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Abstract: From the perspective of energy consumption optimization, this paper studies the impact
of green finance on carbon emissions in China. Firstly, based on the theoretical perspective, this
paper explores the mechanism and path by which green finance influences carbon emissions, and
analyzes the role of energy consumption in this process. Then, this paper utilizes the STIRPAT
model, chain multiple mediation effect model and panel threshold model to empirically analyze
the influence of green finance on carbon emissions, using provincial data from China from 2005 to
2019. The results are as follows: (1) Green finance significantly reduces carbon emissions. After
accounting for potential endogeneity, this conclusion is still valid. The heterogeneity test reveals
that the inhibitory effect is more remarkable in northern regions, high-carbon emission regions and
energy-rich regions. (2) The results of the bootstrap test reveal that at the national level, green finance
decreases carbon emissions through three paths: green technological innovation, ecological evolution
of the industrial structure and green technological innovation facilitating ecological evolution of
the industrial structure. Furthermore, in energy-rich regions, green finance significantly inhibits
carbon emissions through all three paths, while in energy-poor regions, green finance reduces
carbon emissions only through green technological innovation. (3) There is a nonlinear relationship
between green finance and carbon emissions. Specifically, regardless of energy intensity or energy
consumption structure, only when it is below the threshold can green finance significantly inhibit
carbon emissions. Thus, realizing energy consumption optimization is an effective way to ensure the
carbon emission reduction effect of green finance.

Keywords: green finance; carbon emissions; energy endowment; energy consumption

1. Introduction

China’s economy has created world-renowned achievements. By 2021, China’s total
economic output had reached CNY 114.4 trillion, rising 8.1%, and it continues to rank
second in the world. However, we have to admit that China’s past high-speed economic
growth was at the expense of the massive use of fossil energy and serious ecological
destruction [1]. Many studies have shown that economic growth does lead to an increase in
energy consumption, and the consumption of energy, especially fossil energy, is generally
considered to be the main cause associated with carbon emissions [2–4]. The energy
consumption structure of China, which is dominated by fossil energy, aggravates this
problem [5]. Since entering the new economic normal, China has assigned great importance
to climate change and has made positive efforts to address this issue. As a responsible
dominant economy, China actively committed itself to “reaching carbon emissions peak
by 2030, and achieving carbon neutralization by 2060”. In order to ensure that relevant
departments can actively implement the carbon peaking and carbon neutrality goals, in
April 2023, the National Standardization Administration and 10 other departments jointly
issued the “Carbon Peak Carbon neutral Standard System Construction Guide” to establish
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“how to calculate and how to be accurate” regarding carbon emissions data, “how to
reduce and how to neutralize” carbon emissions and how to quantify and trade carbon
emissions. This guide provides coordinated, comprehensive standards that provide support
for achieving the goals in key industries and areas [6]. Establishing how to efficiently realize
the dual objectives of “excellent environment” and “stable growth” is taking central stage.
In 2021, at the 28th informal meeting of APEC leaders, President Xi once again stressed that
China would “actively respond to climate change, adhere to the harmonious coexistence
between human and nature, and strive to build a community of life on earth”.

Finance plays a critical function in resource allocation, monetary circulation and macro-
control. As the core department of modern economic operation, the financial industry
is an important backing for the government to carry out environmental governance [7].
However, Boutabba [8] admitted that traditional financial services have many shortcomings,
such as insufficient development, imperfect transmission mechanism and low efficiency.
In addition, traditional finance often focuses on economic effects and lacks attention to
ecological benefits. Consequently, it is unable to offer a hospitable market environment for
green and low-carbon development. Differing from traditional finance, green finance is
a special financing tool which combines market regulation and environmental interests,
supplying green capital for social production [9]. Specifically, under the condition that
the overall credit scale of the society is certain, green finance optimizes the allocation
of financial resources among various industries through differential financial measures,
meaning that limited financial resources can be invested in efficient and sustainable green
industries and the overall carbon emissions can be reduced [10]. For example, firms willing
to transform their polluting technologies into environmentally friendly technologies will
gain access to cheaper borrowing (financed through green bonds), and as the firms adopt
non-polluting devices, they are classified as lower risk. Consequently, the cost of equity
is reduced thanks to lower risk arising from a decrease in environmental risk, which is
considered a systematic risk. The combination of a lower cost of debt and a lower cost
of equity decreases the cost of capital, which in turn leads to a general increase in the
value of the firm. During this transitory period, firms tend to experience higher short-term
cost, which is outweighed by the long-term increase in their share value. It is assumed
that polluting firms that do not alter their methods of production will experience a higher
cost of capital and will face a drastic decline in their share price in the long run. Several
studies showed that green finance contributes to saving resources [11], pollution emission
reduction [12] and green total factor productivity [13]. In 2016, the People’s Bank of China
and seven ministries and commissions issued “the Guiding Opinions on Building a Green
Financial System”, which defined green finance as taking environmental protection as a
policy premise [14]. In the 19th Party Congress, it was explicitly emphasized that green
finance is a key measure to deal with the imbalance between “steady growth” and “less
pollution”, so as to elevate green finance to a strategic height [15]. Green finance started
relatively late, but in recent years, with the constant emergence of its product types, it has
formed a strong support for environmentally inclusive growth [16]. Prior to the UN Climate
Change Conference of the Parties (COP26) in Glasgow in 2021, government initiatives were
used to control emissions, but following COP26, governments have been asking the private
sector to join forces to realize the net zero target. In other words, low-carbon economic
growth needs the support of green finance. For the market-oriented economic system, the
growth of green finance can guide financial resources to flow into new energy industries,
increasing investment in green technology and enhancing fossil energy utilization efficiency,
which contributes to accelerating the ecological civilization’s construction [17].

Energy resources are a key engine of economic operation, but energy consumption is
responsible for 68% of greenhouse gas emissions. As shown in Figure 1, from 2005 to 2021,
China’s total energy consumption increased by 102% from 2.61 billion tons to 5.26 billion
tons of standard coal, and at the same time, carbon emissions doubled in a similar trend.
There is no doubt that excessive energy consumption and carbon emissions caused by
economic development not only threaten human survival and development, but also bring
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serious risks to the environmentally inclusive growth of economic society [18]. Recognizing
the grim situation regarding the environment and energy, the central government made the
reduction in energy intensity a binding target in the 11th Five-Year Plan for the first time.
In addition, resource conservation has been incorporated into the basic state policy, and an
energy development strategy giving top priority to both conservation and development
has been implemented [19]. These moves have paid off; from 2001 to 2021, the share
of natural gas and non-fossil energy in China’s total energy consumption increased by
nearly 300% and 100%, respectively, while the share of coal and oil consumption fell 17.6%
and 11.8%, respectively, which means that China’s energy consumption structure has
gradually improved [20]. Additionally, China’s energy intensity continues to decline [21].
However, there are still some problems that need continuous improvement, such as the
fact that China’s energy consumption structure is still dominated by coal, and there is still
a large gap between China’s energy intensity and that of developed countries. Improving
energy intensity and energy consumption structure not only contributes to carbon emission
reduction but can also play a role in the process of financial development inhibiting carbon
emissions [22].

Sustainability 2023, 15, x FOR PEER REVIEW 3 of 24 
 

There is no doubt that excessive energy consumption and carbon emissions caused by 
economic development not only threaten human survival and development, but also 
bring serious risks to the environmentally inclusive growth of economic society [18]. Rec-
ognizing the grim situation regarding the environment and energy, the central govern-
ment made the reduction in energy intensity a binding target in the 11th Five-Year Plan 
for the first time. In addition, resource conservation has been incorporated into the basic 
state policy, and an energy development strategy giving top priority to both conservation 
and development has been implemented [19]. These moves have paid off; from 2001 to 
2021, the share of natural gas and non-fossil energy in China’s total energy consumption 
increased by nearly 300% and 100%, respectively, while the share of coal and oil consump-
tion fell 17.6% and 11.8%, respectively, which means that China’s energy consumption 
structure has gradually improved [20]. Additionally, China’s energy intensity continues 
to decline [21]. However, there are still some problems that need continuous improve-
ment, such as the fact that China’s energy consumption structure is still dominated by 
coal, and there is still a large gap between China’s energy intensity and that of developed 
countries. Improving energy intensity and energy consumption structure not only con-
tributes to carbon emission reduction but can also play a role in the process of financial 
development inhibiting carbon emissions [22]. 

 
Figure 1. Changes in China’s total carbon emissions and energy consumption from 2005 to 2021. 

Against the background of realizing environmentally inclusive growth, exploring the 
linkage between green finance and carbon emissions has profound implications in theory 
and practice. Does green finance reduce carbon emissions? If so, what is the internal mech-
anism by which it influences carbon emissions? Furthermore, does the mechanism differ 
in various regions with different energy endowments in China? Additionally, more im-
portantly, considering that 70% of carbon emissions are generated by the use of fossil en-
ergy, do energy intensity and energy consumption structure influence the carbon emis-
sion reduction effect of green finance? Solving the above problems has far-reaching prac-
tical significance, which will not only help to provide suggestions for the implementation 
of green financial policy, but also contribute to realizing low-carbon transformation in 
China. More importantly, China is regarded as a main driver for the demand for fossil 
fuel in the world, and any mechanism that reduces reliance on fossil fuels will help the 
future of our planet. 

This study deeply investigates the linkage between green finance and carbon emis-
sions through the STIRPAT model, the chain multiple mediation effect model and the 

Figure 1. Changes in China’s total carbon emissions and energy consumption from 2005 to 2021.

Against the background of realizing environmentally inclusive growth, exploring the
linkage between green finance and carbon emissions has profound implications in theory
and practice. Does green finance reduce carbon emissions? If so, what is the internal
mechanism by which it influences carbon emissions? Furthermore, does the mechanism
differ in various regions with different energy endowments in China? Additionally, more
importantly, considering that 70% of carbon emissions are generated by the use of fossil en-
ergy, do energy intensity and energy consumption structure influence the carbon emission
reduction effect of green finance? Solving the above problems has far-reaching practical
significance, which will not only help to provide suggestions for the implementation of
green financial policy, but also contribute to realizing low-carbon transformation in China.
More importantly, China is regarded as a main driver for the demand for fossil fuel in
the world, and any mechanism that reduces reliance on fossil fuels will help the future of
our planet.

This study deeply investigates the linkage between green finance and carbon emissions
through the STIRPAT model, the chain multiple mediation effect model and the panel
threshold model, using provincial data from 2005 to 2019 in China. The contributions are
as follows. First, a green finance index system is established, covering green credit, green
securities, green insurance and green investment, which conquers the insufficiency of using
a single index observed in previous studies. Second, this study systematically interprets the
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theoretical mechanism of green finance on carbon emissions through three intermediary
paths: (1) green technological innovation, (2) ecological evolution of the industrial structure
and (3) green technological innovation facilitating the ecological evolution of the industrial
structure. Then, this paper applies the chain multiple mediation effect model to empirically
examine the action path of green finance affecting carbon emissions at the national and
regional levels. Third, from the energy consumption optimization perspective, this paper
applies the panel threshold model to prove the nonlinear relationship between green
finance and carbon emissions. Thus, this paper enriches the relevant research on low-
carbon economies, providing evidence and experiences for promoting the environmentally
inclusive growth of China and other countries.

The remainder of this paper is set out as follows. Section 2 presents a literature review.
Section 3 provides the theoretical analysis framework according to which green finance
affects carbon emissions. Section 4 briefly introduces the empirical methods, variables and
data used in this paper. Section 5 provides the empirical results and discussions. Finally,
Section 6 draws the main conclusions and corresponding policy implications.

2. Literature Review

In recent years, global warming resulting from excessive carbon emissions has come
to seriously threaten the human living environment, as well as social and economic devel-
opment [23]. Establishing how to effectively reduce carbon emissions has become a major
target for humankind at present and in the future, becoming the focus of current domestic
and international attention.

Early scholars were keen to examine the impact of economic growth on carbon emis-
sions, empirically testing the Environmental Kuznets Curve (EKC), but the conclusions
are different in various countries [24–26]. Shahbaz et al. [27] found that Malaysia’s carbon
emissions mainly come from energy consumption, and tapping new resources and improv-
ing fuel efficiency is a useful way of achieving this. In addition, Obas et al. [28] explored
the characteristics of China’s carbon emissions in the light of spatial econometric methods,
and revealed that energy structure, technological progress and urbanization are critical
factors affecting carbon emissions. Wang et al. [29] and Zhu et al. [30] pointed out that
industrial economic activities produce a large amount of carbon dioxide, and it is necessary
to adjust industrial structure and develop green industry.

Finance occupies a core position in modern society and plays an increasingly sig-
nificant role in the economy. Supported by public international law, some countries are
deepening bilateral and multilateral fintech cooperation to promote trade, investment and
ecosystem development in the fintech market sector [31]. More and more scholars have
been taking financial factors into consideration, and explore whether financial development
can help to achieve carbon emission reduction. However, the academic community has not
reached a consensus on this issue. Claessens et al. [32] believed that financial development
can reduce transaction costs and information costs, and that it helps to increase invest-
ment in environmentally friendly projects, thereby improving the environment. Tamazian
et al. [33] took the total value of the stock market and total deposits and loans as financial
development level indicators, and confirmed that financial development contributes to
reducing pollution emissions. Contrary to the above research conclusions, Boutabba [8]
conducted an empirical study on India, which confirmed that financial development leads
to an increase in the use of fossil fuel and exacerbates ecological degradation. Similar
conclusions were reached by Hye et al. [34], Bayar et al. [35] and Ali et al. [36]. Additionally,
Yan et al. [37] confirmed that there is an inverted U-shaped relationship between financial
development and carbon emissions.

As a new method of environmental governance, green finance can decrease the opera-
tional risk of the financial industry, maintain stable growth of the industry and coordinate
the ecological environment and economic growth [38]. Most scholars confirmed that green
finance has a restraining influence on ecological pollution [39–41]. Pyka et al. [42] showed
that in Poland, the availability of greening credit reversed the dominance of ecologically
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harmful projects, instead increasing investment in projects in the field of modern envi-
ronmentally friendly energy. Chen et al. [43] believed that green finance can promote the
concept of green consumption, build a green investor network and encourage investors
to invest more in green projects. In addition, Su et al. [44] quantitatively analyzed the
policy effect of the “Green Credit Guidelines” issued in 2012. They discovered that after
2012, the debt financing and new investment of heavily polluting enterprises markedly
decreased, indicating that green finance can force polluting enterprises to undergo green
transformation. Ringe et al. [45] argued that green financial products play a key role in
attracting private capital, which in turn attracts private capital to clean energy projects. Li
et al. [46] conducted least square estimation and the Granger causality test in 129 countries
from 1980 to 2011, and discovered that both in the short term and the long term, green
finance will restrain increases in carbon emissions.

There are many scholars devoted to studying the relationship between energy con-
sumption and carbon emissions. According to the research of Acaravci et al. [47], energy
consumption and carbon dioxide emissions maintain a positive correlation in the long
run. Ajmi et al. [48] discovered that there is a unidirectional causality running from energy
consumption to carbon emissions for France, but a bidirectional causality for the U.S. In
addition to total energy consumption, the structure of energy consumption also affects
carbon dioxide emissions. The main source of carbon emissions is fossil fuel consumption,
of which coal accounts for 82% [49]. Adams et al. [50] showed that the use of clean energy
emits less carbon dioxide, and so increasing the proportion of clean energy can reduce car-
bon dioxide emissions on the basis of ensuring energy supply. In addition, Zhou et al. [22]
found that when the energy consumption structure and energy intensity are below certain
thresholds, financial scale can significantly reduce industrial carbon emissions.

In summary, previous studies provide a solid foundation for our study, but there
remain some defects to be further improved. For one thing, the existing studies mainly
theoretically investigate the carbon emission reduction effect of green finance, but few
scholars empirically test the mechanism of green finance affecting carbon emissions. Ad-
ditionally, academic circles generally acknowledge that both green finance and energy
consumption can affect carbon emissions, but fewer scholars have combined above three
variables to analyze. Therefore, this paper brings green finance, energy consumption
and carbon emissions into a unified framework, deeply discusses the direct, indirect and
non-linear impact of green finance on carbon emissions, enriches relevant research on
low-carbon economies, and aims to provide a practical and effective path for China to
achieve sustainable development.

3. Theoretical Analysis Framework

The essence of the ecological evolution of a real economy is to alter the original
production mode, which involves a great amount of investment. The continuous supply of
financial resources is the fundamental guarantee for the realization of the environmentally
inclusive growth of economy and society [51]. Unfortunately, under the condition of limited
financial resources, traditional financial sectors often have a “backward” preference—that
is, they choose credit customers based only on the assets and profitability of enterprises, and
even tilt financial resources toward some highly polluting sectors, resulting in the financial
exclusion of those enterprises with development potential and in the growth period [52].
Green finance emphasizes environmental interests and pursues the dual goals of “steady
growth” and “reducing pollution”. Therefore, the stricter the green finance is, the stronger
the incentive for backward production capacity and industries to perform environmental
investment and pollution control, and the more obvious the competitive advantage of clean
industry. In other words, green finance guides enterprises to adjust their production mode
and improve green productivity through optimizing capital allocation, risk dispersion and
market supervision. Taghizadeh-Hesary et al. [53] pointed out that green finance guides
consumers to form the concept of green consumption, improves residents’ awareness of
green environmental protection, and encourages consumers to choose green products,
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thereby promoting the environmentally inclusive growth of a society. Thus, green finance
is conductive to realize carbon emission reduction.

Furthermore, this paper analyzes the mechanism by which green finance influences
carbon emissions. First, as we all know, green technologies have the characteristics of high
risk and uncertain income, which leads to the reluctance of traditional capital suppliers
to invest [54]. Green financial products such as carbon neutral bonds, green development
fund and green insurance can better measure the risks and benefits of green technological
innovation and attract investors with different risk preferences to invest, so as to meet the
capital needs of enterprises or projects actively implementing clean technologies. Mean-
while, green finance can reduce the information transaction cost. The establishment of
green information systems such as green rating and certification can provide investors
with accurate credit, price, cost and other information, meaning that investors can quickly
and accurately find green investment projects, and thus enterprises can focus more on
the innovation and adoption of clean technologies [55]. Furthermore, the application of
green technology will improve energy efficiency, promote the utilization of renewable
energy, accelerate the application of carbon reduction technology, and subsequently reduce
carbon emissions.

Second, green finance raises the financing costs of pollution industries in order to
restrict the expansion of their production scale, and force them to innovate and transform,
so as to realize the dual optimization of technology and industry. In the meantime, green
finance provides more financial resources for environmental protection industries, which
can alleviate financing constraints and encourage the growth of environmental protection
industries, and thereby realize carbon emission reduction. Leeuwen et al. [56] pointed out
that green finance can restrain the flow of social idle funds into energy-intensive industries,
strengthen the credit supply to technology intensive industries, and finally achieve the
green transformation of the industrial structure. Additionally, Wang et al. [57] further
emphasized that the green credit provided by commercial banks has a demonstrative role,
which stimulates other enterprises to carry out green business. Specifically, enterprises
that actively innovate and transform will receive more preferential credit funds and a
wider range of funding sources. To sum up, the tertiary industry of “low-carbon, high
output” has received more financial support, while the traditional secondary industry
of “high pollution and low output” has been gradually abandoned by capital. Failure to
obtain the funds required for daily operation will inevitably force this type of enterprise
to go bankrupt or transform, and ultimately promote the ecological transformation of
the industrial structure [58]. In other words, in the process of limiting the development
of pollution industries and encouraging the growth of green industries, green finance
promotes ecological evolution of the industrial structure, thereby effectively reducing
carbon emissions.

Third, many studies showed that green technological progress and industrial structure
optimization have a close relationship [59,60]. Bi et al. [61] proposed that the diffusion
effect of green technology contributes to the ecological evolution of the industrial structure,
thereby reducing carbon emissions. In other words, the rise of emerging industries trig-
gered by green technology breakthroughs has “creative destruction” and is regarded as
the source of green growth. Concretely, for one thing, green finance forces enterprises to
strengthen their green technological innovation, reallocate production factors, eliminate
backward production capacity and reduce ineffective supply, and turn more toward the
production of clean products, thereby achieving the ecological evolution of the industry [10].
Additionally, green finance stimulates enterprises to enhance their R&D investment to
obtain advanced technologies, decrease the marginal cost of pollution control, and enhance
their competitiveness, while eliminating high-pollution and low-efficiency enterprises,
meaning that the whole industry will develop in the direction of being “green, safe, and sus-
tainable”. In brief, green finance can inhibit carbon emissions through green technological
innovation propelling ecological evolution of the industrial structure.
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Additionally, considering the long-term regional disparity in China’s energy intensity
and energy structure, the carbon emission reduction effect of green finance may present a
nonlinear relationship. Specifically, when the energy intensity and use of fossil energy is
relatively high, the regional energy utilization efficiency is low, the substitution elasticity
of clean energy for coal energy is small, and the economic development depends more on
coal energy [62]. Under such circumstances, it is hard for green finance to exert its carbon
emission reduction effect. With the decline in energy intensity and the use of fossil energy,
the regional energy utilization efficiency is gradually improving, the economic production
mode is gradually changing from energy-dependent to innovation-driven, and the negative
external effect of energy consumption on the environment is gradually reducing [63,64].
Under these circumstances, green finance will enhance production efficiency, encourage the
growth of the renewable energy industry, and effectively facilitate green and low-carbon
development. Therefore, regardless of energy intensity or the energy consumption structure,
only when it is lower than a certain value can green finance remarkedly reduce carbon
emissions. Furthermore, the theoretical analysis framework of this study is described in
Figure 2.
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4. Methodology and Data
4.1. Empirical Model
4.1.1. STIRPAT Model

Ehrlich and Holden [65] put forward the IPAT equation for investigating the impact of
human activities on the environment. The basic form is I = P×A× T, where I, P, A and
T indicate ecological pollution, population, affluence and technology, respectively. Later,
Dietz and Rosa [66] redeveloped the IPAT equation and created the STIRPAT model, that
is, Iit= a × Pb

it × Ac
it × Td

it × eit. Its linear form is: lnIit= lna + blnPit+clnAit+dlnTit + lneit,
where a is a constant term; b, c and d are the estimated coefficients of P, A and T; and e is a
random disturbance term.

Compared with the IPAT equation, the STIRPAT model has greater flexibility, which
allows it to decompose and add other environmental factors. Additionally, according to
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the study by Gani [67], another appealing feature of the STIRPAT model is that it allows
for testing the environmental Kuznets curve (EKC) effect. In view of these features, the
STIRPAT model has unique advantages in studying the impact of driving factors on the
environment, as it can take into account a variety of comprehensive factors and expand
the model according to different measurement indicators to build a more realistic STIRPAT
model, which has been widely used in the field of carbon emission research in recent years.

Considering the scope of applicability and advantages of the STIRPAT model, it is
suitable for the study in this paper. Based on the characteristics of China’ carbon emissions,
this paper extends the STIRPAT model to examine the impact of green finance on carbon
emissions. It can be expressed as follows:

lnCIit = δ0 + δ1GFit + δ2lnPGDPit + δ3(lnPGDPit)
2 + δ4lnPOSit + δ5EIit + δ6lnOPENit + δ7lnFDIit + δ8lnGOVit + µi + εit (1)

where i and t symbolize the province and year, CI is the explained variable, carbon emis-
sions, and GF is the explanatory variable, green finance. Control variables include PGDP,
POS, EI, OPEN, FDI, and GOV, which represent economic development, population density,
energy intensity, trade openness, foreign direct investment and government intervention,
respectively. In addition, δ0 is the constant term, δ1 to δ8 are the estimated coefficients of
variables, µi represents the province-fixed effect, and εit is a random disturbance term.

4.1.2. Chain Multiple Mediation Effect Model

Mediation models have been widely used to explore the role of mediating variables
in the process of independent variables affecting the dependent variable. The mediating
variables involved in the chain multiple mediation models show certain sequential charac-
teristics. Because the process of independent variables influencing dependent variables is
often complicated in reality, it is difficult for a single mediating variable to fully explain it,
and so the multiple mediation models came into being [68].

According to the theoretical analysis in this paper, green finance decreases carbon
emissions through three paths: green technological innovation, ecological evolution of the
industrial structure, and green technological innovation facilitating ecological evolution
of the industrial structure. It can be seen that there is a certain sequence between green
technological innovation and the ecological upgrading of the industrial structure. Therefore,
this study applies the chain multiple mediation effect model to test the mechanism of green
finance affecting carbon emissions in Equations (2)–(4) [69]. Furthermore, the specific path
is shown in Figure 3.

lnGTIit = α0 + α1GFit + α2Xit + µi + εit (2)

lnEISit = β0 + β1GFit + β2lnGTIit + β3Xit + µi + εit (3)

lnCIit = γ0 + γ1GFit + γ2lnGTIit + γ3lnEISit + γ4Xit + µi + εit (4)
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Equations (2)–(4) constitute a multi-equation system, where GTI denotes green techno-
logical innovation, EIS stands for the ecological transformation of the industrial structure,
and X represents a series of control variables. In addition, α0, β0 and γ0 are the constant
terms, while α1 to α2, β1 to β3 and γ1 to γ4 are the estimated coefficients of variables.

Equation (2) tests the impact of green finance on green technological innovation.
Equation (3) verifies the influence of green technological innovation on the ecological
transformation of the industrial structure under the control of green finance. Equation (4)
examines the effect of the ecological transformation of the industrial structure on carbon
emissions under the control of green finance and green technological innovation. In the
chain multiple mediation effect model, mediating channels include two separate mediating
channels and one chain-mediating channel.

4.1.3. Panel Threshold Model

The panel threshold model can incorporate a certain threshold as an unknown variable
into the regression model and construct a piecewise function, so as to empirically test
and estimate the corresponding threshold and its impact [70]. Considering the long-term
regional disparity in China’s energy intensity and energy consumption structure, the carbon
emission reduction effect of green finance may present a nonlinear relationship. For this
reason, this study takes the energy intensity and energy consumption structure as threshold
variables to estimate the nonlinear effects between green finance and carbon emissions,
from the perspective of energy consumption optimization, based on panel threshold model
proposed by [71]. The panel threshold model is as follows:

lnCIit = ϕ0 + ϕ1GFit × I(EI ≤ ω) + ϕ2GFit × I(EI > ω) + ϕ3Xit + µi + εit (5)

lnCIit = θ0 + θ1GFit × I(ES ≤ τ) + θ2GFit × I(ES > τ) + θ3Xit + µi + εit (6)

where the energy intensity (EI) and energy consumption structure (ES) are threshold
variables, X represents a series of control variables, and ω and τ are threshold values to be
estimated. I(·) is an indicator function.

4.2. Variable Selection
4.2.1. Explained Variable

Carbon emission intensity (CI). This paper selects carbon emissions per unit of GDP
to measure the carbon emission level of various provinces. There are no official carbon
emission detection data in China, and some global carbon emission databases such as the
British Petroleum Corporation (BP) and US Energy Information Agency (EIA) cannot pro-
vide sufficient and accurate detailed data on China’s carbon emissions. Thus, according to
the method provided by IPCC, this study builds the carbon emission inventory and energy
inventory to calculate the provincial carbon emissions in China. For specific estimation,
refer to Zhang et al. [72].

4.2.2. Explanatory Variable

Green finance development index (GF). Based on a deep understanding of the impli-
cations of green finance as well as the “Guidance on Building a Green Financial System”
report released in 2016, this paper constructs a green finance evaluation index system
covering four dimensions, namely, green credit, green securities, green insurance and
green investment, and applies the entropy weight method to calculate the green finance
development index.

Table 1 presents the specific indicator system for green finance. Among them, green
credit is estimated using the interest proportion of six high-energy-consuming industries,
which is a typical negative indicator. Furthermore, this paper applies the market value ratio
of environmental protection industries and market value ratio of high-energy-consuming
industries to reflect the development of green securities [73]. In terms of the green insur-
ance index, China began to implement environmental liability insurance in 2013, lacking
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relevant statistical material, and agriculture is the industry most affected by the natural
environment. Consequently, this paper uses the agricultural insurance scale and loss ratio
to approximately reflect the development of green insurance, following Sun et al. [74].
Moreover, as the government is a major investor in environmental protection in China, the
energy saving and environmental protection expenditure ratio as well as the investment
ratio for pollution control are suitable indexes for green investment [75].

Table 1. Green finance evaluation index system.

Secondary Index Tertiary Indicator Definition of Indicator

Green credit Green credit ratio Six high energy-consuming industries interest
payments/industrial interest payments

Green securities

Market value ratio of environmental
protection industries

Market value of environmental protection
industries/total market value

Market value ratio of high
energy-consuming industries

Market value of high energy consumption
industries/total market value

Green insurance
Agricultural insurance scale ratio Agricultural insurance expenditure/total

insurance expenditure

Agricultural insurance loss ratio Agricultural insurance expenditure/total agricultural
insurance income

Green investment
Investment ratio in environmental pollution control Investment in environmental pollution control/GDP

Energy saving and environmental
protection expenditure ratio

Energy saving and environmental protection
expenditure/financial expenditure

4.2.3. Other Variables

The mediating variables. (1) Green technological innovation (GTI). This paper applies
the sum of green patent applications in various provinces to represent green technological
innovation. Compared with technological input or technological performance, green patent
applications can be accurately classified according to IPC information, so as to deeply
understand the specific technology field of innovation activities and the connotation and
contribution of technology value. (2) Ecological evolution of the industrial structure (EIS).
This paper employs the ratio of the added value of environmental protection industry
to that of pollution industry to measure ecological evolution of the industrial structure,
referring to Gao et al. [76].

The threshold variables. (1) Energy intensity (EI). Energy intensity refers to the amount
of energy consumed per unit of GDP. Energy intensity represents the comprehensive
utilization efficiency of energy and reflects the economic benefits of energy utilization.
(2) Energy consumption structure (ES). As we all know, coal consumption is the most
important factor causing excessive carbon emissions. Given the current reliance on coal in
China, this paper applies the proportion of coal consumption in energy consumption to
measure the energy consumption structure.

In addition, to control other factors affecting carbon emissions, this study adopts
five control variables. (1) Economic development level (PGDP). The per-capita GDP is an
appropriate variable for estimating the economic development level. (2) Population density
(POS). The permanent resident population per km2 is used to measure the population
density. (3) Trade openness (OPEN). Trade openness is represented by the total export
and import volumes. (4) Foreign direct investment (FDI). The actual use of foreign direct
investment. (5) Government intervention (GOV). Government intervention is expressed by
the total government spending.

Table 2 suggests descriptive statistics of variables. As can be seen, carbon emission
intensity is relatively serious, and the variance is large, revealing that there exists a great
disparity in the carbon emissions of various regions in China. In terms of green finance, in
the sample period, the average value is 0.270, demonstrating that China’s green finance still
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has plenty of room for growth. Regarding green technological innovation, the gap between
provinces is huge, and the variance is 1.668, suggesting that the level of green technology is
uneven among provinces. For the control variables, there are obvious differences in specific
variables among provinces. Among them, the gap between provinces in population density
is the largest, and the gap between provinces in foreign direct investment is the smallest.

Table 2. Descriptive statistics of variables.

Variables Obs Mean S.D. Min Max

lnCI 450 2.924 2.126 0.325 13.557
GF 450 0.270 0.137 0.325 0.774

lnGTI 450 7.382 1.668 2.398 11.116
lnEIS 450 0.573 0.195 0.001 0.959

EI 450 1.007 0.601 0.208 4.183
ES 450 0.561 0.174 0.017 0.910

lnPGDP 450 10.423 0.683 8.577 12.009
(lnPGDP)2 450 109.109 14.131 73.557 144.215

lnPOS 450 5.442 1.284 2.017 8.278
lnOPEN 450 0.315 0.366 0.013 1.711

lnFDI 450 0.004 0.007 0.001 0.067
lnGOV 450 0.223 0.098 0.079 0.628

4.3. Data

Considering the availability of data, this paper employs 30 province panel datasets
from 2005 to 2019 in China (Tibet, Hong Kong, Macao and Taiwan are not included). All
data were obtained from the China Statistical Yearbook, provincial statistical yearbooks
and wind database, and missing data were filled in by means of interpolation. Stata17.0
was used for all empirical analysis.

5. Empirical Results and Analysis
5.1. Benchmark Regression Results

This section uses the STIRPAT model to conduct empirical research, using the provin-
cial data from China from 2005 to 2019. According to the Hausman test (p < 0.05), the fixed
effects model (FE) is the most appropriate estimation method. To enhance the reliability of
regression results, this paper also lists the results of the random effects model (RE). From
columns (1) to (2) of Table 3, under the control of other variables, the coefficients of green
finance are −0.394 and −0.338, respectively, in both estimators (FE and RE), indicating
that green finance remarkably reduces carbon emissions. The basic reason for this is that
green finance boosts the progress of green technology, thus improving energy utilization
efficiency, restricting the expansion of high-pollution industries and supporting the growth
of green industries, thereby providing powerful support for the realization of the “dual
carbon” goal.

Table 3. The results of benchmark regression and robustness test.

Variables
(1) (2) (3) (4) (5)

FE RE SYS-GMM Changing Sample Size Tailing Processing

L. lnCI
0.684 ***
(0.0883)

GF
−0.394 ** −0.338 * −0.281 ** −0.351 ** −0.375 **

(0.177) (0.181) (0.122) (0.157) (0.147)

lnPGDP
−0.777 −0.395 0.988 −1.091 −1.209
(1.110) (1.072) (0.839) (1.082) (0.966)

(lnPGDP)2 0.0381 0.0239 −0.0368 0.0591 0.0654
(0.0533) (0.0511) (0.0375) (0.0522) (0.0465)
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Table 3. Cont.

Variables
(1) (2) (3) (4) (5)

FE RE SYS-GMM Changing Sample Size Tailing Processing

lnPOS
1.385 *** 0.127 0.0130 1.115 ** 0.730 *
(0.500) (0.112) (0.0469) (0.538) (0.411)

EI
2.904 *** 2.967 *** 1.114 *** 3.134 *** 3.101 ***
(0.101) (0.100) (0.368) (0.0988) (0.0916)

lnOPEN
0.460 ** 0.0744 −0.0963 0.371 0.417 **
(0.202) (0.177) (0.137) (0.241) (0.168)

lnFDI
−3.692 −2.615 −0.204 −10.72 ** −4.587
(3.114) (3.138) (1.879) (4.495) (2.954)

lnGOV
2.188 *** 1.850 *** 0.742 2.603 *** 2.325 ***
(0.584) (0.572) (0.898) (0.535) (0.495)

Constant
−4.107 0.420 −6.737 −1.568 0.768
(6.984) (5.753) (4.806) (6.564) (5.953)

Province-fixed Yes No Yes Yes Yes
Observations 450 450 420 390 450

R-squared 0.907 0.905 0.931 0.932

Notes: Robust standard errors are shown in parentheses; ***, ** and * indicate significance levels of 1%, 5%, and
10%, respectively.

Simultaneously, based on the test results of fixed effects, the coefficients of lnPGDP
and its quadratic term are not significant, showing that at the provincial level in China,
the linkage between economic growth and carbon emissions does not conform to the EKC
hypothesis, which is similar to [77]. Population density has a remarkable positive influ-
ence on carbon emissions (1.385). The greater the population, the more energy will be
consumed in industrial production and daily activities. Meanwhile, the rapid growth of the
population will influence and even destroy the ecological environment, which will weaken
the absorption of carbon emissions by ecosystems, leading to carbon dioxide increases.
Moreover, the coefficient of energy intensity is significantly positive (2.904). This means
that the decline in energy intensity is conducive to lower carbon emissions. Furthermore,
the coefficient of trade openness is markedly positive (0.460). That is because opening up
will lead to the exportation of more energy-intensive products, increasing carbon emissions.
The influx of foreign capital promotes technological progress, but it also supports the devel-
opment of high-pollution enterprises. Thus, the coefficient of FDI is not significant owing
to these effects offsetting each other. In addition, the coefficient of government intervention
is markedly positive (2.188). That is because excessive government intervention will lead to
the loss of market efficiency and the distortion of resource allocation, which is unfavorable
for carbon emission reduction.

In addition, this paper also adopted three methods for the robustness test: (1) replacing
the estimation method. System GMM is a well-known generalized method of estimating
moments which takes the lagged dependent variable and past values of other potentially
endogenous variables in the regression as instruments, because there may be a reverse
causality between carbon emissions and the development of green finance, causing the en-
dogeneity problem. This paper introduces the first-year lag of carbon emissions, establishes
a dynamic panel model and applies system GMM estimation to overcome the endogenous
problem to a certain extent. (2) Changing sample size. Considering that municipalities,
directly under the control of the central government, often receive more economic resources
and preferential policies, this paper excludes Beijing, Shanghai, Tianjin and Chongqing
from the total sample to ensure the universality of the research conclusions. (3) Tailing
processing. To further to prevent the impact of extreme values on the regression results,
the data of the explained variable and main explanatory variables are processed with 1%
and 99% bidirectional tailing. The robustness test results are in columns (3)–(5) of Table 3;
as we can see, the coefficient signs and significance levels of explanatory variables remain
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basically unchanged. Hence, the conclusion that green finance has a carbon emission
reduction effect is reliable.

5.2. Heterogeneity Analysis

Since entering the new economic normal, the economic imbalance between the north
and the south of China has become increasingly prominent, presenting a new pattern of
economic aggregation rising in the south and falling in the north, and economic growth
being faster in the South and slower in the north. In addition, central heating in the
north consumes a lot of coal resources, and although China has issued the “Guidance on
promoting clean heating in cities and towns in the Northern Heating Region” to address this
problem [78], central heating still provides challenges to carbon emission reduction in the
northern region. Therefore, taking the Qinling Mountains–Huaihe River as the boundary,
this paper divides 30 provinces into the northern and southern regions, and then carries out
regression estimation for the two subsamples. From Table 4, as we can see, the coefficient
of green finance in northern regions is significant (−0.703), while its coefficient in southern
regions is not significant. This result reveals that green finance remarkably inhibits carbon
emissions in northern regions, but fails to reduce carbon emissions in southern regions.

Table 4. The results of the heterogeneity test.

Variables
(1) (2) (3) (4) (5) (6)

Northern
Region

Southern
Region

High-Carbon
Emission Region

Low-Carbon
Emission Region

Energy-Rich
Region

Energy-Poor
Region

GF
−0.703 *** 0.158 −0.743 *** −0.211 −0.696 *** −0.266 *

(0.219) (0.191) (0.213) (0.168) (0.218) (0.155)

Constant
9.302 3.043 21.22 ** −3.435 10.41 −18.06 ***

(10.11) (8.434) (8.998) (7.338) (9.278) (5.976)
Control variables Yes Yes Yes Yes Yes Yes

Province-fixed Yes Yes Yes Yes Yes Yes
Observations 225 225 225 225 225 225

R-squared 0.926 0.954 0.944 0.941 0.943 0.945

Notes: Robust standard errors are shown in parentheses; ***, ** and * indicate significance levels of 1%, 5%, and
10%, respectively.

Moreover, this paper divides 30 provinces into two sub-samples, and then carries out
regression estimation for the two subsamples. From Table 4, as we can see, the coefficient of
green finance in high-carbon-emission regions is −0.743, which is significant at 1%, while
its coefficient in low-carbon-emission regions is not significant, revealing that green finance
remarkedly inhibits the increase in carbon emissions in high-carbon-emission regions,
but fails to reduce carbon emissions in low-carbon-emission regions. These regions may
strengthen the enforcement of green finance policies and impose stricter control on the
financing and investment activities of polluting enterprises, so that the inhibition of green
finance on carbon emissions is more prominent.

In addition, considering the different energy endowments of China’s provinces, there
may be prominent differences in the economic development pattern. Based on the China
coal industry yearbook, this paper selects 15 provinces as energy-rich regions and the rest
as energy-poor regions, and then makes regression estimates for the two sub samples. From
Table 4, as we can see, in energy-rich regions and energy-poor regions, the coefficients of
green finance are significant (−0.696 and −0.266). This result reveals that the inhibitory
effect of green finance on carbon emissions in energy-rich regions is more obvious than that
in energy-poor regions—that is, the marginal green effect of green finance in energy-rich
regions is higher.
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5.3. Mechanism Analysis

The benchmark regression results suggest that green finance remarkably inhibits
carbon emissions. Next, this paper adopts the chain multiple mediation effect model to in-
vestigate whether green finance can inhibit carbon emissions through three paths: (1) green
technological innovation, (2) ecological evolution of the industrial structure, and (3) green
technological innovation facilitating ecological evolution of the industrial structure.

Table 5 shows the regression results of the chain multiple mediation model at the
national level. Concretely, in column (1), taking green technological innovation (GTI) as
the explained variable, the coefficient of green finance is significant (1.215), suggesting
that green finance can meet the capital needs of enterprises or projects actively carrying
out clean technologies. Then, in column (2), taking ecological evolution of the industrial
structure (EIS) as the explained variable, the coefficients of green finance and green techno-
logical innovation are significant (0.013 and 0.005), showing that the improvement of green
finance and innovation ability can accelerate the transition of enterprises in traditional
industries to the upstream of the industrial chain and improve the allocation of factors
between traditional industries and emerging industries, promoting ecological evolution
of the industrial structure. Furthermore, in column (3), taking carbon emissions (CI) as
the explained variable, the coefficients of green technological innovation and ecological
evolution of the industrial structure are significant (−0.348 and−18.790), but the coefficient
of green finance is not significant, revealing that green technologies such as biological
carbon reduction technology, in addition to ecological evolution of the industrial structure,
can inhibit carbon emissions, while green finance cannot directly inhibit carbon emissions.

Table 5. The results of the chain multiple mediation effect model at the national level.

Variables
(1) (2) (3)

lnGTI lnEIS lnCI

GF
1.215 *** 0.013 *** 0.182
(0.346) (0.004) (0.437)

lnGTI
0.005 *** −0.348 ***
(0.001) (0.065)

lnEIS
−18.790 ***

(5.748)

Constant
5.249 −0.416 *** 12.667

(8.990) (0.085) (11.273)
Control variables Yes Yes Yes

Province-fixed Yes Yes Yes
Observations 450 450 450

R-squared 0.726 0.872 0.747
Notes: Robust standard errors are shown in parentheses; *** indicates significance level of 1%.

Next, this paper uses the bootstrap test to determine whether intermediary channels
exist, as shown in Table 6. At the national level, both green technological innovation
and ecological evolution of the industrial structure play separate mediating roles, and
the intermediary effect values are −0.415 and −0.246, respectively. Meanwhile, green
technological innovation facilitating ecological evolution of the industrial structure plays
a chain-mediating role, and the intermediary effect value is −0.117. Furthermore, the
total intermediary effect is −0.77. The above results reveal that at the national level, green
finance can reduce carbon emissions not only through separate mediating channels of
green technological innovation and ecological evolution of the industrial structure, but
also through the chain-mediating channel of green technological innovation facilitating
ecological evolution of the industrial structure. In particular, green technological innovation
is the most prominent way of realizing environmentally inclusive growth in China.



Sustainability 2023, 15, 10610 15 of 23

Table 6. The result for the bootstrap test at the national level.

Intermediary Effect Path Intermediary Effect Value 95% Confidence Interval Sampling Times

GF→GTI→CI
−0.4153 ***

[−0.7435, −0.1524] 1000(0.1523)

GF→EIS→CI
−0.2463 ***

[−0.4899, −0.0762] 1000(0.1024)

GF→GTI→EIS→CI
−0.1168 ***

[−0.2405, −0.0312] 1000(0.0533)

Total intermediary effect −0.7784 ***
[−1.2788, −0.3484] 1000(0.2401)

Notes: Robust standard errors are shown in parentheses; *** indicates significance level of 1%.

Furthermore, this paper investigates whether the mechanism of green finance affect-
ing carbon emissions is diverse in various regions with different energy endowments.
Tables 7 and 8 present the regression results and bootstrap test results of the chain multiple
mediation effect model, respectively. As we can see, in energy-rich regions, green technolog-
ical innovation and ecological evolution of the industrial structure play separate mediating
roles, and the intermediary effect values are −0.754 and −0.511, respectively. Meanwhile,
green technological innovation facilitating ecological evolution of the industrial structure
plays a chain-mediating role, and the intermediary effect value is −0.184. Furthermore, the
total intermediary effect is−1.449. Thus, in energy-rich regions, green finance can break the
resource curse and reduce carbon emissions not only through separate mediating channels
of green technological innovation and ecological evolution of the industrial structure, but
also through the chain-mediating channel of green technological innovation facilitating
ecological evolution of the industrial structure. In particular, green technological innovation
is the most effective way of realizing green transformation in energy-rich regions.

Table 7. The results of the chain multiple mediation effect model at the regional level.

Energy-Rich Region Energy-Poor Region

Variables (1) (2) (3) (4) (5) (6)

lnGTI lnEIS lnCI lnGTI lnEIS lnCI

GF
1.043 ** 0.016 *** −0.165 2.270 *** 0.002 * −0.129
(0.419) (0.004) (0.674) (0.557) (0.008) (0.254)

lnGTI
0.006 *** −0.723 *** 0.006 *** −0.250 ***
(0.001) (0.123) (0.001) (0.033)

lnEIS
−31.119 *** 3.313

(11.768) (2.231)

Constant
−17.415 −0.115 −13.348 7.866 −0.703 *** −22.721 ***
(12.932) (0.114) (19.789) (12.707) (0.171) (5.800)

Control variables Yes Yes Yes Yes Yes Yes
Province-fixed Yes Yes Yes Yes Yes Yes
Observations 225 225 225 225 225 225

R-squared 0.705 0.819 0.712 0.807 0.618 0.868

Notes: Robust standard errors are shown in parentheses; ***, ** and * indicate significance levels of 1%, 5%, and
10%, respectively.

5.4. Threshold Effect Analysis

This paper uses energy intensity (EI) and energy consumption structure (ES) as thresh-
old variables, and the panel threshold model is constructed to prove the nonlinear relation-
ship between green finance and carbon emissions. Before estimating the panel threshold
model, it is necessary to verify whether there is a threshold effect, so we use the boot-
strap method to test whether the threshold effect exists and, if so, to establish the number
of thresholds. Table 9 shows the results of threshold effect self-help sampling and the
threshold estimation test.
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Table 8. The results for the bootstrap test at the regional level.

Intermediary Effect
Path

Energy-Rich Region Energy-Poor Region
Sampling

TimesIntermediary
Effect Value

95% Confidence
Interval

Intermediary
Effect Value

95% Confidence
Interval

GF→GTI→CI
−0.7539 ***

[−1.4325, −0.2387]
−0.5670 ***

[−0.9088, −0.2429] 1000(0.3055) (0.1583)

GF→EIS→CI
−0.5109 ***

[−1.0996, −0.1611]
0.0059

[−0.0806, 0.1224] 1000(0.2372) (0.0461)

GF→GTI→EIS→CI
−0.1839 **

[−0.4327, −0.0361]
0.0433

[−0.0262, 0.1469] 1000(0.1021) (0.0445)

Total intermediary effect −1.4488 ***
[−2.6254, −0.5745]

−0.5179 *
[−0.8283, −0.2429] 1000(0.5172) (0.1541)

Notes: Robust standard errors are shown in parentheses; ***, ** and * indicate significance levels of 1%, 5%, and
10%, respectively.

Table 9. The results of threshold effect self-help sampling and the threshold estimation test.

Threshold
Variables Threshold Threshold

Estimation F p-Value
Critical Value

10% 5% 1%

EI
Single threshold 2.1786 40.56 0.0367 28.5838 36.1449 50.0203

Double threshold 0.6771 23.93 0.1400 29.2816 37.4611 51.9981

ES
Single threshold 0.7371 33.54 0.0400 22.5175 29.0694 41.2847

Double threshold 0.7896 11.87 0.4900 22.9808 27.3175 46.4400

In Figures 4 and 5, the horizontal axis represents the threshold value, the vertical axis
represents the likelihood ratio statistic, the red dotted line represents the 95% significance
reference line, the intersection of the curve and the horizontal line (LR = 0) represents the
threshold estimate, and the interval formed by the intersection with the red dotted line
is the 95% confidence interval corresponding to the threshold value. Table 10 shows the
threshold regression estimation results when energy intensity and energy consumption
structure are used as threshold variables, respectively. It can be seen that both energy
intensity and energy consumption structure have threshold effects in the relationship be-
tween green finance and carbon emissions. As shown in column (1) of Table 10, when the
energy intensity is lower than the threshold estimation value (EI ≤ 2.1786), the coefficient
of green finance is −1.022, with a significance level of 1%, which means that when energy
intensity is at a low level, green finance will significantly inhibit the increase in carbon
emissions. However, when the energy intensity is higher than the threshold estimation
value (EI > 2.1786), the coefficient of green finance is 2.947, which is not significant, indi-
cating that the energy consumed per unit of GDP is higher than 2.1786, and green finance
cannot reduce carbon emissions. The results indicate that only when energy intensity is
lower than the threshold value can green finance significantly inhibit carbon emissions.
The fluctuation trend of China’s energy consumption is generally on the rise, while the
energy intensity continues to decline, as shown in Figure 6. Apart from 2005, the energy
intensity has always been lower than the threshold value of 2.1786, indicating that the
development of green finance in China can effectively achieve carbon emission reduction.
Thus, the further reduction in energy intensity in order to enhance the energy utilization
efficiency is necessary to realize carbon emission reduction.

Table 10 presents the threshold regression estimation results. As seen in column (1) of
Table 10, when EI ≤ 2.179, the coefficient of green finance is significant (−1.022), indicating
that when energy intensity is at a low level, green finance will remarkedly inhibit carbon
emissions. However, when EI > 2.179, the coefficient of green finance is not significant,
showing that when energy intensity is higher than 2.179, green finance cannot reduce
carbon emissions. In other words, only when energy intensity is lower than the threshold
value can green finance significantly inhibit carbon emissions. The fluctuation trend of
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energy consumption is generally on the rise, while energy intensity continues to decline, as
shown in Figure 6. Apart from 2005, the energy intensity has always been lower than the
threshold value of 2.179, showing that green finance in China effectively achieves carbon
emission reduction. To sum up, further reduction in energy intensity in order to enhance
energy utilization efficiency is necessary to decrease carbon emissions.
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Table 10. The results of panel threshold model.

Variables
(1) (2)

EI ES

GF·I (EI ≤ 2.1786)
−1.022 ***

(0.285)

GF·I (EI > 2.1786)
2.947

(0.606)

GF·I (ES ≤ 0.7371)
−0.378 **

(0.152)

GF·I (ES > 0.7371)
1.061 ***
(0.262)
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Table 10. Cont.

Variables
(1) (2)

EI ES

Constant
47.064 *** −10.299 *
(10.639) (5.925)

Control variables Yes Yes
Province-fixed Yes Yes
Observations 450 450

R-squared 0.776 0.927
Notes: Robust standard errors are shown in parentheses; ***, ** and * indicate significance levels of 1%, 5%, and
10%, respectively.
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As seen in column (2) of Table 10, when the energy consumption structure is lower
than the threshold estimation value (ES ≤ 0.7371), the coefficient of green finance is −0.378,
which is significant at 5%, indicating that when coal consumption is at a low level, green
finance will significantly inhibit the increase in carbon emissions. However, when the
energy consumption structure is higher than the threshold estimation value (ES > 0.7371),
the coefficient of green finance changes from −0.378 to 1.061, which is significant at 1%,
indicating that when the proportion of coal consumption to the total energy consumption
is higher than 0.7371, green finance will increase carbon emissions instead. The results
indicate that only when the energy consumption structure is lower than the threshold value
can green finance significantly inhibit carbon emissions. The evolution trend of China’s coal
consumption is roughly on the rise, while the proportion of coal consumption in energy
consumption is declining, as shown in Figure 7, indicating that China’s energy consumption
structure is constantly optimized. Since 2007, the energy consumption structure has always
been lower than the threshold value of 0.7371, indicating that the development of green
finance in China can significantly reduce carbon emissions. Thus, further reducing the
proportion of coal consumption to total energy consumption in order to improve the energy
consumption structure is conducive to inhibiting carbon emissions.
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6. Conclusions and Policy Implications

From the perspective of energy consumption optimization, this paper utilizes the
STIRPAT model, chain multiple mediation effect model and panel threshold model to
empirically analyze the impact of green finance on carbon emissions, using the provincial
level panel data from China from 2005 to 2019. The empirical results are as follows: (1) green
finance significantly reduces carbon emissions. After accounting for potential endogeneity,
this conclusion is still valid. The heterogeneity test reveals that the inhibitory effect of
green finance on carbon emissions in northern regions, high-carbon-emission regions and
energy-rich regions is more significant. (2) The results of the bootstrap test show that at
the national level, green finance can decrease carbon emissions through three paths: green
technological innovation, the ecological transformation of the industrial structure, and
green technological innovation facilitating the ecological transformation of the industrial
structure. Furthermore, the intermediary mechanism of green finance affecting carbon
emissions differs in various regions with different energy endowments. In energy-rich
regions, green finance significantly inhibits carbon emissions through all three paths, while
in energy-poor regions, green finance reduces carbon emissions through one path, that is,
green technological innovation. (3) There is a nonlinear relationship between green finance
and carbon emissions. Specifically, regardless of energy intensity or energy consumption
structure, only when it is below the threshold can green finance significantly inhibit carbon
emissions. Thus, realizing energy consumption optimization, that is, enhancing energy
utilization efficiency and improving energy consumption structure, is an effective way to
give full play to the carbon emission reduction effect of green finance.

Based on the results and conclusions, several policy implications are drawn up and
summarized as follows. Firstly, it is important to strengthen the development of green
finance in accordance with the “Guiding Opinions on Building a Green Financial Sys-
tem” [14] and give full play to its positive role in the process of low-carbon economic
transformation. China should continue to build and improve a green financial system,
continuously improve the development of green finance, and increase its effectiveness
in green capital supply and resource allocation. Meanwhile, the financial supervision
department needs to further strengthen legal supervision of the green financial system,
increase the punishment for using green capital in the field of pollution, and eliminate the
abuse of green capital by enterprises at the root, so that green capital can be reasonably
and effectively used in practice. In addition, considering the heterogeneity impact of green
finance on carbon emissions, green finance development policies should be created ratio-
nally according to the characteristics of the local industrial structure and the advantages of
energy endowment.
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Secondly, more attention must be given to the intermediary role of green technological
innovation and ecological evolution of the industrial structure in order to decrease carbon
emissions. For example, the government must provide incentives to financial institutions to
increase financial support for clean technology, accelerate the application and promotion of
clean technology, and alleviate financing constraints of green technologies. It is also critical
for financial resources to be rechanneled toward green low-carbon industries, particularly
to encourage and support the development of cleaning enterprises, so as to accelerate
the ecological evolution of the industrial structure. During the transitory period where
firms are seeking alternative modes of production to achieve the net zero target, the
government must turn green technological innovation into a priority area. The government
must support the ecological evolution of the industrial structure through stimulating
green technological innovation, promoting the realization of the environmentally inclusive
growth of the economy and society. Furthermore, the government must work alongside
with the private sector to adopt differentiated green development policies based on the local
energy endowment. More specifically, the government must (1) encourage reinvestment
in non-fossil fuel energy product development for energy-rich regions and (2) promote
the usage of low-emission products, clean technologies, and the new energy industry and
cultivate new advantageous industries for energy-poor provinces.

Thirdly, it is imperative to take steps to improve energy efficiency and the energy
structure to realize energy consumption optimization, so as to reduce carbon emissions.
Given the current reliance on coal, China must urgently find technological innovations
that will reduce emissions of the generation and utilization of coal resources. Next, China
must explore other large-scale clean energy methods of production such as nuclear power,
thereby achieving the stable supply of clean energy.

One limitation of our research that is worth pointing out is that we cover 30 provinces
in China, implying that our study lacks microcosmic elements. In order to achieve the net
zero target by 2060, China requires the participation of microenterprises (including scientific
and technological enterprises and green enterprises), and our study does not address this
element. In addition, we do not consider the support of laws and regulations for green
finance and draw knowledge from the research of scholars from different countries in a
balanced manner. In the future, we will fully consider the role of laws and regulations and
make balanced reference to valuable scientific works in the global database. Then, based on
our existing research, we will explore a new research perspective, search for a new research
direction and further improve our paper.
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