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The local-neighborhood environmental effects of the
government size expansion: evidence from China’s sulfur
dioxide emission

Ying Han and Po Kou

School of Business Administration, Northeastern University, Shenyang, China

ABSTRACT
As a provider of public goods and a corrector of externalities, the
government has a significant effect on the local environment.
Based on annual province-level data from 1998 to 2015, this
paper decomposes the changes in sulfur dioxide emissions into
end pollution control effects and source pollution control effects
by a complete decomposition model. It then uses a spatial econo-
metric model to investigate how government size expansion
affects sulfur dioxide emissions. The results show that under the
promotion system based on appointment, the local government
size and the neighboring government size are not conducive to
reducing local sulfur dioxide emissions. With the expansion of the
government size, the degree of environmental degradation
caused by competition among governments is more serious. In
the way of influence, the impact of local government size on the
sulfur dioxide emissions is mainly through restraining the effect
of end pollution control. The impact of neighboring government
size on the sulfur dioxide emissions is mainly through weakening
the effect of source pollution control.
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1. Introduction

Weak institutions are considered a major obstacle to improving well-being in many
developing countries (Greenstone & Hanna, 2014). So it is becoming more and more
important to analyse these countries’ environmental governance dilemmas from the
institutional level. As the largest developing country, China is currently undergoing
an economic transformation. Whether China can successfully deal with environmen-
tal problems will play an important role in the process of green and low-carbon
development of the world (Wang et al., 2021). Therefore, taking China as an example,
studying the dilemma of China’s environmental governance from the institutional
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perspective has essential reference significance to achieve global environmental
improvement.

The environmental resources have the characteristics of public goods, which leads
to a lack of incentives for enterprises to control pollution (Li & Li, 2019). The gov-
ernment naturally undertakes the responsibility of regulating enterprises. However,
the government cannot perform environmental regulation functions well (Ran, 2013).
The institutional framework of fiscal decentralisation and political centralisation is
the institutional background for understanding the government’s dereliction of envir-
onmental protection duty. In the context of this system, scholars have explained the
failure of local government environmental regulation from promotion incentives
(Liang & Langbein, 2015), corruption (Wang et al., 2019), and departmental collabor-
ation (Jia & Chen, 2019).

However, these studies ignore the impact of government size on the environment.
Without considering the influence of other factors, L�opez et al. (2011) and Bernauer
and Koubi (2013) find that the expansion of government size is not conducive to the
improvement of environmental quality. With the deepening of research, Halkos and
Paizanos (2017) find that the level of institutional quality is low in developing coun-
tries, and larger governments deteriorate environmental quality. Galinato and Islam
(2014) provide evidence that in democratic countries, more government spending on
public goods increases the stringency of environmental regulations, thereby reducing
consumption pollution. The above research results show that the impact of govern-
ment size on the environment is affected by the national system. For China, Zhou
(2009) believes that under the system of fiscal decentralisation and political centralisa-
tion, there are too many short-term interest-oriented administrative interventions in
local governments. As the local government size expands, the problem of joint agency
from various levels of government agencies (departments) becomes more serious, and
the sulfur dioxide emissions are more. However, Zhang et al. (2017) use city-level
panel data of 106 cities in China from 2002 to 2014 to study the relationship between
government expenditure and the environment and find that government expenditure
reduces pollutant emissions.

Based on the above analysis, it is found that the relationship between the Chinese
government size and the environment has attracted some scholars’ attention.
However, the studies mentioned above regard local government as an independent
individual, thus ignoring the influence and restriction of the actions of rival local gov-
ernments. In fact, for China, the central government often adopts relative perform-
ance to evaluate the performance of local governments (Chen et al., 2005). ‘Relative
performance appraisal’ makes local governments pay close attention to the behavior
of competitors (Zhang, 2016). In other words, local government behavior will inevit-
ably be affected by government behavior in neighboring regions. In fact, some schol-
ars have used the spatial panel model to study this interactive behavior among
Chinese local governments (Caldeira, 2012; Zhang, 2016). Therefore, when studying
the relationship between government size and environment, the influence and restric-
tion of neighboring local government behavior should be considered.

Moreover, according to the stage of pollution control, there are two pollution con-
trol methods: source pollution control (before pollutants are generated) and end
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pollution control (after pollutants are generated) (Wu et al., 2019). With the rapid
economic development, the limitations of end pollution control are becoming more
and more obvious (Zhang, 2013). However, source pollution control has advantages
in economic and environmental aspects (Mantovani et al., 2017). Therefore, the cen-
tral government is also paying more and more attention to the source pollution con-
trol (Zhang, 2013). However, source pollution control requires a large amount of
investment, which will inevitably reduce the production capacity of enterprises,
thereby reducing the competitiveness of local governments (Wu et al., 2019). With
the expansion of government size, the competition among governments will become
more intense. In order to improve competitive advantages, local governments may
choose a pollution control mode that is beneficial to their interests. However, few
researchers study the impact of government size expansion on the environment from
pollution control modes, resulting in a lack of targeted policy recommendations. So
this paper uses the complete decomposition method and spatial econometric model
based on China’s panel data during 1998–2015 to supplement the shortcomings men-
tioned above. Compared with existing research, this paper contributes to the literature
in several ways.

Firstly, our research adds to the understanding of the internal mechanism of
government size expansion affecting the changes in sulfur dioxide in local and
neighboring areas from both theoretical and empirical levels. Existing studies
regard local government as a completely independent individual and ignore the
competition among local governments when they study the environmental effects
of the government size expansion. This article explains the impact of government
size expansion on local and neighboring sulfur dioxide emissions from the rela-
tionship between supply and demand based on the political labor market. On this
basis, the spatial panel model is used to study the impact of government scale on
the environment.

Secondly, we explore the changes in pollution control methods in different regions.
According to pollution control methods, sulfur dioxide emissions are decomposed
into source control effects and end control effects. Furthermore, we analyse the differ-
ences in preferences of pollution control methods in different regions in China and
the contribution rate of different pollution control methods to environmental
improvement.

Finally, this article studies the impact of government size expansion on sulfur
dioxide emissions from the perspective of pollution control modes. The existing stud-
ies on the relationship between government size and pollution emissions ignore the
impact of government size expansion on pollution control methods. This paper will
do some supplementary research.

The rest of this article is organised as follows. We first review the existing litera-
ture and conduct theoretical research on the impact of government size on the envir-
onment in section two. In the third section, we analyse pollution control methods in
different regions based on the decomposition of pollutant emission intensity, followed
by introducing our data and empirical methodology. And then, we present the empir-
ical findings in section five. Finally, the paper concludes with research findings and
policy implications in section six.
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2. Literature review and theoretical analysis

2.1. Literature review

Although the minimum public service provided by the government is necessary for a
country, it is well known that oversized government causes various inefficiencies. If
the government size is regarded as the degree of government intervention in the mar-
ket failure, excessive intervention may inhibit market competition, that is, govern-
ment failure (Kotera et al., 2012). Since the government size may affect government
functions, more and more scholars have paid attention to the scale of government in
recent years. There is no uniform definition of government size. In the existing
research, Wang (1998) believes that the government size refers to the sum of the gov-
ernment’s specific components based on the allocation of power and according to
certain organisational principles. It consists of the internal size and external size. The
internal size determines the external size, while the external size is the bearer of
internal size. Since the concept of internal size is abstract and its magnitude is diffi-
cult to measure, it can only be evaluated descriptively. Therefore, in the literature,
government size mainly refers to the external size. Scholars mainly adopt the follow-
ing three basic indicators to measure the government size: the proportion of govern-
ment consumption expenditure in GDP (Chen & Lee, 2005; Karras, 1996; Lin, 1994);
the proportion of government fiscal expenditure in GDP (Bergh & Karlsson, 2010;
Colombier, 2009; Han & Lin, 2019) and the proportion of government employees in
the total population (Zhou, 2009).

The research on the relationship between government size and the environment
starts relatively late, but in recent years it has gradually attracted the attention of
scholars. As a pioneering study, L�opez et al. (2011) point out that government fiscal
expenditure may affect the environment through scale effect, composition effect, and
technological effect. The empirical results show that increasing total government
expenditure without changing its composition can not reduce pollution. Bernauer
and Koubi (2013) use sulfur dioxide as the pollution indicator and use the data of 42
countries from 1971 to 2006 to verify whether government fiscal expenditures can
better improve the supply of public goods. The conclusion is that the expansion of
the government size may worsen the quality of the environment. However, in another
study, L�opez and Palacios (2014) further use the 12 wealthiest countries in Europe
from 1995 to 2008 to conduct research and find that increasing the share of fiscal
expenditure in GDP and shifting the focus to public product expenditure and non-
social subsidies can significantly reduce the concentration of sulfur dioxide and
ozone. In addition, with the deepening of research, some scholars have discovered
that the impact of government size on the environment may be affected by other fac-
tors. Halkos and Paizanos (2013) first distinguish between the direct and indirect
effects of fiscal expenditure on the environment. The evidence provided by Galinato
and Islam (2014) shows that in democracies, more government spending on public
goods increases the stringency of environmental regulations, thereby reducing con-
sumption pollution. Adewuyi (2016) points out that in the long run, the negative dir-
ect impact of government spending is reduced by the positive indirect impact, leading
to a positive impact on total carbon emissions. Halkos and Paizanos (2017) find that
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larger governments with lower institutional quality may deteriorate the environmental
quality in developing countries.

The above researches support the view that government size expansion affects the
environment. Nevertheless, these studies are mainly carried out at the national level,
and it is difficult to examine the impact of institutional factors. Institutional factors
are the main cause of environmental improvement in many developing countries
(Greenstone & Hanna, 2014). Therefore, we should consider the country’s institu-
tional factors to analyse the internal mechanism of government size expansion affect-
ing the environment. Economic decentralisation under political centralisation is the
institutional background for studying China’s issue, which has become a consensus
(Chien, 2010; Qian & Roland, 1998; Wang et al., 2020). After reform and opening up,
China has gradually formed a unique institutional framework of economic decentral-
isation and political centralisationcentralisation in the governance relationship
between the central government and local governments. Under the institutional
framework, the central government constructs effective political and economic incen-
tives and cultivates a competition mechanism among local governments. Zhou (2009)
believes that there are too many short-term interest-oriented administrative interven-
tions in local governments under this system. As the local government size expands,
the common agency problems from government agencies (departments) at all levels
become more serious. Consequently, the sulfur dioxide emissions in the region are
serious. Zhang et al. (2017) use city-level panel data of 106 cities in China from 2002
to 2014 to study the impact of government spending on pollutant emissions and find
that government spending will reduce sulfur dioxide emissions. Although the rela-
tionship between the Chinese government size and the environment has attracted
some scholars’ attention. However, the existing studies regard each local government
as an independent individual, thus ignoring the influence and restriction of the
actions of rival local governments.

2.2. Theoretical analysis

It will be more conducive to understanding the impact of government size expansion
on the environment and the government size’s spatial spillover effects if we regard
China’s official system as a political labor market and explain government behavior
in terms of supply and demand. As political participants, local officials have a strong
motivation to pursue political promotion (Ran, 2013). Under political centralisation,
the promotion of Chinese officials is determined by the upper-level government. So
under the institutional setting, a political labor market has actually emerged. The pol-
itical labor market is a buyer’s monopoly market, with the central government being
the only buyer and a large number of lower-level or local officials being the sellers
(Wang, 2013). However, the posts provided by the central government are limited,
and it is significantly fewer than the demand for posts. Therefore, the central govern-
ment has formulated some standards to assess local governments (Zhou et al., 2019).

Local officials ranked relatively high in the assessment can be promoted to higher
positions. With the expansion of government size, the scale of government agencies
and staff size has also expanded simultaneously. It will inevitably intensify the supply
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of political labor, leading to more intense competition for promotion. In order to
gain a promotion advantage in the competition, local governments will focus on com-
pleting those tasks that are easy to perform and ignore environmental protection.
Therefore, local governments will increase the scale of fiscal expenditures to promote
local economic development. At the same time, local governments use the informa-
tion asymmetry between the upper-level government and local government to conceal
the hidden costs of economic development and reduce the supply of public goods
with obvious positive externalities, leading to further deterioration of environmental
quality. Therefore, in general, government size expansion is not conducive to the
improvement of environmental quality.

China’s vast territory has led to differences in natural endowments and social
development across regions. In regions with better natural endowments and social
development, the local government can achieve better political performance without
making efforts. To avoid the impact of the difference, the central government often
follows the principle of comparable areas when assessing officials’ performance
(Zhou, 2007). The neighboring regions are more similar than other regions in terms
of natural endowments and social development. Competition among the local govern-
ments in these areas is relatively strong. Therefore, the government size expansion in
neighboring regions will inevitably affect local government decision-making, affecting
environmental quality.

Besides, pollution emission is jointly determined by pollution generation and pol-
lution governance. It determines that there are two pollution control methods in the
current pollution control process: source pollution control and end pollution control.
However, the end pollution control is out of touch with production and generally
only produces environmental benefits. Relying solely on end pollution control may
lead to the problem that resources and energy cannot be fully utilised in the produc-
tion process. Simultaneously, end pollution control is difficult to achieve the goal of
the complete elimination of pollution and even cause secondary pollution. Therefore,
the effective way to reduce pollution emissions is to control the production of pollu-
tants. It is the clean production method that China strongly advocates. For example,
the Cleaner Production Promotion Law of the People’s Republic of China promulgated
and implemented by China aims to promote cleaner production, improve resource
utilisation efficiency and reduce the generation of pollutants.

Although source pollution control has a higher environmental effect, the improve-
ment of cleaner production technology has the characteristics of large initial invest-
ment, high risk and long incubation period, and it will reduce the competitiveness of
enterprises in a short period. It is bound to reduce the competitive advantage of local
government officials (Wu et al., 2019). However, as the government size expands,
competition among governments will become more intense. In order to gain promo-
tion advantages in the process of performance evaluation, the local government may
reduce investment in source pollution control. From this perspective, as the govern-
ment size expands, the government’s efforts to control pollution at the source
will decrease.

Local governments are often accountable to the central government under the pro-
motion mechanism based on the appointment system (Chien, 2010). It means that
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local governments will selectively perform government functions based on the central
government’s attention. In other words, if the central government focuses on source
pollution control, in order to meet the requirements of upper-level governments, the
local government will take the method of source pollution control to reduce the pol-
lution emission. From this perspective, as the scale of the government expands, the
government’s efforts to control pollution at the source will increase. In summary,
under the appointment system based on appointment, as the government size
expands, which method will local governments choose to deal with the promotion
pressure? It needs to be tested with Chinese empirical data further.

3. Decomposition of pollutant emission intensity changes

3.1. Complete decomposition model

According to Sun (1998) and Chen et al. (2021), this paper decomposes the pollution
emission intensity based on the complete decomposition model. Specifically, pollution
emission intensity can be expressed as follows:

Iit ¼ Eit
Yit

¼ Eit
Pit

� Pit
Yit

(1)

In Equation (1), Iit is the pollution emission intensity of area i in year t: Eit is the
pollution emission of area i in year t: Yit is the economic output of area i in the t: Pit
is the total amount of pollution produced by economic production activities of area i
in year t: Eit=Pit is the pollution discharge rate of area i in year t: Pit=Yit is the pollu-
tion production per unit GDP of area i in year t:

Within time period 0, t½ �, the change in pollution intensity can be expressed as:

S ¼ �Iit ¼ Iit�Ii0 ¼ Eit
Pit

� Pit
Yit

�Ei0
Pi0

� Pi0
Yi0

¼ Ei0
Pi0

þ�
Eit
Pit

� �
� Pi0

Yi0
þ�

Pit
Yit

� �
�Ei0
Pi0

� Pi0
Yi0

¼ Ei0
Pi0

��
Pit
Yit

þ Pi0
Yi0

��
Eit
Pit

þ�
Pit
Yit

��
Eit
Pit

(2)

where Ei0
Pi0

�� Pit
Yit

expresses the contribution of changes in the pollution generation
intensity to the pollution emissions intensity change of area i: Pi0

Yi0
�� Eit

Pit
expresses the

contribution of changes in the pollutant emission rate to the pollution emissions
intensity change of area i: � Pit

Yit
�� Eit

Pit
is the residual term. According to the research

of Sun (1998), � Pit
Yit

�� Eit
Pit

could to be attributed either to Pit
Yit

or to Eit
Pit

by equal right.
That contribution is dependent on both of the changes and if only one of them goes
to zero the other effect disappears. When there is no reason to assume the contrary,
it is divided equally to Pit

Yit
’s contribution and Eit

Pit
’s contribution (Sun, 1998). The com-

plete decomposition model for the two-factor system is as follows.

SPC¼Ei0
Pi0

��
Pit
Yit

þ 1
2
��

Pit
Yit

��
Eit
Pit

(3)
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EPC ¼ Pi0
Yi0

��
Eit
Pit

þ 1
2
��

Pit
Yit

��
Eit
Pit

(4)

Equation (3) reflects the contribution of changes in the pollution generation inten-
sity to the pollution emissions intensity change. Equation (4) reflects the contribution
of changes in the pollutant emission rate to the pollution emissions intensity change.
Depending on the meaning of source pollution control and end pollution control, we
can use Equations (3) and (4) to measure the source pollution control effect (SPC)
and the end pollution control effect (EPC), respectively.

3.2. Decomposition results of SO2 emission intensity

In this paper, we choose industrial SO2 as the research object. This is because com-
pared to air pollutants, water pollutants and solid pollutants are easy to store, which
may cause the sum of the discharge and removal of these pollutants to be greater
than the total pollution generated in the current period. It is not conducive to the
decomposition calculation. On the contrary, air pollutants cannot be stored, so the
sum of pollution discharge and removal is the total production. There are many types
of air pollutants, but compared with other pollutants, industrial SO2 is not only
closely related to the process of economic development but also clearly regulated by
the government. Moreover, industrial SO2 is continuously counted, so it is an ideal
empirical research object. This is why current scholars generally choose SO2 as the
research object (Bernauer & Koubi, 2013). However, it is regrettable that data on the
removal and production of industrial SO2 after 2015 is seriously missing. Therefore,
the sample interval of this article is 1997–2015.

Figure 1 shows the trend of changes in the number of areas adopting different pol-
lution control methods. It can be seen from Figure 1 that the number of areas adopt-
ing the single pollution control method and the two pollution control methods is
both increasing except for several years. It means that environmental pollution has
received increasing attention from the Chinese government in recent years.
Moreover, the number of areas adopting source pollution control method and end
pollution control method is not much different before 2005. However, after 2005, the

Figure 1. Trends in the number of regions adopting different pollution control methods.
Source: Authors.
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number of areas adopting the end pollution control method is significantly higher
than the number of areas adopting the source pollution control method.

It can be seen from Figure 2 that the number of regions where the contribution
rate of source pollution control method to pollution reduction is greater than the
contribution rate of end pollution control method to pollution reduction is decreas-
ing. Before 2009, for most regions, the contribution rate of source pollution control is
higher than the contribution rate of end pollution control. On the contrary, after
2009, the latter is more than the former.

Figure 3 shows the distribution of years in which the contribution rate of source
pollution control is greater than the contribution rate of end pollution control in
each region. The symbol � indicates that the contribution rate of the source pollu-
tion control is greater than the contribution rate of end pollution control. The symbol
〇 indicates that the contribution rate of the source pollution control is less than the
contribution rate of the end pollution control. It can be seen from Figure 3 that in
the sample time, the contribution rate of source pollution control in Beijing,
Liaoning, and Shanghai is greater than that of end pollution control.

It is not difficult to understand the phenomenon that the contribution rate of source
pollution control in Beijing and Shanghai over the years is greater than the contribu-
tion of end pollution control. As developed regions in China, they have a higher level
of production technology and pollution reduction technology. However, compared to
other provinces in China, such as Jiangsu, Zhejiang and Guangdong, Liaoning’s eco-
nomic development level is not high. Why is the contribution rate of source pollution
control higher than the contribution rate of end pollution control over the years? One
possible explanation is that as Liaoning is a traditional industrial base, its industrial
structure has a more obvious impact on the pollution in Liaoning than in other provin-
ces. With the adjustment of the industrial structure of Liaoning, the improvement effect
of source pollution control on pollution emission has become more obvious. In fact,
Jilin and Heilongjiang are both traditional industrial bases in the Northeast. Except in
1999 and 2005, respectively, the contribution rate of source pollution control of the
two provinces is greater than the contribution rate of end pollution control.

Figure 2. Changes in the number of regions where the contribution rate of source pollution con-
trol is higher than the contribution rate of end pollution control.
Source: Authors.
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4. Research design

4.1. Spatial autocorrelation test

The Moran’s I index method is usually used to identify whether variables have a spa-
tial correlation. The statistical formula of Moran’s I index:

I ¼ n
Pn

i¼1

Pn
j¼1Wij Yi � Y

� �
Yj � Y
� �

Pn
i¼1

Pn
j¼1Wij

� � Pn
i¼1 Yi � Y

� �2h i (5)

n is the number of observations. i and j represent area i and area j, respectively.
wij is an element in the spatial weight matrix of the observation object. When the
area i is adjacent to the area j, wij ¼ 1: When the area i is not adjacent to the area j
or i ¼ j, wij ¼ 0: Yi and Yj are the observation values of different observation objects.
Y� is the average value of the observation objects.

Figure 4 show the Moran’s I indexes of the pollution intensity, the source pollution
control, and end pollution control of the 29 provinces (Qinghai, Tibet, Taiwan, Hong
Kong and Macau are seriously missing data, so these regions are not included). It can
be seen that the Moran’s I indexes present the following characteristics.

Firstly, Moran’s I indexes of the SO2 emission intensity are statistically significant
from 1999 to 2002 and 2006 to 2015. The Moran’s I indexes of the source pollution
control are statistically significant from 1999 to 2002 and from 2006 to 2009. The
Moran’s I indexes of the end pollution control are statistically significant from 2011
to 2015. Secondly, for the years when the Moran’s I indexes are statistically signifi-
cant, the Moran’s I indexes are all positive, which means that there are competing

Figure 3. The distribution of years in which the contribution rate of source pollution control is
higher than the contribution rate of end pollution control in each region.
Source: Authors.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 6217



behaviors with imitating each other among different regions. The above results indi-
cate that before 2010, the spatial correlation of SO2 emission intensity is caused by
source pollution control. That is, local governments’ competing imitative behaviors
mainly occur in source pollution control and produce significant effects. After 2010,
the spatial correlation of SO2 emission intensity is caused by end pollution control.
That is, local governments’ competing imitative behaviors mainly occur in end pollu-
tion control and produce significant effects.

However, when the global Moran’s I indexes are statistically significant, it does not
mean the pollutant itself has a spatial spillover effect. The main reasons are as fol-
lows. Firstly, the research object of this paper is industrial sulfur dioxide, not the con-
centration of sulfur dioxide in the air, which excludes the transboundary spillover of
the pollutant. Secondly, generally speaking, the industrial enterprises in the region
may have imitative behaviors because of the competitive relationship among the
industrial enterprises in the region. The sample data is provincial-level, which means
that the pollution emissions in different provinces are not caused by the competition
of enterprises themselves. In most years, Moran’s I indexes are statistically significant,
which indicates that the spatial correlation of pollution emissions is caused by other
factors, such as the expansion of government size, pointed out in the previous ana-
lysis. In fact, many factors influence pollution emissions. Some of the factors have
positive effects on pollution emissions. Some of the factors have negative effects on
pollution emissions. Therefore, in some years, the Moran’s I indexes are not statistic-
ally significant.

4.2. Methodology

Based on the research of Bernauer and Koubi (2013), this paper revises the statistical
model combined with our purpose. When Bernauer and Koubi (2013) study the
impact of government size on environmental pollution, the following model is set:

POLit ¼ a0 þ
X

bjxijt þ eit (6)

Figure 4. The Moran’s I indexes of the pollution intensity, the source pollution control, and end
pollution control.
Source: Authors.
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where POLit is the pollution level of the period t in the region i: Xjit is the j th con-
trol variable. a0 is constant. eit is the error term. bj is the parameter to be estimated.

In China, under the institutional framework of fiscal decentralisation and political
centralisation, local governments face promotion pressure. To gain an advantage in
promotion, local governments may compete with other governments. The behavioral
decisions of local governments may have spatial spillover effects. So this paper intro-
duces the spatial weight matrix based on Equation (6).

POLit ¼ a0 þ qw0
iPOLt þ

Xn
j¼1

bjxijt þ
Xn
j¼1

hjd
0
ixjt þ eit

eit ¼ km0
iet þ vit

8><
>: (7)

where, w0
i is the ith row of the spatial weight matrix W: d0i is the ith row of the spa-

tial weight matrix D: m0
i is the ith row of the spatial weight matrix M:

Equation (7) is the general expression of the spatial econometric model.
When hj ¼ 0, Equation (7) is the spatial autocorrelation model (SAC).
When hj ¼ 0 and k ¼ 0, Equation (7) is the spatial autoregressive model (SAR).
When hj ¼ 0 and q ¼ 0, Equation (7) is the spatial error model (SEM).
When k ¼ 0, Equation (7) is the spatial Durbin model (SDM).
When q ¼ 0 and k ¼ 0, Equation (7) is the spatial lag of X model (SLX).
In the research process, the appropriate model should be selected according to the

real situation. As pointed out in the previous spatial correlation test, the spatial auto-
correlation characteristics of pollutants are not caused by the spillover of the pollu-
tants or by the competitive behavior of the enterprises themselves but by other
factors. According to the above spatial models, we believe that the Spatial Lag of X
Model (SLX) (Vega & Elhorst, 2015) is suitable for this study. Therefore, this paper
sets the model:

POLit ¼ a0 þ
X

bjxijt þ
X

hjd
0
ixjt þ eit (8)

4.3. Variables

4.3.1. Explained variable
In order to study the transmission mechanism of government size expansion that
affects sulfur dioxide emissions, the explanatory variables in this paper are the
changes in industrial sulfur dioxide emission intensity (S), source pollution control
(SPC) and end pollution control (EPC). They are calculated in part three.

4.3.2. Government size
As pointed out in the second part of the analysis, the government size can be meas-
ured by the proportion of government consumption expenditure in GDP (Chen &
Lee, 2005; Karras, 1996; Lin, 1994) and the proportion of government fiscal expend-
iture in GDP (Bergh & Karlsson, 2010; Colombier, 2009; Han & Lin, 2019). This
paper uses the proportion of government consumption in GDP to measure
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government size. Moreover, this paper uses the proportion of government fiscal
expenditure in GDP to test the conclusion’s robustness.

4.3.3. Economic variables
Economic activity is considered a key factor affecting environmental quality
(Antweiler et al., 2001). Based on existing research (Bai et al., 2019; Zhang et al.,
2020; Zhao et al., 2020), this article controls the impact of economic activities on the
environment from three aspects: per capita GDP, industrial structure and degree
of openness.

4.3.3.1. Level of economic development. Generally speaking, areas with high economic
development levels produce more products, consume more energy and increase pollu-
tion. This article uses real GDP per capita to measure the level of economic
development.

4.3.3.2. Industrial structure. Differences in industrial structure between regions often
lead to different levels of local environmental pollution. Compared with the primary
and tertiary industries, the secondary industry, especially the industry, is more likely
to cause environmental pollution. Therefore, we choose the ratio of the secondary
industry’s added value to the gross domestic product (GDP) to measure the indus-
trial structure.

4.3.3.3. Degree of trade openness. Some studies incorporate international trade into
their analysis of economic-environmental linkages (Frankel & Rose, 2005). Some
researchers believe that local governments can lower the threshold of environmental
regulations to attract foreign capital, which in turn expands the tax base. Some
researchers believe that as the degree of openness increases, foreign companies can
bring environmental protection technology and equipment to the host country,
thereby improving the regional environment. In this analysis, we measure a country’s
trade openness by the ratio of the sum of exports and imports to GDP (Bernauer &
Koubi, 2013).

4.3.4. Political variable
Corruption When the political environment worsens, polluting enterprises have more
incentives to take rent-seeking behaviors to obtain more pollution opportunities. This
paper uses the number of duty crime cases (e.g., corruption, bribery, malpractice and
infringement) filed for investigation by procuratorial organs to control the political
environment’s influence (Wang et al., 2020).

4.3.5. Other variables
4.3.5.1. The population density. The population is also considered an important fac-
tor affecting environmental factors (Lee et al., 2009). However, the current impact of
population density on the environment is unclear. Wang et al. (2019) believe that on
the one hand, population accumulation causes environmental pollution; on the other
hand, high population density makes it possible to use energy more efficiently and
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intensively. Therefore, the net impact of population density on the environment
depends on the relative strength of the above two opposite effects. Population density
is measured by the number of persons per square kilometer.

4.3.5.2. Environmental regulations. Environmental resources have the characteristics
of public products, and the enthusiasm of enterprises to control pollution is insuffi-
cient. Therefore, government environmental regulation is an effective way to solve
environmental problems (Kou et al., 2021). The stricter the environmental regulation,
the more closely enterprises pay attention to pollution control and emission reduc-
tion. In this paper, the environmental regulation is measured by the ratio of the total
sewage charges to the number of enterprises.

4.3.5.3. Environmental protection staff scale. Swanson et al. (2001) point out that the
effective implementation of environmental policies is affected by the scale of environ-
mental protection personnel. When there are more people in the environmental pro-
tection system, the more helpful it is to implement environmental policies. This
paper uses the actual number of environmental protection personnel at the end of
the year to measure the scale of environmental protection personnel.

4.3.5.4. Energy-saving technology. Excessive consumption of energy has become a key
cause of environmental pollution. Therefore, upgrading energy-saving technologies is
considered the main way to achieve environmental governance (Kou & Han, 2021).
In general, the higher the technical level, the lower the energy consumption will be.
Therefore, this paper uses energy consumption intensity to measure energy-saving
technologies in reverse.

4.3.5.5. Fiscal decentralisation. The impact of fiscal decentralisation on the environ-
ment has become a consensus (Guo et al., 2020; Zhou et al., 2020). Based on the
research of Guo et al. (2020), this article adopts the ratio of local government per
capita fiscal expenditure to the central per capita fiscal expenditure to measure fiscal
decentralisation.

4.4. Data sources

The data of pollutant emissions, pollutant production, pollutant removal and the
number of employees in the environmental protection system are from the China
Environment Yearbook. Some missing values are complemented by interpolation. The
data of government fiscal expenditure, GDP, industrial output value, secondary indus-
try output value, population, total import and export, GDP index and industrial
value-added index come from China Statistical Yearbook, New China Sixty Years
Statistical Data Collection and China Economic and Social Development Statistics
Database. Since the industry accounts for the largest proportion of the secondary
industry, we supplement the missing industrial value-added index with the secondary
industry index. The data of total energy consumption comes from the China Energy
Statistical Yearbook. The data of duty crime cases comes from the China
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Procuratorial Yearbook and Local Procuratorial Reports. The statistics of the variables
used in this paper are shown in Table 1.

5. Empirical results and discussion

In order to avoid multicollinearity, this paper tests the correlation coefficient of each
variable (see Table 2). According to Table 2, the maximum correlation coefficient
between the variables is 0.79, so it can be judged that there is no serious multicolli-
nearity problem.

In order to avoid spurious regression, it is necessary to perform the unit root test
on each panel data series. In this paper, LLC and ADF are used to test panel data sta-
tionarity (see Table 3). It can be seen from the test results that the variables in the
model are stable, so all variables are included in the regression model together.

According to the theoretical analysis part, the spatial lag of explanatory variables
should be controlled. Since the SDM model and the SLX model contain the spatial
lag of explanatory variables, in theory, these two models should be selected for empir-
ical analysis. In addition, we also use the LR test and Wald test to select the appropri-
ate spatial econometric model. Since the SLX model does not have a nesting
relationship with the SAR model and the SEM model, we first test whether the SDM

Table 1. Statistical description of variables.
Variable Obs Mean Std. Dev. Min Max

Explained variable
Total emission reduction
effect (S)

522 �102.8708 119.5988 �644.3470 217.9040

Source pollution
control (SPC)

522 �41.1236 60.7174 �292.2510 194.3820

End pollution control (EPC) 522 �61.7473 101.5510 �708.4420 60.3045
Government size
The proportion of
government consumption
expenditure in
GDP (GOV1)

522 14.4374 3.5721 8.2114 26.4294

The proportion of
government fiscal
expenditure in
GDP (GOV2)

522 17.3943 7.2880 5.6765 43.5666

Economic variables
Level of economic
development (GDP)

522 1.9345 1.4482 0.2390 8.0995

Degree of trade
openness (TIE)

522 0.3206 0.3914 0.0321 1.7236

Industrial structure (IND) 522 45.8846 7.9293 19.7354 61.4777
Political variable
Corruption (COR) 522 29.6758 10.0977 7.8801 65.4783

Other variables
Environmental
regulation (ER)

522 6.7946 5.4984 0.3119 61.3628

Energy-saving
technology (EI)

522 1.6015 0.8971 0.5653 6.4673

Environmental protection
staff scale (EPSS)

522 1.3292 0.5303 0.3049 3.3000

Fiscal decentralisation (FIS) 522 4.3504 2.7619 1.0780 14.2230
Population density (PD) 522 4.3478 5.9006 0.1052 38.4713

Source: Authors.
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model can be simplified to the SAR model or the SEM model (Huang, 2018). If not,
it indicates that the spatial lag of explanatory variables should be controlled. The test
results are shown in Table 4.

The Hausman test indicates that the fixed effect model is better than the random
effect model. Moreover, it can be seen from the test results that the SDM model can-
not be reduced to the SAR model or the SEM model. However, the spatial correlation
coefficient q of the SDM model does not pass the test of 10% significance (p¼ 0.388),
so the SLX model is preliminarily judged to be more reasonable. The Wald test also
further shows that the SDM model can be simplified to the SLX model (due to the
different estimation methods of the SDM and SLX models, the LR test cannot be

Table 2. Correlation coefficient matrix.
Variable S SPC EPC GOV GDP FIS ER COR EI TIE EPSS IND

GOV �0.07 �0.01 �0.08
GDP �0.15 �0.11 �0.11 �0.14
FIS �0.30 �0.09 �0.29 0.14 0.79
ER �0.22 �0.08 �0.21 0.19 �0.48 �0.33
COR 0.27 0.12 0.25 �0.16 �0.35 �0.45 0.10
EI �0.35 �0.18 �0.31 0.36 �0.46 �0.20 0.56 0.01
TIE 0.19 0.04 0.20 �0.03 0.57 0.57 �0.35 �0.21 0.39
EPSS �0.30 �0.13 �0.28 �0.05 0.20 0.19 0.11 �0.17 0.17 �0.13
IND �0.19 �0.12 �0.15 �0.39 0.13 �0.07 �0.04 0.14 0.05 �0.09 0.34
PD 0.08 �0.05 0.13 �0.16 0.60 0.60 �0.32 �0.08 �0.33 0.69 �0.09 �0.05

Source: Authors.

Table 3. Unit root test.

Variable

LLCa ADFb

StationarityT-statistic p-value Chi-square p-value

S �8.4456��� 0.0000 90.9692��� 0.0037 Yes
SPC �6.1648��� 0.0000 189.2849��� 0.0000 Yes
EPC �2.4598��� 0.0070 124.3413��� 0.0000 Yes
GOV �4.7024��� 0.0000 114.9550��� 0.0000 Yes
GDP �3.9319��� 0.0000 96.8151��� 0.0011 Yes
FIS �1.3612� 0.0867 103.0810��� 0.0002 Yes
ER �2.9273��� 0.0017 74.3896� 0.0723 Yes
COR �3.3049��� 0.0005 75.9364� 0.0571 Yes
EI �9.6196��� 0.0000 96.0493��� 0.0012 Yes
TIE �3.3413��� 0.0004 140.6773��� 0.0000 Yes
EPSS �4.0644��� 0.0000 179.9930��� 0.0000 Yes
IND �3.1124��� 0.0009 156.3426��� 0.0000 Yes
PD �6.1572��� 0.0000 83.7135�� 0.0152 Yes

Note: aNull Hypothesis: Unit root (assumes common unit root process); bNull Hypothesis: Unit root (assumes individ-
ual common unit root process); ���Significant at 1% level, ��Significant at 5% level, �Significant at 10% level.
Source: Authors.

Table 4. Spatial econometric model selection.
Model for test Statistics p-value

Hausman test 40.2300��� 0.0000
LR test-SAR model 50.1800��� 0.0000
Wald test-SAR model 42.5600��� 0.0000
LR test-SEM model 54.1900��� 0.0000
Wald test-SEM model 52.1300��� 0.0000
Wald test-SLX model 0.7500 0.3876

Note: ��, ��� denote significant levels at 5% and 1%, respectively.
Source: Authors.
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used, and the Wald test only needs to estimate the unconstrained model, so we report
the Wald test). Because the explanatory variables of the SLX model do not include
the spatial lag of the explained variable, the estimation technology of the ordinary
panel model is still applicable to the SLX model. In order to control the heteroscedas-
ticity, we choose to replace the standard panel ordinary least squares (POLS) errors
with panel-corrected standard errors (Beck & Katz, 1995; Lago-Pe~nas et al., 2020). In
order to avoid the endogenous caused by reverse causality, the core variable, the gov-
ernment size, is a lagging period.

5.1. The impact of government size on SO2 emissions

Table 5 reports the regression results of government size affecting SO2 emissions.
Table 5 shows that regardless of the direct effect or indirect effect, the coefficient of
government size (GOV) is positive at the 1% significance level. This result is consist-
ent with the theoretical analysis. The expansion of the government size is not condu-
cive to the improvement of the environment. In fact, this result is not difficult to
understand. As the government size expands, more short-term interest-oriented
administrative interventions exist (Zhou, 2009). Especially under the assessment
mechanism with GDP as the core, environmental governance cannot bring direct eco-
nomic benefits but increases the opportunity cost. Therefore, local governments often
neglect to implement the environmental protection policies and regulations and inter-
vene in environmental problems in their jurisdictions by acquiescing to the environ-
mental pollution behavior of enterprises and even introducing high-polluting
investment projects. In addition, comparing the direct and indirect influence coeffi-
cients of government size on SO2 emissions, it can be seen that the indirect influence
coefficient is greater than the direct influence coefficient. This means that the degree
of environmental degradation caused by the expansion of the government size in
neighboring regions is greater than the degree of environmental degradation caused
by the expansion of the local government size.

The above results show that government officials have behaviors that value the
economy under the economic-oriented performance evaluation system and ignore the

Table 5. The impact of government size on SO2 emission reduction.
Variable Direct Indirect

GOV 5.0076���(1.2914) 10.1268���(2.2194)
GDP 27.3452���(6.8100) 50.6494���(10.1605)
FIS �22.4091���(4.5330) �19.8030���(6.5525)
ER �0.8486�(0.4656) �3.5837���(0.7678)
COR 0.1958(0.2578) �0.4373(0.5506)
EI 54.1608���(12.4359) �20.7823(21.2048)
TIE 6.1386(13.6527) �116.8362���(26.0202)
EPSS �35.9302���(12.8323) �54.3563(33.2747)
IND 0.4402(0.6193) 2.2599�(1.2527)
PD �6.3547��(2.7559) �10.7183�(6.2720)
C 106.9650(145.1875)
N 493
R2 0.9209

Note: The individual effects and time effects are controlled. Standard errors are in parentheses. ���, ��, � represents
passing the test at a significant level of 1%, 5% and 10%, respectively.
Source: Authors.
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environment with the government size expansion. Meanwhile, as the government size
expands, government officials’ competition for promotion not only occurs within the
region but also occurs among regions. At the same time, with the expansion of gov-
ernment size, the degree of environmental degradation caused by government compe-
tition among regions has become more serious.

5.2. The impact of government size on the pollution control mode

The above results show that neither the direct effect nor the indirect effect of govern-
ment size expansion is conducive to environmental quality. In this section, we analyse
how the government size affects the environment from the perspective of pollution
control modes. Table 6 reports the impact of government size on pollution control
modes. The explained variable of model 1 is the source pollution control, and the
explained variable of model 2 is the end pollution control.

It can be seen from Table 6 that the direct impact of government size on the
source pollution control is significantly negative, and the direct impact on the end
pollution control is significantly positive. It shows that the expansion of the local gov-
ernment size will help improve the local government’s pollution control efforts at the
source but will weaken the end-of-pipe pollution control efforts. Under the pressure
of the central government to promote cleaner production, local governments will
actively increase pollution control efforts at the source. However, the government
does not have unlimited capabilities. So with the improvement of pollution control
efforts at the source, the investment in pollution control at the end will weaken. The
government size in neighboring areas has a significant positive impact on the source
pollution control, and the impact on the end pollution control is positive but does
not pass the test at the significance level of 10%. It means that the expansion of gov-
ernment size in neighboring regions will reduce local pollution control efforts. It is
because source pollution control requires a large amount of investment, which will
inevitably reduce the production capacity of enterprises, thereby reducing the com-
petitiveness of local governments (Wu et al., 2019). With the expansion of

Table 6. The impact of government size on the pollution control mode.

Variable

Model 1 Model 2

Direct Indirect Direct Indirect

GOV �3.1991��(1.3822) 6.2148���(2.3255) 8.2066���(2.0333) 3.9120(3.1014)
GDP �39.4272���(8.5997) 30.0559���(9.5529) 66.7725���(8.9949) 20.5934�(12.2634)
FIS 26.4159���(3.8558) 14.8291���(5.7535) �48.8250���(5.7044) �34.6321���(7.6257)
ER 0.2587(0.3764) �1.2027��(0.4970) �1.1073��(0.5032) �2.3811���(0.9108)
COR 1.0395���(0.3518) 0.8790�(0.4961) �0.8437�(0.4377) �1.3164��(0.6524)
EI 23.5011(16.5270) 71.6219���(20.7743) 30.6597(23.7066) �92.4042���(30.1309)
TIE �79.2631���(14.0778) 105.6620���(31.4747) 85.4019���(18.6356) �222.4985���(41.4799)
EPSS 3.7121(13.4407) �31.6879(34.0894) �39.6422���(15.2706) �22.6682(47.5937)
IND �3.9638���(0.7218) �1.7361(1.2281) 4.4039���(0.9265) 3.9960���(1.3931)
PD �1.5030(2.6913) �9.0262(6.3417) �4.8517(3.7405) �1.6921(7.3631)
C �146.1715(145.3443) 253.1357(191.2557)
N 493 493
R2 0.6828 0.8166

Note: The individual effects and time effects are controlled. Standard errors are in parentheses. ���, ��, � represents
passing the test at a significant level of 1%, 5% and 10%, respectively.
Source: Authors.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 6225



government size, the competition among governments will become more intense. In
order to improve their competitive advantages, local governments will inevitably
reduce the pollution control efforts at the source.

To sum up, in the way of influence, the direct effect of government size on the
SO2 emissions is mainly through restraining the effect of end pollution control, and
the indirect effect of government size on the SO2 emissions is mainly through weak-
ening the effect of source pollution control.

5.3. Robustness test

In order to ensure the robustness of the conclusions, according to Colombier (2009),
Bergh and Karlsson (2010) and Han and Lin (2019), we use the ratio of government
fiscal expenditure to GDP to measure the government size. The regression results are
shown in Table 7 (Panel A). The explained variable of model 1 is S. The explained
variable of model 2 is SPC. The explained variable of model 3 is EPC. Table 7 shows
that our conclusions have not changed except for the statistical significance of a few
variables. It shows that the conclusions of this paper are robust.

In addition, we replace the spatial adjacency matrix with the spatial distance
matrix for robustness testing. The results are shown in Table 7 (Panel B). It can be
seen from Table 7 that the other main conclusions have not changed except for the
indirect impact of government size on source pollution control does not pass the test
at the significance level of 10%. This result is not difficult to understand. When the
spatial distance matrix is used for research, it actually implies that all regions have
mutual influences. It is just that there is a little impact among regions that are far
away. However, as stated in the theoretical analysis, the central government often fol-
lows the principle of comparable areas when assessing officials’ performance (Zhou,

Table 7. Robust test.

Variable

Model 1 Model 2 Model 3

Direct Indirect Direct Indirect Direct Indirect

Panel A: Government size is measured by government consumption
GOV 3.9741�� 4.7235��� �4.6095�� 3.1851� 8.5837��� 1.5384

(1.6080) (1.6823) (1.7924) (1.7572) (2.5752) (2.1440)
Control variables Yes Yes Yes Yes Yes Yes
N 493 493 493
R2 0.9142 0.6773 0.8096
Panel B: Spatial distance matrix
GOV 4.5115��� 4.9096�� �2.4467�� 4.8901 6.9582��� 0.0195

(1.2413) (2.4198) (1.2053) (3.2427) (1.7546) (4.1439)
Control variables Yes Yes Yes Yes Yes Yes
N 493 493 493
R2 0.9255 0.6614 0.8194
Panel C: Multiplying the corresponding elements of the spatial adjacency matrix and the spatial distance matrix
GOV 4.9642��� 7.2558��� �2.7038�� 3.3265� 7.6680��� 3.9293�

(1.2479) (1.5092) (1.2921) (1.8454) (1.8498) (2.3007)
Control variables Yes Yes Yes Yes Yes Yes
N 493 493 493
R2 0.9263 0.6704 0.8241

Note: The individual effects and time effects are controlled. Standard errors are in parentheses. ���, ��, � represents
passing the test at a significant level of 1%, 5% and 10%, respectively.
Source: Authors.
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2007). It means that not all governments have mutual influence. In order to further
confirm the conjecture of this article, we multiply the corresponding elements of the
spatial adjacency matrix and the spatial distance matrix as a new spatial matrix for
the robustness test. The meaning of this matrix is that if neighboring regions are
closer in the distance, the competition among them may be more intense. The results
are shown in Table 7 (Panel C). It can be seen from Table 7 that the main conclu-
sions have not changed.

6. Conclusion and policy implications

6.1. Conclusion

The environmental resource is considered to be a public good with non-exclusive and
competitive characteristics (Li & Li, 2019). In the production process, the phenomena
of ‘free rider’ and ‘tragedy of the commons’ are prone to appear. Therefore, environ-
mental protection still requires the government-led governance mode. As the main
provider of public goods, the relationship between government size and the environ-
ment has attracted some scholars’ attention. However, because most studies ignore
the characteristics of the country’s institution, the relationship between government
size and environment has not yet reached a consensus. Therefore, based on China’s
institutional framework, this paper takes China as an example to study the relation-
ship between government size expansion and the environment from both theoretical
and empirical levels. It is not only a practical need for the construction of China’s
ecological civilisation but also to help other developing countries and transforming
countries to examine the relationship between government size and the environment
and improve the government’s environmental protection function. Based on the
research, the following conclusions are drawn.

Firstly, in recent years, the number of regions adopting the end pollution control
method has been much higher than the number of regions adopting the source pollu-
tion control method. And for most regions, the contribution rate of end pollution
control to environmental improvement is higher than the contribution rate of source
pollution control to environmental improvement. It indicates that for China, most
regions adopt the development mode of ‘pollution first, treatment later’. As pointed
out by Wu et al. (2019), source pollution control requires a lot of investment. It will
inevitably reduce the production capacity of enterprises, thereby reducing the com-
petitiveness of local governments. Therefore, in order to maintain their own competi-
tiveness, local governments will adopt the development mode of ‘pollution first,
treatment later’.

Secondly, the benchmark regression and robustness test both confirm that govern-
ment size expansion is not conducive to environmental improvement. The conclusion
is consistent with the finding of Bernauer and Koubi (2013) and Zhou (2009).
However, different from their research, considering the competitive relationship
among local governments under the promotion system based on appointment, this
paper uses the spatial econometrics model to test the spatial spillover effect of the
government size. The results show that government size expansion has a significant
spatial spillover effect on the environment, which is greater than the direct impact of

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 6227



government size on the environment. This result confirms the analysis of the theoret-
ical part, under the influence of the promotion system based on appointment, with
the expansion of the government size, there is a behavior of ‘race to the bottom’
among local governments in the process of environmental governance, and the envir-
onmental degradation caused by this behavior is more serious.

Finally, there are two different transmission paths for the adverse effects of govern-
ment size expansion on the environment. The direct impact of government size
expansion on the environment is mainly achieved by reducing end pollution control
efforts. However, the indirect impact of government size expansion on the environ-
ment is mainly achieved by reducing source pollution control efforts. The result
explains why most regions have adopted the development mode of ‘pollution first,
treatment later’ in recent years. It may be that the expansion of the government size
intensifies the degree of competition among local governments in different regions.

6.2. Policy implications

Under the promotion system based on appointment, the central government’s attitude
has guiding significance for the environmental protection work of local governments.
Therefore, this paper puts forward the following policy advice based on the research
conclusions.

Firstly, on the premise of meeting the social demand for public services, the gov-
ernment should reduce the scale, streamline government agencies, and improve the
efficiency of government agencies’ operations. Based on existing research and the
results of this article, the government size is not the bigger the better. The excessively
large government size may lead to lower efficiency and serious corruption, which is
not conducive to the performance of environmental protection functions. Therefore,
the government should maintain an appropriate scale.

Secondly, it is necessary to standardise the functional orientation of the local gov-
ernment, give play to the decisive role of the market in the allocation of resources,
and reduce the degree of government intervention in the allocation of resources. At
the same time, the central government should truly incorporate the green economy
into the performance evaluation index system of local governments. In this way, it
can rectify the phenomenon that local governments are keen to intervene in the pro-
duction activities of enterprises and underestimate environmental protection supervi-
sion from the system level, and prompt local governments to truly attach importance
to environmental protection.

Thirdly, the central government should establish a reasonable performance evalu-
ation mechanism to avoid conflicting evaluation tasks that distort the local gov-
ernment’s performance of pollution control duties. Specifically, there is a certain
conflict between economic development and environmental protection in terms of
China’s current development situation. When the central government improves the
status of environmental protection in evaluating political performance, it should
weaken the proportion of tasks incompatible with environmental evaluation (such as
economic development) to reduce the opportunity cost of local governments to per-
form environmental protection responsibilities.
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Fourthly, in the process of performance evaluation, the central government should
pay attention to the effect of SO2 emission reduction and pay attention to the control
pollution method to prevent local governments from relying too much on end pollu-
tion control. End pollution control is an essential part of environmental governance
nowadays. However, end pollution control is mainly to governance the pollution that
has already been produced. Excessive reliance on the end pollution control method
actually embodies a development idea of ‘pollution first, governance later’, which will
damage the ecosystem and is not conducive to society’s sustainable development.

In addition to directly affecting the environment, government size expansion can
also affect the regional environment through indirect ways, such as industrial struc-
ture, enterprise production efficiency, and technological innovation. However, how
and to what extent the government size affects environmental quality through indirect
ways such as influencing industrial structure, enterprise production efficiency, and
technological innovation remains an open question. In order to effectively realise the
improvement of environmental quality, it is necessary to conduct a more detailed
study on the ways in which the government size affects the environment in
future research.
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