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Green finance is an important practice of China’s high-quality economic
development in the new era, which is closely related to economic
development, environment, and energy conditions. However, few studies
systematically analyze the impact of green finance on economic
development, environmental pollution, and energy consumption, especially
on China which is turning to high-quality economic development. In order to fill
the gap, based on the annual data on 30 provinces (autonomous regions and
municipalities) in China from 2008 to 2018, we construct a comparatively
comprehensive green finance index system and use a panel regression model
to explore the impacts of green finance on high-quality economic
development, environmental pollution, and energy consumption. We find
that green finance can significantly promote high-quality economic
development, mitigate environmental pollution, and reduce energy
consumption. There is spatial and temporal heterogeneity in the impact of
green finance on China’'s economic quality, environmental pollution, and
energy consumption. In the eastern region, green finance has a remarkable
positive impact on high-quality economic development and a significant
negative impact on energy consumption, but the impact on environmental
pollution is inconspicuous. In the central region, green finance has a prominent
effect on reducing environmental pollution, but the impact on high-quality
economic development and energy consumption is not significant. In the
western region, green finance has not been able to significantly promote
high-quality economic development, mitigate environmental pollution, and
reduce energy consumption. After the clear proposal of green finance, the
role of green finance in promoting a high-quality economy has enhanced, and
the role of green finance in reducing environmental pollution and
energy consumption has decreased. This study can provide a useful
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for promoting high-quality economic

development, reducing environmental pollution and energy consumption,
and spurring sustainable development.

KEYWORDS

green finance, high-quality economic development, environmental pollution, energy
consumption, heterogeneity

1 Introduction

In the Integrated Reform Plan for Promoting Ecological
Progress which was issued in September 2015, Article
45 clearly stated for the first time that “we should establish a
green financial system in China.” In the proposal of the 13th
Five-Year Plan, the Central Committee of the Communist Party
of China once again explicitly proposed to develop green finance.
Green finance has been upgraded to a national strategic goal and
development plan, which shows that China attaches great
importance to green finance. In 2017, the report of the 19th
National Congress of the Communist Party of China (NCCPC)
pointed out that China’s economy has shifted from a stage of
high-speed growth to a stage of high-quality development. At this
stage, the high-quality development strategy should be firmly
implemented. The report also emphasizes the coordination and
progress of the five dimensions, namely, economy, society,
politics, ecology, and culture, and it focuses on solving key
problems such as the optimization of industrial structure, the
growth of productivity, and the development of power
the
development of China’s economy, environment, and energy is

transformation.  However, current  comprehensive
not coordinated enough, and new requirements are put forward
for energy consumption, environmental pollution, and other
resource and environmental problems in this report. At the
same time, realizing the transformation of economic growth
momentum and the expected emission reduction targets is
also an important task for China to achieve high-quality and
coordinated development. Therefore, it is a question worth
exploring whether the development of green finance can
promote high-quality economic development, mitigate
environmental pollution, and reduce energy consumption in
China.

The existing literature provides evidence for this study. Many
scholars have expounded and explained the connotation of green
finance. The concept of green finance originates from various
economies’ growing concern for environmental protection and
adaptation to climate change, which is a financial innovation that
supports the transformation of a green economy (Bhatnagar and
Sharma, 2022). Since green finance connects the financial
industry, environmental improvement, and economic growth
(Soundarrajan and Vivek, 2016), it is not only conducive to
environmental protection but can also build a better world for
our future (Jayasubramanian and Shanthi, 2014). However, some

scholars believe that green finance inhibits green innovation
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capacity (Yu et al., 2021). The outbreak of COVID-19 has had
a great impact on countries around the world. Therefore, some
scholars believe that the green financial system needs to consider
the impact of COVID-19 on investment in green projects
(Farhad et al, 2021). Green finance, closely related to
economic development, is important to countries at different
levels of sustainable development (Djukic and Ilic, 2021). In
order to achieve sustainable economic growth, it is necessary to
evaluate green finance more rationally and quantitatively (Alieva
and Altunina, 2021). Ecological environment protection and
economic development can be effectively linked by further
analyzing the coordination quantitatively between green
finance and economic growth (Yin and Xu, 2022). Now, green
finance has become a tool for coping with climate change, which
can help solve the problems of financial products and services
which are related to the environment (Gagan et al., 2022). In light
of the development of financial technology, the positive impact of
green finance on environmental protection has greatly increased
(Sreenu, 2022). Considering the impact of monetary policy from
a macro perspective, a global perspective will be adopted to solve
the problem between green finance and the environment (EWA
and Johannes, 2021). The development of a digital economy
plays an important role in the process that green finance helps
reduce carbon emissions of the environment (Zhang et al., 2022).
By incorporating spatial geographical factors into the analysis,
green finance has a significant spatial spillover effect on
environmental improvement and is beneficial to the ecological
environment of surrounding areas (Li and Gan, 20205 Li et al,,
2022). Green finance is closely related to the sustainable
development of energy. Whether from the perspective of a
horizontal comparison or vertical trend, green finance can
promote energy development (Zhang and Wang, 2019). There
is risk transmission between green financial products and energy
commodity markets (Hela et al, 2022), and reducing green
financial risks will help increase the revenue of green energy
projects (Farhad and Naoyuki, 2019). Green finance can help
realize energy transformation and promote the demand for clean
energy (Mara et al., 2022). At the same time, the development of
green finance has promoted the realization of China’s sustainable
development goals and has greatly improved the environmental
emergencies caused by the crude model of past economic
development and earlier improper sustainability management
(Bryan et al., 2018; Sun et al., 2018).

Through the literature review, we can find that although the
literature on green finance is rich, most of them are about the
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connotation of green finance or related to economy and there are
few literature reports related to the environment and energy. At
the same time, there are fewer literature reports systematically
and deeply studying the relationship between green finance,
economy, environment, and energy. On one hand,
systematically exploring the impact of green finance is
conducive to promoting the high-quality, comprehensive, and
coordinated development of China’s economy, environment, and
energy; on the other hand, it deeply studies the spatial and
temporal heterogeneity of the impact of green finance and
provides Chinese experience for the coordinated development
of world green finance.

In order to make up for the shortcomings of the
aforementioned research studies, we mainly study the
following two questions about the impact of green finance.
First, is the impact of green finance on the economy,
environment, and energy beneficial? Second, is the impact of
green finance heterogeneous spatially and temporally? Solving
the aforementioned questions is very important for China’s green
financial development and comprehensive and coordinated
development. At the same time, it has practical reference
significance for promoting the development of green finance
and the coordinated development of economy, environment, and
energy in various countries and fills the academic gaps in the
study of the relationship between green finance, economy,
environment, and energy in terms of system and spatial and
temporal heterogeneity.

To answer the aforementioned questions and distinguish
from other works of literature, taking the annual data on
30 provinces and municipalities directly under the central
government and autonomous regions (excluding Tibet, Hong
Kong, Macao, and Taiwan) in China from 2008 to 2018 as a
research sample, this study constructs a relatively comprehensive
green finance index system. A panel regression model is used to
examine whether green finance can promote high-quality
economic development, mitigate environmental pollution, and
reduce energy consumption, and further investigate the spatial
and temporal heterogeneity of the impact of green finance on the
economy, environment, and energy.

The contribution of this study is mainly reflected in two
aspects. First, we have built a relatively comprehensive evaluation
index of green finance and high-quality economic development.
We consider green finance from the five dimensions, namely,
green credit, green securities, green investment, green insurance,
and carbon finance. We also select 20 variables from the five
dimensions, namely, innovation, coordination, green, openness,
and sharing to consider the high-quality development of the
economy. The description of green finance and a high-quality
economy is relatively comprehensive. Second, we systematically
and deeply examine the impact of green finance on economic
quality, environmental pollution, and energy consumption, as
well as the spatial and temporal heterogeneity.
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The rest of the study is arranged as follows: the second
section is the model and data, including model construction,
variable selection, and data description. The third section is the
results, including descriptive statistics of variables,
spatial-temporal evolution analysis, benchmark regression
results, heterogeneity analysis, and the robustness test. The
fourth section is discussion, which combines relevant theories
with the reality of China and discusses the results of the study.
The fifth section is the conclusion and implications, which
summarizes the research results of this study and puts

forward corresponding research implications.

2 Model and data
2.1 Panel data model

A panel data model is used to examine whether the
development of green finance has a significant impact on the
high-quality development of China’s economy, environmental
pollution, and energy consumption. Therefore, this study uses
the panel data on 30 provinces (autonomous regions and
municipalities) in China from 2008 to 2018 to study the
relationship between green finance, high-quality economy,
environmental pollution, and energy consumption. The model
is shown in Formula (1):

Yi =By + By LTt + By Xie + 1 + O + €. (1)

In this formula, Y; is the interpreted variable, which
indicates the high-quality economic development level,
environmental pollution status, and energy consumption of
the ith province in year t; LJ;; indicates the green finance level
of the ith province in the year t; X indicates the control
variables, including industrial structure, urbanization,
government intervention, technological progress, resident
income, and foreign direct investment; u, indicates the
individual fixed effect; §; represents the time fixed effect; and

& represents the error term.

2.2 Variable selection

2.2.1 Explained variable

At present, the measurement standard of high-quality
economic development in academic circles has not reached a
unified level. Considering portraying the high-quality economic
development concept as much as possible, the authors refer to the
research studies of Wei and Li (2018), Zeng et al. (2019), Zhao
et al. (2020), and Cheng and Xia (2021). Based on the five
dimensions of the five development concepts, namely,
innovation, coordination, green, openness, and sharing, the
authors use the entropy method to construct high-quality
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economic development indicators. The specific indicators are
shown in Supplementary Table SI.

The construction of high-quality economic indicators is, first,
about innovation. “Innovative” development focuses on the issue
of development power. Based on the three perspectives of
innovation input, innovation output, and innovation
contribution, the authors select variables to measure the
connotation of “innovation.” Second, it is about coordination.
“Coordinated”

development. Based on the three perspectives of regional

development focuses on imbalances in

coordination, urban-rural coordination, and structural
coordination, this study selects variables to measure the
connotation of “coordination.” Third, it is about green. The
“green” concept focuses on investigating the impact of
production activities on the natural environment. Based on
the three perspectives of environmental pollution, resource
consumption, and greening, this study selects variables to
measure the connotation of “green.” Fourth, it is about
openness. “Open” development focuses on internal and
external linkage. Based on the three perspectives of the open
environment, open degree, and open performance, the authors
select variables to measure the connotation of “openness.” Fifth,
it is about sharing. The concept of “sharing” focuses on the
distribution of social welfare and the quality of people’s life.
Based on the three perspectives of public service, people’s
livelihood quality, and people’s life, this study selects variables
to measure the connotation of “sharing.”

As for the environmental pollution indicators, three
secondary indicators, namely, carbon emission, PM2.5, and
industrial dust are selected, and the entropy method is used to
construct the total environmental pollution indicators. Among
them, the carbon emission index refers to the practice of Shan
et al. (2018), which calculates the carbon dioxide emission data
generated by the combustion of fossil fuels (raw coal, crude oil,
and natural gas) from top to bottom using the statistical data on
energy supply, and it also follows the emission accounting
method of the Intergovernmental Panel on Climate Change
(IPCC). The measurement method is the apparent emission
accounting method. For PM2.5 and industrial dust, the annual
average concentration of fine particles and industrial dust
emission is selected. As for energy consumption indicators,
the authors refer to the practices of most scholars and select
the logarithm of energy consumption in each region.

2.2.2 Core explanatory variable

In 2007, the State Environmental Protection Administration,
the People’s Bank of China, and the China Bank Regulatory
Commission jointly issued opinions on implementing
environmental protection policies and regulations to prevent
credit risks and formally issued the green credit policy. In
2008, the Industrial Bank officially announced the adoption of
the “Equator Principle,” which became the first Equator Bank in

China. Therefore, it can be considered that China’s green finance
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practice began in 2008. By referring to the existing literature and
the availability of data, we set the research scope as 2008-2018. In
addition, since the measurement variables of green finance have
not been unified yet, the entropy method was used to synthesize
the green finance indicator in this study. The specific indicator
selection and definition are shown in Supplementary Table S2.

Regarding the construction of green finance, referring to Gao
and Zhang (2021)and Zhou et al. (2021), we build indicators
from five aspects. First, it is about green credit. It is considered to
measure green credit with the variable of interest payment
proportions of high energy-consuming enterprises, among
which, the high energy-consuming industries include the
petroleum processing and coking industry, nuclear fuel
processing industry, chemical raw materials and chemical
product manufacturing industry, non-metallic mineral product
industry, ferrous metal smelting and rolling processing industry,
non-ferrous metal smelting and rolling processing industry, and
electricity and heat production and supply industry. Since the
latest data on enterprise interest payments are in 2018, data
collection ended in 2018. Second, it is about green securities. Due
to the availability of data, the variable of the market value of high
energy-consuming industries is selected to measure green
securities. Third, it is about green investment. The authors
plan to measure green investment with the variable of the
of
protection expenditure. Fourth, it is about green insurance.

proportion energy conservation and environmental

Environmental liability insurance is an important part of
liability
insurance was implemented in China in 2013, considering the

green insurance. However, since environmental
time range of the study, the authors select two variables, namely,
the proportion of the agricultural insurance scale and the
compensation ratio of agricultural insurance, to measure green
insurance. Fifth, it is about carbon finance. Referring to most
practices of existing research, carbon finance is measured by

carbon intensity variables.

2.2.3 Control variable

As for the selection of control variables in formula (1), this study
refers to the common practice of domestic scholars and selects six
intervention,
foreign direct investment, industrial
Among them, the
urbanization level indicator is characterized by the proportion of

variables: the urbanization level, government
technological ~progress,
structure, and resident income level.
the number of urban people in the total number of people,
government intervention is characterized by the proportion of
fiscal expenditure in the GDP, technological progress is
characterized by the logarithm of the number of patents applied
for authorization, foreign direct investment is characterized by the
logarithm of foreign direct investment in each province, the industrial
structure is characterized by the ratio of the second industry to the
total output value, and the resident income level is described by the
logarithm of the per capita disposable income of regional residents.

The specific control variables are shown in Table 1.
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TABLE 1 Control variable.

Variable name Symbol
Urbanization level CZH
Government intervention GY
Technological progress ]S
Foreign direct investment FDI
Industrial structure CYy
Resident income level SR

10.3389/fenvs.2022.1032586

Index connotation

Proportion of urban population to total population
Proportion of fiscal expenditure to GDP

Logarithm of the number of patents applied for authorization
Logarithm of foreign direct investment

Proportion of the secondary industry in the total output value

Logarithm of the per capita disposable income of residents

100
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80
70

60

G EV EN

B Mean Value

FIGURE 1
Descriptive statistical results.

3 Results
3.1 Descriptive statistics

For the variables involved in this study, the descriptive statistical
results are shown in Figure 1. According to Figure 1, it can be seen
that there is a big difference between the minimum and maximum
values of high-quality economy, environmental pollution, energy
consumption, and green finance. It can be inferred that the high-
quality economic development level, environmental pollution, energy
consumption, and the development level of green finance show an
there
significant differences between different provinces (autonomous

increasing trend over time, and are

regions and municipalities) (see Supplementary Table S3 for
detailed results).

Frontiers in Environmental Science

50

20

30

20

R | Il N
U CZH GY S FDI

B Maximum Value

05

cy SR

® Minimum Value

3.2 Analysis of spatial and temporal
evolution

Figure 2 shows the evolution of green finance in various
regions of China over time. Before green finance was clearly put
forward (2008 and 2012), the development level of green finance
in various regions of China was generally low, showing an
increasing trend from the central and eastern regions to the
southwest. Among them, Sichuan and Zhejiang provinces had
the fastest growth rate. After the clear proposal of green finance
(2015 and 2018), the development level of green finance in most
regions of China has significantly improved and the regions with
high development levels are still concentrated in the southwest.
In terms of regional difference, the development level of the
eastern region is the lowest and the most stable, while the

frontiersin.org
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Spatial and temporal evolution of green finance.
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Spatial and temporal evolution of high-quality economic development.
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development level of the western region is high but unstable. In
terms of time difference, before green finance was clearly
proposed, the overall development level of green finance in
China was low; after the proposal, the development level of
green finance in China has significantly improved.

Figure 3 shows the evolution of high-quality economic
development in various regions of China over time. At the
early stage of studying the sample (2008), China’s high-quality
economic development level was at a low level. In the middle
period of studying the sample (2015), the high-quality economic
development level of each region was still low, and only Anhui
and Hubei provinces were at a relatively high level of
development. At the end of studying the sample (2018), the
level of high-quality economic development across China
enhanced rapidly, showing the characteristics of being high in
the south and low in the north. Observing the time-space
evolution of a high-quality economy, it is found that there is
an obvious time difference which shows a trend of rapid
development after 2015.

Figure 4 shows the evolution of environmental pollution
in various regions of China over time. At the early stage of
studying the sample (2008), the environmental pollution level
in China was not high on the whole, but it showed obvious
regional differences. The pollution level in Southeast China
was relatively higher. In the middle period of studying the

10.3389/fenvs.2022.1032586

sample (2015), the environmental pollution level of various
regions in China improved, and the regions with relatively
high environmental pollution levels were concentrated in
Beijing, Tianjin, and Hebei provinces. At the end of
studying the sample (2018), the environmental pollution
level in some areas decreased significantly, especially in
and Hebei their
surrounding areas. On the whole, China’s environmental

Beijing, Tianjin, provinces and
pollution shows a development trend of increasing first
and then decreasing with time. Regionally, there is a
downward trend of diffusion from Beijing, Tianjin, and
Hebei provinces to their surrounding areas.

Figure 5 shows the evolution of energy consumption in
various regions of China over time. At the early stage of
studying the sample (2008), China’s energy consumption level
was relatively high, with a decreasing trend from the eastern
coastal areas to the inland. In the middle period of studying the
sample (2015), the energy consumption level of various regions
in China improved, especially in the southwest region. At the end
of studying the sample (2018), the energy consumption level in
most areas of China continued to increase, and the northeast and
coastal areas reached the same energy consumption level. On the
whole, China’s energy consumption is in a state of continuous
rise, and the concentration areas with high energy consumption
have spread from the eastern coastal areas to the inland.

China
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BV
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B 0.3 - 0.4
Il o.1-05

B o5 - 06
.o - 0.7
[ missing data

missing data

NineLine ¥ .

FIGURE 4
Spatial and temporal evolution of environmental pollution.
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Spatial and temporal evolution of energy consumption.

3.3 Analysis of benchmark regression
results

Green finance can promote high-quality economic
development, mitigate environmental pollution, and reduce
energy consumption (Figure 6). Among them, model (1) is
the panel regression model between green finance and high-
quality economic development. It is found that there is a
positive correlation between green finance and high-quality
economic development, that is, green finance can promote
high-quality economic development. Model (2) is the panel
regression model between green finance and environmental
pollution. The results show that green finance and
environmental pollution are significantly negatively
correlated, which indicates that green finance can improve
the ecological environment. The results of model (3) show
that green finance has a significant negative impact on energy
consumption, that is, green finance helps reduce energy
consumption.

The positive impact of green finance on economic quality,
environmental pollution, and energy consumption is
(Figure 7). to (1)
corresponding to graph (A) in Figure 7, it is found that

significant According model
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after control variables are added, there is still a significant
positive relationship between green finance and high-quality
economic development. The results in graph (B) correspond
to model (2). After controlling relevant variables, the
relationship between green finance and environmental
pollution is still negative, indicating that the improvement
effect of green finance on environmental pollution is
relatively significant. The results in graph (C) correspond
to model (3), and it is also found that green finance has a
significant negative impact on energy consumption. Among
the control variables, the urbanization level and technological
progress have a positive impact on high-quality economic
development, and there is a significant negative correlation
between government intervention and high-quality economic
development. Economic growth can be promoted by the
urbanization level through its impact on investment and
consumption (Zhu and Huang, 2016). Meanwhile, the
improvement in the urbanization level will promote
coordinated development through investment and
consumption so as to ultimately promote high-quality
economic The the
technological level will greatly promote the development of

the innovation level and ultimately fuel the high-quality

development. improvement in

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1032586

Li et al.

0.3

0.2

* %k %k

0.1

G

FIGURE 6

L

10.3389/fenvs.2022.1032586

EV EN

ok %k ok

EX T3

Benchmark regression results when control variables are not added (see Supplementary Table S4 for detailed results).

economic development level. The level of government
intervention should be in an appropriate range. Excessive
government intervention will affect the efficiency of resource
allocation and be detrimental to high-quality economic
development. The industrial structure has a significant
If the
industrial structure is adjusted and optimized, the energy
effect be thus
environmental  pollution. technological

negative impact on environmental pollution.

utilization will improved,
addition,

progress, government intervention, and resident income

reducing
In

have significant positive effects on energy consumption.

In 2021, the People’s Bank of China issued the Report on
the Development of Green Finance in China (2020), which
pointed out that new progress has been made in the
development of green finance, institutional arrangements
have been continuously improved, and the basic practice
has produced a marked effect. The vice president of the
People’s Bank of China said that China initially formed a
policy system and market environment to support the
development of green finance. In the new era, guiding
high-quality = economic development and reducing
environmental pollution and energy consumption are
tasks China’s

coordinated development. At the same time, we find

important for comprehensive  and

that green finance has a significantly positive impact on

high-quality = economic  development and  reduces

environmental  pollution and energy consumption,
indicating that we can promote China’s comprehensive
and coordinated development by boosting green finance

development.
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3.4 Heterogeneity analysis

In recent years, great importance has been attached to the
development of the green economy both at home and abroad.
China proposed to carry out the reform of the ecological
civilization system and encouraged financial institutions to
integrate green responsibility with the development of finance
as much as possible in the process of operation. However, the
development level of green finance in different regions of China is
quite different. After green finance is explicitly proposed, the
development of green finance in some regions is faster.
Therefore, it is inferred that the impact of green finance in
China on the economy, environment, and energy has spatial
and temporal heterogeneity.

First, it is about spatial heterogeneity analysis.
In the eastern region, green finance can significantly promote
high-quality economic development and reduce energy
consumption; in the central region, the improvement of
environmental pollution is very significant; in the western
region, its impact on high-quality economy, environmental
pollution, and energy consumption is not significant
(Figure 8). From this, it can be inferred that the industrial
structure in the eastern region has been optimized and
upgraded, the production cost of enterprises has been
relatively reduced, and the efficiency of technology research
and development has been improved. Therefore, capital,
manpower, and technology investment have gradually
produced a positive net effect, and the energy utilization

efficiency has significantly improved; thus, the environmental
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Impact of green finance on high-quality economic development, environmental pollution, and energy consumption after adding control

variables (see Supplementary Table S5 for detailed results).

pollution situation is effectively improved. Therefore, the
development of green finance does not play a significant role
in improving the environment in the eastern region. In the
central region, green finance can significantly mitigate
environmental pollution. But the impact of green finance on
high-quality economic development and energy consumption is
not significant. However, in the western region, green finance can
high-quality
development and reduce energy consumption nor significantly

neither  significantly ~ promote economic
mitigate environmental pollution. It can be inferred from this
result that, on one hand, compared with the eastern and central
regions, the western region has uneven resource distribution, a
relatively backward technological level, a relatively deteriorated
industrial structure, and a large demand for energy. Therefore,
the development of green finance, on the contrary, presents a
trend of inhibiting the coordinated development and opening
level of the western region, and ultimately shows a negative
correlation with the high quality of the economy. The negative
impact of green finance on energy consumption is not significant.
On the other hand, the base number of carbon emissions,
PM2.5 concentration, and industrial dust emissions in the
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western region is lower than that in the eastern and central
regions, that is, the environmental pollution situation in the
western region is better than that in the other two regions. The
impact of green finance on the environment cannot be fully
demonstrated, so the impact of green finance on the environment
is not significant.

Second, it is about temporal heterogeneity.

After the clear proposal of green finance, the role of green
finance in promoting a high-quality economy has increased, and
the role of green finance in improving environmental pollution
and energy consumption has decreased (Figure 8). Before green
finance was clearly proposed, the impact of green finance on
economic quality and environmental pollution was not
significant, and the impact on energy consumption was very
significant. After green finance is put forward, its impact on the
high-quality economy, environmental pollution, and energy
consumption has become insignificant. The coefficient value
of the high-quality economy has significantly increased, and
the absolute value of the coefficient of environmental
pollution and energy consumption has decreased.
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Impact of green finance on the spatial and temporal heterogeneity of high-quality economic development, environmental pollution, and
energy consumption, and the impact on different regions of China and the impact of green finance before and after its proposition. Considering the
differences in the economic level and resource allocation among eastern, central, and western regions of China, as well as the differences between
different provinces and cities in the descriptive statistical results, the sample size is divided into three groups: the eastern, central, and western
regions for regression again. The regression results show that the impact of green finance on the economy, environment, and energy is
heterogeneous in the eastern, central, and western regions (see Supplementary Table S6 for detailed results). Green finance was clearly proposed for
the first time in 2015. Therefore, the sample size was divided into two stages, 2008—-2014 and 2015-2018, for research (see Supplementary Table S7
for detailed results).
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FIGURE 9
Stability test of green finance's impacts on high-quality economic development, environmental pollution, and energy consumption (see
Supplementary Table S8 for detailed results). *, **, and *** mean significance at the significance level of 10%, 5%, and 1%, respectively.
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3.5 Robustness test

Green finance has a relatively robust impact on high-
quality economic development, environmental pollution,
and energy consumption, indicating that the research
results of this study are relatively reliable (Figure 9). This
study adopts the method of changing the model to test the
robustness. The maximum likelihood estimation method is
selected to test the impact relationship between green finance,
high-quality =~ economic  development, environmental
pollution, and energy consumption. By observing the
results in Figure 9, it is found that green finance has a
significant impact on the economy, environment, and

energy, all the
significance level at 5%.

and coefficient values have passed

4 Discussion

Understanding the impact of green finance on the
economy, environment, and energy is crucial to sustainable
development in the future and can help us cope with the
financing challenges brought by climate change (Shunsuke
et al., 2022). The authors have built high-quality economic
development indicators from the five dimensions, namely,
innovation, coordination, green, openness, and sharing, and
have measured the development level of green finance based
on the indicators of green credit, green securities, green
investment, green insurance, and carbon finance. A
relatively comprehensive evaluation method has been
adopted to examine the impact of green finance on the
economy, environment, and energy, which is conducive to
promoting the development of green finance in many aspects
and systematically promotes sustainable development, and
we try to provide better practical solutions.

It is found that green finance has a significant positive effect on
high-quality economic development, environmental pollution, and
energy consumption (Figure 6 and Figure 7). Therefore, promoting
the sustainable development of green finance, to a certain extent, is
promoting high-quality economic development and reducing
environmental pollution and energy consumption, which is fully
consistent with the green low-carbon concept and the strategy of
“carbon peak emissions and carbon neutrality” that we advocate.
When the green growth strategy is applied in reality, it can not only
reflect the economic achievements but can also affect the ecosystem
(Onil et al., 2020). In particular, in the global context of vigorously
developing digital technology, it can promote financial reform and
the development of green fund project financing, and solve some
technological problems in environmental resources (Karsten and
Marian, 2021).

This study proposes that the positive effects of green finance
economic environmental

on high-quality development,

pollution, and energy consumption have spatial and temporal
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heterogeneity, and the development strategy of green finance
should be better formulated, according to the characteristics of
space-time differences. In the eastern region, the positive effect
on high-quality economic development and energy consumption
is significant; in the central region, the positive effect on
environmental pollution is significant; but in the western
region, the effect on high-quality economic development,
environmental pollution, and energy consumption is
insignificant and even shows a negative effect on high-quality
economic development. The huge regional differences explain
the complexity of the development of green finance in different
regions, which cannot be explained simply based on the law that
the development of the financial industry decreases from east to
west. From the perspective of promoting high-quality economic
development, green finance is currently more suitable to be
developed in the eastern region to give full play to its positive
role. However, the financial foundation and resource endowment
of the central and western regions are not as good as those of the
eastern region. In particular, the massive loss of human capital is
not conducive to the development of green finance in the central
and western regions, and it is also difficult to promote high-
quality economic development. Based on the situation of
environmental pollution, green finance has more development
edges in the central region. On one hand, the eastern region has a
large population and a high degree of urbanization, which has a
large intensity of environmental pollution. On the other hand,
industrial development in the western region is slow, and the
environmental damage rate and the environmental pollution
intensity are also low. In general, the environmental pollution
intensity in the central region can play a positive role in green
finance. In addition, improving energy consumption is similar to
but different
development. The similar thing is the restriction of resource

from promoting high-quality economic
endowment, which makes energy consumption in the central and
western regions unable to be significantly improved through
green finance. The difference is that the adjustment and transfer
of the industrial structure enable the eastern region to
significantly reduce energy consumption while developing
green finance. Before green finance was clearly proposed, its
positive impact on energy consumption was very significant; after
the introduction of green finance, its boosting effect on the high-
quality economy has increased, but its positive impact on
environmental pollution and energy consumption has
decreased. It can be seen that the positive impact of green

finance on the high-quality economy is persistent.

5 Conclusion and policy implications

This study uses the annual data on 30 provinces and cities in
China from 2008 to 2018 to test the impact and heterogeneity of
green finance

on high-quality economic development,

environmental pollution, and energy consumption through
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the panel regression model and have passed the robustness test.
Through empirical analysis, the following conclusions are
drawn: (1) green finance can significantly promote high-
environmental
this
conclusion is stable. (2) The impact of green finance on the

quality economic development, mitigate

pollution, and reduce energy consumption, and
economic high-quality level, environmental pollution, and
energy consumption in different regions and at different
times is heterogeneous. In the eastern region, green finance
has a significant impact on high-quality economic development
and energy consumption but not on environmental pollution;
in the central region, green finance has a significant effect on
improving environmental pollution; however, in the western
region, green finance can neither significantly promote high-
quality economic development nor significantly reduce
environmental pollution and energy consumption. After the
clear proposal of green finance, the role of green finance in
promoting a high-quality economy has increased, and its
positive impact on reducing environmental pollution and
energy consumption has decreased. This study proposes that
green finance has a systematic impact and spatial and temporal
heterogeneity on high-quality economic development,
environmental pollution, and energy consumption, which
reflects the problems in the development of green finance in
most countries and provides development ideas to solve the
problems.

Based on the research conclusions, we make the following

policy implications:

1) Under the policy background of promoting high-quality
economic development and energy conservation and
emission reduction, the local government can appropriately
develop green finance on the basis of considering the
allocation of resources of all parties and continue to
improve the market system and legal system of green finance.

2) On one hand, we should continue to encourage the
innovation of green financial products including the
innovation of green products by enterprises and the
innovation of financial products and financial services

the

improvement of economic quality. On the other hand,

by financial institutions so as to promote
we should build and improve the green governance
system, focus on solving the pain points and difficulties
in environmental development, improve the ecological
environment, and promote sustainable development. In
addition, we should enhance the synergy among the
participants of green finance, pay attention to the
inclusive effect of green achievements, publicize the
green life concept to the masses, guide the change of a
green way of life, and reduce energy consumption.

3) The long-term boosting effect of green finance on
economic quality should be maximized. The western
region should pay attention to the optimization and
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adjustment of the industrial structure and strive to
solve the problems of uncoordinated development in all
aspects. As most of the western regions are provinces rich
in energy, they are highly dependent on energy. Therefore,
we should devote ourselves to technological innovation
the
protection projects in order to change the current

and implementation of green environmental
energy consumption structure and improve the energy
utilization efficiency. The central region should continue
to learn from the eastern regions’ advanced green
governance methods, promote high-quality economic
development through green governance, and promote
the of the

environment, and energy. The eastern region should

coordinated development economy,
make the best use of its own talent and resource
advantages, strive to highlight its optimal value through
green innovation, and promote high-quality economic
achievements to be shared by more people.
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