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Abstract

The fiscal decentralization system under China’s political centralization affects local economic and environmental policies, and
thus has an important impact on environmental quality. This paper uses the panel data of 285 cities in China from 2003 to 2018
and the spatial Durbin model to empirically analyze the impact of fiscal decentralization on haze pollution and its mechanism.
The results show that the increase in fiscal decentralization will significantly aggravate the haze pollution in and around the
region, and this conclusion is still valid after a series of robustness tests. Moreover, the impact of fiscal decentralization on haze
pollution has significant heterogeneity in the size and region of the city, and the sample period. In addition, mechanism analyses
show that fiscal decentralization has aggravated haze pollution by increasing infrastructure construction, reducing environmental
regulations, and intensifying market segmentation. Further analyses reveal that, on the one hand, local governments have the
ability to control haze pollution in their own regions according to their own wishes and interests, but on the other hand,
adjustments to environmental policies in surrounding areas will significantly inhibit the control of environmental policies in
the region, thereby making local governments haze pollution has not been effectively controlled. This is essentially a “Race to

bottom” phenomenon among local governments in environmental policies.
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Introduction

Due to the long-term industrialization and the development mod-
el of “Treatment after Pollution,” the existing pollution problems
of haze in developed countries are not obvious. However, with
the rapid advancement of China’s industrialization and urbaniza-
tion, the problem of haze pollution has gradually become prom-
inent, and it has shown the obvious characteristics of high fre-
quency, wide range, high pollution levels, and severe damage.
According to the “2019 Bulletin of the State of the Ecological
Environment in China,” in 2019, 53.4% of the 337 prefecture-
level and above cities in China had air pollution exceeding the
limit. In addition, there were 1666 days of severe pollution and
452 days of extremely severe pollution, and the days with PM, 5
as the primary pollutant accounted for 78.8% of the days with
severe pollution and above. For this reason, the Chinese
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government attaches great importance to haze governance. In
July 2018, the State Council released the “Three-Year Action
Plan to Win the Battle of Blue Sky,” which clearly stressed that
by 2020, the concentration of PM, 5 in cities at or above the
prefectural level that did not meet the standards would be reduced
by more than 18% compared with 2015, and the number of days
with severe pollution or above would be reduced by more than
25% compared with 2015.

To reduce environmental pollution and improve environmen-
tal quality has become a common understanding of the public,
and a lot of scholars have conducted extensive and in-depth
research on it. These studies mainly focus on the following two
aspects: First, the factor decomposition method is used to decom-
pose the influencing factors of environmental pollution, includ-
ing economic development factors, industrial structure factors,
and technical factors, and then they have analyzed the relative
degree of impact of these factors on environmental pollution (Li
et al. 2017; Su et al. 2017; Yu et al. 2018). Second, empirical
analysis is used to verify the environmental Kuznets curve (Gill
et al. 2018), or to analyze the impact of structure (Cheng
et al. 2018a), technology (Kang et al., 2018), energy (Hu
et al. 2018), international trade (Liddle 2018), foreign direct in-
vestment (Zhu et al. 2017), and urbanization (Zhang et al. 2017b)
on the environment.
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The abovementioned research carried out extensive and in-
depth analysis of the influencing factors of environmental pollu-
tion from an economic point of view. However, the impact of the
economy on environmental quality cannot be independent of the
system. In China, fiscal decentralization reform under political
centralization is considered to be a very important institutional
factor (Zhang et al. 2018). Under the Chinese-style fiscal decen-
tralization system, local governments need to develop the local
economy on the one hand, while improving people’s livelihood
and protecting the environment on the other. They need to coor-
dinate economic development and environmental protection
(Zhang et al. 2017a, b). The traditional theory of fiscal decentral-
ization believes that compared with the central government, local
governments can provide public goods more efficiently accord-
ing to residents’ preferences and regional conditions, thus help-
ing to improve environmental quality (Oates and Portney 2003).
However, competition among local governments under decen-
tralization system may also lead to biased fiscal expenditure pref-
erence and “race to the bottom” behavior, which will further
deteriorate environmental quality (Dijkstra and
Fredriksson 2010). However, the basis of these traditional fiscal
decentralization theories is not completely in line with China’s
national conditions. The assumption that local governments aim
at optimizing public services no longer exists in China due to the
loss of political foundation, and the incentive mechanism foun-
dation is completely different. Therefore, it is quite necessary and
critical to investigate the impact of fiscal decentralization on
environmental pollution and its mechanism from the practical
level for pollution control in China.

Compared with the existing literature, the main contribu-
tions of this paper are as follows: First, in terms of research
content, this paper uses the standard deviation of haze pollu-
tion at the county level to measure the fluctuation degree of
haze pollution in each city, and conducts an empirical analysis
on the impact of fiscal decentralization on haze pollution fluc-
tuation and its spatial spillover effect, so as to further verify
whether fiscal decentralization has caused the environmental
“Race to the bottom” behavior of local governments; second,
in terms of research methods, this paper adopts the spatial
Durbin model to include the spatial effects of independent
variables and dependent variables at the same time for analy-
sis, so as to make the estimation results more accurate and
reliable; thirdly, in terms of sample selection, statistical data
of 285 cities and 2383 counties and districts in China from
2003 to 2018 are adopted for analysis. Such large sample data
with fine scale can be used for more accurate econometric
analysis.

Literature review

There is no doubt that fiscal decentralization can significantly
affect the behavior of local government which then has an

important impact on environmental quality. Early theoretical
studies mostly supported the idea that a higher degree of fiscal
decentralization was conducive to improving local environ-
mental quality. Tiebout (1956) analyzed the incentive effects
of fiscal decentralization on local government through the
“voting with feet” theory. The research found that, in order
to attract both residents and resources into the jurisdiction, a
higher degree of fiscal decentralization could encourage local
government to adopt specific financial revenue and
expenditure policies; these would meet both the demands of
residents and the services of public products, where providing
higher levels of environmental quality was an important
content. Oates and Schwab (1988) and Wilson (1996) also
pointed out that, if there was no imperfect market or redistrib-
utive public policy, local government would aim at maximiz-
ing welfare and provide an optimal level of environmental
quality for its residents, that is, increasing the degree of
fiscal decentralization could help improve environmental
quality. Wellisch (1995) even noted that, in the case of high
openness, because local residents only obtained part of an
enterprise’s profits while shouldering all the costs of pollution,
the competition between regions might lead to excessive en-
vironmental protection. Oates, 2001) further pointed out that
because environmental quality was a local public good and
because local government had a better understanding of local
information than the federal government, the environmental
standards made by local government were more conducive to
environmental protection. Levinson (2003) argued that fiscal
decentralization would bring the effects of both “race to top
competition” and “nimbyism.” Local government would then
raise its environmental standards and transfer its pollutants to
other regions by adopting stricter environmental policies, thus
resulting in an even higher environmental quality in the local
area.

With the development of further theories of fiscal decen-
tralization more and more scholars have questioned the earlier
theories. They hold that local governments would have their
own considerations and interests and might make some
decisions inconsistent with the rights and interests of local
residents. Holmstrom and Milgrom (1991) pointed out that
since local government could provide a wide variety of ser-
vices for local residents in its jurisdiction, the GDP-oriented
evaluation mechanism would encourage local government of-
ficials to strive towards economic growth resulting in a distor-
tion of how resources are allocated. Qian and Roland (1998)
further stated that under a system of multiple targets and mul-
tiple tasks only a properly designed mechanism could ensure
that the policy decisions made by local governments with the
goal of profit maximization in mind could be consistent with
the interests of residents. If an incentive-compatible system
were lacking local governments would provide only a mini-
mal level of environmental quality for residents; local govern-
ment would maximize its own interests. Kunce and Shogren
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(2005) believed, in reality, it was difficult to meet the condi-
tions of perfect market or perfect non-redistribution public
policies on just the theoretical premises of Oates and
Schwab (1988). As a result, destructive competition related
to economic growth was inevitable and this would
undoubtedly lead to environmental degradation. Dijkstra and
Fredriksson (2010) made further efforts to relax the precondi-
tions of the Oates and Schwab (1988) model hypothesis, and
found that decentralized environmental policies would result
in poorer environmental standards and trigger a “Race to the
Bottom” effect. Mintz and Tulkens (1986), Wildasin (1988),
Ulph (2000), Fredriksson et al. (2003), Kunce and Shogren
(2007) also found that local governments could compete with
each other by relaxing their local environmental standards so
as to reach such goals as the attraction of investment, increases
in employment and taxes.

Many scholars have also analyzed the impact of fiscal de-
centralization on environmental pollution from the practical
level, but the research conclusions are quite different. First,
some empirical studies support the conclusion that fiscal de-
centralization is beneficial to environmental improvement.
This is mainly because inter-regional competition may lead
to “race up” effect. Higher fiscal decentralization will bring
stricter environmental regulations, making fiscal decentraliza-
tion conducive to environmental improvement
(Levinson 2003). According to Chupp (2011), based on the
data of the USA, local governments tend to set higher envi-
ronmental standards when the state government can gain more
benefits from environmental management. Based on the data
of provinces in China, Wei et al. (2018) found that fiscal
decentralization was conducive to environmental
improvement, and this effect was more significant under the
effect of market segmentation. Second, some scholars have
found that fiscal decentralization has no significant effect on
environmental pollution. Based on the data of 47 countries
from 1979 to 1999, Sigman (2014) found that fiscal decentral-
ization did not lead to environmental quality deterioration, that
is, there was no environmental “Race to the bottom” among
local governments. He (2015) found that fiscal decentraliza-
tion had no significant impact on waste water, waste gas, and
solid waste per capita based on the panel data of China’s
provincial level from 1995 to 2010. Sjoberg and Xu and
Lin 2018), based on the data of the US RCRA from 1998 to
2011, found that decentralization of RCRA did not bring
about environmental “race to the bottom” behavior. Third,
some studies have found that fiscal decentralization aggra-
vates local environmental pollution. Kamp et al. (2017) em-
pirically analyzed the impact of fiscal decentralization on
China’s governance policies and found that local govern-
ments, in pursuit of their own interests, tend to slow down
or prevent the implementation of centrally mandated gover-
nance reforms. Based on China’s provincial panel data from
1995 to0 2012, Zhang et al. 2017a, b) found that environmental
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policies were conducive to controlling the growth of carbon
emissions, while China’s unique fiscal decentralization sys-
tem greatly inhibited the emission reduction effect of environ-
mental policies, increasing the total carbon emissions and
leading to the green environmental paradox. Based on the
panel data of 30 provinces in China from 2005 to 2016, Ran
et al. (2020) concluded that fiscal decentralization would lead
to the increase of carbon emissions, and this policy was unfa-
vorable to the control of carbon emissions.

Compared with the existing literature, the main contribu-
tions of this paper are as follows: (1) in terms of research
content, as to the deep-seated reasons that fiscal decentraliza-
tion affects environmental pollution, that is, whether fiscal
decentralization has caused the environmental “race to bot-
tom” behavior of local governments, most of the existing lit-
erature remains qualitative (Kamp et al. al. 2017), did not give
a clear answer, and lack of rigorous quantitative evidence,
which awaits further empirical testing. In order to verify
whether fiscal decentralization has caused the environmental
“race to the bottom” behavior of local governments, this paper
uses the standard deviation of haze pollution at the county
level to measure the fluctuation degree of haze pollution in
each city, and empirically analyzes the impact of fiscal decen-
tralization on haze pollution fluctuation and its spatial spill-
over effect.

(2) In terms of research methods, the existing literature
mainly considers the high dispersion and strong externality
of environmental pollutants (Sigman 2005; Lipscomb and
Mobarak 2017), while independent variables may also have
spillover effects in space. In fact, the change of independent
variables in the local area will not only affect the dependent
variables in the local area but also influence the dependent
variables in the surrounding area through the spatial spillover
effect (Meliciani and Savona 2015; Cheng et al. 2018b). From
the perspective of spatial econometrics, neglecting these spa-
tial effects may lead to errors in estimation and analysis. In this
paper, the spatial Durbin model is used to analyze the spatial
effects of independent variables and dependent variables, so
that the estimation results are more accurate and reliable.

(3) In terms of sample selection, most existing studies on
fiscal decentralization in China are analyzed based on provin-
cial data (Hao et al. 2019), and lack of data analysis at the city
level. In fact, the sub-provincial tax sharing system is not as
thorough and “uniform” as that implemented between the
central government and the provinces. Each province often
implements different tax sharing policies for cities with differ-
ent economic conditions within the province. Although the
central government suggests sharing taxes according to tax
categories or proportions, there are still different degrees of
tax division between provinces and cities according to indus-
tries and enterprise affiliation (Zhou and Wu 2015).
Therefore, the indicators of fiscal decentralization measured
from the provincial level have big defects, which may lead to
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errors in estimation and analysis. In this paper, the data of 285
Chinese cities from 2003 to 2018 were used for analysis.

Model establishment, variable description,
and data sources

Model establishment

Ehrlich and Holdren (1971) put forward the IPAT analytical
framework for the determinants of environmental impacts, a
framework that divides environmental impacts into three
parts. The IPAT equation is /=P x A x T where / represents
the environmental impact, measured in this paper by the con-
centration of PM, 5 pollution; P, A, and T represent popula-
tion, affluence and technology respectively. Dietz and Rosa
(1994) then put forward the STIRPAT model which not only
retains those three factors in the IPAT model that influence
environment impacts but also introduces stochastic terms for
empirical analyses. The basic form of STIRPAT is:

v} o4 S
Iy =axP; xA} xT; Xey (1)

where 7 represents the city, ¢ represents the time, and e repre-
sents the random error term. The existing literature has shown
that fiscal decentralization can significantly affect the behav-
ior of local governments and thus has an important impact on
environmental pollution. Therefore, this paper incorporates
the variable of fiscal decentralization into the STIRPAT mod-
el so as to analyze its effect on environmental impact. The
specific formula is as follows:

Iy = a x P x A} x T% x D) x & (2)

where D represents the variable of fiscal decentralization and
1 represents the effect elasticity of fiscal decentralization on
PM, 5 pollution. Combined with the existing studies, we can
establish the following ordinary static panel model on the
basis of Eq. (2):

11’1]” = Ina + 19]1’]D,‘[ + ﬁll’lpit + ’YII’IA” + (SII’IT” + A’QII’IX” + Eit
3)

where X represents other control variables affecting haze pol-
lution. Considering that haze pollution and their respective
variables may have spatial spillover effects on spatial dimen-
sions, this paper incorporated the spatial lag items of haze
pollution and each independent variable on the basis of Eq.
(3), and constructed the following spatial Durbin model:

Inl;; = Ina + pyWilnly, + 911Dy, + 0,3 WylnDj, + 8,InPy; + 3,3 WyInP;,
+7,lnA,, + ’YZZW!'jlnAjI + 6|lnT,'; + 522WU1nTj[
+@1InXi + X WylnX + 0, + v + €y
eir = \EWigir + 1y

(4)

Among them, 7, v,, ;, represent the regional effect, time
effect, and random disturbance term respectively, reflecting
the random disturbance of different dimensions affecting haze
pollution. W represents the spatial weight matrix, reflecting
the spatial correlation between regions. Since the spatial effect
of haze pollution is not only directly related to the urban eco-
nomic aggregate but also inseparable from the geographical
distance between cities (Ma et al. 2016), this paper adopts the
economic distance to construct the spatial weight matrix. First,
we construct the traditional spatial weight matrix of geograph-

ical distance W = {w;}, where w{ = 1/d;;, where dj; rep-

resents the linear distance between city 7 and city j. Then, we
construct the economic distance space weight matrix
W,; according to the following formula:

Wy = Wi diag(?l 7, 75/7, T /17) (5)

where Y; represents the average real GDP of city i during the
inspection period, Y bar represents the average real GDP of all
sample cities during the inspection period, and N represents
the total number of city samples.

Variable description
Dependent variable

PM, 5 pollution (/) Due to measurement of PM, 5 really being a
recent phenomenon in China, the paper uses satellite data for
analysis. According to the measurement method of Van
Donkelaar et al. (2016), the international geophysical infor-
mation network center of Columbia University in the USA
used satellites to measure aerosol optical depth and obtained
the global annual average of PM, 5 from 2001 to 2018 through
a mathematical model. This method for estimating is relatively
scientific and has high validity and reliability (Cheng
et al. 2017; 2020). This paper uses this set of radar data and
ArcGIS software in combination with the vector map of
Chinese city level administrative regions to parse it into nu-
merical values of the annual PM, 5 concentration from 2003 to
2018.

Core explanatory variable

Fiscal decentralization (D) The existing literature mostly uses
expenditure and income indexes to measure the degree of
fiscal decentralization (Sun et al. 2017; Que et al. 2018). We
first adopt the expenditure index to measure the degree of
fiscal decentralization and then use the income index to test
for robustness. For fiscal expenditure (income) decentraliza-
tion, considering the differences in urban fiscal management
systems, the formula is D = fdc/(fdc + fdp + fdf), where fdc,-
fdp, and fdf represent per capita fiscal expenditure (income)
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at the urban level, the provincial level, and the central level
respectively. This index effectively excludes both the influ-
ences of population scale and transfer payments from central
to local governments, thus measuring urban fiscal decentrali-
zation scientifically and reasonably.

Control variables

Population density (P) Considering the great differences in
both administrative areas and population sizes among cities,
it is more scientific to use population density to measure the
effects of demographic factors on PM, 5 pollution. Generally,
the bigger the population density is, the bigger the demands
for energy of the city will be, and thus the higher the pollutant
emissions will be (Mohammad and Khosrul 2021). We use the
population per unit area to measure population density and
expect population density to have a significant positive effect
on urban PM, 5 pollution.

Economic development level (A) Economic development lev-
el is an important factor affecting environmental pollution.
Classic EKC theory points out that environmental pollution
will show an inverted “U” curve with improvements in eco-
nomic development levels. According to Atasoy (2017) and
Gill et al., (2018), we incorporate both the linear term and the
quadratic term of economic development into the regression
equation and empirically investigate the effect of economic
growth on PM, 5 pollution.

Technological level (T) Both improvements in technological
levels and the application of clean technologies are crucial for
energy conservation and emissions reduction. Because tech-
nological progress is essential for improvements in energy
efficiency and energy efficiency is the external reflection of
technological levels (Sheng and Guo 2016), this paper uses
energy efficiency to measure the technological level.
Considering China’s coal-dominated energy consumption
structure and the high correlation between coal and electricity,
this paper uses the ratio of adjusted GDP to electricity con-
sumption to measure energy efficiency (technological level).
We expect that technological level has significant negative
effect on urban PM, 5 pollution.

Industrial structure (S) Because secondary industry plays a
major role in energy consumption and pollution emissions,
the structure of industrialization is not beneficial for energy
saving and emission reduction. This paper adopts the ratio of
third industry GDP to that of secondary industry GDP to mea-
sure industrial structure. This index not only directly measures
the upgrading of industrial structure but also indirectly mea-
sures the trend in services in the industrial structure; it is thus
scientific and reasonable to use this index to measure indus-
trial structure (Cheng et al. 2018a, b). We expect industrial
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structure to have a significant negative effect on urban PM, 5
pollution.

Traffic intensity (R) The literature has shown that motor vehi-
cle exhaust can affect PM, 5 pollution to a large extent. Some
studies have shown that both more and more motor vehicles
and increasing serious traffic congestion have aggravated
PM, 5 pollution in China (Li et al. 2017; Cheng et al. 2017).
We thus use the traffic intensity to measure the traffic pres-
sure. Considering the availability and validity of data, the
traffic intensity can be measured by the ratio of the number
of motor vehicles to the total length of roads. We expect traffic
intensity to have a significant positive effect on urban PMj 5
pollution.

Meteorological factors, including temperature (M), precipita-
tion (E), and wind speed (W) Existing literature shows that
atmospheric pollution is closely related to meteorological con-
ditions. When the distribution of pollution sources and their
emissions are relatively stable, the concentration of atmo-
spheric particulate matter also depends on the transport and
diffusion of particulate matter under various meteorological
conditions. First of all, China is a big country in heating, and
its heating mainly relies on burning coal. If the average tem-
perature (M) in this year is relatively low, the duration of
central heating and carbon emissions in this year will be in-
creased, which will increase the concentration of PM, 5 in the
air (Liang et al. 2015). Therefore, annual average temperature
(M) is added as a control variable in this paper, and it is ex-
pected that annual average temperature will have a significant
negative impact on urban haze pollution. Secondly, precipita-
tion has a certain cleaning effect on air pollutants and is con-
ducive to the precipitation of air pollution particles (Li
et al. 2014). Therefore, this paper adds the average annual
precipitation (E) as the control variable, and it is expected that
average annual precipitation has a significant negative impact
on urban haze pollution. Finally, strong winds can disperse
airborne air pollutants (Wen et al. 2020). Therefore, this paper
selects the annual average wind speed of the nearest station as
the control variable, and it is expected that wind speed has a
significant negative impact on urban haze pollution.

Data sources

Since China’s national economy industry classification sys-
tem underwent a major adjustment in 2002, the starting year
we choose is 2003. According to the principle of data avail-
ability and validity, this paper selected the statistical data of
285 cities in mainland China from 2003 to 2018 for analysis'.

! Bijie, Tongren, Chaohu, Sansha, and Haidong were not included in the
analysis due to administrative division adjustment, and Lhasa was not included
in the analysis due to incomplete data.
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Data were collected from the “Statistical Yearbook of China
Cities” (2004-2019), the “Statistical Yearbook of China”
(2004-2019) and the Center for Socio-Economic Data and
Applications, Columbia University. The variables reflecting
the climate characteristics of each city were calculated based
on the meteorological observation data of 743 conventional
stations provided by the China Climate Center. The specific
calculation process is as follows: if a weather station happens
to be located in a city, we directly take the data of the station as
the climate information of the city; if the city has more than
one weather station, we take the average value. For cities
without a weather station, the nearest weather station is used
as the climate data for the city. Variable description and its
calculation method are shown in Table 1, and descriptive sta-
tistical results of related variables are shown in Table 2.

Empirical results and analysis

Empirical analysis on the impact of fiscal
decentralization on urban haze pollution in China

The selection criteria of spatial econometric models are as fol-
lows: Comparing Wald statistics and LR statistics to test whether
the spatial Durbin model can be simplified into a spatial lag
model or a spatial error model. If the null hypothesis Hy: 6 =
0 and Hy : 0+ 63= 07 are rejected, then the spatial Durbin model
is more suitable; if the null hypothesis Hy:0=0 cannot be
rejected, and the robust LM test supports the spatial lag model
more, then the spatial lag model is more suitable; if the null
hypothesis Hy: 0+ §3=0 cannot be rejected, and the robust
LM test supports the spatial error model more, then the spatial
error model is more suitable. In addition, the Hausman test is still
used to determine whether the spatial panel model should adopt
the form of fixed effect or random effect; For the selection of the
fixed effect form, we also need to use the Joint significance test to
judge. For the estimation of the spatial Durbin model, we use the
improved maximum likelihood estimation method (Lesage and
Fischer 2008; Elhorst 2010). Compared with spatial two-stage
least square method (S2SLS) and generalized moment estimation
method (GMM), this improved maximum likelihood estimation
method is more effective in terms of effectiveness, consistency
and operability.

2 Both the null hypothesis Hy : 6 =0 and Hy : 6 + §3=0 are expressed relative

to the basic form of the spatial Durbin model. The specific model is as follows:

Y =pWY +aly + X3+ WX0 + ¢

e~N(0,0°1,)
When 6 =0, the spatial Durbin model is simplified to the spatial lag model.

When 6+ 63=0, the spatial Durbin model is simplified to a spatial error
model.

The results show that Wald _spatial _lag test and LR _
spatial _lag test reject the null hypothesis of Hy: 6 =0 at the
significance level of 1%, respectively; meanwhile, Wald _
spatial _error test and LR _spatial error test reject the null
hypothesis of Hy: 0+ 63=0 at the significance level of 1%,
respectively, which indicates that the spatial Durbin model is
more suitable. Hausman test is significant at the level of 1%,
which indicates that the fixed effect model is more appropri-
ate. From the results of the joint significance test of space
fixed effect and time fixed effect, it can be found that both
the null hypothesis of no space fixed effect and no time fixed
effect are rejected, which indicates that the spatiotemporal
fixed effect model is more suitable.

Without considering the spatial lag term of independent var-
iables, the regression coefficient can reflect the influence of in-
dependent variables on dependent variables. However, when the
spatial lag term of independent variable is taken into account, the
regression coefficient no longer reflects the influence of indepen-
dent variable on dependent variable. This is mainly because the
change of independent variable will not only affect the haze
pollution of the city itself but also affect the haze pollution of
the surrounding city through the spatial spillover effect. In this
case, the spatial spillover effect cannot be accurately measured
based on the spatial lag term coefficient in the spatial Durbin
model, which leads to the wrong interpretation of the model
estimation results (Elhorst 2014). Lesage and Pace (2009) pro-
posed the direct effect, indirect effect, and total effect under the
spatial Durbin model through the partial differential matrix anal-
ysis method to accurately reflect the influence of independent
variables on dependent variables. The direct effect represents
the average influence of the independent variable on the depen-
dent variable of the region, the indirect effect represents the av-
erage influence of the independent variable on the dependent
variable of the surrounding region, and the total effect represents
the average influence of the independent variable on the depen-
dent variable of all regions. This paper adopts this partial differ-
ential matrix method to calculate the impact of fiscal decentrali-
zation on haze pollution. The decomposition results are shown in
Table 3 below.

As can be seen from Table 3, the direct effect coefficient of
fiscal decentralization on haze pollution is significantly posi-
tive, which indicates that fiscal decentralization significantly
aggravates local haze pollution, mainly due to the following
two aspects: on the one hand, under the Chinese-style fiscal
decentralization system with a political centralization back-
ground, the central government controls the promotion and
punishment of local officials. To better evaluate and promote
local officials, the central government often uses economic
growth as an important metric. Local officials, seeking polit-
ical advancement, tend to invest existing resources in their
region’s economic growth rather than focusing on environ-
mental improvements. The higher the degree of fiscal decen-
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Table 1 Definition of all variables used in the paper
Variables Symbol Definition Units
PM, 5 concentration 1 The data extracted from raster data based on satellite monitoring ug per m’
Fiscal decentralization D the ratio of per capita urban fiscal expenditure (revenue) to the sum %

of per capita urban fiscal expenditure (revenue), per capita provincial

fiscal expenditure (revenue) and per capita national fiscal expenditure

(revenue)
Population density P The ratio of urban total population to its area Person per km®
Economic development level A Per capita GDP Yuan
Technical level T The ratio of adjusted GDP to urban electricity consumption Hundred Yuan/KWH
Industrial structure S The ratio of GDP of third industry to GDP of second industry %
Traffic intensity R The ratio of the number of civilian vehicles to the total length of urban roads Unit/Km
Temperature M Average annual temperature °C
Precipitation E Average annual precipitation mm

Wind w Average annual wind speed Meter per second

tralization, the greater the fiscal autonomy of local govern-
ments, and the more obvious this tendency. On the other hand,
with the improvement of fiscal decentralization, local govern-
ments are likely to further relax environmental regulatory
standards in order to develop the economy, in order to com-
pete for liquid resources and market. Under the environmental
constraints of low standards, the pollution behavior of enter-
prises cannot be effectively controlled, which leads to the
deterioration of local environmental quality.

The indirect effect coefficient of fiscal decentralization on
haze pollution is significantly positive, which indicates that
the improvement of fiscal decentralization in the region will
not only worsen the haze pollution in the region but also
aggravate the haze pollution in the surrounding areas. The
possible reasons are as follows: on the one hand, with the
improvement of fiscal decentralization in the region, haze pol-
lution in the region will become more and more serious. The
high diffusion and strong externality of such haze pollution

Table 2 The statistical description of all variables

will significantly aggravate the haze pollution in the surround-
ing areas, which has been verified in the previous section. On
the other hand, with the increase of fiscal decentralization in
the region, local governments may lower their environmental
supervision standards in order to promote economic growth.
In order to compete, the surrounding regions will lower their
environmental regulatory standards accordingly, leading to a
“race to the bottom” behavior of environmental policies
among regions. We will examine this further in the next
section.

From the perspective of control variables, the greater the
population density, the more likely it is to aggravate haze
pollution in the region. This is mainly because the higher
population density increases residents’ demand for energy
and electricity. The coefficient of the first term of economic

Table 3  Decomposition results of the impact of fiscal decentralization
on haze pollution

Variable Direct effect Indirect effect Total effect

Variables  Obs Mean Std. dev. Min Max

I 4560  39.63 20.11 2.13 113.26

D 4560  0.27 0.15 0.039 091

P 4560  1192.27 1041.25 23.96 14,705.62
A 4560 32,641.84 2041443 1395.83  253,164.53
T 4560  16.75 10.16 2.20 103.27

S 4560 53.74 11.94 8.14 92.50

R 4560  85.29 57.38 44.65 146.29

M 4560  9.36 0.72 —42.31 46.28

E 4560 470.71 145.87 32.26 3104.74
W 4560 243 0.57 0.44 10.56
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InD 0.066%%+ (2.92)  0317%%% (636)  0.383%%* (3.75)
InP 0.150%%* (6.06)  0366%%* (3.35)  0.516%** (4.89)
InA 0.195%%* (3.14) 0511 (1.06) 0.706 (0.84)
(A —0.009%* (—2.23)  0.142 (0.88) 0.133 (0.60)

InT —-0.076 (-1.15)  —0.238 (-0.65)  —0.314 (-0.93)
InS —0.114%%*% (=3.16) —0.140 (-1.23)  —0.254 (~0.77)
InR 0.073%% (5.46)  0.439%%% (7.18)  0.512%%* (6.25)
M —0.040%+% (~4.97)  —0.106%%* (-5.52) —0.146%** (—6.06)
E —0.004%%% (=6.62) —0.025%%* (—7.24) —0.029%%* (—6.94)

—0.078*** (=3.98) —0.218%** (=5.33) —0.296*** (—4.58)

Values in parentheses are ¢ values. *, **, and *** denote statistical sig-
nificance levels at 10%, 5%, and 1%, respectively
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development level is significantly positive, and the coefficient
of the second term is significantly negative, indicating that
there is an inverted “U” curve between haze pollution and
economic development level. In other words, with the im-
provement of the level of economic development, China’s
haze pollution shows a trend of increasing first and then de-
creasing. This conclusion is consistent with the environmental
Kuznets curve. This is mainly because in the early stages of
economic development, the economic structure shifted from
agriculture to energy-intensive heavy industry, which in-
creased pollution emissions, and then the economy shifted to
low-pollution services and knowledge-intensive industries.
As a result, the input structure changed, the emission level
per unit of output fell, and the environmental quality im-
proved. The service-oriented industrial structure is conducive
to the improvement of haze pollution, mainly because the
service industry has less demand for energy compared with
the industry. Traffic intensity has a significant positive impact
on haze pollution, which is mainly because higher traffic in-
tensity increases the demand for energy and is not conducive
to the diffusion and dilution of vehicle exhaust. Among me-
teorological factors, temperature, precipitation, and wind
speed all have significant negative effects on haze pollution.
This is mainly because rising annual average temperature will
lead to a decline in the intensity of central heating, alleviating
haze pollution in northern China. The increase of precipitation
is beneficial to the particulate pollutants in settling air, while
the higher wind speed is beneficial to the diffusion of atmo-
spheric pollutants, and the air quality will be improved under
the combined action of the two. What is not expected is that
technological progress has not improved haze pollution,
which may be due to the following two aspects: On the one
hand, China’s technological progress is mainly elementary-
oriented, while there are few green technologies and their
applications centered on energy conservation and emission
reduction. On the other hand, technological progress may lead
to the rebound effect of energy, so that the energy saving
effect and pollutant emission reduction effect generated by
the improvement of energy efficiency at the technical level
are nibbled by the new round of energy consumption and
pollutant emission brought about by the deepening of capital
and output growth.

Robustness test
Endogenous treatment

The above spatial Durbin model may have endogeneity prob-
lem, so this paper adopts the dynamic spatial Durbin model to
deal with endogeneity. For the dynamic spatial Durbin model,
we use the quasi-maximum likelihood estimation method with
corrected errors to estimate (Yu et al. 2008; Lee and
Yu 2010a; Lee and Yu 2010b). Compared with the maximum

likelihood estimation method, this modified quasi-maximum
likelihood estimation method has a good small-sample prop-
erty and can better solve the endogeneity problem and estima-
tion bias problem (Elhorst 2014). The decomposition results
are shown in column (1) of Table 4. It can be seen from the
decomposition results that, compared with the empirical re-
sults above, except for the coefficient of spatial spillover effect
and its significance level changed to a certain extent, the co-
efficient and significance level of fiscal decentralization are
basically consistent with the above research conclusions,
which indicates that the impact of fiscal decentralization on
haze pollution is reliable and robust.

Replace fiscal decentralization metrics

Existing studies often use expenditure index or revenue index
to measure fiscal decentralization. The expenditure index of
fiscal decentralization has been used for relevant analysis
above, and then we use revenue index of fiscal decentraliza-
tion to conduct robustness test. The decomposition results are
shown in column (2) of Table 4. It can be seen from the
decomposition results that the coefficient and significance lev-
el of fiscal decentralization are basically consistent with the
above research conclusion, which indicates that the research
conclusion is robust.

Replace environmental pollution metrics

Since sulfur dioxide is a major component of PM, s (Shen
et al. 2020; Yan et al. 2020), and both sulfur dioxide and
PM, 5 are gaseous pollutants, so urban sulfur dioxide is used
in this paper for robustness test. The decomposition results are
shown in column (3) of Table 4 below. It can be seen from the
decomposition results that the impact coefficient and signifi-
cance level of fiscal decentralization on SO, are basically
consistent with the above research conclusions.

Heterogeneity analysis
Heterogeneity of city size

There are two effects of city size on haze: agglomeration effect
and crowding effect. With the continuous expansion of the
city scale, on the one hand, the external economic effect,
namely the agglomeration effect, gradually appears, mainly
reflected in the sharing, matching and learning mechanism.
On the other hand, when a city reaches a certain size,
crowding in traffic, commuting cost, marginal land rent, etc.,
may start to make an appearance. All these may lead to dif-
ferent effects of fiscal decentralization policies. Therefore, ac-
cording to the standards for setting city size released by the
State Council in 2014, this paper conducts heterogeneity anal-
ysis and defines cities with a population between 1 million and
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Table 4 Robustness test results

Dynamic spatial

Replace fiscal decentralization Replace environmental

Durbin model metrics pollution metrics
(0] @ 3
Direct effect 0.086%* 0.095%3 0.112%%
(3.37) (3.14) (2.96)
Indirect effect 0.3027%* 0.298%* 0.257##*
(5.41) (5.76) (5.53)
Total effect 0.388#** 0.393 % 0.3697%#:*
(4.07) 3.97) (3.64)
Controls Yes Yes Yes

Values in parentheses are ¢ values. *, **, and *** denote statistical significance levels at 10%, 5%, and 1%,

respectively

5 million as large cities, while cities with a population below 1
million are defined as small and medium-sized cities. Col. (1)
and (2) of Table 5 are the test results of the heterogeneity of
city size. According to the results, the direct effect coefficients
and indirect effect coefficients of cities of different sizes are
still significantly positive, which is consistent with the above
conclusion, that is, fiscal decentralization can significantly
increase the degree of haze pollution. Moreover, compared
with small and medium-sized cities, fiscal decentralization
has a greater impact on haze pollution in big cities. This indi-
cates that with the expansion of city size, the agglomeration
effect is gradually weakened, while the crowding effect is
gradually dominant.

Heterogeneity of region

Due to the large differences in the level of economic and social
development in different regions, the impact of fiscal decen-
tralization on haze pollution may be regionally heterogeneous.
For this reason, this paper divides China into eastern, central
and western regions for regression analysis, and the specific
decomposition results are shown in columns (3) to (5) in

Table 5. According to the results, the regression results of
the subsamples in the eastern, central and western regions of
China are in good agreement with the regression results of the
whole samples. In addition, the significance of the direct effect
of fiscal decentralization on haze pollution and the absolute
value of the coefficient gradually decreased from east to west,
while the significance of the indirect effect and the absolute
value of the coefficient also presented the same rule. For the
western region, the indirect effect coefficient is even not sig-
nificant. This may be because the eastern region of China has
arelatively developed economic development level compared
with the central and western regions. Heavy industry and pol-
luting emission enterprises are mostly concentrated in the east-
ern region, and the pollution sources are relatively
concentrated.

Heterogeneity of sample period

Since China began to implement the “12th Five-Year Plan” in
2011, which clearly stipulates that the total emission of major
pollutants should be included in the binding index, this paper
decomposes the sample period into two periods from 2003 to

Table 5 Heterogeneity analysis
Size of cities Region of cities Sample periods
Variable (1) Large cities ~ (2) Small and medium-sized  (3) Eastern ~ (4) Central ~ (§) Western ~ (6) 2003-2010  (7) 20112018
cities
Direct effect 0.116%** 0.034%#%* 0.147%** 0.076%** 0.022* 0.128%#** 0.06]#**
(3.18) (2.23) (3.68) (2.25) (1.81) (3.43) (2.98)
Indirect effect ~ 0.327%%* 0.183* 0.418%:* 0.235% 0.114 0.320%#* 0.275%:%*
(5.65) 1.77) (6.29) (1.78) (1.06) (5.97) (5.23)
Total effect 0.443 %% 0.217%* 0.565%:* 0.311%* 0.136 0.448 % 0.336%**
(3.96) (2.24) (5.37) (2.30) (1.26) 4.28) (3.75)
Controls Yes Yes Yes Yes Yes Yes Yes

Values in parentheses are ¢ values. *, **, and *** denote statistical significance levels at 10%, 5%, and 1%, respectively
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2010 and 2011 to 2018 for regression analysis. The specific
decomposition results are shown in columns (6) and (7) of
Table 5. According to the results, the direct effect coefficient
and indirect effect coefficient of the two samples are both
positive, which is consistent with the above conclusion. In
addition, the impact of fiscal decentralization on haze pollu-
tion from 2003 to 2010 was greater than that from 2011 to
2018. This is mainly because after 2011, China incorporated
the total amount of major pollutants into the constraint index,
and local governments began to gradually strengthen pollu-
tion control and supervision, thus weakening the influence of
fiscal decentralization on haze.

Mechanism analysis

In fact, the impact of fiscal decentralization on haze pollution
can be realized through a variety of mechanisms. Combined
with the actual situation of China and existing literature (Que
et al. 2018; Kuai et al. 2019), this paper mainly considers the
following possible mechanisms: First, research and develop-
ment investment (R&D). Fiscal decentralization may enable
local governments to make more flexible use of fiscal funds
and increase R&D investment through government subsidies
and tax incentives. This paper uses the proportion of the ex-
penditure of science and technology to the total expenditure of
local finance to measure the R&D. Second, infrastructure
(INFRA). Fiscal decentralization could make it easier for local
governments to build more infrastructure, leading to more
vehicle emissions, which are also important sources of
PM, s. In this paper, highway network density is used to mea-
sure infrastructure. Third, environmental regulation (ENRE).
Fiscal decentralization may lead to regional regulatory com-
petition, with local governments competing to offer preferen-
tial tax rates and lower environmental regulatory standards.
This paper uses SO, removal rate as environmental regulation
measure. Fourth, market segmentation (MS). Fiscal decentral-
ization may aggravate market segmentation, lead to repeated
construction and efficiency loss, and is not conducive to cross-
regional optimal allocation of innovation resources. Referred
to Poncet (2003), this paper uses price method to measure
market segmentation. The spatial Durbin model is still used
for regression analysis, and the estimated decomposition re-
sults are shown in Table 6.

As can be seen from Table 6, fiscal decentralization has a
significantly positive impact on R&D and infrastructure. This
shows that with the improvement of fiscal decentralization,
local governments have greater economic freedom and can
use financial funds more flexibly. In addition, government
subsidies, tax incentives, and other measures may be adopted
to increase investment in R&D and infrastructure construc-
tion, thus increasing the emissions of traffic pollutants and
increasing the concentration of haze pollution. The impact of
fiscal decentralization on environmental regulation is

significantly negative, which indicates that the improvement
of fiscal decentralization significantly reduces the degree of
environmental regulation, which means that regulation com-
petition exists among local governments. When the degree of
fiscal decentralization of local governments increases, local
governments are more likely to lower environmental stan-
dards to attract the inflow of factors, so as to compete for
liquid resources and the market. Under the environmental
constraints of low standards, enterprises’ emission behavior
cannot be effectively controlled, which leads to the deteriora-
tion of local environmental quality. In addition, the coefficient
of influence of fiscal decentralization on market segmentation
is significantly positive, which indicates that the improvement
of fiscal decentralization intensifies the local market segmen-
tation, indicating that there is still trade protectionism among
local governments.

Through the above analysis, this paper finds that the influ-
ence of fiscal decentralization on haze pollution in China has
the following completely different transmission mechanisms:
First, fiscal decentralization enables local governments to
have more discretionary funds to invest in scientific and tech-
nological research and development, but this part of research
and development investment may not be used for environ-
mental pollution control, so the increase of R&D has no sig-
nificant impact on the improvement of haze pollution. Second,
fiscal decentralization enables local governments to have
more economic freedom, use fiscal funds more flexibly, in-
crease infrastructure construction, and increase traffic pollut-
ant emissions, which intensifies China’s haze pollution. Third,
fiscal decentralization can lead to regional regulatory compe-
tition, which makes local governments compete to reduce tax
rates and environmental supervision standards to attract factor
inflows. This not only is detrimental to the improvement of
technical efficiency but also increases environmental pollutant
emissions. Fourth, fiscal decentralization will also aggravate
market segmentation and trade protectionism, which will not
only bring about repeated construction and efficiency loss but
also inhibit the optimal allocation effect of resources across
regions, widen the technological gap between regions, reduce
energy efficiency, and thus improve the haze pollution level.

Analysis of the deep causes of the impact of fiscal
decentralization on haze pollution

As indicated above, the improvement of fiscal decentraliza-
tion in this region will significantly aggravate the haze pollu-
tion in this region and its surrounding areas, and the possible
explanation is given according to the specific characteristics of
fiscal decentralization in China. So does this explanation
make sense? Will China’s fiscal decentralization lead to a
vicious environmental competition of “race to the bottom™?
Is this the result of local governments being powerless and
unable to control environmental problems, or is it a deliberate
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Table 6 Mechanism analysis

IFFRA ENRE MS

R&D
Direct effect 0.029%%* (4.06)
Indirect effect 0.227 (1.08)
Total effect 0.256 (1.47)
Controls Yes

0.055%+* (5.96) —0.017%%* (=3.75)
0.139%* (2.21) —0.066%#* (—4.50) 0.125%%* (5.37)
0.194%%% (4.23) 0.083%%% (—4.24) 0.134%%% (3.68)

Yes Yes Yes

0.009** (2.20)

Values in parentheses are ¢ values. *, **, and *** denote statistical significance levels at 10%, 5%, and 1%,

respectively

act of self-interest? Sigman (2014) and Huang (2017) believe
that fiscal decentralization will not only affect pollution levels
but also affect pollution fluctuations. In addition, the fluctua-
tion of pollution can reflect the government’s ability to control
environmental policies to a certain extent. If local govern-
ments have a strong ability to control environmental policies,
they will make environmental policies according to the local
actual situation and costs, thus making the pollution fluctua-
tion greater (Sigman 2014). Based on this logic, we will em-
pirically analyze the impact of fiscal decentralization on haze
pollution fluctuations, so as to further elaborate the environ-
mental behaviors of local governments.

In order to measure the haze pollution fluctuation of each
city more scientifically and accurately, we further subdivide
the urban geographical unit and use the standard deviation of
the haze pollution at the county level subordinate to each city
to measure the haze pollution fluctuation degree of each city.
The specific calculation formula is as follows:

2
P (Ii,j,z—zr;';llt,j.z/ni>

n;

Stdi,[ -

(8)

where Std; , represents the haze pollution fluctuation degree of
the city i in the year ¢, J; ; ,represents the haze pollution degree
of the county j under the city i in the year ¢, and »; represents
the number of counties under the city i. We used ArcGIS
software combined with vector maps of China’s county-
level administrative regions to analyze raster data into specific
values of the average annual PM, 5 concentration in 2383
counties and districts in China from 2003 to 2018. Then, for-
mula (8) is used to calculate the fluctuation degree of haze
pollution in 285 cities in China from 2003 to 2018. We still
used the spatial Durbin model for regression analysis, and the
decomposition results are shown in Table 7.

As can be seen from the decomposition results in
Table 7, the direct effect coefficient of fiscal decentrali-
zation is significantly positive, which indicates that the
improvement of fiscal decentralization in this region will
significantly increase the volatility of haze pollution in
this region. This is mainly because fiscal decentralization
enables local governments to adjust their environmental

@ Springer

policies according to local conditions in order to meet
their heterogeneous preferences. With the improvement
of fiscal decentralization, the fiscal autonomy of local
governments will be greater and the space for such policy
adjustment will be greater. In this sense, China’s local
government has the ability to control haze pollution in
its own region. It can significantly influence the fluctua-
tion of local haze pollution by adjusting its environmental
policies, that is, it can choose the environmental quality
level that reflects its own preferences and interests.

The indirect effect coefficient of fiscal decentralization
is significantly negative, which indicates that the im-
provement of fiscal decentralization in this region will
significantly weaken the volatility of haze pollution in
surrounding areas. This is mainly because with the in-
crease of fiscal decentralization, local governments will
have more space to adjust their environmental policies.
However, in order to compete with each other, the sur-
rounding areas must make corresponding adjustments ac-
cording to the adjustment of local environmental policies,
which further verifies the existence of environmental pol-
icy competition among local governments. Therefore, we
can find that, on the one hand, local governments have the
ability to control haze pollution in their own region ac-
cording to their own will and interests, but on the other
hand, the adjustment of environmental policies in sur-
rounding areas has significantly inhibited the control of
environmental policies in their own region, so that the
haze pollution in their own region has not been effectively
controlled. This is essentially a “race to the bottom”

Table 7 Decomposition
results of the impact of Std;,
fiscal decentralization on

haze pollution Direct effect 0.132%%* (5.76)

fluctuations Indirect effect —0.320%* (—1.81)
Total effect —0.188 (-0.92)
Controls Yes

Values in parentheses are ¢ values. *, **,
and *** denote statistical significance
levels at 10%, 5%, and 1%, respectively
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competition among local governments in environmental
policies.

Conclusions and enlightenment

This paper empirically analyzes the impact of Chinese-style
fiscal decentralization on haze pollution and its fluctuation.
The results show that the improvement of fiscal decentraliza-
tion will not only significantly increase the haze pollution
emissions in the region but also significantly aggravate the
haze pollution in the surrounding areas. In addition, the effect
is greater for large cities, eastern regions, and samples from
the pre-2011 period. Mechanism analysis suggests that fiscal
decentralization aggravates haze pollution by strengthening
infrastructure construction, reducing environmental regula-
tions and intensifying market segmentation. Further analysis
of the deep causes shows that the improvement of fiscal de-
centralization can increase the volatility of haze pollution in
the region, which indicates that the local government has the
ability to control the local haze pollution according to its own
will and ability. However, the improvement of fiscal decen-
tralization will also weaken the fluctuation of haze pollution in
surrounding areas, which indicates that the adjustment of en-
vironmental policies in surrounding areas will significantly
inhibit the control of environmental policies in the region, thus
causing the haze pollution in the region to be not effectively
controlled. This means that local governments will implement
the destructive environmental competition of “Race to the
bottom” in order to compete with each other. According to
the research in this paper, we can get the following
enlightenment:

First, we need to accelerate the establishment and improve-
ment of a modern fiscal system and reasonably divide the
fiscal powers and expenditure responsibilities between the
central government and local governments. On the one hand,
the central government should decentralize fiscal power on the
existing basis, and increase the incline to environmental qual-
ity improvement expenditure in addition to ensuring the finan-
cial expenditure required by regional economic development.
On the other hand, on the existing basis, the administrative
authority should be upgraded to expand the scope of respon-
sibility and expenditure of the central government in environ-
mental management, and gradually reduce the interference of
local governments in environmental management. At the
same time, we will further improve the financial payment
transfer system to transfer the environmental protection will
of higher governments to lower governments.

Second, we should improve the evaluation mechanism of
officials and establish a scientific and reasonable incentive
mechanism of officials’ performance evaluation. On the one
hand, we should improve the evaluation system of local
leaders’ performance, emphasize the importance of green

GDP in the promotion evaluation system, and include envi-
ronmental evaluation projects. On the other hand, environ-
mental auditing should be carried out to strengthen the ac-
countability mechanism for the environmental responsibility
of local officials and enhance the willingness of local officials
to improve environmental quality.

Third, we should improve the legal conditions and market
rules to prevent the destructive environmental competition of
“Race to the bottom” among local governments. The central
government should establish a competitive environment of
market economy that is conducive to the efficient flow of
factors, and prevent the emergence of “race to bottom” behav-
iors such as excessive investment, regardless of environmental
costs and supply of cheap land, which may distort resource
allocation, so as to reverse the vicious competitive strategy of
local governments seeking rapid economic development at the
expense of the environment.

In this paper, the spatial Durbin model was used to
study the impact of fiscal decentralization on haze pollu-
tion and its fluctuation in China, and on this basis, het-
erogeneity analysis and mechanism test were carried out.
However, there are still some deficiencies in this paper.
The study of this paper believes that fiscal decentraliza-
tion will aggravate the degree of haze pollution, but in
reality, there are many other factors that have not been
completely eliminated, which will also have an impact
on haze pollution. In future studies, methods such as IV,
DID, and RD can be considered to further exclude the
influence of other factors on haze pollution.
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