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Abstract

As an important way for China to achieve its dual-carbon goal, green finance has become the foundation for promoting
high-quality economic development in China. In order to clarify the mechanism of green finance on carbon emissions,
this paper puts green finance into the economic model and deduces the relationship between green finance and carbon
emission reduction. This paper is based on the panel data of 30 provinces in China (excluding Tibet, Hong Kong,
Macao, and Taiwan) from 2008 to 2019, using the individual fixed effect model, dynamical model, mediator model, and
SDM model to study the impact of green finance on carbon emissions and its impact path of upgrading of the industrial
structure and the development of science and technology based on the measurement of the green finance development
index of each province by the entropy method. The findings show that the development of green finance can reduce
carbon emission significantly, which can be sustained until at least the third phase and generates spatial spillover effects;
regional heterogeneity analysis finds that the development of green finance shows geographical discrepancies: compared
with the eastern and western regions, the development of green finance in central region can reduce carbon emissions
more significantly; not only can the development of green finance directly reduce carbon emission, but also through the
upgrading of industrial structure and technological innovation. The research not only provides a new perspective and
supplementary empirical evidence for understanding the carbon emission reduction effect of green finance, but also
offers some useful references for green finance to contribute to carbon emission reduction.

Keywords Green finance - Carbon emission reduction - Theoretical analysis - Mediating effect model - Dynamical model -
Spatial Durbin model

Introduction
Responsible Editor: Eyup Dogan Since socialism with Chinese characteristics entered a new
era; building a green, low-carbon, and circular development
>4 Yizhi Chen economic system has become one of the tasks to promote
cyz9588@126.com high-quality economic development in the face of the contra-
Peifeng Jiang diction between an increasingly better life for the people and
2746830479 @qq.com .
unbalanced and inadequate development. In September 2020,
Chaomin Xu China made a commitment to the world to achieve “carbon
xem_1222@163.com peak” and “carbon neutrality”; that is, China’s carbon dioxide
' School of Statistics and Mathematics, Guangdong University emissions will peak in 2030 and achieve carbon neutrality in
of Finance and Economics, Guangdong 510320, China 2060. However, the time for China to achieve “carbon peak”
2 School of Economics, Guangdong University of Finance and “carbon neutrality” is nearly half shorter than that of
and Economics, Guangdong 510320, China developed countries (Lin 2022). How to fulfill this commit-
3 School of Economics, Jinan University, Guangdong 510632, ment to the international community requires China to find
China new tools to achieve carbon emission reduction.
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After the second Industrial Revolution, economic develop-
ment at the cost of carbon dioxide emissions increased the
world’s terrestrial carbon dioxide emissions by more than 250
million tons over the past century. In 2021, the world’s ter-
restrial CO, emissions reached 371.24 million tons. Under
the background of the increasingly serious problem of carbon
emissions, how China achieves “carbon peak™ and “carbon
neutrality” shows its pursuit of high-quality economic devel-
opment and its responsibility of a major country. In addition,
whether China can achieve “carbon peak” and “carbon neu-
trality” will significantly affect the global carbon reduction
action (Lu et al. 2023). According to the Guidelines on Build-
ing a Green Financial System issued by the People’s Bank of
China and other seven ministries and commissions in 2016,
green finance is defined as economic activities that support
environmental improvement, climate change response, and
the efficient use of resources. As a new type of finance, the
Fifth Plenary Session of the 19th Central Committee of the
Communist Party of China proposed to establish and improve
the green financial system; guide financial institutions to pro-
vide long-term, low-cost funds for green low-carbon projects;
and provide long-term stable financing support for achieving
“carbon peak” and “carbon neutrality.” In this context, green
finance came into being. In order to “promote green and low-
carbon economic and social development,” the theoretical
model and practical effect of green finance on carbon emission
have attracted the attention of scholars (Wang and Wang 2021).

At present, scholars mainly focus on “qualitative research”
and “empirical analysis” on the carbon emission reduction effect
of green finance. However, in mathematical economic models,
there are few theoretical research on carbon emission and green
finance (Pan et al. 2021), which limits the development of green
finance in the academic field. The impact of green finance on
carbon emission reduction and its path is still unclear. Hence, we
contend that building a mathematical economic model of green
finance and carbon emission merits scholarly deliberation. This
is important because there is still significant research space for
the economic models of the carbon reduction effects of green
finance in the literature. How to build a mathematical economic
model of green finance and carbon emission? What is the path of
green finance on carbon emission? These problems have certain
value in both theory and reality.

Based on the existing literature and related economic mod-
els, this paper analyzes the impact of green finance on carbon
emission and related mechanisms. Then, it puts forward three
hypotheses respectively that the development of green finance
can reduce carbon emission and the development of green
finance can reduce carbon emission through the upgrading
of industrial structure and the development of science and
technology. Finally, based on the panel data of 30 provinces
in China (excluding Tibet, Hong Kong, Macao, and Taiwan)
from 2008 to 2019, the above research hypotheses are tested.

Literature review

At present, academic circles have carried out abundant
researches on the carbon emission. Among them, population
size, urbanization, industrial structure, science and technol-
ogy, and opening-up are considered to be the key drivers of
carbon emissions. However, when it comes to green finance,
scholars have not reached a consensus on the research con-
clusions of green finance on carbon emissions. Literature
on green finance for carbon emission mainly includes two
types.

The first type is empirical analysis based on data, which
can be divided into three categories according to the results.
One view is that green finance contributes to the reduction
of carbon emissions: The financial penalty effect and invest-
ment inhibition effect of green finance can limit the carbon
emission of high-polluting enterprises (Su and Lian 2018;
Peng et al. 2022). Green finance has the function of allocat-
ing financial resources with double efficiency of economy
and environment, guiding funds to flow into green fields,
promoting the transformation of clean industrial structure,
and realizing the low-carbon transformation of economy (Lei
2022; Zhang et al. 2022). In addition, Chen and Chen (2021)
take into account the spatial factor of carbon emissions and
find that green finance has a spatial spillover effect, which
can reduce carbon emissions of neighboring regions. With
the enrichment of empirical data and methods, the first view
has been recognized by more scholars. The second strand of
literature draws conclusion that green finance has failed to
exert the Porter effect. On the one hand, the financing con-
straints of green finance inhibit the total factor productivity
of high-polluting enterprises (Ding et al. 2022) and techno-
logical innovation (Lu et al. 2021; Yu et al. 2021), which is
not conducive to reduce carbon emissions of high-polluting
enterprises. On the other hand, once the existence of exter-
nalities leads to the failure of the green finance market, car-
bon emissions will increase (Krogstrup and Oman 2019).
At present, China’s financial system has failed to support
green finance to reduce the carbon emission (Chen 2020).
The third category is that the green finance has nonlinear
effects on carbon emission reduction: The impact of green
finance on carbon emission reduction can be divided into
three stages, i.e., capital stage, signal stage, and feedback
stage, while its effect is manifested in the shift from the
“green paradox” to the “forced emission reduction” (Wang
et al. 2023). In the threshold effect analysis, the relationship
between green finance and carbon emission is dynamic and
non-linear (Gan and Voda 2023).

The second type is economic model analysis at the theo-
retical level, which introduces element of green finance into
it. In the DSGE model, Wang et al. (2019) constructed the
behaviors of the financial sector and the central bank sector
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which shows the impact of green credit policies. However, as
one of the tools of green finance policy, green credit cannot
completely replace green finance policy. In order to further
broaden the setting of green finance in the model and make
the economic model more universal, Wen et al. (2022a) and
Shi and Shi (2022) respectively adopted the intensity index
of green finance policy and the ratio of market loan interest
rate to green credit interest rate as green finance develop-
ment, and constructed an economic model of green finance
development and high-quality economic development. In
order to study the relationship between the impact of green
finance on carbon emission reduction in the economic model
more directly, Pan et al. (2021) used the interest rate level of
the clean sector to represent the broad green finance policy,
and Wen et al. (2022b) used the capital of financial institu-
tions to support green development to measure the develop-
ment degree of green finance, which enriched the current
economic model of green finance on carbon emission.

Furthermore, in terms of the path through which green
finance affects CO, emissions, most scholars fail to clarify
it. The diverse impact of technological progress on carbon
emission intensity has led to varying conclusions regarding
the role of technological progress in green finance for carbon
emission reduction (Puspanjali et al. 2023; Rasoulinezhad
and Taghizadeh-Hesary 2022). For industrial structure, most
scholars have confirmed that it can reduce carbon emission
intensity (Zhang et al. 2018; Zhu and Zhang 2021).

To sum up, the literature already in existence has pro-
vided some groundwork and reference value for the study
of green finance and carbon emission. Nevertheless, there
are some gaps.

First, in terms of research objects, the existing literature
has not reached a consensus on the construction and meas-
urement of green financial system. Most of them use green
credit to reflect the development level of green finance.
However, this measurement is relatively single and difficult
to reveal the comprehensiveness of green finance.

Second, in terms of theoretical analysis, since green
finance has not been widely introduced in traditional eco-
nomic theoretical models, the impact of green finance in
economics is very limited only through qualitative research
and empirical analysis. At present, the research on the math-
ematical economic model of the role of green finance in
carbon emission reduction is gradually enriched. There is
still a large space for research on how to explore the direct
impact of green finance on carbon emission and its path in
economic models.

Third, in terms of empirical research, due to the inter-
active relationship between green finance and carbon
emissions, there may be serious endogeneity problems
in the empirical model, which leads to errors of estima-
tion results in the model (Guo 2022; Yan et al. 2016). In
the existing literature, although there are some scholars
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who use TSLS method to alleviate the endogeneity in the
empirical models, few scholars use innovative instrumen-
tal variables.

Therefore, the marginal contributions of this paper are
as follows: First, the article measures the development of
green finance according to the basic connotation of com-
prehensive green finance development, enriching the exist-
ing research on the impact of green finance development
on carbon emission. Second, while the existing literature
has few researches on the impact of green finance on car-
bon emission directly and its mechanism in economic
models, the article attempts to construct an economic
model of green finance and carbon emission, then analyzes
the path of green finance on carbon emission based on the
economic model. Third, the article seeks some innovative
instrument variables of green finance, enriching the solu-
tion of endogeneity of the existing literature and further
improving the reliability of research conclusions.

The subsequent framework of this investigation is
presented in the following manner: the “Mechanism
and theoretical hypotheses” section builds a mathemati-
cal economic model of green finance and carbon emis-
sion, followed by the formulation of theoretical hypoth-
eses. The “Research design” section measures the green
finance development index and carbon emissions intensity
based on the panel data of 30 provinces in China (exclud-
ing Tibet, Hong Kong, Macao, and Taiwan), followed by
model construction. This study empirically examines the
impact of green finance on carbon emissions intensity in
the “Empirical results and analysis” section while also
conducting lagged effect test, mediating effect test and
spatial effect test to enrich the research findings of this
paper. The “Conclusions” section concludes by succinctly
outlining the primary discoveries of this research, analyzes
limitations and future recommendations, and offers practi-
cal policy suggestions.

Mechanism and theoretical hypotheses

In order to investigate the mechanism and the path of
green finance on carbon emission, based on the use of
CES production function by Deng (2022) and Yan et al.
(2016), combined with the application of the Grossman
and Helpman endogenous economic growth model by
Shi and Shi (2022), this paper has deduces how the green
finance affects carbon emission and the path in it.

Final product production sector

This paper assumes that there is a unique final product
in the economy whose production process uses green
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finance inputs and non-green finance inputs. So based
on this assumption, we have the final product production
function:

Y = [3,Y" + pY°] (1)

where Y, is the total gross output of green finance input sec-
tor, Y, is the total gross output of non-green finance input
sector. #, and f3, represent the relative importance of the
output of green finance sector in final production, and the
relative importance of the output of non-green finance sec-
tor in final production respectively. There are f, >0, $,>0,
Pi+bB=1,a<l,and a#0.

Assuming that the price of the final product is 1, the
profit function of the final product is obtained as follows:
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Therefore, according to the first-order condition of profit
maximization of the final product manufacturer, we can obtain:
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Consequently, we can get the relationship between
green finance inputs and non-green finance inputs:
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c
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Intermediate product production sector

For the intermediate product production sector, combined
with Eq. (3), its profit function is:

®

Among them, we assumed that each unit of green finance
input needs to be invested € units of green finance final
product and the cost of R&D and application of new tech-
nologies for green finance inputs is k times that of the final
products of green finance. The cost of producing one unit
of non-green finance input is p unit of non-green finance
final product. It is also assumed that all the capital required
by the product production sector comes from financing.
In recent years, since the strengthening of environmental
supervision by the government, enterprises with high pol-
lution and high energy consumption need to be transformed
and upgraded to green and environmental protection enter-
prises, and traditional production methods also need to be
improved to green and environmental protection produc-
tion. The transformation of these enterprises requires a large
investment in science and technology. However, this trans-
formation process carries certain risks. Enterprises may fail
to break through technological innovation, leading to the
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failure of transformation, and the capital invested in the
early stage will become a loss. Facing high investment and
high-risk investment projects, investors in the traditional
financial field will not invest in this field. Therefore, green
finance has become an important source of funds for the
transformation and upgrading of the enterprises with high
pollution and high energy consumption. Green finance pro-
vides special capital channels for these enterprises, allevi-
ates the capital shortage of the transformation and upgrad-
ing of them, and contributes to the smooth transformation
of the enterprises into green and environmental protection
enterprises. For enterprises in the field of green finance,
financial institutions will give them a lower green lending
interest rate r,. On the contrary, for enterprises in the field
of non-green finance, the interest rate is 7.

According to the first-order condition of profit maximiza-
tion of the intermediate product production sector, that is, the
first-order partial derivative of 7 with respect to Y. and Y, is O:

1-2¢
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(6)
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Combining Eq. (6) and Eq. (7), we can obtain:

Green finance and carbon emission

a—1
Y - = rid + ke (8)  Assuming that the total amount of carbon emission in eco-
PaY TH nomic production activities is generated by non-green finance
or sectors, the carbon emission intensity can be expressed as:
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where z represents the carbon emission factor. Combining
where Q = 5 (ﬂlfk) ,& = Z and & represents the development Eq. (1), Eq. (9), and Eq. (10), we can obtain:
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the following hypothesis H, is proposed:
The development of green finance can reduce the carbon

emission.

Green finance reduces carbon emission
through industrial structure

Firstly, as an emerging field of financial industry, the develop-
ment of green finance will bring new financial products and
supplies to the financial industry, which can affect people’s
consumption demand and consumption preference. The supply
and demand of new products form new industries and promote
industrial structure. The new supply and demand of green finance
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on the environment and produces less carbon emissions.
Secondly, green finance improves the efficiency of capital
allocation. The original funds do not distinguish green finance
separately, so that when enterprises borrow funds from finan-
cial institutions for transformation and upgrading, the finan-
cial institutions will consider the uncertain risks faced by their
transformation and upgrading and the low success rate of capi-
tal returns, which will hinder the transformation and upgrad-
ing process of enterprises with high pollution and high energy
consumption. After separated from traditional finance alone,
green finance will facilitate the enterprises with high pollution
and high energy consumption to borrow funds from financial
institutions for transformation. Finally, it will be more conveni-
ent for these enterprises to transform and upgrade, promoting
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the optimization of industrial structure, and reducing the nega-
tive environmental effects brought by industrial production.
Combined with Eq. (9), the ratio of non-green financial
sectors to green financial sectors can be obtained as follows:
Yd 1 1
S=— =01
7 0

c

13)

When the development of green finance £ increases, the
ratio S of non-green financial sectors to green financial sectors
will decrease. Substituting Eq. (13) into Eq. (11), we obtain:

1
CO, =z S =z T
(& +p,)"

(B, + B8+ (9

when S decreases, carbon emission CO, will decrease. Thus,
the following hypothesis H, is proposed:

The industrial structure transformation driven by green
finance can reduce the carbon emission.

Fig.1 The mechanism of green

Green finance reduces carbon emission
through science and technology

Reducing carbon emission cannot be separated from the sup-
port of science and technology. After improving the effi-
ciency of capital allocation, green finance makes funds more
accurately invested in the field of science and technology,
promotes the innovation of production technology of enter-
prises with high pollution and high energy consumption, and
reduces carbon emissions in the production process. Thus,
the following hypothesis H; is proposed:

The technological innovation driven by green finance can
reduce the carbon emission.

Figure 1 shows the theoretical framework of this paper.

finance impact on carbon emis-
sion reduction

Non-green
finance input
sector

Final product
production
sector

CES production
function

Green finance
input sector

Intermediate
product
production
sector

The interest rate
of two sector

Industrial
structure

Profit
maximization

Reduce carbon
emission

T

Technological

innovation

Table 1 Green finance evaluation index system

First grade indexes Second grade indexes

Index definition

Indicator direction Data sources

Green credit Scale of green credit

Total bank loans of environmental

protection enterprises

Proportion of green credit

Total bank loans of environmental

protection enterprises/balance of

bank loans

Green insurance Proportion of green insurance

scale

Proportion of green insurance
claims
income

Green investment ~ Proportion of investment in envi-

ronmental pollution control

Proportion of government expend-
iture on energy conservation and
environmental protection

ture

Agricultural insurance expendi-
ture/total insurance income

Agricultural insurance expendi-
ture/total agricultural insurance

Investment in environmental pol-
lution control /GDP

Fiscal expenditure on energy
conservation and environmental
protection/total fiscal expendi-

Positive CSMAR databases

Positive CSMAR databases

Positive Yearbook of China’s insurance
Positive Yearbook of China’s insurance
Positive China Statistical Yearbook
Positive China Statistical Yearbook
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Green finance index in 2008

Green finance index in 2016

Fig.2 Spatial distribution of China’s green finance index in selected years

Research design
Variable selection

Core explanatory variable: green finance development
level (GF)

At present, the measurement method of green finance has
not reach a consensus in the international community (Khan
et al. 2022; Wang et al. 2022). Most of the scholars (Yin
et al. 2021; Lee and Lee 2022) used the entropy method to
measure the development level of green finance from green
credit, green insurance, green securities, green investment,
carbon finance, and other elements respectively. According
to the definition of green finance by the People’s Bank of
China and other departments and the relevant measurement
methods, a total of six secondary indicators are selected
from the three dimensions of green finance, green credit,
green insurance, and green investment to evaluate the devel-
opment level of green finance. The evaluation system is
shown in Table 1.

Figure 2 portrays the development level of green finance
in China during the study period. The figure shows that the
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Green finance index in 2012

0
No data

development level of green finance in China has increased
steadily over the sample period. There is significant varia-
tions across regions, which exhibits a substantially greater
value in the eastern regions than in central and western
areas.

Dependent variable: carbon emissions intensity (Cl)

According to the existing literature, scholars at home and
abroad have not yet reached a consensus on the definition
of carbon emission intensity. Some scholars defined carbon
emission intensity as carbon productivity from the perspec-
tive of single factor, that is, the ratio of GDP to carbon emis-
sions in the same period. Some scholars also put forward the
concept of carbon index, which is specifically defined as the
carbon emissions per unit of energy consumption. It can be
seen that whether based on GDP or energy consumption,
the total amount of carbon emissions is a common factor
to be considered. Considering the differences in industrial
structure, economic development level, and geographical
conditions in different provinces, the types of energy con-
sumption are different. Thus, we define carbon emissions
intensity as the level of carbon emissions output per unit of
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Table2 Carbon emission Fossil fuels LCV, (KI/kg TCE  Unit CC, COR, IPCC, (keCO,/
coefﬁcwpts of major fossil or KJ/m3) kg or kgCO,/m’)
combustion

Coal 20934 0.7143  Kgce/kg 2637 094 1.9027

Coke 28470 09714  Kgce/kg 29.5 0.93 2.8639

Crude oil 41868 1.4286 Kgce/kg 20.1 0.98 3.024

Gasoline 43124 1.4714  Kgce/kg 18.9 0.98 2.9287

Kerosene oil 43124 1.4714  Kgce/kg 19.6 0.98 3.0372

Diesel oil 42705 1.4571 Kgce/kg 20.2 0.98 3.0998

Fuel oil 41816 1.4286  Kgce/kg 21.1 0.98 3.1705

Liquefied petroleum gas 50242 1.7143 Kgce/kg 17.2 0.98 3.1052

Natural gas 38979 1.33 Kgce/m? 153 0.99 2.1649

Carbon emissions in 2008 Carbon emissions in 2012

0
No data

Carbon emissions in 2016 Carbon emissions in 2019

[
No data g No data

Fig. 3 Spatial distribution of China’s carbon emission in selected years

GDP. The calculation method is the ratio of carbon emis- crude oil, gasoline, kerosene, diesel, liquefied petroleum,

sions and GDP, as shown in formula: and natural gas. The carbon emission coefficients of major

EC. fossil combustion are shown in Table 2, and the data are

ClL, = oD llDt 15) from the China Energy Statistical Yearbook in 2021. Refer-
it

ring to Li (2017), the calculation method to measure China’s

. . . inter-provincial carbon emissions is shown in formula:
Since the carbon emissions mainly come from the com-

bustion of fossil fuels, we measure the carbon emissions

EC = Ee X LCVy X TCE X CCx X COR 16
from the combustion of nine major fossil fuels: coal, coke, Z K K K K K (16)
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Fossifuel
consumption
data

IPCCmethod

il

CO,; intensity

Green credit
Green insurance
Green investment

Entropy method —

Green finance

Mixed regression model —_—
Individual fixed effect model
Time fixed effect model —DI
Space-time double fixed
Random effect model

—» Lagged effect model

Heterogeneity analysis

Industrial structure Mediating effect
—'I Technological innovation analysis

|—» The Moran’s index and the

Spatial Durbin

v

scatter diagram of the —>
3 model
Moran’s index

Control variables

TSLS regression

| I

selected from
urbanization, fiscal
expenditure, human
capital and
infrastructure

Fig.4 Structure of analysis

where EC is the carbon emissions, Ey is the consumption of
the K™ energy source, TCE, is the standard coal coefficient
of the K™ energy, LCVy is the low calorific value of the K™
energy, CCy is the carbon content per unit calorific value of the
K™ energy, COR is the carbon oxidation rate of the K™ energy,
and IPCCy is the carbon emission coefficient of the K™ energy.

Based on the above calculations, spatial distribution maps
of the carbon emissions intensity index for certain years have
been developed to elucidate the present state of carbon emis-
sions intensity in China. As depicted in Fig. 3, we observe
an overall downward in China’s carbon emissions intensity,
with significant variations across southern and northern
areas. Compared with southern region, the carbon emissions
intensity is high in the northern region, especially in Ningxia,
Shanxi, and Inner Mongolia.

Control variables

Considering that CI is impacted by a variety of things, com-
bined with the existing research of Sun et al. (2023), some
control variables are introduced in the paper to reduce the
bias caused by omitted variables including urbanization, fis-
cal expenditure, human capital, and infrastructure. Among
them, the urbanization (LNURB) is determined by taking the
logarithm of the urban population *100 accounts for the total
population; the fiscal expenditure (FIS) is measured by the

@ Springer

The main effect,
direct effect,
indirect effect
and total effect

Table 3 Descriptive statistics

Variable Obs Mean Std. dev Min Max

CI 360 2.468 1.757 0.217 8.611
GF 360 0.169 0.102 0.056 0.793
LNURB 360 1.739 0.098 1.464 1.952
FIN 360 0.252 0.111 0.099 0.758
LNHC 360 3.378 0.139 2.986 3.829
LNINF 360 1.144 0.157 0.606 1.418

ratio of fiscal expenditure to GDP; the human capital (LNHC)
is determined by taking the logarithm of the number of uni-
versity students per 100,000 people; and the infrastructure
(LNINF) is determined by taking the logarithm of the road
area per people.

Mediating variables

Industrial structure The industrial structure (IS) is deter-
mined by the ratio of the output value of the secondary sec-
tor to GDP.

Technological innovation The technological innovation (77)
is determined by the expenditure of technological research
per people.
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Model construction

Baseline model In order to test hypothesis H,, the mixed
regression model, individual fixed effect model, time fixed
effect model, space—time double fixed effect model, and ran-
dom effect model are constructed, which are used by Nepal
et al. (2024) in the study related to green finance. The base-
line model is constructed as follows:

Cly=py+bGF, +vX, + A+ + &, (17

Among them, CI;, represents the carbon emission intensity
of the province i in year ¢; GF}, represents the green finance of
the province i in year t; X;, represents the control variables; j, is
the correlation coefficient of the core explanatory variable GF;
and 4, y;, and ¢, are the fixed effect of time, the fixed effect of
province, and the random disturbance term, respectively.

Mediation effect model Statistically, a variable is called a
mediator if it has an effect on another one (Baron and Kenny
1986). In order to test hypothesis H, and H;, drawing on
the analysis of the mediation effect by Wen and Ye (2014),
mediation effect model is constructed as follows:

Cly=py+BGF,+rXy+ A4, +u + g, (18)
M=¢y+ ¢ GF + oX; + p; + ¢, (19)
Cly, =8+ GFy + 6M + EX + p; + € (20)

where M is the mediation variable. The three steps regarding
the investigation of the mediation effect are as follows: First,
this study tested whether the estimated coefficient of the core
explanatory variable to the explained variable is significant
in Formula (17). If 3, is significant, the examination of the
mediation effect can be continued. Second, Formula (18)
examines whether the estimated coefficients of both the core
explanatory variable to mediation variable and mediation
variable to explained variable are significant in Formulas
(18) and (19). If both ¢, and ¢, are significant, it reveals
that there is the mediation effect. Third, this study examined
whether the estimated coefficient of the core explanatory
variable to explained variable is significant in Formula (19).
If £, is significant, the signs of ¢,{, and {; are the same that
implies the partial mediation effect exists. If {; is not signifi-
cant, there is a total mediation effect. If {; is significant,
is not significant or the signs of ¢,{, and ¢, are the different;
the mediating effect is the masking effect.

Spatial regression model In order to further investigate
whether there is a spatial spillover effect on the impact of
green finance on carbon emissions intensity, this paper uses
the spatial Durbin model (SDM) for spatial analysis and con-
structs the SDM model:

Cl, = ay +p ), W;Cl, + a,GF,, + 6X,,
j=1
! @

n n
+0, ) W;GF, +n Y WX, + 4+, + £
j=1 =1

Among them, p is the spatial influence coefficient of car-
bon emissions intensity; 6, is the spatial influence coefficient
of green finance; W is an nXn dimensional spatial weight
matrix. The spatial weight matrix of this paper is setting as:

(22)

W 1, region i is adjacent to region j
h 0, otherwise

Figure 4 shows the structure of employed methods in the study.

Data sources and descriptive statistics

This paper uses the panel data of 30 provinces in China
(excluding Tibet, Hong Kong, Macao, and Taiwan) from 2008
to 2019 for empirical analysis. For the missing values in some
of the data, this paper uses linear interpolation method and
trend calculation to fill in the missing values. All data are from
the CSMAR databases, Yearbook of China’s insurance, China
Statistical Yearbook, and EPS databases. Table 3 shows the
descriptive statistics results of the main variables.

Empirical results and analysis
Baseline regression results

This paper constructs the mixed regression model, individ-
ual fixed effect model, time fixed effect model, space—time
double fixed effect model, and random effect model to assess
the impact of green finance on carbon emissions intensity.
Columns (1)—(5) of Table 4 show the statistical outcomes
of the above models. As observed, all the estimation coef-
ficient of the core explanatory variable GF is significantly
negative, indicating that green finance can reduce the carbon
emission. Hence, hypothesis H| is verified. After the F-test,
BP test, and Hausman test, the results of the individual fixed
effect model are explained in this study. A 1 unit augment
in GF reduces CI by 1.467 unit. In order to verify the cred-
ibility of the calculation results in this paper, the baseline
regression results are further compared with the studies
of other scholars. Our findings are similar to those of Ran
et al. (2023), although they use the Super-SBM model to
measure carbon emissions intensity. Hence, despite the dif-
ferences in the measurement methods of carbon emissions
intensity, the result in this paper is basically consistent with
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Table 4 Basic regression results

. (1) Mixed (2) Individual (3) Time fixed (4) Space—time (5) Random
of baseline model regression fixed effect effect model  double fixed effect effect model
model model model
CI CI CI CI CI
GF —7.993%%* — 1.467%** —1.356%* —1.391%* —1.653%**
(1.119) (0.489) (0.676) (0.707) (0.487)
Control variables YES YES YES YES YES
_cons 3.784 20.988##* 19.903*** 20.537*** 21.059%%#*
(2.699) (1.554) (1.834) (2.325) (1.306)
N 360 360 360 360 360
R-squared 0.304 0.971 0.178 0.974 0.135

Numbers in parentheses represent standard error. ***, ** and * represent different significance levels, indi-
cating p <0.01, p<0.05, and p <0.1, respectively. It is the same for the following table

the conclusions of existing researches, which has certain
credibility and reference value.

Lagged regression results

Since it takes a long time for enterprises with high pollu-
tion and high energy consumption to use funds from green
finance institutions, develop new technologies, change pro-
duction mode, and finally reduce carbon emissions in pro-
duction, there may be a lag effect of green finance develop-
ment on carbon emission reduction. Thus, on the basis of
the individual fixed effect model, this paper adopts the green
finance variable lagged by one period, two periods, and three
periods respectively to test the impact of green finance on
carbon emission intensity in the future. Table 5 shows the
statistical outcomes of lagged effect model.

As observed, the impacts of one-period, two-period, and
three-period lags of green finance on carbon emission inten-
sity are all negative at the significance level of 5%, indicat-
ing that lagged effect of green finance on carbon emission

Table 5 Lagged regression results of lagged effect model

(HCI 2)CI 3)Cl
L.GF — 1.422%%*

(0.514)
L2.GF — 1738

(0.525)
L3.GF —1.320%*
(0.599)

Control variables YES YES YES
Individual fixed YES YES YES
Time fixed NO NO NO
_cons 21.338%:* 20.51 2% 20.27 1%

(1.659) (1.753) (2.027)
N 330 300 270
R-squared 0.973 0.976 0.979

reduction is existing, and its inhibitory effect lasts at least
until the third period. In order to further verify the reliabil-
ity of this conclusion, the lagged regression results of this
paper are further compared with the research of other schol-
ars. Based on the empirical analysis of China’s provincial
panel data from 2011 to 2020, Xu et al. (2023) found that the
effect of fintech on carbon emissions reduction also had a lag
effect, which lasted at least until the fourth period.

Heterogeneity analysis

In accordance with the regression consequences of the
baseline model, the development of green finance can
reduce the carbon emission intensity. To move forward a
single-step research whether the influence of green finance
on carbon emission intensity has regional heterogeneity,
this paper divides 30 provinces into eastern, central, and
western three sub-sample areas. Similarly, using individual
fixed effect model to estimate the regional sample, regres-
sion results are exhibited in Table 6.

By comparing the regression coefficients of green
finance, it can be found that the influence of green finance
on carbon emission intensity has obvious territorial

Table 6 Regional regression result

(1) Eastern (2) Central (3) Western
GF —0.489 —6.180%* —1.398
(0.342) (3.698) (3.333)
Control variables YES YES YES
Individual fixed YES YES YES
Time fixed NO NO NO
_cons 9.796%%* 22.7715%*%* 30.135%**
(1.420) (5.109) (3.216)
N 144 108 108
R-squared 0.967 0.971 0.976
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heterogeneity. In the eastern region, the green finance coeffi-
cient is negative but not through the significance test, which
is contrary to the conclusions of most scholars (Wu et al.
2024). In the eastern region where economic and techno-
logical development levels are higher (Huang 2023), most
of the industrial enterprises have achieved low-carbon pro-
duction. Therefore, the carbon emissions reduction effect of
green finance is no longer significant. Coefficient of central
region of green finance to 10% significance level is negative
and shows that the green finance reduces carbon emissions
intensity significantly in the central region. A 1 unit aug-
ment in GF reduces CI by 6.180 unit in the central region.
In the western region, the green finance coefficient is nega-
tive but not through the significance test. On one hand, with
a relatively weak economy, the western region has many
unaware of the importance of green development (Wang
et al. 2024). On the other hand, with a slow economic devel-
opment, western region has not yet reached the economic
conditions required for the development of green finance.
Firstly, even if green finance in western region is developed
and part of the funds are specially invested in enterprises
with high pollution and high energy consumption, it is not
enough to meet the capital demand of all such enterprises.
Secondly, even if the enterprises are supported by green
finance, they may not be able to complete the transforma-
tion of production and achieve the goal of reducing carbon
emission intensity due to the shortage of production factors
such as talents and technology.

TSLS regression

Since the possibility of reverse causality or omitted varia-
bles, there may be endogeneity problems in the econometric
model. Firstly, on one hand, the development of green finance
may reduce the carbon emission intensity. On the other hand,
the increase of carbon emission intensity may also force the
development of green finance. Secondly, there are many fac-
tors affecting carbon emission intensity. Some unobservable
variables cannot be included in the model, leading to bias in
the results of model estimation. In order to solve the poten-
tial endogeneity problem between green finance and carbon
emission intensity, in addition to using the individual fixed
effect model, drawing on existing research, this paper uses
the logarithm of per GDP (LNGDP) as instrumental variables
to estimate the model. In addition, this paper also uses the
logarithm of property insurance premium income (/V1) and
one-period lag of green finance (L.GF) as the instrumental
variables of green finance development, and adopts the TSLS
method (Huang 2023) to solve the potential endogeneity prob-
lem between green finance and carbon emission intensity.
The instrumental variables should meet the correlation
condition. Firstly, the development of the insurance indus-
try will improve the awareness of the whole society on

the insurance concept and other financial concepts. These
new concepts will contribute to the development of green
finance. Secondly, whether it is green investment or green
credit, there will be certain risks in the process of capital
allocation. The property insurance can share the risks in the
development of green finance. Therefore, property insur-
ance can promote the development of green finance. Thus,
“property insurance premium income” meets the correlation
condition of instrumental variables.

The instrumental variables should also meet the exogene-
ity condition. Firstly, property insurance does not provide
enterprises with capital, technology, talents, and other pro-
duction factors, which does not directly affect the carbon
emission intensity of enterprises in the production process.
Secondly, the development of green finance is to solve the
environmental problems that are difficult to be involved in
traditional finance. Thus, green finance plays an important
role in connecting the two fields. And it is difficult for other
tools to replace the bridging role of green finance. Therefore,
insurance has no other way to reduce carbon emissions in the
traditional financial sector, which means that the “property
insurance premium income” meets the exogeneity require-
ments of instrumental variables.

Table 7 shows the statistical outcomes of TSLS regres-
sion. The first-stage regression results shows that instrumental
variables have a significant correlation with green finance.
The “property insurance premium income,” “one-period lag
of green finance,” and “per GDP” have a significantly posi-
tive impact on the green finance. At the same time, the CD
Wald F-statistic is significantly greater than the critical value
of the approved F-value at the 10% bias level. Thus, it signifi-
cantly rejects the null hypothesis of “weak identification of
instrumental variables.” The Anderson LM statistic rejects the
null hypothesis of “insufficient identification of instrumental

Table 7 Two-stage least squares regression results

First stage (1) GF (2) GF (3) GF
V1 0.275%%%*

(0.020)
LNGDP 0.389%#**

(0.028)
L.GF 0.984%**
(0.013)

Control variables YES YES YES
Individual fixed YES YES YES
Time fixed NO NO NO
CD Wald F 182.56 193.36 5461.91
Anderson LM statistic ~ 118.69%** 123 1 284.62%*:*
Second stage CI CI CI
GF —3.87 1% —5.938%** —1.444%%*

(0.838) (0.891) (0.516)
N 360 360 330
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variables” at the 1% significance level. The second-stage
regression results show that green finance can reduce carbon
emission intensity significantly, which is consistent with the
baseline model result above.

Mediating effect analysis

The estimated results of two mediating variables are pre-
sented in Table 8. Columns (1) and (2) of Table 8 present the
estimated results of the industrial structure as a mediating
variable. The direct effect of green finance on carbon emis-
sion intensity is —2.002. The indirect effect of green finance
on carbon emission intensity is 0.53(—0.337* — 1.585). The
indirect effect and the direct effect are opposite. And the direct
effect is greater than the total effect f; = —1.467. Thus, the
mediating effect of industrial structure is the masking effect,
which accounts for 26.4%. Hence, hypothesis H, is verified.
Columns (3) and (4) of Table 8 report the estimated
results of technological innovation as a mediating vari-
able. The direct effect of green finance on carbon emission
intensity is — 1.002. The indirect effect of green finance on
carbon emission intensity is —0.46(2.402* —0.193). The
indirect effect and the direct effect are in the same direc-
tion. And the direct effect is smaller than the total effect
B, = —1.467. Thus, the mediating effect of technological
innovation is the partial mediation effect, which accounts
for 31.4%. Hence, hypothesis H; is verified. However,
this conclusion is contrary to the findings of Wang and
Ma (2022) who used energy efficiency as the variable of
technological innovation. This may be because the period
of their samples is in the early stage of green finance

Table 8 Mediating effect test and spatial regression results

development and the ambiguity of implementation of the
green finance policy leads to the opposite effect.

Spatial effect

In order to determine whether there is a spatial spillover effect
on the impact of green finance on carbon emission inten-
sity, a spatial econometric model is further used to conduct
a regression analysis of green finance and carbon emission
intensity. The Moran’s index and the scatter diagram of the
Moran’s index are used to test the spatial autocorrelation of
the explained variable carbon emission intensity CI and the
core explanatory variable green finance GF. The test results
based on the dimensional spatial weight matrix W indicate
that the variables meet the requirements of the use of spatial
econometric models and can be tested next. The individual
fixed spatial Durbin model is selected for regression analysis in
this paper. The model estimation results are shown in Table 8
from columns (5) to (8). The main effect, direct effect, indirect
effect, and total effect of the impact of green finance on carbon
emission intensity are all negative at the significance level of
5%, which is consistent with the conclusions above.

Conclusions

As the intersection of finance and environment, green finance
affects the carbon emission intensity of economic and social
production activities and promotes the construction of envi-
ronment-friendly society. Based on CES production function,

Mediating effect Spatial effect
(OIS (2)CIL ) TI 4) CI (5) Main (6) Direct (7) Indirect  (8) Total
GF —0.337%%* —2.002%** 2.402%%* —1.002%* —1.533%%* —1.635%* —2.467** —4.103%%*
(0.054) (0.509) (0.304) (0.530) (0.646) (0.648) (0.987) (1.050)
IS — 1.585%**
(0.489)
TI —0.193%%*
(0.088)
Wx:GF —1.58%
(0.825)
Spatial:rho 0.244 %%
(0.067)
Control variables ~ YES YES YES YES YES YES YES YES
Individual fixed YES YES YES YES YES YES YES YES
Time fixed NO NO NO NO NO NO NO NO
_cons 1.485%** 23.344%*%* —11.888%** 18.692%**
(0.173) (1.695) (0.968) (1.869)
N 360 360 360 360 360 360 360 360
R-squared 0.889 0.972 0.944 0.97 0.08 0.08 0.08 0.08
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this paper introduces green finance elements and constructs
an economic model of the impact of green finance on carbon
emissions and its path. On this basis, this paper proposes
that green finance can reduce carbon emission and industrial
structure and technological innovation are the paths of it. At
the same time, this paper uses the panel data of 30 provinces
in China (excluding Tibet, Hong Kong, Macao, and Taiwan)
from 2008 to 2019 for the empirical test. The main findings
of this paper are as follows: Firstly, the empirical analysis
verified the hypothesis that is the green finance can reduce
carbon emission, and there is a spatial spillover effect. After
the TSLS regression and lag effect analysis, the results are
still robust. Secondly, the impact of green finance on carbon
emission is spatially heterogeneous. Specifically, the develop-
ment of green finance in the central region can significantly
reduce carbon emission; the development of green finance in
the eastern and western regions cannot significantly reduce
carbon emission. The difference has a complicated relation-
ship with the level of economic development and regional
policies in different regions. Thirdly, from the mediating
effect test results, it can be seen that green finance reduces
the carbon emission through two paths, i.e., industrial struc-
ture and technological innovation, which are masking effect
and partial mediation effect respectively in the model. This
provides valuable insights for policymakers.

Limitations and future recommendations

It should be noted that the theoretical model and empirical
analysis constructed in this paper has certain limitations.
For example, in order to simplify the process of model deri-
vation, some assumptions of the theoretical model in this
paper are too strong. And the rationality of simply dividing
economic production activities into green finance sector and
non-green finance sector still needs further exploration. Due
to data availability, the data in this paper are only updated up
to 2019. The lack of some data makes the empirical analy-
sis results fail to fully reflect the actual situation. How to
optimize the theoretical model of the effect of green finance
on carbon emission reduction? How to use new data to con-
struct more objective and reasonable carbon emission indi-
cators? These are important contents of the role of green
finance in carbon emission reduction in the future.

Policy implications

Based on the above research results, this paper puts forward
the following suggestions: First, green finance plays the role
of resource allocation. The government can establish green
finance incentive mechanisms to encourage the active par-
ticipation of financial institutions and other market players

in green projects and helps enterprises with high pollution
and high energy consumption realize transformation through
market-based means. We should adhere to the concept
that clear waters and green mountains are gold and silver
mountains, strengthen the carbon reduction orientation of
green finance, give full play to the carbon emission reduc-
tion effect of green finance, and achieve “carbon peak” and
“carbon neutrality.” Second, at the regional level, we should
fully realize the objective conditions that development in
our country is unbalanced in different regions. Considering
the regional heterogeneity of the carbon emission reduction
effect of green finance, the government needs to formulate
the development goals of green finance with regional differ-
ences, and promote the development of green finance in a
focused, phased, and regional manner. For the western region
with slow economic development that has not yet reached
the level of green finance development, eastern and central
regions should provide the support of production factors such
as capital, technology, and talents to create a good economic
and social foundation for the development of green finance
for the western region. Third, green finance can reduce car-
bon emissions through industrial structure and technological
innovation. The government should maximize the guiding
effect of green finance in promoting industrial restructure,
clarify industrial planning and policies, provide assistance
and support for technological upgrading and transformation
of enterprises with high pollution and high energy consump-
tion, improve the sustainability of industrial structure, and
reduce dependence on traditional industries with high pollu-
tion and high energy consumption. In terms of the technolog-
ical innovation, the government should strengthen the support
of green finance for technological progress and broaden the
financing channels of technological innovation. Additionally,
providing support through subsidies, tax incentives, and low-
interest loans for technological innovation projects can help
reduce investment risks for micro-enterprises.
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