province Water
Pollutants Tax Brackets Province Air

Pollutants Tax Brackets

Ningxia, Xinjiang, Gansu,
Qinghai, Shanxi, Jilin,
Liaoning, Shandong,

Yunnan, Jiangxi, Zhejiang,
Hubei, Tianjin, and Anhui

1.4 Low Level

Ningxia, Xinjiang, Gansu,
Qinghai, Shanxi, Jilin,

Liaoning, Shandong, Yunnan,
Jiangxi, Fujian, Zhejiang,

Tianjin, Anhui

1.2
Low Level

Fujian, Heilongjiang, and
Shanxi

2.1

Middle
Level

Guangxi, Guangdong,
Heilongjiang, and Shanxi 1.8

Guangxi, Sichuan, Guizhou,
Hainan, and Guangdong 2.8

Guizhou, Hainan, and Hunan 2.4

Middle
Level

Hubei 2.8

Chongqing 3.5

Chongqing and Hunan 3 Sichuan 3.9

Shanghai 4.8

High
Level

Henan, Jiangsu, and The
Third grade of Hebei 4.8

High
Level

Henan, Jiangsu, and The
Third grade of Hebei

5.6
The Second grade of Hebei 6

The Second grade of Hebei 7 Shanghai 7.6

The First grade of Hebei 11.2 The First grade of Hebei 9.6

Beijing 14 Beijing 12

2. Literature Review

In this paper, we summarize and expound relevant research contents from four aspects:
the concept of environmental regulation, the quantification of environmental regulation,
the spatial correlation of environmental regulation, and the factors affecting the spatial
relevance of environmental regulation, as shown in Figure 1.
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Figure 1. Literature review research diagram.

2.1. Research on the Concept of Environmental Regulation

Environmental regulation is the means by which the government restrains and restricts
the activities of economic subjects in order to protect the ecological environment and realize
the sustainable economic development of society. Jaffe et al. believed that environmental
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regulation is a means implemented by government departments to intervene in adverse
environmental effects [1]. Frondel et al. pointed out that environmental regulation is a
tool of government governance policy and the main driving force of green technology
innovation [2]. Wang et al. believed that environmental regulation is a traditional tool to
solve environmental problems with the help of government forces, as well as an important
means to improve enterprises’ economic performance and environmental performance [3].

In terms of the recognition of the attribute of environmental regulation, regulation
economics divides regulation into social and economic regulation. Social regulation aims
at promoting social welfare, including ensuring people’s safety, preventing public haz-
ards and disasters, and protecting the environment. Economic regulation refers to the
regulation of industries with natural monopolies and information asymmetry in order to
prevent inefficient resource allocation and ensure fairness, including the establishment
of import and export barriers, price restrictions, and production or quality restrictions.
Zhang et al. stated that environmental regulation belongs to social regulation [4]. However,
since environmental regulation involves economic regulation measures such as industry
entry and exit barriers, Zhao reported that environmental regulation has both social and
economic attributes [5]. The above analysis shows that the connotation of environmen-
tal regulation has undergone profound changes. In terms of the current theoretical and
practical cognition, the connotations of environmental regulation include the following.
Firstly, the subject of environmental regulation is not only the government but also enter-
prises, non-governmental organizations, and the public. Secondly, the means or tools of
environmental regulation include both social regulation tools and economic regulation
tools. The purpose of environmental regulation includes both social regulation purposes,
such as environmental protection, and economic regulation purposes, such as the optimal
allocation of natural resources. Therefore, environmental regulation is a regulation with
both attributes. Thirdly, the object of environmental regulation is economic activity that
will cause environmental damage. Fourthly, environmental regulation is a kind of behavior
constraint that does not necessarily need a coercive force to enforce.

Environmental regulations are classified as command-and-control, market-incentive,
and voluntary participation based on the different ways in which they produce binding
effects [6]. The command-and-control type of environmental regulation refers to the control
of enterprises’ environmental behaviors, usually in the form of regulations and laws
with penalties for violations, in order to achieve the environmental goals of the regulator,
and most rules, regulations, and environmental-related standards are of this type. The
market-incentive type refers to a series of measures to guide enterprises to save energy and
reduce emissions through market mechanisms, such as environmental taxes and emissions
trading. The voluntary participation type refers to the government’s guidance or its own
environmental awareness and voluntary environmental protection by enterprises and the
public, thus forming constraints on enterprise pollution emissions, including voluntary
environmental agreements, information disclosure, and public green consumption.

2.2. Research on the Quantification of Environmental Regulation

The measurement index systems of environmental regulation adopted in empirical
studies have mainly comprised a single index system and a comprehensive index system.
A single index system is composed of the same type of index. A comprehensive index
system is composed of indicators from different dimensions or perspectives. A single
index system can be roughly divided into three perspectives. One is the perspective of
investment in pollution control. It was believed that the higher the investment in pollution
control and emission reductions, the more the local government will pay attention to the
governance and improvement of environmental problems [7,8]. Based on the Pollution
Abatement Costs and Expenditures (PACE) survey, Levinson used pollution abatement
expenditure to measure the intensity of environmental regulation in different industries
in the United States [9]. Another perspective consists of the measurement of the intensity
of environmental regulation from the angle of pollutant discharge or pollutant removal
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rate. Scholars who have used this method believe that the high intensity of pollutant dis-
charge usually represents the relatively loose intensity of environmental regulation [10,11].
Marconi studied the greenhouse gas (GHG) emission index produced by manufacturing
and construction enterprises and reported that countries with lower GHG emission index
values had stronger environmental regulation [12]. Korhonena et al. evaluated the effect
of environmental regulations through reductions in sulfide emissions [13]. Other scholars
used the ratio of pollutant emission to industrial added value to measure environmental
regulation [14]. The third perspective is to measure the intensity of environmental regula-
tions by the number of environmental laws and regulations issued by the government and
the intensity of enforcement. Alpay et al. selected the number of environmental inspections
of relevant departments reported by the media as a proxy indicator to measure the intensity
of environmental regulation in Mexico [15]. Azzam et al. investigated the environmental
legislation and standards of states in the United States to measure the intensity of environ-
mental regulations, and they determined whether there were certain types of regulations
in each year by reviewing the legislation of each state [16]. Ahmed et al. also measured
environmental regulation in terms of patents related to environmental technologies [17].
The comprehensive index evaluated the intensity of environmental regulation by construct-
ing a complex index system. Murty and Kumar constructed a proxy index to measure
the intensity of environmental regulation with an RI (regulation index) and CI (water
conservation index) [18]. Xing, X.P. et al. constructed a comprehensive index to measure
the intensity of environmental regulation through four items: strict standards, national
conditions, clarity, and effectiveness in solving environmental problems [19].

2.3. Spatial Correlation Analysis of Environmental Regulation
2.3.1. Spatial Correlation Theory

Spatial correlation refers to the correlation between something (e.g., economic fac-
tors, environment, and policy making) in a specific geographical unit and surrounding
geographical units. Things that are close to each other generally tend to exhibit similar or
identical characteristics. This kind of convergence in spatial distribution has been proposed
by more and more scholars and attracted the attention of all sectors of society. Accord-
ing to the clustering method and analysis results, spatial correlation can be divided into
positive and negative correlation. When a large number of attribute values of a certain
thing gather together, presenting a convergent geographical distribution pattern, a positive
spatial correlation is presented [20]. Economic and social factors in different regions are
interrelated and influence each other [21]. The economic development level of adjacent
areas is similar to a certain extent, which leads to a certain regional correlation between
energy consumption and environmental pollution [22].

Otherwise, when the attribute values of a certain thing are widely dispersed, showing
different geographical distribution patterns, a negative spatial correlation is presented.
China is a vast country with many provinces. There are obvious differences in geographical
characteristics, social and economic development levels, and urban spatial distribution
among different regions. There are also differences in environmental pollution in different
provinces and regions. The homogeneity and differences of the environmental pollution
states between different regions lead to the correlations and “positive externalities” of
environmental supervision policies in different regions. If a certain area implements
a more stringent environmental control policy, it can not only effectively reduce local
environmental pollution but also improve the environmental quality of neighboring areas.

Based on the relationship between whole and part, spatial correlation can be divided
into global and local spatial correlation, respectively. Global spatial correlation means that a
whole region has the characteristics of agglomeration on the whole. The correlation of local
space means that the analysis objects in a particular region have a certain agglomeration
with their adjacent research objects.

On the basis of studying the spatial correlation of various economic and social factors,
the spatial econometric model has been widely used in economics, management, sociology
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and other fields [23]. Compared to general econometrics, spatial econometrics has the
advantage of introducing and considering spatial effects. In the past, with the help of spatial
econometric models, scholars mainly studied how to explore the spatial correlation and
spatial heterogeneity of research objects with regression analysis models of various data
types. For example, Paelinck and other scholars pointed out in the book Spatial Econometrics
that spatial econometrics mainly involves the problems of the spatial correlation, spatial
difference, and spatial econometric model of research objects [24]. Anselin conducted a
systematic study of the spatial econometric model on the basis of previous studies and
constructed an initial overall research framework. He believed that the spatial econometric
model is an econometric method that can be used to screen, calculate, verify and predict
key influencing factors on the premise of acknowledging the existence of spatial effects of
research objects [25].

2.3.2. Spatial Correlation Analysis of Environmental Regulation in China

The degrees of environmental pollution and economic development greatly vary
in different regions of China, leading to great differences in the importance of environ-
mental governance and environmental supervision among provinces. The efficiency of
environmental regulation gradually increases with improvements of the level of economic
development. The efficiency of the environmental regulation in the eastern region of China
is higher than that in the western region [26]. After further subdividing the regions, it was
found that the eastern region has the highest environmental regulation, the northeast region
has the second highest environmental regulation, the central region has the third highest
environmental regulation, and the western region has the lowest environmental regulation.
The spatial agglomeration of environmental regulation efficiency is obvious [27].

Some scholars have divided China into different urban agglomerations and analyzed
the spatial correlation of environmental regulations in different urban agglomerations. The
Beijing–Tianjin–Hebei urban agglomeration pays attention to the adjustment of industrial
structure, and the efficiency of environmental regulation has most significantly increased.
The Yangtze River Delta urban agglomeration pays attention to terminal governance, and
the efficiency of environmental regulation has shown a significant downward trend. The
PEARL River Delta urban agglomeration pays attention to the introduction of cleaner
production technology, and its efficiency of environmental regulation is clearly better than
in the two other urban agglomerations [28].

2.4. Factors Affecting the Spatial Relevance of Environmental Regulations

First of all, the level of economic development is primary concern of many scholars.
Orubu and Ben verified that there was an EKC curve relationship between economic growth
and the ecological environment at different stages of economic development [29,30]. The
growth of economic activities and resource demand could destroy the environment [31],
but economic growth could also reduce pollution emissions through the application of
more environmentally friendly technologies and the adjustment of industrial structures [32].
Therefore, the difference of economic development levels is an important factor affecting the
intensity of environmental regulation in different regions. Secondly, industrial structure has
been claimed as the key factor to solve economic development and environmental problems.
Grossman and Krueger believed that structural effects could improve the environment [33],
and reductions in the proportion of the output value of the secondary industry in GDP
could significantly reduce NO2 and SO2 pollution [34]. Therefore, difference of indus-
trial structures, especially the level of industrialization, will also significantly affect the
intensity of environmental regulation in each region [35]. Thirdly, urbanization could also
affect environmental policy. One view holds that the process of urbanization might cause
negative environmental impacts, such as the heat island effect, the greenhouse effect, the
deterioration of water quality, and other environmental pollution problems [36]. However,
a different view holds that the process of urbanization could promote the improvement of
labor productivity and economic structure. Thus, the process of urbanization could affect
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the implementation effect of environmental regulations in various regions and alleviate
the increasing trend of industrial pollutant emissions [37]. Fourthly, the sustainable de-
velopment of the environment should be consistent with environmental education [38]
because higher education could increase the incentive for environmental improvement
and increase the government’s attention to local environmental issues [39]. In addition,
the scale of enterprises, residents’ awareness of pollution control, and the level of foreign
investment will affect the formulation and implementation of environmental regulations in
various regions [40].

3. Research Design
3.1. Index Selection and Data Sources

The market alone cannot effectively solve the dilemma between environmental quality
improvement and high-quality economic development because it cannot encourage enter-
prises to attach importance to environmental protection and engage in green production.
Government intervention is needed to solve the problem of market failure. The local
government’s investment in local environmental governance reflects the government’s
emphasis on environmental improvement and the intensity of environmental regulation,
as well as directly determining the improvement degree of local environmental quality.
Therefore, referring to the research results of Song et al., the authors of this paper took
the proportion of the total investment in local environmental pollution control in GDP as
the measurement index of environmental regulation intensity (ERI) to reflect the expen-
diture on local pollution control [41]; the larger the index value is, the stronger the local
environmental regulation.

Considering the availability of data, the authors of this paper used 30 provinces
(autonomous regions and municipalities directly under the central government) in China,
excluding Hong Kong SAR, Macao SAR, Taiwan Province, and Tibet Autonomous Region,
as research samples to verify the spatial differences and correlations of environmental
regulation intensity in different regions of China (the eastern region was set to include
Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and
Hainan; the central region was set to include Shanxi, Anhui, Jiangxi, Henan, Hubei, and
Hunan; the western region was set to include Guangxi, Chongqing, Sichuan, Guizhou,
Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, and Inner Mongolia; and the northeast
region was set to include Liaoning, Jilin and Heilongjiang). The data were mainly derived
from China Statistical Yearbook, China Environmental Statistical Yearbook and China
Urban Statistical Yearbook from 2011 to 2020.

3.2. Methodology

This paper was mainly aimed to achieve the following: (1) Use the Theil index to
explore whether there are spatial differences in environmental regulation intensity in
different regions of China; (2) use Goble Moran’s I index to explore whether there is a
spatial correlation between the intensity of environmental regulations in different regions,
i.e., whether the environmental regulation intensity of a province affects the formulation of
environmental regulation policies in other neighboring areas, and whether the formulation
of provincial environmental regulation policies is affected by the intensity of environmental
regulation of neighboring enterprises; (3) if there is a spatial correlation between the
intensity of environmental regulation in different regions, investigate the probability of
each province changing the environmental regulation intensity in the process of transferring
the environmental regulation intensity due to the influence of the environmental regulation
intensity in neighboring provinces.

3.2.1. The Theil Index

At present, there are many methods to measure regional differences, including the
variation coefficient, difference coefficient, Gini coefficient, and the Theil index method.
Different methods have different effects and scope of application.
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According to the research of Theil, Slime and Hammami [42,43], the greatest advantage
of using the Theil index method to measure spatial differences is that it can measure the
contribution of intra-regional differences and inter-regional differences in reference to the
overall differences. Compared to other methods, the Theil index method has comprehensive
advantages. According to the geographical location of different provinces, the authors of
this paper divided China into four regions, namely the eastern region, the central region,
the western region, and the northeastern region. The Theil index was used to verify
whether there were spatial differences in the environmental regulation intensity in these
four regions and their differences in size. In order to analyze the spatial differences of
environmental regulation intensity in China in detail, the Theil index was further divided
into intra-regional differences and inter-regional differences. Intra-regional difference refers
to whether there is a difference in the environmental regulation intensity in the provinces
within each region and the size of the difference. Inter-regional difference refers to whether
there is a difference in environmental regulation intensity between the four regions and the
size of difference.

The Theil index is calculated as follows:

Theil = Tinter + Tintra (1)

Tinter =
ne

∑
i=1

Tiln(ne
Ti
Te

) +
nc

∑
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Tiln(nc
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) +
nw

∑
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The meanings of each symbol in Formulas (1)–(3) are listed in Table 2.

Table 2. Table of meanings of symbols in the Theil index calculation.

Symbol Variable Name

Tinter
Inter-regional

difference
The spatial differences of environmental regulation intensity in the east, central, west

and northeast regions

Tintra
Intra-regional

difference
The spatial differences of environmental regulation intensity among provinces in each

region

n Number The number of provinces; n = 30

ne/nc/nw/nne Number The number of provinces in the eastern/central/western/northeastern regions,
respectively. The values of ne/nc/nw/nne are 10/6/11/3, respectively.

Ti Weight The proportion that the environmental regulation intensity of province i is divided by
the sum of the environmental regulation intensity of 30 provinces.

Te/Tc/Tw/Tne Weight
The proportion that the environmental regulation intensity of the

eastern/central/western/northeastern region is divided by the sum of the
environmental regulation intensity of 30 provinces.

3.2.2. Spatial Autocorrelation Analysis

Spatial autocorrelation means that the attribute data of a geographical unit are consis-
tent or opposite to the attribute data of their surrounding geographical units, that is, under
the influence of spatial interaction and spatial diffusion, the attribute data of different
geographical units are no longer independent but interact with each other. Through spatial
autocorrelation analysis, the authors of this paper investigated whether the environmental
regulation intensity in 30 provinces (autonomous regions and municipalities directly under
the central government) in China was spatially dependent, that is, whether the intensity of
environmental regulation in each province was internally correlated with the formulation
of environmental regulation policies in other provinces, as well as the degree and direction
of the correlation.
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Common spatial autocorrelation analysis includes global and local autocorrelation.
Global autocorrelation refers to the agglomeration and spatial correlation of a whole region.
Local autocorrelation means that the analysis objects in a particular region have a certain
agglomeration with the research objects in adjacent regions. At this point, it is not the
whole region but some provinces in the region that have a spatial correlation. Because the
environmental regulation intensity has the characteristics of space, practice, and diffusion
and the administrative policies of neighboring provinces in China have homogeneity and
promotion effects, environmental regulation policies have mutual influence among different
regions. Therefore, the average correlation degree and significance of environmental
regulation intensity among different geographical units can be reflected through global
autocorrelation analysis, and the spatial distribution of environmental regulation intensity
can be revealed as a whole.

Goble Moran’s I index is commonly used to test global spatial autocorrelation. The
specific calculation formula of Goble Moran’s I index is as follows:

Moran′s I =
∑n

i=1 ∑n
j=1 wij(xi − x)

(
xj − x

)
S2 ∑n

i=1 ∑n
j=1 wij

(4)

In Formula (4), S2 = 1
n

n
∑

i=1
(xi − x)2, x = 1

n

n
∑

i=1
xi. The definitions of other symbols are

shown in Table 3.

Table 3. Table of meanings of symbols in Goble Moran’s I index calculation.

Symbol Variable Name

xi
Environmental regulation

intensity of province i
The proportion of total investment in local

environmental pollution control in GDP of province i

x The average value The spatial differences of environmental regulation
intensity in east, central, west and northeast regions

n Number The number of provinces; n = 30

wij Spatial weight matrix The spatial weights of elements I and J

In this paper, the Moran test was performed with the Stata software. The p-value and Z
value were used to judge whether there was spatial correlation of environmental regulation
intensity. The p-value was used to reflect the probability of a spatial autocorrelation of
environmental regulation intensity. The Z value was used as the standard score. If the
p-value was less than 10%, the Moran test passed the significance test. If so, the environmen-
tal regulation intensity of each province has a spatial autocorrelation, the environmental
regulation intensity in a province will affect the formulation of environmental policies in
neighboring provinces, and the change of environmental policies in neighboring provinces
will also affect the environmental regulation intensity in their own province.

Moran’s I index ranges from [−1, 1]. Here, a positive value of Moran’s I index indi-
cated that there was a positive spatial correlation among regions, that is, provinces with
similar environmental regulation intensity had agglomeration. With a positive value, the
change of environmental regulation intensity in one province is positively correlated with
the change trend of environmental regulation in neighboring provinces. When the intensity
of environmental regulation in a province increases, neighboring provinces will pay more
attention to environmental governance and improve the intensity of environmental regula-
tion. At the same time, strengthening environmental policy management in neighboring
provinces will lead to an increase in environmental regulation intensity in the province; A
negative value of Moran’s I index indicates a negative spatial correlation, that is, provinces
with similar environmental regulation intensity are dispersed. The change of environ-
mental regulation intensity in a province is negatively correlated with the change trend of
environmental regulation in neighboring provinces. When the intensity of environmental
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regulation increases in one province, it will lead to the relaxation of environmental policy
management in neighboring provinces. At the same time, strengthening environmental
policy management in neighboring provinces will lead to the decline of environmental
regulation intensity in the province; when Moran’s I index equals 0, there is no spatial
autocorrelation. With an index of 0, the environmental regulation intensity of a province
does not affect the formulation of environmental policies in neighboring regions or has a
low degree of influence, and is not affected by the intensity of environmental regulation
in neighboring regions. The larger the absolute value of Moran’s I index is, the stronger
the spatial correlation. The variation of environmental regulation intensity in one province
leads to a greater variation of environmental regulation in neighboring provinces.

3.2.3. Spatial Markov Chains

The Markov chain was proposed by Andrei Markov, a Russian mathematician, to
reflect the development states and change trends of things by constructing a probability
distribution matrix of the mutual transformation of different states for a group of discrete
times and states. A traditional Markov chain can be used to investigate the probability of a
province’s environmental regulation transferring from one intensity to another intensity
during a given period and to analyze the state of the transfer of provincial environmental
regulation intensity, including whether the environmental regulation intensity of a province
is stable and unchanged, whether the intensity is increased or decreased, and how long the
transfer intensity span is. However, this process is affected by geographical unit location, as
the environmental regulation intensity of a region is not independent, memorized, or com-
pletely random—rather, it is affected by the regional phenomena of adjacent geographical
units. Therefore, the concept of spatial lag was introduced to investigate the transfer proba-
bility of the attribute data of a geographical unit under different geographical background
conditions considering spatial proximity factors, i.e., the probability that the intensity of
environmental regulation will increase or decrease after considering the influence of the
environmental regulation intensity in neighboring provinces.

According to the quartiles, the environmental regulation intensity of each province
could be divided into different levels. The spatial lag value of a province is represented by
the domain state of the province, and the spatial weight matrix of each geographical unit is
constructed. The M ×M order state transition probability matrix of the traditional Markov
chain was decomposed into M ×M transition conditional probability matrices to analyze
the internal relationship between the increase or decrease in environmental regulation
intensity and the spatial geographical background so as to analyze the spatial spillover
law of environmental regulation intensity in the regions and their internal provinces. In
this paper, we classified the lag conditions according to the spatial lag efficiency of the
environmental regulation intensity in 30 provinces (autonomous regions and municipalities
directly under the central government) in the initial years. The spatial lag condition was
calculated by the product of environmental regulation intensity and spatial weight matrix,
namely ∑WijXj, where Xj represents the environmental regulation intensity of a certain
region and Wij represents the element of spatial weight matrix, as shown in Table 4.

By comparing the traditional Markov transition probability matrix and the spatial
Markov transition probability matrix, the internal relationship between the increase or
decrease in environmental planning intensity and the spatial geographical background
could be analyzed, and the spatial spillover law of environmental regulation intensity in
the regions could be analyzed too.
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Table 4. State transition matrix of spatial Markov chains (assuming M = 4).

Spatial Lag t/t + 1 1 2 3 4

1

1 X11/1 X12/1 X13/1 X14/1

2 X21/1 X22/1 X23/1 X24/1

3 X31/1 X32/1 X33/1 X34/1

4 X41/1 X42/1 X43/1 X44/1

2

1 X11/2 X12/2 X13/2 X14/2

2 X21/2 X22/2 X23/2 X24/2

3 X31/2 X32/2 X33/2 X34/2

4 X41/2 X42/2 X43/2 X44/2

3

1 X11/3 X12/3 X13/3 X14/3

2 X21/3 X22/3 X23/3 X24/3

3 X31/3 X32/3 X33/3 X34/3

4 X41/3 X42/3 X43/3 X44/3

4

1 X11/4 X12/4 X13/4 X14/4

2 X21/4 X22/4 X23/4 X24/4

3 X31/4 X32/4 X33/4 X34/4

4 X41/4 X42/4 X43/4 X44/4

4. Spatial Difference Analysis of Environmental Regulation Intensity in China

In this paper, we discuss the spatial differences of environmental regulation intensity
in China from three perspectives: the temporal variation trend of environmental regulation
intensity in China, whether there are spatial differences among the four regions, and
whether there are differences within regions.

4.1. Temporal Variation Trend Analysis of Environmental Regulation Intensity in China

The intensity of environmental regulation was measured by the proportion of total
investment in environmental pollution control in GDP of each province. The mean value of
environmental regulation intensity in 30 provinces was used to measure the intensity of
environmental regulation in China, and the changing trend of environmental regulation
intensity in China was judged. Figure 1 reflects the changing trend of environmental
regulation intensity in China from 2010 to 2019. According to Figure 2, from 2010 to 2013,
the intensity of environmental regulation in China increased from 1.52% to 1.79% of the total
GDP. After 2013, the intensity of China’s environmental regulations showed a downward
trend. The share of total investment in environmental pollution control in China’s GDP
dropped from 1.79% in 2013 to 1.18% in 2019, a decline rate of 34.08%.

(1) From 2010 to 2013, the intensity of China’s environmental regulation increased from
1.52% in 2010 to 1.79% in 2013, indicating that the intensity of China’s environmen-
tal regulation increased and provinces paid more attention to the improvement of
environmental quality. This intensity peaked in 2013 with a 17.76% increase. The
reason for this increase may be that in the 21st century, China’s economic development
level has been greatly improved and the policy concept, policy objectives and policy
means of environmental regulation have been constantly changing. The Chinese
government has issued a large number of policies related to environmental protec-
tion. Local governments are also paying more attention to environmental quality and
have issued a large number of local laws and regulations to promote environmental
quality improvement. Total investment in environmental pollution control increased
from 665.42 billion yuan in 2010 to 951.65 billion yuan in 2013, and the intensity of
environmental regulations also increased.
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(2) From 2014 to 2019, the intensity of environmental regulation decreased compared
to all previous years except for 2015. The main reason for the decrease in the inten-
sity of environmental regulation was the overall reduction in the emission of major
pollutants in China, as the emission of industrial waste water decreased by 9.15%
and the emission of industrial SO2 decreased by 64.97%, indicating that China’s en-
vironmental governance achieved remarkable results. The ecological environment
quality has continuously improved, and environmental quality has basically reached
the standard. The improvement of environmental quality has led to the relaxation
of environmental governance supervision by local governments and the decline of
environmental regulation intensity. The increase in environmental regulations in 2016
occurred because China’s Environmental Protection Law, which came into effect in
2015, further strengthened the punishment of local governments for local environ-
mental violations, leading to an increase in the intensity of environmental regulations
nationwide in 2015.
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Figure 2. The changing trend of the environmental regulation intensity in China from 2010 to 2019.

4.2. Spatial Difference Analysis of Environmental Regulation Intensity in China

In order to better analyze the spatial differences of environmental regulation intensity
in China, we divided China into the eastern, central, western, and northeastern regions
according to the traditional criteria of four economic regions in China. The Theil index
of the country and the four major economic regions was further calculated to measure
the overall differences of China’s environmental regulation intensity, the inter-regional
differences (i.e., the differences of environmental regulation intensity among four regions),
and the intra-regional differences (i.e., the differences of environmental regulation intensity
among provinces within the regions). Then, we identified whether the overall environ-
mental regulation differences in China were caused by the intra-regional or inter-regional
differences, as shown in Table 5 and Figure 3.
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Table 5. The Theil index of regional environmental regulation intensity.

Year Intra-Regional Differences Proportion (%) Inter-Regional Differences Proportion (%) Overall Differences

2010 0.1044 89.70 0.0120 10.30 0.1163
2011 0.1213 90.16 0.0132 9.84 0.1346
2012 0.1205 79.54 0.0310 20.46 0.1515
2013 0.1029 88.89 0.0129 11.11 0.1157
2014 0.1208 89.35 0.0144 10.65 0.1352
2015 0.1041 86.68 0.0160 13.32 0.1201
2016 0.1370 89.38 0.0163 10.62 0.1533
2017 0.1162 88.51 0.0151 11.49 0.1313
2018 0.1959 91.04 0.0193 8.96 0.2152
2019 0.0980 87.88 0.0135 12.12 0.1116
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Figure 3. The Theil index of regional environmental regulation intensity.

In Table 5, the values of the intra-regional differences in column 2 were calculated
according to Equation (3). In Equation (3), Tintra represents the intra-regional differences.
The values of Proportion in column 3 were obtained by the proportion of Tintra to the Theil
index. According to Equation (1), the value of the Theil index is the sum of Tintra and
Tinter. The values of the inter-regional differences in column 4 were calculated according
to Equation (2). In Equation (2), Tinter represents the inter-regional differences. The values
of Proportion in column 5 were obtained by the proportion of Tinter to the Theil index.
Therefore, the sum of the values in columns 3 and 5 is equal to 100%. The values of the
overall differences in column 6 are the Theil index for that year. According to Equation (1),
the value of the Theil index is the sum of Tintra and Tinter. As shown in Table 5 and Figure 2,
intra-interval differences accounted for more than 85% of the overall differences, indicating
that intra-interval difference was the main reason for the spatial difference of environmental
regulation intensity in China.

4.3. Inter-Regional Differences of Environmental Regulation Intensity in China

In order to further analyze the reasons for the great fluctuation of the spatial difference
of environmental regulation intensity in China, the authors of this paper successively
measured the environmental regulation intensity of the four major economic regions
according to the mean value of the environmental regulation intensity of all provinces in
each economic region, as shown in Table 6 and Figure 4. It was found that there were
significant differences in the environmental regulation intensity in the four regions. On the
whole, a decreasing trend of “west–central–northeast–east” was observed.
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Table 6. Variation trend of environmental regulation intensity in four regions (%).

Regions 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean

The eastern region 1.49 1.34 1.35 1.38 1.41 1.06 1.06 1.07 0.86 1.22 1.22
The central region 1.25 1.43 1.66 1.64 1.43 1.49 1.82 1.41 1.12 1.29 1.45

The western region 1.65 1.89 1.97 2.25 2.19 1.92 1.90 1.69 1.72 1.24 1.84
The northeastern region 1.37 1.39 1.50 1.51 1.42 1.27 1.44 1.24 0.99 1.25 1.34

The national 1.44 1.51 1.62 1.69 1.61 1.44 1.55 1.35 1.17 1.25 1.46
The standard deviation 0.170 0.255 0.266 0.383 0.382 0.369 0.387 0.262 0.381 0.028 0.170
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Figure 4. Variation trend figure of environmental regulation intensity in four regions.

4.3.1. Analysis of the Changing Trend of the Environmental Regulation Intensity in the
Western Region

The environmental regulation intensity in the western region was found to be much
higher than the national average and higher than in other regions in the same period except
for 2012, when it was lower than that in the northeastern region. The main reason for this
result was that the western region is mostly in the early and middle stages of industrializa-
tion and its degree of industrialization is low. Industrial structure is an important factor that
affect the intensity of environmental regulation. As the manufacturing process is prone to
produce a large number of pollutants, a large proportion of manufacturing in GDP will pro-
duce more pollution emissions, posing a threat to local environmental governance [44]. Due
to the strong demand of economic development, the environmental regulation intensity in
the early stage was at a low level, which led to the increasingly prominent environmental
problems. In recent years, with the implementation of the “Western Development” strategy
and the “One Belt and One Road” initiative, provincial governments in the western region
have increased the investment of environmental pollution control capital and improved
the intensity of environmental regulation to balance the relationship between economic
development and ecological environment.

4.3.2. Analysis of the Changing Trend of the Environmental Regulation Intensity in the
Central Region

The environmental regulation intensity in the central region was found to be closest
to the national average. It was higher than the national average in 2016, mainly because
in 2016, the National Development and Reform Commission designated the six central
provinces as national demonstration areas for ecological civilization construction in The
13th Five-Year Plan of Promoting the Rise of The Central Region. In order to better play
the pivotal role of coordinated development between the east and the west and to make a
good link between industrial transfer channels, local governments have raised the cost of
environmental standards.
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4.3.3. Analysis of the Changing Trend of the Environmental Regulation Intensity in the
Eastern Region

The intensity of environmental regulation in the eastern region was found to be lower
than that in other regions. The main reasons are as follows. First, the eastern region
has superior geographical environment and economic development levels. Resource de-
mands accompanying economic growth can destroy the environment, and the technological
innovation promoted by economic growth can promote pollution control and emission
reductions [45]. With a long history of resource development and utilization, the local
government has paid attention to environmental problems from an earlier point and has a
strong awareness of fulfilling environmental responsibility and outstanding environmental
improvement effects. Therefore, the high speed and level of economic development will
promote the high intensity of environmental regulation in the eastern region in the future.
Second, the eastern region is densely populated and has a high level of urbanization. On the
one hand, the population agglomeration brought by the improvement of urbanization level
will increase resource exploitation and environmental pollution; on the other hand, it will
drive industrial transformation and promote the continuous improvement of environment
through talent introduction and labor force improvement [46]. Third, with the in-depth
development of industrial transfer and industrial structure transformation in the eastern
region, pollution-intensive industries in the eastern region have been gradually transferred
to the central region and the western region, resulting in the annual reduction in pollution
emissions in the eastern region and effective alleviation of environmental pressure.

4.3.4. Analysis of the Changing Trend of the Environmental Regulation Intensity in the
Northeast Region

The intensity of environmental regulation was found to decrease the most in the
northeast region; it was higher than the national average from 2010 to 2012 but has been
at the lowest levels since 2016. There are two reasons for the decline of environmental
regulation intensity in the northeast region. First, the northeast region is the heavy industry
base of China. Heavy industries such as oil exploitation and mineral exploitation with high
energy consumption are important pillar industries in the northeast region. This industrial
structure gradually destroyed the local natural resources and ecological environment. Un-
der the background at that time, local government gradually improved the environmental
regulation system and reformed in key industries for energy conservation and emissions
reduction. However, the vitality of economic development was therefore restricted. In
2015, the government strategically decided to comprehensively revitalize the old industrial
base in the northeast region. The local government reduced the environmental regulation
intensity to reduce the production cost of enterprises. Second, the northeast has recently
suffered a serious population loss, with a large number of high-end talents leaving the
region, leading to a decline in the educational level of the region. Lower levels of education
can reduce environmental awareness and further constrain governments’ incentives to fo-
cus on local environmental problems. As a result, the intensity of environmental regulation
implemented by provincial governments in northeast China has declined [47].

4.4. Analysis of the Intra-Regional Differences in China’s Environmental Regulation Intensity

Based on the proportion of total investment in environmental pollution control in GDP
of each province, the variation trend of environmental regulation intensity of 30 provinces
(autonomous regions and municipalities directly under the central government) in China
from 2010 to 2019 was obtained, as shown in Table 7.



Sustainability 2022, 14, 6504 16 of 26

Table 7. Environmental regulation intensity in % of total GDP in 30 provinces of China from 2010
to 2019.

Region Province 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

The Eastern
Region

Beijing 0.0155 0.0124 0.0180 0.0205 0.0272 0.0166 0.0249 0.0223 0.0192 0.0164
Tianjin 0.0161 0.0216 0.0174 0.0192 0.0262 0.0116 0.0047 0.0057 0.0031 0.0074
Hebei 0.0206 0.0292 0.0211 0.0202 0.0181 0.0151 0.0140 0.0198 0.0145 0.0138

Shanghai 0.0075 0.0072 0.0063 0.0081 0.0099 0.0082 0.0069 0.0049 0.0029 0.0046
Jiangsu 0.0113 0.0118 0.0122 0.0148 0.0136 0.0134 0.0099 0.0083 0.0075 0.0069

Zhejiang 0.0122 0.0075 0.0109 0.0105 0.0118 0.0101 0.0138 0.0086 0.0076 0.0066
Fujian 0.0086 0.0111 0.0110 0.0126 0.0078 0.0086 0.0064 0.0066 0.0078 0.0077

Shandong 0.0143 0.0157 0.0172 0.0179 0.0162 0.0125 0.0133 0.0151 0.0137 0.0099
Guangdong 0.0308 0.0063 0.0046 0.0056 0.0044 0.0039 0.0045 0.0040 0.0030 0.0047

Hainan 0.0117 0.0114 0.0160 0.0085 0.0061 0.0059 0.0074 0.0120 0.0069 0.0439

The Central
Region

Shanxi 0.0232 0.0228 0.0281 0.0281 0.0242 0.0218 0.0440 0.0192 0.0145 0.0223
Anhui 0.0136 0.0164 0.0180 0.0246 0.0190 0.0185 0.0189 0.0170 0.0115 0.0135
Jiangxi 0.0167 0.0208 0.0247 0.0168 0.0148 0.0140 0.0170 0.0156 0.0158 0.0177
Henan 0.0058 0.0062 0.0072 0.0091 0.0085 0.0080 0.0089 0.0143 0.0115 0.0106
Hubei 0.0090 0.0130 0.0126 0.0100 0.0112 0.0081 0.0139 0.0117 0.0091 0.0088
Hunan 0.0068 0.0067 0.0090 0.0099 0.0083 0.0188 0.0065 0.0065 0.0048 0.0042

The Western
Region

Inner Mongolia 0.0291 0.0419 0.0425 0.0445 0.0462 0.0414 0.0331 0.0282 0.0143 0.0164
Guangxi 0.0192 0.0157 0.0169 0.0175 0.0147 0.0177 0.0127 0.0103 0.0088 0.0101

Chongqing 0.0219 0.0255 0.0161 0.0133 0.0115 0.0087 0.0080 0.0111 0.0080 0.0085
Sichuan 0.0052 0.0067 0.0075 0.0088 0.0100 0.0071 0.0088 0.0081 0.0085 0.0079
Guizhou 0.0066 0.0116 0.0102 0.0138 0.0186 0.0130 0.0100 0.0159 0.0114 0.0156
Yunnan 0.0137 0.0125 0.0119 0.0154 0.0108 0.0094 0.0089 0.0077 0.0084 0.0072
Shaanxi 0.0182 0.0126 0.0128 0.0139 0.0164 0.0134 0.0167 0.0146 0.0079 0.0098
Gansu 0.0162 0.0124 0.0225 0.0293 0.0220 0.0187 0.0170 0.0122 0.0912 0.0163

Qinghai 0.0149 0.0191 0.0158 0.0214 0.0162 0.0174 0.0249 0.0167 0.0063 0.0091
Ningxia 0.0220 0.0297 0.0261 0.0311 0.0318 0.0337 0.0364 0.0264 0.0114 0.0212
Xinjiang 0.0146 0.0203 0.0344 0.0380 0.0424 0.0310 0.0325 0.0345 0.0134 0.0140

The
North-eastern

Region

Liaoning 0.0149 0.0230 0.0383 0.0181 0.0136 0.0144 0.0086 0.0101 0.0070 0.0055
Jilin 0.0194 0.0131 0.0119 0.0112 0.0098 0.0111 0.0081 0.0084 0.0072 0.0068

Heilongjiang 0.0158 0.0154 0.0198 0.0252 0.0150 0.0134 0.0146 0.0107 0.0084 0.0075

Mean value 0.0152 0.0160 0.0174 0.0179 0.0169 0.0149 0.0152 0.0136 0.0122 0.0118

4.4.1. Analysis of the Intra-Regional Differences in the Environmental Regulation Intensity
in the Eastern Region

The spatial difference of environmental regulation intensity among provinces in the
eastern region was found to have been gradually widening. The intensity of environmental
regulation in Shanghai and Guangdong was relatively low; it gradually decreased from
2010 to 2014 and basically remained stable after 2015. The main reason is that Shanghai
and Guangdong are the two provinces with the fastest economic development and the
highest GDP growth rate in China, resulting in a relatively low proportion of the input
cost of environmental governance in GDP. Hebei, Beijing, and Shandong were found to
be the three provinces with the highest environmental regulation intensity in the eastern
region. The intensity of environmental regulation was also found to be different from that
of Shanghai and Guangdong. The main reason is that Beijing, Hebei, and Shandong are the
provinces with the highest environmental pollution degrees in the eastern region, and the
three provincial government departments have placed great pressure on environmental
control and a high intensity of environmental regulation.

4.4.2. Analysis of the Intra-Regional Differences in the Environmental Regulation Intensity
in the Central Region

The spatial difference of environmental regulation intensity among provinces in the
central region was found to remain stable. The intensity of environmental regulation in
most provinces was found to slightly fluctuate. The province with the highest intensity
of environmental regulation was Shanxi. The main reason is that Shanxi is the largest
coal-producing area in China and there are a large number of coal-development enterprises,
which has led to a high degree of environmental pollution. The government has placed great
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pressure on environmental governance and a high intensity of environmental regulation.
The province with the biggest change of environmental regulation intensity was found to
be Henan. The intensity of environmental regulation increased from 0.62% in 2010 to 1.06%
in 2019, so the intensity of environmental regulation nearly tripled. This was due to the
rapid economic development in Henan in recent years, which has led to more attention
being paid to environmental protection.

4.4.3. Analysis of the Intra-Regional Differences in the Environmental Regulation Intensity
in the Western Region

The degree of spatial difference of environmental regulation intensity in the western
region remained stable from 2010 to 2017 but increased sharply in 2018. The main reason
is that the environmental regulation intensity in Gansu significantly increased in 2018,
when it was as high as 9.12%. As a result, the intensity of environmental regulation in
different provinces in the western region showed great differences and the degree of spatial
difference increased. In 2018, Gansu’s environmental management expenditure signifi-
cantly increased in two aspects: first, the number and growth of environmental protection
investment in the completion and acceptance of construction projects in Gansu were the
highest in China; second, the major projects in Gansu in 2018 were arranged to highlight
poverty alleviation, ecological environmental protection, and scientific and technological
innovation. The reasons for the significant increase in the intensity of environmental reg-
ulation in Gansu are as follows. First, the intensity of poverty alleviation relocation in
inhospitable areas and undertaking industrial transfer in the east has been increasing, as
has the demand for resources, agricultural and forestry land or urban construction land.
Secondly, Gansu’s ecological environment itself is relatively weak, so the government
needs to pay more attention to ecological environment protection. Third, due to its special
geographical location, Gansu has the political responsibility to build and maintain the
ecological security barrier in the western region, and it needs to strengthen environmental
governance. Fourth, the ecological environment damage in Qilian Mountain in Gansu was
notified by the central government, and the Ministry of Environmental Protection required
Gansu government to conduct all-out efforts to rectify the ecological environment damage
and environmental pollution in 2018. Accordingly, there was a significant increase in the
intensity of environmental regulations in Gansu in 2018.

4.4.4. Analysis of the Intra-Regional Differences in the Environmental Regulation Intensity
in the Northeast Region

The spatial difference of environmental regulation intensity among provinces in the
northeast region was found to be the smallest, and the difference gradually decreased.
There was a small difference in the intensity of environmental regulation in the three
provinces in the northeast region, mainly because the economic development degrees and
industrial structure of the three provinces are basically the same. Additionally, the three
provinces in the northeast region have experienced a large outflow of personnel, especially
high-end talents, and a decline in urbanization and education level. Therefore, the three
provinces in the northeast region were found to have similar economic and social status,
leading to the consistency of all kinds of administrative policies and administrative means
formulated by the three provincial governments, as well as a small spatial difference of
environmental regulation intensity.

5. Analysis of Spatial Correlation and Spatial Transition Evolution
5.1. Spatial Correlation Test of Environmental Regulation Intensity in China

The analysis presented in this section illustrates the obvious spatial differences in the
environmental regulation intensity in China. In particular, we found great intra-regional
differences in the intensity of environmental regulation among provinces in the four regions.
This result led us to a further question: are there spatial dependence and correlation between
neighboring provinces with large differences in environmental regulation intensity? That
is, will the intensity of environmental regulations in one province affect the formulation of
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environmental regulations in neighboring provinces, and will this intensity be affected by
the intensity of environmental regulations in neighboring provinces?

The authors of this paper used Global Moran’s I index to investigate whether the
intensity of environmental regulation in 30 provinces (autonomous regions and munic-
ipalities directly under the central government) in China was spatially dependent, that
is, whether the intensity of environmental regulation in each province was internally
correlated with the spatial distribution and the degree and direction of the correlation.
According to whether the boundaries between provinces were adjacent to each other, a
spatial weight matrix was constructed (if the boundaries between provinces were shown to
be adjacent, the value was 1; otherwise, the value was 0) and standardized. On this basis,
the Global Moran’s I value of each province in different years was measured through the
environmental regulation intensity data of the provinces. The measurement results are
shown in Table 8.

Table 8. Moran’s I value of environmental regulation intensity in China from 2010 to 2019.

Indicator 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Moran’s I 0.040 0.207 0.269 0.390 0.291 0.266 0.222 0.149 −0.023 −0.103
Z 0.613 0.039 2.528 3.543 2.770 2.592 2.142 1.528 0.238 −0.669
P 0.270 0.021 0.006 0.000 0.003 0.005 0.016 0.063 0.406 0.252

As shown in Table 8, the p-value of Global Moran’s I index of environmental regulation
intensity in 2010, 2018 and 2019 was greater than 0.1, indicating that the spatial correlation
of provincial environmental regulation intensity in these three years was not obvious. The
Global Moran’s I index values of the environmental regulation intensity of provinces in
2011, 2012, 2013, 2014, 2015, 2016, and 2017 were significant at the levels of 5%, 1%, 1%,
1%, 5%, and 10%, respectively. This shows that there was a significant spatial correlation
between the environmental regulation intensity of provinces in these 7 years. It can
therefore be stated that the environmental regulation intensity of provinces will significantly
affect the environmental policy making of neighboring provinces, and the environmental
policy making of neighboring provinces will also be affected by the intensity of provincial
environmental regulation.

In addition, in the year with spatial correlation of environmental regulation intensity
(i.e., the p-value was less than 0.1), the Global Moran’s I index of China’s environmental
regulation intensity was positive, indicating that the intensity of environmental regulation
in each province has a positive spatial correlation and a spatial aggregation effect. An
increase in environmental regulation intensity in one province will lead to an increase
in environmental regulation intensity in neighboring provinces. Similarly, an increase
in environmental regulation intensity in neighboring provinces will also lead to stricter
environmental policies in this province.

5.2. Evolution Characteristics of Environmental Regulation Intensity Shift in China
5.2.1. Traditional Markov Chain Test

The authors of this paper first investigated the probability matrix of China’s environ-
mental regulation intensity transition based on the traditional Markov chain. According to
the quartiles, the intensity of environmental regulation in each province was divided into
four categories: low level, medium-low level, medium-high level, and high level, which
are represented by H = 1, 2, 3, and 4, respectively. The higher H is, the higher the intensity
of environmental regulation. The intensity of environmental regulation was divided into
four adjacent but not overlapping complete intervals: (0.0029, 0.0086], (0.0086, 0.0133],
(0.0133, 0.0180], (0.0180, 0.0912]. The first-order traditional Markov transition probability
matrix obtained by these four grades is shown in Table 9. The value on the main diagonal
is the probability that each level of environmental regulation intensity maintains its own
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level, and the value on the non-main diagonal of the matrix is the probability that different
levels of environmental regulation intensity convert to each other.

Table 9. Traditional Markov transition probability matrix of environmental regulation intensity
in China.

t/t + 1 n 1 2 3 4

1 62 0.742 0.210 0.016 0.032

2 69 0.275 0.507 0.174 0.043

3 67 0.045 0.254 0.478 0.224

4 72 0.028 0.069 0.264 0.639

Table 9 shows the following. (1) The intensity of provincial environmental regulation
has the characteristics of maintaining the stability of the original state grade. Regarding
the diagonal elements of the transition probability matrix, the probability values on the
diagonal were found to be larger than the probability values on the non-diagonal, with a
minimum value of 0.478 and a maximum value of 0.742, indicating that the intensity of
environmental regulation in each province is at least 47.8% likely to remain unchanged
at the original state level. In addition, the maximum probability on the non-diagonal line
is 27.5%, indicating that the probability of provincial environmental regulation intensity
shifting is not large. (2) The probability of provincial environmental regulation intensity
transferring to adjacent levels is greater than the probability of cross-level transfer. The
probability that the intensity of environmental regulation in grade 1 will be transferred to
grade 2 was found to be 21%, which was higher than the probability that the intensity of
environmental regulation will be transferred to grade 3 by 1.6%. There was a 17.4% chance
that the level 2 environmental regulation intensity would be transferred to level 3, higher
than the 4.3% chance that it would be transferred to level 4. This shows that the strength of
environmental regulations in each region must consider the inherent limitations of local
geographical environment, resource endowment, economic development level and other
factors to avoid a large fluctuation. (3) Regarding the direction of transfer, the probability
of downward transfer of environmental regulation intensity was found to be greater than
that of upward transfer. The probability of provincial environmental regulation intensity
transferring from the second level to the first level was found to be 27.5%, which was
higher than the probability of transferring to the third level of 17.4%. The probability
of provincial environmental regulation intensity transferring from the third level to the
second level was found to be 25.4%, which was higher than the probability of transferring
to the fourth level of 22.4%. This shows that in recent years, China’s ecological civilization
construction has achieved great success, as has the transformation and upgrading of
industrial structure. In addition, the high-quality development of economy urgently needs
to reach a new breakthrough point, thus resulting in a downward trend of environmental
regulation intensity.

5.2.2. Spatial Markov Chain Test

Through spatial correlation analysis, the evolution of environmental regulation inten-
sity of each province was found to be affected not only by its own internal factors but also
by the intensity of environmental regulation of neighboring provinces. Therefore, spatial
geographical factors were introduced into the traditional Markov transfer probability ma-
trix to investigate the spatial Markov transfer probability under the influence of adjacent
geographical background factors, further exploring the evolution law of environmental
regulation intensity in various provinces in China. The results are shown in Table 10.
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Table 10. Spatial Markov transition probability matrix of environmental regulation intensity in China.

Spatial Lag t/t + 1 n 1 2 3 4

1

1 24 0.833 0.125 0.000 0.042

2 13 0.385 0.308 0.308 0.000

3 12 0.083 0.250 0.667 0.000

4 10 0.100 0.100 0.400 0.400

2

1 15 0.867 0.067 0.000 0.067

2 23 0.304 0.478 0.217 0.000

3 15 0.000 0.400 0.400 0.200

4 6 0.167 0.000 0.333 0.500

3

1 18 0.556 0.389 0.056 0.000

2 19 0.316 0.684 0.000 0.000

3 22 0.091 0.227 0.364 0.318

4 17 0.000 0.118 0.294 0.588

4

1 5 0.600 0.400 0.000 0.000

2 14 0.071 0.500 0.214 0.214

3 18 0.000 0.167 0.556 0.278

4 39 0.000 0.051 0.205 0.744

Comparing Tables 9 and 10, it can be seen that: (1) The transfer of provincial envi-
ronmental regulation intensity does not exist in isolation in space but will be affected by
the intensity of environmental regulation in neighboring provinces, such as P12 = 21%,
P12|1 = 12.5%, P12|2 = 6.7%, and P12 6= P12|1 6= P12|2. It can also be seen that the inten-
sity of environmental regulation in neighboring provinces plays an important role in the
evolution of regional environmental regulation intensity. That is, the spatial correlation has
a significant impact on the evolution trend of environmental regulation intensity. (2) Under
the geographical background of different levels of environmental regulation intensity, the
spillover effects of environmental regulation intensity transfer in neighboring provinces are
different. Under the influence of the lower level of environmental regulation intensity in
neighboring provinces, the probability of the transfer of environmental regulation intensity
to a higher level increases, such as P12|1 = 12.5%, P12|2 = 6.7%, and P12|1 > P12|2. On
the contrary, under the influence of higher level environmental regulation intensity in
neighboring provinces, the probability of the transfer of environmental regulation intensity
to a higher level decreases, such as P23|2 = 21.7%, P23|3 = 0, and P23|3 < P23|2. If
a province has strict supervision on local environmental issues and large investment in
governance, the local environmental quality will be higher and neighboring provinces
will enjoy the environmental dividend brought by the province, thus weakening the in-
tensity of environmental regulation of neighboring provinces. In contrast, if a province
has serious environmental problems and does not pay attention to local environmental
governance, the environmental pollution in this region will also affect the environmental
quality of neighboring provinces, leading to the improvement of environmental regulation
in surrounding provinces.

As shown in Table 10, the four transition probability matrices under the four spa-
tial lag conditions are different. This shows that the probability of local environmental
regulation intensity being affected is also different when the intensity of environmental
regulation in neighboring provinces is different. The intensity of environmental regulation
in neighboring provinces plays an important role in the evolution of local environmental
regulation intensity. That is, spatial correlation affects the evolution trend of environmental
regulation intensity.



Sustainability 2022, 14, 6504 21 of 26

(1) When the intensity of environmental regulation in neighboring provinces was at
a low level, the local province was shown to have an at least 30.8% probability
of maintaining the intensity of environmental regulation. When the intensity of
environmental regulation of neighboring provinces was at a medium-low level, the
local province was found to have an at least 40% probability of maintaining the
intensity of environmental regulation. When the intensity of environmental regulation
in neighboring provinces was at a medium-high level, local province was found to
have an at least 36.4% probability of maintaining the intensity of environmental
regulation. When the intensity of environmental regulation of neighboring provinces
was at a high level, local province was found to have an at least 50% probability
of maintaining the intensity of environmental regulation. In addition, the value on
the diagonal is higher than that on the non-diagonal, which further indicates that
the environmental regulation intensity of each province still has the characteristics
of maintaining the stability of the original state grade under the influence of the
environmental regulation intensity of neighboring provinces.

(2) When the intensity of environmental regulation in neighboring provinces was at the
medium-low level, the probability of local environmental regulation improving from
low level to medium-low level was found to be 6.7%, and the probability of local
environmental regulation decreasing from the medium-low level to the low level was
30.4%. When the intensity of environmental regulation in neighboring provinces was
at a medium-high level, the probability of local environmental regulation improving
from the medium-low level to the medium-high level was found to be 0, and the
probability of local environmental regulation decreasing from the medium-high level
to the medium-low level was found to be 22.7%. When the intensity of environmental
regulation in neighboring provinces was at a high level, the probability of local
environmental regulation improving from medium-high level to high level was found
to be 27.8%, and the probability of local environmental regulation decreasing from
the high level to the medium-high level was found to be 20.5%. This shows that
when the intensity of environmental regulation in neighboring provinces is clear, the
possibility of downward transfer of local environmental regulation intensity is greater
than that of upward transfer, except when the intensity of environmental regulation
in neighboring provinces is at a high level.

(3) When the intensity of environmental regulation in neighboring provinces was at
a low level, the probability of local environmental regulation improving from the
low level to the medium-low level was found to be 12.5%. When the intensity of
environmental regulation in neighboring provinces was at a medium-low level, the
probability of local environmental regulation increasing from the medium-low level to
the medium-high level was found to be 21.3%. When the intensity of environmental
regulation in neighboring provinces was at the medium-high level, the probability of
local environmental regulation improving from the medium-high level to the high
level was found to be 27.8%. This shows that with the gradual improvement of
environmental regulation intensity in neighboring provinces, the intensity of local
environmental regulation will also increase.

6. Summary and Policy Recommendations
6.1. Summary

In this paper, we mainly discuss three issues. First, we calculated the Theil index in
order to analyze whether there are spatial differences in the intensity of environmental
regulations among different regions in China. It was found that the spatial difference
of environmental regulation intensity in China has greatly fluctuated and intra-interval
differences account for more than 85% of the overall differences, indicating that intra-
interval differences is are main reason for the spatial difference of environmental regulation
intensity in China. Then, we further compared the intensity of environmental regulation in
different regions and provinces in order to analyze the inter-regional and intra-regional
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differences of environmental regulation intensity in China. It was found that the inter-
regional differences of environmental regulation intensity presented a decreasing trend of
“west–central–northeast–east”. We further analyzed the reasons for inter-regional differ-
ences in environmental regulation intensity in China based on the geographical location,
environmental pollution status, economic development speed, and urbanization degree of
the four regions; it was found that the intra-regional differences of environmental regulation
intensity presented a decreasing trend of “west–east–central–northeast”. We then analyzed
the reasons for the intra-regional differences in environmental regulation intensity in China
from the aspects of economic development level, industrial structure, urbanization level,
and education level.

Second, we calculated the Global Moran’s I index to verify the spatial correlation of
China’s environmental regulation. That is, given that there are spatial differences in the
intensity of environmental regulation in China, we investigated whether the environmental
regulation intensity of a province affects the formulation of environmental regulation poli-
cies in other neighboring areas and whether the formulation of provincial environmental
regulation policies is affected by the intensity of environmental regulation of neighbor-
ing enterprises. It was found that there was a significant spatial correlation between the
environmental regulation intensity of provinces in 2011, 2012, 2013, 2014, 2015, 2016 and
2017. The Global Moran’s I indexes of China’s environmental regulation intensity in these
7 years were found to be positive, indicating that an increase in environmental regulation
intensity in one province will lead to an increase in environmental regulation intensity
in neighboring provinces. Similarly, an increase in environmental regulation intensity in
neighboring provinces will also lead to stricter environmental policies in this province.

Third, we used the Markov chain test to analyze the evolution characteristics of envi-
ronmental regulation intensity shifts in China. That is, since there is a spatial correlation
between the intensity of environmental regulation in different regions, we investigated the
probability of each province changing the environmental regulation intensity in the process
of transferring the environmental regulation intensity due to the influence of the environ-
mental regulation intensity in neighboring provinces. The results of the spatial Markov
chain test showed that the probability of local environmental regulation intensity being
affected is also different when the intensity of environmental regulation in neighboring
provinces is different. The spillover effects of environmental regulation intensity transfer in
neighboring provinces were also found to be different.

From the theoretical perspective, the major contribution of this paper is the analysis
of China’s environmental regulation intensity affected by geographical space from “time
and space differences, spatial correlation and spatial spillover effect”. We additionally
analyzed the theoretical and action mechanisms related to the spatial effect of environmental
regulation on the basis of this framework, providing theoretical and logical bases for
subsequent research. In order to enrich the research framework of the spatial evolution
process and multi-factor driving mechanism of environmental regulation, researchers
should fully explore and study the spatial effects of environmental regulation and discuss
the regional differences, dynamic evolution rules of spatial patterns, and influencing factors
of environmental regulation in China.

From the methodology perspective, the spatial Markov chain method was used to
measure the spatial spillover effect of environmental regulation intensity in China. The
spatial lag concept was introduced to consider the probability of improving or decreasing
the intensity of environmental regulation in neighboring provinces. By analyzing the
internal relationship between the intensity of environmental planning and the spatial geo-
graphical background, the spatial spillover law of the intensity of environmental regulation
in provinces and their internal regions was examined.

6.2. Policy Recommendations

A good ecological environment is the fundamental basis for the sustainable develop-
ment of human society, and environmental quality is a factor that cannot be ignored in the
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process of national economic construction. Therefore, to curb environmental deterioration,
the government needs to strengthen environmental pollution control, adjust measures to
local conditions, and establish an effective regional environmental regulation cooperation
mechanisms. In this regard, the authors of this paper propose the following suggestions:

6.2.1. Implement Differentiated Regional Environmental Regulations

Local government departments should formulate differentiated regional environmen-
tal policies according to different conditions such as local economic development level,
geographical location, resource endowment, industrial structure, and the level of opening
to the outside world, as well as the spatial distribution and severity of environmental pollu-
tion. For economically developed regions, the governments should focus on the advantages
of green capital market, emission trading and ecological compensation policies; establish
a tripartite environmental governance model featuring government, market, and society;
and encourage local enterprises to achieve energy conservation and emission reduction
through equipment upgrading and technological innovation. For economically underde-
veloped regions, while considering regional economic performance and environmental
performance, local governments should constantly optimize their own industrial structure
and gradually build a modern industrial system with low energy consumption and less
environmental pollution.

6.2.2. Strengthen Local Governments’ Responsibility for Environmental Protection

Local governments should include environmental protection targets in the responsi-
bilities of leading local government officials during their term of office, and they should
improve the environmental protection responsibility system of all functional departments.
The governments also need to improve the system of rewards and punishments for envi-
ronmental protection and the system of accountability for environmental protection, as
well as hold leading officials accountable for their negligence in environmental protection.
The should gradually build a system in which governments at all levels are responsible for
environmental quality; in which enterprises, citizens and social organizations participate;
and in which public opinion supervises in order to improve the efficiency of state regulation
and control of local environmental protection work.

6.2.3. Establish Effective Cooperation Mechanism of Environmental Regulation between
Local Governments

Combining geographical location, environmental quality, pollution characteristics
and other factors of each region, the state administrative department should scientifically
divide regional groups suitable for unified environmental planning and determine environ-
mental quality objectives, pollution prevention and control measures, and key pollution
control projects within the region. The governments should further establish a zone of
environmental pollution from spreading laws and regulations, a clear regional compen-
sation mechanism in the process of cooperation between environmental regulation and
the responsibility mechanism, and a punishment mechanism. The unified supervision,
assistance, and evaluation of regional environmental pollution control work will help to
improve the efficiency and effect of national environmental pollution control work.

6.3. Research Limitations and Future Research Prospects

First, on the spatial scale, the research unit of this paper was 30 provincial admin-
istrative units in mainland China. The spatial and temporal distribution characteristics,
spatial correlation, and spatial spillover effects of provincial and regional environmental
regulation were explored. However, there were limitations in sample selection, e.g., Tibet,
Hong Kong, Macao, and Taiwan were not studied due to a lack of data. At present, environ-
mental pollution has become an international governance problem, and local governance
approaches are bound to differ. In the future, on the one hand, comparative studies can
be conducted in many countries from the macro perspective to analyze the differences
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between China and other countries, as well as the spatial differences in environmental
regulation intensity between developing and developed countries. On the other hand, the
spatial differences of environmental regulation intensity at the city and industry levels can
be studied from the micro perspective. There are many prefecture-level cities in China, and
each city has its own development model, including “innovative city” and “resource-based
city”. The environmental pollution status of different cities is different, and there are many
differences in environmental governance modes. Therefore, empirical analyses of larger
sample sizes can be carried out at the city level.

Second, although the authors of this paper theoretically analyzed various functions
and influencing mechanisms of environmental regulations, the reality is very complex,
changeable, and may be affected by other factors. In different historical periods or back-
ground conditions, the spatial heterogeneity, spatial spillover effect and spatial layout effect
of environmental regulation may be different. Future studies can comprehensively analyze
the reasons for the spatial differences, spatial correlations, and spatial spillover effects of
environmental regulation intensity in provinces and regions from multiple perspectives,
including macro factors (such as economic development, industrial structure and urbaniza-
tion) and micro factors (such as enterprise production mode, investment behavior choice
and environmental protection management).

Third, because the means of environmental regulation exist in many forms, there have
been many quantitative indicators in past research, though all have certain limitations and
shortcomings. The authors of this paper adopted the “environmental regulation inputs” to
quantify the environmental regulation intensity, and this indicator is representative to a
certain extent but is not perfect.

Future research can be used in more diverse indicators for further exploration. We can
try to select indicators from many aspects such as environmental investment, the number of
environmental regulations, environmental tax, and public participation, and we can adopt
methods such as entropy value method and factor analysis to comprehensively measure
the intensity of environmental regulations in various provinces.
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