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China has accelerated its energy transition to help achieve carbon peaking and
neutrality. This resulted in significant investment and financial demand, and green
finance has developed into a potent tool to support energy transition. This study used
Chinese provincial panel data from 2007 to 2019 and investigated the effects of
green finance development on energy intensity based on the mediating effect
model, threshold model, and spatial Durbin model. The findings indicate that
green finance development significantly lowers energy intensity, in which
industrial structure upgrading plays a mediating role. Based on the threshold
effect, when the green finance index rises above 0.199, the effect of reducing
energy intensity becomes significant and exhibits a nonlinear feature of
diminishing marginal effect. By examining the spatial spillover effect, the analysis
shows that the development of green finance not only reduces the energy intensity
of the region but also reduces the energy intensity of neighboring regions. Based on
these findings, we proposed regionally targeted and differentiated green finance
development policies to reduce energy intensity as soon as possible and assist in
reaching carbon neutrality.
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1 Introduction

At the 75th General Debate of the UN General Assembly, China announced that it will
strive to reach peak carbon emissions by 2030 and work toward carbon neutrality by 2060. This
is a solemn commitment by China to address climate change. Reducing energy intensity is an
effective way to control carbon emissions (Zeinab et al., 2022). Energy intensity is the energy
consumption ratio to output, reflecting the combined energy-use efficiency of different regions
and industries. China, a major energy consumer, has been controlling energy consumption and
reducing energy intensity as crucial measures to combat climate change and guarantee energy
security (Shen et al., 2021). The National Bureau of Statistics released that China’s energy
consumption per unit of GDP in 2021 was 26.4% lower than that in 2012, an average annual
decrease of 3.3%, equivalent to energy savings of approximately 1.40 billion tons of standard
coal.1 China has achieved significant strides toward energy conservation and consumption
reduction. However, in terms of international comparison, China’s energy consumption per
unit of GDP is 1.5 times the world average and 3 times that of developed countries; there is
much room for reduction. To achieve carbon peaking and carbon neutrality goals, China must
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1 Energy transformation continues to promote energy saving and consumption reduction is effective—the
party’s economic and social development achievements since the 18th report of the series of 14, http://
www.stats.gov.cn/xxgk/jd/sjjd2020/202210/t20221008_1888971.html.
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control its energy consumption and reduce its energy intensity based
on stable economic development (Zhang and Tu, 2022).

China’s economic development has transformed from high-speed
growth to high-quality growth in recent years, and energy has
accelerated its transformation across the board. During “the 13th
Five-Year Plan” period, China’s non-fossil energy consumption
reached 15.9%, and the proportion of coal consumption dropped
to 56.8%, with the energy structure being continuously optimized and
the low-carbon transition becoming effective.2 Resolving the conflict
between economic development and environmental protection
requires strong end-of-pipe governance measures and financial
means to change resource allocation. Green finance is a crucial way
to accomplish a green allocation of capital factors and promote the
economy toward green, low-carbon, and high-quality development.
Compared to other financing projects, clean energy projects have a
greater risk of uncertainty and require adequate financial backing.
Green finance provides funding support for the clean energy projects
industries and diversified financial tools for enterprises to spread out
the risk associated with innovation (Chen, 2020). Financial
institutions that engage in green finance activities take into full
account the environmental effects of their investment and
financing decisions, allocate more funds to environmental
protection and energy conservation industries, and reduce their
investments in polluting and highly energy-intensive businesses
and projects (Ma, 2016).

At present, multi-level green financial products and market
systems, including green loans, green bonds, green insurance, and
carbon financial products, were initially formed in China. At the end
of 2021, the balance of China’s domestic and foreign currency green
loans had increased by 33% year over year to 15.9 trillion yuan,
ranking first in the world in terms of stock size. The domestic green
bond issuance exceeded 600 billion yuan in 2021, up 180% yearly, with
a balance of 1.1 trillion yuan.3 It should be noted, however, that for
private capital, the limited investment channels and high entry
barriers in the green finance market have to some extent,
dampened the enthusiasm of private capital to take part in green
finance projects and limited the supply of green finance (Zhan, 2018).
Meanwhile, there are variances in environmental legislation and
economic structures among regions; regional green finance has
developed unevenly (Gao and Zhang, 2021), and its effects on
energy intensity may be asymmetric.

An increasing level of green finance development can successfully
reduce energy intensity (Shen and Cao, 2020). First, green finance can
effectively increase energy-use efficiency (Liu et al., 2021). Green
finance has an obvious financing penalty effect and investment
disincentive effect on heavy polluters (Su and Lian, 2018), can
improve energy efficiency through reasonable credit resource
allocation (Song et al., 2021), and can improve energy efficiency by
promoting green innovation in the new energy industry (Peng and
Zheng, 2021). Second, green finance growth can contribute to
restructuring energy consumption (Liu and Tang, 2022; Sun and
Chen, 2022). According to an analysis of the Association of

Southeast Asian Nations (ASEAN) green bond issuance and
policies by Dina et al. (2020), two-thirds of ASEAN green bonds
are used to fund renewable energy and energy-efficiency projects.

Clarifying the impact channels of green finance on energy
intensity is crucial for green finance to help achieve carbon peaking
and carbon neutrality goals. However, the discussion on how green
finance affects energy intensity is still relatively limited. There has been
no comprehensive discussion from the standpoint of the industrial
structure upgrading drive, and there is no clear consensus on the path
of action. This study uses Chinese provincial panel data from 2007 to
2019 to thoroughly explore the mechanism and traits of green finance
affecting energy intensity at the theoretical and empirical levels in light
of the need for further research. The marginal contributions are as
follows. First, based on the perspective of industrial structure
upgrading, this study systematically sorts out the theoretical
mechanism of green finance affecting energy intensity and provides
a unified analytical framework. Second, China’s green finance
evaluation index is built around the four dimensions: green credit,
green investment, green insurance, and carbon finance. This index is
used to assess the state of the development of green finance objectively.
Third, we empirically study the threshold effect and spatial spillover
effect of green finance on energy intensity, which has theoretical and
practical value for improving the supporting policies of green finance,
adjusting the energy structure, promoting industrial structure
upgrading, and helping to achieve carbon peaking and carbon
neutrality goals as scheduled.

2 Theoretical analysis and research
hypothesis

2.1 Green financial development and energy
intensity

Green finance is a concept derived from integrated considerations
of the coordinated development of resources, environment, and
finance. According to An (2008), green finance is a macroeconomic
control policy that promotes energy saving, emissions reduction, and
the coordinated development of economic resources and the
environment. The “On Building a Green Financial System Guiding
Opinions,” released by seven Chinese ministries and commissions on
31 August 2016, clearly states that “green finance” is the economic
activity to support environmental enhancement, climate change
response, and efficient utilization of resources. According to Zhang
et al. (2016), in developing nations such as China, all green investment
that can reduce the use of fossil fuels and lower energy consumption
per unit is considered green finance. Thus, it may be considered that
the development of green finance is vital for advancing green
transformation and lowering energy intensity.

The theory of externalities is important in understanding green
finance (An and Zi, 2020). Externality refers to the non-market impact
of an economic agent conducting market activities on another
economic agent. In the early stages of economic development,
China’s rapid economic growth brought about excessive
consumption of resources and environmental damage (Wang et al.,
2020b). Economic actors produced goods and services to benefit
themselves while seriously polluting the environment, but they did
not pay the corresponding price, leading to negative externalities of
environmental pollution. Externalities can result in market failures

2 “Fourteen Five” modern energy system planning, http://www.gov.cn/
zhengce/zhengceku/2022-03/23/5680759/files/
ccc7dffca8f24880a80af12755558f4a.pdf.

3 The data comes from the Green Finance for Carbon Peaking and Carbon
Neutrality compiled by the People’s Bank of China.
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and inefficient resource allocation. By raising the investment and
financing costs of traditional energy-consuming and high-polluting
enterprises, green finance incorporates the negative externalities of
corporate behavior into production costs, effectively helping to
internalize the negative externality costs of environmental
pollution. This influences corporate production decisions and
development planning, reduces production energy consumption to
some extent, and stimulates the development of green environmental
projects and enterprises.

As the largest energy user and importer in the world, China is
highly dependent on other nations for its energy needs, which in some
ways restrains the country’s ability to expand economically. In terms
of energy consumption, China is still mainly using fossil fuels. As a
non-renewable and competitive commodity, an increase in the
production and consumption of fossil fuels leads to a decrease in
quantity. The vigorous development of green finance may successfully
respond to the competitive challenges brought about by the decreasing
supply of fossil fuels (Shu and Gu, 2020). On the one hand, green
finance guides the flow of capital to renewable energy, energy
conservation, and emission reduction through financial means and
promotes the development and utilization of non-fossil energy. As a
replacement for fossil fuels, the development of non-fossil fuels can
effectively change the energy consumption structure and reduce the
consumption of fossil fuels. On the other hand, green finance can force
the reduction of investment and financing of high-energy-consuming
and heavy-pollution projects and enterprises, reduce the consumption
of fossil fuels, including coal, oil, and natural gas, and promote the
green and low-carbon transformation of energy (Zhang and Wang,
2019).

Based on the analysis of green finance and energy intensity,
hypothesis H1 is proposed.

H1: The development of green finance can effectively reduce energy
intensity.

2.2 The transmission mechanism of green
finance development impact energy intensity

In this study, we construct the transmission mechanism of green
finance development impact energy intensity (see Figure 1). Green
finance may guide enterprises to choose energy-saving industries and
adjust the conventional industrial structure to make it “green.” Xu
et al., 2018 found a correlation between the development of green
credit and the upgrading of industrial structures through a gray
correlation analysis. Furthermore, they analyzed the differences in

the effects of green credit on industrial restructuring in each region.
From the perspective of new institutional economics, Shao and Fang
(2021) pointed out that regional green finance development and
industrial structure have a coupled and coordinated
relationship. Huang (2022) argued that green finance helps
Vietnam change its industrial structure, which can lower its energy
intensity by raising the share of the tertiary sector in the national
economy.

The path of green finance to promoting industrial restructuring
includes three main aspects: capital orientation, industrial
integration, and information dissemination. First, by controlling
the credit cost, financing efficiency, and return on investment of
different projects, green finance directs the flow of funds from high-
energy-consuming and high-polluting industries to energy-saving
and environmental protection industries. It encourages the growth
of environmental protection industries and facilitates the
transformation of the industrial structure to green and
rationalization. Second, green finance promotes the flow of
resources to green industries, realizes the reallocation of
production factors between industries, forms a new capital
system, and promotes industrial structure integration and
optimization (Feng et al., 2022). Third, producers and investors
can adjust their respective production plans and investment
strategies based on market prices for green products and
enterprise disclosure of environmental information, thereby
accelerating the growth of green industries and optimizing
industrial structures.

Industrial upgrading is critical in addressing climate change
(Wang et al., 2022). Luan et al. (2021) pointed out that upgrading
the industrial structure can validly reduce energy intensity. Given the
differences in each industry’s nature, there are remarkable
differences in the energy intensity of various sectors. The
secondary industry, primarily industrial, has the highest energy
intensity. If the share of industries with higher energy intensity is
greater and rises faster, then the overall energy intensity increases. Li
and Lin (2014) analyzed the non-linear effect of industrial structure
on energy intensity in China and found that when the share of
secondary industry in GDP is less than 40.435%, industrial structure
upgrading leads to a decrease in energy intensity. Guo (2016)
examined the effect of industrial structure on the convergence of
energy intensity in China and discovered that improving the
industrial structure dramatically accelerates the rate of energy
intensity decline and accelerates the convergence process of
energy intensity between regions. Adjusting the industrial
structure is the way to achieve stable economic growth and
effectively reduce energy intensity (Wang S. et al., 2021).

FIGURE 1
The transmission mechanism of green finance development impact energy intensity.
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Based on the analysis of the transmission mechanism of green
finance impact energy intensity, hypothesis H2 is proposed.

H2: Industrial structure upgrading plays a mediating role in reducing
energy intensity with green finance.

2.3 The threshold effect of green finance
development on energy intensity

A combination of changes in GDP and energy consumption
influences the changes in energy intensity. A certain amount of
energy that produces more economic benefits or a certain amount
of GDP using less energy can reduce energy intensity (Lin and Sun,
2011). Similar to traditional finance, the development of green finance
can contribute significantly to economic growth (Zhou et al., 2020).
Green finance has the power to increase energy efficiency and reduce
energy consumption (Hong et al., 2022). Green finance can directly
reduce energy intensity by promoting economic growth and reducing
energy consumption. However, there is a scale effect on the impact of
green finance on energy intensity. Green finance promotes economic
growth, and the expansion of economic output forces enterprises to
increase their energy demand and consumption. Green finance may
lessen the inhibitory effect on energy intensity through the scale effect.
Therefore, the influence of green finance on energy intensity is not
always fixed under the combined effects of changes in GDP and energy
consumption.

Simultaneously, there are variations in the effects at each stage of
the green finance development process. At the early stage of green
finance development, pertinent policies are not yet perfect, and only a
limited amount of financial resources can be mobilized. Additionally,
the green industry’s investment cycle is lengthy, expensive, and slow,
and the time lag of the policy prevents green finance from playing its
role in time (Shi and Shi, 2022). With the gradually increasing level of
green finance development and the accumulation of financial
resources, green finance can strongly encourage the green
upgrading and transformation of traditional industries and the
sprouting and growth of green environmental industries. When the
degree of green finance development is too high, the regional disparity
in green finance development expands, and the implementation of
green finance policies by local governments may be highly divergent,
which can reduce the effectiveness of green finance (Huang and Chen,
2022).

Based on the above analysis, we propose hypothesis H3.

H3: There is a threshold effect for green finance development to affect
energy intensity.

2.4 The spatial spillover effects of green
finance development on energy intensity

Green finance is an essential innovation of conventional
environmental regulation; ignoring its spillover effects would
underestimate its impact effects (Ouyang et al., 2022). Scholars
have gradually focused on the spatial spillover effects of green
finance with the rise of the spatial economics theory. Dong and Fu
(2018) examined the characteristics of the geographical distribution of
green finance development and focused on the spatial spillover impact

of green finance concentration areas. Wang et al. (2021b) also pointed
out that the development of green finance fueled the growth of local
clean energy and encouraged the production and utilization of clean
energy in the surrounding provinces. The spatial spillover effect of
green finance is mainly reflected in two aspects: industrial
agglomeration and demonstration effect.

On the one hand, in green finance development, regions with
location and policy advantages can draw green financial resources,
including capital, market, technology, and labor, forming the
agglomeration effect of green industries. The agglomeration of
green industries can drive the development of the upstream and
downstream sectors, promote the integration of the green finance
industry chain, improve the production efficiency of the entire
industry, and promote energy conservation. On the other hand,
through experience exchange, information sharing, and resource
interchange, regions with a high level of green finance development
can play a good demonstration role and promote green finance
development in neighboring regions. Therefore, green finance has
an apparent positive externality, which drives the development of local
energy-saving and environmentally friendly industries, and also has a
radiation diffusion effect on the surrounding areas and promotes
interregional synergistic emission reduction.

Based on the analysis of the spatial spillover effects of green
finance, hypothesis H4 is proposed.

H4: There is a spatial spillover effect of green finance development on
energy intensity.

3 Data and methods

3.1 Variable description

3.1.1 Energy intensity
As a crucial step in promoting the construction of ecological

civilization, the reduction of energy intensity can decrease pollutants
and greenhouse gas emissions at the source and effectively respond to
climate change. Energy intensity is a crucial metric for gauging the
effectiveness of energy usage and, to a certain extent, reflects the
connection between energy consumption and economic output. The
ratio of energy consumption to energy output is often employed
internationally to indicate energy intensity, and this study used the
ratio of energy consumption to GDP to measure energy intensity
(Hajko, 2014).

3.1.2 Green finance
There is no consensus on green finance metrics. Some scholars

have chosen green credit (Tan et al., 2022) or green investment (Sun
and Chen, 2022) as alternative indicators to assess the development
of green finance. Wang F. et al. (2021) measured the level of green
finance in China’s Yangtze River Economic Zone using green
investment and carbon finance data. Ren et al. (2020) built a
composite indicator around four dimensions: green loan, green
security, green insurance, and green investment to evaluate green
finance development. With reference to the index selection made by
the scholars as mentioned above, based on the strategic background
of green finance to help achieve the carbon neutrality goal, and
combined with a profound understanding of green finance, we
constructed China’s green finance index from four dimensions:
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green credit, green investment, green insurance, and carbon finance.
The specific indicators are as follows:

(1) The main measures of green credit are the proportion of green
credit, percentage of loans for energy conservation and
environmental protection projects, and proportion of interest
expenditure in the six industrial industries with the highest
energy consumption. Considering the continuity of data and
the consistency of statistical standards, this study adopted the
ratio of interest expenditure of six high-energy-consuming
industries4 to total industrial interest expenditure to measure
the level of green credit (Xie and Liu, 2019).

(2) Green investment is represented by the ratio of fiscal expenditure
on environmental protection to the total fiscal expenditure. As the
Chinese government is the principal investor in environmental
protection, fiscal expenditures on environmental protection can
represent the level of green investment to a certain extent.

(3) Environmental pollution liability insurance is a major component
of green insurance; however, it is currently in the primary
development stage in China, and there is a dearth of pertinent
data. Agriculture is the industry most affected by the
environment, and agricultural insurance can represent the
development of green insurance to a certain extent; therefore,
the ratio of agricultural insurance income to total agricultural
output value is used to measure the level of green insurance (Ren
et al., 2020).

(4) Financial institutions play diverse and vital roles in the carbon
finance market. Therefore, this study adopted the ratio of regional
carbon emissions to the loan balance of financial institutions to
measure the level of carbon finance (Yin et al., 2021).

After standardizing the indicator data, we employed a
combination of subjective and objective methods to determine
the weights. The subjective weights refer to the report of Li and
Xia (2014) and are combined with the actual research in this
study. Meanwhile, the subjective weights of 70%, 10%, 10%, and
10% are attached to the four indicators. The objective weights use
the entropy weight method, and the more scattered the
indicator’s data and the more information it contains, the
greater the weight of that indicator. Finally, the subjective and
objective weights were weighted and averaged to calculate the
total weights, and the total score was calculated to obtain the
green finance index.

3.1.3 Industry structure
In this study, the industrial structure was selected as a mediating

variable to explore the transmission path of green finance that impacts
energy intensity. Industrial structure enhancements include
rationalization and advancement. The former reflects the
improvement of the association level and coordination ability
among industries, and the latter reflects a change in the

proportional relationship and an increase in the degree of
industrial structure. In this study, from the perspective of industrial
structure advancement, the ratio of the value added by the tertiary
industry to the value added by the secondary industry was used to
measure the industrial structure index of each province (Yuan and Xie,
2014).

3.1.4 Control variables
(1) The energy price index is represented by the fuel price index in the

retail price index of goods by region (Shen et al., 2021). Energy
prices validly impact energy intensity (Pach-Gurgul et al., 2021).
With a guaranteed constant output, an increase in energy prices
may cause economic agents to reduce energy consumption to
ensure cost minimization. Thus higher energy prices lead to lower
energy intensity.

(2) R&D intensity is expressed in terms of regional R&D investment
intensity. Technical advancement is a key driver of energy
efficiency improvement and results from conscious R&D
investment. An increase in R&D investment intensity may
decrease energy intensity (Wang et al., 2021c).

(3) Foreign trade intensity is represented by the ratio of total regional
imports and exports to GDP (Xu et al., 2016). Trade openness can
effectively lower energy intensity (Chen et al., 2022). Through
international trade communication, advanced technology and
management from developed nations can enter developing
countries and regions. This has resulted in technical innovation
and equipment upgrading in developing countries, improving
production methods, and lowering energy intensity.

(4) Foreign direct investment (FDI) intensity is represented by the
ratio of actual FDI utilized in the region to GDP (Liu and Hu,
2016). On the one hand, the introduction of FDI generates
technological spillover effects in which the host nation can use
learned production technologies to improve production methods
and reduce energy intensity (Predrag and Mikhail, 2022). On the
other hand, the “pollution sanctuary” hypothesis contends that
developed nations will relocate highly polluting and energy-
consuming enterprises to developing nations to reduce costs.
In contrast, developing nations will relax environmental
standards for economic development, resulting in greater
energy usage and higher energy intensity in developing nations.

3.2 Data sources

This study selected panel data from 30 provinces (excluding
Tibet, Hong Kong, Macao, and Taiwan) in China from 2007 to
2019 as the research sample, using data mainly from Wind, CEADs,
the National Bureau of Statistics, and provincial statistical
yearbooks, with individual missing data supplemented by
interpolation.

3.3 Descriptive statistics

The descriptive statistics for each variable are shown in
Table 1. The mean energy intensity (EI) value is 0.981,
indicating that energy intensity is still high in China and that
most provinces have more room for reduction. The energy
intensity ranges from 0.208 to 3.507 and varies greatly among

4 Six high-energy-consuming industries, including chemical materials and
chemical products manufacturing, ferrous metal smelting and rolling
processing industry, non-ferrous metal smelting and rolling processing
industry, non-metallic mineral products industry, petroleum processing,
coking and nuclear fuel processing industry, electricity and heat
production and supply industry.
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Chinese provinces. The average green finance index (GF) is only
0.350, and overall, the level of green finance development in China
is low. Meanwhile, the green finance index of different regions
ranged from 0.168 to 0.943, indicating the uneven development of
green finance in China. Table 1 also shows significant differences
in industrial structure (IS), energy price index (P), R&D intensity
(RD), foreign trade intensity (Trade), and FDI intensity (FDI) in
different provinces.

3.4 Methods

Based on H1, to verify the impact of green finance on energy
intensity, the following baseline model was constructed:

EIit � α0 + α1GFit + αncontrolit + vi + εit (1)
where i represents province, t represents the year, EIit represents the
energy intensity of province i in year t, GFit represents the green
financial index of province i in year t, controlit is a set of control
variables, vi represents the individual effect of province i that does not
change over time, and εit represents the random disturbance term.

Based on H2, we verified whether industrial structure upgrading is
a mediating variable for green finance that affects energy intensity.
This study drew on Wen and Ye (2014) to conduct a mediating effect
test. First, we tested whether the effect of green finance on the
industrial structure is remarkable according to Eq. 2. The industrial
structure index is introduced in Eq. 3 to test the effects of green finance
and industrial structure on energy intensity. Finally, the validity of the
mediation effect of the industrial structure was judged based on the
regression coefficients of Eqs 2, 3, respectively. The specific form of the
mediating effect model was set as follows:

ISit � β0 + β1GFit + βncontrolit + vi + εit (2)
EIit � γ0 + γ1GFit + γ2ISit + γncontrolit + vi + εit (3)

where ISit represents the industrial structure index of province i in
year t. If the coefficient of energy intensity β1 and coefficient of
industrial structure γ2 are remarkable, the mediating effect is
significant. β1γ2 represents the degree of influence of green finance
on energy intensity through the industrial structure.

Based on H3, we chose the panel threshold model to explore the
non-linear effects of different stages of green finance development on
energy intensity. The threshold model is expressed as follows:

EIit � β0 + β1GFit · I GFit ≤ γ( ) + β2GFit · I GFit > γ( ) + βncontrolit

+ vi + εit

(4)
where green finance (GF) is both a threshold variable and a threshold
effect variable, γ represents the threshold value, I(·) is an indicator
function that takes the value of 0 or 1 and satisfies the condition in
parentheses as 1; otherwise, it is 0. Eq. 4 is a single-threshold model
that can be expanded to a double- or three-threshold model, according
to the actual situation.

Based on H4, the spatial spillover effect of green finance is further
discussed. Before conducting spatial econometric analysis, it is
necessary to determine whether the explained variables are spatially
correlated. In this study, we used the global Moran’s I index to test the
spatial autocorrelation of energy intensity, and the Moran’s I index is
defined as follows:

Moran’s I � ∑n
i�1∑n

j�1wij yi − �y( ) yj − �y( )
S2∑n

i�1∑n
j�1wij

(5)

where S2 � ∑n

i�1(yi−�y)2
n , �y � ∑n

i�1yi

n , n is the total number of regions, yi

represents the observed value of province i, and wij is the spatial
weight. Moran’s I take values ranging from −1 to 1, where 0 indicates
no spatial autocorrelation, greater than 0 indicates the presence of
positive spatial autocorrelation, and less than 0 indicates the presence
of negative spatial autocorrelation.

To explore the spatial spillover effect of green finance on energy
intensity, the spatial interaction terms of green finance, energy
intensity, and control variables are introduced in Eq. 1, which is
further extended into a spatial Durbin model as follows:

EIit � α0 + ρWEIit + α1GFit + αncontrolit + θ1WGFit + θnWcontrolit

+ vi + εit

(6)
where ρ is the spatial autoregressive coefficient;W is the spatial weight
matrix; and θ1 and θn are the elasticity coefficients of the spatial
interaction terms of the explanatory and control variables,
respectively.

Considering that the distance between two regions may impact the
spatial spillover effect of green finance, we used a geographic distance
matrix as the spatial weight matrix in this study. The specific form is as
follows:

TABLE 1 Descriptive statistics of variables.

Variable Symbol Obs Mean Std.Dev Min Max

Energy intensity EI 390 0.981 0.567 0.208 3.507

Green finance GF 390 0.350 0.107 0.168 0.943

Industry structure IS 390 1.204 0.674 0.527 5.234

Energy price P 390 1.343 0.167 1.021 1.727

R&D intensity RD 390 0.015 0.011 0.002 0.063

Foreign trade intensity Trade 390 0.301 0.339 0.013 1.670

FDI intensity FDI 390 0.023 0.020 0 0.121
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wij �
1

d2
ij

, i ≠ j

0, i � j

⎧⎪⎪⎨
⎪⎪⎩ (7)

where dij represents the geographical distance between places i
and j.

4 Empirical results

4.1 Baseline model estimation results

We first used the Hausman test to select fixed and random effects,
and the test result is p = 0.0002; therefore, we used the fixed effects
model in this study. The effect of green finance on energy intensity was
examined using the baseline model. As shown in Columns (1) and (2)
of Table 2, the regression coefficients for green finance are all
remarkably negative at the 1% level. When control variables are
added, the energy intensity decreases by an average of 1.030 units
for every 1 unit increase in the green finance index, demonstrating that
green finance development validly reduces energy intensity and
supports H1.

Additionally, the regression coefficients of the control variables in
Column (2) are all statistically significant at the 10% level,
demonstrating that various factors influence changes in energy
intensity. The coefficients of the control variables are generally
consistent with those expected. The regression coefficients of both
energy price and R&D intensity are remarkably negative, indicating
that energy intensity decreases as energy price and R&D intensity
increase. Additionally, the coefficient of foreign trade intensity is
remarkably negative, demonstrating that regions with a higher
degree of openness to the outside world can reduce energy
intensity by introducing green production technologies. The
coefficient of FDI is remarkably positive, indicating that the
introduction of FDI increases China’s energy intensity, supporting
the “pollution refuge” hypothesis.

4.2 Intermediate effect model regression
results

As shown in Table 2, based on the verification in Column (2) that
green finance can reduce energy intensity, Column (3) shows the link
between green finance and industrial structure, where the regression
coefficient of green finance is obviously positive, suggesting that the
development of green finance validly promotes the industrial structure
upgrading. Column (4) shows the effects of green finance and industrial
structure on energy intensity, where the coefficient of industrial structure
is obviously negative at the 1% level, revealing that upgrading industrial
structure can reduce energy intensity. Meanwhile, the regression
coefficient of green finance is still remarkably negative in Column (4),
but the absolute value is small compared to Column (2). According to the
test mechanism of the mediating effect, it can be seen that industrial

TABLE 2 Results of baseline regression and mechanism of action tests for the impact of green finance on energy intensity.

Variable (1)EI (2)EI (3)IS (4)EI

GF −2.201*** (0.195) −1.030*** (0.203) 1.847*** (0.195) −0.410* (0.215)

IS −0.336*** (0.052)

P −0.987*** (0.072) 0.119* (0.070) −0.947*** (0.069)

RD −19.661*** (4.977) 9.588** (4.787) −16.440*** (4.743)

Trade −0.220* (0.118) −0.565*** (0.113) −0.410*** (0.116)

FDI 2.553*** (0.885) −3.166*** (0.851) 1.489* (0.855)

Constant 1.751*** (0.069) 2.974*** (0.116) 0.495*** (0.112) 3.141*** (0.113)

Control variables No Yes Yes Yes

Year 13 13 13 13

Province 30 30 30 30

R2 0.262 0.608 0.593 0.649

Notes: The numbers reported in parentheses in the table are standard errors; *, **, and *** indicate regression results significant at the 10%, 5%, and 1% levels, respectively. All subsequent tables are the

same.

TABLE 3 Regression results of the threshold model for the impact of green
finance on energy intensity.

Variable GF ≤ γ1 (0.199) γ1 <GF < γ2 GF ≥ γ2
(0.512)

GF −0.158 (0.404) −1.675*** (0.245) −0.927*** (0.189)

P −0.953*** (0.067) −0.953*** (0.067) −0.953*** (0.067)

RD −14.340*** (4.740) −14.340*** (4.740) −14.340*** (4.740)

Trade 0.046 (0.116) 0.046 (0.116) 0.046 (0.116)

FDI 2.041** (0.814) 2.041** (0.814) 2.041** (0.814)

Constant 2.963*** (0.108) 2.963*** (0.108) 2.963*** (0.108)

Control variables Yes Yes Yes

Year 13 13 13

Province 30 30 30

R2 0.673 0.673 0.673
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structure upgrading plays a part of mediating role in the process of
reducing energy intensity by green finance development, and the
mediating effect accounts for 60.25% of the total effect, confirming H2.

4.3 Threshold model regression results

The existence of the threshold effect was first tested and passed the
double threshold test. Therefore, the model was set as a double-threshold
model. The results of the double-threshold regressions in Table 3 show

that the impact of green finance on energy intensity can be divided into
three stages: when the green finance index is less than 0.199, green finance
development has no statistically significant on energy intensity. When the
green finance index is greater than 0.199 and less than 0.512, the green
finance regression coefficient is significant, and the effect of green finance
suppressing energy intensity is strong, andwhen the greenfinance index is
greater than 0.512, the coefficient of green finance is also significant, but
the effect of green finance on suppressing energy intensity decreases.

Overall, when the green finance index exceeds 0.199, the role of
green finance in affecting energy intensity begins to emerge and shows
the non-linear characteristic of the diminishing marginal effect,
confirming H3. This may be because green finance is still
immature at the early stage of development, and the mobilization
effect on social capital is much lower than that of traditional finance,
preventing it from fully fulfilling its function in resource allocation.
When the green finance development index is too high, it occupies
other advantageous resources and has a crowding-out effect on other
industries’ technological upgrading and product development; thus,
the impact on energy intensity decreases.

4.4 Spatial durbin model regression results

First, a spatial autocorrelation test of energy intensity was
conducted to calculate Moran’s I index of energy intensity from

TABLE 4 Moran’s I index of energy intensity for 2007–2019.

Year Moran’s I Z value Year Moran’s I Z value

2007 0.311*** 3.703 2014 0.317*** 3.761

2008 0.336*** 3.926 2015 0.315*** 3.742

2009 0.341*** 3.955 2016 0.308*** 3.644

2010 0.335*** 3.876 2017 0.312*** 3.722

2011 0.319*** 3.738 2018 0.312*** 3.745

2012 0.318*** 3.736 2019 0.292*** 3.556

2013 0.319*** 3.778

FIGURE 2
The scatter plots of Moran’s I index of energy intensity.

Frontiers in Earth Science frontiersin.org08

An et al. 10.3389/feart.2023.1118939

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1118939


2007 to 2019, and the results are presented in Table 4. The results show
that Moran’s I indices of energy intensity from 2007 to 2019 are all
significantly greater than 0 at the 1% level, suggesting a significant
positive spatial correlation between energy intensities among
provinces. To better understand the spatial clustering
characteristics of energy intensity, we drew the scatter plots of
Moran’s I index of energy intensity in 2007, 2011, 2015, and 2019
(see Figure 2). It can be seen that most provinces fell in the first and
third quadrants in 2007, 2011, 2015, and 2019, indicating that the
spatial distribution of energy intensity has remarkable spatial
clustering characteristics (i.e., high values clustered with high
values and low values clustered with low-value clustering).

Spatial autocorrelation tests indicate the existence of spatial
autocorrelation of regional energy intensity; therefore, a spatial
econometric model can be used. The LM, Wald, and LR tests were
first performed to analyze whether the spatial Durbin model could
degenerate into a spatial error model or a spatial lag model. All the
results passed the 10% significance test, so it was concluded that the
fixed-effect spatial Durbin model should be selected. As there is a lot of
interaction information in adjacent regions, the interpretation of the
results based on regression coefficients alone would be biased;
therefore, we decomposed the effect of green finance on energy
intensity into direct, indirect, and total effects (Chen et al., 2016).
Specifically, the effect of green finance in the region on the energy
intensity of the region is a direct effect, the effect of green finance in
neighboring regions on the energy intensity of the region is an indirect
effect or spatial spillover effect, and the sum of the direct and indirect
effects is the total effect.

Table 5 presents the direct, indirect, and total effects estimated
using the spatial Durbin model. As shown in Table 5, the regression
coefficients of the direct, indirect, and total effects of green finance
are all significantly negative at the 5% level. This indicates that not
only will the development of green finance in the region reduce the
region’s energy intensity, but also the development of green finance
in the neighboring regions will reduce the region’s energy intensity.
In other words, the development of green finance reduces the local
energy intensity and aids in lowering energy intensity in other
areas; that is, green finance has a spatial spillover effect,
confirming H4.

4.5 Regional heterogeneity analysis

There are significant regional variances in the degree of green
finance development among provinces owing to factors such as
geographic location, level of economic development, and degree of
openness to the outside world (Zheng et al., 2020). Meanwhile, the
energy structure is directly impacted by the resource endowment of
various provinces, leading to differences in the energy intensity in each
province (Wang et al., 2020a). In this study, based on economic
development level and geographical location, the sample data were
divided into three parts: eastern, central, and western for regional
heterogeneity testing. The regression results are presented in Table 6.

The regression results in Table 6 show that the regression coefficients
of green finance in the east, central, andwest are all remarkably negative at
the 5% level, which shows that green finance in all three regions can
effectively reduce energy intensity. However, the effect of green finance is
more pronounced in the central and western regions compared to the
eastern regions. That is, there is regional heterogeneity in the effect of
green finance on energy intensity. This may be because the eastern region
is at the stage of green transformation and industrial upgrading, and
various environmental regulation tools are relatively complete, so green
finance cannot validly enhance the effectiveness of existing environmental
policies. The central region is under the double pressure of economic
development and green transformation, and the traditional
environmental regulation policy has an issue of one-size-fits-all. Green
finance can offer financial support for enterprise technological innovation
to promote green transformation, which can supplement strict
environmental regulation policies to a certain extent. The development
of green finance in thewestern region is concentrated in a few cities, which
works in harmony with and complements existing environmental
regulation policies. It has a greater influence on energy intensity (Zhu
et al., 2021).

4.6 Robustness tests

To ensure the robustness of the baseline model regression results,
we performed robustness tests, such as excluding singular values,

TABLE 5 Direct, indirect, and total effects of green finance impact on energy
intensity.

Variable Direct effect Indirect effects Total effect

GF −0.454*** (0.158) −1.815** (0.805) −2.269** (0.895)

P −0.753*** (0.135) 0.153 (0.225) −0.600*** (0.194)

RD 10.085*** (3.697) −46.275*** (15.640) −36.190**
(16.234)

Trade −0.270*** (0.080) −0.709 (0.483) −0.979* (0.525)

FDI 0.414 (0.741) 2.289 (4.634) 2.703 (5.219)

Control variables Yes Yes Yes

Year 13 13 13

Province 30 30 30

Log-likelihood 301.783 301.783 301.783

R2 0.755 0.755 0.755

TABLE 6 Regional heterogeneity test for the impact of green finance on energy
intensity.

EI

(1) Eastern (2) Central (3) Western

GF −0.378** (0.146) −2.212*** (0.403) −2.988*** (0.601)

P −0.379*** (0.078) −0.761*** (0.111) −1.386*** (0.118)

RD −23.372*** (4.067) −20.898** (8.852) −13.787 (12.873)

Trade −0.026 (0.089) 2.711*** (0.567) 0.482 (0.380)

FDI 2.779*** (0.531) 3.958 (3.102) 11.585*** (3.683)

Constant 2.358*** (0.284) 3.574*** (0.171) 3.458*** (0.301)

Control variables Yes Yes Yes

Year 13 13 13

Province 12 9 9

R2 0.927 0.929 0.934
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replacing core explanatory variables, and using the instrumental
variables method.

(1) Exclusion of singular values. The variables were subjected to a tail
reduction below 1% and above 99% to eliminate the interference
of outliers, and then the baseline model was regressed. The
regression results are shown in Column (1) of Table 7. After
excluding outliers, the effect of green finance on energy intensity is
still remarkably negative at the 1% level, proving that the
regression results of the baseline model are robust.

(2) Substitution of core explanatory variables. This study used
composite indicators to measure each province’s green finance
development level. The use of subjective weights and entropy
weighting method may cause biased estimation results. Referring
to Wang et al.’s (2021e) method of constructing comprehensive
green finance indicators, the weights were calculated using principal
component analysis to construct a new green finance index. The
green finance index obtained from the principal component
analysis was used to perform a regression analysis on the
baseline model. The results are shown in Column (2) of Table 7.
For each unit increase in the green finance index from the principal
component analysis, the energy intensity decreases by an average of
1.726 units. This further confirms that green finance development is
beneficial for reducing energy intensity and indicates that the
regression results of the baseline model are robust.

(3) Instrumental variable method. Endogeneity may occur due to
omitted variables or mutual causality, leading to biased
estimation results. This study used the instrumental variable
method to handle the endogeneity problem. Referring to Shi and
Shi (2022), we chose the one-period lagged green finance index to
be the instrument variable, as well as regressed the baseline model
using 2SLS. On the one hand, the lagged one-period green finance
index is highly correlated with the current period’s green finance
index and uncorrelated with the error term. On the other hand, the
lagged period of green finance cannot directly affect the energy
intensity and satisfies the exogenous requirement. The regression
results are listed in Columns (3) and (4) of Table 7. In the first stage,
the coefficient of the instrumental variable is significantly positive.
In contrast, in the second stage of estimation, the coefficient of the

fitted green finance index is significantly negative, indicating that
the development of green finance effectively reduces energy
intensity. This is consistent with the previous results and
indicates that the baseline regression results are valid and reliable.

5 Conclusion and recommendations

5.1 Conclusion

Based on the fact that green finance can validly reduce energy
intensity, this study empirically analyzed the influence mechanism of
green finance on energy intensity by using the mediating effect model,
threshold model, and spatial Durbin model based on province-level
data of China from 2007 to 2019, from the perspective of industrial
structure upgrading as the entry point, and on the basis of constructing
a green finance index. The main conclusions are as follows: First, the
development of green finance validly reduces energy intensity, in
which industrial structure upgrading plays a mediating role in the
influence of green finance on energy intensity. The energy price index,
R&D intensity, and foreign trade intensity reduce energy intensity,
whereas FDI intensity positively affects energy intensity. Second, green
finance has a non-linear effect on energy intensity. The energy
intensity can be effectively suppressed only when the green finance
index is greater than 0.199, while the suppression effect decreases
when the green finance index exceeds 0.512. Third, green finance has a
remarkable spatial spillover effect on energy intensity, and the
development of green finance helps form a pattern of synergistic
promotion of emission reduction among regions. Fourth, in the
regional heterogeneity analysis, the inhibitory effect of green
finance on energy intensity is more substantial in the central and
western regions, which may be due to the different endowment
advantages in the eastern, central, and western regions.

5.2 Recommendations

Based on theoretical and empirical analysis, we make the following
recommendations.

TABLE 7 Robustness tests for the impact of green finance on energy intensity.

Variable (1) EI (2) EI (3) Stage I (4) Stage II

GF −1.243*** (0.212) −1.726*** (0.199) −1.560*** (0.263)

P −0.903*** (0.070) −0.891*** (0.069) 0.021 (0.015) −0.712*** (0.082)

RD −19.940*** (4.818) −12.348** (4.773) 2.580*** (0.882) −20.959*** (5.004)

Trade 0.244** (0.114) −0.284*** (0.107) −0.057** (0.024) −0.351*** (0.135)

FDI 2.282*** (0.862) 2.619*** (0.833) −0.180 (0.154) 2.437*** (0.830)

LGF 0.798*** (0.039)

Constant 2.949*** (0.112) 3.132*** (0.110) 0.048 (0.062) 3.708*** (0.337)

Control variables Yes Yes Yes Yes

Year 13 13 12 12

Province 30 30 30 30

R2 0.614 0.653 0.931 0.910
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First, the guidance role of green finance should be utilized. The
government should accelerate the formulation of green finance
development policies, complete incentive mechanisms and regulatory
mechanisms, and address the problem of environmental externalities.
Through the establishment of special funds for green development,
financial subsidies, tax incentives, and other measures to guide more
capital to flow into green industries, fully utilize the fiscal policy’s capacity
to leverage capital. Differential credit policies should be strictly
implemented to raise polluting enterprises’ financing costs and
promote industries’ green transformation. Financial institutions should
improve the green financial riskmanagement system, providemore green
financial products and services, and address the problems of asymmetric
information and maturity mismatch of green investment and financing.

Second, green finance should be developed according to local
conditions. The eastern region should further develop and improve
the green finance system by upholding the existing green finance
policies. It should take advantage of the developed financial system
and a high degree of openness to the outside world; new green
financial products should be created, and more advanced green
financial development models should be aggressively explored. For
the central and western regions, government subsidies, tax
concessions, credit incentives, and other policies should be
increased, and the entry threshold for green credit should be
suitably lowered. Green financial resources such as capital, talent,
and technology should be introduced to encourage the development of
green finance. Green development evaluation and assessment should
be conducted to enhance enterprises’ green awareness and mobilize
local governments’ enthusiasm to develop local green finance.

Third, build a regional coordinated developmentmechanism. Given
the spatial spillover effect of green finance, the demonstration and
radiation role of green financial center cities should be considered.
Coordination and cooperation among regions should be strengthened,
and advanced achievements and experiences in green finance should be
promoted and borrowed to drive the development of green finance in
the region. With the help of modern network technology, specialized
green finance platforms should be built to integrate and share resources.
The interconnection of policies, technologies, and markets among
regions should be promoted to facilitate the coordinated
development of green finance and fully release the spatial
contribution of green finance in reducing energy intensity.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Author contributions

QA was responsible for formal analysis, writing-original draft
preparation, review, and editing. CL was responsible for
conceptualization, methodology, software, validation, writing-
original draft preparation, and editing. QL was responsible for
methodology and software. LZ was responsible for
conceptualization and data curation.

Funding

This research was funded by the National Social Science Fund of
China Program (General Project 21BTJ072) and was funded by the
Shandong Soft Science Research Program (Major Project
2019RZB14008).

Acknowledgments

This study was sponsored by the National Social Science Fund of
China Program (General Project 21BTJ072) and the Shandong Soft
Science Research Program (Major Project 2019RZB14008), to which
we are highly acknowledged.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/feart.2023.1118939/
full#supplementary-material

References

An, G., and Zi, W. (2020). Research on green finance in the aspect of promoting the
sustainable development of the free trade zone. Public Finance Res. (05), 117–129. doi:10.
19477/j.cnki.11-1077/f.2020.05.009

An, W. (2008). A probe into the connotation, mechanism and practice of green finance.
Econ. Surv. (05), 156–158. doi:10.15931/j.cnki.1006-1096.2008.05.039

Chen, S., Zhang, H., and Wang, S. (2022). Trade openness, economic growth, and energy
intensity in China. Technol. Forecast Soc. Change 179, 121608. doi:10.1016/j.techfore.2022.121608

Chen, X. (2020). Financial structure, technological innovation and carbon emissions: With
additional studies on the development of green financial system. Soc. Sci. Guangdong 37 (04),
41–50.

Chen, X., Shao, S., Tian, Z., Xie, Z., and Yin, P. (2016). Impacts of
air pollution and its spatial spillover effect on public health based on
China’s big data sample. J. Clean. Prod. 142, 915–925. doi:10.1016/j.jclepro.2016.
02.119

Dina, A., Anant, K., and Liu, Y. (2020). Green bonds for financing renewable energy and
energy efficiency in south-east asia: A review of policies. J. Sustain Financ. Inv 10 (2),
113–140. doi:10.1080/20430795.2019.1704160

Dong, X., and Fu, Y. (2018). Time-space dimension analysis of green finance
development and influencing factors. Statistics Decis. 34 (20), 94–98. doi:10.13546/j.
cnki.tjyjc.2018.20.022

Frontiers in Earth Science frontiersin.org11

An et al. 10.3389/feart.2023.1118939

https://www.frontiersin.org/articles/10.3389/feart.2023.1118939/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/feart.2023.1118939/full#supplementary-material
https://doi.org/10.19477/j.cnki.11-1077/f.2020.05.009
https://doi.org/10.19477/j.cnki.11-1077/f.2020.05.009
https://doi.org/10.15931/j.cnki.1006-1096.2008.05.039
https://doi.org/10.1016/j.techfore.2022.121608
https://doi.org/10.1016/j.jclepro.2016.02.119
https://doi.org/10.1016/j.jclepro.2016.02.119
https://doi.org/10.1080/20430795.2019.1704160
https://doi.org/10.13546/j.cnki.tjyjc.2018.20.022
https://doi.org/10.13546/j.cnki.tjyjc.2018.20.022
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1118939


Feng, L., Yang, W., Zhao, Q., and Shang, S. (2022). A statistical test of the effect of green
finance on industrial pollution. Statistics Decis. 38 (06), 144–149. doi:10.13546/j.cnki.tjyjc.
2022.06.029

Gao, J., and Zhang, W. (2021). Research on the impact of green finance on the
ecologicalization of China’s industry structure - empirical test based on system GMM
model. Econ. Rev. J. 37 (02), 105–115. doi:10.16528/j.cnki.22-1054/f.202102105

Guo, X. (2016). Regional convergence of energy intensity in China based on spatial panel
data model. J. Residuals Sci. Technol. 13 (6).

Hajko, V. (2014). The energy intensity convergence in the transport sector. Procedia
Econ. Finance 12, 199–205. doi:10.1016/S2212-5671(14)00336-0

Hong, W., Zeeshan, F., Elżbieta, W., Dominik, R., and Marzena, H. S. (2022). Role of
green financing and eco-innovation for energy efficiency in developed countries:
Contextual evidence for pre- and post-COVID-19 Era. Front. Energy Res. 10. doi:10.
3389/FENRG.2022.947901

Huang, S. (2022). Do green financing and industrial structure matter for green economic
recovery? Fresh empirical insights from Vietnam. Econ. Anal. Policy 75, 61–73. doi:10.
1016/J.EAP.2022.04.010

Huang, Y., and Chen, C. (2022). The spatial spillover and threshold effect of green
finance on environmental quality: Evidence from China. Environ. Sci. Pollut. Res. Int. 29
(12), 17487–17498. doi:10.1007/s11356-021-16892-x

Li, K., and Lin, B. (2014). The nonlinear impacts of industrial structure on China’s
energy intensity. Energy 69, 258–265. doi:10.1016/j.energy.2014.02.106

Li, X., and Xia, G. (2014). China green finance report 2014. Beijing: China Financial
Publishing House.

Lin, B., and Sun, C. (2011). How can China achieve its carbon emission reduction target
while sustaining economic growth? Soc. Sci. China (01), 64–76+221.

Liu, C., andHu,W. (2016). FDI enhances carbon productivity in China?: Empirical analysis of
spatial Durbin model. World Econ. Stud. 32 (01), 99–109+137. doi:10.13516/j.cnki.wes.2016.
01.010

Liu, H., Yao, P., Shahid, L., Sumaira, A., and Nadeem, I. (2021). Impact of green
financing, fintech, and financial inclusion on energy efficiency. Environ. Sci. Pollut. Res. 29
(13), 18955–18966. doi:10.1007/S11356-021-16949-X

Liu, Q., and Tang, L. (2022). Research on the accelerating effect of green finance on the
transformation of energy consumption in China. Res. Int. Bus. Finance 63, 101771. doi:10.
1016/J.RIBAF.2022.101771

Luan, B., Zou, H., Chen, S., and Huang, J. (2021). The effect of industrial structure
adjustment on China’s energy intensity: Evidence from linear and nonlinear analysis.
Energy 218, 119517. doi:10.1016/j.energy.2020.119517

Ma, J. (2016). Case studies of green finance in China. Beijing: China Financial Publishing
House.

Ouyang, X., Zhang, J., and Du, G. (2022). Environmental regulation and green
technological innovation: Impact mechanism analysis and spatial spillover effects.
Chin. J. Manag. Sci. 39, 1–12. doi:10.16381/j.cnki.issn1003-207x.2022.0642

Pach-Gurgul, A., Śmiech, S., and Ulbrych, M. (2021). The effect of energy prices on
energy intensity improvement – The case of the chemical industry in the V4 countries.
Post-Communist Econ. 33 (5), 566–580. doi:10.1080/14631377.2020.1793605

Peng, J., and Zheng, Y. (2021). Does environmental policy promote energy efficiency?
Evidence from China in the context of developing green finance. Front. Environ. Sci. 9.
doi:10.3389/FENVS.2021.733349

Predrag, P., and Mikhail, L. M. (2022). Energy intensity and foreign direct investment
nexus: Advanced panel data analysis. Appl. Energy 311, 118669. doi:10.1016/j.apenergy.
2022.118669

Ren, X., Shao, Q., and Zhong, R. (2020). Nexus between green finance, non-fossil energy
use, and carbon intensity: Empirical evidence from China based on a vector error
correction model. J. Clean. Prod. 277, 122844. doi:10.1016/j.jclepro.2020.122844

Shao, X., and Fang, T. (2021). Analysis on the coupling effect between regional green
finance and industrial structure-Based on new institutional economics. J. Industrial
Technol. Econ. 40 (01), 120–127.

Shen, T., and Cao, M. (2020). Does the green finance pilot reduce the energy intensity?
J. Financial Dev. Res. 39 (02), 3–10. doi:10.19647/j.cnki.37-1462/f.2020.02.001

Shen, X., Chen, Y., and Lin, B. (2021). The impacts of technological progress and
industrial structure distortion on China’s energy intensity. Econ. Res. J. 56 (02), 157–173.

Shi, D., and Shi, X. (2022). Green finance and high-quality economic development:
Mechanism, characteristics and empirical study. Stat. Res. 39 (01), 31–48. doi:10.19343/j.
cnki.11-1302/c.2022.01.003

Shu, L., and Gu, W. (2020). Green finance fundamentals reader. Nanjing: Nanjing
University Press.

Song, M., Xie, Q., and Shen, Z. (2021). Impact of green credit on high-efficiency
utilization of energy in China considering environmental constraints. Energy Policy 153,
112267. doi:10.1016/J.ENPOL.2021.112267

Su, D., and Lian, L. (2018). Does green credit policy affect corporate financing and
investment? Evidence from publicly listed firms in pollution-intensive industries.
J. Financial Res. (12), 123–137.

Sun, H., and Chen, F. (2022). The impact of green finance on China’s regional energy
consumption structure based on system GMM. GMM. Resour. Policy 76, 102588. doi:10.
1016/J.RESOURPOL.2022.102588

Tan, X., Xiao, Z., Liu, Y., Taghizadeh-Hesary, F., Wang, B., and Dong, H. (2022). The
effect of green credit policy on energy efficiency: Evidence from China. Technol. Forecast
Soc. Change 183, 121924. doi:10.1016/j.techfore.2022.121924

Wang, F., Wang, R., and He, Z. (2021a). The impact of environmental pollution and
green finance on the high-quality development of energy based on spatial Dubin model.
Resour. Policy 74, 102451. doi:10.1016/j.resourpol.2021.102451

Wang, H., Jiang, L., Duan, H., Wang, Y., Jiang, Y., and Lin, X. (2021b). The impact of
green finance development on China’s energy structure optimization. Discrete Dyn. Nat.
Soc. 2021, 1–12. doi:10.1155/2021/2633021

Wang, H., Zhao, X., Ren, L., Fan, J., and Lu, F. (2021c). The impact of technological
progress on energy intensity in China (2005–2016): Evidence from a geographically and
temporally weighted regression model. Energy 226, 120362. doi:10.1016/j.energy.2021.
120362

Wang, S., He, Y., and Song, M. (2021d). Global value chains, technological progress, and
environmental pollution: Inequality towards developing countries. J. Environ. Manage.
277, 110999. doi:10.1016/j.jenvman.2020.110999

Wang, S., Liu, H., Pu, H., and Yang, H. (2020a). Spatial disparity and hierarchical cluster
analysis of final energy consumption in China. Energy 197, 117195. (prepublish). doi:10.
1016/j.energy.2020.117195

Wang, S., Wang, X., and Chen, S. (2022). Global value chains and carbon emission
reduction in developing countries: Does industrial upgrading matter? Environ. Impact
Assess. Rev. 97, 106895. doi:10.1016/J.EIAR.2022.106895

Wang, S., Zhao, D., and Chen, H. (2020b). Government corruption, resource
misallocation, and ecological efficiency. Energy Econ. 85, 104573. doi:10.1016/j.eneco.
2019.104573

Wang, X., Huang, J., Xiang, Z., and Huang, J. (2021e). Nexus between green finance,
energy efficiency, and carbon emission: Covid-19 implications from BRICS countries.
Front. Energy Res. 9. doi:10.3389/FENRG.2021.786659

Wen, Z., and Ye, B. (2014). Analyses of mediating effects: The development of methods
and models. Adv. Psychol. Sci. 22 (05), 731–745. doi:10.3724/sp.j.1042.2014.00731

Xie, T., and Liu, J. (2019). How does green credit affect China’s green economy growth?
China Popul. Resour. Environ. 29 (09), 83–90.

Xu, S., Zhao, X., and Yao, S. (2018). Analysis on the effect of green credit on the
upgrading of industrial structure. J. Shanghai Univ. Finance Econ. 20 (02), 59–72. doi:10.
16538/j.cnki.jsufe.2018.02.004

Xu, Y., Gu, H., and Zhu, X. (2016). An effect of foreign trade on the industrial
CO2 emissions in China. Manag. Rev. 28 (03), 3–11. doi:10.14120/j.cnki.cn11-5057/f.
2016.03.001

Yin, Z., Sun, X., and Xing, M. (2021). Research on the impact of green finance
development on green total factor productivity. Statistics Decis. 37 (03), 139–144.
doi:10.13546/j.cnki.tjyjc.2021.03.030

Yuan, Y., and Xie, R. (2014). A study on the industrial restructuring effect of
environmental regulations - an empirical test based on inter-provincial panel data
in China. China Ind. Econ. 32 (08), 57–69. doi:10.19581/j.cnki.ciejournal.2014.
08.005

Zeinab, Z., Isabel, S., and Pedro, M. (2022). The nexus between CO2 emissions from
electricity generation, GDP and energy intensity using a complete maximum entropy
approach: The case of Iran. Energy Rep. 8 (S3), 319–324. doi:10.1016/J.EGYR.2022.
01.058

Zhan, X. (2018). Practice and institutional innovation of green financial
development in China. Macroecon. Manag. 34 (01), 41–48. doi:10.19709/j.cnki.11-
3199/f.2018.01.010

Zhang, B., and Wang, Y. (2019). The effect of green finance on energy sustainable
development: A case study in China. Emerg. Mark. Finance Trade 57 (12), 3435–3454.
doi:10.1080/1540496x.2019.1695595

Zhang, C., Xie, M., Tian, H., and Wang, G. (2016). The developmental logic and
framework of China’s green finance. Finance Forum 21 (02), 17–28. doi:10.16529/j.cnki.
11-4613/f.2016.02.002

Zhang, P., and Tu, X. (2022). Manufacturing agglomeration, technological progress and
enterprise total factor energy efficiency. China Ind. Econ. (07), 103–121. doi:10.19581/j.
cnki.ciejournal.2022.07.010

Zheng, Y., Chen, S., and Wang, N. (2020). Does financial agglomeration enhance
regional green economy development? Evidence from China. Green Finance 2 (2),
173–196. doi:10.3934/GF.2020010

Zhou, X., Tang, X., and Zhang, R. (2020). Impact of green finance on economic
development and environmental quality: A study based on provincial panel data from
China. Environ. Sci. Pollut. Res. 27, 19915–19932. (prepublish). doi:10.1007/s11356-020-
08383-2

Zhu, X., Huang, Y., Zhu, S., and Huang, H. (2021). Technical innovation and its spatial
disparity of Chinese polluting industries under the impact of green finance. Sci. Geogr. Sin.
41 (05), 777–787. doi:10.13249/j.cnki.sgs.2021.05.005

Frontiers in Earth Science frontiersin.org12

An et al. 10.3389/feart.2023.1118939

https://doi.org/10.13546/j.cnki.tjyjc.2022.06.029
https://doi.org/10.13546/j.cnki.tjyjc.2022.06.029
https://doi.org/10.16528/j.cnki.22-1054/f.202102105
https://doi.org/10.1016/S2212-5671(14)00336-0
https://doi.org/10.3389/FENRG.2022.947901
https://doi.org/10.3389/FENRG.2022.947901
https://doi.org/10.1016/J.EAP.2022.04.010
https://doi.org/10.1016/J.EAP.2022.04.010
https://doi.org/10.1007/s11356-021-16892-x
https://doi.org/10.1016/j.energy.2014.02.106
https://doi.org/10.13516/j.cnki.wes.2016.01.010
https://doi.org/10.13516/j.cnki.wes.2016.01.010
https://doi.org/10.1007/S11356-021-16949-X
https://doi.org/10.1016/J.RIBAF.2022.101771
https://doi.org/10.1016/J.RIBAF.2022.101771
https://doi.org/10.1016/j.energy.2020.119517
https://doi.org/10.16381/j.cnki.issn1003-207x.2022.0642
https://doi.org/10.1080/14631377.2020.1793605
https://doi.org/10.3389/FENVS.2021.733349
https://doi.org/10.1016/j.apenergy.2022.118669
https://doi.org/10.1016/j.apenergy.2022.118669
https://doi.org/10.1016/j.jclepro.2020.122844
https://doi.org/10.19647/j.cnki.37-1462/f.2020.02.001
https://doi.org/10.19343/j.cnki.11-1302/c.2022.01.003
https://doi.org/10.19343/j.cnki.11-1302/c.2022.01.003
https://doi.org/10.1016/J.ENPOL.2021.112267
https://doi.org/10.1016/J.RESOURPOL.2022.102588
https://doi.org/10.1016/J.RESOURPOL.2022.102588
https://doi.org/10.1016/j.techfore.2022.121924
https://doi.org/10.1016/j.resourpol.2021.102451
https://doi.org/10.1155/2021/2633021
https://doi.org/10.1016/j.energy.2021.120362
https://doi.org/10.1016/j.energy.2021.120362
https://doi.org/10.1016/j.jenvman.2020.110999
https://doi.org/10.1016/j.energy.2020.117195
https://doi.org/10.1016/j.energy.2020.117195
https://doi.org/10.1016/J.EIAR.2022.106895
https://doi.org/10.1016/j.eneco.2019.104573
https://doi.org/10.1016/j.eneco.2019.104573
https://doi.org/10.3389/FENRG.2021.786659
https://doi.org/10.3724/sp.j.1042.2014.00731
https://doi.org/10.16538/j.cnki.jsufe.2018.02.004
https://doi.org/10.16538/j.cnki.jsufe.2018.02.004
https://doi.org/10.14120/j.cnki.cn11-5057/f.2016.03.001
https://doi.org/10.14120/j.cnki.cn11-5057/f.2016.03.001
https://doi.org/10.13546/j.cnki.tjyjc.2021.03.030
https://doi.org/10.19581/j.cnki.ciejournal.2014.08.005
https://doi.org/10.19581/j.cnki.ciejournal.2014.08.005
https://doi.org/10.1016/J.EGYR.2022.01.058
https://doi.org/10.1016/J.EGYR.2022.01.058
https://doi.org/10.19709/j.cnki.11-3199/f.2018.01.010
https://doi.org/10.19709/j.cnki.11-3199/f.2018.01.010
https://doi.org/10.1080/1540496x.2019.1695595
https://doi.org/10.16529/j.cnki.11-4613/f.2016.02.002
https://doi.org/10.16529/j.cnki.11-4613/f.2016.02.002
https://doi.org/10.19581/j.cnki.ciejournal.2022.07.010
https://doi.org/10.19581/j.cnki.ciejournal.2022.07.010
https://doi.org/10.3934/GF.2020010
https://doi.org/10.1007/s11356-020-08383-2
https://doi.org/10.1007/s11356-020-08383-2
https://doi.org/10.13249/j.cnki.sgs.2021.05.005
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1118939

	Research on the impact of green finance development on energy intensity in China
	1 Introduction
	2 Theoretical analysis and research hypothesis
	2.1 Green financial development and energy intensity
	2.2 The transmission mechanism of green finance development impact energy intensity
	2.3 The threshold effect of green finance development on energy intensity
	2.4 The spatial spillover effects of green finance development on energy intensity

	3 Data and methods
	3.1 Variable description
	3.1.1 Energy intensity
	3.1.2 Green finance
	3.1.3 Industry structure
	3.1.4 Control variables

	3.2 Data sources
	3.3 Descriptive statistics
	3.4 Methods

	4 Empirical results
	4.1 Baseline model estimation results
	4.2 Intermediate effect model regression results
	4.3 Threshold model regression results
	4.4 Spatial durbin model regression results
	4.5 Regional heterogeneity analysis
	4.6 Robustness tests

	5 Conclusion and recommendations
	5.1 Conclusion
	5.2 Recommendations

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


