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Carbon peaking and carbon neutralization have become catalysts for the development of
green finance in China. The possible risks of climate change are also being considered by
an increasing number of financial institutions. Environmental pollution and deterioration
have become the main drivers of China’s unbalanced and insufficient development in the
new era. As a new financial model, green finance has attracted much attention from people
and the society. Promoting and integrating this concept into economic transformation and
ecological civilization strategies can guarantee China’s high-quality green development
through economic ecology. This paper analyzes the relationship between the development
of green finance and the development of economic ecology. The research conclusion is of
great significance to speed up the construction of ecological civilization in China. Firstly,
this paper analyses the spatial correlation between green finance and economic ecological
development in China using the Moran’s index. Secondly, this paper constructs a spatial
econometric model and performs a regression empirical analysis using the panel data of 30
provinces in China from 1999 to 2020 to understand the impact of green finance on
China’s ecological development. Results show that green finance demonstrates strong
spatial agglomeration and that the development of economic ecology maintains a stable
spatial positive correlation. Moreover, the spatial difference in economic ecological
development is more obvious than that in green finance development. The
development of green finance not only has a significantly positive role in promoting the
economic and ecological development of a certain province but also promotes the
development of economic ecology in the surrounding provinces. The development of
economic ecology itself generates a positive spatial spillover effect, that is, improving the
economic ecological level of a province will also improve the corresponding level of the
surrounding provinces.

Keywords: green finance, economic ecology, sustainable development, spatial effect, spatial econometric model

INTRODUCTION

Given that the construction of ecological civilization is fundamental in ensuring its sustainable
development, China should continuously adhere to the strategic requirement of green development.
Solving the tension between ecological environment and economic development is not only a
common problem facing the world today, but also a severe challenge that China’s economy must deal
with in the new era. China’s systematic project of ‘carbon peak and carbon neutralization, which
involves a large number of stock asset transformation and incremental asset investment, aims to
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reshape the country’s energy and industrial structures. Whilst
China’s dependence on energy input for its economic growth has
decreased, its energy consumption remains in the deceleration
growth stage of ‘total increase and growth decrease’. Since the
reform and opening up, China has witnessed a rapid economic
development. However, such growth is accompanied by several
problems, including an excessive consumption of resources and a
deteriorating natural environment, which are continuously
growing severe. Pressures related to environmental protection
threaten the driving force of China’s economic development and
severely weakens its sustainability. Such threat also tends to bring
irreparable harm to the lives and health of Chinese people. The
persistence of air pollution and the sudden COVID-19 outbreak
reflect the serious imbalance between man and nature. Therefore,
realizing high-quality economic development through economic
ecology is a fundamental way for China to achieve a harmonious
development between man and nature.

As the blood and core of modern economy, finance is endowed
with a ‘green’ mission. China’s green finance has made strides in
improving the country’s legal and policy environment, scale and
volume and the construction of its market institutions. Green
finance is a huge engine of economic transformation and an
inevitable choice for the development of ecological economy.
Such practice, as represented by green credit, has been in the
global forefront. China has become the first country in the world
to promote the construction of a ‘green financial system’ by the
government ‘from top to bottom’. The report of the 19th National
Congress of the Communist Party of China identified green finance
as an important direction of China’s financial reform. Accordingly,
scholars at home and abroad have focused on how to guide the flow
of funds, optimize the allocation of resources, improve
environmental governance and promote the ecological
development of an economy through green finance. China also
faces three problems that need urgent solution: 1) how to integrate
the green concept into the financial industry, 2) how to improve the
scale and efficiency of green finance and 3) how to obtain better
prospects for the ecological development of China’s economy. Green
finance can promote industrial upgrades and accelerate the
transformation of economic development from traditional
resource consumption growth to environment-friendly growth
guided by technological innovation. Green finance can also guide
the investment of social funds in green projects consistent with the
maximization of social welfare and cultivation of new economic
growth points. Improving green finance is critical to optimizing and
upgrading China’s industrial structure and promoting the ecological
development of its economy. The main task of the Chinese
government is to establish a green financial environment, explore
and support green financial institutions, and strengthen the green
financial market.

However, research on green finance at home and abroad
remains in its infancy. Despite the continuous development of
green finance and economic ecology, relevant studies have mostly
focused on the qualitative aspect of these topics, and empirical
studies are relatively scarce. Moreover, previous studies have
explained the role of green finance in promoting economic
ecological development only through qualitative analysis.
Empirical research is critical to improving our understanding
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of how green finance influences economic ecology. Therefore, this
paper has important research value in both theory and reality.
This paper performs a quantitative evaluation based on the
connotations of green finance and economic ecology and takes
spatial factors into consideration to systematically analyse and
elaborate the mechanism behind the impact of green finance on
economic ecology. The results of this work offer theoretical
significance by providing novel ideas related to green finance
and sustainable economic development. Using China’s provincial
panel data, this paper empirically analyses the spatial and
spillover effects of green finance on economic ecological
development. The findings can help China leverage the
supporting role of green finance in transforming its economic
development model and have practical significance for the
current development of green finance in China.

LITERATURE REVIEW

Review of Green Finance Research

Since its introduction in the 1980s, green finance theory has
attracted the attention of scholars at home and abroad, who
define such concept as a bridge that connects the financial
industry to the environmental protection industry (Scholtens
and Dam, 2006). Green finance promotes the protection of
environmental resources and the coordinated development of
economy through the operation of financial business in order to
realize a sustainable development of the financial industry (Robyn
et al., 2018). Green finance is a complete system with multiple
institutions and links (Beck et al., 2016). This concept acts as a
financial lever that achieves environmental protection goals by
supporting specific industries (Taghizadeh-Hesary and Yoshino,
2019). Salazar (1998) compared the operation modes of
traditional finance and green finance and found that the latter
connects the financial and environmental industries, guides the
investment of funds in the environmental industry, and promotes
the sustainable development of an economy. Green finance aims
to integrate green economy and traditional finance and invests
the funds gathered from the financial market in the
environmental protection industry (Carolyn, 2017). This
market-based financial instrument transfers environmental
risks and promotes the improvement of environmental quality
(Megan and Stephen. 2019). Apart from coordinating the
development  between the financial industry and
environmental protection economy (Jeucken, 2006), green
finance also reduces the emission of environmental pollutants,
improves resource utilization efficiency, mitigates climate change
and supports investment and financing activities for human
sustainable development (Leonidas et al., 2019). Green finance
requires the financial industry to carry out their financial business
based on the principles of environmental protection and
sustainable development in order to realize a coordinated
development of resources, environment, economy and society
(Ma, 2015). This instrument provides financial support for
environmental protection (Lan, 2016) and promotes the
development of the economy, society and environment
through a rational allocation of resources (Liu and Peng, 2019).
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Green finance invests funds in low-energy-consumption and
energy-saving sectors (Pasquale et al., 2018). This instrument also
curbs the development of high-energy-consumption and high-
pollution enterprises, stimulates the transformation of enterprise
development mode and establishes a solid micro foundation for
rapidly promoting economic ecological development (Sachs et al.,
2019). By building an incentive mechanism for the green finance
development, the government contributes to the sustainable
development of the environment and economy (Bergset,
2015). Green finance can positively promote sustainable
economic and social development (Gilbert and Zhao, 2017)
and effectively promote China’s shift from a traditional mode
of production to a new mode with low energy consumption, low
pollution and high output (Yan, 2021). Improving green
development level is conducive to the sustainable development
of the financial industry (Liu and Liu, 2020). Green finance not
only promotes the formation of an efficient industrial model and
an environmentally friendly energy structure but also broadens
enterprise financing channels and promotes sustainable
economic development to a greater extent (Wang, 2019). This
instrument not only promotes the development of energy
conservation and environmental protection technologies, the
adjustment of energy structures and the energy conservation
and emission reduction of enterprises but also plays an
important role in transforming China’s economic structure
(Zhang, 2018). Financial institutions engaged in green finance
business not only meet the capital needs of environmental
protection projects and ecological civilization construction but
also reduce their own operational risks in policy regulation and
achieve sustainable development (Yu, 2020). A new approach to
investing money is green investments. Green investments are part
of the green economy that contributes to the sustainable
development concept. Nowadays, many banks in Europe, as
well as many financial institutions in general, have realized the
need to change their business activities, and must pay attention to
“how to invest” (Djukic et al., 2021).

The development level of green finance is primarily measured
based on green financial instruments, environmental
improvement and the attention of local governments to such
development. Evaluating green finance from a macro perspective
and examining a country’s green finance and environmental
protection levels as a system are critical (OECD, 2007). By
performing a questionnaire survey and staking the
environmental protection attitude of the banking industry as
the starting point, this study builds a 5D green finance evaluation
index system and concludes that green finance will be an
inevitable path for banks to achieve sustainable development
(Jeucken, 2001). By measuring green finance at home and abroad,
this paper analyses the changes in China’s green finance
development level from 2010 to 2012 (Zeng et al., 2014) and
measures the development of green finance based on the
government’s  environmental  protection  expenditures,
proportion of loans from financial institutions and amount of
financing invested by listed companies in energy conservation
and environmental protection. This paper also empirically
analyses how economic growth affects green finance in China
from a broad and narrow perspective (Qiu, 2017). The
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development of national green credit, green stocks, green
bonds, green investment and green GDP is measured based on
financial indicators of environmental protection
companies, and the development level and efficiency of
national, inter-provincial and regional green finance are
subsequently analyzed (Zhang et al, 2018). By using a green
financial development index system built based on China’s high-
speed and new normal economic development stages, this paper
reveals a high green development level in Central China and
suggests that the entire country should learn from the green
financial development policy of this region (Zhou and Tian,
2019).

various

Review of Economic Ecology Research
Economic ecology is a relatively new research direction, and
research on the theory of economic ecology at home and abroad
remains at its infancy (Managi et al, 2021). An economic
development model focused on economic growth will lead to
resource depletion, environmental degradation and eventually
economic recession, and such problem can only be addressed
through a harmonious and sustainable human, economy and
environment development (Lester, 2003). Economic ecology
originates from the strong demand for a harmonious economy
and environment development. The ecological development of an
economy follows the laws of economy and nature, coordinates the
development among industries, regions, investment and
consumption, synchronizes economic growth rate and quality
and pursues a rational, resource-saving and environment-
friendly economic progress (Xie and Cao, 2010). Economic
ecology aims to develop the economy following the concept of
ecology and improves the sustainability of economic
development (Yuan, 2019). Economic ecology is also the only
way for humans to construct an ecological civilization. People
must regulate and control their natural ecosystem under the
objective laws of the ecosystem and ecological process. Unlike
ecological economy, economic ecology abandons the mechanistic
theory centred on the logic of economize. This concept, which
carries many philosophical implications, aims to integrate the
development of economic laws on the premise of respecting
ecological laws (Cao, 2013). Ecological economic development
is an essential requirement for integrating ecological civilization
construction into economic construction (Chen et al., 2015).
Economic ecology aims to develop the economy whilst
protecting the environment on which humans depend, which
would require promoting environmental protection awareness
and improving environmental protection measures throughout
the economic development process (Zhou, 2017). If such process
violates ecological laws and destroys the ecosystem, then
economic ecology cannot meet the needs of human sustainable
development (Zhang, 2020).

Economic ecology theory has only experienced more than
10 years of evolution starting from its proposal to its empirical
analysis in China’s context (Wang et al., 2019). Related studies
have mostly measured the development level of economic ecology
from the aspects of environmental protection, energy utilization,
economic development, economic structure and scientific and
technological innovation (Chami et al., 2002). On the basis of the
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balanced relationship between regional ecological efficiency
growth and environmental protection investment, this study
constructs a regional ecological economic evaluation model
and assumes that regional ecological efficiency can be used as
an index to measure the degree of coordination between
economic development and environmental protection (Guo
and Guo, 2006). This study uses a regional ecological and
economic comprehensive evaluation index, ecological
footprint, ecological efficiency, Energy analysis and model
analysis to evaluate the ecological development of a regional
economy (Liu, 2009). This study also discusses the construction
of an economic ecological system. According to the dynamic and
regional characteristics of ecological civilization, this paper
studies and constructs an index system comprising the four
dimensions of growth mode, industrial structure, consumption
mode and ecological governance and uses the efficacy function
method to evaluate the effect of the ecological civilization
construction in Jiangsu Province from 2000 to 2007 (Gao and
Huang, 2010). By taking 31 provinces in China as research
objects, this study constructs an ecological civilization
evaluation index system comprising the four dimensions of
optimal land and space layout, resource and energy
conservation and intensive utilization, ecological environment
protection and ecological civilization system construction and
then calculates the ecological civilization development index of
each province. Afterwards, this study adopts the spatial auto-
correlation method to analyse the spatial distribution and
evolution pattern of the development level of ecological
civilization in China (Cheng et al, 2015). This study also
builds a multi-index framework system for studying China’s
economic ecological development from five aspects, namely,
industry, park, technological innovation, county and private.
Four statistical methods are employed for the quantitative
measurement and analysis to test the differences and
multidimensional nature of economic ecological development
from various perspectives (Chen et al., 2015). This study also
builds an ecological civilization evaluation index system that
includes the six dimensions of economic ecology, space
greening, ecological capitalization, resource intensification,
environmental health and people’s well-being. The Lagrange
function optimization comprehensive weight method is
adopted to measure the construction level of ecological
civilization in 26 provinces of China from 2013 to 2017 and to
identify its driving factors (Wu, 2019). The government needs to
implement certain regulations while expanding trade to minimize
the negative effect of non-renewable energy consumption and
should also put certain limitations on population moving from
rural to urban destinations (Han et al., 2022).

Review of the Relationship Between Green

Finance and Economic Ecology

Economic development brings environmental problems, as well
as the pressure of economic green transformation, and finally
gives birth to green finance. Researchers generally believe that
green finance is an important means to promote the ecological
development of an economy (Zheng, 2020). Green finance is the
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product of green economy development in a certain period that
can also promote the sustainable development of an economy by
accelerating the upgrading of its industrial structure and the
transformation of its economic structure (Deng, 2008). Green
finance invests social resources into environment-friendly and
environmental protection industries through financial
instruments and financial power. This concept also promotes
the development and growth of green industries, thereby
changing the economic development mode to something
sustainable and ecological. The ecological development of a
regional economy is the goal, and green finance is the means.
The essence of green finance lies in policy guidance, which
promotes the investment of social resources into green
industries that protect the ecological environment and
promote the ecological development of regional economies
(Zhang, 2000). This research starts from the macro and micro
aspects, takes green finance as an independent variable and
economic development as a dependent variable, performs a
regression analysis and concludes that green finance can
promote sustained economic growth (Lin, 2011). Green
finance also promotes the sustainable development of regional
economies, and those environmental protection industries with
close ties to green finance generally have good profitability and
development (Li and Xia, 2014). The objective is to induce the
private participation in green finance and investment and paper
contributes to literature by proposing two applied frameworks,
backed by theoretical models on green finance and investment
based on projects size (Taghizadeh-Hesary and Yoshino, 2019).
With profit-making as its fundamental purpose, a financial
market promotes a continuous expansion of the green
industry and generates stable economic benefits (Chen, 2020).
Green finance is considered a financing method for promoting
sustainable economic development, that is, the funds gathered in
financial markets are invested in green sectors to shift the current
economic development mode to an environment-friendly type
(Gong, 2018). Based on SRI theory, study investigates the
relationship between green banking practices and their direct
and indirect impact on environmental performance (Rehman
et al,, 2021). Therefore, the scale of green economy formed by
promoting the ecological development of a regional economy is a
necessary guarantee for the development of green finance (Liu
and Peng, 2019). The result demonstrate an inverted U-shaped
relationship of the determinants of the financial system and
environmental quality (Zeeshan and Afridi, 2021).

Review of Existing Research

Previous studies have often adopted ordinary panel regression
analysis to investigate the impact of green finance on economic
ecological development. However, these studies have ignored
spatial geographical factors. In real societies, regions and
provinces do not exist independently, and the economic
factors among provinces are more or less related due to the
influence of geographical location. Therefore, spatial factors
cannot be ignored when studying real economic problems. By
constructing a spatial econometric model, this paper considers
spatial factors in empirically examining the impact of green
finance on economic ecological development. The innovation
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of this paper lies in its use of an evaluation index system of green
finance development and economic ecologicalisation to
empirically explore the spatial effect of green finance
development. The economic ecologicalisation development
index is taken as the explanatory variable, whereas the green
finance development index is taken as the explanatory variable.
The spatial spillover effect of green finance and economic
ecologicalisation is fully considered by adding spatial factors.
This paper not only analyses the impact of green finance
development in a certain province on ecological development
of the same province’s economy but also studies how the green
finance development level of surrounding provinces affects the
ecological development of a province’s economy. This paper also
presents a comprehensive measurement of the spatial spillover
effect and has strong guiding significance for policy adjustment.

RESEARCH FRAMEWORK AND METHODS

Mechanism of Green Finance Affecting the

Ecological Development of an Economy

This paper organically combines economic ecology with green
finance. Using provincial data, this paper takes green finance as
the explanatory variable and economic ecology as the explanatory
variable to analyze the effect of Green Finance on the
development of economic ecology. Thus, this paper discusses
the strong support of green finance for economic development.
Green finance plays a remarkable role in promoting a low-carbon
lifestyle, which can improve top-level designs, strengthen
information disclosure and innovate financial products.
Therefore, the government should strengthen the incentive
and restraint mechanisms of green finance. Penalties should be
clearly defined for behaviors and market players that violate the
principle of green and low carbon, and the cost of violating related
laws and regulations should be increased by restricting market
access and financing and implementing other restraint means and
disciplinary measures. Green finance mainly affects financial
institutions through the support of government policies and
the investment willingness of the public. After obtaining
funds, financial institutions promote green projects and green
production through capital support, capital allocation, risk
dispersion and enterprise supervision, thereby promoting the
ecological development of economy. The core of ecological
development lies in the development of the green industry.
Financial institutions evaluate enterprises with limited fields
and production forms. These institutions guide the flow of
social capital into high-quality environmental protection
enterprises and provide financial support for green industries.
Green finance can improve the environmental friendliness of
enterprise production, increase the output of green industries and
promote the ecological development of an economy. Capital
allocation is the core function of finance. Green finance can
transfer enterprises with high pollution, high consumption and
overcapacity of financial resources to efficient production
enterprises with low pollution and consumption. The financial
market optimizes capital allocation through green finance, which
can encourage enterprises to use more funds to develop new

Green Finance on Ecological Development

technologies and products. In this way, green finance achieves the
goals of energy saving, emission reduction and clean production.

The key to ecological development lies in the green technology
innovation. Technological innovation is often characterized by
high risks and returns. Green finance gathers social capital to be
invested in green technology R&D. Investors with relevant rights
and interests reap huge profits from successful R&Ds with
enterprises and endure the risks associated with R&D failure.
Therefore, enterprises are confident in carrying out green
technology R&D. After securing the necessary financing, given
the information asymmetry between two parties, an enterprise
may demonstrate slacking behaviour, which would result in the
loss of investment funds. At this time, financial institutions need
to supervise the financing enterprises in real time, and enterprises
are required to give information feedback to financial institutions
in a timely manner. Banking plays a dominant role in China’s
financial market, whereas green credit is the main form of green
finance. As the creditor, the bank can track and detect the capital
flow of an enterprise and understand its internal management
and product operation procedures. Therefore, the business
behaviors of banks need to be standardized, and enterprises
should be supervised when carrying out environment-friendly
production using the obtained funds.

Taken together, the mechanism behind the effect of green
finance on economic ecologicalisation can be summarized as
follows. The financial support focuses on the provision of green
industry funds. Capital allocation focuses on improving capital
utilization efficiency. Risk dispersion focuses on solving the R&D
challenges faced by enterprises. Supervision focuses on
facilitating the green management of enterprises and pursuing
ecological development.

Model Building

This paper mainly discusses the influence of green finance on the
ecological development of an economy. The basic model can be
expressed as

EEit = ﬁO + ﬁlGFit + yXit + &t (1)

where EE;; is the economic ecological development level of
province i in year t, where i = 1, 2, 3 ., 30, GF; is the
development level of green finance in province i in year t and
X is another control variable that affects the level of economic
ecologicalisation. The control variables involved in this research
mainly include pollution emission degree, energy use efficiency,
proportion of tertiary industry, urbanization rate, proportion of
coal consumption and level of science and technology. ;, denotes
the error term.

Regions in an economic ecology demonstrate a spatial
dependence. Green finance and the related control variables
also show a spatial correlation effect on the ecological
development of interrelation economy. All these variables may
have a spatial spillover effect on the surrounding areas. Given that
the spatial spillover benefits of economies have complex impact
paths, merely adding control variables cannot sufficiently account
for all spatial spillover effects. Therefore, this study needs to
consider the spatial factors based on formula (1) and adopt the
panel spatial econometric model for the empirical analysis. This
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study further introduces the spatial lag term of the explained
variable, explanatory variable and error term to control these
spatial interaction effects. The basic form of the spatial
measurement model is presented as follows:

{ Yi=y +y,+pWY, +aX;, + fW; X, + & )

g = AW + vy

where Y, is the explained variable, which is the economic
ecological development level of province i in year t, X;; is the
explanatory variable, which includes 7 variables denoting the
green finance development level of province i in year t and 6
control variables, ; is the individual effect, y; is the time effect, p
and A are the coefficients of the spatial lag term, 3 is the spatial
interaction term coefficient, W3 is the spatial weight matrix and &;
and v;, are the error terms.

From the perspective of externality, the spatial econometric
model considers spatial correlations to highlight the impact of
factors in one region on other regions. Various spatial
econometric ~ models  describe  different  transmission
mechanisms and represent different economic meanings.
Three spatial econometric models are used in this study,
namely, the panel spatial auto-regressive model (SAR), which
only contains the spatial auto-correlation of the explained
variables, the spatial Doberman model (SDM), which adds the
spatial auto-correlation term of explanatory variables based on
the model, and the spatial error model (SEM), which only
contains the spatial auto-correlation term of the error term.
The SAR model assumes that the economic ecological level of
one region affects the economic ecological development of other
regions through spatial interaction (A = 0,&;; = v;,p#0,p = 0). The
SDM model assumes that the economic ecological development
of a region is affected not only by local explanatory variables but
also by the economic ecological level and explanatory variables of
other regions (A = 0,&; = ;,p#0,#0). The SEM model assumes
that the spatial effect is mainly transmitted through the error term
and that the spatial spillover effect is the result of random impact
(A#0,&; = AW, ;&;+7;,). These three spatial econometric models are
formulated as follows:

SARmodel : Y =y, +y, + pW: Y + aX;, + vy (3)
SDM model : Y =y, + y, + pW:Y, + aX;, + fW: Xis +vie  (4)
SEMmodel : Yy =y, +y, + aX;, + vy (5)

Description of Variables

Explained Variable: Economic Ecological
Development Index

The evaluation index system of economic ecology is constructed
from the five dimensions of environmental health, resource
conservation, economic development, structural optimization
and scientific and technological progress. Environmental
health is measured by three indicators, namely, pollution
discharge, pollution control and environmental optimization,
whereas resource conservation is measured based on energy,
water and land resources. The transformation of the economic
structure due to the short-term shift of economic development to
an ecological direction leads to an economic downturn. Economic

Green Finance on Ecological Development

development is mainly reflected in the two aspects of economic
growth and people’s life. Structural optimization mainly
considers three levels, namely, industrial structure, urban-rural
structure and energy structure. The progress of science and
technology inevitably improves both resource utilization
efficiency and production efficiency and can reduce the
utilization of resources and pollution emissions and promote
the development of economic ecology. Scientific and
technological progress is quantified through scientific and
technological R&D and technology use. The entropy method
is used to calculate the economic ecological development index of
30 provinces, municipalities and autonomous regions (excluding
Tibet, Hong Kong, Macao and Taiwan) in China from 1999
to 2020.

Explanatory Variable: Green Financial Development
Index

Given that China’s green finance is still in a period of growth,
various green finance works are still in the experimental stage,
and some related data, apart from being difficult to obtain, have
limited systematization and coherence. Fortunately, the selected
indicators in this study are currently available. This study
constructs a green finance development evaluation index
system to evaluate the development level of green finance
from the four dimensions of green credit, green investment,
green insurance and government support. The ratio of interest
expenditure of high-energy-consuming industries to the interest
expenditure of industrial industries can indirectly express the
loan scale proportion of high-energy-consuming industries,
which is the performance of green credit reverse control of the
development of high pollution and high consumption industries.
Green investment is measured by the proportion of
environmental pollution control investments in GDP and can
directly reflect the development scale of green environmental
protection industry and the importance of the entire society to the
development of the green industry. The green insurance index is
expressed as the ratio of agricultural insurance income to total
agricultural output value. Given that agriculture is greatly affected
by changes in the natural environment, this industry can clearly
reflect the development of green insurance. Government support
is reflected by the proportion of fiscal environmental protection
expenditure in the general budget expenditure. Government
support for environmental protection plays an important role
in promoting the establishment of environmental protection
enterprises, reducing environmental pollution emissions and
improving the environmental awareness of the whole society.

Control Variables

The control variables selected in the study cover six aspects,
namely, pollution emission degree, energy use efficiency,
industrial structure, urbanization level, energy structure and
scientific and technological level. The degree of pollution
emission is computed as industrial sulphur dioxide emissions
divided by actual GDP. Energy efficiency is computed as real
GDP divided by total energy consumption. Industrial structure is
computed as added value of the tertiary industry divided by GDP.
Urbanization level is computed as urban population divided by
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total population at the end of the year. Energy structure is
computed as coal consumption divided by total energy
consumption. Scientific and technological level is computed as
turnover of technology contracts divided by GDP.

Data Sources

A panel data of 30 provinces in China from 1999 to 2020 are used
as the sample. These data are mainly collected from the China
Statistical Yearbooks for years 2000-2021, the statistical yearbook
of various provinces, the China Environmental Statistical
Yearbook, the China Insurance Yearbook, the China Energy
Statistical Yearbook and the China Science and Technology
Statistical Yearbook. The missing data are calculated using the
5-year average method.

EMPIRICAL RESULTS AND ANALYSIS

Spatial Correlation and Heterogeneity of
Green Finance and Ecological Economic

Development in China’s Provinces

The development level of green finance in China demonstrates
some regional characteristics. Provinces in the same region
show similar development trends, and provinces from
different regions show differences in their green finance
development level. As a financial model, green finance
development depends on the real economy and traditional
finance. The business promotion and operation of green
finance depend on geographical factors. The development of
green finance has strong spatial agglomeration and
heterogeneity. Ecological economic development aims to
emphasize a coordinated development of the economy and
environment. Given that the economy and environment are
closely related to geographical conditions, the development of
economic ecology also shows obvious spatial characteristics.
This study then analyses the spatial correlation between green
finance and economic ecological development across 30
provinces in China. This procedure serves as an important
basis for the subsequent spatial econometric analysis.

This study uses spatial auto-correlation index (Moran’s index)
to measure the overall correlation between green finance and
economic ecological development. The global Moran’s index
ranges between -1 and 1, with an index greater than 0
indicating a positive correlation among the observed values. A
larger Moran’s index corresponds to a stronger spatial positive
correlation and a greater intensity of agglomeration. Meanwhile,
a Moran’s index of less than 0 indicates a negative correlation,
with a smaller Moran’s index indicating a stronger negative
correlation of space and a lower agglomeration intensity. To
set the spatial weight matrix Wy, this study uses the spatial
adjacency matrix W', spatial distance weight matrix W9 and
economic distance nested weight matrix W to quantify the
influence of various factors in the neighbourhood from
geographic and economic aspects. Table 1 shows the Moran’s
index of the spatial correlation between green finance and
economic ecological development.

Green Finance on Ecological Development

Table 1 shows that the Moran’s index of green financial
development is significantly positive as a whole under any
weight matrix. Therefore, the development of green finance in
China shows a strong spatial positive correlation. Results for the
distance weight matrix and economic distance nested weight
matrix show huge differences in the spatial aggregation of
green finance development across various periods. The spatial
aggregation characteristics of green finance development have
also weakened in recent years. Meanwhile, the Moran’s index
value of economic ecological development is lower than that of
green finance development. However, the Moran’s index shows a
significant positive spatial correlation under the distance weight
matrix. The development of green finance and economic ecology
is obviously affected by geographical factors as reflected in their
significant spatial correlation and strong spatial aggregation.
Green finance also shows an obvious development momentum
in the eastern and central regions of China. The eastern region,
especially the coastal areas, also demonstrates a high level of
economic and ecological development. Green finance
development is shown to positively influence the development
of economic ecology, thereby providing a practical basis for the
spatial empirical analysis of the impact of green finance on
economic ecology. A spatial correlation is also observed
between China’s green finance and economic ecological
development. Therefore, a spatial spillover effect is inferred
between green finance and economic ecological development.
Specifically, the level of green finance in a region not only affects
the economic and ecological development of the region but also
affects that of its surrounding regions, and vice versa. Therefore,
this paper empirically investigates the impact of green finance on
economic ecological development by constructing a spatial
econometric model.

Analysis of Spatial Influencing Factors
Table 1 confirms the spatial spillover effects of the economic
variables, thereby suggesting that the traditional ordinary least
squares (OLS) estimation may bias the empirical results. In this
case, the maximum likelihood (ML) estimation method is used
for regressing the spatial econometric models. To
comprehensively reflect the robustness of the parameter
estimation results, the Stata software is used to estimate the
model along with the empirical idea of ols-sar-sem-sdm.
Given the large values of explanatory variables PE, Ti, ur and
es, they are included in the regression in a logarithmic form.
Table 2 shows the results of ordinary panel regression without the
spatial weight matrix. The fixed effect model or random effect
model is adopted for the ordinary panel regression. Results of the
Hausman test support the use of the fixed effect model for the
ordinary panel estimation.

Table 2 shows that under the four regression methods of
ordinary panel regression, the goodness of fit (R*) exceeds 0.8,
thereby suggesting the good fitting effect of the model. Results
show that the parameters of the explanatory and control
variables of panel data are highly significant, and the
symbols of the regression coefficients are in line with
economic reality. Furthermore, the results of the mixed OLS
estimation for the three weight matrices are tested by LM-lag,
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TABLE 1 | Moran’s index of the spatial correlation between green finance and economic ecological development.

Green Finance on Ecological Development

Year Green Financial Development Index Ecological Development Index
wWo-1 wd wed wo-1 wd wed

1999 0.076*** 0.037* 0.046 0.040* 0.019* 0.024
2000 0.051* 0.049 0.042* 0.027** 0.026 0.022*
2001 0.087*** 0.046™ 0.018"* 0.046** 0.024* 0.009
2002 0.102*** 0.068"* 0.023* 0.053"** 0.036™* 0.012*
2003 0.081*** 0.055* 0.005*** 0.042 0.029 0.003
2004 0.082** 0.056 0.048* 0.043"* 0.029* 0.025"
2005 0.014** 0.043* 0.031 0.007** 0.022 0.016™*
2006 0.024*** 0.0382 0.025" 0.013** 0.017* 0.013*
2007 0.008*** 0.004* 0.029*** 0.004 0.002** 0.015"**
2008 0.099** 0.029"* 0.006™* 0.052*** 0.015* 0.003***
2009 0.086"** 0.012 0.009* 0.045** 0.006* 0.005**
2010 0.054*** 0.026* 0.027* 0.028 0.014* 0.014*
2011 0.035" 0.022 0.061* 0.018"** 0.012* 0.032**
2012 0.087* 0.005 0.024* 0.046™** 0.003* 0.013"*
2013 0.061** 0.006™ 0.028* 0.032 0.003* 0.015*
2014 0.020* 0.009* 0.032*** 0.010™* 0.005 0.017*
2015 0.026*** 0.019* 0.022* 0.014* 0.010* 0.012***
2016 0.064** 0.021 0.053* 0.033*** 0.011* 0.028*
2017 0.073*** 0.041* 0.039*** 0.038** 0.021* 0.020"**
2018 0.052*** 0.0385 0.042* 0.027*** 0.018 0.022**
2019 0.058"** 0.061 0.037*** 0.030"** 0.032* 0.019*
2020 0.049** 0.057* 0.056* 0.026*** 0.030* 0.029***

Note: *, ** and *** denote statistical significance at 10, 5 and 1%, respectively.

TABLE 2 | Estimation results for the common panel regression parameters.

Variable Mixed Estimation Individual Fixation Fixed Time Space
Time Double Fixation
GF 0.087*** 0.047*** 0.044* 0.060"*
(5.024) (3.236) 2.52) (4.109)
InPE -0.076™* -0.027** 0.003 0.030"*
(2.499) (9.616) (0.83) (8.603)
EU 0.075"** 0.091*** 0.097** 0.114
(11.45) (11.523) (15.813) (13.924)
InTI 0.038*** 0.034*** 0.054* 0.061***
(3.46) (4.325) (4.736) (5.468)
INUR 0.012* 0.011* 0.019 0.012*
(2.208) (2.265) (3.423) (1.811)
INES 0.027** 0.027*** 0.033*** 0.034***
(5.627) (4.799) (7.445) (6.09)
TC 0.010"** 0.010"** 0.015"* 0.012"
(11.492) (8.854) (17.052) (10.38)
Intercept term 0.045 0.477 0177 0.387***
(0.655) (6.157) (3.352) (5.875)
R2 0.853 0.805 0.939 0.923
F 504.008 739.579 323.874 311.520
N 660 660 660 660
Hausman test 28.5334
(o = 00,000)

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

R-LM-lag, LM-err and R-LM-err to distinguish the advantages
and disadvantages of SAR and SEM regressions. As shown in
Table 3, the overall Moran’s index of these three weight
matrices is significantly greater than 0, thereby indicating a
significant spatial correlation. Apart from the LM-lag test of
the adjacency matrix and the LM-lag and R-LM-lag tests of the
distance weight matrix and the economic distance nested

matrix, the other test results are significant at the 1% level.
Therefore, the SEM model is more suitable than the SAR
model in these three matrices. Meanwhile, results of the
Hausman test for the spatial Dobbin model under the three
weight matrices support the fixed effect spatial econometric
model. The LR test of the SDM model also pass the significance
test at the 1% level, indicating that the SDM model with fixed
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TABLE 3 | LM test results under the three weight matrices.

Type Adjacency Matrix
Moran’s | 17.350

(o = 0.000)
LM-lag 1.787

(o =0.152)
R-LM-lag 4.851

(o = 0.000)
LM-err 245.260

(o = 0.000)
R-LM-err 253.845

(o = 0.000)

Green Finance on Ecological Development

Economic Distance Nested
Weight Matrix

Distance Weight Matrix

18.890 15.280
(o = 0.000) (o = 0.000)
9.591 2.556
(o = 0.002) (o = 0.094)
1.684 2.326
(o = 0.174) (o = 0.098)
300.005 190.404
(o = 0.000) (o = 0.000)
298.196 194.297
(o = 0.000) (o = 0.000)

TABLE 4 | Estimation results of the spatial measurement model under the three weight matrices.

Variable Adjacent Weight Multiple Matrix Distance Weight Matrix Economic Distance Nested Weight Matrix
SAR SEM SDM SAR SEM SDM SAR SEM SDM
GF 0.0516"* 0.0455*** 0.0545* 0.0451** 0.0413** 0.0613** 0.0464*** 0.0414* 0.0695***
(8.7142) (3.2732) (3.8906) (8.1752) (2.8812) (4.312) (3.2732) (2.842) (4.8118)
InPE -0.0305*** -0.0283"* -0.0277** -0.0258"* —-0.0277** -0.0263** -0.0253"* -0.0266™* -0.0262"*
(10.5154) (9.0944) (7.9086) (8.3888) (10.045) (7.9576) (8.33) (9.1042) (7.9282)
EU 0.1021 0.0940** 0.0949** 0.0921** 0.0961*** 0.0956*** 0.0934*** 0.0956 0.0953**
(1.495) (2.1546) (3.1034) (2.6032) (5.4558) (4.5346) (3.907) (1.4362) (3.1814)
InTI 0.0437* 0.0405** 0.0493* 0.0299* 0.0390"** 0.0423** 0.0318* 0.0382"** 0.0444*
(5.243) (4.8608) (5.0862) (3.4692) (4.7432) (4.2826) (3.724) (4.6746) (4.4786)
InUR 0.0794 0.0118* 0.0078 0.0159** 0.0121* 0.0079** 0.0151* 0.0289** 0.0374
(1.4994) (2.0286) (0.8428) (2.695) (2.1266) (2.6468) (3.4892) (2.4598) (1.1176)
InES 0.0262"** 0.0295** 0.0262"* 0.0299* 0.0290"** 0.0371** 0.0315* 0.0335"* 0.0374**
(4.6844) (5.4096) (4.6942) (5.4292) (5.3214) (6.8894) (5.3508) (5.3018) (7.0266)
TC 0.0132*** 0.0149"* 0.0103"* 0.0113"* 0.0122** 0.0126"* 0.0139"** 0.0096™* 0.0136™*
(6.7318) (7.0352) (4.2316) (5.7118) (4.7902) (6.7024) (3.5648) (3.8196) (4.8396)
p 0.0780* 0.5526™* 0.6654 0.3071** 0.0423 0.2433**
(2.0874) (3.0188) (1.4504) (8.7734) (1.0976) (2.3226)
A 0.2535** 0.2490* 0.1936™*
(2.901) (2.0972) (2.813)
W*GF 0.1324** 0.4848** 0.5205**
(2.0384) (6.3896) (6.6248)
WHnPE 0.0218** 0.0190** 0.0105
(3.6166) (2.1482) (1.2544)
W*EU 0.0259 0.0950*** 0.1008*
(0.9996) (8.0772) (3.479)
WANTI 0.0258 0.6469** 0.0474*
(1.47) (3.5084) (1.9894)
W*InUR 0.0105 0.0280*** 0.0116
(0.5586) (3.1662) (1.539)
W*InES 0.0227* 0.0701** 0.1281**
(1.8918) (2.3226) (4.067)
W*TC 0.0253*** 0.0185** 0.0221***
(5.2332) (3.3516) (3.3614)
Log-lik 1,428.2510 1869.0050 1,465.2803 1,427.2563 1,457.6677 1,465.7733 1,432.4797 1,429.3016 1,450.2844
R2 0.8746 0.8768 0.8874 0.8697 0.8776 0.8922 0.8959 0.8897 0.9387
AIC -2,839.6271 -2,782.8346 -2,727.1779 -2,868.0234 -2,810.6629 -2,754.4497 -2,638.5815 -2,585.8099 -2,5634.0937
BIC —-2,496.8882 -2,446.9504 -2,398.0114 -2,5621.8571 -2,471.4199 -2,421.9915 -2,320.1085 —2,273.7063 —-2,228.2322
N 660 660 660 660 660 660 660 660 660

Note: * ** and *** denote significance at the 10, 5 and 1% levels, respectively. The SAR, SEM, and SDM, models in the table all add an individual fixation effect.

effect cannot be simplified into the SAR and SEM models.
Therefore, the SDM model containing the explained variable
and the spatial lag term of the explanatory variable is more
suitable for estimating the panel data. To comprehensively

reflect the robustness of the empirical results, this study also
estimates the panel data using SAR and SEM models. Table 4
shows the regression results of the SAR, SEM and SDM models
under the three weight matrices.
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Table 4 shows that the spatial auto-regressive coefficient p of
SDM is significantly positive under three spatial weights. An
endogenous spatial interaction effect is also observed between
regions. These results indicate that the development of economic
ecology has significant spatial correlation characteristics, and those
regions with high economic ecology development show
agglomeration in space. The economic ecological development of
one region also promotes that of the adjacent areas through a spatial
spillover effect. The spatial auto-correlation coefficient of the SEM
model A suggests that the spatial interaction effect of the random
error term is also an important factor leading to the spatial
dependence of regional economic ecological development. In the
case of the three spatial weight matrices, the regression coefficients of
green finance development index in the SAR, SEM and SDM models
are significantly positive, indicating that green finance plays a
significant role in promoting economic ecological development.

Among the control variables, the degree of pollution emission
and the proportion of coal consumption significantly inhibit the
development of economic ecology. Meanwhile, energy efficiency,
proportion of the tertiary industry and level of science and
technology positively promote the development of economic
ecology. In the SDM model regression, the spatial lag
coefficient of the green financial development index is
significantly positive under the three weight matrices, thereby
suggesting that the development level of regional green finance
has a significant positive spatial spillover effect on economic
ecological development. The spatial lag coefficient of pollution
emission is also significantly positive, which indicates that the
aggravation of pollution emission in a certain area will improve
the ecological level of the surrounding regional economy. This
finding may be ascribed to the fact that areas with rapid economic
and ecological development will transfer their heavily polluted
production to adjacent areas.

Spatial Effect Decomposition

Although Table 4 highlights a spatial dependence on the level of
regional economic ecology, these results cannot fully reflect the
marginal impact of green finance and various control variables on
the development of economic ecology. In other words, these
results cannot judge the amount of spatial spillover effect of green
finance on adjacent areas. Therefore, merely relying on the point
estimation results of spatial measurement to analyse the impact of
explanatory variables on the explained variables and the spatial
spillover effects may lead to wrong conclusions. In addition, the
influence of explanatory variables on the explained variables
cannot be simply analyse using regression coefficients.
Therefore, this study adopts the partial differential method to
compensate for the limitations of point estimation in explaining
the spatial effects. The influence of the explanatory variables on
the explained variables in the spatial econometric model is
divided into direct and indirect effects (also called spatial
spillover effect). The spatial spillover effect results from the
influence of independent variables in one region on the
dependent variables in the surrounding regions. Given that the
R2 value of the SDM model is the highest under the three weight
matrices as shown in Table 4, the direct and indirect effects in this
model are further estimated. Results are shown in Table 5.

Green Finance on Ecological Development

Table 5 shows that the direct effect of green financial
development index on economic ecology is significantly
positive in the three matrix cases. In other words, green
finance significantly promotes the ecological development of
an economy. Therefore, a region can accelerate the
transformation of its economic development mode by
innovating green financial products and increasing its green
finance scale, which will eventually give birth to green
enterprises, improve industrial production efficiency, promote
the sustainable economic development of regions and improve
the environmental friendliness of economic development. The
spatial spillover effect of green finance is significantly positive
across the three matrix cases, which suggests that improving the
green finance development level in a region generates a positive
spatial spillover impact on the economic and ecological
development of the surrounding areas. Therefore, the
development of green finance not only improves the economic
ecological level of a region but also that of adjacent areas. By
comparing the individual fixed estimation results of OLS, the
direct effect coefficient of green financial development as
estimated by the SDM model is greater than that estimated by
OLS. Therefore, the regression results become biased when the
spatial effect is not considered, consequently underestimating the
direct effect of green finance on economic ecology.

For the control variables, pollution emission has a negative
effect on the economic and ecological development of a province.
A greater degree of pollution emissions corresponds to a lower
level of economic ecology. However, pollution emission has a
positive spatial spillover effect. Specifically, a higher pollution
emission in a province corresponds to a higher economic
ecological level in the surrounding provinces. In this case, the
provinces surrounding an area with high economic and ecological
level also have a high pollution emission degree. This finding,
which is consistent with the spatial lag coefficient of pollution
emission degree in the SDM regression, can be ascribed to the fact
that the expansion and transfer of industry increases the pollution
emissions in the surrounding provinces yet reduces the pollution
emissions in the core province, thereby promoting the ecological
economic development of the latter. However, the ‘beggar thy
neighbour’ effect, which inhibits the economic and ecological
development of the surrounding provinces, is also observed. The
direct effect and spatial spillover effect of the proportion of coal
consumption are significantly negative, thereby suggesting that
reducing the proportion of coal will significantly promote the
ecological development of the surrounding provinces. The above
results also point to a high correlation in the energy structures of
different provinces. The direct effects of energy efficiency,
proportion of tertiary industry and level of science and
technology are all significantly positive, whereas their spatial
spillover effect is significant yet negative. In this case,
increasing these three indicators will promote the economic
ecological level of a province but negatively affects the

economic ecological development of the surrounding
provinces to varying degrees. These indicators show certain
spatial limitations in promoting economic ecological

development, and the relevant indicators are not enough to
promote and enhance the overall economic and ecological
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Green Finance on Ecological Development

TABLE 5 | Decomposition of the effects of green finance on economic ecological development.

Variable Adjacent Weight Multiple Matrix Distance Weight Matrix Economic Distance Nested Weight
Matrix
Direct Effect Indirect Effect Direct Effect Indirect Effect Direct Effect Indirect Effect
GF 0.0584*** 0.1893** 0.0734*** 0.7366"* 0.0788*** 0.7198™*
3.9754 2.3222 3.7232 3.1033 3.0873 4.5559
InPE -0.0277** 0.0200** -0.0263"* 0.0170* -0.0263"* 0.0066
5.2361 2.4286 4.3050 1.9382 3.3443 1.0986
EU 0.0969* -0.0686™* 0.0932*** —-0.0935* 0.0873** -0.1033"*
3.1524 3.0270 4.1622 2.0353 3.7625 3.6568
InTI 0.0493* -0.0174* 0.0414** -0.0761** 0.0440"** -0.0511*
3.2644 1.8167 3.2706 3.9225 3.56264 2.0334
INUR 0.0056* 0.0133 0.0241 0.0444* 0.0047** 0.0146
3.8462 1.1412 1.0314 21414 2.1082 3.4723
InES —0.0255"** -0.0202 -0.0388"* -0.1208** -0.0392** -0.1691***
4.4772 1.6101 5.7502 2.5289 5.9864 3.0406
TC 0.0097*** —0.0295"** 0.0105*** -0.0244*** 0.0827** —-0.0286"**
4.9938 3.7884 3.5608 2.3911 3.9938 2.8257

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

development of a region. The links among provinces in their
energy efficiency, tertiary industry development and scientific
and technological innovation are also not tight enough. Given
that scientific and technological innovation is relatively easy to
coordinate and communicate across different provinces,
technical exchanges among provinces can be further
strengthened. By jointly improving the level of science and
technology, the government can strive to transform the
negative spatial spillover effect into a positive one. The model
results for the direct and indirect effects of urbanization rate are
not significant, hence suggesting that improving the urbanization
level does not significantly affect the economic and ecological
level of a province and its surrounding provinces probably due to
the fact that increasing urbanization rate is a long-term
continuous process that lags behind economic and ecological
development.

CONCLUSION

Through a theoretical discussion about the impact mechanism of
green finance on economic ecology, this paper empirically
analyses the spatial evolution law and spatial spillover effect of
green finance and economic ecology across 30 provinces in China
by using a spatial econometric model. Results show that the
development levels of green finance and economic ecology in
China have greatly improved. Green finance shows a strong
spatial agglomeration, and its demonstration zone shows an
obvious effect. The development level of green finance has
gradually evolved from ‘strong in the west and weak in the
east’ to ‘strong in the east and weak in the west. The
development of economic ecology has maintained a stable
spatial positive correlation. The spatial difference of China’s
economic ecological development is more obvious than that of
its green finance development. Ecological economic development
also produces a positive spatial spillover effect. Specifically,
improving the economic ecological level of a province will also

increase the economic ecological level of the surrounding
provinces. Green finance is an important driving force to
promote sustainable economic development. Green finance
plays a great role in the healthy and stable development of
economy and ecology. Green finance can significantly promote
the ecological development of regional economy. In the future, we
can promote the ecological development of regional economy by
improving the development level of green finance. However, it
should also be noted that due to the great differences in the level
of political, economic and cultural development among regions in
China, the development of green finance and the ecological level
of regional economy is relatively unbalanced. Banks lack the
innovation power of green credit products. At present, the green
financial products of banks are basically original products and
lack innovative products. The overall development level of green
finance in China is low, and the enthusiasm of enterprise
departments to undertake social responsibility is not strong.
The development level of domestic green finance is
unbalanced, and most regions do not have a perfect green
financial system. Therefore, the top-level design of financial
institutions is very important.

POLICY IMPLICATIONS

We should give full play to the regional driving role of green
finance and build a perfect and multifaceted green financial
system. Provinces and regions are interconnected to share
information and expand the positive spatial spillover effect of
green finance. The growth pole of green finance development
level needs to be cultivated and leveraged to drive the
development of green finance in the surrounding provinces.
The rational use of green financial instruments should be
encouraged, the development of green industries should be
promoted and new economic growth points should be
established. An efficient path for green finance also needs to
be established to promote economic ecological development, to
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leverage the power of green finance and to realize harmony and
synchronization between economic growth and economic
ecological development. As an important platform for green
finance, financial institutions must establish a perfect green
financial credit system. A preferential green credit system can
encourage enterprises to carry out green production and enhance
their environmental protection awareness. The government
should formulate unified green finance verification standards
and create a green project library to lay a good foundation for
financial institutions to issue loans and investors to invest in
projects. The government should open up an exclusive channel
for the mortgage guarantee of green assets and green credit
secularization, so as to mobilize the enthusiasm of enterprises
to invest in green industries. On the basis of giving full play to the
role of the market, the government should introduce incentive
policies for green industries. The government should improve the
enterprise environmental information disclosure system and
promote the construction of green financial infrastructure.

RESEARCH LIMITATIONS AND FUTURE
PROSPECTS

Although green finance has attracted much attention, relevant
green development data and materials remain scarce. Therefore,
this study merely used empirical methods and variable data,
thereby limiting the depth and comprehensiveness of its
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