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Abstract

This article discusses the influence and mechanism of green finance on carbon emission efficiency. Based on the panel data
of 27 provinces and municipality in China from 2008 to 2017, the slack-based model of unexpected output is used to measure
the efficiency of carbon emissions. On this basis, the Tobit model is used to empirically study the impact and mechanism of
green finance on the efficiency of carbon emissions. The consequences exhibit that (1) China’s carbon emission efficiency
is not high and generally presents a gradient decreasing characteristic of east, middle, and west. (2) Overall, green finance
plays a considerable role in improving carbon emission efficiency; by region and group, there are significant differences in
the influence of green finance on carbon emission efficiency. (3) The study found that green finance promotes the efficiency
of carbon emission through technological progress and industrial structure upgrading. This study provides empirical evidence
and policy enlightenment for the realization of carbon peaking and carbon neutrality goals and the evolution of green finance.

Keywords Green finance - Carbon emission efficiency - Upgrading of industrial structure - Technical progress - SBM

model - Tobit regression analysis model

Introduction

For quite some time, China’s economic growth at the
expense of the environment and the negative impact on the
climate are also increasing. According to the climate change
data released by the World Bank, China’s carbon emis-
sions and their share have been rising from 1990 to 2014,
especially since the beginning of the twenty-first century.
Although the rising rate has slowed down since 2014, carbon
dioxide emissions have remained at a high level. According
to the relevant data disclosed by the World Bank, in 2018,
China’s carbon dioxide emissions reached 10.3 billion tons.
Under the background of global warming, changing the
energy consumption structure, developing new energy, and
developing low-carbon economy have become a significant
path for China to achieve sustainable evolution. With the
proposal of the carbon peaking and carbon neutrality goals,
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China urgently needs scientific and technical innovation and
industrial reform to promote carbon emission efficiency and
achieve economic development while taking into account
the environment. Ning et al. (2021) pointed out that for the
sake of achieving the dual mandate of China’s sustained
economic growth and further reducing carbon emissions,
improving carbon emission efficiency is the crux to resolve
the issue.

Academic circles have carried out abundant researches
on the efficiency of carbon emission. Hu et al. (2021a, b)
believe that carbon emission efficiency is to obtain more
output with the same or less carbon emissions under
the interaction of multiple input factors. The academic
research on carbon emission efficiency mainly focuses on
two aspects: One is the measurement and analysis of car-
bon emissions efficiency. Yu et al. (2015) calculated and
analyzed carbon emission efficiency of China based on
stochastic frontier method (SFA). Meng et al. (2016) and
Zhang et al. (2016) applied DEA model to count carbon
emission efficiency and pointed out that carbon emission
efficiency has obvious regional differences. Wang et al.
(2019a, b) found through empirical analysis that China’s
carbon emission efficiency exhibits a spacial framework
of “east, middle, and west” gradually decreasing, while
“south, middle, and north” symmetrically distributed. The
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second is to explore the affecting elements of carbon emis-
sion efficiency. The specific influencing factors include
technology (He et al. 2021), natural resource richness
(Wang et al. 2019a, b), and urbanization (Sun and Huang
2020). In addition, Yu and Zhang (2021) found through
empirical research that LCCP policy can improve carbon
emission efficiency. In the process of improving carbon
emission efficiency, a lot of financial support is needed.
Relevant studies have pointed out that China needs a
total investment of 127,240 billion yuan to achieve the 2
°C scenario and 174,380 billion yuan to achieve the 1.5
°C scenario. For the sake of completing the goal of deep
decarbonization, relevant investment and financing mecha-
nisms and capital guarantee need to be improved'. Some
scholars have studied the relationship between finance and
carbon emission efficiency. Li et al. (2018) found that there
is a positive “U” relationship between financial correla-
tion, financial deepening, and carbon emission efficiency,
while direct financing is not conducive to the improvement
of carbon emission efficiency, and the level of R & D tech-
nology can promote the improvement of carbon emission
efficiency.

Although, finance can help achieve green, low-carbon,
and high-quality evolution. However, because the green
high-tech industry has the features of considerable risk,
considerable return, and long return cycle, the financial
resources flowing into the green high-tech industry are lim-
ited. The proposal of green finance improves the deficiency
of foregone finance. The implementation of green finance
focuses on the diversion of investment from the field of
heavy pollution and high energy consumption to the field of
saving energy and protecting environment. Green finance
promotes more financial resources to flow into green pro-
jects and green industries. To some extent, the realization of
low-carbon economy is affected by the development of green
finance. Most studies show that green finance can decrease
carbon emissions and promote environmental quality (Ren
et al. 2020). However, looking at the relevant research of
scholars, most scholars pay close attention to the relation-
ship between green finance and carbon emission, and the
study of green finance and carbon emission efficiency is
relatively lacking. Compared with carbon emission index,
carbon emission efficiency is a more comprehensive meas-
urement index including economic development factors. The
simple carbon emission index separates it from the economy
and energy, while the carbon emission efficiency integrates
a variety of input factors. In addition to the carbon emission

! Project comprehensive report preparation team (2020). Compre-
hensive report on China’s long-term low-carbon development strategy
and transformation path. China Population, Resources and Environ-
ment. 30:1-25.

index, it also takes into account the economic output. Hu
et al. (2021a, b) pointed out that the carbon emission effi-
ciency is closely related to the development of low-carbon
economy. Therefore, studying the relationship between
green finance and carbon emission efficiency is of great sig-
nificance for the development of low-carbon economy and
further realizing the carbon peaking and carbon neutrality
goals. From this perspective, this article explores the influ-
ence and mechanism of green finance on carbon emission
efficiency; it comes up with policy recommendations for the
realization of China’s carbon peaking and carbon neutrality
goals and green finance development.

The marginal contributions of this paper are as follows:
First, although a large number of literatures have analyzed
the impact of green finance on carbon emissions, few lit-
eratures pay attention to the impact of green finance on car-
bon emission efficiency. Therefore, the work of this paper
enriches the existing research. Second, it attempts to ana-
lyze the path of green finance on carbon emission efficiency,
which provides an analytical framework for further promot-
ing green finance and how to promote the development of
low-carbon economy.

Mechanism analysis

The implementation and evolution of green finance are
able to afford strong support for the development of low-
carbon economy. Green finance is also called environmental
finance or sustainable finance. From the microlevel, green
finance takes environmental protection industry as the key
object of support and provides corresponding preferential
treatment in capital access, credit, interest rate, and maturity
(Taghizadeh-Hesary and Yoshino 2019). In 2016, China
promulgated the guidance on establishing the system of
green financial, which pointed out that the green financial
support environment, climate change, and resource saving
and efficient utilization of economic activity. Green finance
will affect carbon emission efficiency through financing
function, resource allocation function, and promoting inno-
vation (Fig. 1).

First, green finance affects carbon emission efficiency
through financing function. On the one hand, green enter-
prises can issue stocks, bonds, and other forms of direct
financing through listing to fully mobilize social capital.
Meanwhile, the evolution of green securities can drive green
investment, improve the green operation ability of enter-
prises, and facilitate the further evolution of clean industry.
On the other hand, green enterprises or green projects can
be indirectly financed through bank loans. Relevant data
show that from 2010 to 2020, China’s green credit balance
showed an upward trend, especially since 2012, the green
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credit balance has increased significantly®. According to rel-
evant statistics, in 2020, the balance of loans for infrastruc-
ture green upgrading, clean energy conservation, energy
industry, and environmental protection industry accounted
for the highest, accounting for 85.99%°. The implementation
of Green Credit provides strong maintenance for the evolu-
tion of clean industry.

Secondly, green finance will affect carbon emission effi-
ciency through resource allocation effect. From the micro-
level, green finance provides more financial resources for
the green low-carbon industry and creates a more relaxed
financing condition for the green low-carbon industry.
Green finance reduces the financing cost of green envi-
ronmental protection enterprises, guides more financial
resources to green low-carbon enterprises, and promotes
the further development of green low-carbon enterprises.
Green finance has strong pertinence; especially, green high-
tech enterprises have the characteristics of high risk and
high income; green finance makes financial resources flow
to such enterprises. In particular, green finance integrates
the characteristics of traditional finance and can achieve
the purpose of dispersing risks through the binding and
combination of plenty of green financial products, so as to
afford a basis for the stable evolution of green low-carbon
enterprises. For another, Ding (2019) and Chen et al. (2019)
pointed out that the implementation of green credit policy
will inhibit the credit scale of heavily polluting enterprises.
The inclination of financial resources in circulation to green
and low-carbon will also strengthen the credit constraints

2 The data comes from CSMAR database.

3 Writing Group of China Green Finance Progress Report (2021).
Analysis of green loan business in China. China finance. pp:48-50.
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of heavily polluting enterprises. In order to obtain finan-
cial resources, heavily polluting enterprises must carry out
innovation and transformation, so as to further reduce their
own pollution level.

Finally, green finance will affect carbon emission effi-
ciency by promoting innovation. Under the guidance of
relevant policies of green finance, green finance makes
more financial resources flow to green low-carbon enter-
prises. A large number of research consequences exhibit
that under the guidance of green finance policy, the green
innovation ability of firms will be further improved (Yu
et al. 2021; Wang and Wang 2021b; Hu et al. 2021a, b).
At the same time, the green innovation of enterprises will
reduce the financing constraints of enterprises and more
financial resources will flow into enterprises. The inter-
action between the two will further enhance the green
innovation capability of firms, reduce the pollution level
of enterprises, and improve the business performance of
enterprises. On the other hand, green finance strengthens
the financing constraints faced by heavy polluting enter-
prises, and its financing difficulty is stronger than before.
In order to obtain more financial resources, heavy pollut-
ing enterprises must pay attention to the development of
green low-carbon products and green low-carbon technol-
ogies, so as to reduce their negative impact on the environ-
ment. Liu et al. (2020) point out that under the influence
of green finance-related policies, heavily polluting enter-
prises will strengthen innovation output and improve their
innovation efficiency. Hu et al. (2021a, b) found that under
the external restrictions of green finance—related policies,
heavy polluting enterprises will be forced to make green
innovation.
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Methods and data
Model construction

Since the carbon emission efficiency value is between 0 and
1, the Tobit model is selected to test the relationship between
the efficiency of carbon emission and green finance, and the
benchmark regression model is constructed as follows:

CELE;, = ay + o, GF, + a,X;, + € (1)

where i stands for region; 7 stands for time; CEE stands for
carbon emission efficiency, GF represents green finance; X
represents control variable group, including regional open-
ness, urbanization rate, regional economic development
level, and other control variables; ¢ is a random perturba-
tion term.

Data source and sample selection
Explained variable

Carbon emission efficiency (CEE). The input variables
selected in this paper are labor force, capital, and energy.
The expected output is GDP, and the unexpected output is
carbon dioxide emissions, so as to calculate the carbon emis-
sion efficiency (Fig. 2). To be specific, labor force refers to
the number of employed persons in each province at the
end of the year. Capital stock refers to the practice of Zhang
et al. (2004). Taking 2005 as the base period to calculate
the capital stock from 2008 to 2017, the GDP is calculated
based on the year 2005. The labor data comes from provin-
cial statistical yearbooks, the original data of capital stock,
the original data of energy consumption, and GDP come
from EPS macroeconomic database. CO, data comes from
CEAD:s database.

Fig.2 Carbon efficiency of
input and output index system

Considering the actual situation, this paper selects the
SBM undesirable model proposed by Tone (2002) to calcu-
late the efficiency of carbon emission. The SBM undesirable
model is described in formula (2).

1 m 5
! zi:l Xio

. m
p* = min Q)
1 81 i 8 i
1+ S1+5; (Zr=l ¥ + Zr:l yf(])
X0 =XA+s"
8 =ye)—se
s.t. y(b) b b
W=Y1+S§

s >0,58>0,s>0,A>0

where p* is the efficiency value; m, s, and s, are the num-
ber of inputting, desirable output, and unexpected output
factors, respectively; s=(s~, s¢, sb) stands for the relaxa-
tion of input, desirable output, and unexpected output,
respectively; x, y¢, and y” are input, expected output, and
unexpected output, respectively; X, ¥¢, and Y? are matrices
composed of input, expected output, and unexpected out-
put, respectively; A is the weight vector. Objective function
p*is about S, S, S? strictly monotonically decreasing and
between 0 and 1. The higher the p*, the more efficient the
production cell. When p* = 1, the production unit is com-
pletely effective.

Core explanatory variables

Green finance (GF). The article constructs a green finance
evaluation index system including 9 three-level indica-
tors from five aspects: green securities, green credit, green
investment, green insurance, and carbon finance (see
Table 1).

This paper selects the relevant data of 27 Chinese prov-
inces (excluding Guangxi, Hainan, Xinjiang, Xizang,
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Table 1 Green finance evaluation index system

Green finance evaluation index system

Secondary index Tertiary indicators

Specific measurement methods

Green credit Green credit level

Proportion of interest expense of high-energy-consuming

industries

Green securities
mental protection enterprises

Proportion of market value of high-energy-consuming

enterprises

Green insurance

Compensation ratio of environmental pollution liability

insurance

Green investment Proportion of environmental protection investment

Proportion of energy conservation and environmental pro-

tection expenditure

Carbon finance ~ Carbon emission loan intensity

Ratio of market capitalization of energy-saving and environ-

Environmental pollution liability insurance of scale

Green credit balance/loan balance of financial institutions

Six energy-intensive industry total interest payments/industrial
interest payments

A-share market value of energy-saving and environmental
protection enterprises/total A-share market value of listed
enterprises

Market value of a shares of high-energy-consuming enter-
prises/total A-share market value of listed enterprises

Agricultural insurance income/property insurance premium
income

Agricultural insurance spending/income of agricultural insur-
ance

Investment in environmental pollution control/GDP

Energy saving and environmental protection expenditure/
financial expenditure

Loan balance/carbon dioxide emission

Hong Kong, Macao, and Taiwan) from 2008 to 2017 as
the research sample. In terms of specific indicators and
green credit, this article selects the new bank loans of
regional listed environmental protection enterprises in that
year to denote the green credit balance. The new bank loan
data is from CSMAR database, and the loan balance of
financial institutions is from China Financial Yearbook;
interest expense data for energy-intensive industries and
total interest expense data for industrial industries are
obtained from EPS database. In terms of green securi-
ties, the data comes from the rest database. According
to the green insurance index, China began to implement
environmental liability insurance in 2013, lacking relevant
statistical material, and agriculture is the industry most
affected by the natural environment. Consequently, this
article uses the agricultural insurance size and loss quo-
tiety to approximately reflect the development of green
insurance, and relevant data is from the China Insurance
Yearbook over the years. In terms of green investment,
the data on the proportion of environmental protection
investment comes from the China Environmental Statistics
Yearbook. The expenditure data on energy conservation
and environmental protection comes from EPS database.
In terms of carbon finance, referring to the research of Li
and Dong (2018), this article uses the ratio of the loan
balance of a regional financial institution to carbon emis-
sions to calculate it. The source of loan balance is China
Financial Yearbook, and the data of carbon dioxide comes
from CEADs.

@ Springer

This article uses entropy method to calculate the development
level of green finance. The calculation steps are as follows:

(1) Dimensionless processing of data:

o X — minyx;
Positiveindicators : Xij =(————) 3
maxx; — minx;

maxxl-j - x,-j

maxx i~ IIllI])Clj

Retrogradeindex : X;; = ( 4)

(2) Calculate the ratio of the ith scheme under item j to this
index:
Xij

= o 5
i Zi:1 Xl] ( )

(3) Calculate the index information entropy:

1
In(n)

Ej=- X, Yy xIn(y (6)

(4) The information entropy redundancy is calculated:
Dy=1-E ©)
(5) Calculation of index weight:
D.

J Zj:] Dj

(6) Calculate the comprehensive evaluation level:
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S, = Zj”i 1 W; X X, ) Table 2 Descriptive statistics of variables
Variable Obs Mean Std. dev Min Max
CEE 270 0.426 0.202 0.164 1
Mediating variables
9 GF 270 0279 0.106 0064 0748
. . . OPEN 270 0.314 0.354 0.018 1.598
(1) Technological progress (Tech). In this article, tech- URB 270 0.556 0.135 0.291 0.896
nological advancement is measured by the number of FEL 270 0.22 6 0'099 0.087 0' 627
patents granted per 100,000 people. RED 270 2055 1343 0645 7013
(2) Upgrading of industrial structure (GIS). Industrial IA 270 1.074 0.183 0461 1326
structure upgrading is measured by industrial structure g 270 2339 0.129 214 2801
upgrading index, which is calculated by the following  pecp 270 0.788 0.942 0.041 4.875

formula:
3 .
GIS = Z,»=1 y;Xj. 1 <GIS <3 (10)

where y; stands for the ratio of the j industry in the GDP
(j=1, 2, 3). The larger the GIS number, the more advanced
the industrial structure is.

Other control variables

This article selects the control variable as shown below. (1)
Regional openness (OPEN): Regional openness is meas-
ured by the proportion of regional entire import and export
to regional GDP. The data of entire export and import and
regional GDP are from the China Economic Network data-
base. (2) Urbanization rate (URB): Selecting the proportion
of urban population to measure the data source for EPS data-
base. (3) Financial expenditure level (FEL): Using the pro-
portion of fiscal expenditure to GDP to represent the level
of fiscal spending. The data comes from EPS database. (4)
Regional economic evolution level (RED): Per capita GDP
is used to indicate the degree of regional economic evo-
lution, which is derived from the Database of China Eco-
nomic Network. (5) Industrial agglomeration level (IA): It
is measured by the ratio of regional industrial output value
to national industrial output value. Data were obtained from
EPS database.

Descriptive statistics are made on the samples in this
paper (see Table 2).

Empirical results and analysis
Calculation results of carbon emission efficiency

This article selects unexpected output SBM model to cal-
culate the carbon emission efficiency of 27 provinces and
municipality in China from 2008 to 2017. Due to limited
space, 2008, 2011, 2014, and 2017 were selected as repre-
sentative years for analysis. The carbon emission efficiencies

of provinces and cities in 2008, 2011, 2014, and 2017 are
shown in Table 3.

As can be seen from Table 3, China’s carbon emission
efficiency from 2008 to 2017 was in a state of low efficiency.
From the results of 2008, 2011, 2014, and 2017, China’s car-
bon emission efficiency has not been effectively improved.
The results of Table 3 show that China’s carbon emission

Table 3 The mean value of the overall carbon emission efficiency of
each region

2008 2011 2014 2017
Beijing 1.00000 1.00000 1.00000 1.00000
Tianjin 0.64627 0.46082 0.37661 0.33863
Hebei 0.42560 0.38068 0.32282 0.28223
Shanxi 0.39133 0.34767 0.27543 0.28721
Inner Mongolia 0.35841 0.29083 0.25240 0.18612
Liaoning 0.43561 0.39144 0.36116 0.29732
Jilin 0.38735 0.31633 0.30441 0.28505
Heilongjiang 0.52993 0.41615 0.34646 0.29195
Shanghai 1.00000 1.00000 0.74280 1.00000
Jiangsu 0.59670 0.54607 0.50071 0.47826
Zhejiang 0.60055 0.58312 0.53737 0.48776
Anhui 0.44394 0.40704 0.33816 0.29817
Fujian 0.58964 0.47983 0.39982 0.36161
Jiangxi 0.51716 0.47390 0.40701 0.34605
Shandong 0.47077 0.40952 0.38407 0.34481
Henan 0.44711 0.35399 0.31287 0.29090
Hubei 0.45402 0.40470 0.37896 0.33923
Hunan 0.50979 0.42946 0.38803 0.34752
Guangdong 1.00000 1.00000 1.00000 0.52900
Chongging 0.40495 0.35266 0.32727 0.30211
Sichuan 0.45086 0.38803 0.34626 0.33407
Guizhou 0.32197 0.29746 0.27470 0.24280
Yunnan 0.37460 0.30751 0.26193 0.21632
Shaanxi 0.40199 0.35624 0.30508 0.26790
Gansu 0.35872 0.34106 0.29094 0.24074
Qinghai 0.31821 0.27715 0.21502 0.16428
Ningxia 0.28636 0.26882 0.22369 0.18204
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efficiency is still at a low level. The temporal evolution
characteristics of China’s carbon emission efficiency were
studied (see Fig. 3). As can be seen from Fig. 3, the average
carbon emission efficiency of China showed a downward
trend from 2008 to 2016 and began to show an increasing
trend after 2016. By region, the average carbon emission
efficiency in eastern China showed a downward trend from
2008 to 2016, and an obvious growth trend after 2016. The
average carbon emission efficiency in central and western
China showed a downward trend from 2008 to 2017, and
the carbon emission efficiency did not improve effectively.
The reason is that the eastern region is economically devel-
oped and has a strong awareness of environmental protec-
tion. In recent years, with China’s attention to environmen-
tal issues, the eastern region has gradually begun to pay
attention to environmental issues in the process of develop-
ment. However, the development focus of the central and
western regions is mainly economy, so the carbon emission
efficiency has not been improved. Overall, China’s carbon
emission efficiency is not high, and further measures should
be taken to improve it.

The spatial distribution characteristics of carbon emis-
sion efficiency were further investigated. ArcGIS10.2 soft-
ware was used to draw spatial distribution maps for com-
parative analysis of the spatial evolution characteristics of
carbon emission efficiency in 2008, 2011, 2014, and 2017
(see Fig. 4). The darker the color, the higher the carbon
emission efficiency. The results of Fig. 4 show that, on the
whole, the spatial pattern of carbon emission efficiency
is relatively stable, with a gradient decreasing from east
to west. Carbon emission efficiency in eastern China is
relatively high. On the one hand, the eastern region has
relatively developed economy, complete infrastructure, and
low energy consumption demand. On the other hand, the
awareness of environmental protection in eastern China is
stronger than that in western China. People’s demand for
green consumption will force industries to carry out green
production and reduce carbon emissions to a certain extent.
Compared with the eastern region, the development of the
central region needs to coordinate the relationship between

0.8
0.6

0.4 —

0.2

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
«===The national average Mean value of Eastern Region

Mean value in central Region Mean value of western Region

Fig.3 Average change trend of carbon emission efficiency in China
from 2008 to 2017

@ Springer

economy and environment. The carbon emission efficiency
of the western region is relatively low. On the one hand, the
economy of the western region is relatively backward, and
the development process is dominated by economy. On the
other hand, in the process of undertaking industrial trans-
fer, the western region may have undertaken some energy-
intensive industries to increase the carbon emission level,
so the carbon emission efficiency of the western region is
relatively low.

Benchmark model regression

Firstly, the method of gradually increasing control vari-
ables is adopted. The consequences are revealed in Table 4.
Regression consequences reveal that in the process of grad-
ually increasing control variables, the coefficient of green
finance is positive and passes the conspicuousness test; it
shows that green finance can prominently improve carbon
emission efficiency.

The regression results were further analyzed, in terms
of control variables, regional openness can motivate the
enhancement of carbon emission efficiency. To some extent,
regional opening-up level is higher, the higher the level of
foreign trade. Foreign trade is instrumental in the optimiza-
tion and upgrading of local industries, the introduction of
new technologies, and increasing carbon emission efficiency.
Urbanization rate is not instrumental in the improvement of
carbon emission efficiency. Wang and Cheng (2020) found
that diverse levels of urbanization development have dif-
ferent influences on carbon emission efficiency. At the pre-
sent stage, the improvement of China’s urbanization level
means that more people flow into cities, economic activi-
ties increase, and its energy consumption demand increases
sharply. Therefore, the urbanization level has an inverse rela-
tionship with carbon emission efficiency. The level of fiscal
expenditure has a negative impact on carbon emission effi-
ciency. This may be because fiscal spending has focused less
on environmental protection and more on infrastructure such
as education and health care. From 2008 to 2017, although
the total national environmental protection expenditure con-
tinued to rise, its proportion in fiscal expenditure fluctuated
around 2.5%", that is, the level of environmental protection
expenditure needs to be further improved. There is a posi-
tive relationship between territorial economic development
level and carbon emission efficiency. Above all, the more
developed the regional economy, the more sound the local
infrastructure, the industrial structure tends to be reasonable.
The more likely it is to use high and new technology in local
production to reduce the degree of environmental pollution.
For another, the more advanced the regional economy, the

4 The data comes from EPS database.
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Fig.4 China’s carbon emission efficiency in 2008, 2011, 2014, and 2017

stronger the people environmental protection conscious-  agglomeration level is, the agglomeration degree and scale
ness is, which inhibits carbon emissions to a certain extent. of enterprises will significantly increase, and their pollution
Industrial agglomeration level has a negative correlation  emissions will also increase, which to some extent inhibits
with carbon emission efficiency. The higher the industrial ~ the improvement of carbon emission efficiency.

Table 4 Benchmark regression
results

e ) 3) “) &) (6)
CEE CEE CEE CEE CEE CEE
GF 0.795™ 0.367" 0.546" 0.535" 0.452" 0.407""
(0.120) 0.057) (0.053) (0.052) (0.050) 0.052)
OPEN 0.521" 0.727" 0.711" 0.573"" 0.566™"
0.019) (0.028) (0.028) (0.033) (0.032)
URB -0.677"" —0.672"" —0.937"" —0.859""
(0.070) (0.069) (0.076) (0.080)
FEL -0.113™ —0.145™" —0.231""
(0.054) (0.050) 0.057)
RED 0.065"" 0.056™"
(0.010) 0.011)
1A -0.101"""
(0.035)
_cons 0.210"" 0.166™" 0.428"™" 0.458™" 0.545"" 0.664""
(0.036) 0.017) (0.030) (0.033) (0.033) (0.053)
N 270 270 270 270 270 270

#k k% and * show significant levels of 1%, 5%, and 10%, respectively.
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Heterogeneity analysis
Study results by region

In accordance with the regression consequences of the
benchmark model, the development of green finance can
promote the improvement of carbon emission efficiency.
To move forward a single-step research whether the influ-
ence of green finance on carbon emission efficiency has
regional heterogeneity, this paper divides 27 provinces
and municipalities into eastern, central, and western three
sub-sample areas. Similarly, using Tobit model to esti-
mate the regional sample, regression results is exhibited
in Table 5.

By comparing the regression coefficients of green
finance, it can be found that the influence of green
finance on carbon emission efficiency has obvious ter-
ritorial heterogeneity. Coefficient of eastern and central
parts of green finance to 1% significance level is positive
and shows that the eastern region and central region of the
green financial development for carbon emissions signifi-
cantly raise efficiency; the regression results are consist-
ent with the sample; the green financial resources make
more cash flow to the green industry, promote the devel-
opment of green industry, reduce carbon emissions, and
improve the efficiency of carbon emission. In the western
region, the green financial coefficient is positive but not
through the significance test. Compared with the east, the
central region and the western region economic devel-
opment is relatively backward, environmental awareness

Table 5 Regional regression results

)] @ 3

Eastern region

Central region Western region

sk sk

GF 0.422 0.193 0.030
(0.146) (0.063) (0.058)

OPEN 0.785™ 0.571" 0.333"
(0.060) 0.127) (0.056)

URB —-0.953"™" —-0.710"" —0.626™"
(0.228) (0.207) (0.088)

FEL 0.450 —-0.364 —0.287
(0.483) (0.260) (0.033)

RED —0.019 —-0.012 0.006
(0.025) (0.054) (0.024)

IA -0.612" —0.111™ 0.168"
(0.133) (0.048) (0.029)

_cons 1.2817 0.819™" 0.466™"
(0.186) 0.078) (0.031)

N 100 80 90

##k kk and * show significant levels of 1%, 5%, and 10%, respec-
tively.
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is relatively weak, green financial resource inflows will
priority to economic development, while ignoring the
environmental problems, therefore green financial did not
significantly improve efficiency of carbon emissions. In
addition, by comparing the regression coefficient of green
finance, it can be found that green finance plays a higher
role in improving carbon emission efficiency in the east-
ern region than in the central region. Compared with the
central region, the economic level of the eastern region is
higher, and the development of green finance can better
improve carbon emission efficiency.

Empirical analysis based on grouping of green finance level
and carbon emission efficiency level

The level of carbon emission efficiency and the development
degree of green finance may affect the influence of green
finance on carbon emission efficiency. Therefore, further
research is carried out, referring to Xing (2015), this article
first on the efficiency of each province of carbon emissions
in 2008-2017 average is calculated, then calculates the mean
value of all provinces, and takes the mean value of all prov-
inces as the basis for sample division, the group above the
mean value is the high efficiency group. Otherwise, it is the
low efficiency group, so as to discuss the influence of green
finance on carbon emission efficiency at different efficiency
levels. Secondly, it studies the influence of different levels
of green finance on carbon emission efficiency is studied
with the same method as above. The divided samples are
regressed. The regression consequences are demonstrated
in Table 6.

The consequences of Table 6 exhibit that the influence
of green finance on carbon emission efficiency shows obvi-
ous heterogeneity due to the different evolution degrees of
green finance and the disparate level of carbon emission effi-
ciency. Columns (1) and (2) indicate that green finance plays
an obvious role in promoting carbon emission efficiency at
different levels at the 1% level. The development of green
finance can promote regional clean technology innovation,
guide more financial resources to flow to green projects, and
promote industrial green transformation. Column (3) shows
the impact of low green finance development level on carbon
emission efficiency. When the development level of green
finance is low, it cannot promote the improvement of carbon
emission efficiency. Column (4) indicates that high green
finance level has a significant promoting effect on carbon
emission efficiency at 5% level. When the development of
green finance is relatively high, more financial resources can
flow to the field of environmental protection, promote the
development of green industry, and improve the efficiency
of carbon emission.
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level and carbon emission Low efficiency group High efficiency group Low development  High develop-
efficiency level level group ment level
group
GF 0.260""" 0.476™ 0.112 0.532"
(0.033) (0.179) (0.086) (0.205)
OPEN 0.371°" 0.816™ 0.488"™ 0.623™*
(0.045) (0.068) (0.049) (0.069)
URB —0.497" —-0.783™ —-0.878™ —-0.253
(0.055) (0.312) (0.080) (0.434)
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RED —-0.019 —0.053 0.074™ 0.010
(0.016) (0.038) (0.014) (0.036)
IA 0.032 —-0.825" 0.008 -0.281"
(0.023) (0.181) (0.037) (0.099)
_cons 0.543"" 1.494™ 0.589™ 0.613™
(0.031) (0.215) (0.048) (0.222)
N 190 80 190 80

wack kkand * show significant levels of 1%, 5%, and 10%, respectively.

Mechanism analysis

Green finance, technological progress, and carbon emission
efficiency

Zhang (2016) pointed out that technology and capital are
the two core elements of low-carbon economy. Most stud-
ies believe that technological progress can improve carbon
emission efficiency (Xie et al. 2021; He et al. 2021). Hao
et al. (2021) studied the effect of technological innovation
on environmental pollution in Asian developing countries
based on the theoretical framework of strip and EKC. The
research results show that technological advancement
has the effect of carbon emission reduction. Technologi-
cal progress will have an impact on carbon emission effi-
ciency. In the first instance, technological advancement is
a process of continuous development and improvement of
technology and new technology replacing old technology.
Technological progress can accelerate the advancement
of green and low-carbon technology, boost the develop-
ment of low pollution energy, make the existing energy
consumption structure better, and decrease carbon emis-
sions. In the second place, technological advancement
can accelerate the improvement of enterprise produc-
tivity, decrease the cost of enterprises, and increase the
economic benefits of enterprises. However, technological
progress needs a lot of money. The innovation and R&D
of firms are inseparable from the support of funds. Green
finance provides support for R&D funds for technological
progress. Green finance guides financial resources to the

domain of environmentally sustainable and energy effi-
cient, drives private capital to invest in green industries,
and stimulates enterprises to carry out R&D and innova-
tion. Meanwhile, green finance reduces the risk of project
investment through the risk management function, so that
high tech can get sustainable financial support. Zhu et al.
(2021) found through empirical analysis that green finance
can accelerate technological innovation.

In this regard, the correlation between green finance,
technological progress and carbon emission efficiency
is further studied. The regression consequences are
demonstrated in Table 7. Column (1) shows that green
finance can boost carbon emission efficiency. Column

Table 7 Analysis of conduction mechanism

M @) (3) 4 (%)

CEE Tech GIS CEE CEE
GF 0.795™  3.319™  0494™ 04227 03217

0.120)  (0.502)  (0.068)  (0.111)  (0.108)
Tech 0.120™

0.013)
GIS 1.037°
(0.091)

_cons 0210  —0.139  2201" 02207 —2.082""

0.036)  (0.150)  (0.020)  (0.031)  (0.204)
N 270 270 270 270 270

k%% and * show significant levels of 1%, 5%, and 10%, respec-
tively.
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(2) shows that the implement of green finance is able
to boost technological progress. Column (4) shows the
green finance after joining technology progress effect
on the efficiency of carbon emissions. Green finance
still has a remarkable improvement on the efficiency
of carbon emission. Compare column 1 (1) and (4) of
Table 7 with the consequences, after joining technologi-
cal advancement variables, the influence coefficient of
green finance on carbon emission efficiency is reduced
by 0.373. It shows that technological progress is the
mechanism of green finance to improve carbon emis-
sion efficiency.

Green finance, optimization, and upgrading of industrial
structure and carbon emission efficiency

The optimization and upgrading of industrial structure
can effectively reduce carbon emissions, which has
been confirmed in most studies (Zhang et al. 2018;
Wu et al. 2021; Zhu and Zhang 2021). From the meso-
level, the promotion and optimization of industrial
construction refer to the entire improvement of tech-
nology, production efficiency, and product quality of
major enterprises in an industry. In the first place, the
upgrading of industrial construction means that the
cost of enterprises is relatively reduced and their eco-
nomic benefits will be improved. In the next place,
the optimization of industrial construction means that
enterprises can produce with more advanced technol-
ogy, and the pollution caused by their production is
reduced. Combining the two effects, the promotion of
industrial construction will improve the efficiency of
carbon emission.

As a matter of fact, green finance is able to optimize
the industrial construction and further improve the effi-
ciency of carbon emissions. Jiang et al. (2020) pointed
out that green finance affects carbon emissions through
the optimal allocation effect of financial resources, the
improvement effect of technological innovation ten-
dency, and the signal transmission effect. On this basis,
Zhang et al. (2021) studied the correlativity between
green credit and carbon emission. The research conse-
quences reveal that green credit is able to facilitate car-
bon emission reduction, and green credit will decrease
carbon emissions by means of facilitating industrial
construction upgrading and technological advancement.
In the first place, green finance can realize the green
transformation of industry by promoting technological
progress. Green finance is able to encourage firms to
proceed with green innovation and realize technological
progress. Green finance can force “two high” firms to
proceed with green low-carbon technology innovation
and realize the transformation of “two high” enterprises.

@ Springer

At the same time, the “green” tendency information con-
veyed by the green financial policy, green credit, and
green security market also makes nongovernmental capi-
tal invest more in environmentally friendly industries,
which will promote the sustainable transformation of
various industries. In the next place, green finance is
able to realize the further evolution of the industry pro-
ceed with the scale effect, and the industrial upgrading
will produce the market scale effect. The two promote
each other and finally realize the industrial upgrading.
Wang and Wang (2021a) and Gu et al. (2021) empirically
analyze the actual influence of green finance on indus-
trial structure optimization. The results show that the
development of green finance is conducive to industrial
structure optimization.

In this regard, further study on the relationship
between green finance, industrial construction upgrad-
ing, and the efficiency of carbon emission in needed.
The regression consequences are exhibited in Table 7.
Column (1) reveals that green finance is able to sig-
nificantly promote carbon emission efficiency. Column
(3) shows that green finance is able to facilitate the
upgrading of industrial construction. Column (5) shows
the impact of green finance on the efficiency of carbon
emission after adding industrial construction upgrading.
Green finance still has a remarkable improvement on the
efficiency of carbon emission. Comparing the results
of column (1) and column (5), it can be found that after
adding the variable of industrial construction upgrad-
ing, the influence coefficient of green finance on carbon
emission efficiency is reduced by 0.474, indicating that
industrial construction upgrading is the mechanism for
green finance to improve carbon emission efficiency.

Robustness test

In the first place, the method of changing the model was
used to test. OLS, RE, and FE models are used to test
successively. The consequences are exhibited in columns
(1), (2), and (3) of Table 8. Adopting the method of grad-
ually increasing the control variables, the consequences
are exhibited in Table 3. In particular, considering the
endogeneity of the model, this article draws on the prac-
tices of Zhang and Chen (2017), takes the current carbon
emission efficiency as explained variable, and makes a
regression analysis with the value of green finance and
control variables lagging by one period. The regression
consequences are shown in Table 8, column 4, the endo-
geneity examine consequences are no difference with the
benchmark test consequences, it shows that the conclu-
sions of this article are robust.

On the basis of the consequences in Table §, green
finance is able to elevate carbon emission efficiency, which
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Table 8 Robustness test
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R? 0.881 0.530

k%% and * show significant levels of 1%, 5%, and 10%, respec-
tively.

shows that green finance has strong robustness to improve
carbon emission efficiency.

Conclusions and policy recommendations

Based on the panel data of 27 provinces and municipali-
ties in China from 2008 to 2017, this article empirically
researches the influence and mechanism of green finance on
the efficiency of carbon emission. The consequences exhibit
the following. (1) China’s carbon emission efficiency level
is not high. The carbon emission efficiency presents obvious
heterogeneity. By regions, the carbon emission efficiency
of the eastern area was larger than that of the central area
and larger than that of the western area. (2) By studying
the relationship between green finance and carbon emission
efficiency, it is found that from the national level, green

finance can memorably promote carbon emission efficiency.
In terms of regions, the development of green finance is
able to facilitate the promotion of carbon emission efficiency
in the eastern and central areas, and the influence of green
finance on carbon emission efficiency is not observable in
the western area. From the perspective of grouping based
on the evolution level of carbon emission efficiency, green
finance can improve the efficiency of carbon emission at
different levels. Grouping based on the evolution level of
green finance, high-level green finance is beneficial to the
promotion of carbon emission efficiency, while low-level
green finance has no remarkable impact on carbon emission
efficiency. (3) It is found that green finance is able to affect
carbon emission efficiency through technological progress
and industrial structure upgrading. Accordingly, this article
comes up with the following suggestions.

In the first place, vigorously develop green finance. The
research consequences reveal that at the national level,
green finance can significantly promote carbon emission
efficiency. The grouping research results show that high-
level green finance is able to facilitate the improvement of
carbon emission efficiency. For this reason, promoting the
development of green finance is still an important theme at
this stage. To vigorously develop green finance, first of all,
we should perfect the juristic and statutory system of green
finance. We should perfect the green finance laws and regu-
lations system, establish a multi-level and multi-dimensional
green finance evaluation standard system, formulate a uni-
fied green finance quantitative standard, comprehensively
estimate the evolution degree of green finance, improve the
green finance performance evaluation system, establish an
incentive mechanism, and guide financial resources to green
and low-carbon projects. In the second place, we should con-
tinue to perfect the green financial market. First, develop the
direct financing market of green finance, encourage green
low-carbon enterprises to go public, finance through the cap-
ital market, and guide angel investment in green low-carbon
enterprises. Second, improve the indirect financing market
of green finance, innovate and study green credit products,
establish professional carbon banks, and improve the finan-
cial support efficiency of green low-carbon enterprises.
Third, improve the guarantee, risk assessment, and supervi-
sion system of green financial market. In the end, actively
explore carbon financial products and improve the carbon
information disclosure system. Explore and innovate carbon
financial products; innovate carbon bonds and carbon funds;
actively innovate carbon financial products by using digital
technology, Internet technology, and Internet technology;
set up a national joint and unified carbon financial product
exchanging platform; and fully realize the function of market
orientation. Simultaneously, improve the carbon information
disclosure system. We should formulate carbon information
disclosure standards; clarify the legal responsibilities of all
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parties in carbon information disclosure; establish a super-
vision system for carbon information disclosure; form a tri-
partite joint force of government, society, and enterprises
to promote carbon information disclosure; and ensure the
quality of carbon information disclosure.

Second, we should vigorously encourage technological
innovation and promote technological progress. The results
show that green finance can improve the efficiency of car-
bon emission through technological advance. Technological
advance is able to improve firm production efficiency, reduce
enterprise costs, improve enterprise green technology R&D
level, and reduce environmental pollution. In this regard, the
government should formulate relevant policies to encourage
firms to proceed with technical innovation, especially green
and clean technology, thereby decreasing the pollution emis-
sions generated in enterprise production.

Third, we should continue to improve the industrial
structure. The results exhibit that green finance is able to
promote carbon emission efficiency by means of industrial
construction upgrading. Therefore, we need to improve
industrial evolution to achieve sustainable transformation
and decrease carbon emissions. First of all, the government
needs to enact a catalog of green industries, guide enter-
prises to carry out green transformation, promote green
industrial development, drive the modulation of industrial
construction, and facilitate the majorization and promotion
of industrial construction. Meanwhile, the government
should introduce relevant policies to promote private capital
investment in green industry projects. Secondly, we should
increase investment in research and development, increase
investment in related industries, promote industrial innova-
tion, actively cultivate high-tech industries and emerging
industries of strategic importance, promote industrial sus-
tainable transformation, and facilitate the degree of energy
preservation, emission decrease, and clean technology.
Finally, cultivate consumers’ awareness of green consump-
tion, force high contamination and high-energy-consuming
firms to proceed with green innovation, and reduce their
pollution level.
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