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Based on the fundamental logic of “green finance — improvement of ecological
environment and new kinetic energy of economic development — sustainable
development of economy and society”, this paper conducts quasi-natural
experiments using panel data from 30 provinces and cities in China between
2013 and 2021. It explores the effects of pilot policies of the green finance reform
and innovation pilot zone on the sustainable development of the economy and
society through a double difference model. The study reveals that the
establishment of the green finance reform and innovation pilot zone has a
significant promoting effect on the sustainable development of the economy
and society. This conclusion remains valid even after conducting a series of
robustness tests. In further analysis, it is found that the promotion effect of the
green finance reform and innovation pilot zone on sustainable development
exhibits some temporal characteristics. It is particularly significant in regions with
lower levels of financial development and industrialization but higher levels of
technological innovation. Mechanism analysis indicates that the pathways
through which the green finance reform and innovation pilot zone facilitates
economic and social sustainable development are relatively singular, primarily
revolving around the improvement of the ecological environment. The key
contribution of this paper lies in demonstrating the crucial role of pilot policies
in the field of sustainable economic and social development. Additionally, it
offers new insights for strengthening the implementation effectiveness of green
finance pilot policies.
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1 Introduction

With the challenge of global climate change, achieving
sustainable development in the economy and society has become
a crucial issue worldwide. Improving the ecological environment
and promoting green development are vital steps towards realizing
the harmonious coexistence between humans and nature and
enhancing sustainable economic and social development. Green
finance, as a financial policy aimed at environmental protection, has
emerged with the concept of sustainable development (Sun, 2021).
It has gradually become a crucial measure for promoting the green
development of the economy and society, significantly impacting
the ecological industrial structure, green industrial enterprises, and
the construction of ecological civilization. As a representative
developing country, China has shifted its economic development
mode from extensive to high-quality in recent years, embracing the
concept of green development. Green finance plays a vital role in
China’s sustainable economic and social development. In 2016, the
People’s Bank of China, along with seven ministries and
commissions, issued the Guidance on Building a Green Financial
System, making China the first country to promote and establish a
green financial system under the central government.

China’s green finance sector has experienced significant growth
and continuous reform. Extensive efforts have been made to
establish a comprehensive green financial system, focusing on
top-level design, financial instruments, and policy systems.
Notably, pilot policies within green finance have been advancing,
with the pilot zones for green finance reform and innovation
serving as a notable example. In 2017, the executive meeting of
the State Council of China decided to establish eight pilot zones
across five provinces and regions, namely Guangdong, Zhejiang,
Jiangxi, Guizhou, and Xinjiang. Each pilot zone has its own unique
characteristics and development focus, serving as both an
innovative regional development model and a benchmark for the
nation’s green financial progress. These pilot zones represent a stage
of further development, incorporating top-down design and
bottom-up pilot exploration. This approach facilitates the
accumulation of replicable experience in green financial
development, provides a platform for promoting comprehensive
green development in the economy and society, and accelerates
progress towards sustainability. It also contributes to accumulating
replicable experience in green financial development, strengthening
overall green development in the economy and society, and
enhancing sustainability.

Quantitative studies on green finance primarily focus on two
aspects. Firstly, they examine the economic benefits of green
finance, specifically the impact of its development on economic
growth (Ruiz et al., 2016; Muhammad et al., 2022; Yin and Xu, 2022;
Zhou et al, 2022; Sheng and Haonan, 2023). Secondly, they
investigate the ecological benefits of green finance, particularly its
role in improving the ecological environment (Zhu et al., 2020; Ding
etal., 2021; Dziwok and Jger, 2021; Ozili, 2021; Tma et al., 2021; Ao
et al.,, 2023; Xu et al., 2023). Some scholars have also examined the
influence of green financial development on green technological
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innovation (Zhang J. et al., 2022; Yang et al., 2023). However, these
studies mainly focus on the overall development of green finance
and its economic and ecological benefits. Notably, there is limited
research on the policy implementation perspective of green finance,
which presents an opportunity for further examination in
this paper.

China has been implementing pilot zones for green finance
reform and innovations for the past five years, making it a typical
policy in the field. Evaluating the effectiveness of this policy is
essential for future developments and achieving sustainable
economic and social growth. This study utilizes panel data from
30 provinces and municipalities in China between 2013 and 2021.
By employing a difference-in-differences (DID) model, the paper
examines the impact of the establishment of these pilot zones on the
sustainable development of the economy and society. The findings
of this study contribute to the improvement of green finance’s role
in promoting sustainable economic and social development.

The innovation and contribution of this paper are as follows:
Firstly, it adopts a unique research perspective. Unlike existing
studies that primarily examine the overall effects (economic or
ecological) of green finance development, this paper takes a fresh
approach by focusing on the pilot policy of green finance. It
evaluates the impact of this pilot policy through its policy effects,
thus addressing endogenous problems within the model and
providing precise insights into the influence of green finance on
sustainable economic and social development. Secondly, it
establishes a research mechanism. This paper employs a
comprehensive index system to evaluate economic and social
sustainable development. It then selects the dimension index of
sustainable development as the influencing factor for the green
finance pilot policy. This approach eliminates issues of omission,
repetition, and lack of economic logic support that may arise from
subjective judgments in selecting the action mechanism. Lastly, it
offers significant research findings. The analysis of regional
heterogeneity and the examination of the action mechanism
presented in this paper help explain the distinctive characteristics
of pilot policies in China’s Green Finance Reform and Innovation
Experimental Zone. Furthermore, it verifies the vital role of
innovation-driven approaches in fostering the sustainable
development of China’s economy and society in the present stage.

The remaining sections of this paper are organized as follows:
Section 2 provides a comprehensive literature review on the research
conducted on green finance and its correlation with sustainable
economic development. In Section 3, the model utilized in this
study is introduced, and the selection and measurement of
variables are explained based on data availability and scientific
rigor. Section 4 examines the outcomes of the benchmark
regression and robustness tests, shedding light on the impact of the
green finance pilot policy. Next, in Section 5, an in-depth exploration
is conducted to analyze the mechanism of action. This section delves
into the dynamic effects of pilot zones for green finance reform and
innovations on both sustainable economic and social development.
Finally, Section 6 summarizes the findings presented in this article
and provides targeted recommendations and measures.
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2 Literature review

Scholars have extensively researched the relationship between
green financial development and sustainable economic and social
development. Jeucken and Bouma (1999) emphasized the crucial role
of financial institutions in promoting sustainable economic
development. Other scholars have explored various connections
between green finance and sustainability. For instance, Jha and
Bakhshi (2019) investigated how green finance development
contributes to economic and social sustainability in India. Ronaldo
and Suryanto (2022) examined the relationship between green
finance development and sustainable development in Indonesian
fund villages, highlighting the significance of green finance in
fostering sustainability. Afzal et al. (2022) analyzed the positive
correlation between green finance and sustainable development
across 40 European countries. Wang K. et al. (2022) demonstrated
the global impact of green finance on sustainable development.
Additionally, Ma et al. (2023) confirmed the positive influence of
green finance development on sustainable development in China.
The impact mechanism of green finance on sustainable development
can be broadly categorized into two aspects: improvement of the
ecological environment and optimization of energy structure through
the application of renewable energy (Chen et al., 2023).

The development of green finance has been shown to contribute
to the sustainable development of the economy and society by aiding
in environmental improvement. Bai (2022) argues that green finance
can help achieve the goal of “carbon peaking and carbon neutrality”
while reducing the impact of climate change. Similarly, Liang and
Song (2022) found that green finance in China improves the
efficiency of carbon emissions and supports the “double carbon”
goal. Wu and Song (2022) highlight the negative impact of green
finance on carbon emissions, environmental pollution, and renewable
energy. Liu and Xia (2022) emphasize the role of green financing and
renewable energy in reducing carbon emissions. Li et al. (2023), using
the Delphi method and fuzzy hierarchy analysis, underscore the
importance of green finance as a key measure to minimize carbon
emissions. Feng and Yang (2023) present results suggesting that green
finance development helps reduce carbon emissions. On the topic of
sustainable development in developing countries, Hunjra et al. (2023)
find that green finance and environmental degradation have
opposing effects, with green finance playing a significant positive
role. Lastly, Mo et al. (2023) explore sustainable agricultural
development and note the contribution of green finance in China
by reducing carbon emissions.

The development of green finance and its impact on energy
structure and renewable energy have been explored by several
studies. Zhang and Wang (2019) found that green finance
supports sustainable energy development across various
dimensions, such as financial, economic, and environmental
domains. Additionally, Sun and Chen (2022) discovered that the
development of green finance positively influences the energy
consumption structure and contributes to sustainable economic
development. The detrimental effects of coal consumption on
environmental pollution were highlighted by Wang et al. (2023),
who also emphasized the positive impact of renewable energy on
improving environmental efficiency and promoting sustainable

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1264434

economic development. Furthermore, Zhou and Li (2022)
established a correlation between green finance development,
renewable energy utilization, and overall sustainable development
in China. However, the effects of these factors were noted to be
time-varying and heterogeneous. Carbon emissions reduction was
found to be a common outcome of green financial development,
renewable energy adoption, and sustainable development, as
highlighted by Zhang D. et al. (2022). Furthermore, Zhang J.
et al. (2022) demonstrated that investments in green finance and
renewable energy help mitigate the adverse effects of climate change
by reducing carbon emissions. Xing et al. (2022) identified a
negative correlation between green finance and carbon intensity,
and they concluded that the utilization of renewable energy is
predominantly influenced by policy drivers. Highlighting the
channel of renewable energy transition, Lee et al. (2023)
emphasized the contribution of green finance to sustainable
economic and social development. Lastly, Bei and Wang (2023)
argued that renewable energy plays a significant role in achieving
sustainable economic and social development.

Several studies have investigated the impact of pilot zones for green
finance reform and innovations. Liu and Wang (2023) and Sun et al.
(2023) indicated that these pilot policies can promote green
technological innovation. Wang et al. (2021) and Zhang et al. (2023)
also demonstrated that these pilot zones contribute to regional green
development. Huang and Zhang (2021) confirmed the beneficial effect
of pilot zones on reducing environmental pollution. From a firm
perspective, Chen et al. (2022) and Yan et al. (2022) explored the
positive effects of pilot zones on firm performance and investment
efficiency. Additionally, there have been studies on low-carbon pilot
policies in the realm of green finance, particularly focusing on green
technology innovation and low-carbon innovation (Wang J. et al,
2022; Pan et al, 2022; Yang, 2023). However, few scholars have
examined the impact of these policies on industrial structure
upgrading, energy efficiency, and high-quality economic development
(Zheng et al., 2021; Gong et al., 2022; Song et al., 2022). It is necessary
to further investigate these aspects to gain a comprehensive
understanding of the impact of low-carbon pilot policies.

Existing studies have extensively explored green finance and
sustainable development, specifically focusing on the impact of
green finance pilot policies. However, these studies have primarily
examined the overall development level of green finance.
Additionally, research on green finance pilot policies has been
skewed towards technological innovation and energy efficiency,
neglecting their impact on sustainable economic and social
development. Given this context, this paper aims to conduct a
quasi-natural experiment to investigate the effects of green financial
pilot policies on sustainable economic and social development
within the pilot zones for green finance reform and innovations.

3 Methodology
3.1 Model construction

This paper is structured as follows. Firstly, we conduct
benchmark regression and robustness tests to verify the impact of
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establishing pilot zones for green finance reform and innovations
on the sustainable development of the economy and society. These
tests also aim to demonstrate the reliability of the benchmark
regression results. Secondly, we delve into an extended analysis
that primarily addresses the issue of model selection bias.
Additionally, we explore the dynamic changes and heterogeneity
of the policy effects associated with the pilot zones for green finance
reform and innovations. Finally, we analyze the action mechanism
and discuss the internal functioning by which the green financial
reform and innovation experimental zone influences the sustainable
development of the economy and society. Through this analysis, we
aim to provide valuable references for further improving the policy
effects of the green financial reform and innovation
experimental zone.

Pilot zones for green finance reform and innovation have been
established in six provincial-level regions in China: Guangdong
Province, Xinjiang Uygur Autonomous Region, Jiangxi Province,
Zhejiang Province, Guizhou Province, and Gansu Province'. This
paper utilizes the studies conducted by Fan et al. (2020), Yang et al.
(2021), and Martins (2022) to empirically investigate the topic. The
investigation primarily employs a difference-in-dfferences (DID)
model, with the provincial areas where pilot zones for green finance
reform and innovation have been established as the experimental
group, while the remaining provincial areas serve as the control
group. The model is:

Y = 0 + oy X Policy_Time;, + 0 X X; + 6+ A + €, (1)

The main explanatory variable in this study is Policy_Time,
which is the intersection of two dummy variables: Policy and Time.
The variable Policy determines whether a pilot zone for green
financial reform and innovation has been established. It takes a
value of 1 if such a pilot zone exists at the provincial level, and 0
otherwise. On the other hand, the variable Time represents a time
dummy variable indicating the establishment of a pilot zone for
green financial reform and innovation. Therefore, the primary focus
of this paper is to examine the impact coefficient of Policy_Time. If
the impact coefficient is significantly positive, it suggests that the
pilot zone for green financial reform and innovation contributes to
the enhancement of China’s sustainable development. Additionally,
X represents the relevant control variables, while & and A represent
the fixed effects for the different regions and time periods,
respectively. The term € represents the random disturbance term.
Here, i denotes each provincial and urban area, and t denotes
the year.

1 The five provincial-level regions, Guangdong Province, Xinjiang Uygur
Autonomous Region, Jiangxi Province, Zhejiang Province, and Guizhou
Province, established pilot programs in 2017 and belong to the same batch
of pilot zone establishment programs. Gansu Province was established as a
pilot zone for green financial reform and innovation in November 2019. Based
on the reasonableness of the data during the study, Gansu Province was not

included as an experimental group in the benchmark regression
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3.2 Variable selection

The DID model utilizes dummy variables as the core explanatory
variables. Consequently, the selection of the variables being explained
becomes relatively more crucial. This paper specifically examines the
influence of establishing pilot zones for green finance reform and
innovations on the sustainable development of the economy and
society. It is essential to evaluate and measure the level of sustainable
development accurately as it directly impacts the scientific validity of
the conclusions. In line with the assessments made by Liao et al.
(2020), Lin et al. (2020), and Guo et al. (2022) concerning the level of
sustainable development, this study constructs a comprehensive
index system to gauge the sustainable development of the economy
and society. The comprehensive indicator system used in this study is
presented in Table 1.

Compared to a singular level of economic development,
sustainable development encompasses not only the progress of the
economy and society but also places greater emphasis on their
quality. Hence, this paper primarily evaluates the sustainable
development of the economy and society across four dimensions:
economy, society, population, and environment. In terms of the
economy, this study primarily examines the scale, structure, results,
and stability of economic and social development. To assess these
aspects, the following basic indicators are selected: the ratio of real
GDP per capita, the proportion of the tertiary industry to GDP,
disposable income per capita, and disposable income per urban and
rural residents. Regarding the population, the focus lies on population
size, population structure, and urbanization development. Thus, the
basic indicators chosen include population density, the proportion of
the working-age population, and the proportion of the urban
population. As for the environment, the main considerations
involve resource stock, environmental management, and
environmental conditions. Consequently, the basic indicators
consist of the amount of water resources per capita, domestic waste
and urban sewage treatment capacity, urban green space area, and
green coverage rate. To summarize, the measurement of sustainable
development in the economy and society comprises four dimensions
with a total of 17 basic indicators.

The sustainable development of the economy and society is
influenced by various factors (index system in Table 1). Hence, this
paper focuses on four control variables selected from the following
aspects: (1) government intervention level (GI), measured by the
ratio of general budget expenditure of government departments to
the GDP in each region; (2)openness (OP), measured by converting
total foreign investment into RMB and calculating its ratio to GDP;
(3) employment level (EL), measured by the inverse of the urban
registered unemployment rate; and (4) human capital (MC),
measured by the number of years of education per capita in
each region.

3.3 Comprehensive index measurement
The measurement of comprehensive indicators can be

categorized into two methods: subjective and objective weighting.
The subjective weighting method mainly relies on the knowledge of
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TABLE 1 Indicator system of sustainable development of economy and society.

Dimensional
Indicator

Proxy Indicator

Indicator Meaning e (egiser (el

Economic factors

Urban-rural income gap

Per capita disposable income of urban residents/per capita net income of

erty
Economic development Real GDP per capita Positive
Industry structure Share of tertiary sector in GDP Positive
Resident income Disposable income per capita Positive

i Reverse direction
rural residents

Social factors

Population density

Year-end resident population/area of urban areas by province

Medical insurance participation Number of medical insurance participants/year-end resident population Positive
Unemployment insurance participation Unemployment insurance participants/year-end resident population Positive
Pension insurance participation Number of pension insurance participants/year-end resident population Positive
N L Number of workers’ compensation insurance participants/year-end resident .
Injury insurance participation . Positive
population
Maternity insurance coverage Number of maternity insurance participants/year-end resident population Positive

Reverse direction

Demographic . . . . L
P % P Percentage of working age population Population aged 15-64/total population Positive
actors
Urbanization Urban population/total population Positive
Water resources Water resources per capita Positive
Harmless treatment capacity of domestic
b pacity Average daily tonnage of household waste disposed of without harm Positive
garbage
Environmental
factors Daily treatment capacity of urban sewage Average daily municipal wastewater treatment in cubic meters Positive
Urban green space area Amount of urban green space in hectares Positive
Greening coverage of built-up areas Area covered by greenery in built-up areas/area of built-up areas Positive

experts and scholars with authority in the relevant fields to assign
weights to each dimension of the composite indices. The specific
process of assigning weights to the indicators of each dimension of
sustainable development of economy and society runs as follows.
First, each basic index is averaged, and the correlation and
variability of each basic index are retained while eliminating the
difference in magnitude and magnitude between each index. The
inverse indicators are first taken as the inverse and then averaged:

i o)

Vi85 = Flxyy)

To explain the notation used in this study, let x represent the
original value of the base indicator, E(x) denote the mean value of
the base indicator, and y represent the value of the base indicator
after averaging. The variables i and t still represent the province
(city) and year, while j represents the jth base indicator.

Second, the coefficient of variation for each underlying index
can be calculated as:

- ) o
m;(yiss)

Here, c denotes the coefficient of variation, the corresponding sd
denotes standard deviation, and m denotes the mean.
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Finally, the coefficients of variation of each base indicator are
normalized to obtain the weights of the base indicators:
C;
= (4)

Y

Yie = > i X ¢) (5)

Here, e denotes the weight of the base indicator, and Y denotes
the composite indicator after cumulative summation; i.e., the
sustainable development of economy and society.

3.4 Data sources and
preliminary processing

To ensure consistency between the data before and after policy
implementation, and considering that the latest relevant data is only
available until 2021, this study focuses on the period from 2013 to
2021. The research sample includes 30 provincial regions in China,
excluding Tibet, Hong Kong, Macao, and Taiwan due to data
availability. The data pertaining to the sustainable development of
the economy and society, as well as each control variable, are
sourced from the official website of the National Bureau of
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Statistics of China and the China Statistical Yearbook from previous
years. It should be noted that employment level and human capital
are absolute value variables. Given the large range of values for
human capital, a logarithmic transformation is applied in this
paper. However, the employment level and other relative value
variables are retained in their original form.

Table 2 displays the descriptive statistics and grouping results
for each main variable studied. The average value for sustainable
development of the economy and society is 1.0142. Specifically, the
experimental group demonstrates a higher mean value for
sustainable development level (1.2781), surpassing both the
national average and the control group average. Further analysis
reveals that although the experimental group exhibits a lower level
of government intervention, its openness to the outside world is also
significantly reduced compared to the control group. Moreover, the
differences in employment level and human capital between the
experimental group and the control group are relatively minor.
These findings align with the varying degrees of government
intervention and openness across different regions, which can be
observed in the context of China’s economic and social
development. As educational opportunities become increasingly
equitable, the regional disparity in human capital gradually
diminishes, subsequently leading to a decrease in the gap in
employment levels between regions.

4 Analysis of empirical results
4.1 Basic regression

4.1.1 Analysis of baseline regression results

The baseline regressions were conducted using a DID model to
examine the impact of establishing pilot zones for green finance
reform and innovations on the sustainable development of the
economy and society, as described earlier in this paper. The results
of the benchmark regression are presented in Table 3. Columns (2)
to (5) display the regression results with the inclusion of area fixed
effects, control variables, squared terms of control variables, and
time fixed effects in the preceding columns, respectively. Despite
variations in the regression process, all impact coefficients of P_T

TABLE 2 Results of descriptive statistics for each variable.

Full Sample

Variable

Variable Symbol

Average
value

Standard
deviation

10.3389/fevo.2023.1264434

are greater than zero and statistically significant at the 1% or 5%
level. This indicates that the establishment of pilot zones for green
finance reform and innovations significantly promote sustainable
development. This finding aligns with the conclusions drawn by
Wen et al. (2021, 2023) and confirms the positive impact of green
development on China’s economy and society, as evidenced by the
boosting effect on total factor productivity of enterprises through
green credit and low-carbon city policies.

Regarding control variables, although the coefficients of
government intervention and employment level are not
statistically significant, their effects align with expectations.
Specifically, as the degree of government intervention and the
unemployment rate increase, the level of sustainable development
in the economy and society decreases. Additionally, the effects of
openness and human capital also align with expectations. Higher
levels of openness significantly promote sustainable development in
the economy and society, while lower levels of human capital inhibit
sustainable development. Only high levels of human capital can
further enhance the level of sustainable development in the
economy and society.

4.1.2 Parallel trend test

The baseline regression results indicate a significantly positive
effect of establishing pilot zones for green finance reform and
innovations on the sustainable development of the economy and
society. To further validate these findings, this study employs a
parallel trend test. To determine the timing of the implementation
of the pilot zones for green finance reform and innovations in
China, this paper uses 2017 as the benchmark for the time dummy
variable. Before 2017, the pilot zones were not established, implying
that their policy effect on the sustainable development of the
economy and society should not exist within this timeframe.
However, from 2017 onwards, the impact of the pilot zones on
the sustainable development should become apparent.

Figure 1 displays the results of the parallel trend test. Prior to
2017, the confidence interval for the impact coefficient of
establishing pilot zones for green finance reform and innovations
on the sustainable development of the economy and society
primarily includes the value 0, despite its incremental nature.
This suggests that the impact of establishing these pilot zones is

Experimental Group Control Group

Standard
deviation

Standard
deviation

Average
value

Average
value

Sustainable development of
. SDL 1.0142 0.5317 1.2781 0.5645 0.9615 0.5100
economy and society
Level of government
. . GI 0.2629 0.1112 0.2173 0.0533 0.2720 0.1175
intervention
Openness op 0.7548 3.4157 0.3682 0.3530 0.8321 3.7350
Employment level EL 3.2070 0.6380 3.0733 0.4649 3.2338 0.6649
Human capital MC 2.2166 0.0868 2.1767 0.0589 2.2246 0.0894
The human capital variable is logarithmically treated in the above variables.
Frontiers in Ecology and Evolution 06 frontiersin.org
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TABLE 3 Baseline regression results.

10.3389/fevo.2023.1264434

Variable
b T 0.3863**+ 0.1951%+ 0.0924%%* 0.1088*** 0.0478**
- (0.1182) (0.0332) (0.0257) (0.0250) (0.0198)
ar ~0.3113 -0.0358 —0.0241
(0.2254) (0.5438) (0.4785)
op 0.0044** 0.0235%* 0.0054
(0.0017) (0.0104) (0.0080)
~0.0147 ~0.0396 ~0.0642
EL
(0.0145) (0.0790) (0.0595)
MC 2.6973+ ~21.1834%%* ~12.5169%*
(0.2268) (5.4647) (4.1828)
~0.6492 ~0.4400
GI-squared
(0.6540) (0.5261)
~0.0005* ~0.0001
oP- d
square (0.0002) (0.0002)
0.0041 0.0107
EL- d
square (0.0125) (0.0094)
53730+ 279274+
MC-squared
(1.2355) (0.9557)
0.9785%%+ 0.9962%*+ —4.8475%% 21,6527+ 15.0198**
Con_
(0.0329) (0.0074) (0.5357) (6.0554) (4.6004)
Area fixed NO YES YES YES YES
Fixed time NO NO NO NO YES
R-squared 0.0445 0.1262 0.5324 0.5781 0.7714

P_T indicates Policy_Time in the model setting. Standard errors are in parentheses. Symbols ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

not significantly different from zero. In other words, there is no
substantial impact of the pilot zones on the sustainable
development of the economy and society. However, beginning in
2017, although the confidence interval for the impact coefficient of
the pilot zones also includes the value 0, it does not hold true for
subsequent years. Furthermore, the impact coefficients for these
years are all greater than 0, indicating a potential time lag in the

30

N
o
1

coefficient of regression
o
o
I

ok L
-104
2 2 2 2 2 2 2 2
% % % % T % % % %
year
FIGURE 1

Parallel trend test results.
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impact of establishing pilot zones for green finance reform and
innovations on the sustainable development of the economy and
society. Nevertheless, it is evident that the policy does have an
impact, and the establishment of these pilot zones can facilitate
considerable improvements in the sustainable development of the
economy and society. These test results align with expectations and
validate the findings of the baseline regression.

4.2 Robustness tests

4.2.1 Placebo test

The construction of the benchmark model may overlook certain
influential factors, thereby introducing bias into the regression
results. To address this issue, this paper adopts a double
randomized experiment approach, drawing inspiration from Li
et al. (2016), to ensure the robustness of the benchmark
regression results. The experimental process is as follows: Firstly,
a new experimental group is formed by randomly selecting five
provincial regions from the full sample, which serves as an
extension to the existing experimental group of the benchmark
regression model. Secondly, the policy implementation time is set to
2017, and a new policy implementation time frame of 2014-2021 is
randomly selected for comparison. However, 2013 is excluded from
the selection to ensure a minimum one-year data for policy
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implementation analysis. Next, a cross-product term is generated
through the combination of the new experimental group and the
new policy implementation time, and a regression analysis is
conducted using the benchmark regression model. This entire
process is repeated 500 times, producing a kernel density
distribution plot of the new policy effect. By examining the kernel
density distribution, it becomes possible to identify any significant
influences that might have been disregarded in the benchmark
regression model, thereby assessing the robustness of the
benchmark regression results.

Figure 2 displays the results of the placebo test conducted in this
paper. The kernel density distribution in Figure 2 presents the
regression coefficients of the new policy effect (spurious policy
effect) after 500 double randomized experiments. These
coefficients are uniformly distributed around the approximate
value of —0.18, which can be considered as 0. The regression
coefficients of the new policy effect exhibit a normal distribution
pattern, indicating that the baseline regression model utilized in this
paper does not overlook the impact of important influencing factors
on the sustainable development of the economy and society. Hence,
the baseline regression results demonstrate a certain level of
robustness. Furthermore, the establishment of pilot zones for
green finance reform and innovations has a positive and credible
impact on the sustainable development of the economy and society.

4.2.2 Consideration of the time lag of
policy effects

The previous paper’s parallel trend test suggests the possibility
of a time lag in the impact of establishing pilot zones for green
finance reform and innovations on the sustainable development of
the economy and society. This aligns with the reality of economic
and social progress, as it takes time for the establishment of such
pilot zones and for the policy effects to transmit to the sustainable
development of the economy and society. Taking this into account,
this paper adopts the approach commonly used by scholars of
altering the timing of policy shocks to investigate the future impact
of the pilot zone for green financial reform and innovation on the

N
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FIGURE 2
Placebo test results.
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sustainable development of the economy and society. By
prioritizing the sustainable development of the economy and
society, we can ascertain the time delay in the policy effects of the
pilot zone for green financial reform and innovation, while also
bolstering the credibility of the conclusions derived from the
baseline regression results.

Table 4 presents the regression results obtained by prioritizing
the sustainable development of the economy and society. In
columns (1) to (3), the regression results reflect the front-loading
of the sustainable development of the economy and society by one
period. In columns (4) to (6), the regression results demonstrate the
front-loading by two periods. It is observed that the positive impact
of the pilot zones for green finance reform and innovations on the
level of sustainable development remains consistent across different
degrees of front-loading. Thus, it continues to promote the
sustainable development of the economy and society. This
suggests a time lag in the impact of establishing the pilot zones
but also underscores their enduring positive influence. These
findings further confirm the robustness of the baseline

regression results.

4.2.3 Consideration of relevant
policy interference

As a new financial development model, green finance plays a
crucial role in promoting sustainable development in China. The
development of green finance in China encompasses various
dimensions. For instance, along with the establishment of pilot
zones for green finance reform and innovations, certain regions
have already taken steps towards carbon emissions trading. Beijing,
Shanghai, Tianjin, Chongqing, Hubei, Guangdong, and Shenzhen
became carbon emissions trading pilot regions as early as 2011. In
2016, Fujian also joined as the eighth trading pilot region, launching
its carbon trading market. Both the carbon emissions trading pilot
policy and the green financial reform and innovation pilot area
policy contribute to environmental improvement during the
process of sustainable economic and social development.
Consequently, they jointly promote the sustainable development
of the economy and society. It is worth considering that the
implementation of the carbon emissions trading pilot policy may
impact the policy implementation effect of the green financial
reform and innovation pilot area. In other words, it may
influence the green financial reform and innovation pilot area’s
policy effect on the sustainable development of the economy and
society. Therefore, this paper aims to conduct an additional
robustness check to examine the potential impact of these policies
on the topic at hand.

We have addressed the impact of the pilot carbon trading policy
on the baseline regression results by excluding the pilot carbon
trading region from the control group. In this paper, Guangdong is
included in the experimental group as it became a pilot region for
carbon emissions trading in 2011, which predates the research
interval of this paper (2013 onwards). Thus, its data are retained in
the research sample. The regression results, excluding the influence
of the carbon emissions trading pilot policy, are presented in
Table 5. In each instance of adding regression conditions, the
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TABLE 4 Regression results for different levels of front-loading sustainability.

10.3389/fevo.2023.1264434

Variable
PT 0.1093* 0.0880** 0.0429** 0.0924* 0.1088* 0.0557%*
- (0.0272) (0.0248) (0.0195) (0.0257) (0.0250) (0.0208)
0.0181 —0.0080 —-0.2293 -0.3113 —0.0358 -0.2192
GI
(0.2752) (0.6354) (0.5149) (0.2254) (0.5438) (0.5496)
op 0.0045* 0.2781* 0.1023*** 0.0044** 0.0235%* 0.2796%**
(0.0027) (0.0399) (0.0335) (0.0017) (0.0104) (0.1037)
EL —-0.0241 -0.1586* —-0.0943 -0.0147 —-0.0396 -0.1313
(0.0184) (0.0925) (0.0703) (0.0145) (0.0790) (0.1049)
MC 2.8304* —4.2436 —-3.0063 2.6973% —~21.1834** 0.6430
(0.2690) (6.1253) (4.6579) (0.2268) (5.4647) (5.7417)
-0.3736 -0.1214 -0.6492 0.2264
GI-squared
(0.7411) (0.5779) (0.6540) (0.5972)
—0.0078*** —0.0029*** —-0.0005* —0.1140**
OP-squared
(0.0011) (0.0010) (0.0002) (0.0541)
0.0198 0.0155 0.0041 0.0220
EL-squared
(0.0143) (0.0108) (0.0125) (0.0163)
MC-squared 1.3422 0.6579 5.3730%** —-0.0302
q (1.3967) (1.0624) (1.2355) (1.3119)
—5.1683*** 4.0447 4.5052 —4.8475%%* 21.6527°% -0.1818
Con_
(0.6158) (6.7356) (5.1265) (0.5357) (6.0554) (6.2865)
Area fixed YES YES YES YES YES YES
Fixed time NO NO YES NO NO YES
R-squared 0.4742 0.5969 0.7791 0.5324 0.5781 0.7645

P_T denotes Policy_Time in the model setting. SDL_1 and SDL_2 denote SDL’s antecedent one and two periods, respectively. Standard errors are indicated in parentheses. Symbols ***, **, and *

denote significance at the 1%, 5%, and 10% levels, respectively.

coefficient of P_T consistently exceeds the value of 0 and is
statistically significant. This indicates that the establishment of
the green financial reform and innovation pilot area has a robust
positive influence on the sustainable development of the economy
and society. Notably, when considering column (5), which
comprehensively incorporates regression conditions, and
combining these findings with the benchmark regression results

in Table 3, we observe that the impact coefficient of P_T in Table 5
is larger after excluding the influence of the carbon emissions
trading pilot policy. This implies that the potential impact of the
carbon emissions trading pilot policy indeed enhances the
implementation of the pilot zones’ policy for green finance
reform and innovations, while not altering the directional

TABLE 5 Regression results excluding the pilot policy of carbon emissions trading.

Variable
PT 0.3900% 0.19510%% 0.0969*% 0.0998*% 0.0554°%
- (0.1201) (0.0323) (0.0253) (0.0234) (0.0210)
—0.5435%* -0.7717 -0.5169
GI
(0.2469) (0.5537) (0.5338)
op 0.0669*** 0.2503%** 0.0966**
(0.0209) (0.0439) (0.0411)
—0.0410** —0.3981%** —0.1853*
EL
(0.0165) (0.1086) (0.0959)
1.9841* —20.1701** —11.8463**
MC
(0.2629) (6.0585) (5.2501)
(Continued)
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TABLE 5 Continued

10.3389/fevo.2023.1264434

Variable
0.0238 -0.0260
GI-squared
(0.6419) (0.5762)
-0.0539* —0.0261***
OP-squared
(0.0105) (0.0095)
0.0551*** 0.0274*
EL-squared
(0.0162) (0.0142)
4.9209* 2.6208**
MC- d
Square (1.3777) (1.2065)
0.9748*** 0.9965%** =3.1277%* 22.3261* 14.6740**
Con_
(0.0391) (0.0080) (0.6178) (6.6706) (5.7424)
Area fixed NO YES YES YES YES
Fixed time NO NO NO NO YES
R-squared 0.0469 0.1553 0.5426 0.6334 0.7510

P_T indicates Policy_Time in the model setting. Standard errors are in parentheses. Symbols ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

assessment of the benchmark regression’s conclusion. In summary,
the overall effect is underestimated.

4.2.4 Consideration of the establishment of
subsequent pilot zones

In a previous paper, the pilot zones for green finance reform and
innovations did not include Gansu, which only became a part of it in
2019. This exclusion may have influenced the baseline regression
results. To address this, we have included Gansu in the experimental
group in this paper, and the corresponding results are presented in

Table 6. The findings align with the outcomes of other robustness
tests, indicating that the conclusions from the baseline regression
remain unchanged even with the inclusion of Gansu in the
experimental group. This reaffirms the significant positive impact
of establishing pilot zones for green finance reform and innovations
on the sustainable development of the economy and society. The test
results also demonstrate the robustness of the baseline regression and
support the idea that any potential bias in the baseline regression
model does not affect the results presented here. Overall, the setting of
the baseline regression model is deemed reasonable.

TABLE 6 Regression results considering the establishment of subsequent test areas.

Variable
- 0.3425%%% 0.1868% 0.0739°% 0.0955 0.0398*
- (0.1139) (0.0310) (0.0247) (0.0243) (0.0189)
o ~03111 -0.0050 ~0.0177
(0.2273) (0.5485) (0.4805)
op 0.0044** 0.0240* 0.0055
(0.0017) (0.0105) (0.0080)
- ~0.0149 ~0.0513 ~0.0696
(0.0146) (0.0797) (0.0598)
Me 2.6958 21,9048+ 12,6677
(0.2323) (5.5590) (42412)
~0.6904 0,455
Gl-squared
Square (0.6603) (0.5290)
OPscuared ~0.0005* ~0.0001
4 (0.0002) (0.0002)
R 0.0060 0.0116
~Squ
4 (0.0126) (0.0095)
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TABLE 6 Continued

10.3389/fevo.2023.1264434

Variable
5.5303%¢ 2.8209%*
MC- d
Square (1.2556) (0.9683)
0.9800%* 0.9956%* —4.8424%% 22,4903+ 1522040+
Con_
(0.0332) (0.0074) (0.5474) (6.1659) (4.6681)
Area fixed NO YES YES YES YES
Fixed time NO NO NO NO YES
R-squared 0.0375 0.1318 0.5248 0.5721 0.7700

P_T indicates Policy_Time in the model setting. Standard errors are in parentheses. Symbols

5 Extended research and mechanism
analysis

5.1 Extensive research

5.1.1 Baseline regression based on propensity
score matching

The issue of unbalanced regional development in China is
severe. Consequently, the establishment of pilot zones for green
finance reform and innovations may vary between regions, as seen
in factors like the level of government intervention and openness in
the control variables. Consequently, when applying the DID model,
there is a possibility of selection bias in the control group’s sample
selection. To address this concern, we employ propensity score
matching, which can appropriately address the issue. Thus, prior to
the baseline regression, this paper pairs the experimental group with
the control group, enabling the control group sample to serve as a
more suitable reference object and enhancing the rationality of the
counterfactual in the DID model.

For propensity score matching, this study utilizes a 1-to-1
nearest-neighbor matching method. The P-value kernel density
distributions of the experimental and control groups before and
after matching are depicted in Figures 3, 4, respectively. Upon visual
observation, it is evident that the P-value kernel density distribution
characteristics of the experimental group and the control group
differ significantly prior to the propensity score matching. However,
after propensity score matching, the discrepancy between the P-
value kernel density distribution characteristics of both groups
considerably diminishes, thereby indicating the effectiveness of
the selected propensity score matching method in this paper.

Table 7 displays the regression results following propensity
score matching. Upon considering area fixed effects, control
variables, squared terms of control variables, and time fixed
effects in succession, it becomes apparent that the impact
coefficients of P_T are all positive at the 1% or 5% significance
level, albeit with some variation in magnitude. This further supports
the notion that the establishment of pilot zones for green finance
reform and innovations has a significantly positive effect on both
the sustainable development of the economy and society, as well as
the overall enhancement of sustainable development in the pilot
zone location. In column (5), when comparing these results with the
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baseline regression results in Table 3, it is evident that the policy
effect of the establishment of pilot zones for green finance reform
and innovations is even more pronounced after propensity score
matching than without it. This suggests that the initial regression
results may have underestimated the true impact to some extent.
Consistently, this finding aligns with the robustness test, wherein a
more suitable control group is selected, mitigating the
underestimation and amplifying the actual policy effects resulting
from the establishment of pilot zones for green finance reform
and innovations.

5.1.2 Dynamics of policy effects

After passing validity and a series of robustness tests, the effect
of establishing pilot zones for green finance reform and innovations
on the sustainable development of the economy and society remains
consistent. This confirms the rationality of the baseline regression
model and the reliability of the results. Additionally, through a time
lag test, it is observed that there may be a delay in the impact of
these pilot zones on sustainable development. Consequently, this
paper further examines the dynamic changes in their effect.

The pilot zones for green finance reform and innovations were
implemented in 2017. To further investigate the changes in policy
effect over time, this study introduces time dummy variables for

37 Treatment Group
Controls Group
2.5
= 2
B
(=4
4
11551
1 4
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FIGURE 3

Kernel density distribution of P-value before matching.
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FIGURE 4
Kernel density distribution of P-value after matching.

each year from 2017 to 2021 (e.g., Time_2017 takes the value 1 for
the year 2017 and 0 for all other years). By multiplying the dummy
variable (Policy) of the experimental group, a key variable reflecting
the policy effect across all years is obtained and subsequently
subjected to regression analysis.

TABLE 7 Regression results after propensity score matching.

10.3389/fevo.2023.1264434

The results are depicted in Table 8, where it is evident from
column (5) that in the initial two years (2017 and 2018) following
the establishment of the pilot zones for green finance reform and
innovations, there was no significant impact on the sustainable
development of the economy and society. It was only in the
subsequent years (2019-2021) that the establishment of the pilot
zone began to effectively and positively contribute to the sustainable
development of the economy and society. This finding further
highlights the existence of a time lag in the policy effect of the
pilot zone for green financial reform and innovation. Such a delay is
closely linked to the time required for setting up the pilot zone and
the transmission of policy effects, aligning with the present
economic and social development reality.

5.1.3 Heterogeneity analysis of policy effects

This paper aims to analyze the heterogeneous effects of pilot
zones for green finance reform and innovations on the sustainable
development of the economy and society under different
development environments. The study focuses on variables such
as the level of financial development, degree of industrialization,
and level of technological innovation, which are correlated with
sustainable development. For instance, the level of financial
development is measured as the financial sector’s value added as

Variable
- 0.3931%%* 0.1920%* 0.0797+%+ 0.0819%+* 0.0566**
- (0.1212) (0.0328) (0.0264) (0.0230) (0.0231)
o ~0.0681 334915 ~3.3420%%*
(0.4552) (1.2066) (1.2406)
op 0.0826%+* 0.6234%+ 0.4347++
(0.0316) (0.0946) (0.1014)
- ~0.0619** -0.3323* ~0.2466
(0.0251) (0.1718) (0.1628)
e 2.1868** 35,6463 ~27.3875%
(0.3599) (9.8388) (10.2249)
44686 41285
GI- d
Square (1.9720) (1.9151)
~0.2586%** ~0.1862%%
OP-squared
(0.0427) (0.0444)
0.0452* 0.0355
EL- d
square (0.0269) (0.0254)
8.4392+%* 62988+
MC-squared
square (2.2479) (2.3726)
‘ 0.9208** 0.9507++* —3.6337%% 39.4472%% 314509
01N
- (0.0304) (0.0097) (0.8549) (10.7211) (11.0329)
Area fixed NO YES YES YES YES
Fixed time NO NO NO NO YES
R-squared 0.1161 0.2063 0.5823 07073 0.7657

P_T indicates Policy_Time in the model setting. Standard errors are in parentheses. Symbols

Frontiers in Ecology and Evolution

ok
B

12

, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

frontiersin.org


https://doi.org/10.3389/fevo.2023.1264434
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Lin et al.

TABLE 8 Changes in policy effects after the establishment of the pilot area.

10.3389/fevo.2023.1264434

Variable
0.2635 0.0723 0.0403 0.0452 -0.0045
P_T_2017
(0.2390) (0.0541) (0.0410) (0.0392) (0.0322)
P T 2018 0.3188 0.1277+ 0.0714* 0.0863** 0.0134
- (0.2493) (0.0541) (0.0411) (0.0394) (0.0320)
T 2010 0.4084 0.21724% 01274 01477+ 0.0788**
- (0.2532) (0.0541) (0.0416) (0.0399) (0.0321)
P T 2020 0.4407* 0.24954% 0.1122% 0.1361*+ 0.0584*
- (0.2543) (0.0541) (0.0424) (0.0408) (0.0322)
P T 2021 0.5002* 0.3090*** 0.1264** 0154244 0.0988***
- (0.2772) (0.0541) (0.0432) (0.0420) (0.0326)
a -0.3109 0.0707 -0.0331
(0.2264) (0.5480) (0.4736)
op 0.0045+ 0.0241 0.0059
(0.0017) (0.0103) (0.0079)
EL -0.0161 ~0.0340 -0.0618
(0.0146) (0.0786) (0.0589)
MC 2.6006*** ~22.4929%* ~13.5256**
(0.2341) (5.4590) (4.1531)
-0.8031 -0.4855
GI- d
square (0.6574) (05211)
~0.0005* ~0.0001
OP-squared
(0.0002) (0.0002)
0.0030 0.0099
EL-squared
(0.0124) (0.0093)
5,6406*** 2.99514%¢
MC- d
square (12331) (0.9483)
Con 0.9785% 0.9962+%* -4.6292%%% 232160+ 16.2638**
- (0.0332) (0.0072) (0.5518) (6.0541) (4.5714)
Area fixed NO YES YES YES YES
Fixed time NO NO NO NO YES
R-squared 0.0469 0.1799 0.5408 0.5903 0.7804

P_T denotes Policy_Time in the model setting. P_T_2017 denotes the cross-product term constructed with 2017 as the time of policy occurrence only. Other identical variables have similar
meanings. Standard errors are indicated in parentheses. Symbols ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

a percentage of GDP, while the level of industrialization is expressed
as the industry’s value added as a percentage of GDP. Additionally,
the level of technological innovation is represented by the logarithm
of technology market turnover. To effectively examine the effects of
green financial reform and innovation pilot zones, this paper
utilizes the mean level of development environment as the
criterion for grouping. For example, the regions above the mean
level of financial development are classified as the high financial
development group, while the remaining regions are categorized as
the low financial development group. Regression analysis is then
performed within each group, followed by a comparison of the
policy effects between the groups. It is important to note that
although the experimental group in this paper consists of fewer
provincial areas, the grouping based on the three development
environments enables an effective division.
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Table 9 shows the varying impacts of pilot zones for green
finance reform and innovations on the sustainable development of
the economy and society across different development
environments. The findings reveal that the establishment of these
pilot zones only yields a significantly positive effect on sustainable
development in regions characterized by lower levels of financial
development, lesser industrialization, and higher levels of
technological innovation. These results are comprehensible as
regions with higher levels of financial development and
industrialization naturally exhibit relatively advanced sustainable
economic and social development. Consequently, the policy effects
of pilot zones for green finance reform and innovations are not as
prominent in such areas. Moreover, considering that innovation
plays a crucial role in driving sustainable development, the effects of
these policy measures will also be substantial in regions with higher
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TABLE 9 Differences in the policy effects of the establishment of the test area under different relevant factors.

Variable
PT 0.0312 0.0470* 0.0141 0.1099*** 0.1455%** —-0.0168
- (0.0459) (0.0244) (0.0245) (0.0310) (0.0279) (0.0253)
Gl 1.3566** —2.3819* —-0.4675 0.4104 —1.2411 —-0.5024
(0.6535) (1.2370) (1.1514) (0.4841) (0.9939) (0.6121)
opP 0.0824 0.0105 0.24590* 0.0063 0.0514 0.0070
(0.0937) (0.0091) (0.0593) (0.0055) (0.0528) (0.0078)
EL —0.0464 —0.2474** —0.5355%** —-0.0109 -0.1570** 0.0045
(0.0710) (0.1125) (0.1674) (0.0464) (0.0649) (0.1098)
MC -10.7419** -19.6329** 3.2072 —17.6547*** —4.8956 —15.5439**
(4.8718) (8.3655) (10.7767) (3.3080) (5.4367) (7.2905)
—1.4441** 2.9665 -0.0707 —-1.0638** 1.1447 —-0.3501
GI-squared
(0.5963) (1.9802) (1.8884) (0.4596) (1.5343) (0.6033)
—-0.0217 —-0.0002 —0.0507** —0.0001 —-0.0200* —-0.0001
OP-squared
(0.0174) (0.0002) (0.0123) (0.0001) (0.0107) (0.0002)
0.0073 0.0370** 0.0778*** 0.0058 0.0263** -0.0014
EL-squared
(0.0122) (0.0167) (0.0251) (0.0078) (0.0104) (0.0169)
MC-squared 2.2301%* 4.4881** —0.7684 3.9799*** 1.0798 3.5581**
4 (1.1042) (1.9260) (2.4373) (0.7502) (1.2019) (1.6924)
13.6316** 23.0876** —-1.3662 20.1767*** 6.7317 18.1469**
Con_
(5.4039) (9.1069) (11.8832) (3.6723) (6.1973) (7.8983)
Area fixed YES YES YES YES YES YES
Fixed time NO YES NO YES NO YES
R-squared 0.9088 0.7474 0.7899 0.8905 0.8727 0.7647
Heterogeneit Financial Financial Industrialization_High | Industrialization_Low Technological Technological
s Y Development_High Development_Low Innovation_ Innovation_
category .
High Low

P_T indicates Policy_Time in the model setting. Standard errors are in parentheses. Symbols ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

levels of technological innovation. Hence, the policy effects of pilot
zones for green finance reform and innovations will tend to be more
pronounced in regions with greater levels of technological
innovation, given the importance of innovation as a driving force
for sustainable development.

5.2 Mechanism analysis

During the process of pilot zones for green finance reform and
innovation, the sustainable development of the economy and
society encompasses various indicators across different
dimensions such as economic factors, social factors, demographic
factors, and environmental factors. Therefore, this paper aims to
analyze the impact of establishing green financial reform and
innovation pilot zones on indicators of sustainable economic and
social development based on the mechanism research conducted by
Li and Wen (2023). Additionally, this paper seeks to explain the
policy effects resulting from the establishment of these pilot zones.
The above analysis of the mechanism offers several advantages.
Firstly, by examining the impact of pilot zones on each dimensional
indicator, we can better understand the influence of composite
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indicators through individual dimensions, which is in line with
economic logic. Secondly, exploring the impact of pilot zones on
each dimensional indicator allows for a more detailed examination
of the policy effects, thereby gaining deeper insights into their
overall impact.

Table 10 presents the effects of establishing pilot zones for green
finance reform and innovation on the dimensions of sustainable
economic and social development. After accounting for regional and
time fixed effects, control variables, and their squared terms, it is found
that the establishment of these pilot zones does not significantly impact
economic, social, and demographic factors in sustainable development.
However, there is a notably positive effect on environmental factors.
This outcome aligns with the principles of green financial development
and supports the concept of green development. Unlike traditional
financial industry growth that primarily focuses on economic
expansion, green financial development emphasizes improving the
quality of the ecological environment and promoting sustainable
economic and social progress while maintaining a harmonious
coexistence between humans and nature. These findings also shed
light on the heterogeneous policy effects of the green financial reform
and innovation pilot zones across different developmental
environments. Regions with lower levels of financial development
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TABLE 10 Impact of the establishment of the pilot area on the dimensional factors of the sustainable development of economy and society.

. (2) (2) (3) (4)

VEIE]] ]
Economic Factors Social Factors Demographic Factors Environmental Factors
b T 0.0128 -0.0076 0.0174 0.1567*
- (0.0097) (0.0186) (0.0151) (0.0461)
a -0.1815 0.0122 ~0.5384 461114
(0.2344) (0.4502) (0.3650) (1.1157)
-0.0018 ~0.0020 0.0013 -0.0185
op
(0.0039) (0.0075) (0.0061) (0.0186)
0.1208*%* 0.2571%+ 0.19224% ~0.0620
EL
(0.0292) (0.0560) (0.0454) (0.1388)
MC ~25.2822%%* ~18.2543** -0.8228 ~7.7829
(2.0488) (3.9354) (3.1905) (9.7538)
-0.2273 -0.7101 1.2283%%* —4.87520%
Gl-squared
(0.2577) (0.4950) (0.4013) (1.2268)
0.0000 0.0000 ~0.0001 0.0002
OP-squared
(0.0001) (0.0002) (0.0001) (0.0004)
~0.0178*** ~0.0371* ~0.0263** 0.0133
EL-squared
(0.0046) (0.0089) (0.0072) (0.0220)
MC.sauared 5.8397 4.3410%% 0.2500 1.8271
q (0.4681) (0.8992) (0.7290) (2.2287)
c 28.0621%% 19.5875%* 1.3144 83810
1.

o (2.2534) (4.3284) (3.5090) (10.7277)
Area fixed YES YES YES YES
Fixed time YES YES YES YES
R-squared 0.9414 0.8899 0.2457 0.5455

P_T indicates Policy_Time in the model setting. Standard errors are in parentheses. Symbols

and industrialization tend to have lower levels of environmental
pollution. Consequently, with the support of high technological
innovation, the establishment of the pilot zones has a more
pronounced positive effect on the ecological environment in
these areas.

The regression results in Table 10 also explain the
heterogeneous policy effect of the green financial reform and
innovation pilot zone across different development environments.
It is observed that regions with lower levels of financial development
and industrialization tend to have lower levels of environmental
pollution. In these areas, supported by higher levels of technological
innovation, the establishment of the pilot zone has a more
significant positive impact on the ecological environment.
Additionally, the results indicate that the channels affecting the
sustainable development of the economy and society in the green
financial reform and innovation experimental zone are limited,
suggesting that there is room for China to further enhance the
policy impact of establishing these experimental zones in the future.

6 Conclusions and recommendations

With the transformation of China’s main social contradiction
and economic development stage, it has become crucial to enhance
the sustainable development of the economy and society. In this
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%, % and * indicate significance at the 1%, 5%, and 10% levels, respectively.

context, green finance emerges as the primary driver for promoting
the green development of the economy and society. This study aims
to explore the impact of establishing pilot zones for green finance
reform and innovations on the sustainable development of the
economy and society in China. To achieve this, a DID model is
constructed using sample data from 30 provincial-level regions in
China from 2013 to 2021. The findings are refined and
supplemented through robustness testing, expansion analysis, and
impact mechanism analysis. The results are as follows:

Firstly, the establishment of pilot zones for green finance reform
and innovations significantly contributes to the improvement of the
sustainable development level of the economy and society. This
finding remains consistent after conducting a series of robustness
tests, including placebo tests, considering the time lag of policy
effects, excluding relevant policy interference, and improving the
precision of model settings.

Secondly, the establishment of pilot zones for green finance
reform and innovations has a lagging effect on the enhancement of
sustainable development in the economy and society. The positive
promotion effect of the pilot zones on sustainable development is
significant only in areas with lower levels of financial development,
lower degrees of industrialization, and higher levels of
technological innovation.

Thirdly, the establishment of green financial reform and
innovation pilot zones primarily promotes the sustainable
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development of the economy and society by improving
environmental factors, and its influence channel is relatively singular.

Based on the above research findings, several suggestions are
put forth to further enhance the sustainable development of the
economy and society:

Firstly, the government should carefully summarize the policy
experience of the green finance pilot zones, expand the
implementation scope of the green financial pilot policies, and
continuously promote the green transformation development
model. By building upon the practical experience of the pilot zones,
increasing the number of green finance pilot areas, and improving the
green finance pilot policies and reform and innovation programs, the
promotion effects on the sustainable development of the economy
and society can be strengthened.

Secondly, the central government should consider the spatial
layout of each region, formulate green finance pilot policies according
to local conditions, and encourage differentiated development of
green finance in each region. The impact of the pilot zones for
green finance reform and innovations on sustainable development is
currently too singular. Hence, it is necessary to consider factors such
as resource endowment, financial development level, industrial
development characteristics, and other factors unique to different
regions. The one-size-fits-all implementation of green finance pilot
policies should be avoided. By implementing differentiated and
distinctive regional green financial support initiatives, the impact
channels of green finance pilot policies can be expanded, and their
implementation effects can truly be realized.

Finally, the authorities should enhance policy support for
technological innovation and establish a long-term mechanism
for enhancing green technology. Innovation-driven approaches
are crucial in leveraging the policy effect in the pilot areas.
Therefore, government departments should broaden the scope of
policy support, favor green technology innovation, and guide
funding towards green technology breakthrough projects and
science and technology endeavors with high pollution reduction
potential. Moreover, environmental regulations placed on highly
polluting and energy-consuming enterprises should be
strengthened, compelling these enterprises to undergo
technological transformations and process improvements. This
will also encourage green innovation across all sectors of the
economy and society.

The sustainable development of the economy and society is a
long-term and continuous process that requires extensive research.
This paper specifically examines the importance of green finance for
sustainable development from a policy perspective. However, there
are still areas that can be improved. For instance, the specific
circumstances of cities, districts, and counties in the research
sample were not fully considered due to limited data availability.
Additionally, the research methodology did not account for the
demonstration effect of green financial policies. The evaluation of
policy effectiveness in this paper is based on provincial data, which
fails to capture the full impact of environmental policies and only
focuses on influential ones like the carbon emission trading policy.
In future studies, the spatial effects of green financial policies will be
thoroughly explored, highlighting their role in policy
implementation. Moreover, the implementation of green finance
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policies will be analyzed in conjunction with the level of green
finance development in different regions, providing a
comprehensive understanding of the driving force behind
sustainable economic and social development.
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