
Introduction

Since China’s reform and opening up, China’s economy 
has grown rapidly and its total economic output has ranked 
among the top in the world. At the same time, extensive 
economic growth has brought serious haze pollution. Ac-
cording to the “China Ecological Environment Status Bul-
letin in 2020”, only 202 cities have achieved environmen-
tal quality standards, accounting for 59.9% of all cities, 
PM2.5 years with an average annual concentration of up 
to 33 μG/m3, far exceeding the standards set by the World 
Health Organization. In recent years, many parts of Chi-
na have been shrouded in extensive and prolonged haze 

weather, and pollution emissions have become a shortcom-
ing that hinders the high-quality development of China’s 
economy. Therefore, exploring new urban development 
models is urgent. The development of innovative cities 
relies on innovation-driven growth, which can achieve 
connotative economic growth and create a favorable com-
petitive, supervisory, and innovative environment for ur-
ban development. It is of great significance for improving 
the level of regional urban development, enhancing national 
innovation capabilities, suppressing the decline in envi-
ronmental quality, and achieving coordinated economic 
and environmental development.

Scholars have conducted research on the impact of tra-
ditional urban development on the environment. Some 
scholars believe that although the expansion of urban 
scale has promoted economic growth, it has led to a series 
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of innovative cities can reduce urban haze pollution, 
and this conclusion still holds after robustness testing by 
methods such as PSM-DID. This effect is mainly reflected 
in the central region, cities with low innovation capacity, 
and cities with high FDI and environmental regulation 
intensity. Further analysis reveals that the construction 
of innovative cities can indirectly promote the suppression 
of urban haze pollution by adjusting industrial structure, 
promoting government policy implementation, improving 
technological innovation efficiency, and promoting human 
capital agglomeration.

Our contributions mainly include the following aspects. 
First, this study examines the impact of innovative cities 
on haze pollution, supplementing relevant literature on 
environmental regulations. Most of the existing literature 
is based on policies such as emission charging systems, 
dual control zones, and carbon emission trading rights 
before 2018, observing their impact on haze pollution. This 
article takes the latest implementation of innovative cities 
as the research object, explores the relationship between 
innovative cities and haze pollution, and supplements rel-
evant literature on environmental regulation. 

Second, this study uses the difference-in-difference 
method (DID) for causal identification, which more ac-
curately estimates the impact of innovative cities on haze 
pollution. As an exogenous policy shock, innovative cities 
have effectively alleviated endogeneity issues, and the es-
timated results are more accurate. Although the treatment 
of these indicators is gradually being optimized, there 
still exists a causal relationship between innovative cities 
and haze pollution.

Third, this study examines the mechanism of inno-
vative cities on haze pollution from four perspectives: 
upgrading industrial structure, promoting government 
policy implementation, improving technological innova-
tion efficiency, and promoting the agglomeration of human 
capital. It clarifies the mechanism of innovative cities on 
haze pollution, and further examines their policy effects 
on pollution emissions.

The rest of the paper is structured as follows. Section 2 
provides theoretical analysis. Section 3 describes the data, 
variables, and empirical specifications. Section 4 presents 
the baseline results and robustness results. Section 5 pre-
sents the mechanism analysis, and Section 6 concludes.

Background and Theoretical Analysis

Background

Innovation is one of the important ways of economic 
growth. As an innovation-driven policy implemented on 
a city-by-city basis, the pilot policy for national innovative 
cities is a powerful measure to help China become an in-
novative country. Through policy analysis, the construction 
process of innovative cities in China can be divided into 
three stages.

One is the construction start-up stage (2006–2007). 
In 2006, the State Council deployed the implementation 

of problems such as overcapacity and large population 
mobility, resulting in imbalanced industrial structure, single 
energy consumption, population agglomeration, and traf-
fic congestion, further exacerbating urban haze pollution, 
ultimately leading to a significant “U-shaped” relationship 
between economic development and haze pollution [1, 2]. 
However, the latest research differs from the above view-
point, suggesting that there is heterogeneity in the impact 
of urban size on haze pollution among cities. Among them, 
there is a significant “N” curve relationship between the de-
gree of haze pollution in large and medium-sized cities 
and the quality of urban economic development. For small 
cities, the EKC hypothesis of haze pollution and economic 
development is supported, and the degree of development 
in large and medium-sized cities has a prominent inhibi-
tory effect on haze pollution, while the inhibitory effect 
of small cities is insufficient [3]. In order to promote high-
quality economic development and face the increasingly 
severe urban haze pollution, we urgently need to find new 
methods, new ideas, and new measures to jointly resist 
it. As a result, a large number of scholars have studied 
the governance measures and effects of haze pollution from 
the perspectives of fiscal decentralization, environmen-
tal regulation, and foreign direct investment. They have 
found that strengthening these measures is not conducive 
to effectively reducing urban haze pollution [4–6]. Some 
scholars also study environmental pollution control from 
an innovative perspective. From the perspective of tech-
nological innovation, although the level of technological 
innovation will increase with the expansion of industrial 
agglomeration, and there is a significant synergistic ef-
fect between technological innovation and human capital, 
providing excellent external conditions for innovative in-
dustrial agglomeration can reduce environmental pollution 
[7, 8]. However, the development and implementation 
of new technologies can lead to new environmental pollu-
tion [9]. From the perspective of institutional innovation, 
environmental management systems can achieve the dual 
goals of economic growth and environmental governance 
through three types of institutional innovations: incentives, 
regulation, and culture.

Although the aforementioned scholars have conducted 
extensive feasibility studies on the coordinated develop-
ment of the economy and environment, there is little lit-
erature that effectively evaluates the haze control effects 
of innovative cities. Therefore, this article uses the DID 
and PSM-DID methods to analyze the environmental gov-
ernance effects of the policy of building innovative cities, 
in order to provide empirical experience and theoretical 
reference for the promotion of the policy.

Based on this, this article collected data from China’s 
innovative city pilot program and matched it with the an-
nual average global PM2.5 concentration grid data released 
by Columbia University. The causal relationship between 
innovative cities and haze pollution was investigated. As 
a pilot city in China, innovative cities can be regarded as 
a quasi-natural experiment, providing us with assistance 
in identifying haze pollution between pilot and non-pilot 
cities. The research results found that the construction 
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of the National Medium-and Long-Term Plan for Scien-
tific and Technological Development (2006–2020), which 
identified enhancing independent innovation capabilities as 
the central link in adjusting economic structure, transform-
ing growth patterns, and enhancing national competitive-
ness. It also identified building an innovative country as 
a major strategic choice for the future. Afterward, cities 
actively responded to the national call and conducted opin-
ions solicitation, learning, and research on how to promote 
independent innovation and improve regional innovation 
systems, and formulated strategies, goals, and tasks for 
the construction of innovative cities. This series of meas-
ures marks the beginning of the construction of innovative 
cities in China.

The second stage is the construction exploration stage 
(2008–2015). In October 2007, the Ministry of Science 
and Technology, the Guangdong Provincial Government, 
and the Shenzhen Municipal Government jointly sup-
ported the pilot work of innovative cities in Shenzhen. In 
2010, the National Development and Reform Commission 
and the Ministry of Science and Technology successively 
approved 44 cities as pilot areas for innovative cities. In 
April 2010, the “Guiding Opinions on Further Promoting 
the Pilot Work of Innovative Cities” and the “Monitoring 
and Evaluation Indicators for Innovative City Construc-
tion” were issued to unify the work requirements and evalu-
ation system for innovative city construction. From 2011 
to 2013, 16 cities were successively approved to carry out 
pilot projects for innovative cities. During this period, each 
pilot city actively explored and continuously improved its 
construction plans for innovative cities based on its own 
conditions.

The third stage is the construction promotion stage (from 
2016 to present). According to the relevant deployment re-
quirements of the National Innovation Driven Development 
Strategy Outline, the Ministry of Science and Technology 
is required to hold the “2016 Innovative City Construction 
Training Course” in Beijing. The training class summarized 
and exchanged the path and mode of achieving innovative 
development in cities, playing a positive role in continu-
ing to promote the construction of innovative cities. At 
the end of 2016, the Ministry of Science and Technology 
and the National Development and Reform Commission 
issued the “Work Guidelines for Building Innovative Cit-
ies”, further improving the development requirements for 
the construction of innovative cities. In 2018, 17 cities were 
added to the list of innovative city construction. In 2022, 
25 cities were approved as a new batch of innovative cities. 
As of 2022, a total of 103 cities in China have carried out 
pilot construction of innovative cities.

Theoretical Analysis

Under the new model and mechanism of urban develop-
ment, government behavior is closely related to the behav-
ior of innovative entities such as enterprises. For innovative 
entities such as enterprises, the establishment of pilot cities 
can strengthen their sense of responsibility, regulate their 
behavior, and guide their innovative development. This 

can help promote the construction of a new urban model 
with enterprises as the main body, promote the effective 
application of intelligent and green technologies in tra-
ditional enterprise production, make products conform 
to environmental purification, and achieve generational 
upgrading, thereby suppressing the generation of pollutants 
from the source. For the government, firstly, in order to 
meet the existing standards of urban innovation level, it is 
necessary to supervise the process of enterprise innovation 
technology development and promotion, in order to meet 
the assessment requirements of innovative cities; Secondly, 
the government will further increase investment in the field 
of green innovation, gather green innovation elements 
from various regions, ensure the supply of various green 
innovation elements, promote the construction of innova-
tive cities, and ultimately achieve haze control; Finally, 
governments at all levels provide convenient infrastructure 
such as telecommunications and public transportation for 
urban innovation through pilot policies, helping to break 
down spatial barriers to the flow of innovation factors, 
reduce the timeliness and asymmetry of information flow 
in the innovation market, improve resource allocation effi-
ciency, and reduce environmental pollution [10]. Therefore, 
this article proposes the first hypothesis.

H1: The pilot construction of innovative cities has a sig-
nificant governance effect on haze pollution.

The construction of innovative pilot cities is conducive 
to improving urban innovation efficiency and thereby sup-
pressing haze pollution, mainly due to the following four 
reasons.

Firstly, pilot cities can suppress haze pollution through 
structural effects. The construction of innovative cities 
should be based on deepening the reform of the enter-
prise production system, optimizing energy consumption 
structure, strengthening the introduction, and development 
of technological innovation, thereby increasing the use 
of advanced production equipment by enterprises, sup-
pressing pollution emissions, and improving environmental 
governance efficiency. The key to achieving the above goals 
lies in the coordination of industrial structure changes, 
ultimately achieving a reasonable proportion of industrial 
structure [11, 12]. The construction of innovative cities has 
a huge impact on enterprises with backward production ca-
pacity and extensive production, prompting them to change 
their production structure, replace new equipment, and limit 
the use of traditional energy such as coal. This can not 
only reduce pollutant emissions from the source, but also 
limit the unreasonable operation of high-energy consuming 
industries, guide them to shut down, merge, and transform, 
improve input-output efficiency, and promote coordinated 
development of the economy and environment, thereby 
forcing enterprises to adjust their production methods, 
optimize their industrial structure [13, 14], and ultimately 
achieve the effect of reducing haze pollution.

Secondly, pilot cities can suppress haze pollution 
through government financial support effects. On the one 
hand, local governments formulate green policies that are 
conducive to the development of enterprises and set up 
special funds for green development, strengthen policy 
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guidance for technology-based small and medium-sized in-
novative enterprises, adhere to the principles of government 
support, enterprise responsibility, and win-win cooperation, 
and explore new management and operation mechanisms 
for the development of innovative cities; On the other 
hand, local governments invest special innovation funds to 
play a leading role in the construction of innovative cities 
and guide enterprises to embark on a reasonable path of in-
novation. The main ways for the government to lead are as 
follows: firstly, to establish fiscal special expenditures to 
provide policy support and guidance for innovative pilot cit-
ies; The second is to increase fiscal technology expenditure, 
improve the innovation efficiency and output of enterprises 
[15], and thereby strengthen the investment of government 
funds and social capital in innovative industries; The third 
is to implement flexible and variable measures to reduce 
taxes and fees, and increase the tax reduction quota for 
enterprise innovation technology research and development 
and the introduction of high-tech equipment; The fourth 
is to increase subsidies for information infrastructure con-
struction in innovative industries, promote the effective 
improvement of innovation efficiency in China’s high-
tech industries, and ultimately apply innovation to green 
technologies to achieve the goal of efficient governance 
of haze pollution.

Thirdly, pilot cities can suppress haze pollution through 
technological innovation effects. Technological innovation 
has promoted the progress of energy-saving and emis-
sion-reduction technologies and production technologies, 
achieving pollution reduction from the source to the end 
[16]. In the mainstream development context of stricter 
environmental regulations, during the implementation 
of pilot policies, enterprises will integrate green innova-
tive technologies into all aspects of production, producing 
green and environmentally friendly products. This can 
not only improve resource utilization efficiency and form 
front-end governance for enterprises, but also enhance 
their level of prevention and control of environmental 
pollution, thereby suppressing haze pollution. In addi-
tion, technological innovation helps accelerate the research 
and development of clean energy by enterprises, promote 
the widespread use of clean energy, and adjust the energy 
application structure, thereby reducing energy consumption 
and reducing haze pollution.

Fourthly, pilot cities can suppress haze pollution 
through the agglomeration effect of human capital. Talents, 
as one of the basic elements of innovative city construc-
tion, can promote urban technological innovation, research, 
and development, thereby significantly enhancing region-
al innovation capabilities [5]. On the one hand, research 
enterprises and universities are the foothold of national 
innovation. The Law of the People’s Republic of China 
on Promoting the Transformation of Scientific and Tech-
nological Achievements points out that the government 
needs to support universities and research and development 
enterprises to jointly establish research and practical work 
institutions, accelerate the transformation of knowledge 
and scientific and technological achievements, and provide 
intellectual support for the construction of innovative cities. 

Therefore, the pilot policy requires the government to pro-
vide strong financial support for the construction of urban 
innovation bases, the transformation of communication 
and cooperation models between universities and science 
and technology innovation enterprises, and the establish-
ment of various entrepreneurial platforms, in order to pro-
mote the coordinated development of knowledge and tech-
nology. On the other hand, talent is the core driving force 
for the development of intelligent technology. The 13th 
Five Year Plan has elevated the big data strategy to a na-
tional strategy, indicating the urgent need for innovative 
talents in the country. Under the promotion of innovative 
city construction, governments at all levels have formu-
lated relevant policies to actively introduce outstanding 
talents, such as household registration placement, spouse 
employment, housing subsidies, or tax and fee reductions, 
to provide guarantees for the introduction of high-quality 
talents, so that entrepreneurial talents and advanced scien-
tific research teams can gather in cities, help cities attract 
high-quality FDI, vigorously develop knowledge-intensive 
industries, and thus leverage the pollution reduction ef-
fect of human capital to reduce urban haze pollution [17]. 
Based on the above analysis, this article proposes a second 
hypothesis.

H2: The construction of innovative pilot cities can 
reduce the level of urban haze pollution through four in-
termediary channels: industrial structure upgrading effect, 
government financial support effect, technological innova-
tion effect, and human capital agglomeration effect.

Data and Research Design

Data Source

Haze pollution: As PM2.5 is the main factor causing 
haze pollution, This article refers to the research of Ma et 
al. (2016), using grid data of global PM2.5 concentration 
annual averages published by Columbia University [18], 
and using ArcGIS 10.2 software to re-extract the annual 
average PM2.5 concentration at the level of 285 prefecture-
level cities in China to represent haze pollution.

Innovative cities: This article takes the innovative pilot 
cities established in 2009 as the treatment group and other 
non-innovative pilot cities as the control group.

Other city-level data mainly include foreign direct 
investment, industrial structure, the level of economic 
development, labor force, human capital, and air flow co-
efficient. Those variables come mainly from the website 
of the National Bureau of Statistics and the “China Urban 
Statistical Yearbook”.

Table 1 reports the summary statistics of the above de-
pendent variable, independent variable, control variables, 
and mechanism analysis variables.

Empirical Strategy

We use a DID model on the full sample to estimate 
the effects of innovative cities on haze pollution. As an 
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exogenous policy, innovative cities brought exogenous 
changes to the haze pollution of the pilot cities, which pro-
vides us with a unique quasi-natural experiment. The DID 
model helps us identify the causal relationship between 
innovative cities and haze pollution. The specific regression 
equation is set as follows:

	 Yit = β0 + β1didit + ÂγXit + yeart + cityi + εit	 (1)

In Eq. (1), Yit is the outcome variable used to describe 
the haze pollution levels of different cities at different times; 
didit denotes the independent variable, which is a dummy 
variable used to describe innovative cities. It will be coded 
1 in the current and subsequent years if a city i is piloted 
in year t and 0 otherwise. Xit denotes a series of control 
variables that may affect haze pollution, including foreign 
direct investment, industrial structure, the level of economic 
development, labor force, human capital, and air flow coef-
ficient. yeart and cityi are year-fixed effects and city-fixed 
effects, respectively, and εit is the error term. The coefficient 
β on the post-piloted dummy captures the treatment effect 
of the innovative cities on haze pollution. It is noteworthy 
that to overcome the possible temporal correlation of ran-
dom disturbance terms and reduce the risk of underesti-
mating standard error, all regressions in this paper adopt 
the robust standard error clustered to the city level [19].

Main Results

Baseline Results

We estimated equation (1) using the DID model with 
PM2.5 data as the dependent variable. In order to accurately 
estimate the results, while controlling for fixed effects, we 
used the methods of not adding control variables and adding 
control variables. The regression results are shown in the (1) 
and (2) columns of Table 2, respectively. From the results, 
regardless of whether the control variable is increased or 
not, the coefficients we are interested in are significantly 
negative at the 1% level, indicating that the construction 

of innovative cities has reduced urban haze pollution. Hy-
pothesis H1 in this article has been validated. Specifically, 
it can be seen from column (2) that the construction of in-
novative cities has significantly decreased by about 0.269% 
of the annual average concentration of PM2.5.

Robustness Test

To address concerns about the data assumptions and cor-
roborate the findings, a battery of robustness checks are 
conducted.

Table 1. Summary statistics.

Variables Observations Mean Standard deviation Min Max

ln PM2.5 3420 3.508 0.502 1.543 4.509

DID 3420 0.034 0.182 0 1

Log foreign direct investment 3420 0.104 1.336 -7.722 3.713

Log industrial structure 3420 3.575 0.244 2.149 4.477

Log pgdp 3420 5.667 0.721 3.505 7.851

Log Employment 3420 6.615 0.923 2.565 9.511

Log human capital 3420 -0.151 1.133 -5.129 2.574

Log hvc 3420 7.362 0.291 6.547 8.242

Table 2. Baseline regression results.

Variables (1) (2)

DID -0.477***
(0.053)

-0.269***
(0.041)

Log foreign direct 
investment

0.025**
(0.012)

Log industrial struc-
ture

-0.157***
(0.030)

Log pgdp -0.044***
(0.011)

Log employment -0.085**
(0.038)

Log human capital 0.091***
(0.017)

Log hvc 0.235***
(0.066)

City fixed-effect YES YES

Year fixed-effect YES YES

Observations 3420 3420

R-squared 0.026 0.137

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, 
and 1% levels, respectively. The city-level clustered standard errors are 
reported in parentheses.
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Firstly, we use the PSM-DID method for robustness 
testing. Although the construction of innovative cities 
in China is uniformly implemented and gradually promoted 
under the national comprehensive planning, the construc-
tion of innovative cities is still inevitably affected by factors 
such as urban location and economic development level. 
This article selects the PSM-DID method for regression 
analysis to eliminate the differences in environmental pol-
lution levels among cities as much as possible. Before us-
ing the PSM-DID method for estimation, a model validity 
test is required. Firstly, test whether there is a significant 
difference in the mean of the covariates between the ex-
perimental group and the control group after matching, that 
is, verify whether the common support hypothesis is met. 
If there is no significant difference, the PSM-DID method 
can be used. The first column of Table 3 shows that after 
eliminating endogeneity issues and adopting the PSM-DID 
method, the regression coefficient of DID is significantly 
negative at the 5% level, indicating that the implementa-
tion of pilot policies has significantly reduced urban haze 
pollution, and the conclusion is robust.

Secondly, we tested the robustness of the treatment 
group and the control group. Due to the establishment 
of innovative pilot cities at different times and batches by 
the country, the previous regression used 2009 as the time 
point for policy implementation, which may lack persua-
siveness. Therefore, this article selects 2010 and 2011 as 
the time nodes for policy implementation and conducts 
further robustness testing. In order to eliminate the impact 
of newly established innovative cities on the results, this 
article deleted pilot cities that appeared after 2010 and used 
the innovative pilot cities determined in 2010 as the treat-
ment group. Policy and time dummy variables were reset 
according to the method described earlier. According to this 
method, process the regression samples for 2011. To meet 
the common trend assumption of DID and eliminate inter-
city differences, this paper still uses the PSM-DID method 
to estimate the two sets of samples in 2010 and 2011. 
The results are shown in columns (2) and (3) of Table 3. 
It can be seen from this that after redefining the timing 
of policy occurrence and adopting the PSM-DID estimation 
method, the construction of innovative cities still effectively 
suppressed haze pollution, further verifying the robustness 
of the previous results.

Thirdly, we tested the robustness of the dependent vari-
able. Given the difficulty in obtaining nitrogen oxide indi-
cators at the prefecture-level city level, industrial exhaust 
emissions were selected as the indicator for measuring 
haze pollution, and logarithmic processing was performed. 
Regression analysis was conducted using the PSM-DID 
method, and the estimated results are shown in column (4) 
of Table 3. The regression coefficient of DID is significantly 
negative at the 1% level, indicating that the implementa-
tion of this policy has effectively suppressed urban haze 
pollution.

Finally, considering the possibility of heterogeneity 
processing effects in grouping and time dimensions, there 
may be some bias in the estimation of staggered DID, there-
fore we used the more robust estimators proposed by Sun 
and Abraham (2020) for estimation [20], and the estimated 
results are shown in column (5). In addition, we clustered 
the estimation results at the provincial level and re-esti-
mated equation (1), and the estimated results are shown 
in column (6), we found the results to be robust.

The robustness test results of the above three meth-
ods indicate that the regression coefficients of innovative 
pilot city construction on haze pollution are significantly 
negative. The establishment of innovative pilot cities by 
the government will be beneficial for the construction 
of a resource-saving and environmentally friendly society 
in China. Therefore, the implementation of pilot policies 
will reduce urban haze pollution.

Heterogeneity Analysis

Since China’s reform and opening up, the eastern re-
gion has always been the core area of national economic 
development. Compared to the central and western re-
gions, the eastern region relies on its unique geographical 
advantages and long-term capital accumulation to intro-
duce cutting-edge foreign technology through international 
trade. Moreover, the domestic government has formulated 
relatively loose foreign trade policies for the eastern region, 
resulting in a significant gap in the economic development 
level, infrastructure construction, and policy dividends be-
tween the central and western regions and the eastern region. 
Therefore, this article speculates that the haze control effect 
of innovative pilot city construction varies significantly 

Table 3. Robustness test.

Variables (1) (2) (3) (4) (5) (6)

did -0.246**
(0.108)

-0.111**
(0.046)

-0.161***
(0.056)

-1.199***
(0.233)

-0.335***
(0.101)

-0.207***
(0.066)

Control variables YES YES YES YES YES YES

County fixed effects YES YES YES YES YES YES

Year fixed effects YES YES YES YES YES YES

Observations 3420 3180 2916 3420 3420 3420

R-squared 0.143 0.118 0.120 0.157 0.165 0.088

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
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among the eastern, central, and western regions. Based on 
geographical location, this article divides the sample into 
three groups: east, central, and west for regression analysis. 
The regression results are shown in the first three columns 
of Table 4. It can be seen from this that the regression 
coefficients of DID in the eastern and central regions are 
significantly negative, but the policy implementation has 
a greater inhibitory effect on haze pollution in the central 
region than in the eastern region. The reason may be that 
in 2004, the implementation of the national strategy to 
promote the rise of the central region greatly promoted 
the transformation and upgrading of the industrial structure 
in the central region, enhanced technological innovation 
capabilities, and thus helped to reduce the level of haze 
pollution. The regression coefficient of DID in the west-
ern region is positive, but not significant, indicating that 
the implementation of pilot policies in the western region 
has not yet achieved the expected effect. The reason may be 
that the western region has taken over most of the transfer 
of polluting industries from the eastern and central regions, 
with high energy consumption and high pollution industries 
as the main focus.

There are significant differences in resource endow-
ments, factor allocation, and policy implementation among 
different cities in China, resulting in significant differences 
in urban innovation levels among different cities. This may 
lead to heterogeneity in the effectiveness of pilot policies 
on haze control. Therefore, this article applies the mean 
grouping method to divide urban innovation capabilities 
into high and low groups and tests the degree of impact 
of pilot policies on haze pollution. The regression results are 
shown in the last two columns of Table 4. Although the con-
struction of innovative pilot cities has a significant haze 
control effect between the high and low groups, the policy 
effect of suppressing haze pollution in cities with high in-
novation capacity is significantly lower than that in cities 
with low innovation capacity. The possible reason is that 
cities with high innovation levels concentrate their indus-
tries in the tertiary industry and advanced manufacturing, 

and their own haze pollution is significantly lower than that 
of cities with backward innovation capabilities. This leads 
to cities with low innovation levels being more sensitive 
to policy implementation effects and having a stronger 
inhibitory effect on haze pollution.

Foreign direct investment is a fundamental factor affect-
ing environmental issues. Some scholars believe that China 
actively lowers environmental regulatory standards to at-
tract foreign investment in order to develop its economy, 
becoming a “pollution haven” for developed countries 
[21]. Other scholars believe that the new technologies 
provided by foreign direct investment are beneficial for 
improving environmental quality and unleashing the “pol-
lution halo” effect. Therefore, this article uses the mean 
grouping method to divide the level of urban foreign di-
rect investment into high and low groups for regression 
analysis. The regression results are shown in the first two 
columns of Table 5. According to Table 6, it can be seen that 
the policy implementation of cities with high levels of for-
eign direct investment has a positive effect on suppressing 
haze pollution, but for cities with low levels of foreign 
direct investment, the haze reduction effect of innovative 
city construction is not significant. The reason may be that 
cities with high levels of foreign direct investment actively 
introduce advanced production technologies and green 
production equipment, which has a significant promoting 
effect on reducing haze pollution in the city. However, 
cities with lower levels of foreign direct investment are 
mostly underdeveloped areas with insufficient ability to 
attract foreign investment, and most cities focus on how 
to promote urban economic construction, often becoming 
transfer destinations for polluting enterprises. Therefore, 
policy implementation has little effect on their haze control.

Considering the synergistic effect of environmental reg-
ulations on the implementation of pilot policies to suppress 
haze pollution, this article will examine the heterogeneity 
of the implementation effects of innovative city construc-
tion on urban policies with different levels of environ-
mental regulations from the perspective of environmental 

Table 4. The results of heterogeneity analysis (1).

Variables
Location Innovation ability

Eastern Central Western High innovation 
ability

Low innovation 
ability

DID -0.131*
(0.703)

-0.762***
(0.101)

0.076
(0.061)

-0.219
(0.205)

-1.202***
(0.331)

Control variables YES YES YES YES YES

County fixed effects YES YES YES YES YES

Year fixed effects YES YES YES YES YES

Observations 1344 1140 936 1710 1710

R-squared 0.202 0.087 0.138 0.147 0.184

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. The city-level clustered standard errors are reported 
in parentheses.
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regulations. Due to the difficulty in obtaining data from 
prefecture-level cities, the intensity of environmental 
regulations is measured by the per capita nitrogen oxide 
emissions. The larger the value, the weaker the intensity 
of environmental regulations. Regression analysis is con-
ducted by dividing the mean into high and low groups, 
and the regression results are shown in the last two columns 
of Table 5. For cities with high environmental regulation 
intensity, policy implementation has a significant effect on 
reducing haze pollution, while for cities with low environ-
mental regulation intensity, policy implementation has no 
significant effect on reducing haze pollution. The possible 
reason is that in cities with high environmental regula-
tion intensity, their governments formulate a large num-
ber of policies and measures to protect the environment, 
incentivizing enterprises to link environmental taxes with 
their pollution treatment rates in the production process, 
reducing pollutant emissions from the source. Therefore, 
the construction of innovative pilot cities can significantly 
suppress haze pollution in the city.

Mechanism Analysis

To verify that innovative cities may affect urban eco-
nomic development and environmental governance through 
industrial structure adjustment, government fiscal policies, 
technological innovation, and human capital, ultimately 
manifested as a suppressive effect on haze pollution, this 
article sets the following econometric model. 

	 Yit = β0 + β1didit + ÂγXit + yeart + cityi + εit	 (2)

	 Mit = β0 + β1didit + ÂγXit + yeart + cityi + εit 	 (3)

	 Yit = β0 + β1didit + β2Mit + ÂγXit + yeart + cityi + εit	 (4)

Among them, M is the mediating variable, represent-
ing industrial structure, government financial support, 
technological innovation, and human capital elements, 

respectively. The industrial structure (lnstr) is expressed 
as the ratio of the output value of the tertiary industry 
to the output value of the secondary industry; Govern-
ment financial support (lnsci) is expressed as government 
technology expenditure; The innovation efficiency (lnpat) 
is represented by the urban innovation performance in-
dicators in the China Urban and Industrial Innovation 
Power Report; The measurement method of human capital 
level (lnhum) is described earlier. Perform regression 
on the above model and verify the existence of mediat-
ing effects based on the Sobel test and Bootstrap test. 
The specific regression results are shown in columns 
(1)–(9) of Table 6.

The results in column (1) indicate that the total effect 
of the pilot policy in suppressing haze pollution is 0.434, 
and is significantly negative at the 1% level. The second 
and third columns show the regression results of the pilot 
policies for innovative cities on industrial structure, as 
well as the regression results of the pilot policies and in-
dustrial structure on haze pollution. Among them, the re-
gression coefficient of pilot policies on industrial structure 
is significantly positive, indicating that innovative pilot 
policies are conducive to adjusting the industrial structure 
of prefecture-level cities. The results in column (3) indicate 
that the pilot policies and industrial structure coefficients 
are significantly negative at the 1% level, indicating that 
industrial structure helps to reduce the level of haze pollu-
tion in prefecture-level cities. Further analysis shows that 
the construction of innovative cities can significantly adjust 
and improve the industrial structure of prefecture-level 
cities, thereby exerting the haze control effect of policy 
implementation. The mediating effect is 0.024, which is 
significantly negative at the 1% level, accounting for 5.53% 
of the total effect. The Sobel test results are significant at 
the 5% level and the Bootstrap test results are significant 
at the 1% level, confirming the existence of the mediating 
effect of industrial structure.

Columns (4) and (5) respectively represent the re-
gression results of pilot policies on government science 
and technology expenditure and the regression results 

Table 5. The results of heterogeneity analysis (2).

Variables
Foreign direct investment Environmental regulations

High Low High Low 

DID -0.220***
(0.108)

-0.325
(0.193)

-0.308***
(0.088)

-0.367
(0.301)

Control variables YES YES YES YES

County fixed effects YES YES YES YES

Year fixed effects YES YES YES YES

Observations 1710 1710 1710 1710

R-squared 0.205 0.084 0.104 0.174

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. The city-level clustered standard errors are reported 
in parentheses.
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of pilot policies and government science and technol-
ogy expenditure on haze pollution. For column (4), 
the coefficient of the pilot policy is significantly positive 
at the 1% level, indicating that the construction of in-
novative cities will stimulate the government to increase 
technology investment and strengthen the guiding role 
of prefecture-level city governments. In column (5), 
the regression coefficients of pilot policies and technol-
ogy expenditures are significantly negative at the 1% 
level, indicating that prefecture-level municipal govern-
ments will strengthen investment in the technology in-
dustry to achieve the effect of suppressing haze pollution. 
Further analysis shows that the construction of innova-
tive cities can encourage the government to formulate 
a series of fiscal policies to increase technological invest-
ment, thereby promoting green and efficient production 
by enterprises and achieving the effect of suppressing 
urban haze pollution. The Sobel test in Table 6 shows 
that the mediating effect is 0.030, significantly negative, 
accounting for 6.92% of the total effect. The Bootstrap 
indirect effect test results are significant at the 5% level, 
which also verifies the existence of the intermediary 
effect of technology expenditure by prefecture-level 
municipal governments.

Columns (6) and (7) respectively represent the regres-
sion results of innovative city pilot policies on urban tech-
nological innovation and the regression results of pilot 
policies and technological innovation on haze pollution. 
In column (6), the regression coefficient of the pilot policy 
on the innovation performance of prefecture-level cities 
is significantly positive, indicating that the construction 
of innovative cities helps to improve the efficiency of ur-
ban technological innovation. The results in column (7) 
indicate that the regression coefficients of pilot policies 
and technological innovation efficiency of prefecture-level 

cities on haze pollution are significantly negative, indicating 
that the improvement of urban technological innovation 
efficiency can provide a good innovation environment, 
contribute to the construction of innovative cities, enhance 
the green innovation efficiency of enterprises, and thus 
reduce haze pollution. Further analysis shows that the So-
bel test and Bootstrap indirect effect test are significantly 
negative at the 1% level, with an indirect effect proportion 
of 0.119 and a total effect proportion of 26.82%, confirm-
ing the existence of the mediating effect of technological 
innovation.

Columns (8) and (9) respectively represent the regres-
sion results of innovative city pilot policies on human 
capital, as well as the regression results of pilot policies 
and human capital on haze pollution in prefecture-level 
cities. The results in column (8) indicate that the con-
struction of innovative cities has significantly improved 
the human capital level of prefecture-level cities, provid-
ing talent support for reducing haze pollution. In column 
(9), the regression coefficients of pilot policies and hu-
man capital on haze pollution are significantly negative 
at the 1% level, indicating that the strengthening of tal-
ent agglomeration effect helps to suppress haze pollution 
in prefecture-level cities and also facilitates the smooth 
implementation of pilot policies. Further analysis shows 
that the mediating effect of human capital is 0.158, which 
is significantly negative, and the indirect effect of Boot-
strap is also significantly negative at the 1% level, thereby 
verifying the existence of the mediating effect of human 
capital factor agglomeration, with a proportion of 35.41%. 
The above results indicate that the effects of technological 
innovation and human capital are the two main pathways 
through which the construction of innovative cities affects 
haze pollution. In summary, the hypothesis H2 in this article 
has been validated.

Table 6. The results of the mechanism analysis.

variables
(1) (2) (3) (4) (5) (6) (7) (8) (9)

lnPM2.5 lnstr lnPM2.5 lnsci lnPM2.5 lnpat lnPM2.5 lnhum lnPM2.5

did -0.434***
(0.105)

0.736***
(0.218)

-0.411***
(0.093)

3.059***
(0.863)

-0.415***
(0.077)

3.743***
(0.933)

-0.326***
(0.088)

1.984***
(0.753)

-0.288***
(0.063)

lnstr -0.001***
(0.000)

lnsci -0.010***
(0.002)

lnpat -0.032***
(0.010)

lnhum -0.080***
(0.023)

Sobel -0.024**
(0.011)

-0.031*
(0.017)

-0.120***
(0.033)

-0.158***
(0.041)

Observa-
tions 3420 3420 3420 3420 3420 3420 3420 3420 3420

R-squared 0.023 0.020 0.026 0.114 0.027 0.149 0.037 0.102 0.056

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. The city-level clustered standard errors are reported 
in parentheses.
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Conclusion and Suggestions

The construction of innovative cities is based on in-
novative elements such as technology and talent. While 
promoting China’s economic development, it can also co-
ordinate the common development of the urban economy 
and ecological environment. This article is based on panel 
data from 285 prefecture-level cities in China from 2007 
to 2018, and applies DID and PSM-DID models for ro-
bustness testing to verify the effectiveness of innovative 
urban construction in controlling urban haze pollution. 
Research has shown that the construction of innovative 
cities has significantly suppressed urban haze pollution, 
and this conclusion still holds after a series of tests. Het-
erogeneity analysis shows that the pilot policies have 
a significantly higher effect on haze control in the eastern 
and central regions than in the western regions; the haze 
control effect of cities with low innovation ability is higher 
than that of cities with high innovation ability; the pilot 
policy has a significant haze control effect on cities with 
high levels of foreign direct investment; the pilot policy 
has a significant effect on haze control in cities with high 
environmental regulation intensity. In addition, based 
on the results of mechanism testing, it was found that 
the construction of innovative pilot cities indirectly pro-
motes haze governance by promoting industrial structure 
upgrading, strengthening government financial support, 
improving technological innovation efficiency, and at-
tracting innovative talents to gather.

Based on the conclusions verified in the previous text, 
the following suggestions are proposed for China to pro-
mote the construction of innovative pilot cities: increase 
the promotion of innovative pilot cities, and combine the lo-
cation conditions and existing economic characteristics 
of cities to build a unique innovation system, so as to 
effectively play the role of innovative cities in controlling 
haze pollution. At the same time, relevant government 
departments should continue to improve the selection 
system for pilot cities, gradually improve the selection 
standards for innovative pilot cities that meet the require-
ments of the new era, construct more scientific selection 
indicators with more coverage content, and further increase 
the number of pilot cities in an orderly manner. In addition, 
government departments also need to strengthen the super-
vision of the construction quality of pilot cities, such as 
introducing relevant regulatory regulations and ensuring 
the construction quality of innovative cities through hard 
supervision and constraints. At the same time, it is neces-
sary to strengthen the tracking, evaluation, and monitoring 
of the effectiveness of pilot policies, adjust pilot measures 
in a timely manner, and if necessary, adopt exit mechanisms 
to no longer include cities with poor pilot effects in the pilot 
scope, so as to ensure the effective implementation of haze 
control effects.

Conflict of Interest

The authors declare no conflict of interest.

References

1.	 HAN L., ZHOU W., LI L. Impact of Urbanization Level 
on Urban Air Quality: A Case of Fine Particles (PM2.5) 
in Chinese Cities. Environmental Pollution, 194, 163, 2014.

2.	 XU B., LIN B. How Industrialization and Urbanization 
Process Impacts on CO2 Emissions in China: Evidence 
from Nonparametric Additive Regression Models. Energy 
Economics, 48, 188, 2015.

3.	 MA H., ZOU J., CAI H., ZHANG L. Administrative 
division adjustment and environmental pollution: Evidence 
from City-County Mergers in China. China Economic 
Review, 84, 102141, 2024.

4.	 HE Q. Fiscal decentralization and environmental pollution: 
Evidence from Chinese Panel Data. China Economic 
Review, 36, 86, 2015.

5.	 ZHONG S., XIONG Y., XIANG G. Environmental 
regulation benefits for whom? Heterogeneous effects 
of the intensity of the environmental regulation on em-
ployment in China. Journal of Environmental Manage-
ment, 281, 111877, 2021.

6.	 CAI H., CHEN Y., GONG Q. Polluting Thy Neighbor: 
Unintended Consequences of China’s Pollution Reduction 
Mandates. Journal of Environmental Economics and Man-
agement, 76, 86, 2016.

7.	 ZHOU Q., ZHANG X., SHAO Q., WANG X. The non-
linear effect of environmental regulation on haze pollution: 
empirical evidence for 277 Chinese cities during 2002-
2010. Journal of Environmental Management, 248 (15), 
109274, 2019. 

8.	 ZHOU Q., ZHONG S., SHI T., ZHANG X. Environmental 
regulation and haze pollution: neighbor-companion or 
neighbor-beggar? Energy Policy, 151 (3), 112183, 2021.

9.	 RAFF Z., EARNHART D., The effect of environmental 
enforcement on labor: environmental workers and produc-
tion workers. Journal of Regulatory Economics, 57 (2), 
118, 2020. 

10.	 HUANG K.F., YU C., SEETOO D. Firm innovation in pol-
icy-driven parks and spontaneous clusters: the smaller firm 
the better? The Journal of Technology Transfer, 37 (5), 
715, 2012.

11.	 TIGABU A., BERKHOUT F., VAN B. The diffusion 
of a renewable energy technology and innovation 
system functioning: comparing bio-digestion in Kenya 
and Rwanda. Technological Forecasting and Social 
Change, 90, 331, 2015.

12.	WANG Z., YANG L. Delinking indicators on regional 
industry development and carbon emissions: Beijing-
Tianjin-Hebei economic band case. Ecological Indicators, 
48, 41, 2015.

13.	 KUANG H., XIONG Y. Could environmental regulations 
improve the quality of export products? Evidence from 
China’s implementation of pollutant discharge fee. 
Environmental Science and Pollution Research, 29, 81726, 
2022. 

14.	 TANG J., ZHONG S., XIANG G. Environmental regula-
tion, directed technical change, and economic growth: 
theoretic model and evidence from China. International 
Regional Science Review, 42 (5-6), 519, 2019. 

15.	 LI J., WANG X., WU Y. Can government improve tax 
compliance by adopting advanced information technology? 
Evidence from the Golden Tax Project III in China. 
Economic Modelling, 93, 384, 2020. 

16.	 GUO R., YUAN Y. Different types of environmental regu-
lations and heterogeneous influence on energy efficiency 



Evaluation of the Haze Reduction... 11

in the industrial sector: Evidence from Chinese Provincial 
data. Energy Policy, 145 (10), 1, 2020. 

17.	 BASHIR M., MA B., SHAHBAZ M., SHAHAZD U., VO 
X. Unveiling the heterogeneous impacts of EPT on energy 
consumption and energy intensity: empirical evidence 
from oecd countries. Energy, 226, 120366, 2021. 

18.	 MA Z., HU X., SAYER A. Satellite-based spatiotemporal 
trends in PM2.5 concentrations: China, 2004-2013. Envi-
ronmental Health Perspectives, 124 (2), 184, 2016. 

19.	 BERTRAND M., DUFLO E., MULLAINATHAN S. How 
much should we trust differences-in-differences estimates? 
The Quarterly Journal of Economics, 119 (1), 249, 2004. 

20.	SUN L., ABRAHAM S. Estimating Dynamic Treatment 
Effects in Event Studies with Heterogeneous Treatment 
Effects. Journal of Econometrics, 225 (2), 175, 2020.

21.	 BURSZTYN L., CANTONI D., YANG D., YUCHTMAN 
N. Persistent political engagement: social interactions 
and the dynamics of protest movements. American 
Economic Review: Insights, 3 (2), 233, 2021. 


