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Abstract

Based on statistical data on 30 provincial administrative regions in China from 2000 to 2016, this paper conducts an empirical
study of the impact of industrial agglomeration on haze pollution using the spatial Dubin model (SDM), spatial lag model (SLM),
and spatial error model (SEM). The findings are as follows: (1) Industrial agglomeration can effectively reduce the degree of haze
pollution. (2) Haze pollution has an inverted U-shaped relationship with economic development and population agglomeration.
(3) The secondary industry has a positive correlation with haze pollution, while the tertiary industry can reduce haze pollution but
not in an obvious manner. (4) The level of innovation and urbanization can help to reduce haze pollution, and the level of
economic opening up and carbon dioxide emissions can exacerbate haze pollution. (5) Due to the insufficient commercialization
of scientific and technological achievements, investment in science and technology is not obviously effective in preventing and
controlling haze pollution. The relationship between environmental regulation and haze pollution is still unclear due to regional
differences and the varied effectiveness of law enforcement. The study suggests that the government should guide industrial
agglomeration in a reasonable manner, improve joint prevention and control across regions, and strengthen environmental

regulation to prevent and control haze pollution.
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Introduction

Since the initiation of the reform and opening up in 1978,
China has been developing at a high speed, and in 2010, it
became the world’s second largest economy. However, in the
process of economic development, China has attached too
much importance to economic benefits and ignored negative
impacts on the environment. On the one hand, the extensive
development model of traditional industries, which is unbal-
anced and inadequate, has consumed a large amount of fossil
energy and the emissions from this model have accelerated air
pollution. On the other hand, the unsound energy structure and
energy waste may lead to environmental pollution. Haze is
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mobile, showing a strong spatial spillover effect. Clarifying
the main factors that influence haze transmission across re-
gions holds great significance for controlling haze in a collab-
orative manner and for promoting coordinated economic and
environmental development.

From the new economic geography perspective, if the en-
vironment is regarded as a factor of production, industrial
agglomeration can achieve a centralized consumption of the
environment and improve the utilization efficiency of environ-
mental factors, that is, give full play to the positive externali-
ties and scale effects of the environment, and it can improve
the competitiveness and innovation of the enterprises in in-
dustrial clusters. However, there is a threshold for industrial
agglomeration. When the threshold is exceeded, the negative
externalities of industrial agglomeration will exceed the posi-
tive externalities, which will reduce the efficiency of resource
utilization and exacerbate haze pollution (Wang and Wang
2019; Guo et al. 2020). Therefore, an exploration of the inter-
nal mechanism of the impact of industrial agglomeration on
haze pollution holds practical significance for promoting
“green” economic development and accelerating haze control.

Incorporating industrial agglomeration and haze pollution
into a unified analytical framework, and using spatial Dubin
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model (SDM), spatial lag model (SLM), and spatial error
model (SEM), this paper empirically analyzes the impact of
industrial agglomeration on haze pollution based on statistical
data on 30 provinces in China from 2000 to 2016, it investi-
gates the relationship between other control variables and haze
pollution, and it proposes countermeasures and suggestions.

Literature review

Scholars have mainly focused on the influences of industrial
agglomeration on air pollution, and some now tend to focus
on the influences on haze pollution. Some researchers find
that industrial agglomeration exacerbates air pollution.
Virkanen (1998) investigates the impact of urbanization on
metal deposition in southern Finland and finds that industrial
agglomeration is the main cause of air pollution and water
eutrophication. Zeng and Zhao (2009) verify the “pollution
model” using a spatial econometric model of two countries
and two departments, and they find that manufacturing ag-
glomeration and environmental regulation can effectively
avoid the “pollution haven” effect. Still, other researchers
demonstrate that the relationships between environmental
pollution and industrial agglomeration are unclear or
nonlinear. Wang and Wang (2019) and Guo et al. (2020)
discover that industrial agglomeration and green development
have a U-shaped relationship. Li et al. (2020) point out that
heavily polluting companies can, through emissions, increase
residents’ expenditure on health, showing a double threshold
effect; that is, the two have an N-shaped relationship. Reizer
and Juda-Rezler (2016) study the reasons for the high concen-
tration of PM 10 in an urban area of Poland and find that under
high atmospheric pressure, PM10 mainly comes from spill-
overs in Europe and that industry is the main source of PM10.

Based on the panel data of 79 developing countries, Ji et al.
(2018) study the relationship between household income, the
urbanization level, service industry development, and PM2.5
and find that the goal of reducing pollution emissions can be
achieved through the scale effect of industrial agglomeration
in the mature phase of urbanization. Ma et al. (2016) conduct
research on the connection between haze pollution and eco-
nomic activities, classifying cities in China into four types
according to standards of income and haze pollution. Their
research finds that pollution in low-income areas is caused
by the agglomeration of pollution-intensive industries, which
is suggested to be transferred to low-income unpolluted areas.

Based on the data of 126 countries from 1990 to 2016,
Dong et al. (2020) find that the urbanization level has an
inverted U-shaped relationship with haze pollution. Haze pol-
lution can be reduced through city cluster effects and
technological progress. Germani et al. (2014) analyze the re-
lationship between environmental justice and air pollution in
Italian provinces and point out that air pollution shows a
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spatial agglomeration effect and that improvements in envi-
ronmental planning and R&D can effectively reduce air pol-
lution. Based on panel data of China’s 269 prefecture-level
cities, Yuan et al. (2018) infer that the size of a city can affect
the density of PM2.5 through paths such as motor use and
changes in the green land area; additionally, population den-
sity and centrality, commuting distance, and traffic congestion
affect haze pollution. Using China’s panel data from 2003 to
2016, Qi et al. (2020) find that urbanization can indirectly
affect carbon emissions through trade opening and that
advanced industrial structure can also reduce carbon
emissions.

Alani et al. (2019) infer that haze pollution has the charac-
teristics of cross-regional transmission in Lagos, Nigeria.
Fotourehchi (2016) takes 60 developing countries as
samples and points out that the changes in CO2 and PM10
show the same trend, and the advancement of urbanization
level would aggravate pollution. Cetin et al. (2018) point out
that traffic intensity is the main PM2.5 and PM10 influencing
factors in Bursa city. Chuersuwan et al. (2008) study the main
sources of PM2.5 and PM10 and find that vehicle exhaust and
material combustion are the main sources of haze pollution in
the Bangkok Metropolitan Region (BMR). Based on panel
data of 249 Chinese cities, Gan et al. (2020), using urbaniza-
tion as an intermediary variable, study the relationship be-
tween economic development level and haze pollution and
find that the two show an N-shaped relationship. Li et al.
(2018) infer that there is a significant spatial spillover effect
of haze pollution in the Huang-huai region of China, and
industrial aggllomeration and urbanization will exacerbate
haze pollution. Upadhyay et al. (2018) study the health bene-
fits of reducing haze emissions in India and find that industry,
transportation, and energy are the main sources of haze
pollution. Using the GTWR model, Dong et al. (2020) analyze
Chinese provincial panel data from 1998 to 2015 and discover
that industrial agglomeration exacerbates environmental pol-
lution at both the national and provincial levels but that the
impact at the provincial level varies slightly across different
provinces; that is, the positive effect in eastern and northern is
stronger while that in western is weaker. By comparison, we
find that the effect of industrial agglomeration on haze pollu-
tion in studies conducted outside of China is generally posi-
tive, while Chinese studies on the relationship between the
two have not yet reached a unified conclusion.

The above literature review shows that the relationship be-
tween industrial agglomeration and air pollution has drawn
much academic attention and that some progress has been
made; however, little attention has been paid to industrial ag-
glomeration and haze pollution. Within the spatial economet-
ric model framework, this paper investigates the impact of
industrial agglomeration on haze pollution in 30 provincial
administrative regions of China from 2000 to 2016, and based
on the relationships between haze pollution and its
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independent variables, it proposes some feasible suggestions
and countermeasures. As an innovation with regard to the
above-mentioned studies, this paper selects more indicators
that affect haze pollution and is the first study to include car-
bon emissions. The relationships between haze pollution and
carbon emissions are explored to offer suggestions on the
coordinated control of the greenhouse effect and haze pollu-
tion. Moreover, as a further development of the above studies,
this paper verifies the nonlinear relationship between econom-
ic development, population density, and haze pollution, and it
tries to find the best way of balancing economic development,
population agglomeration, and haze pollution. From an inter-
national perspective, the novelty/originality of this paper re-
fines the existing analytical framework and has implications
for developing countries in studying the factors of haze
pollution.

Research design
Empirical model

Considering the spatial spillover effect of industrial agglom-
eration and haze pollution (Dong et al. 2019), this paper
adopts spatial econometric models to explore the relationship
between them. In this regard, spatial econometrics can more
accurately estimate the relationship between and the strength
of spatial variables. Traditional spatial econometric models
mainly include the spatial Dubin model (SDM), spatial lag
model (SLM), and spatial error model (SEM). SLM model
addresses whether there is a spatial spillover effect on each
variable. The SEM investigates the random impact of depen-
dent variables in adjacent areas on the dependent variables in a
focal area. The SDM can solve the problem of missing vari-
ables and effectively prevent missing variables from being
biased. The calculation formulas are as follows:

Yit:pWYit+ﬁXiz+Uj+)\t+5it (1)

where X, and Y}, are the independent variable and depen-
dent variable, WY}, is the spatial lag term of the dependent
variable Y;;, u;, and A, refer to the individual and time fixed
effects, and ¢, is the stochastic disturbance team.

Yii = BXiy+ p; + N+ cin 0 = Wey + ¢ (2)

where ¢;, is the autocorrelation of spatial error and ¢ is the
corresponding coefficient.

Yi=pWY; + BXy +IWX,;, + i+ Ao+ gir (3)

To analyze the impact of industrial agglomeration on haze
pollution, this research constructs the SLM, SEM, and SDM
as follows:

pm2.5 = By + pWpm2.5 + 3 agg + [,pdgp

+ Bssqpgdp + (342ind + 353ind + B¢pden

+ Bssqpden + Fgrd + [Boopen + [cos2
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pm2.5 = 3, + pWpm2.5 + [3,agg + (3,pgdp
+ B3sqpgdp + B42ind + B53ind + Bgpden
+ 3;sqpden + [grd + Byopen + [3;ycos2
+ B4inno + B,urban + (zer + 6,agg
+ Orpgdp + O3sqpgdp + 042ind + 053ind
+ Ogpden + 6;sqpden + Ogrd + Hyopen
+ 61pcos2 + 61,inno + 6 urban + Oyzer + p
+o+e (6)

In these models, “pm2.5” represents haze pollution
concentration, “agg” denotes the location entropy of in-
dustrial agglomeration, “pgdp” means per capita GDP,
“sqpgdp” represents the quadratic term of per capita
GDP, “2ind” is the structure of the secondary industrial,
“3ind” refers to the structure of the tertiary industry,
“pden” is population density, “sqpden” denotes the qua-
dratic term of population density, “rd” represents the in-
tensity of R&D, “open” reflects the degree of opening up,
“c02” is the carbon dioxide emissions, “inno” refers to the
number of patent applications, “urban” denotes the level
of urbanization, and “er” represents environmental
regulations.

Variable selection

Explained variable: haze pollution (PM2.5) This paper obtains
PM2.5 data from the remote sensing map published by the
Socioeconomic Data and Application Center at Columbia
University. Then, using ArcGIS software, it extracts the an-
nual mean data on PM2.5 in 30 provincial-level administrative
regions of China.
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Core explanatory variable: industrial agglomeration (agg)
This paper chooses location entropy as the indicator to mea-
sure industrial agglomeration.

Control variables Ehrlich and Holdren (1971) proposed the
IPAT model to study the impact of socioeconomic factors,
namely population, prosperity, and technology, on environ-
mental pollution. On the basis of the above factors, this paper
adds variables such as the industrial structure, carbon dioxide
emissions, the urbanization level, and environmental regula-
tions to the model to perform a more accurate analysis of the
relationships between haze pollution and industrial agglomer-
ation. The additional variables are as follows:

Economic development (pgdp) In general, regions with a high
level of economic development produce more products and
consume more energy than other regions do, thus exacerbat-
ing haze pollution. This article uses the actual per capita GDP
data that have been converted into 2000 constant prices to
measure the economic development level. Meanwhile, to ver-
ify the environmental Kuznets curve (EKC) of environmental
pollution and economic development, the quadratic term of
per capita GDP (sqpgdp) is included.

Industrial structure The rapid development of industrializa-
tion stimulates the large demand for petrochemical energy
and leads to serious haze pollution. Continuous optimization
of industrial structure, in which the tertiary industry mainly
depends on technological progress and innovation, can effec-
tively alleviate haze pollution. Therefore, this paper chooses
the ratio of the output value of the secondary industry to GDP
(2ind) and the ratio of the tertiary industry to GDP (3ind) to
measure China’s industrial structure.

Population agglomeration Moderate population agglomera-
tion helps to reduce haze pollution, while excessive gathering
exacerbates it. In this paper, population density (pden) is se-
lected as an indicator to measure population agglomeration,
and the quadratic term of population density (sqpden) is also
included.

Technology investment Previous studies show contradictory
results regarding the relationship between technology invest-
ment and haze pollution. To clarify the relationship between
the two, this paper selects the ratio of R&D investment to
GDP as an alternative variable of technology investment.

Opening up Opening up to the outside world helps to accel-
erate a country’s process of industrial agglomeration, and
thus, it affects haze pollution. Therefore, this paper chooses
the ratio of foreign direct investment (FDI) (converted into
RMB at the annual average exchange rate price in the current
year) to GDP as a means of measuring the level of opening up.

@ Springer

Carbon dioxide emissions (CO2) Haze pollution is closely re-
lated to carbon dioxide emissions. Thus, this paper selects
CO2 emissions to measure their relationship with haze
pollution.

Innovation level (inno) This paper takes the total number of
domestic patent applications in 30 provincial administrative
regions as the yardstick for measuring the level of innovation.

Urbanization (urban) In the initial stage of urbanization, the
massive use of energy leads to heavy haze pollution, but in the
mature stage, energy consumption is effective in restraining
haze pollution by improving energy efficiency and promoting
economic agglomeration. Therefore, this article selects the
urbanization rate to measure the level of urbanization.

Environmental regulation (er) The stricter the environmental
regulations are, the more closely companies pay attention to
pollution control and emission reduction. This can effectively
promote the upgrading of enterprises and the innovation of
environmental protection technology. In this paper, the level
of environmental regulation is measured by the ratio of total
sewage charges to GDP.

Data source

The haze pollution data in this paper come from the
Socioeconomic Data and Application Center at Columbia
University. All the data for the core explanatory variables
and control variables come from the China Statistical
Yearbook, the statistical yearbooks of provinces and cities,
the China Energy Yearbook, and China City Yearbook.
Missing data are supplemented by linear interpolation. All
these data cover 30 provincial administrative regions in
China from 2000 to 2016. The basic descriptive statistical
information of the variables is shown in Table S1.

Analysis of the empirical results

This paper uses spatial econometric models to analyze the
correlation between industrial agglomeration and haze pollu-
tion. In view of the possibility that different spatial correlation
models produce different spatial effects, this paper uses the
adjacency weight matrix, inverse distance weight matrix, and
economic weight matrix to test the robustness of the regres-
sion results, and it carries out SLM, SEM, and SDM regres-
sion analysis under the three respective weight matrices, and
introduces OLS model estimation. First, the Hausman test
result is 0.0148. At the significance level of 0.05, we reject
the null hypothesis of random effects, choose a fixed-effects
model, and set time fixed, space fixed, and time-space fixed
effects. The OLS and spatial-time fixed regression results un-
der adjacency weight matrix are shown in Table S2, the OLS
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and spatial-time fixed regression results under inverse dis-
tance weight matrix are shown in Table S3, the OLS and
spatial-time fixed regression results under economic weight
matrix are shown in Table S4, the results of the spatial fixed
and time fixed regression results under adjacency weight ma-
trix are shown in Table S5, the results of the spatial fixed and
time fixed regression results under inverse distance weight
matrix are shown in Table S6, and the results of the spatial
fixed and time fixed regression results under economic weight
matrix are shown in Table S7.

According to the empirical results in Table S2 to S7, the
direction and prominence of each variable coefficient do not
change significantly under the three spatial weight matrices,
indicating that the model setting is reasonable and that the
credibility of the estimated results is high.

The impact of the core explanatory variables
on haze pollution

The industrial agglomeration coefficient has a negative sign
under the three kinds of spatial weight matrices and passes the
significance test at the 1% level, showing that industrial ag-
glomeration can significantly reduce haze pollution and has
positive externalities. Two reasons explain the result. First,
industrial agglomeration can more effectively take the advan-
tage of the division of labor, promote the forward and back-
ward linkages between enterprises, and reduce exhaust in road
transportation during the supply of raw materials, the produc-
tion of intermediate products, and the sales of final products.
Industrial agglomeration can also improve the efficiency of
allocation and utilization of energy elements among enter-
prises and thus play a significant role in reducing haze pollu-
tion. Second, the forward and backward linkages of enter-
prises can reduce transaction costs and increase investment
in clean energy and technology. Industrial agglomeration
can also promote competition between enterprises, stimulate
the innovation vitality of enterprises, help enterprises to coop-
erate in technology development and share technological
achievements despite the competition among them, and real-
ize the goal of energy saving and emission reduction on the
basis of shared development.

The impact of the control variables on haze
pollution

Economic development GDP per capita is significant and the
coefficient is positive under three weight matrices, indicating
that economic development is positively correlated with envi-
ronmental pollution. This is related to China’s early extensive
development, which has led to heavy energy consumption and
environmental pollution. The positive coefficient of GDP per

capita and the negative coefficient of the quadratic term of
GDP per capita indicate that haze pollution and the level of
economic development do not have a simple linear relation-
ship but an inverted U-shaped relationship, verifying the en-
vironmental Kuznets curve (EKC) of environmental pollution
and economic development.

Industrial structure The structure of secondary industry and
the structure of tertiary industry are both significant under the
three weight matrices. The positive coefficient of the structure
of'the secondary industry indicates that the secondary industry
is positively related to haze pollution. The reason is that China
has paid too much attention to economic benefits in the de-
velopment process and has not paid enough attention to envi-
ronmental pollution. The coefficient of the structure of the
tertiary industry is negative, indicating that the development
of'the tertiary industry can suppress haze pollution because the
tertiary industry is mostly consisting of service sectors. In
addition, the absolute value of the coefficient of the structure
of the tertiary industry structure coefficient is much smaller
than that of the secondary industry, showing that although
China’s industrial structure is continuously optimized and
the output value of the tertiary industry has increased signifi-
cantly, its emission reduction effect has not improved signif-
icantly and that the process of industrial structure upgrading
still needs to be further promoted.

Population agglomeration Population density and its quadrat-
ic terms are significant at the 1% level in the three weight
matrices. The positive coefficient of population density indi-
cates that population agglomeration may intensify haze pollu-
tion because population concentration will lead to increased
consumption and travel, consume more energy, and produce
more automobile exhaust. The negative coefficient of the qua-
dratic term of population density further verifies the inverted
U-shaped relationship between population density and haze
pollution, indicating that the scale effect of population ag-
glomeration has already appeared.

Technology investment The coefficient of technology in-
vestment is positive under the three weight matrices, in-
dicating that technology investment has not produced sat-
isfactory effects on emission reduction and haze pollution
is still increasing. The reasons may be the process of
transforming, the achievements of scientific research into
real-world is inefficient and delayed, and that the applica-
tion of energy-saving and emission-reducing technologies
is not sufficient. On the other hand, the application of
innovation achievements may lead to the rebound effect
of energy, and the emission reduction effects brought by
technological progress may be offset by a new round of
energy consumption and pollutant emissions brought by a
deepening of capital and an increase in output, thus
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resulting in a nonsignificant emission reduction effect of
science and technology investment.

Opening up The regression coefficient of the level opening up
is significantly positive under the three weight matrices, indi-
cating that FDI is positively correlated with haze pollution.
One possible explanation is that since the initiation of the
reform and opening up, China has constantly attracted foreign
capital due to its comparative advantages in labor costs and
natural resources. However, foreign-invested enterprises are
generally labor-intensive, heavily polluting, and high-energy-
consuming enterprises, and their economic activities have led
to increased haze pollution. The inflow of FDI drives more
labor and resources, increasing the scale of resource consump-
tion; this structural effect and scale effect lead to the promo-
tion of economic development while also increasing haze pol-
lution. FDI promotes the local economic scale by increasing
the capital stock of the host country, leading to an increase in
pollutant emissions and deepening the pollution level of the
local industrial structure.

Carbon dioxide emissions The CO2 emission coefficient is
significant at the 1% level in all three weight matrices, indi-
cating a highly positive correlation between the two. The rea-
son for this result is that the combustion of fossil energy can
produce both CO2 and particulate matter, which gradually
develops into haze. Since carbon dioxide and haze have the
same homology, the dual strategy of simultaneously reducing
carbon emissions and reducing haze pollution should be con-
sidered when formulating environmental policies.

Innovation level The negative regression coefficient of the
innovation level indicates that improving innovation level
can effectively reduce haze pollution. The reason is that inno-
vation can promote the development of high-tech industry,
optimize and upgrade the economic structure, change growth
drivers, and ultimately, reduce haze pollution. Innovation can
also improve the efficiency of resource allocation and total
factor productivity by optimizing the industry structure and
the allocation of resources, ultimately mitigating the loss of
energy efficiency caused by irrational resource allocation and
thus reducing the level of haze pollution. Innovation level can
contribute to technological progress in mitigating urban haze
through the technology effect. Cities with a higher level of
innovation have intelligent pollution monitoring platforms
that, through real-time monitoring, improve the city’s efficien-
cy in the mid-range process of the monitoring of corporate
emissions and the ability of companies to monitor their own
emissions and access to pollution information to mitigate haze
causing emissions.

Urbanization level The negative coefficient of the urbaniza-
tion rate indicates that improving urbanization rate is helpful
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in reducing haze pollution. On the one hand, urbanization can
promote the formation of economic agglomeration; attract
capital, labor, and technological innovation; improve the effi-
ciency of resource utilization; and reduce the energy con-
sumption per unit of GDP. On the other hand, in this paper,
the regression coefficient of the urbanization rate is small,
which shows that its impact on reducing haze pollution is
not yet obvious.

Environmental regulation The coefficient of environmental
regulation on haze pollution is not significant, and therefore,
the relationship between them cannot be judged. The reason
why the regression coefficient is large but nonsignificant may
be that the effect of environmental regulations on haze
pollution is significant but implementation varies in different
places. Meanwhile, Li et al. (2019) prove that environmental
regulation has a spatial spillover effect and lag effect on haze
pollution, but the effects vary within regions. This finding
further shows that a single environmental regulation may pro-
duce different effects in different regions, leading to nonsig-
nificant regression results.

Conclusions and policy implications

Based on the adjacency weight matrix, inverse distance
weight matrix, and economic weight matrix, this paper
empirically studies the impact of industrial agglomeration
on haze pollution using the spatial Dubin model (SDM),
spatial lag model (SLM), and spatial error model (SEM).
The findings are as follows: (1) Although industrial ag-
glomeration can effectively reduce haze pollution, exces-
sive industrial agglomeration may lead to congestion, re-
sources waste, and aggravated haze pollution. (2) This
article verifies that there is an environmental Kuznets
curve (EKC) between China’s environmental pollution
and economic development. That is, the two have an
inverted U-shaped relationship, and the same relationship
exists between population agglomeration and haze pollu-
tion. (3) In terms of the industrial structure, the secondary
industry has a positive correlation with haze pollution,
while the tertiary industry is effective in reducing haze
pollution, but has a nonsignificant reducing emission.
(4) Opening up and carbon dioxide emissions aggravate
haze pollution. Technological investment, due to its low
transformation rate, has not been proven effective in haze
control thus far. A higher level of innovation and a higher
urbanization rate help to reduce haze pollution. (5)
Environmental regulations are not obviously related to
haze pollution but are effective in reducing emissions.

Based on the above findings, this research proposes the
following policy implications:
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The government should guide industrial agglomeration in a
reasonable way and coordinate economic development and
environmental protection

Regional development planning should take local advan-
tages into account. From a regional perspective, the eastern
provinces are competitive in information, technology, and in-
frastructure, while the western provinces have advantages in
labor and natural resources. Specifically, eastern provinces
should be committed to developing a headquarters economy
represented by financial services and R&D consulting ser-
vices, as to focusing on high-end producer services and con-
sumer services. Western provinces should be committed to
promoting the cluster development of advanced manufactur-
ing industries such as new energy and new materials to realize
the coordinated development of cultivating new kinetic ener-
gy and upgrading traditional kinetic energy, thereby promot-
ing improvement in economic quality and reducing in haze
pollution. Therefore, it is necessary to integrate the advantages
of different regions to accelerate the process of industrial
structure upgrading and industry transfer and to rationalize
the industrial layout. Efforts should be made to encourage
the development of the tertiary industry and high-tech indus-
tries to increase investment in R&D and human capital, en-
courage technological innovation, and to accelerate the trans-
formation of scientific research achievements and their appli-
cation in the market.

The government should strengthen cooperation between
regions and improve the mechanism of joint prevention and
control of haze

Haze has a significant spatial spillover effect. Therefore,
enterprises should strengthen cooperation and dialogue with
forward and backward enterprises, work together in the devel-
opment of cleaner production technologies, and jointly design
the implementation of emission reduction plans. On the one
hand, the government should create a market mechanism that
encourages enterprises to make technological innovations,
and establish a long-term mechanism to encourage enterprises
to strengthen the research and development of new energy and
new technologies. On the other hand, it needs to enhance
cooperation with neighboring regions and accelerate the es-
tablishment of regional environmental monitoring platforms,
information sharing platforms, joint law enforcement plat-
forms, and unified planning platforms to avoid fragmented
control of haze. Moreover, considering that carbon dioxide
emissions and haze come from the same source, we may try
measures that target both carbon emissions and haze pollution.

The government should strengthen environmental regula-
tions and provide institutional support for pollution prevention

Local governments should formulate stricter environmen-
tal regulations and policies and strengthen law enforcement.
Compared with the possible “beggar thy neighbor” in haze
pollution, environmental regulation is prone to “free-riding”
due to its spatial spillover effect. Therefore, local governments

should formulate stricter environmental regulations and poli-
cies, implement them effectively, and coordinate with neigh-
boring regions to realize coordinated economy and environ-
ment development. For enterprises with weak pollution reduc-
tion technologies and poor R&D capabilities, environmental
administrative control should be strengthened to improve their
pollution reduction capabilities, but for enterprises with strong
R&D capabilities, excessive administrative intervention in
their business activities should be avoided as far as possible,
and more market-oriented regulatory tools should be adopted
to encourage enterprises to engage in green technology
innovation.
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