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Abstract: Environmental pollution has attracted growing government attention. We employ a series
of panel data regression models to measure and analyze the impact of environmental attention of
284 prefecture-level municipal governments on ambient pollution in China. The results show that:
(1) The improvement of government environmental attention can curb ambient pollution. (2) The
impact of government environmental attention on ambient pollution is heterogeneous in the differ-
ence of regional and local environmental pollution severity. (3) Government environmental attention
inhibits ambient pollution through green development and industrial upgrading. The conclusions of
this paper provide evidence and implications for environmental regulation in developing countries
and cities.

Keywords: government environmental attention; ambient pollution; heterogeneity; mechanism

1. Introduction
1.1. Motivation

Since the 1960s, the environmental problems caused by large-scale industrial produc-
tion have attracted widespread attention, and ambient pollution has become one of the
main focuses of the public in many countries. The harm of ambient pollution such as PM2.5
to human health has been confirmed, mainly causing respiratory obstruction or inflamma-
tion by assisting pathogenic microorganisms, chemical pollutants, and oil fumes [1,2]. In
order to cope with the problematic ambient pollution situation, governments of various
countries and regions have continuously strengthened their attention to the environment
and issued relevant regulations.

In the past few decades, the U.S. government has established a number of environ-
mental protection policies through the Environment Protection Agency (EPA) to reduce
and control urban pollution and has achieved some results. The 2020 EPA report showed
that, from 1970 to 2019, the U.S. GDP increased by 285%, population by 60%, miles driven
by 195%, energy consumption by 48%, and carbon dioxide (CO2) emissions increased by
25%, but the ambient pollution decreased by 77%. All primary air pollutants levels have
decreased significantly over the past few decades. According to the U.S. EPA’s National
Air Quality Summary, from 1980 to 2019, carbon monoxide emissions decreased by 75%,
lead emissions decreased by 99%, nitrogen oxides (NOX) emissions decreased by 68%,
volatilization emissions of sexual organic compounds (VOCs) were reduced by 59%, PM10
emissions by 63%, PM2.5 emissions by more than 36%, and sulfur dioxide emissions by 92%.
The overall air quality improvement in the United States is mainly due to the continuous in-
novation of industrial production technology and the deindustrialized urban development
model, but despite this, many urban populations are still affected by ambient pollution.
The U.S. Environmental Protection Agency reported that, in 2019, roughly 81.9 million
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people, or 25 percent of the U.S. population, lived in areas with concentrations of at least
one air pollutant that exceeded federal standards. By pollutant categorization, 2.8 million,
15.4 million, and 22.5 million people live in areas where sulfur dioxide, PM2.5, and PM10
exceed the standard.

On 12 May 2021, the European Commission issued the “EU Action Plan: Towards
Zero Pollution for Air, Water and Soil”, which aims to reduce air, water, and soil pollution
to a level that is no longer harmful to human health and natural ecosystems by 2050. The
action plan is a key outcome of the European Green deal. A series of key action plans to
achieve zero pollution by 2050 are set.

Since the reform and opening up, China’s economy has snowballed [3], but the natural
ecological environment has been severely damaged. The increasingly severe environmental
pollution problem has endangered the average production and life of the public and the
sustainable development of the economy. PM2.5 is one of the primary air pollutants in
China, and it is also one of the air pollutants with the most consistent results and the most
apparent health hazards in long-term exposure studies [4,5]. In most areas of China, the
concentration of PM2.5 has been relatively high. From 2014 to 2016, 95%, 87%, and 81%
of the population were exposed to the environment, exceeding the national standard of
35 µg/m3. Almost no one’s exposure environment can reach the 10 µg/m3 recommended
by the WHO [6]. Studies have demonstrated that long-term exposure to high PM2.5
concentrations increases the morbidity and mortality of numerous diseases, particularly in
low- and middle-income communities [7]. The Global Burden of Disease (GBD) research
report of 2015 showed that PM2.5 has become the fifth-leading cause of death globally. In
2015, the global death toll attributable to PM2.5 exposure was 4.2 million, of which China
accounted for 1.1 million, which was more than a quarter. The mortality rate in China
attributable to PM2.5 pollution is 84.3 per 100,000 people, which is more than four times
that of the United States (18.5 per 100,000 people) [8].

Given the grim situation of ambient pollution, the Chinese government has also made
many efforts. In September 2013, the “Action Plan for Air pollution Prevention and Control”
issued by the State Council proposed accelerating the construction of desulfurization and
other transformation projects in major industries. In September 2014, the National Devel-
opment and Reform Commission and other agencies released the “Notice on Adjusting
the Collection Standard of Sewage Charges and Other Related Issues”, which doubled the
collection standard of sewage charges per pollution equivalent of waste gas and sewage,
requiring to strengthen the environmental law enforcement and inspection of the collection
of sewage charges. In December 2015, the Ministry of Environmental Protection and other
departments issued the “Work Plan for the Full Implementation of Ultra-low Emission
and Energy Saving Transformation of Coal-fired Power Plants”, mandating that coal-fired
power facilities in the east, middle, and west achieve ultra-low emissions by the end of 2017,
2018, and 2020, respectively. The emission concentrations of smoke, SO2, and NOx must
not exceed 10 mg/m3, 35 mg/m3, and 50 mg/m3, respectively, under the condition of a 6%
reference oxygen content. Coal-fired units achieve average dust removal, desulfurization,
and denitration rates of more than 99.95%, 98%, and 85%, respectively. In December 2016,
the State Council issued “The Comprehensive Work Plan for Energy Conservation and
Emission Reduction” in the 13th “Five-Year Plan”, which significantly improved the goal
of ambient pollution control. In September 2017, the Ministry of Environmental Protection
proposed the “Prevention and Control of Volatile Organic Compounds Pollution” in the
13th “Five-Year Plan” to focus on promoting the prevention and control of VOC pollution
from critical industries such as petrochemical; chemical; packaging and printing; industrial
coating; and other traffic sources, such as motor vehicles and oil storage, transportation,
and marketing. In July 2018, the State Council issued “The Three-year Action Plan for
Winning the Blue Sky Defense War”, defining the overall idea, primary objectives, main
tasks, safeguard measures, and planning process of ambient pollution prevention and
control. In May 2019, the Ministry of Ecological Environment and other departments jointly
issued “The Opinions on Promoting the Implementation of Ultra-low Emission in the Iron
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and Steel Industry”, which outlined the general goal of fostering ultra-low emissions in the
steel sector. The 2020 Central Economic Work Conference stated that China should fight
hard against pollution; stick to one direction and strength; emphasize precise pollution
control, scientific pollution control, and pollution control according to law; and promote
continuous improvement of the ecological environment.

With the continuous deterioration of the environment, the local government inevitably
needs to assume greater social responsibility, and the relationship between the local gov-
ernment’s environmental attention and ambient pollution from the meso-perspective is
the value of the investigation. In this context, we can raise some questions: Does the
government’s environmental attention directly affect ambient pollution? What are the
differences in the role of government environmental attention on ambient pollution among
different subjects? How does the government’s environmental attention affect ambient
pollution? We must use appropriate measurement methods and theories to analyze these
problems. Figure 1 shows the logical structure diagram of this study.
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1.2. Literature Review

It is generally accepted that government actions have impacts on the environment [9].
Wang et al. introduced environmental and carbon levies to determine the appropriate
power mix [10]. To prevent the “peak” impact of polluted weather, Yang et al. recommend
promoting individual adaptive actions [11]. According to research, the Chinese government
should invest more effort than only enacting environmental legislation [12]. Hao et al. uti-
lized panel data from 30 provinces in China from 1998 to 2016 to evaluate the influence of
FDI and technological innovation on environmental pollution [13]. Although the influence
of environmental regulations on happiness has been debated, the present research has
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neglected it [14]. From the standpoint of environmental pollution, Wu et al. suggested a set
of policy implications for reducing criminal activities in China [15]. Gao et al. addressed
the effects of short- and long-term pollution exposure [16]. The importance of another
study highlights the impact of coronavirus disease on urban ambient pollution [17]. Carbon
financial market, carbon tax, carbon pricing, and economic uncertainty are some important
factors affecting pollution and closely related to government behavior [18–25].

Ambient pollution has been extensively studied in the past. Adamczyk et al. presented
a wide range of activities aimed at the reduction of the environmental impact of the
emissions of pollutants from individual heat sources, the so-called low emission [26].
Liao et al. investigated UPM pollution to analyze its source, composition, and distribution
characteristics of UPM in ambient air [27]. Świerszcz et al. considered the implications of
geothermal energy as an alternative source for the counteracting of low emissions as part of
the ecological security strategy [28]. Loyeva et al. presented an algorithm of a complicated
statistical analysis of atmospheric air pollution over certain urban territories based on the
methods of a multivariate statistical analysis and a statistical decisions theory [29]. There
have been many other influential studies [30–32].

PM2.5 is one of the leading indicators used to measure ambient pollution, and the rele-
vant research has been relatively mature [33]. To interpret globally scattered PM2.5 mass and
composition measurements from the Surface Particulate Matter Network (SPARTAN) [34],
Weagle et al. utilized the GEOS-Chem simulation by satellite-based estimations of PM2.5.
Liu et al. employed a random forest-based geostatistical (regression kriging) technique to
improve one of the most widely used satellite-derived, gridded PM2.5 datasets with a finer
spatial resolution (0.01◦) and improved accuracy [35]. In order to predict the PM2.5 levels
in the North China Plain, Huang et al. created a high-performance machine learning model
directly at the monthly level [36]. Shi et al. used standard deviation ellipse and trend analy-
sis to examine the regional and temporal features of PM2.5 in South and Southeast Asia,
based on a long-term series of satellite-retrieved PM2.5 concentrations [37]. By integrating
a chemical transport model with a complete emission inventory, Zhang et al. calculated
the air quality and health benefits of certain clean air activities [38]. With hourly ozone
and PM2.5 readings from 106 locations in the North China Plain from 2013 to 2018, Li et al.
provided observational evidence for this impact [39]. Stafoggia et al. used random forest to
predict the daily PM10, fine, and coarse particles at 1-km2 grid [40]. Choi et al. investigated
source contributions to PM2.5 in South Korea under various meteorological conditions,
using a suite of extensive observations of PM2.5 and its precursors’ concentrations collected
during the international Korea–US cooperative air quality field study in Korea in May to
June 2016 [41].

There have been few direct studies on the impact of government actions on ambient
pollution in the past. The CSN database was used to explore the long-term variants of
pollution sources to PM2.5 organic carbon (OC) in Central Los Angeles and Riverside from
2005 to 2015, during which a few federal and state PM-based legislations were taken to
minimize the tailpipe emissions in the region [42]. The research purposed by Park et al. was
to investigate the impacts of PM2.5 on domestic and Chinese components identified in the
Korean government’s policy [43]. The research of Zhang et al. applied the CMAQ model to
analyze the effectiveness of pollution regulations to give data-driven assistance to policy
decisions, which are becoming more crucial [44]. Wang et al. employed long-term reliable
data to explore the variance of air pollutants in China, in which the Chinese government
has made substantial efforts to decrease the emission levels in polluted locations [45]. In ad-
dition, the research on government actions such as limiting vehicle emissions, afforestation
projects, and increasing financial expenditure on energy conservation and environmental
protection has also obtained meaningful conclusions [18,46,47].
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1.3. Contribution

Compared with previous studies, the innovations and contributions of this paper are
as follows. (1) We collect the annual government work reports of more than 200 prefecture-
level cities in China and use text analysis technology to measure the data of municipal
government environmental attention, filling the gaps in the government environmental
regulation research from a meso-perspective. Compared with previous studies, which
are keen to use environmental tax to represent the intensity of the environmental regula-
tion, this paper directly uses the government’s environmental attention, which can more
truly reflect the local government’s subjective willingness to regulate the environment.
(2) Compared with previous studies, the sample size of this paper is larger, and the period
is more extended, which can get more accurate and practical conclusions. (3) This study
makes full use of the measurement methods to build targeted measurement models for
different problems. Firstly, the fixed effect panel model and 2SLS method are used for
estimations, confirming the inhibitory effect of urban government environmental attention
on ambient pollution. Secondly, the mediating effect model is applied to verify the path
role of the green development effect and industrial upgrading effect in the impact. Finally,
the heterogeneity of urban government environmental attention on ambient pollution is
analyzed using subsample regression and the MM-QR method.

As the largest developing country in the world, China has sufficient urban samples
for empirical analysis. The relevant conclusions can provide practical experience for gov-
ernments worldwide to formulate environmental protection policies. Furthermore, China’s
economic development is seriously unevenly distributed, and the level of economic devel-
opment is gradually declining from the eastern coast to the western inland. Therefore, the
empirical results of Eastern, Central, and Western China can provide targeted experiences
for developed countries, middle-level countries, and backwards countries, respectively.

2. Research Design
2.1. Hypotheses

The actual effect of government environmental regulation can be considered from
two perspectives. On the one hand, government environmental regulation is difficult to
curb pollution. China’s investment in environmental pollution control has accounted for
only about 1.5% of the GDP in many years. The Chinese government mainly promotes
enterprises to reduce pollution by implementing a sewage charge system. However, many
enterprises prefer to pay sewage charges rather than reduce emissions [48]. The government
has also increased financial subsidies to reduce the cost of pollution reduction of enterprises,
and even the phenomenon of subsidy funds exceeding the amount of pollutant discharge
fees has caused many enterprises to take the opportunity to obtain state subsidy funds
without increasing their investment in pollution control. On the other hand, environmental
pollution will be effectively controlled with the growing investment in pollution control
and the increasingly stringent environmental regulations. Local governments rely on a
solid economic foundation to establish strict and perfect environmental management laws
and regulations. At the same time, the public has gradually developed a good awareness of
environmental protection and green behavior habits, which is conducive to stimulating the
motivation of enterprises to reduce pollution. As the economy enters the stage of low-speed
growth, the marginal rate of return of social capital is decreasing, reducing the opportunity
costs of pollution control investments and conducive to improving the investment level
of pollution control. Generally, urban government regulation can alleviate local ambient
pollution in China, where the government has a strong control ability. Accordingly, we
propose the following hypothesis:

Hypothesis 1 (H1). Government environmental attention can inhibit regional ambient pollution.
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There must be differences in the willingness and ability of governments to control
environmental pollution among different cities. Many variables influence the local govern-
ment environmental control and the degree of local environmental pollution, including the
internal and external environment, location, policy strategy, and infrastructure, in the area.
Therefore, there are significant differences in the core elements between different cities.
From the geographical location, Eastern China has several important developed urban
circles with convenient foreign exchanges. It is China’s most economically advanced area,
with highly developed industry, severe ambient pollution, and more flexible government
policies. The central and western regions have rugged terrain and relatively backwards
transportation development. They are still in a driven role in development planning. The
industrial intensity is low, and local governments are more eager for development. They
have different attitudes towards environmental problems. In terms of the degree of local
environmental pollution, the heavily polluted area itself has a larger amount of pollution
sources: a large number of heavily polluting enterprises and populations. In the overall
planning of the central government, heavily polluted areas are also under greater pressure
from higher authorities. Sometimes, environmental problems are directly linked to the as-
sessment of officials. The environmental protection pressure and difficulty of more heavily
polluted cities are higher. Accordingly, we propose the following hypothesis:

Hypothesis 2 (H2). The heterogeneity of the impact of government environmental attention
on ambient pollution is reflected in regional differences and local ambient pollution degree.

Intuitively, the fundamental driving force for reducing ambient pollution comes from
reducing pollution emissions from the production sector. Although China is the second-
largest economy globally, its per capita economic level still belongs to developing countries.
It is unrealistic to require China to give up its development for environmental problems. For
the region’s economic development, local governments will not choose to give up industry
directly. Improving green production efficiency and industrial structure is the best choice
in reality. Environmental laws and regulations mainly reduce pollution by limiting the
polluting production factors or the production of commodities. They can also encourage
enterprises to invest in pollution control and reduce pollution emissions per unit output
to reduce the pollution level, improving green production efficiency. In addition, heavy
polluting enterprises are densely distributed in areas with early industrial development,
causing tremendous pressure on the local environment. The local government also requires
explicitly polluting enterprises to transform or move out, which will be replaced by greener
and environmentally friendly industries; that is, using industrial upgrading to reduce
pollution. Accordingly, we propose the following hypothesis:

Hypothesis 3 (H3). Government environmental attention can restrain ambient pollution through
green development effect and industrial upgrading effect.

2.2. Model

The first step is benchmark regression. We employ a fixed effect panel regression
model to analyze the direct impact of China’s urban government environmental attention
on ambient pollution. The model setting is as follows:

APit = α0 + α1 GEAit + α Xit + πi + εit (1)

where i represents a city’s serial number; t is the year; APit represents the dependent
variable ambient pollution, i.e., PM2.5 concentration; GEAit is the independent variable, i.e.,
government’s environmental attention; Xit are the covariates, including economic develop-
ment level, regional urbanization level, upgrading of industrial structure, openness, degree
of marketization, population density, transportation development level, and development
level of posts; πi stands for the individual fixed effect; εit is the error term; and α1 describes
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the direct impact of the government’s environmental attention on ambient pollution, which
is the chief factor in this paper.

The second step is to set the instrumental variable method [49]. This research employs
2SLS to design the model in order to better quantify the influence of GEA on AP:

GEAit = β0 + β1GEA_lag1it + β2Xit + πi + σit (2)

Formula (2) is the first stage of 2SLS, and the form of the second stage is the same as
Formula (1). GEA_lag1it is the GEA with a lag period. According to the general practice,
endogenous variables with one lag period can meet the correlation assumption and the
exogenous assumption of effective instrumental variables.

The third step is for the quantile regression. For verifying Hypothesis 2, we need
to further analyze it based on benchmark regression. For regional differences, we can
divide samples. However, quantile regression is needed to analyze the heterogeneity
based on the difference of the local environmental pollution degree measured with the
following formula:

Qτ(APit) = γ0 + γ1 GEAit + γ Xit + πi + µit (3)

Qτ(APit) is the quantile of ambient pollution degree, and γ1 is the τ quantile estimation
coefficient of the influence of government’s environmental attention on ambient pollution.

The weighted average of the absolute value of the residual, which is not easily im-
pacted by extreme values, is used as the objective function of minimization in the quantile
regression initially described by Koenker and Bassett [50]. The fixed effect panel quantile
regression with adjustment effect was later introduced by Koenker [51]. Prior quantile anal-
yses believed that a single influence only created a parallel (position) shift in the response
variable distribution without changing the whole distribution [51,52]. To put it another way,
it ignored unobserved individual heterogeneity. This research uses a novel Minimization
Quantile Regression (MM-QR) approach to explore the heterogeneous influence of the
government’s environmental attention on PM2.5 in order to tackle this challenge [53]. In
estimating panel data models with individual effects and avoiding endogenous difficulties,
MM-QR technology provides benefits [54].

The fourth step is the mechanism test. The above theoretical mechanism analysis
shows that green development and industrial upgrading are two main mechanisms for the
government’s environmental attention to affect ambient pollution. In order to verify these
mechanisms, this paper uses the mediating effect model based on the stepwise regression
method for empirical research:

APit = α0 + α1 GEAit + α Xit + πi + εit (4)

Mit = β0 + β1 GEAit + β Xit + πi + σit (5)

APit = γ0 + γ1 GEAit + γ2 Mit + γ Xit + πi + εit (6)

where Mit represent the two mediating variables, including urban ecological efficiency
(e_e f f ) and upgrading of industrial structure (ind), α1 means the same as it is in Formula (1),
β1 measures the impact of the government’s environmental attention on the mediating
variable, γ1 measures the direct impact outside the mechanism approach, and γ2 means
the impact of mediating variables on the ambient pollution. In addition, this paper also
uses the Sobel test to verify the mediating effect.

3. Data Preprocessing
3.1. Measurement

For the dependent variable, the PM2.5 concentration data (AP) come from the relevant
data published by the Socio-Economic Data and Application Center (SEDAC) of Columbia
University [55], which is based on the Aerosol Optical Thickness (AOD) measured by the
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Moderate-resolution Imaging Spectroradiometer (MODIS), Multi-Angle Imaging Spectrom-
eter (MISR), and Sea-viewing Wide Field-of-view Sensor (SeaWiFS) on NASA satellites.
The global PM2.5 grid data formed after the transformation of the geochemical transfer
model (GEOS-Chem model) and the prediction and adjustment of the Geographically
Weighted Regression model (GWR) further take the vector boundary of China’s municipal
administrative divisions as the mask and uses the spatial analyst tool in ArcGIS software
to count and extract the grid data, so as to obtain the PM2.5 concentration data at the
municipal level from 2008 to 2018.

For the independent variable, the measurement of government environmental atten-
tion (GEA) data refers to the research of Chen et al. [56]. The first step is to extract keywords
related to environmental protection from multiple environmental policy reports and words,
including environmental protection, environmental protection, green development, new
energy, haze, haze control, pollution, energy consumption, pollution control, emission
reduction, sewage discharge, ecological environment, ecological protection, ecological
damage, water ecology, low carbon, sulfur dioxide, carbon dioxide, PM10, PM2.5, chemical
oxygen demand, COD, scattered pollution, discharge, air, water environment, water safety,
water quality, clear water, black odor, sewage, waste gas, waste residue, environmental
violation, environmental crime, environmental case, environmental punishment, environ-
mental treatment, environmental quality, blue sky, coal combustion, greening, dust, tail
gas, and VOCs.

Secondly, we collect the annual government work reports of 284 prefecture-level cities
in China during the investigation period. Then, the proportion of statements containing
environmental protection keywords in the full text is analyzed. Finally, we use text analysis
to measure the proportion of sentences related to environmental protection, which is
multiplied by 100 to get the government’s environmental attention of prefecture-level cities
in China.

Mediating variables include urban ecological efficiency (e_e f f ) and upgrading of
the industrial structure (ind). Urban ecological efficiency is measured by the super-
efficient SBM-GML model in data envelopment analysis (DEA), according to the research of
Su et al. [57,58]. DEA is one of the most popular methods to measure efficiency [33,59,60].
We take capital, labor, construction, and energy as the four major input indicators; GDP is
the desirable output indicator; wastewater, waste gas, and smoke as the three undesirable
output indicators. For the indicator of industrial structure upgrading, we adopt the com-
mon practice, taking the proportion of the total output value of the secondary industry and
the tertiary industry in the urban GDP.

This paper selects seven main control variables related to the urban economy and
environment. They are the logarithm of each city’s per capita GDP (pgdp); urbanization
level (urb), which is the fraction of each city’s population living in the municipal area [61];
openness (ope), the city’s real foreign investment share of GDP; marketization (mar), which
is the fraction of private and individual employment in the whole population; the logarithm
of the population density (den) of each city; transportation (tra), the logarithm of total urban
passenger volume divided by total urban population; and postal development level (pos),
expressed as a logarithm of the revenue from postal business divided by entire population.
The data of the control variables are from the China Urban Statistical Yearbooks, and
missing values are interpolated using the changing trend.

3.2. Statistics

Table 1 reports descriptive statistics for all variables in this paper. In order to reflect
the differences among cities in different regions, the descriptive statistics of eastern, central,
and western cities are displayed, respectively.
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Table 1. Descriptive statistics.

Unit Items Summary Eastern Central Western

N - - 3124 1232 1221 671

AP µg/m3 Mean 35.628 40.516 36.405 25.239
Std 16.396 17.044 15.533 11.261

GEA - Mean 6.933 7.090 6.776 6.931
Std 2.742 2.814 2.745 2.584

pgdp ln(RMB/person) Mean 10.498 10.725 10.428 10.211
Std 0.644 0.611 0.576 0.676

urb ratio
Mean 0.357 0.388 0.321 0.364

Std 0.238 0.261 0.215 0.223

ope ratio
Mean 0.027 0.027 0.038 0.008

Std 0.096 0.059 0.138 0.040

mar ratio
Mean 0.128 0.167 0.111 0.088

Std 0.136 0.188 0.082 0.067

den ln(person/km2)
Mean 5.725 6.109 5.597 5.256

Std 0.917 0.672 0.951 0.959

tra ln(RMB/person) Mean 2.771 2.799 2.678 2.891
Std 0.784 0.863 0.692 0.770

pos ln(RMB/person) Mean 4.235 4.424 4.155 4.034
Std 0.796 0.868 0.731 0.693

e_e f f - Mean 1.528 1.516 1.553 1.504
Std 0.516 0.464 0.535 0.570

ind ratio
Mean 87.210 89.353 86.026 85.430

Std 8.132 6.826 8.817 8.179

It can be found that the intensity of ambient pollution in the eastern region is high,
followed by the central part, and the degree of ambient pollution in the western region is
relatively weak. PM2.5 is the main cause of weather haze. It is generally believed that if
the concentration of PM2.5 exceeds 35 µg/m3, the environment is not good. The WHO has
pointed out that, when the average annual concentration of PM2.5 reaches 35 µg/m3, the
risk of human death is about 15% higher than that of 10 µg/m3. It can be seen that ambient
pollution in Eastern and Central Chinese cities has been relatively severe.

In terms of the government’s environmental attention, eastern cities pay the great-
est attention, followed by western cities, and central city governments pay the lowest
attention to environmental protection. However, there is little difference in government
environmental attention among different regions.

4. Empirical Results
4.1. Parameter Estimation

According to the setting of Formula (1), we first briefly analyze the direct impact of
China’s urban government’s environmental attention on ambient pollution. Table 2 shows
the results of the benchmark regression. Column (1) represents the ordinary OLS regression
results of GEA and AP, and Column (2) considers the seven control variables in this paper
based on ordinary OLS. Column (3) displays the regression results of the panel fixed effect;
that is, the fixed effect of urban individuals is considered based on Column (2).
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Table 2. Estimation results for the benchmark regression.

Items
AP

(1) (2) (3)

GEA −0.134 ** (−2.09) −0.063 (−0.92) −0.164 ** (−2.33)
pgdp - −2.661 *** (−4.78) 3.494 *** (6.62)
urb - −6.343 *** (−3.33) −13.555 *** (−10.67)
ope - −0.340 (−0.21) 4.922 ** (2.00)
mar - 0.422 (0.18) −14.555 *** (−6.26)
den - 8.446 *** (13.43) 10.498 *** (39.47)
tra - 1.512 *** (5.24) 0.209 (0.64)
pos - −0.309 (−0.82) 0.092 (0.24)
N 3124 3124 3124
FE No No Yes
R2 0.0018 0.0365 0.3528

Notes: ***, and ** stand for significant levels of 1%, and 5%, respectively, and the values in parentheses are t-values.

According to Table 2, it can be seen that the government’s environmental attention
significantly reduces ambient pollution. In Column (1), the PM2.5 concentration decreases
by 0.134 µg/m3 (p = 0.036) for each percentage point increase in the government’s en-
vironmental attention. According to the results in Column (3), the PM2.5 concentration
decreases by 0.164 µg/m3 (p = 0.020) for each percentage point increase in the govern-
ment’s environmental attention. N, FE, and R2 stand for the number of samples, fixed
effect, and goodness of fit, respectively.

When directly assessing the influence of government environmental attention on am-
bient pollution, the foregoing analysis suggests that the endogeneity between fundamental
variables may be neglected. To study the influence more quantitatively, we use the 2SLS
estimate technique in conjunction with Formulas (1) and (2), and the findings are displayed
in Table 3.

Table 3. Estimation results for the 2SLS.

Items
GEA AP

The First Stage of 2SLS
(1)

The Second Stage of 2SLS
(2)

GEA - −0.435 ** (−2.53)
GEA_lag1 0.565 *** (30.75) -

pgdp 0.564 *** (5.86) 4.196 *** (7.50)
urb −0.850 *** (−3.91) −14.468 *** (−9.55)
ope 0.453 (0.57) 5.799 (1.57)
mar −0.764 ** (−2.02) −15.348 *** (−6.39)
den −0.006 (−0.12) 10.336 *** (32.32)
tra −0.023 (−0.40) 0.255 (0.67)
pos 0.117 * (1.80) 0.355 (0.90)
N 2840 2840
FE Yes Yes
R2 0.3523 0.3411

Notes: ***, **, * stand for significant levels of 1%, 5%, and 10%, respectively, and the values in parentheses
are t-values.

After considering the instrumental variables, the government’s environmental atten-
tion still has a significant inhibitory effect on ambient pollution. Column (1) shows the first
stage regression results. Firstly, the correlation between GEA and GEA_lag1 is proven to be
significant. The regression results indicate that there is no problem with weak instrumental
variables. According to Column (2), it can be seen that the government’s environmental
attention still has an inhibitory effect on the ambient pollution, but this impact degree is not
the same as that in the benchmark analysis. After eliminating the endogenous problems of
the core variables, the government’s environmental attention even has a more significant
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inhibitory effect on ambient pollution; that is, for each percentage point increase in GEA,
the regional PM2.5 concentration decreases significantly by 0.435µg/m3 (p = 0.011).

4.2. Robustness Test

This part tests the robustness based on the inhibitory effect of the government environ-
mental attention on ambient pollution, examining the influence of increasing the sample
size and data truncation on the analytic result’s robustness.

For the first test, we utilize the bootstrap approach to see whether increasing the
virtual sample size improves the result. The empirical regression technique in this study
uses about 3124 samples, which is not a big sample test and may impair regression accuracy.
In order to get a steadier and more accurate estimator, bootstrap is utilized. Following
Formulas (1) and (2), we employ 2000 repeated samplings to get the regression coefficients.
Table 4 shows the regression findings.

Table 4. Results of the robustness test of bootstrap.

Items
AP

F.E.
(1)

2SLS
(2)

GEA −0.164 * (−1.85) −0.435 ** (−2.48)
pgdp 3.494 *** (7.15) 4.196 *** (7.37)
urb −13.555 *** (−9.78) −14.468 *** (−9.72)
ope 4.922 ** (1.99) 5.799 (1.26)
mar −14.555 *** (−6.33) −15.348 *** (−6.25)
den 10.498 *** (36.90) 10.336 *** (32.25)
tra 0.209 (0.57) 0.255 (0.66)
pos 0.092 (0.24) 0.355 (0.91)
N 3124 2840
FE Yes Yes
R2 0.3528 0.3411

Notes: ***, **, * stand for significant levels of 1%, 5%, and 10%, respectively, and the values in parentheses
are t-values.

Table 4 shows that the results are robust, and the factors with a small sample size
do not affect the results. The government’s environmental attention can also inhibit am-
bient pollution without considering instrumental variables. Although the significance of
parameter estimation has decreased, it is still statistically significant.

In the second step, we assess the influence of data truncation on the analytic re-
sults. In some empirical tests, extreme data will fundamentally impact the parameter
estimation results, and they often come from errors in the collection process. Based on
Formulas (1) and (2), we truncate the data by 2%, removing the data of the highest and
lowest 2% of the two core variables. Table 5 shows the regression findings.

Table 5 shows that the results are still robust, and extreme values have little effect on
the results. Specifically, after removing the highest and lowest 2% data, with or without
instrumental variables, the government’s environmental attention can inhibit ambient
pollution. The parameter estimation results after truncating shows that the inhibition
intensity is almost twice that before truncating, and the significance is also strengthened.

Based on the above analysis, we can accept Hypothesis 1 of this paper.
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Table 5. Results of the robustness test of truncating.

Items
AP

F.E.
(1)

2SLS
(2)

GEA −0.284 *** (−2.85) −0.855 *** (−4.25)
pgdp 2.997 *** (5.87) 3.718 *** (6.53)
urb −12.435 *** (−10.09) −13.502 *** (−8.96)
ope 4.500 * (1.93) 4.615 (1.35)
mar −12.999 *** (−5.87) −13.333 *** (−5.62)
den 10.083 *** (36.15) 10.092 *** (31.94)
tra 0.435 (1.35) 0.280 (0.73)
pos −0.062 (−0.17) 0.048 (0.12)
N 2883 2503
FE Yes Yes
R2 0.3354 0.3235

Notes: ***, * stands for significant levels of 1%, 10%, respectively, and the values in parentheses are t-values.

5. Additional Analysis
5.1. Heterogeneity

This section will carry out the heterogeneity test of the impact of government environ-
mental attention on ambient pollution.

Each Chinese provincial administrative area is classified into one of the three economic
zones based on economic growth: eastern (112), central (111), and western (61). According
to Formulas (1) and (2), this section uses the fixed effect panel model and 2SLS method to
analyze the regional heterogeneity of the impact of government environmental attention
on ambient pollution. The parameter estimation results are shown in Table 6.

Table 6 shows that the influence of government environmental attention on ambient
pollution varies by region.

Table 6. Estimation results for the regional heterogeneity.

Items

AP

Eastern Region Central Region Western Region

FE
(1)

2SLS
(2)

FE
(3)

2SLS
(4)

FE
(5)

2SLS
(6)

GEA 0.033 (0.20) −0.098 (−0.36) −0.374 ***
(−3.03)

−1.345 ***
(−4.62) 0.272 * (1.85) 0.910 *** (2.80)

pgdp 5.408 *** (4.88) 6.150 *** (4.89) 0.056 (0.08) 1.652 ** (1.97) 0.786 (0.88) −0.123 (−0.11)

urb −14.377 ***
(−5.99)

−15.541 ***
(−5.40)

−10.573 ***
(−5.97)

−11.723 ***
(−5.32)

−7.181 ***
(−3.13)

−5.816 **
(−2.42)

ope 19.166 ** (2.55) 26.098 * (1.90) −2.074 (−0.89) −1.897 (−0.69) 2.356 (0.26) 1.175 (0.39)

mar −23.004 ***
(−7.00)

−23.527 ***
(−7.04)

−14.222 ***
(−2.72)

−14.455 **
(−2.50) −4.031 (−0.52) −3.567 (−0.26)

den 10.722 ***
(14.26) 10.642 *** (12.87) 10.845 *** (30.71) 10.967 ***

(25.14) 6.580 *** (17.16) 6.699 *** (12.01)

tra 0.956 (1.63) 0.820 (1.30) 0.385 (0.77) 0.371 (0.60) −0.031 (−0.06) −0.002 (−0.00)

pos 1.266 * (1.88) 1.550 ** (2.29) −0.705 (−1.42) −0.328 (−0.64) −1.837 **
(−2.36)

−1.829 **
(−1.97)

N 1232 1120 1221 1110 671 610
FE Yes Yes Yes Yes Yes Yes
R2 0.1880 0.1899 0.4886 0.4433 0.3453 0.3090

Notes: ***, **, * stand for significant levels of 1%, 5%, and 10%, respectively, and the values in parentheses
are t-values.
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According to Columns (1) and (2), the impact of government environmental attention
on ambient pollution in eastern cities is insignificant. Under the 2SLS condition, the regional
PM2.5 concentration will decrease by 0.098 µg/m3 for each percentage point increase of
government environmental attention, but it is not statistically significant in Eastern China,
which is a prosperous region with a high degree of economic growth and environmental
pollution. Local governments have paid attention to environmental issues for a long time,
and the government’s environmental attention has remained at a high level for many years,
so the improvement is not obvious. Heavy pollution and labor-intensiveness are highly
related. One of the main reasons for reducing polluting enterprises in the eastern region is
the rapid increase of labor prices and plant rents, which is the result of the market’s own
choices, and the government’s active regulation is not the decisive factor.

According to Columns (3) and (4), the GEA of the central region has an obvious
inhibitory effect on ambient pollution. Under the condition of 2SLS, the regional PM2.5
concentration will decrease by 1.345 µg/m3 for each percentage point increase in the
environmental attention of the government. With its low labor and land costs in recent
years, the central region has developed rapidly. Many polluting enterprises have poured
into the central region, and environmental protection depends on the active regulation and
control of the government.

According to Columns (5) and (6), the GEA of the western region has an apparent
promoting effect on ambient pollution. Under the condition of 2SLS, the regional PM2.5
concentration will increase by 0.910 µg/m3 for each percentage point increase in the envi-
ronmental attention of the government. The economic development of the western region
lags significantly behind the central and eastern regions, and its industrial foundation
is poor. However, the urban governments in the western region must maintain a high
level of environmental regulation owing to the unified structure of the national environ-
mental regulation and control activity. The results show that the western region’s GEA
inhibits green development, and the collection of pollution fees crowd out the funds of
enterprises on technological innovation, which is not conducive to upgrading industrial
institutions and slows down or even hinders the decoupling between economic growth
and pollutant emission.

According to the principle of quantile regression, the models given in Formula (3) and
the MM-QR method are used to analyze the heterogeneity of the impact of government
environmental attention on ambient pollution based on the local ambient pollution severity.
The results are shown in Table 7.

According to Table 7, there is local ambient pollution heterogeneity in the impact
of the government’s environmental attention on ambient pollution. Overall, with the
increasing local ambient pollution severity, the inhibitory impact of municipal government
environmental attention on ambient pollution tends to grow initially, then diminish. This
conclusion is consistent with the regional heterogeneity mentioned above: in moderately
polluted areas, the market itself does not have the ability of pollution regulation, and the
government’s active environmental regulation plays a crucial role in green development.
In heavily polluted areas and lightly polluted areas, the government’s environmental regu-
lation is not a key factor in green development and may even hinder green development.
Then, we can accept Hypothesis 2 of this paper.
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Table 7. Estimation results for the local ambient pollution degree heterogeneity.

Items
AP

F.E.
(1)

Q10
(2)

Q25
(3)

Q50
(4)

Q75
(5)

Q90
(6)

GEA −0.164 **
(−2.33) −0.094 (−0.69) −0.292 ***

(−2.88)
−0.518 ***

(−4.14) −0.186 * (−1.68) 0.268 (1.54)

pgdp 3.494 *** (6.62) −0.606 (−0.76) 1.062 * (1.79) 3.940 *** (5.38) 5.468 *** (8.45) 6.457 *** (6.35)

urb −13.555 ***
(−10.67)

−9.916 ***
(−5.15)

−13.095 ***
(−9.18)

−11.632 ***
(−6.60)

−14.471 ***
(−9.28)

−13.502 ***
(−5.51)

ope 4.922 ** (2.00) −0.633 (−0.17) 5.674 ** (2.06) 4.150 (1.22) 3.608 (1.20) 0.930 (0.20)

mar −14.555 ***
(−6.26) −1.611 (−0.46) −8.280 ***

(−3.18)
−17.664 ***

(−5.48)
−16.154 ***

(−5.66)
−16.426 ***

(−3.67)

den 10.498 ***
(39.47) 4.780 *** (11.87) 7.485 *** (25.09) 11.517 *** (31.21) 13.650 *** (41.83) 12.766 ***

(24.90)

tra 0.209 (0.64) 1.278 ** (2.59) 1.726 *** (4.72) −0.093 (−0.20) −1.698 ***
(−4.24)

−1.977 ***
(−3.14)

pos 0.092 (0.24) 0.431 (0.76) −0.027 (−0.06) −1.170 ** (−2.24) −0.561 (−1.22) −0.945 (−1.30)
N 3124 3124 3124 3124 3124 3124
FE Yes Yes Yes Yes Yes Yes
R2 0.3528 0.1560 0.1885 0.2281 0.2862 0.2339

Notes: ***, **, * stand for significant levels of 1%, 5%, and 10%, respectively, and the values in parentheses
are t-values.

5.2. Mechanism

According to the previous theoretical analysis, the green development effect and
industrial upgrading effect are the two main channels for the government’s environmental
attention to affect the local ambient pollution. This section uses the mediating effect model,
namely Formulas (4) and (5), to test the green development effect and industrial upgrading
effect of government environmental attention, respectively, with e_e f f and ind as the
mediating variables. Tables 8 and 9 show the results.

Table 8. Mediating role of the urban ecological efficiency.

Items
AP e_eff AP

(1) (2) (3)

GEA −0.164 ** (−2.33) 0.015 *** (4.71) −0.126 (−1.40)
e_e f f − − −2.622 *** (−5.02)
pgdp 3.494 *** (6.62) 0.321 *** (17.82) 4.336 *** (7.86)
urb −13.555 *** (−10.67) −0.320 (−7.37) −14.394 *** (−11.27)
ope 4.922 ** (2.00) 0.148 * (1.76) 5.310 ** (2.17)
mar −14.555 *** (−6.26) 0.043 (0.54) −14.443 *** (−6.24)
den 10.498 *** (39.47) −0.039 *** (−4.25) 10.397 *** (39.13)
tra 0.209 (0.64) −0.106 *** (−9.55) −0.070 (−0.21)
pos 0.092 (0.24) 0.106 *** (8.26) 0.370 (0.98)
N 3124 3124 3124
FE Yes Yes Yes
R2 0.3528 0.2399 0.3580

Notes: ***, **, * stand for significant levels of 1%, 5%, and 10%, respectively, and the values in parentheses
are t-values.

As shown in Table 8, the government’s environmental attention inhibits ambient pollu-
tion by enhancing the urban ecological efficiency. Column (1) describes the complete impact
of GEA on P (α1 = −0.164, p = 0.020), which agrees with the results in Table 2. Column (2)
shows that GEA can promote the urban ecological efficiency (β1 = 0.015, p = 0.000); that
is, the improvement of GEA promotes the green development ability of the city. Column (3)
shows that the influence coefficient of GEA on AP is −0.126 (p = 0.162), lower than that in
Column (1), and is no longer significant. The impact of e_e f f on AP is −2.622 (p = 0.000),
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which means that the increase of urban ecological efficiency will inhibit the severity of
ambient pollution. To sum up, the inhibitory effect of government environmental attention
on ambient pollution is largely realized by promoting the urban ecological efficiency.

As shown in Table 9, the government’s environmental attention inhibits ambient
pollution by upgrading the industrial structure. Column (1) describes the complete impact
of GEA on P (α1 = −0.164, p = 0.020), which is in agreement with that in Table 2. Column
(2) shows that GEA can promote industrial structure upgrading (β1 = 0.200, p = 0.000);
that is, the improvement of government environmental attention promotes the industrial
optimization ability of the city. Column (3) shows that the influence coefficient of GEA
on AP is −0.095 (p = 0.289), lower than that in Column (1), and is no longer significant.
The impact of ind on AP is −0.346 (p = 0.000), indicating that the increase in the industrial
structure upgrading will inhibit the severity of the ambient pollution. To sum up, the
inhibitory effect of government environmental attention on ambient pollution is largely
realized by promoting the upgrading of the industrial structure. Therefore, we can accept
Hypothesis 3 of this paper.

Table 9. Mediating role of the industrial upgrading.

Items
AP ind AP

(1) (2) (3)

GEA 0.164 ** (2.33) 0.200 *** (5.73) 0.095 (1.06)
ind 0.346 *** (7.53)

pgdp 3.494 *** (6.62) 8.221 *** (40.36) 6.340 *** (9.83)
urb 13.555 *** (10.67) 3.712 *** (7.56) 12.270 *** (9.65)
ope 4.922 ** (2.00) 0.065 (0.07) 4.899 ** (2.01)
mar 14.555 *** (6.26) 0.736 (0.82) 14.809 *** (6.43)
den 10.498 *** (39.47) 1.827 *** (17.79) 11.131 *** (40.23)
tra 0.209 (0.64) 1.228 *** (9.74) 0.634 * (1.93)
pos 0.092 (0.24) 0.950 *** (6.54) 0.237 (0.63)
N 3124 3124 3124
FE Yes Yes Yes
R2 0.3528 0.6077 0.3643

Notes: ***, **, * stand for significant levels of 1%, 5%, and 10%, respectively, and the values in parentheses
are t-values.

6. Discussion

This paper studies the impact of urban government environmental attention on ambi-
ent pollution. Through the text analyses of many annual government work reports, this
paper measures the government environmental attention index of 284 prefecture-level cities
in China over 11 years. After using a series of panel data models for parameter estimation,
this paper analyzes the complexity of the impact of government environmental attention
on ambient pollution. We can summarize several important findings and enlightenment
from the empirical results and theoretical analysis.

Firstly, the government’s attention to the environment can curb ambient pollution.
Through the fixed effect panel regression model and 2SLS and the robustness test, we
get the conclusion that the government’s environmental attention can inhibit ambient
pollution. After using the lagging one-period environmental regulation as an instrumental
variable to eliminate endogenous problems, we found that, for every percentage point
increase in government environmental attention, the local PM2.5 concentration decreased
significantly by about 0.435 µg/m3. For more than a decade, at the call of the central
government, local governments in China have gradually attached importance to green
development, constantly innovated laws and regulations, launched two sets of schemes
of command-controlled and market incentive environmental regulations, and actively
formulated environmental and pollutant emissions and technical standards, establishing
a pollution charge or tax system and emission right trading system. In general, the local
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government’s attention and control of the environment have alleviated local ambient
pollution in the long-term development process.

Secondly, the effect of government environmental attention on ambient pollution
is heterogeneous in the differences of regional and local environmental pollution sever-
ities. Through subsample regression and quantile regression, we get some meaningful
conclusions. In terms of regional differences, the environmental attention of the central
and eastern governments has an inhibitory effect on local ambient pollution, but it is
not significant in the eastern region. On the contrary, the environmental attention of the
government in the western region hinders green development. In terms of the differences
of pollution severities, with the increment of the local environmental pollution severity,
the inhibitory impact of municipal environmental attention on ambient pollution tends
to increase and then decrease. The two heterogeneous features give us the same enlight-
enment: in areas with moderate economic development and pollution, the government’s
environmental attention can play a good regulatory role in ambient pollution. However, in
high development and heavy pollution areas or low development and light pollution areas,
the government’s environmental supervision is not the key factor of green development
and may even be counterproductive.

Thirdly, the government’s environmental attention can curb ambient pollution through
green development and industrial structure upgrading. Using the mediating effect test
model, we verify the mediating role of urban ecological efficiency and the industrial structure
upgrading effect in the inhibition of ambient pollution by government environmental
attention; government environmental attention can inhibit ambient pollution by improving
urban ecological efficiency and industrial structure upgrading. For a long time, China has
maintained a high economic growth rate. The “one size fits all” policy of eliminating the
production sector is unsuitable for developing countries still pursuing development. It is
better to find the path of green development from the production process, which is proved by
the mediating role of ecological efficiency improvement and industrial structure upgrading.

There may be three deficiencies in this paper. (1) The government environmental
attention index comes from the text analysis of the annual work report of local governments,
which is one of the few feasible schemes at present. However, there may be many defects in
the data obtained from the text analysis that can only reflect part of the object’s contents. In
the future, if we have the opportunity to conduct extensive field visits, we may get a more
accurate environmental attention index. (2) At present, China’s environmental regulations
can be divided into two kinds: command control and market incentive environmental
regulation. In the future, we should specifically distinguish the impacts of these two
environmental regulations on ambient pollution, and the relevant conclusions can provide
more targeted enlightenment for policy-making. (3) There is a spatial relationship between
the government’s attention and pollution status in various regions. There is little literature
to explore the spatial interaction spillover effect of environmental attention and pollution
status in various regions. If the spatial effect is ignored in the econometric model, it may
cause a significant error in the research results. In the latter research, it is meaningful to
consider introducing a spatial matrix.

7. Conclusions

The conclusion of this paper provides a reference for environmental regulation and
green development in many developing countries and regions.

(1) The heterogeneity test results show that the government intervention in pollution
should be adjusted to local conditions. The central government should pay attention to the
administrative intervention in the environmental governance activities of local governments
and strengthen the supervision and inspection of the implementation of environmental
regulations. Targeted requirements should also be made according to the special conditions
of each region. Specifically, for the central region with high-speed industrialization and
a moderate pollution level, strict environmental regulation is a good policy to control
ambient pollution. In the eastern region with high industrialization and a high pollution
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level, strict environmental regulation alone cannot effectively (significantly) control ambient
pollution. The government should take into account the green development of enterprises
and industrial upgrading and implement more detailed policies from the micro level. For
the western region with backwards industrialization, strict environmental regulations bring
the burden to the immature local industry, and its green development ability is reduced.
Therefore, the western region government should adopt a gentler environmental policy.

(2) It is necessary to reform local governments’ existing performance appraisal mecha-
nisms according to the local characteristics and establish a performance appraisal system
guided by the scientific outlook on development, incorporating environmental quality
indicators, such as pollution emission increase and pollution emission reduction, as well as
appropriately improving the weight coefficients of environmental quality indicators in the
political performance assessment system.

(3) Ecological efficiency and industrial structure upgrading are key factors the local
government should pay attention to. It is necessary to provide pollution reduction tech-
nical support for enterprises, encourage energy-saving and emission reduction product
innovation, and improve pollution emission reduction under environmental regulation.
The government should increase the environmental protection subsidies of enterprises
and reduce the pollution control costs of enterprises to reduce the losses caused by the
implementation of environmental regulations to enterprises and the local economy.
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