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Has the establishment of green finance reform and
innovation pilot zones improved air quality?
Evidence from China
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The role of finance in environmental sustainability is becoming increasingly important. This

study conducts a quasi-natural experiment using a sample of 146 prefecture-level cities from

2015 to 2019. It adopts difference-in-differences to examine the impact of China’s green

finance reform and innovations pilot zones (GFRIs) on urban air quality. The findings show

that air quality has improved after the establishment of GFRIs, indicating that GFRIs have the

potential to control air pollution levels. The mechanism tests indicate that the GFRIs are

conducive to improving air quality through industrial structure upgrading and green inno-

vation. Furthermore, the heterogeneity analyses show that the air quality in the south of the

Qinling Mountains-Huaihe River line, in large and well-developed financially scaled cities, has

improved significantly after the establishment of GFRIs.
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Introduction

S ince it began to reform and open up, China, the largest
developing nation in the world, has witnessed astounding
economic progress. However, the long-term extended

development paradigm has resulted in significant environmental
concerns and ecological deterioration, such as greenhouse gas
emissions and air pollution, dominating a crucial concern in
China. According to the 2020 Bulletin on the State of China’s
Ecological Environment, 40.1% of Chinese cities fail to meet air
quality standards. Also, some recent studies have shown that
China’s PM2.5 from air pollution has a detrimental influence on
healthcare expenditures. The Chinese government has proposed
green finance to reduce air pollution to integrate economic
growth and environmental control. The formation of GFRIs is
one of the green finance initiatives adopted to hasten the devel-
opment of an ecologically friendly economy. In June 2017, the
State Council of China selected eight pilot zones in five provinces,
including Xinjiang (Hami City, Changji Prefecture, and Karamay
City), Guizhou (Gui’an New Area), Jiangxi (Ganjiang New Area),
Guangdong (Guangzhou City) and Zhejiang (Huzhou City,
Quzhou City) to build GFRIs pilot zones each with its focus and
features. Their main purpose is to accelerate innovation in green
financial systems, increase financial support for improving the
ecological environment, and utilize and protect resources effi-
ciently. The selection of GFRIs mainly considers the differences in
spatial layout and economic development. For instance, Zhejiang
and Guangdong, located in eastern China, are relatively devel-
oped economies and financial hubs, but the need for industrial
transformation and upgrading to achieve green development is
urgent. Also, Jiangxi and Guizhou are in the central part of China
and are less developed regions, but they have rich green resources
and ecological advantages. Guizhou and Jiangxi are building
GFRIs to avoid the old path of “pollution first, treatment later.”
Xinjiang, located in western China, should explore a new model
of sustainable development based on the Belt and Road Initiative.
When selecting cities to set up GFRIs, China covers major
administrative regions and achieves “full coverage” regarding
spatial layout, resource endowment, developmental level and
industrial structure. With the implementation of related policies,
green finance has received prominent attention and sparked
debate among scholars (Wang and Wang, 2021; Wang et al.,
2022).

Compared to conventional finance, green finance emphasizes
environmental concerns. It considers environmental conservation
and resource efficiency to be significant criteria for measuring the
performance of its actions (Irfan et al., 2022). Green finance aims
to achieve a cleaner environment by reconciling financial devel-
opment and environmental conservation. Also, green finance can
effectively guide the flow of social and economic resources from
highly polluting and energy-consuming industries to envir-
onmentally friendly ones and provide more financial services for
environmentally friendly projects. It can promote investment in
environmental projects at lower costs and achieve sustainable
social development (Chang, 2015). As a feature of enhanced
finance to improve environmental quality (Zhou et al., 2020),
green finance has also become a new powerhouse to promote
ecological civilization. Theoretically, green finance can optimize
resource allocation and improve the industrial structure, effec-
tively curbing environmental degradation.

Moreover, recent studies have found that the establishment of
GFRIs can significantly reduce environmental pollution in the
province where the GFRIs are located. The more severe the
environmental pollution, the better the policy effect (Huang and
Zhang, 2021). Wang et al. (2021) found that the establishment of
GFRIs promotes regional green development. Some scholars have
also used green financial instruments, such as green bonds and

banks, and found that green finance can significantly improve
urban air quality (Chen et al., 2021; Zeng et al., 2022). Therefore,
examining whether different GFRIs impact air quality is necessary
to provide theoretical support and policy implications for
policymakers.

This study explores the impact of green financial development
on urban air quality from the perspective of GFRIs, which has the
contributions to the research of green finance and the environ-
ment. First, despite considerable scholarly attention to green
finance, little is known about the financial strategies that may be
utilized to improve air pollution at the micro-level. This study
contributes to existing knowledge on the impact of green finance
on urban air pollution by examining the mechanisms underlying
the impact of the establishment of GFRIs on urban air quality.
Second, the extant literature on the effects of green financial
policies revolves around only single financial instrument, such as
green credit, green bond and green bank. The establishment of
GFRIs syndicates government support with market incentives,
offering a robust setting for thoroughly and systematically testing
the effects of green financial policies. Therefore, this study con-
siders a variety of green finance policies and instruments. Third,
the study broadens the literature on urban air quality to green
finance. While earlier research has focused on the factors
impacting air quality, more discussion of green finance perspec-
tives is needed. This study provides new insight into how green
finance policies influence air quality. Utilizing a
difference–indifference (DID) approach, the paper assesses the
effects of green finance on air pollutants and considers green
finance policies that control air pollution based on different cities.

The rest of the study proceeds: Section “Literature review and
research hypotheses” presents the literature review and research
hypotheses. Section “Data and methodology” describes the
research design, and section “Empirical results” presents the
empirical findings. Section “Further analysis” shows the further
analyses, and section “Conclusions and policy implications”
provides the main conclusions and policy implications.

Literature review and research hypotheses
Literature review
Air quality. Air pollution is air contamination caused by com-
pounds in the atmosphere that are hazardous to human and other
living beings’ health and cause damage to the environment
(Landrigan, 2017). On the one hand, some factors affecting air
quality are economic development. For instance, Guo et al. (2017)
found that developing logistics services has made air pollution
severe, but the impact of GDP and urban population growth is
insignificant. Sun et al. (2023) proposed that developing infor-
mation and communication technology would affect CO2

emissions.
Other factors affecting air quality are government-related

factors, including government institutions and environmental
policies. Huynh and Hoang (2019) discovered that FDI worsens
air quality, but improvements in institutional quality can reduce
the effect. Cheng and Zhu (2021) argued that fiscal decentraliza-
tion would exacerbate smog pollution in local and surrounding
cities. Zheng et al. (2020) proved that reducing the proportion of
secondary industry output value in GDP could reduce SO2 and
NOx pollution and improve air quality. Some scholars also
proposed improving air quality through joint prevention and
control of regional atmospheric pollution (Song et al., 2020).
Environmental policies impact air pollutants, including traffic
restrictions (Viard and Fu, 2015) and environmental regulatory
interviews (Jin et al., 2021). Liu et al. (2016) highlighted that
urban air quality is improved during major events (APCE
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summit, military parade). Greenstone and Hanna (2014) studied
air pollution regulations and found that regulations improve air
quality in India. Moreover, some scholars analyzed determinants
of air quality from the infrastructure perspective, including the
construction of subways (Chen and Whalley, 2012; Li et al., 2019)
and the expansion of railway services (Lalive et al., 2018).

The policy effect of the establishment of GFRIs. Some scholars used
the establishment of GFRIs as a natural experiment to explore the
implementation effects of green finance policies. The establish-
ment of GFRIs reduces enterprises’ inefficient and excessive
investment in the pilot zone, improves their investment efficiency
(Yan et al., 2022), and helps enterprises obtain higher SEG scores
through environmental, social, and governance mechanisms
(Chen et al., 2022). The establishment of GFRIs improves
enterprises’ quality and quantity of green innovation (Zhang and
Li, 2022). In addition, in these experimental areas, the policy
effect of inducing enterprise green innovation in descending
order is Guangdong, Zhejiang, Jiangxi, Guizhou, and Xinjiang
(Dong et al., 2022). Some scholars found that GFRIs encourages
heavy-polluting enterprises to take the initiative to assume social
responsibilities, thus reducing their debt financing costs (Shi
et al., 2022). Hu et al. (2021) found that the establishment of
GFRIs improves the Tobin Q value of green enterprises and
affects their long-term value. At the macro level, scholars have
found that the establishment of GFRIs can optimize the industrial
structure (Hu and Zhang, 2022) and promote regional green
development through industrial structure upgrading and tech-
nological innovation (Wang et al., 2021). Zhang et al. (2022)
highlighted that the establishment of GFRIs induces urban green
technology innovation, reflected in the application and acquisi-
tion of green invention and utility model patents.

Green finance and air quality. Many pollutants released by resi-
dents, motor vehicles and factories that burn fossil fuels con-
tribute to air pollution. Various economic factors are being
investigated to address the air pollution dilemma, with green
finance garnering increasing attention. However, most of the
literature on green finance focuses on environmental pollution.
There are few studies on the impact of green finance on air
quality, particularly in China. At the micro-level, some studies
showed that green credit policies increase the long-term credit
constraints of polluting enterprises (Peng et al., 2022) and have
significant restrictive and punitive effects on the investment and
financing behaviors of highly polluting enterprises (Liu et al.,
2019; Wang et al., 2019). They will reduce the corporate perfor-
mance of heavily polluting industries (Yao et al., 2021) and
promote green transformation, while it will not last in the long
run (Tian et al., 2022). Also, Zhang and Lu (2022) found that the
establishment of GFRIs reduces illegal emissions (PM2.5) from
heavily polluting enterprises by increasing financing constraints,
improving green innovation and fulfilling social responsibilities.
Xiao et al. (2022) found that green credit policies reduce SO2

emissions from industrial enterprises by increasing environ-
mental investment and energy consumption intensity. Some
scholars also found that green credit policies reduce the debt
financing cost of green enterprises (Xu and Li, 2020). Moreover,
the issuance of green bonds improves the environmental rating of
the issuing company (Flammer, 2021).

At the macro level, some scholars used the promulgation of the
Green Credit Guidelines as a quasi-natural experiment and found
that green finance has suppressed SO2 and sewage emissions
(Zhang et al., 2021) and improved China’s overall environmental
quality (Zhang et al., 2021). Some studies have found that the
establishment of GFRIs reduced environmental pollution in the
provinces where the pilot zones are located. The more polluted the

environment, the more influential the policies (Huang and Zhang,
2021). Hou et al. (2023) also highlighted that the establishment of
GFRIs improves provincial environmental quality, with digital
finance and green technology innovation playing an intermediary
role. Other studies also incorporated green finance, economic
growth and environmental quality into the same framework in
their analysis. For instance, Zhou et al. (2020) established that
green finance dampens industrial smoke (dust), industrial solid
waste and CO2 emissions. While in regions with low levels of
economic development, green finance will lead to environmental
degradation. Using the spatial Durbin model, Huang and Chen
(2022) found that green finance positively impacts environmental
quality but hurts the surrounding environment.

With the risks of green businesses, companies will only actively
pursue green-related activities if government subsidies are
provided. At this stage, government policies are needed to allay
financial institutions’ concerns about green financing. Also, to
encourage financial institutions to become more active in
developing green finance, the government must intervene to
offer appropriate assistance and mobilize more private capital to
participate in the green loan, bond, and insurance financing,
allowing green finance to proceed smoothly (Zhang et al., 2022).
In the literature on green finance affecting air quality, Zeng et al.
(2022) found that green finance (green bonds) reduce urban haze
pollution (PM2.5) by promoting technological progress. Chen
et al. (2021) found that green finance, represented by green banks,
reduce SO2 emissions in cities by improving innovation
capabilities, FDI, and upgrading industrial institutions. There is
only one piece of literature on the impact of GFRIs on air quality.
Zhang et al. (2022) used the DID model at the provincial level
and found that the establishment of GFRIs reduces AQI, SO2,
NO2, and PM2.5.

In summary, scholars have extensively discussed the impact of
government policies on air quality and green finance on
environmental pollution, laying a specific literature foundation
for the study. However, some things could be improved: First, the
extant literature on the impact of green finance on air quality is
centered around single green financial instruments such as green
credit, green bonds and green banks, lacking classification.
Second, the existing literature primarily analyzes its mediating
mechanism from the perspective of technological innovation.
Therefore, our study fills this gap by analyzing the impact
mechanism from the two channels of industrial upgrading and
green total factor productivity.

Hypothesis development
GFRIs and air quality. The theory of environmental economics
proposes that the problem of urban environmental pollution is a
typical negative external effect, especially for public resources
such as air without clear property rights. Therefore, enterprises
and other entities would instead transfer the environmental
pollution caused by production activities to the whole society.
The problem of market failure requires government intervention
to combat it. The government can generally convert such social
costs into private costs through Pigouvian taxes and emissions
trading. Firstly, the GFRIs encourage establishing a market for
trading environmental rights, such as pollution discharge rights,
energy use rights, and water rights. According to the Coase the-
orem, the emission trading system defines environmental prop-
erty rights as emission rights traded through the market to reduce
environmental pollution emissions and improve air quality.

Secondly, the GFRIs establish a green credit system and build a
platform for information sharing, such as corporate pollution
emissions and environmental violations. Studies have proven that
heavily polluting enterprises will disclose environmental
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information to obtain more credit support (Du et al., 2022).
Enterprises disclose information on information-sharing plat-
forms and adopt emission reduction and green production
practices to build good images. Mandatory disclosure will
improve urban air quality (Chen et al., 2018).

Thirdly, the establishment of GFRIs has sent the public a signal
of green development. Green finance raises investors’ attention to
the environmental performance of heavily polluting enterprises
and reduces investment in illegal polluting enterprises (Li and Lu,
2021). In addition, the GFRIs promote using green payment tools
such as mobile payment, which indirectly guides consumers’
green consumption. Consumers will be more inclined to choose
green products, such as new energy vehicles, based on the concept
of green consumption. Therefore, the establishment of GFRIs has
promoted the extension of the green industrial chain and
improved air quality at the consumer level by influencing
consumer investment and consumption.

Finally, the establishment of GFRIs encourages financial
institutions to innovate green products like green credit and
insurance. The innovation of green finance products has provided
more financing channels for energy conservation and environ-
mental protection sectors, such as green buildings and smart
grids. The green transformation in these sectors is conducive to
improving air quality. At the same time, innovative green
financial products support the application of green and low-
carbon technologies and the development of the clean energy
industry, which will help improve air quality. Hence, the study
proposes the research hypothesis.

H1: The establishment of GFRIs can improve air quality.

Effect of GFRIs on industrial structure upgrading. Green finance
has been identified as an effective mechanism for promoting
sustainable technology innovations and facilitating green eco-
nomic growth and structural change (Wang et al., 2022). On a
theoretical background, funds can be channeled through financial
sectors to facilitate the transformation of high-polluting firms
into low-polluting ones. Moreover, environmental regulation can
promote the upgrading of industrial structures (Wang and Wang,
2021). Also, green finance plays a role in resource reallocation
and capital leverage during the industrial structure upgrade
process. In the context of air quality, the establishment of GFRIs
can restrain the activities of high-polluting enterprises by
restricting their investment and financing behavior. At the same
time, GFRIs facilitate financing for green and emerging indus-
tries. The preferential policies granted by GFRIs will also attract
foreign investment and high-tech enterprises to the city. Its
characteristics of high technology, low energy consumption and
low pollution will reduce emissions and help improve air quality.
The establishment of GFRIs can also limit the polluting behavior
of enterprises through the “reverse force effect” and “demon-
stration effect”. That will lead to realizing green production,
making capital flow to green industries and optimizing the
industrial structure. In addition, environmental regulation can
promote the upgrading of industrial structures (Wang et al.,
2022). The establishment of GFRIs as a particular environmental
regulatory policy can also promote the upgrading of industrial
structures. Wang et al. (2023) emphasized that the emission
reduction effect of command-controlled environmental regula-
tions is superior to market-based environmental regulations.

Overall, the establishment of GFRIs promotes the upgrading of
traditional industries by “leveraging” green industries and
“deleveraging” polluting industries. Upgrading industrial struc-
tures will gradually eliminate high-polluting industries and
promote cleaner production, reducing air pollution and promot-
ing green industry development (Zheng et al., 2020). Hence, the
study proposes the following research hypothesis.

H2: The establishment of GFRIs can improve air quality by
upgrading the industrial structure.

Effect of GFRIs on green innovation. Following the micro-
economic theory of banking, the fundamental reasons for loan
rationing are morality and detrimental choice resulting from
information asymmetry between banks and companies (Irfan
et al., 2022). Because endogenous funding is scarce and China’s
financial system is mainly indirect, bank lending has emerged as a
crucial source of finance for firms’ innovation initiatives. The
establishment of GFRIs has influenced corporate behavior in
green technology innovation by altering the sectoral flow of
financial resources, assisting firms with clean technology inno-
vations transition and incentivizing financial institutions to create
green financial products. Under the strain of green finance rules,
firms’ inclination to conduct according to policy norms con-
tributes to developing a positive corporate reputation and gaining
stakeholders’ trust (Zhang and Li, 2022). Additionally, companies
can receive longer-term and larger-scale external finance. Due to
the increased stability of their financial flows and less uncertainty
of their future operations, they become more resilient and solvent
to green innovation.

Also, Schumpeter’s innovation theory proposes that the avail-
ability of funds plays a vital role in technological innovation. Green
finance can alleviate the financing constraints of green innovation
(Hong et al., 2021; Yu et al., 2021). The GFRIs provide green
financial services for enterprises that meet environmental standards
and increase the availability of their funds, prompting them to have
more funds for R&D investments, thereby reducing the use of
polluting equipment. The establishment of GFRIs can also induce
green innovation among heavy-polluting enterprises in the pilot
zone, reducing pollution emissions during production and improv-
ing air quality. Moreover, the Porter hypothesis proposes that
appropriate environmental regulation compels enterprises to engage
in sustainable innovation activities. The establishment of GFRIs
restricts enterprises’ energy conservation and emission reduction in
the pilot zone, forcing enterprises to innovate green technology.
Enterprises are incentivized to offset the higher costs of reducing
pollution through the “innovation offset effect”, which benefits their
long-term growth and air quality. The incentive effect of
environmental regulation on enterprises is greater than the
constraint effect (Liu et al., 2021). Based on the above analysis,
the study proposes the following hypothesis.

H3: The establishment of GFRIs can improve air quality by
promoting green innovation.

Data and methodology
Sample and data sources. The sample data consists of panel data
from 146 prefecture-level cities in China from January 2015 to
December 2019. Data is sourced from the China City Statistical
Yearbook (2015–2019) and the Database of China Economic Net-
work. The missing data are filled by linear interpolation. The air
quality data are obtained through the China Air Quality Online
Monitoring and Analysis Platform (http://www.aqistudy.cn/
historydata/). The monthly average temperatures are mainly from
the statistical yearbooks of various provinces and cities. The data of
cities that have not published the monthly average temperatures are
supplemented by consulting rp5.ru world weather (https://rp5.ru/%
E4%B8%96%E7%95%8C%E5%A4%A9%E6%B0%94_).

Variable selection
Explained variable. Following extant studies, we use Air Quality
Index (AQI) to measure air quality since the air pollutants
monitored by AQI include fine particles (PM2.5), inhalable par-
ticulate (PM10), sulfur dioxide (SO2), etc. It is a dimensionless
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index that quantitatively describes air quality. AQI monitors
regional air quality based on the Environmental Air Quality
Standard, formulated by the Environmental Protection Law and
the Air Pollution Prevention and Control Law. AQI is a scientific
basis for measuring regional air quality and an evaluation index
for preventing and controlling haze pollution and improving air
quality in China. In addition, we selecte the monthly average
concentrations of PM2.5, PM10, SO2, CO, NO2, and O3 as the
substitution variables for air quality to conduct robustness tests.

Explanatory variable. Treati * Postt, as the interaction term, is the
core explanatory variable in this study, in which Treati is a
dummy variable for the pilot zone. If the city is one of the first
batches of GFRIs, namely, Quzhou City, Huzhou City, Guangz-
hou City, Karamay City, Changji City, Hami City, Gui’an New
Area (Guiyang City and Anshun City), Ganjiang New Area
(Nanchang City and Jiujiang City), then Treati is 1. Otherwise, it
is 0. In addition, there are considerable differences between dif-
ferent cities. To narrow the differences between the treatment and
control group, the study selects the cities with a closer geo-
graphical distance to the pilot cities as the control group. Postt is a
time dummy variable, representing the establishment time of the
GFRIs. If the time is before the establishment of the pilot zones
(January 2015–June 2017), Postt is set to 0. If the time is after the
establishment of the pilot zones (July 2017–December 2019),
Postt is set to 1. According to the principle of DID, the coefficient
β1 of Treati * Postt is the net effect of the establishment of GFRIs
on air quality. If Treati is 1 and Postt is 1, the value of Treati *
Postt is 1, and otherwise, it is 0.

Control variables. Referring to extant studies, we select the
monthly average temperature (temp) as a control variable. Also,
we select the following development indicators as the second type
of control variables, including economic development (lngdp), the
green coverage rate (greenr), the natural population growth rate
(pop) and foreign direct investment (fdi). The second type of
control variables will use annual data (2015–2019).

Urban monthly average temperature (temp): It has been proved
that urban meteorological factors impact air pollution, but there
is no consensus on the direction. Burning coal in northern China
exacerbates urban air pollution when temperatures are low.
However, when the temperature is higher, the instability of the
atmosphere is enhanced, which may lead to the diffusion of the
high temperature of PM2.5. Kayes et al. (2019) took Dhaka, the
capital of Bangladesh, as the research object and found that air
temperature is negatively correlated with air pollution.

Economic development (lngdp): The higher the level of
economic development is, the better the role of green finance
policies can be played. In this paper, regional per capita GDP is
selected to measure economic development and is treated as a
logarithm (lngdp). Moreover, mainstream literatures believe an
inverted U-shaped relationship between environmental pollution
and economic development, namely, Environmental Kuznet
Curve (EKC). Therefore, the square term of regional per capita
GDP is also taken as the control variable (lngdp2).

Green coverage rate (greenr): Greenery can absorb and filter
harmful gases in the air. Studies have shown that urban greening
can effectively absorb pollutants in the air, reduce air pollution
and clean the air (Nowak et al., 2006). Natural population growth
rate (pop): The increase in population will raise the demand for
resources and the environment, leading to air pollution.

Foreign direct investment (fdi): The prevailing view that FDI
contributing to environmental pollution is the “pollution
paradise” hypothesis. However, FDI may improve air quality by
introducing environmentally friendly production technologies
and products into developing countries. Therefore, foreign direct
investment is selected as a control variable and measured by
converting the actual utilization of foreign investment into RMB
as a percentage of GDP.

Intervening variables. The industrial structure upgrading effect
(Ris) is measured by the ratio of the tertiary industry’s added
value to the secondary industry’s added value. We selecte green
total factor productivity (GTFP) to measure green innovation.
Unlike R&D investment and green patents, which only measure
the input or output of green innovation, green total factor pro-
ductivity puts the input and output in the same framework to
measure green innovation performance. The paper selects the
indicators in Table 1 and uses the SBM-GML method to measure
green total factor productivity (Mao et al., 2022). Among them,
the capital input uses the perpetual inventory method to calculate
the fixed capital stock of each city. The formula is as follows:
Kt ¼ 1� δð ÞKt�1 þ I0t , where Kt and Kt−1 represent the fixed
capital stock in period t and period t−1, respectively. δ represents
the depreciation rate of fixed assets. According to the practice of
most scholars, the value of δ is 9.6%. As the fixed-asset invest-
ment after the price adjustment, I0t is adjusted to take the year
2004 as the base period. Next, the real GDP of each city measures
the expected output, and the data is calculated based on the year
2000 (Liu and Xin, 2019). Since the data on industrial wastewater
discharge, sulfur dioxide emissions, and industrial smoke (dust)
emissions of each city are relatively complete, the study uses the
entropy method to obtain the comprehensive index of environ-
mental pollution based on the amount of these three pollutants as
the undesired output.

Models. A DID approach is used in quasi-natural experiments to
find the net impact of a policy by comparing the differing effects
on the treatment and control variables (Irfan et al., 2022).
Therefore, we construct a DID model to verify the net effect of
GFRIs on air quality. We select the cities where the first eight
experimental areas are located as pilot zones. This temporal and
spatial difference provides an opportunity for assessment using
the difference-in-difference method. The model is set as shown in
formula (1):

Pollutionit ¼ αþ β1Treati*Postt þ γControlit þ εit ð1Þ

where Pollutionit refers to the air quality of city i in month t.
Treati is the city dummy variable. If the city belongs to the first

Table 1 The input and output indicators of GTFP.

Input indicators Input factors Labor Number of employees at the end of the year (million people)
Capital Fixed capital stock (million)
Energy input Annual electricity consumption in municipal districts (million KW·h)

Output indicators Expected output Economic development level GDP (million yuan) (RMB)
Undesired output Environmental pollution

index
Environmental pollution index based on industrial wastewater discharge (million
tons), sulfur dioxide emissions (ton), and industrial smoke (dust) emissions
(ton) by use of the entropy method
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eight pilot zones, the value is 1, and 0 otherwise. Postt represents a
time dummy variable that is set to 1 in June 2017 and later, and 0
otherwise. Treati * Postt is the interaction term of the DID esti-
mation, which is the core explanatory variable, reflecting whether
the GFRIs have been established. Controlit is the control variables
of this paper. εit is the random disturbance term.

Further, to investigate whether the establishment of GFRIs
affects air quality through the industrial structure upgrading
effect and the green innovation effect, the author constructs the
following mediating effect models:

Step 1: Test the influence of the establishment of GFRIs on the
intermediary variable:

Mechit ¼ αþ α1Treati*Postt þ α2Controlit þ εit ð2Þ
Step 2: Test the effect of intermediary variables on air quality:

Pollutionit ¼ βþ β1Mechit þ β2Treati*Postt þ β3Controlit þ εit
ð3Þ

where Mechit as the mediating variable, represents the industrial
structure upgrading effect and green innovation effect, respec-
tively. Other variables are the same as in model (1).

Empirical results
Descriptive statistics. The descriptive statistics of the main
variables are in Table 2. The explained variable AQI in the sample
is 70.4819, the minimum value is 0, and the maximum value is
330, indicating that the air quality in the sample is good. How-
ever, the standard deviation is 27.7540, indicating significant
differences in air quality between cities. Similar conclusions can
be drawn for air pollutants such as PM2.5, PM10, SO2, CO, and
other air pollutants. The explanatory variable the establishment of
GFRIs has a mean value of 0.0342, indicating that the sample of
cities establishing GFRIs is small. The monthly average tem-
perature has a mean value of 18.0396 and a maximum value of
37.3, while its minimum value of −22.2 is an enormous
difference.

DID regression results. Table 3 shows the regression results of
the benchmark model and reports the impact of the establish-
ment of GFRIs on air quality. No fixed effects are added to col-
umns (1) and (2), fixed effects are added to columns (3) and (4),
and no control variables are added to columns (1) and (3). It can
be seen from the results that no matter which model is used, the

coefficient of the interaction term Treati * Postt is significantly
negative at the 1% significance level. The coefficient in the
benchmark model is −4.5337, indicating that the establishment of
GFRIs significantly improves air quality. Hypothesis 1 is verified.
From the perspective of control variables, the monthly average
temperature significantly negatively correlates with air quality
because the winter heating period is generally the case when the
monthly average temperature is low. Fan et al. (2020) showed that
China’s winter coal-fired heating system would increase AQI and
thus deteriorate the air quality. The green coverage rate sig-
nificantly negatively correlates with air quality, mainly because
urban greening can absorb harmful gases to a certain extent and
improve air quality.

Robustness test
Parallel trend test. When applying the DID method to evaluate
the policy effect, the samples in the treatment and control groups
should have parallel trends before policy implementation. Thus,
under the assumption that no GFRIs are established, the changing
air quality trends in the treatment and control groups are con-
sistent. As shown in Fig. 1, the average trend of air quality (AQI)
in the treatment and control groups from January 2015 to
December 2019 is plotted. The horizontal axis is the 60 months
from January 2015 to December 2019, and the vertical axis is air
quality (AQI). As seen in Fig. 1, the air quality trends for cities in
the treatment and control groups were the same before the
establishment of GFRIs, which is consistent with the parallel
trend hypothesis.

Propensity score matching method (PSM)-DID. The DID model
requires the randomization of two sample groups. To address the
non-randomness in selecting GFRIs, we use the propensity score
matching method (PSM) to match the cities in the treatment and
control groups and then use the DID method to estimate.

Firstly, we take the monthly average temperature (temp), per
capita GDP (lngdp), the square term of per capita GDP (lngdp2),
green coverage rate (greenr), natural population growth rate (pop)
and foreign direct investment (fdi) as the attribute variables of the
cities to perform the Probit regression on the treatment and
control groups. Secondly, we use the predicted values of the
scores to perform one-to-one nearest-neighbor matching. Finally,
we perform regression according to the benchmark model. After
matching, we also check whether the PSM balances the data so

Table 2 Descriptive statistics for primary variables.

Variables Symbol Obs. Mean Std. dev Min Max

air quality AQI 8760 70.4819 27.7540 0 330
dummy variables in the pilot zones Treat 8760 0.0685 0.2526 0 1
time dummy variable Post 8760 0.5 0.5000 0 1
the establishment of GFRIs Treat*Post 8760 0.0342 0.1819 0 1
the monthly average temperature temp 8760 18.0396 8.6293 −22.2 37.3
per capital GDP lngdp 8760 10.8182 0.5818 9.2003 15.6752
per capita GDP squared lngdp2 8760 117.3723 12.8787 84.6472 245.712
green coverage rate greenr 8400 40.4084 5.7287 0 67
natural population growth rate pop 8256 7.3202 5.5235 −16.67 36.06
FDI fdi 7248 0.019 0.0208 0.0000 0.1773
industrial upgrade Ris 8748 1.3288 0.8899 0.3123 6.5326
green total factor productivity GTFP 7980 0.9688 0.1872 0.2150 2.9518
fine particles PM2.5 8760 39.4877 23.0673 0 511
inhalable particulate PM10 8760 66.7378 42.4631 0 1457
sulfur dioxide SO2 8760 14.2389 9.6247 0 275
carbon monoxide CO 8760 0.9083 0.3394 0.12 5.071
nitrogen dioxide NO2 8760 27.3938 11.9293 2 101
ozone O3 8760 85.2839 27.8191 0 190
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there is no significant difference between the treatment and
control groups. Table 4 shows that most variables have a
standardized bias of less than 10% after matching. Only the
natural population growth rate has a bias of 10.5%, but it is within
an acceptable range. It indicates that the PSM-DID method can
be used to conduct the test.

In addition, the paper uses probability distribution plots of
propensity scores to observe the differences between the
treatment and control groups, making the DID estimates valid.
As can be seen in Fig. 2, there is sufficient overlap between the
matched treatment and control groups, which suggests that the
matching effect is valid.

Columns (1) and (2) of Table 5 are the regression results of
PSM-DID with one-to-one nearest-neighbor matching. In

addition, this paper adopts the kernel density matching method
to further verify the robustness of the conclusions, as shown in
columns (3) and (4). The results show that the establishment of
GFRIs can significantly reduce the AQI and improve the air
quality. That is consistent with the results in Table 3, indicating
that the previous conclusions are robust.

Placebo test. The article conducts a placebo test to strengthen the
robustness of the research findings and to test whether there are
inherent differences and omitted variables between the treatment
and control groups before the establishment of GFRIs. The spe-
cific method is to randomly advance the establishment time of
GFRIs by four months. That is, from January 2015 to February
2017, the value of Post is 0, while from April 2017 to December

Table 3 Results of the DID test.

Variables AQI
(1)

AQI
(2)

AQI
(3)

AQI
(4)

the establishment of GFRIs −5.5599***
(−3.2393)

−4.7383***
(−3.0978)

−5.7000***
(−3.2862)

−4.5337***
(−2.9242)

temp −1.2791***
(−49.3942)

−1.2757***
(−49.1884)

lngdp 2.8008
(0.3672)

0.5676
(0.0685)

lngdp2 −0.1035
(−0.3252)

−0.0223
(−0.0650)

greenr −0.1811***
(−2.9981)

−0.2021***
(−3.2523)

pop −0.1111*
(−1.9499)

−0.0640
(−1.0639)

fdi 4.7197
(0.2586)

−27.6600
(−1.4260)

Constant 70.6723***
(46.9435)

82.4905*
(1.8269)

70.6771***
(301.2401)

98.9736**
(1.9961)

Fixed effect N N Y Y
Obs 8760 7236 8760 7236
R2 0.0013 0.2561 0.4141 0.5246

*, **, and *** indicate significance levels at 10%, 5%, and 1%, respectively. The same as in the tables below.

Fig. 1 Parallel trend. This figure shows the changing trends of AQI in the treatment and control groups before and after the establishment of GFRIs. Not
subject to copyright.
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Table 4 Balance test results of PSM.

Variables Average of treatment
group

Average of control
group

Standardization deviation (%bias) Statistical value of T Statistical value of P

temp Before 11.197 10.864 65.4 12.16 0.000
After 11.197 11.194 0.6 0.10 0.917

lngdp Before 125.58 118.33 63.7 11.79 0.000
After 125.58 125.49 0.8 0.14 0.890

lngdp2 Before 43.131 40.94 49.4 8.69 0.000
After 43.131 42.747 8.7 1.47 0.142

greenr Before 17.568 19.087 −19.2 −3.89 0.000
After 17.568 17.675 −1.3 −0.19 0.846

pop Before 0.0251 0.0184 35.8 6.37 0.000
After 0.0251 0.027 −10.5 −1.36 0.173

fdi Before 8.428 7.2164 19.9 4.30 0.000
After 8.428 8.5157 −1.4 −0.20 0.839

Fig. 2 Kernel density plots before and after matching. This figure shows the overlap between the treatment and control groups before and after matching
using PSM, indicating that the matching effect is valid. Not subject to copyright.
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2019, the value of Post is 1. Alternatively, by setting up GFRIs one
year earlier, from January 2015 to June 2016, the Post is 0. While
from July 2016 to December 2019, the Post is 1. Then benchmark
regression according to model (1) is performed. Other settings are
the same as discussed previously. Table 6 shows the results. The
coefficients are insignificant whether establishing GFRIs four
months or one year earlier, suggesting that the inherent differ-
ences and omitted variables between treatment and control group
cities before the establishment of GFRIs have little impact on the
findings of this paper.

Explained variable substitution test. This paper uses the monthly
average concentrations of PM2.5, PM10, SO2, CO, NO2, and O3,
which constitute the air quality (AQI), as proxy variables for air
quality to conduct robustness tests. Table 7 shows that the
establishment of GFRIs significantly reduced the monthly average
concentration of various pollutants and improved air quality. The
paper findings are verified.

Further analysis
Mechanism analysis. From the above empirical results, the estab-
lishment of GFRIs significantly improves air quality. Hence, whether
the establishment of GFRIs can improve air quality through the

effect of industrial structure upgrading and green innovation, as
discussed in section “Hypothesis development.” The study will
validate H2 and H3 with models (2) and (3). The effect of industrial
structure upgrading on air quality is shown in columns (1) and (2)
of Table 8. The establishment of GFRIs has insignificant effect on
industrial structure upgrading. However, the regression coefficients
of industrial structure upgrading and the establishment of GFRIs on
AQI are negative. Based on this, the study used the Bootstrap
method to test whether industrial structure upgrading has a med-
iating effect. As the test power of the Bootstrap method is higher
than the sequential test method of models (2) and (3), it is chal-
lenging to detect significant mediating effects by sequential tests.
Industrial structure upgrading and the establishment of GFRIs have
significant regression coefficients on AQI. Then, the regression
coefficient of GFRIs to Ris is positive, and the regression coefficient
of Ris to AQI is negative, so the product of the two is negative.
Moreover, the coefficient of the establishment of GFRIs regression to
AQI is also negative, which is the same as the product result.
Therefore, the effect of industrial structure upgrading has a partial
intermediary effect. The proportion of the mediating effect to the
total effect is 0.0182*(−7.4510)/(−4.5337)= 0.0299, which verifies
hypothesis H2. That is, the establishment of GFRIs improves air
quality through the effect of industrial structure upgrading. Columns

Table 5 Results of PSM-DID test.

Variables AQI

One-to-one nearest-neighbor
matching (1)

One-to-one nearest-neighbor
matching (2)

The kernel density
matching (3)

The kernel density
matching (4)

the establishment of
GFRIs

−5.8209***
(−3.8246)

−4.1947***
(−2.6270)

−6.0348***
(−3.3702)

−4.8378***
(−3.0843)

Control variables N Y N Y
Fixed effect Y Y Y Y
Obs 749 749 6491 6491
R2 0.5007 0.5757 0.3824 0.5356

*** indicates significance level at 1%.

Table 6 Placebo test.

Variables AQI

Advance the establishment time of the GFRIs by four months Advance the establishment time of the GFRIs by one year

(1) (2)

the establishment of −2.2138 −1.9634
GFRIs (−1.2673) (−1.0477)
Control variables Y Y
Fixed effect Y Y
Obs 7236 7236
R2 0.3048 0.3047

Table 7 Explained variable substitution test.

Variables PM2.5

(1)
PM10

(2)
SO2

(3)
CO
(4)

NO2

(5)
O3

(6)

the establishment of GFRIs −4.8470***
(−4.2618)

−5.9872***
(−3.7963)

−6.73072***
(−12.489)

−0.0570***
(−3.0556)

−1.1028*
(−1.8393)

−7.6199***
(−3.9157)

Control variables Y Y Y Y Y Y
Fixed effect Y Y Y Y Y Y
Obs 7236 7236 7236 7236 7236 7236
R2 0.6980 0.6675 0.5315 0.5792 0.7353 0.5076

* and *** indicate significance levels at 10% and 1%, respectively.
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(3) and (4) of Table 8 indicate the impact of green innovation on air
quality. The results show that the establishment of GFRIs sig-
nificantly improves GTFP. The improvement of GTFP and the
establishment of GFRIs significantly reduce the AQI, meaning there
is a partial mediation effect. Hypothesis H3 is verified. Therefore,
industrial structure upgrading and green innovation have partial
mediating effects. Thus, the establishment of GFRIs can not only
improve air quality on its own but also improve air quality by
promoting industrial structure upgrading and green innovation.

Heterogeneity analysis
Regional heterogeneity analysis. The paper divides the sample
cities into north and south regions according to Qinling
Mountains-Huaihe River line in China because the central heat-
ing in northern cities seriously deteriorates air quality in winter
(Cai et al., 2020). The Qinling-Huaihe line divides the cities into
southern and northern regions, as shown in Fig. 3. The red line is
the Qinling-Huaihe line. The results are shown in columns (1)
and (2) of Table 9. The establishment of GFRIs does not sig-
nificantly affect air quality in cities north of the Qinling-Huaihe
line. However, air quality is significantly improved in cities south
of the Qinling-Huaihe line. The possible reasons are that the
deterioration of air quality caused by coal-fired heating in winter
is relatively more severe in the north, and the industrial structure
in the north is mainly dominated by the secondary industry with
high pollution. The effect of the GFRIs is limited in the cities
north of the Qinling-Huaihe line. However, most cities south of
the Qinling-Huaihe line are developing rapidly, and the propor-
tion of tertiary industry has gradually exceeded that of secondary
industry. Furthermore, these cities have gradually formed the
concept of green development, so the establishment of GFRIs can
also play the role of “icing on the cake”.

Heterogeneity analysis of city scale. Larger cities generally have a
higher level of economic development, so whether the agglomera-
tion effect brought by them will optimize the efficiency of resource
allocation or aggravate the problem of “urban diseases”. The author
divides the sample cities into large-scale, small and medium-scale
cities for analysis. According to the Notice on Adjusting the Criteria
for the Classification of Urban Scale issued by the China State
Council in 2014, large-scale cities are those with a permanent
population of more than 1 million in urban areas, while small and
medium-scale cities are less than 1 million. The number of per-
manent residents is obtained from the ratio of municipal district
GDP to per capita GDP. The results are shown in columns (3) and
(4) of Table 9. The establishment of GFRIs has significantly

improved the air quality of large cities but has had no significant
impact on small and medium-scale cities. The possible reasons are
that the resource advantages of large-scale cities have been further
exerted through the establishment of GFRIs, and the green inno-
vation effect has further tackled “urban diseases”, thereby improv-
ing air quality. Small and medium-scale cities may limit the role of
GFRIs due to their inadequate green infrastructure.

Heterogeneity analysis of city characteristics. Different cities have
different air quality, financial development scales, and fiscal
expenditures. Therefore, the establishment of GFRIs has different
effects on air quality. The author analyzes the heterogeneity
according to the different characteristics of the cities. Specifically,
this paper divides the sample into two groups according to the
median of AQI, financial development scales, and fiscal expen-
diture, respectively (Wang et al., 2021).

Firstly, the study divides the sample cities’ air quality according
to the AQI median. Cities with AQI above the median (65) have
worse air quality, while those below the median have better air
quality. Columns (1) and (2) of Table 10 show the impact of the
establishment of GFRIs in cities with different air quality. The
establishment of GFRIs has significantly improved air quality for
both groups of cities with better and worse air quality, and the
impact is more pronounced for cities with worse air quality.

Secondly, the paper divides cities into two groups based on the
median value of financial development scales. Cities larger than
the median have better financial development, while those more
minor than the median have worse financial development. The
scale of financial development is measured according to the ratio
of deposit and loan balances of financial institutions to GDP.
Columns (3) and (4) of Table 10 show the heterogeneous results
for the scale of financial development. The establishment of
GFRIs has significantly improved the air quality of cities with
better financial development but has insignificant effect on those
cities with worse financial development. The possible reasons are
that cities with worse financial development are relatively lacking
in green financial development. In other words, the green
financial system and infrastructure need to be better equipped,
and the efficiency of resource allocation needs to be improved.
Therefore, GFRIs have not positively impacted cities with worse
financial development. While for cities with better financial
development, the situations are just the opposite.

Finally, the paper divides the sample cities into two groups
based on the median level of fiscal expenditure. Cities above the
median have higher levels of fiscal expenditure and vice versa.
The level of fiscal expenditure is measured by the proportion of
prefecture-level city fiscal expenditure to its GDP. The results are
shown in columns (5) and (6) of Table 10. The establishment of
GFRIs significantly improves air quality in both groups of sample
cities, but its effect is more pronounced in cities with lower levels
of fiscal expenditure. The possible reason is that, to some extent,
cities with higher fiscal expenditures pay more attention to
controlling environmental pollution than cities with lower fiscal
expenditures, so the establishment of GFRIs can play a more
critical role in cities with lower fiscal expenditures.

Conclusions and policy implications
In the context of China’s green economic growth transition, sus-
tainable environment and green finance policy, it is essential to
analyze how the establishment of GFRIs affects air quality. The
paper conducts a quasi-natural experiment and adopts DID model
to examine the impact of China’s green finance reform and inno-
vations pilot zones (GFRIs) on urban air quality and its mechanism.
The results show that the establishment of GFRIs has significantly
reduced AQI and improved air quality. The results remain robust

Table 8 Mechanism analyses.

Variables Industrial structure
upgrading effect

Green innovation effect

Ris
(1)

AQI
(2)

GTFP
(3)

AQI
(4)

the establishment
of GFRIs

0.0182
(0.8327)

−4.3980***
(−2.8521)

0.0936***
(5.4683)

−4.0452**
(−2.4325)

Ris −7.4510***
(−8.9077)

GTFP −6.1360***
(−5.2381)

Control variables Y Y Y Y
Fixed effect Y Y Y Y
Obs 7236 7236 6984 6984
R2 0.9090 0.5389 0.2906 0.5329

** and *** indicate significance levels at 5% and 1%, respectively.
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Fig. 3 Qinling Mountains-Huaihe River line in China. This figure clearly shows the northern and southern cities of China. Not subject to copyright.

Table 9 Heterogeneity analyses of city location and city scale.

Variables City location City scale

North of the Qinling-Huaihe line
(1)

South of the Qinling-Huaihe line
(2)

Large city
(3)

Small and medium-sized cities
(4)

the establishment of GFRIs −1.2200
(−0.0966)

−4.3934***
(−2.9003)

−4.6332***
(−2.6302)

−4.8298
(−1.4695)

Control variables Y Y Y Y
Fixed effect Y Y Y Y
Obs 444 6792 5544 1692
R2 0.4906 0.5099 0.5204 0.5333

*** indicates significance level at 1%.

Table 10 Heterogeneity analyses of city characteristics.

Variables Air quality Financial development scales Fiscal expenditure levels

Better
(1)

Worse
(2)

Better
(3)

Worse
(4)

Higher
(5)

Lower
(6)

the establishment of GFRIs −2.6771**
(−2.5479)

−4.7693**
(−2.1686)

−5.2946***
(−2.9047)

−4.0076
(−1.0868)

−4.6773*
(−1.7353)

−6.5626***
(−3.2655)

Control variables Y Y Y Y Y Y
Fixed effect Y Y Y Y Y Y
Obs 3530 3702 3408 3840 3588 3660
R2 0.3263 0.3764 0.5532 0.5244 0.5656 0.5254

*, **, and *** indicate significance levels at 10%, 5%, and 1%,respectively.
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after the parallel trend test, propensity score matching test, placebo
test and indicator replacement test. The mechanism inspection
shows that the establishment of GFRIs improves air quality through
industrial structure upgrading and green innovation. Moreover, the
heterogeneity results show that air quality in the south of the
Qinling Mountains-Huaihe River line, in large and well-developed
financially scaled cities, has improved significantly after the estab-
lishment of GFRIs. Compared with cities with better air quality and
higher fiscal expenditure, the establishment of GFRIs has improved
the air quality in cities with worse air quality and lower financial
expenditure to a greater extent.

Based on the findings, the following policies are recommended:
First, policymakers should increase the number of cities with
GFRIs so that they can play a more vital role in improving air
quality. As observed, the establishment of GFRIs has reached the
original intention of the policy, which has the effect of improving
and optimizing air quality. Therefore, the government should
deepen the implementation level of the pilot zone for different
subjects. Specifically, establishing GFRIs should combine the
government and market forces to leverage the role of GFRIs. At
the same time, enterprises should actively disclose their envir-
onmental protection information. Consumers should establish
the concept of green consumption and encourage green invest-
ment and consumption to extend the green industry chain.
Financial institutions should innovate green financial products,
providing more financing channels for energy conservation and
environmental protection industries.

Secondly, policymakers should pay more attention to the role
of industrial structure upgrading and green technology innova-
tion on air quality. GFRIs should strengthen their support for
green industries and projects, as well as restrictions on investment
and financing for heavy polluters, thus promoting industrial
structure upgrading. In addition, GFRIs should encourage green
innovation and improve the productivity of clean industries.

Third, different cities should combine their resource endowments
to exploit the situation. The heterogeneity analyses show that the
GFRIs can play different roles due to the different geographical
locations and scales of cities. Therefore, different GFRIs should
focus on their tasks according to local conditions. By implementing
disaggregated policies, governments should avoid blindly imitating
the development experiences of other pilot regions. Cities with
poorly implemented GFRIs should revise and implement valid
policies to reduce air pollution. While cities with well-implemented
GFRIs should learn from their experiences and strengthen their role
in improving air quality. In addition, financial and green financial
infrastructure should be strengthened to support the establishment
of GFRIs. This study shows that the GFRIs are challenging to play a
role in cities with worse financial development. Therefore, the
government should accelerate the construction of green financial
markets and formulate more comprehensive green financial policies
by controlling fiscal expenditure. Also, banks should incentivize
investments in energy-efficient technology by offering interest
reductions and considering pollution-reduction standards when
constructing financial products.

The findings of this study have the following limitations: (1) In
terms of sample selection of the treatment group, the GFRIs are
expanding. The Chongqing GFRI was officially launched in August
2022, and the implementation time is so short that the effect still
needs to be visible. Therefore, only the first batch of established
GFRIs is selected as the treatment group in this paper. However, a
multi-period DID model can be used to analyze the pilot policies at
different time points in the future. (2) Since the pilot policy is only
in six provinces and nine locations, the sample size of cities in the
treatment group is small. There is the problem of an uneven sample
size of cities in the treatment and control groups. (3) Green finance
may impact neighboring cities, and the air is mobile. This paper is

expected to combine spatial economics and green finance and use
spatial DID to conduct empirical research.

Data availability
The datasets used and analyzed during the current study are
available from the corresponding author on reasonable request.
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