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The implementation of innovative provinces as a pivotal pilot measure to promote
the in-depth advancement of ecology in China is a critical undertaking. An accurate
assessment of the environmental effects of these innovative provinces is necessary
to obtain a comprehensive understanding of the impact of pilot policies and
facilitate the promotion of future policies with precision. In this study, the
difference-in-differences method and the mediation model are employed to
analyze the effect and mechanism of the pilot policies for innovative provinces
on regional environmental pollution in 30 provinces in China from 2008-2020. The
results demonstrate that the innovation provincial policies have resulted in an
average reduction of 14.6% in environmental pollution annually in the pilot areas.
This conclusion is still valid after robustness tests are eliminated. Furthermore, the
mediation effect model provides evidence that the innovation provinces pilot policy
reduces environmental pollution through technological innovation and industrial
structure upgrading. Additionally, the heterogeneity analysis finds that innovation
provinces pilot policy have led to a reduction of 17.4% in environmental pollution in
coastal regions and a reduction of 11.7% in inland regions annually. Overall, this
research contributes to the existing literature by underscoring the importance of
innovation-driven development for environmental governance and effectively
promoting the construction of a resource-saving and environment-friendly society.

KEYWORDS

innovative provinces, industrial structure upgrade, environmental pollution, quasi-natural
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1 Introduction

In recent decades, the global economy has experienced significant growth and
development. However, this growth has been accompanied by serious environmental
challenges, including rising levels of greenhouse gas emissions, declining air quality, and
deteriorating ecosystems. To address these global challenges, innovative development has
become an inevitable choice for countries to solve problems related to population, resources,
and the environment, and ensure sustainable development (Wang and Luo, 2020). For
instance, the United Kingdom has promoted innovative green technologies, such as clean
energy applications, to address the haze problem (Foxon et al, 2005). The German
government places significant importance on technology development and innovation to
achieve energy saving and emission reduction. Since 2005, the energy conservation program
has focused on energy efficiency and renewable energy, with the German government
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supporting the use of renewable energy by establishing large-scale
wind and solar power generation facilities to reduce the threat to the
environment from energy-intensive and polluting emission
resources (Lehr et al., 2008). Similarly, China has highlighted the
importance of promoting green development through innovation
and promoting the harmonious coexistence of humans and nature at
the 20th National Congress of the Communist Party (Dessein et al.,
2022). Current research suggests that an increasing number of
countries are responding to the deteriorating environmental and
climate issues by adopting innovative development approaches.

China has adopted a new development concept that emphasizes
innovation, coordination, green growth, openness, and sharing, as part
of its broader efforts to establish an ecological civilization system and
promote harmonious coexistence between people and nature. The
Central Committee of the Communist Party of China (CPC) and
the State Council issued the “Outline of National Innovation-driven
Development Strategy” in May 2016, which called for the construction
of a regional innovation demonstration and leading highland, as well as
the establishment of innovative provinces. The implementation of this
policy represents a crucial step towards establishing a modern
innovation system in China, and aligns with the strategic objective
of advancing the nation’s innovation capabilities. At the highest level of
policy design, innovation-driven development is recognized as the
primary catalyst for achieving high-quality and sustainable economic
growth. It is important to note that such growth cannot come at the
expense of environmental degradation. Thus, the policy prioritizes
pollution prevention and emission reduction as integral components
of high-quality economic development.

Innovation development provides new impetus and direction for
environmental pollution control (Zhang M. et al., 2022). The role of
innovation development in environmental protection has been
extensively studied in the literature (Lin et al, 2021). Chiou et al.
(2011) used a spatial error model to discuss the impact of innovation
on green development, and found that green innovation can
significantly promote the improvement of environmental
performance. Additionally, Jordaan et al. (2017) found that
technological innovation is a key driver in reducing greenhouse
gas emissions globally. Moreover, in the field of renewable energy,
innovative development can significantly reduce carbon emissions,
promote low-carbon economic development, and improve
environmental quality (Xu and Lan, 2023). To summarize,
numerous prior studies have identified innovation development as
a crucial and effective means of mitigating environmental pollution
(Ibrahim and Vo, 2021). These findings underscore the significance of
innovation in promoting sustainable and high-quality development
(Liu et al., 2022).

Despite the abundance of literature on the impact of innovation
on environmental pollution, three areas still need to be addressed.
First of all, the existing literature on the relationship between
innovation development and environmental pollution has
primarily focused on direct effects, while mediation effects have
been largely neglected. Such as previous research has indicated that
innovation has a positive impact on improving the emission
standards of industrial enterprises in handling pollutants (Zhang
K. et al, 2019), reducing greenhouse gas emissions (Gu and Wang,
2018), and improving the environment (Bhupendra and Sangle,
2015). The extant literature has predominantly centered on
examining the direct impacts of innovation, as evidenced by
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studies conducted by Shahbaz et al. (2018) and Wang and Luo
(2020). However, there remains a need for further investigation into
the mediating mechanisms through which innovation development
can drive environmental protection.

Secondly, while some scholars have delved into exploring the
impact of innovation on pollution reduction at the individual level
and at the firm level, there is a dearth of research investigating these
effects at the macro-level of provinces. For instance, Heidenreich
and Kraemer (2015) explicate the micro-individual level by which
innovation development can furnish consumers with a wider array
of options and facilitate the adoption of environmentally-friendly
behaviors, thereby promoting consumer environmental behavior.
Additionally, at the meso-firm level, Wang K. L. et al. (2021) and
Sahoo et al. (2023) have examined the effect of firm technological
innovation on environmental performance. It is important to
note that there are clear distinctions between provincial and
corporate innovation, individual innovation. The construction of
innovative provinces can lead to stronger innovation regional
convergence effects (Chen et al, 2020) and regional knowledge
spillover effects (Shang et al., 2012). Furthermore, the construction
of innovative provinces is a major development decision made at
the regional level in China, which can result in a more rational
allocation of regional resources and potentially have more
significant environmental effects compared to the construction of
corporate innovation (Xu et al., 2020). But the impact of innovative
province construction on environmental governance remains
understudied.

Thirdly, it is worth noting that there is still a lack of research on
measuring the extent of the environmental effects of innovation
development in developing countries. Research on the relationship
between innovation development and pollution reduction has been
predominantly conducted in developed countries due to their advanced
technology (Ashford, 2002; Popp, 2006). A study focusing on Japan
found that the enhancement of technology innovation is conducive to
the development of low-carbon technologies, leading to a reduction in
carbon emissions and improvement in air quality (Lee and Min,
2015). However, it is noteworthy that developed countries have
placed too much emphasis on the role of technological innovation in
innovation development and pollution reduction, while neglecting
the importance of social and policy innovation (Barykin et al., 2022).
Moreover, developed countries have tended to rely too heavily on
market mechanisms and have lacked government and social
involvement in pollution control (Kvasnickovd Stanislavskd et al.,
2023). Studies have found that the dominant role of governments in
environmental governance is more pronounced in developing
countries than in developed ones, and this government-led
environmental governance model can better guarantee the
implementation of environmental policies, resulting in more
effective improvement of environmental quality (Spilker, 2012; Li
etal,, 2023). Currently, as the world’s largest developing country, the
Chinese government has incorporated innovation development into
its national development plan, attempting to use innovation
development to break through resource and environmental
bottlenecks and achieve a transition to high-quality economic
development (Chen et al, 2022). This makes it all the more
necessary to use Chinese data to summarize the development
patterns in China and provide more references for other
developing countries to develop innovation development policy.
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Research framework.

Given the research gaps observed above, this research contributes
significantly to the existing literature in three ways: Firstly, this study
expands the research on the construction of innovative provinces by
examining the impact of innovation on environmental governance at
the provincial level. By doing so, it attempts to provide further
the study of
environmental governance at the regional level. Secondly, this

evidence for innovation development and
study elucidates the mediating mechanisms of environmental
governance in pilot policies implemented in innovative provinces
through the lenses of endogenous growth theory and ecological
economics. It delves into the intricate workings of innovation-
driven development, unpacking the “black box” with depth and
rigor. Exploring these effects and mechanism can generate new
insights into more differentiated and effective decision-making
related to innovation development. Finally, this paper utilizes a
difference-in-difference (DID) approach to quantitatively assess the
environmental effects of innovative provincial policy. This study
employs the Difference-in-Differences (DID) model to mitigate
pre-test sample discrepancies between the treatment and control
groups, thereby eliminating model endogeneity through quadratic
differencing. As a result, our analysis provides a more precise
assessment of the environmental impacts of innovative provinces.
The subsequent sections of this paper are structured as follows:
Section 2 reviews relevant literature, explains the integrated impact
of innovative provincial policies on environmental governance;
Section 3 explains the econometric model, variable selection, and
data sources; The empirical results are introduced in Section 4.
Section 5 is the discussion; Finally, the conclusion and policy
recommendations are in Section 6. The specific research

framework is shown in Figure 1.

2 Policy background and research
hypotheses

2.1 Policy background

China has established a strong foundation for the development
of innovative provinces, which aligns with the country’s overall
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strategy of building an innovative and technology-driven economy.
The implementation of an innovation-driven development strategy
was first proposed at the 18th National Congress of the Communist
Party, and has been consistently reinforced and perfected since then.
In March 2015, the CPC Central Committee and the State Council
issued the “Several Opinions on Deepening the Reform of
Institutional Mechanisms to Accelerate the Implementation of
the Innovation-Driven Development Strategy,” which aimed to
fully realize the innovation-driven development strategy and
create a new engine for economic growth. In May 2016, the CPC
and the State Council published the “National Innovation-driven
Development Outline,” which provided systematic planning and
deployment for the implementation of the innovation-driven
development strategy in the medium and long term. The
construction of innovative provinces then entered a pilot
development stage, with Zhejiang, Jiangsu, Sichuan, Guangdong,
and other provinces being selected by the central government as
pilot regions for this initiative. The Ministry of Science and
Technology of China has explicitly stated in the “Guidelines for
the Construction of Innovative Provinces” that one of the primary
objectives of innovative pilot provinces is to promote “green and
low-carbon, harmonious development.” The guidelines highlight
that scientific and technological innovation can help solve
environmental issues and accelerate the construction of a
resource-saving and environment-friendly society.

The policy of constructing innovative provinces is anticipated to
have significant implications for China’s economic development and
ecological civilization construction. One of the primary benefits of
the policy is that it directly improves the level of regional innovation,
which is essential for promoting industrial upgrading. Through this
policy, the provincial governments are expected to create a
conducive environment that fosters innovation and creativity,
which in turn will lead to the development of new and improved
products and technologies. Furthermore, the emphasis on economic
transformation and industrial upgrading in the construction of
innovative provinces is expected to promote the development of
more energy-efficient and environmentally friendly technologies
and products. This is expected to provide new technical means
and solutions for environmental protection, thereby contributing to
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the country’s ecological civilization construction. It is worth noting
that an accurate assessment of the environmental effects of
innovative provinces is crucial for providing a comprehensive
and in-depth understanding of the impact of the pilot policies.
This will also facilitate the precise promotion of future policies that
are aimed at promoting sustainable development in the pilot
provinces and across the country. In conclusion, the pilot
construction policy of innovative provinces in China is expected
to have significant implications for the country’s economic
ecological
Additionally, the policy’s emphasis on environmental protection

development  and civilization ~ construction.
and sustainability is expected to provide new technical means and

solutions for promoting ecological civilization.

2.2 The effect of construction of innovative
provinces on environmental pollution

The core requirement of building an innovative province in
China is to promote a development model led by innovation drive,
guaranteed by openness to rise and oriented by green development.
Theoretically, the construction of innovative provinces can
accelerate the pace of innovation and development in pilot
provinces, improving the resource utilization efficiency, and
supporting  the
environmental

development  of
industry,
development of the industrial clean technology, and advocating

energy-saving  and
protection accelerating  the
a resource-saving and environment-friendly society and achieve
the goal of ecological civilization (Zhao, 2016; Zhang L. et al,
2022). This is not only conducive to exploring a regional
development model tailored to local conditions, but also
capable of achieving sustainable economic, social and
environmental development (Lei et al., 2020; Gao and Yuan,
2021). Specifically, the innovative provinces reduces regional
environmental pollution in the following two ways.

On the one hand, the construction of innovative provinces can
stimulate enterprises to invest more in new product development,
thereby enhancing their innovation capacity (Liao and Li, 2023).
This improved innovation capability not only reduces the emission
of pollutants such as wastewater, waste gas, and solid waste (Ge,
2019), but also facilitates better management of environmental
pollution emissions (Zhang G. et al., 2019), ultimately leading to
a reduction in environmental pollution. In addition, Prakash and
Potoski (2006) and Bhupendra and Sangle (2015) that innovation
can improve the environment through pollution prevention,
pollution control, and the use of clean technology in firms
Hodson et al. (2018), based on data from the U.S. energy
industry, found that an increase in the level of innovation will
enable firms to more efficient use of energy while producing less
carbon emissions, thereby improving regional air quality.

On the other hand, in order to achieve the goal of building an
innovative province, the government will actively increase its
investment in the field of green innovation and pool the green
innovation elements in each region. Additionally, the government
will further promote environmental protection by formulating and
implementing environmental regulations and other environmental
regulatory actions to restrain the pollutant emissions of enterprises

(Waxman and Markey, 2009; Abbass et al., 2022).
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H1: Innovative provincial policies has a significant effect on
environmental pollution.

The construction of innovative provinces represents a notable
example of achieving the “win-win” goal of economic development
and environmental protection. This policy not only fosters
development through innovation but also acknowledges the
responsibility of serving as a “demonstration zone” for pollution
control. According to Porter’s hypothesis,
effect of
technological innovation constitutes a critical means of achieving

stimulating the

“innovation compensation” enterprises through
pollution reduction and improving enterprise competitiveness
(Porter and Linde, 1995). Furthermore, industrial pollutant
emissions significantly decrease with the upgrading of industrial
structure, which enhances environmental quality (Wang et al,
2018). Hence, this study proposes a mediating mechanism to
elucidate the regional environmental effects of innovative
province policies from the perspectives of technology innovation
and industrial structure upgrading. Specifically, the policy reduces

environmental pollution through the following measures.

2.3 Mediating effect of technology
innovation

The development of innovative provinces can play a vital role in
improving the local science and technology innovation capacity.
One important factor contributing to this improvement is the
creation of a favorable environment and adequate conditions for
the advancement of science and technology. For instance, the
construction of science and technology parks, innovation centers,
and research and development institutions, as well as offering higher
salaries and improved working conditions for researchers can attract
and retain talented researchers. This, in turn, can provide a rich pool
of human capital that can enhance the quality of scientific research
and technological development (Ponomariov and Boardman, 2010).
Additionally, Kuzma et al. (2020) found a positive correlation
between better innovation facilities in a region and the number
of patents invented by researchers. Furthermore, the construction of
innovative provinces can provide strong external incentives for
in the area of environmental

2015). With these
companies with core technologies and a commitment to

research and development
technology (Borghesi et al, incentives,
environmental innovation may be attracted to enter the region
and make breakthroughs
equipment, and green manufacturing processes. Finally, the

in clean energy, environmental

development of innovative provinces will create more
opportunities for science and technology exhibitions and forums
to promote the exchange and diffusion of scientific and
technological information. This will further enhance regional
technological innovation capabilities.

Technological innovation is the main driving force to reduce
regional environmental pollution. Ehrlich and Holdren (1971)
proposed the population, affluence, and technology (PAT) model,
which that

environmental pollution caused by population growth. Grossman

suggest technological ~progress can alleviate
and Krueger (1991) decomposed the factors affecting environmental
pollution into scale effects, structural effects, and technology effects

and highlighted the important role of technology effects in
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improving environmental quality. Specifically, this study argues that
technological innovation reduces regional pollution in two main
ways: On the one hand, defense at the front end of pollution
emissions, by improving production levels to reduce pollutant
emissions; And on the other hand, strengthening the terminal
treatment of pollution, improving the efficiency of pollutant
treatment. Improving technology levels can stimulate clean
production processes and increase the frequency and scope of
clean energy use (Hao et al., 2020). The advanced technology
creates clean energy to prevent more pollution (Valentin and
Elena, 2020), while improving pollution treatment technology
solves the recycling of polluted waste (Wang S. et al,, 2021) to
achieve the purpose of emission reduction and environmental
protection. Specifically, the development of renewable energy
sources, new biofuels, and energy-efficient vehicles and
appliances will be promoted through the improvement of science
and technology guided by innovative development, and these
measures will reduce pollutant emissions (Ibrahim and Vo, 2021).

H2: Construction of innovative provinces policy will further reduce
environmental pollution through technological innovation.

2.4 Mediating effect of industrial structure
upgrading

The development of innovative provinces is a catalyst for the
upgrading of the regional industrial structure. Firstly, innovative
provinces can upgrade industrial structure by cultivating and
attracting high-level talents. According to the innovative talent
theory, talent plays a crucial role in driving economic
development and industrial upgrading (Cubas et al, 2016).
Through the establishment of research institutions and centers,
innovative provinces provide a favorable environment for
Secondly, the

construction of innovative provinces can stimulate enterprises’

attracting and cultivating high-level talent.
willingness to innovate and facilitate the transformation of
industrial innovation outcomes, thereby promoting industrial
structure upgrading (Liao and Li, 2023).

Industrial structure upgrading, with its “structural effect,” is
considered an important approach to reducing environmental
pollution (Yu and Wang, 2021). The construction of innovative
provinces is expected to further this process by promoting the
upgrading of both traditional heavy industries and highly
polluting industries, as well as the optimization of new industrial
structures. On the one hand, provinces will actively promote the
transformation and upgrading of industrial structure, and the
secondary industries represented by pollution-intensive industries
will achieve green transformation of production by choosing clean
production  application,  pollution  treatment technology
transformation, and direct exit (Bhupendra and Sangle, 2015).
On the other hand, the pilot policy has given rise to low-
pollution industries represented by modern services and
technology-intensive industries, which will lead to an increase in
the proportion of tertiary industries and reduce pollution emissions
such as waste gas, wastewater, and solid pollution generated during
industrial development. Previous studies have found that industrial

restructuring can bring about a rational distribution of resources
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among industries, leading to their full utilization and ultimately
reducing environmental pollution (Lind, 2002; Pasche, 2002).

H3: Construction of innovative provinces policy will further reduce
environmental pollution through industrial structure upgrading.

3 Methodology and data
3.1 Econometric methodology

In 2018, 14 provinces were selected as pilot areas for innovative
provincial policies, providing a quasi-natural experiment for
studying the environmental effects of the construction of
used the
evaluate the

innovative provincial policies. Specifically, we

(DID) method to
environmental performance of the innovative provincial policies
(Bertrand et al., 2004; Wang et al., 2019). According to Wooldridge

(2007), the fundamental concept behind the DID approach involves

Difference-in-Differences

measuring the variation in outcomes between a control group and a
group both prior
implementation of a policy,

treatment to and subsequent to the

and subsequently generating
difference-in-differences statistics that reflect the impact of the
policy. The DID method uses the idea of a quasi-natural
experiment, which divides the entire sample data into two
groups: one group that is affected by the intervention, the treated
group, and another group that is not affected by the same
intervention, the control group (Conley and Taber, 2011). The
DID model is set as follows:

. N
Yie = By +Bydidi + ) B X+t +y, +€x (1)

didy = Treatyx Time;, where i is the region, and t is the year.
Besides, the policy shock variable is regarded as didy. did is a
dummy variable equal to 1 if a city has a policy on construction of
innovative provinces, and 0 if it does not. y; is the province fixed
effect, €; is the time fixed effect, and the ¢; is the random
perturbation term. X represents the other control variables that
affect environmental pollution.

3.2 Variable selection

3.2.1 Environmental pollution

In this study, the “three wastes,” namely, sulfur dioxide
emissions, general industrial solid waste generation, and total
wastewater discharge, were analyzed dimensionlessly based on the
methodology used by Khatun (2009). Principal component
analysis was applied to these three variables to obtain
weighting coefficients for each region, which were then used to
calculate a comprehensive pollution emission index for each year.
This index serves as a measure of the regional pollution level for
each region.

3.2.2 Construction of innovative province

China put forward the concept of construction of innovative
provinces in 2016, and in 2016-2018, 16 provinces (municipalities)
have been established as innovative provinces in China one after
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TABLE 1 Explanations and data sources of all basic variables.

Variable Symbol Measured methods

EPdid

Dependent
variable

Environmental pollution Based on the emissions of “three wastes,” the principal component

analysis method is used to calculate

Independent variable Policy for construction of innovative P The province is defined as 1 during the pilot year and thereafter; otherwise, the value is 0
provinces
Control variables Government Intervention GI The logarithm of the ratio of fiscal spending to GDP.
Openness OP The amount of actual foreign capital used in the current year as a proportion of GDP
Human capital HC Logarithms of students enrolled in higher education institutions
Economic development ED The logarithm of GDP per capita
Mediation variables Technology innovation TI R&D input
Industrial structure upgrading IS The ratio of the value added of the tertiary industry to the value added of the secondary
industry
TABLE 2 Descriptive statistics and correlation analysis.
1 2 3 4 ) 6 7 8

EPdid 1.000

1P 0.024 1.000

TI -0.067 0.354*** 1.000

IS —0.185"* 0.268*** 0.808*** 1.000

ED 0.650*** 0.321°0* 0.405%* 0.245%%* 1.000

OP -0.014 0.103** 0.735%** 0.782%* 0.307*** 1.000

GI —0.499* —-0.198*** —-0.400** —0.2480* =0.7250%* =0.407* 1.000

HC 0.110** 0.193*** 0.247%* 0.364* 0.297*** 0.240*** -0.0804 1.000
Obs 390 390 390 390 390 390 390 390
Mean 0.051 0.108 0.016 3.712 1.386 0.278 0.254 7.792

Std. Dev 0.897 0.310 0.011 4.903 0.108 0.322 0.111 0.324

Min —-1.562 0.000 0.002 0.480 1.034 0.008 0.100 6.876
Max 2.200 1.000 0.064 30.830 1.570 1.671 0.758 8.817

Note: ***p < 0.01, **p < 0.05, *p < 0.1

another. This study characterizes the state of innovative provinces
construction in the form of dummy variables. The province is defined
as 1 during the pilot year and thereafter; otherwise, the value is 0.

3.2.3 Mediation variables

(1) technology innovation: R&D activities are often considered as
one of the important manifestations of the improvement of
science. Therefore, this research uses R&D input to measure the
level of technology innovation by referring He et al. (2022). The
larger the indicator, the higher the level of technology
innovation in the region.

(2) Industrial structure upgrading: Drawing on Zhang G. et al.’s
(2019) findings, the process of industrial upgrading is typically
accompanied by a shift towards the service industry, with the
growth rate of the tertiary industry often surpassing that of the

Frontiers in Environmental Science

secondary industry. In this study, the extent of industrial
structure upgrading is measured by the ratio of the value
added of the tertiary industry to the value added of the
secondary industry, as an increase in this ratio is indicative
of industrial structure upgrading.

To avoid the problem of omitted variables in the model that lead
to biased regression results, the following variables are included as
control variables in the environmental pollution governance model
in this paper.

3.2.4 Control Variable
(1) Government intervention
The government can encourage

companies to adopt

environmental protection measures, and reduce environmental
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TABLE 3 VIF test.

Variable VIF 1/VIF
IS 4.410 0.228
TI 3.820 0.262
op 3.330 0.300
ED 2.620 0.382
Gl 2.490 0.401
HC 1.340 0.747
P 1.310 0.764

Mean VIF 2.760

pollution by providing environmental protection subsidies and tax
incentives (Pei and Pei, 2022). Referring to the Wang K. L. et al.
(2021), Li et al. (2020), the share of government fiscal expenditure in
GDP is used to represent the intensity of government intervention in
the environment. The higher the share, the stronger the government
control, the better it is for reducing environmental pollution.

(2) Openness

The degree of opening up has the following two views on
environmental pollution. On the one hand, foreign investment can
facilitate the introduction of advanced technology and promote the
construction of regional environmental protection facilities, thereby
contributing to the reduction of pollution (Letchumanan and
Kodama, 2000; Chang, 2012). This phenomenon is often referred
to as the “pollution halo” effect. On the other hand, developing
countries may lower their environmental regulations in order to
attract foreign investment and promote economic development,
which may result in them becoming a “pollution haven” (List and
Co, 20005 Levinson and Taylor, 2008). This research uses the ratio of
foreign direct investment to GDP to measure the level of openness
(Wu et al., 2020).

(3) Human capital

Human capital is a composite of various human resources,
including education, training, skills, health, knowledge, and
experience (Wolimann, 2003). As a crucial factor of production,
human capital plays an indispensable role in both regional
economic development and environmental pollution control.
Research suggests that individuals with higher levels of education
tend to exhibit greater awareness of environmental issues and are
more inclined to participate in environmental protection behaviors,
ultimately leading to a reduction in environmental pollution.
Moreover, regions that possess higher levels of human capital tend
to foster the development of environmentally friendly and energy-
efficient technologies, thus improving regional environmental quality
(Lan et al,, 2012). Referring to Sarkodie et al. (2020), this research
using the logarithms of students enrolled in higher education
institutions to measure the regional human capital.

(4) Economic development level

The level of economic development is an important factor
affecting environmental pollution. The Environmental Kuznets
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Curve (EKC) hypothesis suggests an inverse U-shaped trend
growth and protection
(Grossman and Krueger, 1995). The logarithm of GDP per capita
is used to measure economic development in this paper (Hao et al.,
2019).

The specific symbols and explanatory notes of each variable are

between economic environmental

shown in Table 1.

3.3 Data sources

To examine the effects of policies related to innovative province
construction on regional environmental pollution management, this
paper selects a sample of 30 provinces (excluding Hong Kong,
Macao, Taiwan, and Tibet) in China from 2008 to 2020 for
empirical analysis. The pilot construction batches and lists of
innovative provinces were collected manually from the website of
China’s Ministry of Science and Technology and the websites of
local governments at each province. Raw data were obtained from
the China Statistical Yearbook, China Environmental Yearbook,
China Statistical Yearbook and the website of the National Bureau of
Statistics. Some data were supplemented according to the provincial
(municipal) statistical yearbooks and the statistical bulletins on
national economic and social development of the relevant local
municipalities. The descriptive statistics and correlation analysis for
each variable are shown in Table 2.

Table 2 presents the descriptive statistics and correlation
analysis of the main variables. The results indicate that the
explanatory variables have a wide range of variation, with the
highest value of environmental pollution being 2.200 and the
lowest value being —1.562, with a mean value of 0.051, indicating
that the degree of environmental pollution varies widely across
provinces. On the whole, the correlation between variables is strong,
which indicates that the variables selected in this paper are
appropriately chosen. In addition, this study used VIF to test for
multicollinearity. Previous studies concluded that strong
multicollinearity exists when VIF >10. As indicated in Table 3,
all the variables have VIF values considerably below 10, signifying
the absence of multicollinearity among the variables.

4 Empirical results
4.1 Parallel trend test

To verify the validity of the DID method employed in this
research, a parallel trend analysis was conducted to assess the trends
of pollutant emissions across the sample provinces (refer to
Figure 2). Figure 2 shows that the pollutant emission trends of
the control and treatment groups exhibited a similar pattern from
2008 to 2017. However, following the implementation of the
innovative province policy in 2018, while the pollutant emission
trends of the control group remained flat, the treatment group
witnessed a marked decline. The parallel trend analysis results
suggest that the pollutant emissions of the treatment and control
groups were not significantly different before the policy
implementation, thereby satisfying the fundamental prerequisite

for utilizing the DID method in this research.
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Parallel Trend Test

FIGURE 2
Parallel trend test.
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TABLE 4 Benchmark regression estimation results.

Variables Model 1 Model 2 Model 3 Model 4 Model 5
EPdid —0.190*** —0.149*** —0.153*** —0.151*** —0.146***
(-3.628) (-2.991) (-3.023) (~2.960) (-2.855)
ED 10.046%** 10.294%%* 10.298*** 10.540%*
(6.839) (6.586) (6.58) (6.697)
op —-0.064 -0.061 -0.053
(~0.469) (~0.447) (-0.385)
GI 0.158 0.247
(0.352) (0.545)
HC -0.167
(-1.331)
CONS 0.057 —13.207*** —13.512*%** —13.550*** —12.618***
(1.429) (—6.808) (—6.598) (-6.599) (-5.823)
Observations 390 390 390 390 390
R-squared 0.037 0.151 0.152 0.152 0.157
Province FE YES YES YES YES YES
Year FE YES YES YES YES YES

Note: ***p < 0.01, **p < 0.05, *p < 0.1.

4.2 Benchmark regression

This paper use a two-way fixed-effects model to estimate Eq. 1
and analyze the impact of the construction of innovative provinces

Frontiers in Environmental Science

on regional environmental pollution. The results are shown in
Table 4. Model (1) is the regression result without adding control
variables, and Model (2)-Model (5) is the result of gradually adding
control variables. The results show that in Model (1), the EPdid
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TABLE 5 Heterogeneity test.

Variables Coastal Coastal Inland Inland
EPdid -0.019 —0.174* —0.145%¢ —0.117%
(-0.213) (-1.926) (-2.444) (-2.071)
ED 7.539% 6.707*
(2.086) (3.631)
op ~0.386* —0.087
(-1.709) (~0.568)
Gl —4.965*% 14230
(=3.701) (3.168)
HC 0.384* —0.581%*
(1.935) (-3.494)
CONS 0.534%* ~11.870* ~0.220%% -4.731%
(8.413) (-2.847) (~5.052) (-1.761)
Observations 143 143 247 247
R-squared 0.329 0.468 0.166 0.266
Province FE YES YES YES YES
Year FE YES YES YES YES

Note: ***p < 0.01, *p < 0.05, *p < 0.1.

coefficient is —0.190 and p* 0.01; In Model (5), the EPdid coefficient
is —0.146 and p* 0.01. The EPdid term was always significantly
negative at the 1% level during the stepwise inclusion of control
variables. All the estimation results show that whether or not the
control variable is added, the innovative provincial policies has a
significant negative impact on pollution indicators. Therefore, H1 is
verified.

4.3 Heterogeneity test

The results of the benchmark regression analysis suggest that the
implementation of innovative provincial policies has significantly
reduced environmental pollution. However, it is important to
consider that coastal regions have played a central role in China’s
economic development since the reform and opening up. Coastal
areas have distinct advantages over inland regions in terms of
transportation infrastructure, international trade development,
and access to foreign technologies. The Chinese government has
implemented relatively liberal foreign trade policies in coastal
regions, which has led to a significant divergence in economic
development, infrastructure quality, and policy benefits between
coastal and inland areas (Su and Jefferson, 2012). Therefore, it is
crucial to investigate the impact of innovative province construction
policies on environmental pollution under different geographical
locations, as the effectiveness of such policies may vary based on
regional characteristics. The results of regional heterogeneity are
shown in Table 5. In coastal areas, the EPdid coefficient is —0.174,
p°0.1; While in inland areas, the EPdid coefficient is —0.117, p“0.05.
The obtained results suggest that the implementation of innovative
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province construction policies in both coastal and inland regions can
effectively mitigate regional environmental pollution. It is important
to note, however, that policies exhibit a stronger inhibitory effect on
pollution levels in coastal areas compared to their inland
counterparts.

4.4 Transmission mechanism test

The abovementioned empirical results show a strong global

relationship ~ between innovative provincial —policies and
environmental pollution. What is the mechanism of the
innovative provincial policy to reduce regional pollution? As
explained in the previous theoretical analysis, the innovative
provincial policy affects the economic development and
environmental governance of the regional through technological
innovation effects and industrial structure upgrading effects.
Ultimately, these effects reduce environmental pollution. This
paper draws on Baron and Kenny (1986) and Zhao et al. (2010)
to test for mediating effects in three steps. The specific formula is as

follows:
Yi = ap + a;did;; + zzl(xjxit U+ Y e (2)
My =by+bydid + Y bXa + i+, + e 3)
Y =co+ cididy + ;M + ZZ1Cfo‘ Uy, € (4)

Eq. 2 serves as the base model that evaluates the cumulative
impact of innovative provincial policies on environmental pollution.
Building upon Eq. 2, we have incorporated two distinct mediating
variables, resulting in Eqs 3, 4, respectively. Eq. 3 represents the
effect of the policy of innovative province construction on the
mediating variable M;, which refers to technological innovation,
and industrial structure upgrading. Besides, Eq. 4 indicates the
inclusion of Mj; in the model to analyze whether the
construction of innovative provinces reduces environmental
pollution through M;. Eqs 2-4 together form the mediation model.

4.4.1 Transmission mechanism test of
technological innovation

The transmission mechanism test of technological innovation is
shown in Table 6. The total effect of the innovative provincial policy
on regional pollution is —0.146 according to the Model (1), thus
passing the significance level test of 1%, which is consistent with the
previous conclusion. Model (2) is the result of the estimation of the
technological innovation of the innovative provincial policy, and the
empirical results revealing a significantly positive regression
coefficient for the innovative provincial policy at the 1% level.
These results suggest that the construction of innovative
provinces promotes technology innovation. Model (3) is a
regression analysis that explores the relationship between
environmental pollution and both pilot policy and technological
innovation. The results of Model (3) demonstrate that the coefficient
of EPdid is negative and significant at the 10% level, whereas the
coefficient of technological innovation is negative and significant at
the 1% level. These findings suggest that enhanced technological
innovation can effectively reduce environmental pollution. Further
analysis by Bootstrap shows that intermediary effect is —0.268,
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TABLE 6 Transmission mechanism test of technological innovation.

10.3389/fenvs.2023.1177478

TABLE 7 Transmission mechanism test of industrial structure upgrading.

Variables Model (1)  Model (2)  Model (3) Variables Model (1)  Model (2)  Model (3)
EPdid —0.146*** 0.002* —-0.090* EPdid —0.146*** 0.621 —0.144***
(—2.855) (5.199) (-1.735) (—2.855) (1.41) (-2.795)
TI —27.616%** IS —-0.004
(-3.969) (-0.658)
ED 10.540%** —0.039*** 9.474% ED 10.540%** -10.99 10.494**
(6.697) (-3.228) (6.057) (6.697) (-0.812) (6.656)
opP -0.053 —0.003*** -0.137 opP -0.053 —2.476** —-0.063
(~0.385) (~2.946) (-1.012) (~0.385) (-2.109) (-0.457)
GI 0.247 —-0.009** 0.007 GI 0.247 -4.193 0.229
(0.545) (-2.519) (0.017) (0.545) (-1.076) (0.505)
HC -0.167 —0.003*** —0.250** HC -0.167 2.482%* -0.156
(-1.331) (-3.170) (~2.010) (~1.331) (2.304) (-1.239)
CONS —12.618*** 0.089*** —-10.160*** Constant —12.618*** -0.310 —12.620***
(-5.823) (5.405) (~4.596) (-5.823) (-0.017) (-5.818)
Bootstrap (Indirect effect) —0.268%%* Bootstrap (Indirect effect) —0.218%%¢
(0.056) (0.068)
Bootstrap (Direct effect) —0.302%%¢ Bootstrap (Direct effect) —0.352%%¢
(0.093) (0.092)
Observations 390 390 390 Observations 390 390 390
R-squared 0.157 0.691 0.194 R-squared 0.157 0.218 0.158
Province FE YES YES YES Province FE YES YES YES
Year FE YES YES YES Year FE YES YES YES

Note: ***p < 0.01, **p < 0.05, *p < 0.1.

accounting for approximately 47% of the total effect. The bootstrap
test are significant at the 1% level, which indicates that technology
innovation plays a partially mediating effect in the process of
reducing environmental pollution the
innovative provinces. Therefore, H2 is verified.

in construction  of

4.4.2 Transmission mechanism test of industrial
structure upgrading

The transmission mechanism test of technological innovation is
shown in Table 7.

The results of Model 1 are the same as the analysis above. Model
(2) tests the effect of the establishment of innovative provinces on
the upgrading of industrial structure, but the results are not
significant. Model (3) is a regression analysis that explores the
relationship between environmental pollution and both pilot
policy and industrial structure upgrading. The results of Model
(3) demonstrate that the coefficient of EPdid is negative and
significant at the 1% level, and the coefficient of industrial
structure upgrading is —0.004, which is not insignificant. It is
worth noting that the reason for the insignificant coefficient on
industrial structure upgrading may be due to the use of stepwise
regression to test for mediating effects, ignoring the “suppressing
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Note: ***p < 0.01, **p < 0.05, *p < 0.1.

effects” (Spencer et al., 2005). Therefore, referring to the Zhao et al.
(2010), this research use the bootstrap test to test whether there is a
mediating effect. According to Eq. 4 and the bootstrap test results
show that the coefficients ¢; and b;*c, have the same sign and are
significant at the 1% significance level, thus proving the existence of
a partial mediation effect here (Fritz et al., 2012; Wen and Ye, 2014).
The Bootstrap results shows that intermediary effect is —0.218,
accounting for approximately 38% of the total effect. The
bootstrap test are significant at the 1% level, which indicates that
industrial structure upgrading plays a partially mediating effect in
the process of reducing environmental pollution in the construction
of innovative provinces. H3 were verified.

4.5 Robustness test

4.5.1 Placebo test
To further demonstrate that the

environmental pollution is attributable to the pilot policy of

decline in regional
innovative provinces rather than other policies or incidental
factors, this study draws upon the methodology of Chetty et al.

(2009) and conducts a placebo test involving 1,000 random
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FIGURE 3
Placebo test.

TABLE 8 Test result of the propensity score matching balance.

Variables Sample Mean Standardized deviation t-test
Control group Treated group Standardized deviation Reduction T Value p-Value
GI Pre-match 0.184 0315 ~147.200 97.1 ~14.170 0.000
After Match 0216 0.220 ~4.200 ~0.740 0.463
oP Pre-match 0451 0.128 112.300 94.4 11.420 0.000
After Match 0.167 0.186 ~6.300 ~1.050 0.293
ED Pre-match 1.447 1.334 124.300 95.500 12.050 0.000
After Match 1.416 1.421 ~5.500 -0.57 0.569
HC Pre-match 7.832 7.758 22.600 39.100 2250 0.025
After Match 7.808 7.853 ~13.800 ~0.950 0.344

replications. As illustrated in Figure 3, the regression coefficients of
the random samples cluster around 0 and exhibit a positive
t-distribution. Furthermore, all of the regression coefficients
exceed the baseline coefficient of —0.4. These findings suggest
that the outcomes of this study are not subject to the influence
of extraneous variables, and that the reduction in environmental
pollution is indeed a result of the innovative province policy. Thus,
the results of this research are robust.

5.5.2 PSM-DID test

To mitigate the potential influence of artificial selection bias on
the experimental and control groups, this study employed the PSM
(propensity score matching)-DID method to conduct robustness
tests on the regression results, which are presented in Table 8. The
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results of the balance test indicate that the standard deviations of the
variables significantly decreased after matching, and the p-values
corresponding to the t-test of each variable were insignificant,
suggesting that there was no significant difference between the
treated and control groups after matching. These results signify
that the matching process was effective and the PSM-DID method is
suitable for robustness testing. Refer to Table 8 for the results of the
propensity score matching balance test.

Based on PSM, this research continues to re-estimate Eq. | using
OLS method and the results are shown in Table 9 below. The
findings of Model (2) in Table 9 indicate that the EPdid coefficient
is —0.082, which is statistically significant at the 1% level. This result
suggests that the implementation of innovative provincial pilot
policy can effectively alleviate regional environmental pollution.
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TABLE 9 PSM-DID regression.

Variables Model (1) Model (2)
EPdid —0.088*** —0.082***
(-2.812) (-2.625)
ED 2.920%%
(3.303)
opP —0.386**
(-2.168)
GI 0.018
(0.074)
HC -0.134
(-1.613)
Constant 5.694* 3.009**
(253.506) (2.406)
Observations 298 298
R-squared 0.909 0.915
Province FE YES YES
Year FE YES YES

Note: ***p < 0.01, *p < 0.05, *p < 0.1.

Notably, the estimated coefficients and significance levels obtained
in Table 9 are consistent with those in Table 4, indicating the
robustness of the research’s results.

4.5.3 Replace the explanatory variables

This study further replace the explanatory variables to test the
robustness. Specififically, raster data on annual average global PM2.5
concentrations, sulfur dioxide emissions, and carbon dioxide
emissions from Columbia University were used as robustness
indicators, drawing upon prior studies such as Ma et al. (2016),
He et al. (2022), and Hanif (2018). The Robustness test are shown in
Table 10 from Model (1) to Model (6). The results indicate that the
inhibitory effects of innovative provincial policies on PM2.5, Sulfur
dioxide emissions and Carbon dioxide emissions are —49.607,
-0.134 and -0.086, respectively. Furthermore, these effects are
statistically signifificant at the 1% and 5% levels. Thus, the
construction of innovative provinces signifificantly reduces the
of all three pollutants, further
robustness of the previous fifindings.

emissions supporting the

4.5.4 Exclude some samples

The results from Model 7 and 8 in Table 10 reveal that
after excluding samples prior to 2012, the coeffificient of the
innovative province policy is —0.172, and is signifificant at the
5% level, which signifificantly reduces the level of region
No
between the results of replace the explanatory variables and the

environmental pollution. signifificant difference exists

exclude some samples. This supports the empirical conclusion

that the innovative provincial policies are effective in reducing
pollution levels.
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5 Discussion

5.1 Discussion for the results of the DID
model

China’s policy of constructing innovative provinces is a critical
initiative aimed at enhancing regional innovation capacity and
promoting China’s position as a leading science and technology
nation. The policy has important implications for China’s economic
development and ecological construction. This study contributes to
a deeper understanding of whether the policy of constructing
innovative provinces is conducive to environmental governance,
and how the pilot policy affects the regional environment from a
macro-perspective. To this end, the study employs the difference-in-
difference method and the mediation model to analyze the effect and
mechanism of the innovative provinces policy on regional
environmental pollution.

Firstly, this research uses the difference in differences (DID)
model to examine the impact of innovative provincial policies on
regional pollution control. Distinguished from prior research that
predominantly adopts regression models (Du et al., 2019; Albitar
etal., 2022) and Spatial Econometric Model (Jin et al., 2022; Shi and
Zhang, 2022), our study leverages the DID model, which is centered
on China’s policy of building innovative provinces. By adopting this
approach, our study is able to effectively control for confounding
factors that may influence the dependent variable, and also
circumvent estimation bias arising from omitted variables that
often characterizes fixed effects models (Stuart et al,, 2014; Ge
et al.,, 2022).

In addition, this research uncovers a significant positive effect of
innovative provincial policies on enhancing regional environmental
quality and curbing pollution, as revealed by DID model analysis.
Innovation-driven development has emerged as a crucial means of
addressing environmental issues, as it stimulates the synergistic
development of economic growth and environmental governance
through institutional and technological innovation (Ibrahim and
Vo, 20215 Abbass et al., 2022). On the one hand, innovation-driven
development facilitates the widespread application of novel energy
and clean production technologies that can effectively reduce
pollutant emissions and optimize resource utilization, thereby
creating a mutually beneficial scenario for both environmental
governance and economic development (Zhang L. et al, 2022;
Jiang, 2022). On the other hand, innovation-driven development
also fosters changes in consumption attitudes and behaviors of both
businesses and consumers, while heightening public awareness and
acceptance of eco-friendly products (Lorenczik and Newiak, 2012).

Moreover, our study reveals significant regional heterogeneity in
the effects of innovative provincial policies on environmental
governance, with the policy generally having a greater impact in
coastal areas than inland areas. We can explain the following aspects.
First of all, the coastal region has a larger population and a more
developed economy, and consume more fossil energy (Zhao et al.,
2018). Thus, the reduction of highly polluting elements through
technological innovation and industrial upgrading under the
guidance of innovative development is most effective in
improving regional environmental quality. Second, from the
perspective of human capital, it is evident that coastal regions,
with their robust economy and accessible location, attract a
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TABLE 10 Robustness test.

Replace the dependent variable

Exclude some samples

4) 7) (8)
Variables PM2.5 PM2.5 Sulfur dioxide emissions Sulfur dioxide emissions Carbon dioxide emissions Carbon dioxide emissions Remove samples prior to 2012
EPdid —48.211*** —49.607*** —0.192*** —0.134*** —0.092** —0.086** —0.144*** —0.127**
(—4.505) (—4.526) (=5.788) (-4.392) (-2.298) (-2.089) (-2.679) (-2.407)
ED 762.915%* 3.010%%* 2.989** 10.468***
(2.263) (3.209) (2.363) (3.035)
op —-39.825 0.578*** (0.043) 0.259
(~1.363) (7.106) (~0.394) (1.075)
GI —-24.302 -0.157 -0.31 -1.381*
(-0.251) (-0.580) (-0.852) (-1.848)
HC 60.213** 0.173** -0.038 —-0.206
(2.245) (2.325) (-0.378) (-0.832)
CONS 233.700%** —1,213.6454** 5.702%+* 0.227 49114 1.331 0.051 -12.559**
(28.818) (-2.615) (226.626) (0.176) (162.523) (0.764) (1.401) (~2.483)
Observations 390 390 390 390 390 390 240 240
R-squared 0.527 0.542 0.875 0.903 0.1 0.117 0.034 0.129
Province FE YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES

Note: ***p < 0.01, *p < 0.05, *p < 0.1.
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greater number of highly educated and skilled scientific and
technological professionals (Salike, 2016). This influx of expertise
provides vital technical support for the successful implementation of
innovative provincial policies, while also expediting the process of
policy transformation and execution (Mariz-Pérez et al, 2012).
Additionally, compared to their inland counterparts, coastal
regions possess more formidable financial resources, thereby
enabling greater financial support for pilot policies and yielding a
more tangible impact in the realm of environmental pollution
control (Fan et al., 2011).

5.2 Discussion for the mediation effect
results

Pilot policy for innovative provinces reduce environmental
pollution through technological innovation effect and industrial
structure upgrading effect respectively.

The research makes a contribution to the endogenous growth
theory. Research found that the technological innovation effect of
innovative provincial policies comes from the substitution of highly
polluting elements by technological progress on the one hand
2022),
technologies on the other, which brings good emission reduction

(Zhang L. et al, and the advancement of clean
effect and improves environmental quality (Abbass et al., 2022).
Endogenous growth theory posits that economic growth is achieved
not only through technological progress, but more importantly,
through technological progress that brings about changes such as
clean technologies, so as to better achieve the goal of reducing the
environmental pollution (Driessen et al., 2013).

Besides, it is worth noting that industrial structure upgrading
has

environmental pollution. This study provides new ideas for

a partially mediating role between innovation and

developing countries to break the environment-economic trap
the
development drives the upgrading of industrial structure and

from perspective of ecological economics. Economic
reduces pollutants in the production process, thus achieving
sustainable economic growth and environmental protection (Ran
etal, 2023). Duetal. (2021) have also highlighted the importance of
promoting industrial structure upgrading as a means to reduce
environmental pollution, transform the economic development
mode, and reconcile the conflict between economic growth and

environmental protection.

6 Conclusion _policy recommendations
and study limitations

6.1 Conclusion

The policy of constructing innovative provinces in China is
regarded as a crucial strategy to achieve the coordinated
development of the economy and the environment through the
application of science, technology, and human innovation. In this
regard, this paper use the balanced panel data of 30 provinces in
China from 2008 to 2020 and uses the DID model and the mediation
effect model to analyze the effect and mechanism of the innovation
provinces policy on environmental pollution. Based on this, the
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heterogeneity of the innovation provinces pilot policy on region
environmental pollution is explored. The main findings can be
summarized as follows.

First of all, the DID model shows that innovation provinces pilot
policy
controlling for other factors and fixed effects. According to the

significantly reduces environmental pollution after
specific findings, the innovation provincial policies have resulted in
an average reduction of 14.6% in environmental pollution annually
in the pilot areas. This conclusion is still valid after robustness tests
are eliminated.

In addition, the mediation effect model shows that the
policy
technological innovation

innovation provinces pilot reduces environmental

pollution through and industrial
structure upgrading. The findings revealed that the mediating
effect contribution rates of technological innovation capability
and industrial structure upgrading were 26.8% and 21.8%,
respectively. These results respectively imply that a 1% increment
in technological innovation capability and industrial structure
upgrading in the pilot areas would lead to a reduction in
environmental pollution by 0.268% and 0.218%.

Finally, the heterogeneity analysis finds that innovation
provinces pilot policy have led to a reduction of 17.4% in
environmental pollution in coastal regions and a reduction of
11.7% in inland regions annually. In conclusion, the innovation
provinces pilot policy is more effective in coastal areas than inland

areas in combating environmental pollution.

6.2 Policy recommendations

On the basis of the above conclusions, this research puts forward
the following policy recommendations.

(1) The central government can distill effective measures for

implementation, adjustment, and monitoring from the
experiences of innovative pilot provinces to serve as a
reference for non-pilot provinces. At the same time, the
central government should expedite the promotion of
innovative provinces, while also taking into account the
location conditions, resource characteristics, and economic
features of these provinces during the establishment of such
pilot programs.
(2) During the construction of innovative provinces, local
governments in pilot provinces should increase investment in
science education and actively create innovative R&D platforms,
to provide a conducive R&D environment for science and
technology innovation. Moreover, it is recommended that
local governments increase subsidies for enterprise
technology innovation, foster the adoption of advanced
technologies and clean production processes, optimize
resource allocation of high-polluting enterprises using the
“catfish effect,” and enhance resource utilization, which in
turn reduces pollution emissions.
€)

To enhance the effectiveness of the policy of innovative

provinces, the government should prioritize industrial
transformation and upgrading. Coastal regions should focus
on advancing high-tech industries and upgrading the industrial

chain to the middle and high-end segments to foster an eco-
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friendly industrial structure. Meanwhile, inland areas should
phase out obsolete industries and expedite the transformation
and upgrading of high energy-consuming and high-polluting
industries. Additionally, inland regions should leverage the
potential of coastal areas by adopting their technologies,
based on their specific developmental needs, to ensure
in  economic  growth and

synchronized  progress

environmental protection across the region.

6.3 Study limitations

This research provides a preliminary exploration of the
mechanism between innovation provinces pilot policy and
environmental pollution, while two limitations still deserve to be
further explored. First, this thesis has systematically explored the
mediating role of technological innovation and industrial structure
upgrading in the relationships between innovation provinces pilot
policy and environmental pollution in China, while the other
potential mediation variables such as foreign direct investment
(Abbass et al, 2022), resource allocation (Sueyoshi and Yuan,
2015), employment Structure (Xue et al, 2019), regional human
capital levels (Wei and Liu, 2022) may also be considered in the
further studies which will lead to more useful and practical
implications.

Second, this study focuses the
innovation development policies in developing countries, with

on investigation of
China as a representative case. Future research can examine the
relationship between innovation development and pollution
reduction in developed countries such as the United States,
Japan, and the United Kingdom. Exploring the differences
between countries can provide a clearer demonstration of
the
governance (Song et al, 2023). Furthermore, it is essential to

role of government mechanisms in environmental

note that one of the limitations of the study is the unavailability
of these data.
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