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Abstract
Incorporating vertical environmental protection pressure, fiscal pressure, and government environmental regulatory behavior into
a unified research framework, this paper empirically tests local governments’ regulatory behavior on sulfur dioxide under
incompatible dual pressures using data of 30 regions in China from 2003 to 2017. The results show that as the vertical
environmental protection pressure increases, local governments will improve the regulation intensity on sulfur dioxide.
However, as local governments’ fiscal pressure increases, the effect of vertical environmental protection pressure on local
governments’ environmental regulations will be weakened. Based on the “neighborhood imitation effect,” the impact of neigh-
boring regions is considered whenmeasuring fiscal pressure. The results still show that fiscal pressure will weaken the improving
effect of vertical environmental protection pressure on the local government’s environmental regulation. After controlling the
endogenous problem and a series of robustness tests, the above conclusions are still valid. The results indicate that improving the
status of environmental protection in the performance evaluation is an effective means to promote the implementation of
environmental regulations by local governments. However, China’s environmental governance cannot depend solely on im-
proving the proportion of environmental protection in performance evaluations of local officials. A reasonable promotion
incentive mechanism should be designed to avoid the incompatibility pressure caused by conflicting tasks to distort the local
government’s compliance with the central government’s pollution control intention.
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Introduction

As a typical air pollutant, sulfur dioxide (SO2) is harmful to
human health. It can cause decreased lung function, airway
inflammation, asthma, and respiratory diseases and even
shorten the human lifespan. Therefore, reducing SO2

emissions is of great significance to the sustainable
development of human society. Figure 1 shows the 25
countries with the largest SO2 emissions in 2018. It can be
seen from Fig. 1 that most of these countries are developing
countries. Greenstone and Hanna (2014) pointed out that weak

institutions are the main obstacles to environmental improve-
ment in developing countries. Therefore, it is becoming more
and more important to study the dilemma of environmental
governance from the perspective of institutions and design ef-
fective environmental regulations in developing countries.

As the largest developing country, China was the biggest
emitter for SO2 until about a decade ago. However, with the
efforts of the Chinese government, SO2 emissions have
dropped significantly. Figure 2 shows the changing trend of
SO2 in China from 2003 to 2017. It can be seen from Fig. 2
that SO2 mainly comes from enterprise production, and the
changes in total SO2 and industrial SO2 basically maintain a
parallel relationship. Nevertheless, China still remains the
third largest emitter in the world (see Fig. 1). Therefore, taking
China as an example and studying the achievements and dif-
ficulties of SO2 emission reduction in China from the perspec-
tive of the institution, it has important reference significance
for promoting SO2 governance in other developing countries
to achieve global environmental improvement.
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Fiscal decentralization under political centralization is the
basic institutional background for understanding China’s de-
velopment, which has become a consensus (Huang 1996;
Zhang 2006). Under political centralization, the central gov-
ernment appoints local governments based on relative perfor-
mance (Caldeira 2012; Xu 2011). Therefore, to gain advan-
tages of promotion, local governments may sacrifice the en-
vironment (Yang et al. 2020; Zhao et al. 2020). Researches
show that the reason for China’s repeated environmental pol-
lution problems is the incomplete implementation of environ-
mental policies by local governments. Cai et al. (2016) argue
that local governments in China are too eager to achieve eco-
nomic growth goals and choose to ignore environmental pro-
tection laws and regulations and even turn a blind eye to
environmental violations in order to create a “good business
environment.” Zhang and Fu (2008) believe that although
China’s current environmental regulatory framework seems
to be comprehensive, the supervision is weak, which provides
opportunities for the transfer of pollution-intensive multina-
tional companies. Zhang (2016) and Hong et al. (2019) also
support this view, arguing that local governments have great
incentives to relax environmental regulations. Therefore, the
key to China’s environmental pollution control lies in
correcting the behavior of local governments. Jia and Chen
(2019) believe that the central government with invincible

vertical political power should pay more attention to the envi-
ronment and change the incentive structure, promoting local
governments to focus on the environment.

However, under fiscal decentralization, the central govern-
ment’s fiscal resources are relatively concentrated, while the
local governments’ power to handle affairs is relatively con-
centrated (Zhu and Gao 2010). It leads local governments to
face fiscal expenditure pressure. Local governments have an
incentive to reduce the environmental regulation intensity to
attract liquidity resources to alleviate fiscal pressure (Zhang
2016). In fact, both theoretical research and empirical research
support this conclusion. For example, the second-generation
fiscal decentralization theory assumes that local governments
are rational people (Guo et al. 2020), and they may sacrifice
public welfare to pursue benefits (Weingast 2009). In terms of
empirical research, Zang and Liu (2020) study the relationship
between fiscal decentra l izat ion and government
environmental governance behavior. They point out that
fiscal decentralization is not conducive to improving the
efficiency and performance of government environmental
governance. Guo et al. (2020) find that fiscal revenue decen-
tralization exacerbates local environmental pollution more se-
riously than expenditure decentralization. From this perspec-
tive, even if the central government attaches importance to
environmental protection and even improves its status in
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performance evaluation, local governments still have the in-
centive to relax the intensity of environmental regulation (Ran
2013).

So under the vertical environmental protection pressure1

and fiscal pressure, will local governments actively fulfill their
responsibilities to increase environmental regulations’ inten-
sity? Regrettably, most of the existing literature discusses the
environmental regulation behavior of local governments from
the perspective of fiscal decentralization (Chen and Chang
2020; Kuai et al. 2019; Guo et al. 2020), and there are rela-
tively few studies on the impact of fiscal pressure on the en-
vironmental regulation of local governments (Xi 2017; Bai
et al. 2018). Bai et al. (2018) believe that China’s fiscal system
is a system with a high degree of expenditure responsibility
and a relatively low proportion of local income, especially the
proportion of budgetary revenues. Local governments have no
or only little formal tax powers. Therefore, the behavior of
local governments should be explained from the perspective
of fiscal pressure. In addition, the studies above ignore the
impact of environmental protection pressure from the central
government, which makes it difficult to explain the above
problems. Based on this, this paper applies the STIRPAT
model, taking industrial SO2 treatment as an example, and
incorporates both vertical environmental protection pressure
and fiscal pressure into this paper to study whether local gov-
ernments will enhance the intensity of regulation on SO2 un-
der the dual pressure. Compared with existing researches, the
contributions of this article are as follows.

Firstly, to the best of our knowledge, this is the first empir-
ical study to integrate the vertical environmental protection
pressure, fiscal pressure, and environmental regulation behav-
ior of local governments into a unified framework. This paper
makes up for the neglect of vertical environmental protection
pressure in the existing researches and investigates the envi-
ronmental regulation behavior of local government under the
dual pressure of incompatibility.

Secondly, the impact of fiscal pressure from surrounding
areas is considered when measuring local fiscal pressure.
There is a promotion tournament among local governments
in China (Chen et al. 2005; Ghanem and Zhang 2014), which
shows that the government’s environmental regulation behav-
ior may not be affected by its own absolute fiscal pressure but
by relative fiscal pressure. Meanwhile, a large number of stud-
ies have shown that neighboring regions have a “neighbor-
hood imitation effect,” which means that relative fiscal pres-
sure is more likely to come from neighboring areas (Bai et al.
2018; Zhang 2016; Zhang et al. 2020). However, existing

studies have neglected the impact of fiscal pressure from sur-
rounding areas when measuring fiscal pressures.

Thirdly, this paper incorporates vertical environmental pro-
tection pressure and fiscal pressure into a unified analysis
framework, enriching the research on incompatible multi-
task principal-agent issues between vertical governments.

The rest of this article is organized as follows. We first
outline our theoretical framework and propose our hypotheses
in the “Theory and hypotheses” section. The “Research de-
sign” section introduces our data and empirical methodology,
followed by the presentation of empirical findings in “Results
and analysis” section. The “Endogeneity problem and robust-
ness test” section is the robustness test. The paper concludes
with research findings and policy implications in the
“Conclusion and policy implications” section.

Theory and hypotheses

SO2 emissions mainly come from enterprise production. As
the emitter of pollution, enterprises should bear the responsi-
bility of reducing pollution. However, environmental re-
sources have the characteristics of public goods, and enter-
prises lack the enthusiasm for pollution control. So the gov-
ernment should take responsibility for regulating the pollution
behavior of enterprises (Wang et al. 2018; Wan et al. 2020).
To effectively regulate the enterprises to control pollution,
China actively explores the balance between economic devel-
opment and environmental protection according to national
conditions. The importance of ecological civilization con-
struction has gradually become prominent in the institutional
arrangements. In terms of environmental protection practice,
the party and the government actively explore practical and
effective environmental regulation tools (Guo and Lu 2019).
Jia and Chen (2019) and Xiang and van Gevelt (2020) use the
difference-in-difference (DID) and case-study approach to
evaluate the effects of environmental protection inspection
policy and affirm the effectiveness of the environmental
policy. Nie et al. (2020) study the effect of the administrative
inquiry for environmental protection. The results show that
this policy is conducive to pollution reduction. In addition,
Cao et al. (2020) analyze the effectiveness of China’s envi-
ronmental regulations in terms of the impact of environmental
regulations on the green economy.

However, a profound paradox lies in China’s environmen-
tal governance. On the one hand, the central government has
formulated many laws and regulations, established a top-
down environmental administration management system,
and actively participated in international cooperation in
env i ronmen ta l a f f a i r s . On the o the r hand , the
implementation effects of many environmental policies are
unsatisfactory, and the environmental quality continues to
deteriorate. The reason for the deviation between the theory

1 Vertical environmental pressure refers to environmental protection pressure
from the upper-level government. In this paper, it mainly refers to environ-
mental pressure from the central government. Unless otherwise specified, all
environmental protection pressures mentioned in this article refer to vertical
environmental protection pressures.
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and reality in the effects of environmental policies is that there
are problems in the implementation of environmental policies.
Kostka and Mol (2013) believe that the lack of implementa-
tion by local governments may cause the environmental im-
provement effects to fail to the expected goals. Ghanem and
Zhang (2014) find that local governments may have “white-
washing behaviors” in the process of implementing environ-
mental regulations. In China’s environmental management
system, the central and local governments have different re-
sponsibilities. The central government’s primary responsibil-
ity lies in formulating environmental policies and monitoring
their implementation. Local governments are responsible for
implementing environmental policies (Deng et al. 2012;
Zhang et al. 2020). And the incomplete implementation of
environmental regulations by local governments is the core
problem hindering China’s environmental governance
(Zhang 2016).

Many researchers discuss why local governments have an
incomplete implementation of environmental regulations
from the perspective of the local officials’ promotion. For
local governments, the maximization of political power is
their core goal. According to the public choice theory, gov-
ernment officials are not public man but rational economic
people with their interests. Local governments, as economic
man, instinctively pursue their interests. When developing the
regional economy and providing public services, local gov-
ernments are not entirely based on maximizing social welfare.
They may selectively perform tasks conducive to their inter-
ests. Promotion is the most important pursuit of officials, so
local governments’ behaviors are ultimately to serve this goal.
However, due to the different ways of getting a promotion, the
forms of political incentives are also different. In western de-
mocracies, officials are elected mainly by the public. To get
more votes is the most prominent political incentive. In con-
trast, China’s officials are appointed by the central govern-
ment. The form of political power acquisition leads local gov-
ernments to be accountable to the central government (Chien
2010). To gain promotion advantages, local government offi-
cials will selectively perform assessment tasks based on the
proportion of assessment tasks. When the proportion of envi-
ronmental performance in the official assessment system is
relatively low, local governments may sacrifice the local en-
vironment for their interests (Ghanem and Zhang 2014). On
the contrary, as the central government pays more attention to
the environment, it can correct the local government’s negli-
gence on the environment. Jiang et al. (2019) find that local
governments will speed up the full implementation of envi-
ronmental regulations under the regulatory pressure of the
central government. Chong and Sun (2020) study the evolu-
tionary path of the tripartite behavior of the central govern-
ment, local governments, and polluting companies and be-
lieve that the central government’s attention to the environ-
ment can encourage local governments to perform

environmental protection responsibilities. Although Jiang
et al. (2019) and Chong and Sun (2020) support that local
governments actively perform environmental protection re-
sponsibilities under the environmental pressure of the central
government, they both conduct theoretical analyses and lack
the necessary empirical research support. Based on this, this
paper proposes hypothesis 1 and tests it from an empirical
level.

Hypothesis 1 With the improvement of the vertical environ-
mental protection pressures, local governments will actively
fulfill their environmental protection responsibilities to in-
crease the intensity of regulation on industrial SO2.

Under the performance appraisal system, the central gov-
ernment also evaluates local government capabilities from the
completion of other tasks besides environmental protection.
These tasks include economic growth, infrastructure construc-
tion, employment rate, and social stability. Therefore, local
governments perform their environmental protection duties
not under one single assessment task but under multiple, even
conflicting tasks. Meanwhile, the completion of these tasks
requires the support of matching fiscal resources. Since the
tax distribution reform in 1994, the share of local govern-
ment’s revenue has fallen rapidly. However, under the frame-
work of fiscal decentralization, the administrative power of
local governments has not been reduced much, resulting in
the asymmetry of fiscal power and administrative power of
local governments. Therefore, some scholars have studied
local environmental pollution from the perspective of fiscal
decentralization. Kuai et al. (2019) find that fiscal decentrali-
zation is conducive to the PM2.5 concentration reduction.
However, Guo et al. (2020) believe that fiscal decentralization
is not conducive to environmental improvement. Chen and
Chang (2020) also believe that fiscal decentralization has ad-
verse effects on government environmental performance and
governance efficiency. It can be seen that current researches
on the relationship between fiscal decentralization and
pollution reduction are controversial. Bai et al. (2018) believe
that under the fiscal decentralization system, the fiscal pres-
sure caused by the mismatch of fiscal revenue and fiscal ex-
penditure is the main reason that affects local government
behavior. Therefore, the environmental regulation behavior
of local governments should be studied from the perspective
of fiscal pressure. In fact, as China’s fiscal expenditures con-
tinue to grow in recent years, local governments have faced
greater fiscal pressures. As shown in Fig. 3, although the fiscal
revenue has been growing year by year since 2003, the in-
crease rate is far less than the increased rate of local govern-
ments’ fiscal expenditure. So it leads to a growing fiscal gap.

The mismatch between fiscal revenue and fiscal expendi-
ture causes local governments to be in “fiscal hunger” for a
long time. To alleviate the fiscal pressure, local governments
attempt to increase fiscal revenue by expanding the tax base.

60098 Environ Sci Pollut Res (2021) 28:60095–60110



Simultaneously, compared with the service industry, the in-
dustrial industry has lower requirements for economic devel-
opment. The cost for local governments to promote industrial
development is also relatively low. Therefore, local govern-
ments have sufficient incentives and conditions to promote
industrial growth (Xi et al. 2017). Otherwise, industrial enter-
prises tend to choose sites with looser environmental regula-
tions (Dean et al. 2009). To attract these enterprises, local
governments relax environmental regulation standards, lead-
ing to their behavior deviating from the willingness of the
central government to control pollution. Based on this, this
paper proposes the following hypothesis.

Hypothesis 2 Constrained by fiscal pressures, the positive ef-
fect of vertical environmental protection pressure on the envi-
ronmental regulation of local governments will be reduced.

Figure 4 shows the relationship among vertical environ-
mental protection pressure from the central government to
control pollution, fiscal pressure, and local governments’ en-
vironmental regulation.

Based on the above analysis, the existing studies have con-
ducted in-depth research on the environmental regulation be-
havior of local governments from different perspectives, and

these have been an important reference for this study.
Unfortunately, there are still some shortcomings in the
existing studies. Firstly, although the existing literature be-
lieves that the central government’s attention to the environ-
ment can correct local governments’ behaviors, the conclu-
sions are mostly obtained through theoretical analysis. Few
studies have verified these conclusions from an empirical lev-
el, resulting in the lack of necessary empirical support for
these studies. This study can provide direct empirical support
for these theoretical studies. Secondly, although scholars have
conducted various studies on the influencing factors of local
government’s environmental regulation behavior, few
scholars have investigated local government’s environmental
regulation behavior under incompatible dual pressures. This
article incorporates vertical environmental pressures and fiscal
pressures into the research framework at the same time, which
is helpful to explore the changes in local government environ-
mental regulations when facing incompatible dual pressures.
It can provide experience support for the central government
to formulate reasonable assessment tasks. Finally, existing
studies have focused on absolute fiscal pressure when mea-
suring fiscal pressure. In fact, the relative performance evalu-
ation under political centralization will lead to the fiscal
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Fig. 3 Fiscal revenue and
expenditure and fiscal gap (100
million yuan). Data source: China
Statistical Yearbooks in various
years

Fig. 4 The relationship among vertical environmental protection pressure, fiscal pressure, and local governments’ environmental regulation
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pressure faced by local governments, which may partly come
from surrounding areas. Existing studies ignore the consider-
ation of relative financial pressure. In addition to examining
the impact of absolute fiscal pressure, this study also examines
the impact of relative fiscal pressure.

Research design

Methodology

The IPATmodel examines the basic laws of natural and social
science (Ehrlich and Holdren 1971). So the IPAT model is
widely used to study the qualitative or quantitative relation-
ships among environment, population, economy, and technol-
ogy. However, this model has limitations in studying the non-
proportional effects between explanatory variables and
environmental consequences. Rosa and Dietz (1998) went
on developing the STIRPAT model. Although many re-
searchers have made minor changes, the predominant re-
searchers in this field have employed STIRPAT to examine
the nexus of sustainability and socioeconomic variables
(Nasrollahi et al. 2018).

STIRPAT allows the model to be extended to improve its
analytical interpretation by adding, subtracting, or
decomposing factors. In this study, the improved nonlinear
random regression STIRPAT model proposed by Rosa and
Dietz (1998) is selected. Combined with the research purpose
of this paper and the research of existing scholars, this paper
extends it as follows:

lnI it ¼ lnαþ β1lnWCGPit þ β2lnFGPit þ β4lnOPLit þ β5lnINS2it þ β6lnINS3it
þβ7lnPOPDit þ β8lnPGDPit þ β9lnTECit þ lneit

ð1Þ

where Iit is environmental regulations of local government
at period t in regioni. WCGPit is vertical environmental pro-
tection pressure from central government. FGPit is fiscal pres-
sure of local governments. OPLit is the degree of openness.
INS2it is the proportion of the secondary industry. INS3it is the
proportion of the tertiary industry. POPDit reflects the number
of people. PGDPit reflects the degree of affluence. TECit re-
flects the level of technology. eit is the error term.βj (j = 1, 2,
3......9) is the parameter to be estimated.

In order to further examine the mechanism of incompatible
dual pressure on local government environmental regulation,
we introduce the interactive term of vertical environmental
pressure and fiscal pressure, and then Formula (1) can be
rewritten as:

lnI it ¼ lnαþ β1lnWCGPit þ β2lnFGPit þ β3lnWCGPit � lnFGPit þ β4lnOPLit
þβ5lnINS2it þ β6lnINS3it þ β7lnPOPDit þ β8lnPGDPit þ β9lnTECit þ lneit

ð2Þ

Variables and data

Explained variable Iit (SO2)

The existing research on the measurement of the intensity of
environmental regulations can be divided into two types: one
is a measurement method based on pollution control input
(Morgenstern et al. 2002; Becker 2005; Cole and Elliott
2007), and the other is a measurement method based on pol-
lutant emission (Xing and Kolstad 2002; Javorcik and Wei
2003). Due to the lack of necessary statistics on the input of
industrial sulfur dioxide treatment, this paper uses the indus-
trial sulfur dioxide emission intensity to measure the regula-
tory behavior of local governments on sulfur dioxide. This
paper chooses industrial SO2 as the research object, mainly
based on the following reasons:

(1) As a major environmental pollutant, SO2 has been close-
ly monitored by various countries since the 1970s.
Compared with other pollutants, SO2 is not only closely
related to the economic development process but also has
statistical continuity.

(2) As pointed out by Antweiler et al. (2001), SO2 emissions
have strong local effects, and there are many advanced
pollution reduction technologies available, which means
that there are no technical constraints on the reduction of
SO2. If governments want to govern SO2, they can cer-
tainly achieve SO2 emission reductions. Therefore,
changes in SO2 can better reflect the regulatory behavior
of local governments.

(3) SO2 is mainly emitted during industrial production, and
the emissions from residents’ lives are relatively small.
In addition, it can be seen from Fig. 1 that the changing
trend of industrial SO2 and the changing trend of the total
SO2 are almost parallel, which indicates that the treat-
ment effect of SO2 mainly comes from the reduction of
industrial SO2. This means that the regulation of SO2 is
bound to affect the development of the regional econo-
my. Therefore, through the change of SO2, it is possible
to effectively identify the environmental regulation be-
haviors of local governments when they face environ-
mental protection pressure and fiscal pressure.

The reasons above are also the reasons why current
scholars prefer to use SO2 as the research object (Antweiler
et al. 2001; Bernauer and Koubi 2012; Nan et al. 2019; Lou
et al. 2020).

The vertical environmental pressure WCGPit

The vertical environmental protection pressure is abstract and
difficult to be measured. However, the willingness of the au-
thor is often loaded on the text. Meanwhile, the conceptional
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mode and linguistic expression features of the text reflect the
effective information of the author (Ghose et al. 2012). So the
vertical environmental protection pressure from the central
government can be measured through the relevant documents
issued by the central government.

This paper uses the frequency of environment-related
words in the central government work report to measure the
vertical environmental protection pressure from the central
government. Some scholars have used the frequency and pro-
portion of environment-related words to measure government
environmental regulation. For example, Chen et al. (2018) use
the proportion of the five words (huanjing, nengyuan, wuran,
jianpai, huanbao) in the total words as the proxy variable of
government environmental governance. Chen and Chen
(2018) used the frequency of richer environmental words
(huanjingbaohu, huanbao, wuran, nenghao, jianpai, paiwu,
shengtai, lvse, ditan, kongqi, eryanghualiu, eryanghuatan,
huaxuexuyangliang, PM10, PM2.5) in the government work
report to measure the government’s environmental regulation
intensity.

These two studies provide a good foundation for this paper.
We find that Chen and Chen (2018) take richer environmental
words. However, huanjingbaohu cannot express the meaning
of huanjingzhiliang, huanjingziyuan. Therefore, this paper re-
places huanjingbaohuwith huanjing according to the research
of Chen et al. (2018)2.

Fiscal pressure FGPit

Bai et al. (2018) use FGP = (fiscal expenditure − fiscal rev-
enue)/fiscal revenue to measure fiscal pressure. However, they
ignore the fiscal pressure from surrounding provinces. A large
number of studies have shown that there are promotion tour-
naments among local governments in China (Chen et al. 2005;
Ghanem and Zhang 2014), which shows that the govern-
ment’s environmental regulation behavior may not be affected
by its own absolute fiscal pressure but by relative fiscal pres-
sure. At the same time, the “neighborhood imitation effect”
indicates that relative fiscal pressure is more likely to come
from neighboring regions (Bai et al. 2018; Zhang 2016; Zhang
et al. 2020). This paper remolds this index:

Firstly, the method of Bai et al. (2018) is adopted to calcu-
late the fiscal pressure:

FGPit ¼ fiscalexpenditureit−fiscalrevenueit
fiscalrevenueit

Secondly, calculate the mean of the fiscal gap of neighbor-
ing regions:

FGNit ¼
∑
n

i≠ j; j¼1
FGP jt � Vi j

∑
n

i≠ j; j¼1
Vi j

where Vij ¼ 1 i and j are adjacent
0 i and j are not adjacent

�
, and n is the

total number of sample areas.
The fiscal pressure of the region i can be reflected as

lnFGPit1 = ln FGPit − ln FGNit. The greater the value, the
greater the fiscal pressure of the region i. And it is worth
noting that we take the logarithm first and then take the dif-
ference. If we take the difference first, we will have a negative
number, and then we cannot take the logarithm.

Figure 5 shows the variation trend of fiscal pressure in each
region.

Control variables

According to the existing researches, other influencing factors
are also controlled in this paper.

(1) Industrial structure (INS2it and INS3it). We measure the
industrial structure by the ratio of the added value of the
secondary and tertiary industries to the GDP.

(2) Economic development levels (PGDPit). We measure
economic development levels by real GDP per capita.
Currently, most scholars believe that the economic de-
velopment level and enterprise pollution have an
inverted U-shaped relationship. When the economic de-
velopment level is low, people will sacrifice the environ-
ment for economic growth. On the contrary, when the
economy is high, people have enough money for pollu-
tion control and environmental technology development.
So we introduce the square of the level of economic
development to verify whether this kind of relationship
is established.

(3) Trade openness (OPLit). We use the ratio of total import
and export to GDP to measure trade openness.

(4) Population size (POPDit). Considering that there are
great differences among provinces in the administrative
area and population size, it is not comparable to directly
use the total population. This paper uses population den-
sity to measure population size.

2 After checking the government work report, the number of occurrences of
the following words is subtracted. This is because although these words con-
tain the word huanjing, they have nothing to do with the ecological environ-
ment. These words are as follows: zhengzhihuanjing, jingjihuanjing,
wenhuahuanjing, touzihuanjing, xiaofeihuanjing, zhianhuanjing,
guojihuanjing, hepinghuanjing, zhoubianhuanjing, jiuyehuanjing,
neiwaihuanjing, fazhanhuanjing, tizhihuanjing, jinronghuanjing,
yulunhuanjing, fazhihuanjing, chuangxinhuanjing, chuangyehuanjing,
maoyihuanjing, xinyonghuanjing, jingmaohuanjing, lvyouhuanjing,
zhengcehuanjing, waibuhuanjing, zhiduhuanjing, wangluohuanjing,
wendinghuanjing, yingshanghuanjing, jingzhenghuanjing, yinghuanjing,
ruanhuanjing.
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(5) Technology level (TECit). The technology of energy
conservation and emission reduction is the main way of
environmental governance, which directly determines
the pollution level. The existing researches measure the
technical level from two aspects of technical input and
technical output. Technical input is mainly measured by
the proportion of R&D employees in the total em-
ployees. Although this kind of index is reasonable to
some extent, there are still some problems that cannot
be ignored in the study of this paper. This index can only
reflect the intensity of investment but cannot reflect the
degree of actual transformation into results. Otherwise,
the index is too general. For example, since R&D activ-
ities include energy-saving and emission-reduction tech-
nologies and product updating and other activities, it is
impossible to identify the intensity of investment in
R&D of energy-saving and emission-reduction technol-
ogies. Based on this, this paper uses the output of energy
consumption per unit, namely energy efficiency, as a
proxy variable to measure the technological level of en-
ergy conservation and emission reduction.

Data source

To deal with the increasingly serious ecological and environ-
mental problems, the central government put forward the
“Scientific Outlook on Development” in 2003. Meanwhile,
the central government changes the development path of pur-
suing GDP at the expense of the environment and links envi-
ronmental performance with cadres’ promotion. At the same
time, the data of SO2 after 2017 is seriously missing. So the
period of this paper is 2003–2017. Due to the serious lack of
data in Tibet, Hong Kong, Macao, and Taiwan, these areas are
not included in this study.

The data of industrial SO2 from 2003 to 2015 are from
China Environmental Yearbook, and the data from 2016 to
2017 are from Statistical Yearbooks of various regions.
Nominal GDP, industrial added value, the output value of
the second industry and the tertiary industry, fiscal expendi-
ture, fiscal revenue, total import and export, GDP index, and
the index of industrial value added are from China Statistical
Yearbook, the New China 60 Years of Statistical Data
Collection, Database of China’s Economic and Social

Fig. 5 Fiscal pressure. Data source: China Statistical Yearbooks in various years
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Development Statistics, and Statistical Yearbook of provinces
and cities. Total energy consumption comes from China
Energy Statistics Yearbook. The central government work re-
ports come from the China Government Net. The central gov-
ernment’s budgetary expenditures and environmental protec-
tion budgetary expenditures are from the Yearbook of Chinese
Finance. Table 1 is a statistical description of the related
variables.

Results and analysis

Before estimating the parameters, it is necessary to perform a
unit root test on each panel data series. This is because if the
data is non-stationary and the regression is performed directly,
the regression result obtained is most likely to be a pseudo-
regression. So this paper uses LLC and ADF to test the sta-
tionarity of panel data series. From the results of the unit root
test of panel data, it can be seen that the regression variables in
the model are stable regardless of whether it is for the test of
common unit root or individual unit root (see Table 2).
Therefore, this article incorporates all variables into the regres-
sion model together. In addition, in order to avoid the problem
of multicollinearity, when introducing interaction terms, this
paper subtracts their average values from fiscal pressure and
vertical environmental pressure, respectively.

The Hausman test can select the correct model setting. The
test results show that the concomitant probabilities of the
Hausman test are all less than 0.1. Therefore, this paper selects

fixed effects to estimate Formulas (1) and (2). The time effect
is also controlled to exclude the influence of time-varying
factors on regression results. In addition, in order to address
the panel heteroscedasticity and autocorrelation problems, the
standard error is corrected. The regression results are shown in
Table 3. In model (1) and model (2), the fiscal pressure does
not include adjacent regions’ influence. In model (3) and mod-
el (4), the fiscal pressure includes adjacent regions’ influence.

First of all, the relationship between the vertical environ-
mental protection pressure (lnWCGP) and lnSO2 is analyzed.

Table 1 Descriptive statistics

Variables N Mean S.D. Mini Max

Regulation of local government

Industrial SO2 (lnSO2) 450 3.7367 0.9934 −0.9678 5.1448

Fiscal pressure

The influence of pressure in adjacent areas is not considered lnFGP 450 4.4989 0.9155 1.6424 6.3534

The influence of pressure in adjacent areas is considered lnFGP1 450 −0.1544 0.7001 −2.2582 2.3418

The vertical environmental protection pressure

Selecting words according to Chen and Chen (2018) (lnWCGP) 15 3.9984 0.2625 3.4475 4.4150

Economic development level

Real GDP per capital (lnPGDP) 450 0.7223 0.6399 −1.0486 2.1974

Industrial structure

Output value of secondary industry/GDP (lnINS2) 450 3.8248 0.2052 2.9452 4.1187

Output value of tertiary industry/GDP (lnINS3) 450 3.7131 0.1844 3.3539 4.3890

Trade openness

Total value of import and export/GDP (lnOPL) 450 2.9231 0.9926 0.5232 5.2165

Population size

Total population/administration area (lnPOPD) 450 −0.2850 0.5162 −1.9084 0.6350

Technology level

Real GDP/energy consumption (lnTEC) 450 5.4459 1.2575 2.0099 8.2551

Table 2 Unit root test

Variables LLC ADF Stationarity

Statistic p-
value

Statistic p-
value

lnSO2 −4.9707 0.0000 85.4039 0.0173 Yes

lnFGP −7.76106 0.0000 93.8232 0.0034 Yes

lnWCGP −3.4976 0.0000 104.4480 0.0000 Yes

lnPGDP −13.2266 0.0000 129.6960 0.0000 Yes

lnINS2 −6.52753 0.0000 101.9890 0.0006 Yes

lnINS3 −6.4441 0.0000 100.5590 0.0008 Yes

lnOPL −4.2734 0.0000 129.6960 0.0000 Yes

lnPOPD −2.4512 0.0070 97.5610 0.0016 Yes

lnTEC −6.6290 0.0000 111.1310 0.0001 Yes

Note: The null hypothesis of LLC is that the panel data has a unit root
(assumes common unit root process); the null hypothesis of ADF is that
the panel data has a unit root (assumes individual unit root process)
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In model (1), the regression coefficient of the lnWCGP is
−3.7107, while in model (2), the regression coefficient of the
lnWCGP is −3.2163. The coefficients all pass the test of 10%
significance. Obviously, if we do not control the interaction
between the vertical environmental protection pressure and
fiscal pressure, we will overestimate the effect of the vertical
environmental protection pressure. After considering the im-
pact of neighboring regions on local fiscal pressures, the re-
sults still show that we will overestimate the effectiveness of
the vertical environmental protection pressure if we ignore the
interaction item.

Without considering the impact of fiscal pressure, it can be
seen from the results of model (1) and model (3) that the
regression coefficients of the vertical environmental protec-
tion pressure (lnWCGP) are both significantly negative. It
means that when fiscal pressure is ignored, as vertical pressure
on environmental protection rises, local governments will in-
crease the intensity of environmental regulation. This conclu-
sion is consistent with the theoretical analysis of Jiang et al.
(2019) and Chong and Sun (2020). In fact, the result is not
difficult to understand. Under the appointment promotion sys-
tem, the promotion of local officials is determined by the
higher-level government. In order to obtain promotion oppor-
tunities, local governments will inevitably intervene in the
affairs of their jurisdictions in accordance with the intentions
of the central government. When the central government pays
attention to environmental protection, local governments will
naturally perform environmental protection responsibilities
and increase the intensity of environmental regulations in their
jurisdictions. Hypothesis 1 is proved.

In addition, the regression results of model (2) and model
(4) show that the interaction between vertical environmental
pressure and fiscal pressure is significantly positive at 5%.
Therefore, considering the impact of fiscal pressure, according
to the regression results of model (2) andmodel (4), the impact
of the vertical environmental protection pressure on local en-
vironmental regulation behavior can be expressed as: ‐
3.2163 + 0.1717 ∗ lnFGP (‐3.7696 + 0.1406 ∗ lnFGP1). The
coefficient of lnFGP (lnFGP1) is positive, which means that
when fiscal pressure increases, the positive impact of vertical
environmental pressure on local environmental regulatory be-
havior will be weakened. Hypothesis 2 is proved. There are
mainly two reasons accounting for the result. On the one hand,
under great financial pressure, local governments do not have
sufficient financial guarantees in environmental governance,
which makes it difficult for local governments to fully comply
with the central government’s environmental protection
wishes (Bao and Guan 2019). On the other hand, under great
financial pressure, local governments will pay more attention
to the construction and stability of financial resources and tend
to introduce overcapacity enterprises by relaxing environmen-
tal regulations to expand the tax base (Xi et al. 2017).

As the fiscal pressure in model (4) considering the influ-
ence of the surrounding areas, the results are more in line with
the actual situation. Therefore, this paper analyzes the influ-
ence of other control variables on government’s environmen-
tal regulation according to the model (4). The regression re-
sults show that the proportion of secondary production
(lnINS2) has adverse effects on local government environmen-
tal regulation behavior. However, the coefficients are not

Table 3 Estimation results

(1) (2) (3) (4)

lnWCGP −3.7107** (1.8120) −3.2163* (1.7808) −3.8609* (1.8949) −3.7696* (1.9087)
lnFGP −0.0458 (0.1027) −0.0963 (0.0989)
lnFGP*lnWCPG 0.1717*** (0.0437)

lnFGP1 −0.0182 (0.1137) −0.0333 (0.1134)
lnFGP1

*lnWCPG 0.1406** (0.0514)

lnPGDP 0.4698 (0.4960) 0.3234 (0.4875) 0.5057 (0.5145) 0.4831 (0.5123)

lnPGDP * lnPGDP −0.1451** (0.0670) −0.1078 (0.0702) −0.1445** (0.0680) −0.1295* (0.0693)
lnINS2 0.9711 (0.5833) 0.9305* (0.5264) 0.9765 (0.5883) 0.8924 (0.5625)

lnINS3 1.2487* (0.6588) 1.1455* (0.6143) 1.2624* (0.6736) 1.1811* (0.6540)

lnOPL −0.3058*** (0.0866) −0.2908*** (0.0830) −0.3059*** (0.0868) −0.2942*** (0.0862)
lnTEC −0.7625*** (0.2645) −0.7143*** (0.2465) −0.7566*** (0.2622) −0.7405*** (0.2611)
lnPOPD −0.3301 (0.7477) −0.4942 (0.7255) −0.2631 (0.7445) −0.3055 (0.7415)
CONSTANT 12.5981* (6.4399) 12.2671** (5.9599) 12.5423* (6.6400) 12.9935* (6.4959)

N 450 450 450 450

R2 0.8136 0.8189 0.8134 0.8155

Note: The time effect and the individual effect are controlled. The value in brackets is the robust standard error of regression coefficient; *** , ** , and * are
significant at the 1%, 5%, and 10% levels
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significant at the 10% level. The coefficient of lnPGDP is
pos i t ive but not s igni f icant . The coeff ic ient of
lnPGDP*lnPGDP is negative and statistically significant at
the 10% level. Besides, in order to verify the possible linear
r e l a t i on sh i p be tween l nPGDP and l nSO2 , t h e
lnPGDP*lnPGDP is removed in this paper. But the result
shows that the coefficient of lnPGDP is still not statistically
significant at the 10% level. It shows that there is an inverted
U relationship between China’s economic development and
environmental pollution. The proportion of the tertiary indus-
try (lnINS3) is not conducive to the improvement of environ-
mental quality. The coefficient is statistically significant at the
10% level. This result is consistent with the researches of Xi
et al. (2017). It is because China is in the stage of transition
from the secondary industry to the tertiary industry, and the
tertiary industry provides more services for the secondary in-
dustry. The degree of openness (lnOPL) significantly reduces
industrial SO2. This conclusion shows that “pollution halo” is
valid for industrial SO2. Energy-saving technology measured
by energy efficiency has significantly reduced industrial SO2.
The coefficient of lnTEC is negative, and the coefficient
passes the test of 5% significance. It indicates that the im-
provement of energy efficiency reduces pollution emissions

Endogeneity problem and robustness test

Endogeneity problem

There are two core explanatory variables in this paper: vertical
environmental protection pressure and fiscal pressure. There
is no endogenous problem in vertical environmental protec-
tion pressure. This is because the measurement of vertical
environmental protection pressure is mainly based on the
work report of the central government. The central govern-
ment reports are reported at the beginning of the year, so
neither economic activity nor any other activity can affect
the work report that year. Moreover, the central government
is the upper government, and the local government has limited
influence on the central government. The explained variables
in this paper are provincial-level data, while the WCGP be-
longs to the upper level, so the endogeneity problem caused
by reverse causality is avoided. However, there may be a
reverse causal relationship between fiscal pressure and gov-
ernment environmental regulations. The improvement of en-
vironmental regulations may impact the production behavior
of local enterprises, resulting in a decrease in the fiscal reve-
nue of the local government, which will increase the pressure
of the fiscal gap.

To ensure the robustness and accuracy of empirical results,
we take some methods to deal with endogeneity. Instrumental
variables are often regarded as effective means to solve en-
dogenous problems. Instrumental variables are highly

correlated with endogenous explanatory variables but not
highly correlated with residual variables. It is usually difficult
to find strict exogenous instrumental variables, so scholars
often use the lag term of explanatory variables as instrumental
variables (Hu and Liu 2019). This paper uses the lag term of
fiscal pressure as an instrumental variable according to the
existing research. That is, the sample interval of fiscal pressure
is 2002–2016. Table 4 reports the regression results with fiscal
pressure lagging one period as the explanatory variable. From
the results, it can be seen that the environmental regulation
behavior of local governments under environmental pressure
has increased and the regression coefficient of fiscal pressure
is still insignificant. However, the interaction term between
environmental pressure and fiscal pressure is significantly
positive. The results show the robustness of the above conclu-
sions of this paper.

In addition, this paper uses the lag value of fiscal pressure
as an instrumental variable and applies the two-stage least
squares method (2SLS) to deal with endogeneity problem
depending on the existing research. The regression results
are shown in Table 5. In the process of regression, we conduct
underidentification test, weak identification test, and over-
identification test. The test results all show that the above-
mentioned instrumental variables are effective. Moreover,
the regression results still show that the environmental protec-
tion pressure from the central government is conducive to
promoting the environmental regulation of local governments,
but the fiscal pressure will weaken the effect of this promo-
tion, indicating that the results are stable.

After controlling the endogenous problem, the significance
of the core variables in this article has been significantly
improved.

Robustness test

To ensure the robustness of the research conclusions, this
paper further adopts the method of replacing the estimation
method and core explanatory variables to re-estimate
Formulas (1) and (2). It can be seen from the foregoing that
after controlling the endogenous problem, the significance of
the core variables in this paper has been significantly im-
proved. Therefore, we use the lag term of fiscal pressure in
this part.

Firstly, we take the feasible generalized least squares
(FGLS) method to estimate the relationship between environ-
mental pressure, fiscal pressure, and local environmental reg-
ulations, which can test the sensitivity of the regression results
to the estimationmethod. Table 6 shows the regression results.
It can be seen from the regression results that after changing
the estimation method, the regression coefficient of environ-
mental pressure is still significantly negative, and the regres-
sion coefficient of environmental pressure and fiscal pressure
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is significantly positive. This shows the robustness of the
above conclusions of this paper.

Secondly, this paper uses the proportion of the central gov-
ernment’s environmental protection expenditure in fiscal

expenditure to measure the vertical environmental pressure.
The implementation of any policy must be matched with ap-
propriate fiscal resources. The higher the fiscal budget, the
higher the status of the project on the agenda. Therefore, the

Table 4 Fiscal pressure lags for a period

(1) (2) (3) (4)

lnWCGP −4.2754** (1.8257) −3.8946** (1.7752) −4.4390** (1.8811) −4.3905** (1.8847)
lnFGP 0.0663 (0.1381) 0.0438 (0.1295)

lnFGP*lnWCPG 0.1831*** (0.0443)

lnFGP1 0.0941 (0.1348) 0.0928 (0.1293)

lnFGP1
*lnWCPG 0.1650*** (0.0526)

lnPGDP 0.6147 (0.4887) 0.4967 (0.4749) 0.6636 (0.5033) 0.6527 (0.5000)

lnPGDP * lnPGDP −0.1445** (0.0644) −0.1028 (0.0663) −0.1479** (0.0657) −0.1283* (0.0656)
lnINS2 0.9690* (0.5681) 0.9330* (0.5075) 0.9516 (0.5627) 0.8588 (0.5336)

lnINS3 1.2846* (0.6640) 1.1832* (0.6215) 1.2646* (0.6712) 1.1729* (0.6470)

lnOPL −0.3116*** (0.0871) −0.2960*** (0.0832) −0.3165*** (0.0890) −0.3046*** (0.0878)
lnTEC −0.7488*** (0.2712) −0.6910** (0.2566) −0.7591*** (0.2710) −0.7357** (0.2744)
lnPOPD −0.0538 (0.7669) −0.1598 (0.7271) 0.0398 (0.7464) 0.0218 (0.7327)

CONSTANT 12.6955* (6.2083) 12.3421** (5.7321) 13.2995** (6.3437) 13.8563** (6.2890)

N 450 450 450 450

R2 0.8139 0.8196 0.8148 0.8176

Note: The time effect and the individual effect are controlled. The value in brackets is the robust standard error of regression coefficient; *** , ** , and * are
significant at the 1%, 5%, and 10% levels

Table 5 Two-stage least squares method (2SLS)

(1) (2) (3) (4)

lnWCGP −4.2099*** (0.9504) −3.9190*** (0.9013) −4.2040*** (0.7525) −4.1619*** (0.7450)
lnFGP 0.0359 (0.2072) −0.0273 (0.1987)
lnFGP*lnWCPG 0.1038** (0.0489)

lnFGP1 0.0434 (0.1458) 0.0330 (0.1416)

lnFGP1
*lnWCPG 0.1453** (0.0617)

lnPGDP 1.0165*** (0.3497) 0.8832*** (0.3360) 1.0175*** (0.2841) 0.9921*** (0.2813)

lnPGDP * lnPGDP −0.1947*** (0.0552) −0.1705*** (0.0532) −0.1958*** (0.0532) −0.1822*** (0.0523)
lnINS2 1.1150*** (0.4057) 1.0860*** (0.3882) 1.1087*** (0.3925) 1.0661*** (0.3788)

lnINS3 1.7257*** (0.5067) 1.6367*** (0.4777) 1.7223*** (0.4904) 1.6663*** (0.4749)

lnOPL −0.3366*** (0.0520) −0.3295*** (0.0510) −0.3383*** (0.0530) −0.3327*** (0.0526)
lnTEC −0.7822*** (0.1617) −0.7506*** (0.1585) −0.7850*** (0.1611) −0.7629*** (0.1605)
lnPOPD 0.3215 (0.5972) 0.1703 (0.5686) 0.3355 (0.5078) 0.3118 (0.5008)

CONSTANT 5.1782 (4.2488) 5.8532 (4.0299) 5.2608 (3.7829) 5.6182 (3.6714)

Kleibergen-Paap rk LM statistic 38.5590 (0.0000) 43.959 (0.0000) 42.3650 (0.0000) 46.8350 (0.0000)

Cragg-Donald Wald F statistic 32.423 17.8390 52.608 29.6590

Hansen J statistic 1.8400 9.1950 3.4800 6.8840

0.3984 0.0564 0.1755 0.1422

N 390 390 390 390

R2 0.9668 0.9673 0.9668 0.9671

Note: The time effect and the individual effect are controlled. The value in brackets is the robust standard error of regression coefficient; *** , ** , and * are
significant at the 1%, 5%, and 10% levels
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higher the proportion of the environmental protection budget
in the central government’s fiscal budget, the higher the cen-
tral government’s willingness to combat pollution. This
means that the status of environmental protection in the gov-
ernance of the country will increase, so the environmental
protection pressure faced by local governments will increase
accordingly. Since China began to make statistics on fiscal
expenditure on environmental protection in 2007, the sample
interval of this paper started in 2007 for the robustness test
using this indicator. The results are shown in Table 7. It can be

seen from the results that the conclusions of this paper are
robust.

Conclusion and policy implications

Conclusion

Based on the STIRPAT model and using data of 30 provinces
from 2003 to 2017, this research investigates local

Table 6 Feasibility generalized least squares method (FGLS)

(1) (2) (3) (4)

lnWCGP −3.1340*** (0.4856) −2.9716*** (0.5123) −3.3183*** (0.4930) −3.2994*** (0.4920)
lnFGP 0.0198 (0.0344) 0.0231 (0.0392)

lnFGP*lnWCPG 0.0992*** (0.0336)

lnFGP1 0.0430 (0.0324) 0.0448 (0.0333)

lnFGP1*lnWCPG 0.1477*** (0.0390)

lnPGDP 0.2812* (0.1477) 0.2330 (0.1532) 0.3282** (0.1496) 0.3315** (0.1486)

lnPGDP* lnPGDP −0.1338*** (0.0194) −0.1096*** (0.0229) −0.1334*** (0.0197) −0.1148*** (0.0207)
lnINS2 0.8412*** (0.2157) 0.7945*** (0.2133) 0.8104*** (0.2155) 0.7120*** (0.2134)

lnINS3 0.7673*** (0.2217) 0.7010*** (0.2229) 0.7539*** (0.2217) 0.6669*** (0.2202)

lnOPL −0.2302*** (0.0301) −0.2302*** (0.0302) −0.2360*** (0.0301) −0.2261*** (0.0298)
lnTEC −0.5746*** (0.0973) −0.5334*** (0.0958) −0.5581*** (0.0979) −0.5490*** (0.0966)
lnPOPD 0.0699 (0.2366) −0.0380 (0.2466) 0.1029 (0.2371) 0.0761 (0.2343)

CONSTANT 8.3700*** (2.3938) 8.9210*** (2.3802) 9.1288*** (2.3913) 9.8630*** (2.3526)

N 450 450 450 450

Note: The time effect and the individual effect are controlled. The value in brackets is the standard error of regression coefficient; *** , ** , and * are
significant at the 1%, 5%, and 10% levels

Table 7 Proportion of environmental protection expenditure in the central government budget

(1) (2) (3) (4)

lnWCGP −1.9860*** (0.4656) −1.8944*** (0.4363) −1.9859*** (0.4207) −1.9655*** (0.4115)
lnFGP 0.0191 (0.1868) 0.0249 (0.1666)

lnFGP*lnWCPG 0.0503** (0.0210)

lnFGP1 0.0260 (0.1555) 0.0727 (0.1383)

lnFGP1
*lnWCPG 0.0886*** (0.0226)

lnPGDP 1.3049** (0.4845) 1.1562** (0.4661) 1.3083*** (0.4335) 1.2287*** (0.4192)

lnPGDP * lnPGDP −0.2066** (0.0929) −0.1559 (0.0968) −0.2072** (0.0916) −0.1627* (0.0919)
lnINS2 1.0574* (0.5626) 1.0466* (0.5269) 1.0560* (0.5590) 1.0806** (0.5152)

lnINS3 1.6367** (0.7670) 1.5267** (0.7188) 1.6350** (0.7712) 1.5965** (0.7282)

lnOPL −0.3436*** (0.0856) −0.3400*** (0.0839) −0.3446*** (0.0864) −0.3560*** (0.0852)
lnTEC −0.6382** (0.2633) −0.5855** (0.2684) −0.6412** (0.2591) −0.5832** (0.2194)
lnPOPD 0.5883 (0.8002) 0.5949 (0.7524) 0.6009 (0.7729) 0.7327 (0.7560)

CONSTANT −11.6428 (7.2950) −11.0821 (6.5689) −11.6106 (6.8521) −12.1623* (6.4079)
N 330 330 330 330

R2 0.8671 0.8688 0.8672 0.8717

Note: The time effect and the individual effect are controlled. The value in brackets is the robust standard error of regression coefficient; *** , ** , and * are
significant at the 1%, 5%, and 10% levels
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governments’ environmental regulation behaviors under in-
compatible dual pressures. The results show that ignoring fis-
cal pressure constraints will overestimate the positive impact
of the vertical environmental protection pressure on local en-
vironmental regulation. With the improvement of the vertical
environmental protection pressure, local governments will ac-
tively fulfill their environmental protection responsibilities to
improve their jurisdictions’ environmental regulation.
However, such efforts have been weakened by fiscal pressure,
which explains why China’s environmental quality has
achieved little improvement with the increase of environmen-
tal pressure in recent years. This research confirms that the
central government’s attitude towards the environment deter-
mines local government efforts’ direction. Simultaneously,
the study also confirms that if the central government ignores
the coordination of other tasks and environmental protection,
it will cause the local government to deviate from the central
government’s intentions.

Policy implications

Based on the research conclusions, the policy implications are
as follows.

The central government should improve the top-level de-
sign of environmental protection policies and regulate govern-
ments’ functions in environmental governance. Meanwhile,
when setting environmental goals, the central government
should clarify environmental goals and reduce the space for
local governments to independently interpret environmental
goals. It can avoid deviations between the original intention
of the policy and its implementation results. Besides, the cen-
tral government should actively participate in local govern-
ments’ environmental protection practices to supervise the
efficiency of local governments’ environmental policy
implementation.

A reasonable incentive mechanism for local governments
should be designed to avoid conflicting tasks that distort local
governments’ compliance with the central government’s will-
ingness to control pollution. There is a contradiction between
the tasks of economic development, fiscal revenue, unemploy-
ment rate, and environmental protection for the current devel-
opment level of China. This contradiction is mainly reflected
in the following aspects: on the one hand, local governments
introduce industrial enterprises to promote economic develop-
ment in their districts to increase fiscal revenue and alleviate
the unemployment rate, which is bound to go against environ-
mental improvement. On the other hand, strict environmental
regulations will increase industrial enterprises’ entry costs,
which is not conducive to completing the above assessment
tasks. Under the dual pressure of this incompatibility, it is
bound to distort local governments’ compliance with the will-
ingness of the central government to control pollution.
Therefore, when improving environmental protection status

in the performance appraisal, the central government should
appropriately relax the appraisal standards for other tasks.

The upper-level government divides local governments’
expenditure responsibilities rationally and allocates appropri-
ate fiscal resources to reduce the fiscal pressure caused by
institutional reasons. The fiscal pressure comes from the fact
that local governments cannot make ends meet, caused by the
imperfect construction of the local government revenue sys-
tem and the downward shift of expenditure responsibility.
Therefore, under the background of the fiscal system reform,
China can accelerate governance through the method of sys-
tem optimization. On the one hand, China should properly
divide the fiscal powers and expenditure responsibilities of
local governments. If the expenditure responsibility needs to
be shifted down, it should be supplemented with matching
fiscal resources. On the other hand, China should establish a
stable fiscal security system for local governments to reduce
systemic fiscal pressure, thereby mitigating its adverse effects
on local government behavior.

Future research directions

This study has some limitations. First of all, according to the
stage of pollution control, there are two pollution control
methods: source pollution control (before pollutants are gen-
erated) and end pollution control (after pollutants are generat-
ed). There are differences between the two pollution control
methods in terms of cost input and pollution control effect.
Under the pressure of vertical environmental protection and
fiscal pressure, which pollution control method will local gov-
ernments adopt? Secondly, local governments usually use
command and control instruments and market-based instru-
ments to implement environmental regulations. The imple-
mentation costs of the two regulatory instruments are differ-
ent. Under the pressure of vertical environmental protection
and fiscal pressure, which regulatory instruments will local
governments focus on? These questions will provide a chal-
lenge for the upcoming research. The research on the above
issues is helpful for a deeper analysis of local government
behavior choices under incompatible dual pressures.
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