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ABSTRACT ARTICLE HISTORY
Green finance is an effective means adopted by the Chinese gov- Received 7 December 2021
ernment to reduce carbon emissions. Does the development of Accepted 12 March 2022
green finance in Chinese provinces reduce carbon emissions to a
certain extent? This study selects panel data of various provinces
and cities in Chlpa from 2003 to 2(')19. Based on the Hansen emission: scientific and
th_reshold regression modelf an emplrlcal analysis is conductgd technological innovation;
with economic growth and industrial structure as threshold varia- threshold effect

bles to test the impact of green finance on carbon emissions. The

results show that green finance increases the speed of carbon JEL CODES

emission mitigation when PGDP is the threshold. Taking industrial €53; G11; G15
structure as the threshold, the impact of green finance develop-

ment on carbon emissions presents an inverted N shape. At the

same time, it is found that green finance has become an import-

ant means to reduce carbon emissions in the eastern region, the

impact of green finance on carbon emissions in the central region

presents an inverted U shape, and the driving force of green

finance on carbon emission reduction in the western region is

weak. Furthermore, it is pointed out that improving the quality of

green finance and enhancing the level of green finance empow-

ered by science and technology are the keys to realizing sustain-

able green development.
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1. Introduction

The COVID-19 pandemic in 2020 has caused incalculable losses to the world’s social,
economic and natural environment, as well as the financial sector (Mirza et al,,
2020b; Rizvi et al,, 2020a), resulting in a series of consequences such as financial mar-
ket volatility, asset depreciation, and financing difficulties of enterprises (Li et al,
2020; Mirza et al., 2020a; 2022; Umar et al., 2021; Yarovaya et al., 2021). People fur-
ther realize the importance of a healthy ecological environment for human survival;
therefore, there is a consensus to promote green development and harmonious coex-
istence between humans and nature; therefore, society is facing a transition to green
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development (Ji et al., 2021; Rizvi et al., 2020b). Finance, as the ‘chief scheduler’ of
resources in the economic and social system, can effectively coordinate the allocation
of resources in various fields to promote social development (Arestis & Demetriades,
1997), but it is also an important driving factor for the increase in carbon emissions,
which to some extent restricts regional green development (Dorfleitner & Grebler,
2022; Zhang, 2011).

Because capital is ‘profit-seeking’, while green projects generally have strong posi-
tive externalities that bring benefits to economic and social life, the profits of the
financial industry do not increase due to such positive externalities, resulting in a
large funding gap for local green development (Linnenluecke et al., 2016). Therefore,
to expand investment, improve the ecological benefits of financing and achieve sus-
tainable development goals, it is necessary to adopt new financial instruments and
policies, such as green bonds, green funds, green banks, carbon-trading markets, fiscal
policies and fin-tech, collectively known as ‘Green Finance’ (Berensmann &
Lindenberg, 2019). Different from traditional finance, green finance, also known as
environmental finance or sustainable finance, is a financial tool to improve environ-
mental quality and transfer environmental risks (Zerbib, 2019). It is a great innov-
ation in the financial industry, which plays a key role in balancing economic
development and the climate environment (Naqvi et al., 2021; Sachs et al., 2019).

China is the world’s 2nd largest economy, and its carbon emission volume ranks
first in the world, which has a great impact on global climate change and threatens
its own sustainable development. Balancing economic growth and carbon emissions
has become an urgent problem to be solved. ‘Carbon peak and carbon neutral’ is a
major policy decision and deployment proposed by the Chinese government on glo-
bal climate deterioration during the transition period from the 13th Five-year Plan to
the 14th Five-year Plan. This reflects the Chinese government’s responsibility in
addressing global climate change. ‘Carbon peak and carbon neutral’ is both an oppor-
tunity and a challenge for China’s development and will have a far-reaching impact
on China’s economic structure, energy structure, production and consumption pat-
terns and other aspects (Liang,Wei,Li et al., 2020; Liang et al., 2020; Hasnaoui et al.,
2021). Over the next 30 years, achieving ‘carbon peak and carbon neutral’ will require
massive investment. Although the existing forecast results are different, all investment
scales are expected to exceed 100 trillion RMB. Therefore, the future development of
green finance will have an increasingly important impact on the climate environment,
especially carbon emissions (Figure 1).

2. Literature review

Different from traditional finance, green finance is also called environmental finance
or sustainable finance. It was proposed against a background of the escalating contra-
diction between energy consumption and green development in the process of eco-
nomic growth (Salazar, 1998). The People’s Bank of China defined green finance as
financial services for economic activities such as improving the environment, coping
with climate change, and saving and efficiently utilizing resources. Green finance is a
great innovation in the financial industry that plays a key role in balancing economic
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Figure 1. Mechanism of green finance and carbon emissions.
Source: Authors.

development and the ecological environment. It enables people to re-examine the
development of modern financial systems from a perspective of finance and the
environment.

After decades of development, green finance theory has generally formed three
kinds of views. The first kind of view is embodied in the instrument level of financial
application. It holds that green finance is an innovative financial tool provided by the
government and financial institutions to solve environmental problems, which is used
to improve the ecological environment, reduce pollution, save energy and provide
personalized financial services for green development (Cowan, 1999; Labatt & White,
2002). This view was generated in the early stage of green finance theory. The
research mainly focused on green insurance, green securities, green credit, green
funds and other financial products and their effects and constructed an indicator sys-
tem of the green finance development level based on the transaction volume of such
products (Aizawa & Yang, 2010; Yu et al., 2022). The second type of view is at the
top-down strategic level. Green finance should comply with environmental, social and
governance (ESG) standards (Busch et al, 2016; Dyllick & Hockerts, 2002) and
should be incorporated into the government, financial institutions and enterprises to
formulate sustainable development policies, upgrade financial services, and develop
green investment products and financial strategies (Scholtens, 2006; Umar et al,
2021; Weber, 2012). By using institutional text data, financial data, and enterprise
financial data, a green finance indicator system should be built (Fatemi & Fooladi,
2013; Umar et al,, 2021). The third kind of view is from the bottom-up behavioral
perspective. With the enhancement of public awareness of environmental protection
and the improvement of environmental protection laws and regulations, economic
development gradually enters the ‘deep green’ state, and green finance starts to be
driven by the public spontaneously, forming pro-environmental preferences, and cap-
ital flows to green products and green industries. This kind of green behavior affects
the green transformation of the whole financial system and promotes the green devel-
opment of the economy ( Linnenluecke et al., 2016; Zerbib, 2019; Umar, Ji, Mirza,
Nagqvi et al., 2021 ). In this context, scholars place more emphasis on the green con-
tribution of the financial system and to the development of the green economy
(Berensmann & Lindenberg, 2019; Kaiser & Welters, 2019). Lv et al. (2021) pointed
out that if the indicator system of the efficiency of financial green development is
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only constructed from the perspective of green financial capital input, the green func-
tion of the financial system will be ignored. Therefore, it is necessary to include a
wider range of financial development data, and at the same time, it is necessary to
consider unexpected outputs such as ecological environmental pollution. Based on
this point of view, this paper constructs and improves the indicator system of green
finance development efficiency.

Green finance mainly reduces carbon emissions through green project financing
and carbon market trading. On the one hand, green finance provides funds for green
environmental protection projects through green financial policies and the issuance of
green bonds, reducing the financing costs and transaction costs of green environmen-
tal protection projects, which not only helps to improve the conversion efficiency of
green environmental protection projects and promote the progress of green technol-
ogy but also effectively reduces carbon emissions (Hartzmark & Sussman, 2019;
Heine et al, 2019). Sartzetakis (2021) believed that green bonds could serve as an
important signal of a company’s environmental friendliness and stimulate investor
enthusiasm for investment in the stock market to continuously improve the
company’s environmental benefits and contribute to reducing carbon emissions. On
the other hand, a carbon-trading market based on a carbon emission quota can
effectively reduce the carbon emissions of enterprises and individuals through policy
and economic means. First, the competent department of carbon trading allocates
carbon emission quotas to relevant enterprises with emission reduction obligations
through legal means to limit the carbon emissions of enterprises (Wang et al., 2019).
Second, enterprise carbon emission quotas that cannot be used can be sold on the
carbon-trading market; therefore, economic incentives encourage enterprises to con-
tinue to reduce carbon emissions by scientific and technological innovation, forming
a virtuous cycle (Chen et al., 2020; Lobato et al., 2021). Finally, individuals can also
sell personal-saving carbon emissions to enterprises through the carbon-trading mar-
ket to improve citizen consciousness of carbon emission reduction and reduce carbon
emissions for society as a whole. Weng and Xu (2018) believed that the formation of
China’s carbon-trading market can effectively reduce carbon emissions. Chen and Lin
(2021) believed that the carbon emission-trading mechanism can be used as an
important market-oriented environmental policy tool to reduce carbon emissions.

The extant literature on this topic has laid a solid foundation, but there is still a
lack in regard to three aspects. One is that the green financial support for the
strength of green low carbon transformation development for enterprises is not
enough, and the green financial support system has yet to catch up with the ‘double
carbon’ vision to realize the strong demand around the ‘double carbon’ vision of the
green financial support system of follow-up studies. Second, there have been many
theoretical studies on the relationship between green finance and carbon emissions,
but due to the lack of statistical data on carbon emissions, there have been few
empirical studies on the impact of green finance on carbon emissions. Third, there is
no mature comprehensive index to measure the development level of green finance.
Therefore, based on the impact mechanism of green finance on carbon emissions,
this study adopts the current mature calculation model of carbon emissions, uses
panel data of provinces and cities in China, and uses comprehensive indicators of
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green finance to empirically test the impact of green finance development on carbon
emissions in China.

3. Model setting and indicator description
3.1. Threshold regression model

The ‘threshold effect’ occurs when one variable increases and its influence on another
variable changes with its own change; then the critical value causing the change is the
threshold value, which is called the threshold effect. To study the nonlinear relation-
ship between green finance development and the carbon emission level, this paper
utilizes GDP per capita and industrial structure as estimates. The nondynamic panel
threshold regression model of Hansen (1999) is used to construct a segmented func-
tion, and ‘endogenous grouping’ is used to replace ‘exogenous grouping’, which is
highly subjective. The threshold model is as follows:

CE¢ = 0o+ 0; + 0; - Xit + B - GFy¢ - W(Thryy < my) + B, - GFi¢ - I(n, <Thriy < 11,)+
B3 - GFy - I(Thry>n,) + &

(1)

In Formula (1), i is the region, ¢ is the year, CE; is the level of financial develop-
ment, and X, is the set of control variables. This paper selects the influential factors
that have a stable relationship with financial development, mainly including financial
openness, trade openness TL, economic development level ED, capital stock CAPS,
household consumption level HOUC, industrial structure IND, and human capital
level HUMC. Additionally, GE;; is green finance, Thr; is the threshold variable, and
PGDP and IND are selected as the threshold variables in this paper. I(e) is the indi-
cative function, ¢&; is the random disturbance term, and #; is the threshold value. #;
can take any value of Thr; and obtain the regression coefficients of other variables by
the least square method (OLS) to obtain the square sum of residual S, and select the
minimum value of Sy, i.e., § = argminSy(7;).

3.2. Selection and description of indicators

3.2.1. Carbon emission index

The explained variable of this paper is carbon emissions (CE). Due to the lack of
such data in the current statistical yearbook, this paper refers to the current mature
measurement methods, selects the three types of energy consumption, electricity, nat-
ural gas and liquefied petroleum gas, in the statistical yearbook, and carries out the
conversion in combination with the CO, emission coefficient. The specific algorithm
is shown in Formula (2), where CO, represents carbon emissions; C., C, and C, are
the carbon emissions calculated based on the consumption of electricity, natural gas
and liquefied petroleum gas, respectively; E,, E, and E, are the consumption of three
kinds of energy; and ¢ is the GHG emission coefficient of the coal-powered fuel
chain. Equivalent to 1.3023 kg/m3 kg/kW-h, # is the proportion of coal power gener-
ation to total power generation. where x and y are the CO, emission coefficients of
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Table 1. Green finance indicator system.

Total indicator Composition of indicators Index to explain Source
Green Fiance Green credit Total liabilities of environmental Wind
listed companies
Green securities Total market value of environmental Wind
listed companies
Green investment Total expenditure on energy and China Statistical Yearbook

environmental protection in
the province

Total investment in pollution China Statistical Yearbook
control of the province
Total equity investment of listed Wind

environmental
protection companies

Source: Authors.

natural gas and LPG, respectively. It should be emphasized that although electric
energy does not produce CO, in the process of use, China’s endowment characteris-
tics of ‘rich in coal, poor in oil and little in gas’ and low coal price determine that
thermal power generation is still the main source of China’s carbon emissions, which
are highly dependent on coal (Yu & Zhang, 2021).

CO2=C,+C, +C, = ¢(n x E,) + KE, + VE, (2)

3.2.2. Green financial indicators
The explanatory variable of this paper is green finance (GF). Green bonds are now
used as proxy variables (Park, 2018; Sartzetakis, 2021), but the total amount of
green credit only accounts for a part of green finance, and the overall development of
green finance should also be considered. Therefore, green credit, green securities
and green investment are taken as comprehensive indicators to measure the develop-
ment of green finance, as shown in Table 1.

To avoid the differences between units and magnitudes of FD data, the entropy
weight method is adopted to standardize the synthesis of FD indicators. The specific
formula is as follows:

, x;—Min(x;)

o= x 09 +0.1 3
%i Max(x;) — Min(x;) * 3)

In the formula, Max(xi) and Min(xi) are the maximum and minimum values of
the order parameters, respectively. The value obtained after calculation by the formula
represents the influence degree of each variable. The larger the value is, the greater
the influence; otherwise, the smaller the influence. Then, each indicator is weighted
to eliminate subjective factors and make indicators accurately reflect the degree of
influence of variables and better reflect the degree of correlation between indicators.
The entropy weight method is adopted in this study, and the formula is as follows:

E, =— In (ﬂ)71 ZP’J In (Pl]) (4)
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by =X/ X, ®

Finally, for the parameter entropy (El, E2..., Ek), the following formula is used to
calculate the index weight:

o= (6)

1-E;

q

Q- ZEi
1

3.2.3. Threshold variables and other control variables

The economy is the foundation of the development of the financial industry, and the
industrial structure reveals the optimization degree of the supply side of regional
development and can effectively guide the flow of local capital (Cheng et al., 2018;
Dasgupta & Stiglitz, 1980). As a result, the threshold variables in this paper include
the following: (1) economic development level (ED). In the economic growth system,
the PGDP is representative and is the core index used to measure the level of regional
economic growth. (2) Industrial structure (IND). The industrial structure of a country
is closely related to carbon emissions, especially the secondary industry. Therefore,
the proportion of industrial added value in the secondary industry to GDP is selected
as the threshold variable to represent the development of industrial structure.

Regional differences in development modes, social resource endowment and green
development environment all affect the flow of regional financial elements and the
development of green finance. First, the import and export volume and FDI can
reflect the degree of economic openness of the region, among which FDI and finan-
cial development can significantly improve the efficiency of regional capital
allocation(Alfaro et al., 2004; Demena & Afesorgbor, 2020). Second, in terms of the
level of social resources, regional human and material resources are effective support
for local financial development. That is, finance can only improve the level of finan-
cial services to the real economy by transforming capital into fixed asset investment,
and capital stock is an important indicator of capital transformation. As a result, the
control variables selected in this paper include the following:

Financial openness (FO): The degree of financial openness is considered from the
perspective of actual capital flows. This paper draws on the research conclusions of
Zhang Chengsi et al. and uses the nominal total FDI of each province for standar-
dized treatment to express the degree of financial openness.

Trade openness (TL): Referring to academic standards, the nominal total amount
of import and export trade of each province is used, and the entropy method is used
for standardization processing to indicate the degree of trade openness.

Human capital (HUMC): Using the algorithm of Barro and Lee (1993) for refer-
ence, the stock of human capital in each province is calculated according to the level
of education.

Capital stock (CAPS): The calculation method of Hao (2008) is adopted and
extended to 2019. The specific formula is:
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Table 2. STl index system.

Indicators First-tier indicators Second-tier indicators Unit
Technological Innovation Investment R&D full-time equivalent capita/year
of personnel
R&D Internal expenditure 10 thousand yuan
Output Number of 3 patent item
applications accepted
Number of 3 kinds of item
patent applications
Revenue from sales of 10 thousand yuan

new products of
industrial enterprises

Technology 1 hundred million yuan
market turnover

Note: This index is synthesized by the entropy weight method.
Source: Authors.

Ky = (1—0)Kj 11 + I (7)

In Formula (3), Kj; is the capital stock in region i in year t, Iy is the investment
growth in region i in year t, and ¢ is the depreciation rate of capital stock.

The STI is generally regarded as the basic index system construction standard by
measuring STT input and STI output, as shown in Table 2.

4. Empirical analysis and conclusions
4.1. Threshold existence test

According to the research method mentioned above, panel data of Chinese provinces
from 2003 to 2019 were adopted, and the threshold model was estimated by the
STATA13.0 research method. The threshold value and P value were obtained by the
bootstrap method 1000 times. Table 3 shows the results of the threshold existence
test in the whole country and the eastern, central and western regions. Table 4 shows
the empirical results of the impact of green finance on carbon emissions with PGDP
and IND as threshold variables.

The results in Table 3 show that both the whole country and different regions
have passed the triple threshold test, and with the development of the regional econ-
omy and the change in industrial structure, there is a significant nonlinear relation-
ship between green finance and carbon emissions.

4.2. Empirical analysis at the national level

Furthermore, with PGDP and industrial structure as threshold variables, triple thresh-
old regression is conducted, and the results are shown in Table 5. Taking PGDP as
the threshold variable, from the national level, although China’s economic growth is
strongly correlated with the development level of green finance, the influence coefti-
cient is small. Industrial structure has a strong positive impact on carbon emissions
under different threshold variables. The reason for this is that China’s industrial
development level continues to improve, and industry is an important field of carbon
emissions, accounting for approximately 70% of the total carbon emissions and
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Table 3. Tests of thresholds for the whole country and subregions.

The critical value

Threshold variable Region Threshold model  F value P value 1% 5% 10%
PGDP Domestic Single 5.693** 0018 6.205 3.870 2.628
Double 3.163* 0.068 6.755 3.860 2.749

Triple 4.614%* 0.041 7.769 3.848 2.278

Eastern region Single 16.248%** 0,000 7.011 4.107 2.858

Double 4.711% 0.052 8410 4.798 3.290

Triple 6.972%%* 0.004 4.883 0.833 —0.539

Central region Single 20.118%** 0,001 7.678 4.623 2.855

Double 9.392%** 0,002 6.451 3.809 2.697

Triple 10.624***  0.001  7.207 3.359 1.468

Western region Single 12.422%%% 0,001  7.195 4.040 2.899

Double 11.721%%*%  0.000  1.303 —2.032 —4.135

Triple 3.516% 0.080 7.475 4.134 3.142

IND Domestic Single 4.792%%  0.037 8.994 3.979 2.757
Double 10.426%**  0.000 6.336 4.027 2.734

Triple 6.402%* 0.018 8.172 4.201 2.848

Eastern region Single 16.247*%* 0,000  7.297 4,158 2.998

Double 4.634%* 0.028 6.474 3.977 2.896

Triple 4.735%* 0.018 7.647 2411 0.863

Central region Single 20.448%** 0,000 6.777 3.690 2.668

Double 3.678%* 0.058 8.038 4.148 2.676

Triple 2.539* 0.081 7.213 4.402 3.124

Western region Single 16.125%%* 0,000 7.422 3.712 2.7M

Double 6.517** 0.017 7.656 4.076 2.900

Triple 2.204%* 0.047 6.435 3.841 2.785

Note: *, ** and *** represent the indicators that are significantly reduced at the 10%, 5% and 1% levels, respect-
ively, and the same applies to the tables below.
Source: Authors.

leading to high carbon emissions in China. It is worth noting that human capital has
an obvious negative correlation with carbon emissions in China because human cap-
ital reflects the overall cultural quality of people, and high-quality talent tends to flock
to high-tech industries, which is conducive to reducing the overall carbon emissions.
At the same time, with the improvement of people’s cultural quality, it will be easier
to accept and advocate the concept of a low-carbon life, which will also help reduce
carbon emissions. There is a positive correlation between resident consumption levels
and carbon emissions. However, this paper argues that this cannot mean that the
improvement of resident consumption levels hinders carbon emission reduction
because with the improvement of resident levels, their material demand is increasing,
which inevitably increases the consumption of resources, which undoubtedly increases
carbon emissions to a certain extent. However, with the further improvement of resi-
dent consumption levels, they will inevitably give more attention to environmental
protection and increase their consumption of green products. The continuous
increase in capital stock will improve the level of infrastructure nationwide, increase
social welfare, and promote the overall development of the social economy. The ana-
lytical results show a negative correlation, but they have a certain inhibitory effect on
carbon emissions. The degree of financial openness will increase carbon emissions to
a certain extent because the influx of foreign capital through FDI will transfer carbon
emissions from developed regions to China and increase the level of carbon emissions
in China, which is consistent with the conclusion of Liu et al. (2021)Liu et al. (2021).
China’s foreign trade restrains carbon emissions to some extent, especially in the east-
ern region, which is consistent with the conclusion of Zhang et al. (2018).
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Table 4. Threshold estimates and confidence intervals.

PGDP IND
95% 95%
Threshold confidence Threshold confidence
Region Order of thresholds estimate interval estimate interval
Domestic 1% threshold value 7 686 [4 294, 71 500] 0.420 [0.291, 0.481]
2" threshold value 18 541 [4 294, 71 500] 0.454 [0.454, 0.454]
3" threshold value 71 462 [4 294, 71 500] 0.464 [0.464, 0.466]
Eastern region 1% threshold value 37 440 [11 400, 115 000] 0.328 [0.328, 0.351]
2" threshold value 70 779 [67 700, 82 200] 0.440 [0.429, 0.478]
3" threshold value 107 243 [107 000, 113 000] 0.457 [0.312, 0.501]
Central region 1% threshold value 5 097 [5 097, 5 097] 0.327 [0.327, 0.327]
2" threshold value 13 680 [12 000, 14 600] 0.336 [0.277, 0.454]
3" threshold value 16 780 [14 900, 17 000] 0.386 [0.277, 0.454]
Western region 1% threshold value 9 843 [3 033, 29 000] 0.3013 [0.292, 0.447]
2" threshold value 12 200 [12 200, 13 800] 0.315 [0.311, 0.315]
3" threshold value 17 700 [16 400, 18 200] 0.344 [0.292, 0.447]

Source: Authors.

Table 5. Regression results at the whole country level.

Take PGDP as the threshold variable IND2 is taken as the threshold variable
PGDP 0.0007%** PGDP 0.0007%**
(3.93) (3.97)
IND 0.735%%* IND 0.674%%*
(5.35) (3.96)
HOUC 0.0307%** HUMC 0.0327%*
(3.43) (3.58)
CAPS —0.007°%%* CAPS —0.007%**
(—1.99) (—2.70)
HUMC —0.007%%* HOUC —0.007%**
(—3.04) (—3.41)
TL —0.017* TL —0.010*
(—0.78) (—0.56)
FO 1.978%** FO 2.049%**
3.70) (3.74)
GF (PGDP < 7 686.332) —1.217%%* GF —1.133%%*
(—25.58) (IND < 0.420) (—22.93)
GF (7 686.332 < PGDP < 18 541.795) —1.065*** GF —1.043%%*
(—23.48) s (—26.70)
GF (18 541.795 < PGDP < 71 462.178) —0.985*** GF —1.230%**
(—21.07) (0.454 < IND < 0.464) (—16.00)
GF (PGDP > 71 462.178) —0.840*** GF —1.025%**
(—6.35) (IND > 0.464) (—25.99)

Note: t statistics are in parentheses (), the same as below.
Source: Authors.

Green finance has an obvious nonlinear impact on carbon emissions, which is
verified by the results shown in Table 5. This shows that the continuous implementa-
tion of green finance policies in China promotes the innovation of green finance
products and services, improves the efficiency of green finance, and promotes the
overall development of green finance. The improvement of green finance provides
financial support for green projects, reduces the application cost of green technologies
to a certain extent, and effectively promotes carbon reduction. However, under the
influence of different threshold variables, the impact of green finance on carbon
reduction is slightly different, and the marginal effect tends to decrease with the
improvement of the economic level. Under the threshold of industrial structure, the
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trend of change is more complex, and there is an inverted N-shaped trend of rising
first, then falling and then rising.

Taken as the threshold, when PGDP is less than 7686 yuan, green finance has the
greatest impact on carbon emissions, with the absolute value of the coefficient being
1.21, and then decreases step by step under each threshold value, with a relatively sta-
ble decline rate. This indicates that green finance will reduce carbon emissions to a
large extent in the case of a low level of economic development. This is because at a
lower level of economic development, it is more difficult to finance green projects
and green technologies, and the support effect of green finance on green projects and
green technologies is more significant, with a greater influence coefficient on carbon
emissions. However, with the further development of the economy, other factors
affecting carbon emissions are also emerging. For example, social capital will also
flood into environmentally friendly enterprises or projects, which will weaken
the impact and lead to diminishing marginal effects. Under the IND threshold test,
the impact of green finance on carbon emissions shows an inverted N shape. Under
the first threshold value, the absolute value of the influence coefficient decreases from
1.13 to 1.04 when the proportion of industrial growth transitions from 0.42 to 0.45.
After surpassing the second threshold, the absolute value of the influence coefficient
increases to 1.23, but after surpassing the third threshold, it decreases to the level
of 1.03.

Looking at the panel data of all provinces and cities from 2003 to 2019, it can be
clearly seen that, at the beginning of the investigation period, the improvement of
industrialization stimulated the development of the overall economy. However, its
industrial technology level was low, which was not enough to support China’s green
and sustainable development. Therefore, the eastern region, represented by the east-
ern Yangtze River Delta region, gradually reduced the proportion of secondary indus-
try by adjusting its industrial structure and improved its scientific and technological
content, which had a more obvious promoting effect on carbon emission reduction
and finally formed an inverted N-type influence model of the relationship between
the two regions.

4.3. Comparative analysis by region

Due to different development scenarios in different regions of China, it is necessary
to further analyze the relationship between green finance and carbon emissions in
different regions. Based on the practice of China’s National Bureau of Statistics and
extant research, this paper divides China into three regions: the eastern, the central
and the western regions. The eastern region includes 11 provinces (including munici-
palities directly under the central government): Beijing, Tianjin, Hebei, Liaoning,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan. The central
part consists of eight provinces: Heilongjiang, Jilin, Shanxi, Anhui, Jiangxi, Henan,
Hubei and Hunan. The western region comprises 12 provinces (including autono-
mous regions and municipalities): Inner Mongolia, Guangxi, Chongqing, Sichuan,
Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang. (Démurger
et al., 2002; Song & van Geenhuizen, 2014; Su et al., 2021). The threshold test results
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Table 6. Interregional comparison based on PGDP as the threshold variable.

Eastern region Central region Western region

GF —0.051%* GF —0.845%** GF —1.188%**

(PGDP < 37 440) (—0.70) (PGDP < 5 097) (8.05) (PGDP < 9 843) (20.33)

GF —0.120* GF —1.055%** GF —1.313%%*

(37 440 < PGDP < (—1.67) (5 097 < PGDP < (—12.36) (9 843 < PGDP < (—19.69)
70 779) 13 680) 12 200)

GF —0.216™* GF —0.907*** GF —1.605%**

(70 779 < PGDP < (—2.51) (13 680 < PGDP < (—12.39) (12 200 < PGDP < (=17.71)
107 243) 16 780) 17 700)

GF —0.4477%5* GF —0.705%** GF —2.0077%**

(PGDP > 107 243) (—4.64) (PGDP > 16 780) (—8.95) (PGDP > 17 700) (—13.95)

ConV Yes ConV Yes ConV Yes

Source: Authors.

based on PER capita GDP and IND of industrial structure are shown in Table 6 and
Table 7. 7ELR T RR X bix HER R IE R HEE])ILE R0, HausmentO W HIplE ST
0.821,7E1%H9KFF, adj_RsqriftLl & BEYRAF, i LU BRE 2 2R X E R # 1T [Rly3 73
R EIEN.

As seen from Tables 6 and 7, green finance and carbon emission levels in eastern
China have entered a virtuous cycle stage. First, when economic development is taken
as the threshold variable, the impact of green finance on carbon emissions does not
show a trend of marginal decline, and the absolute value of the coefficient gradually
increases. Correspondingly, when the industrial structure is taken as the threshold
variable, the impact of green finance on carbon emissions is also negatively corre-
lated, and the degree of negative correlation is increasing, which is related to the
industrial development concept of downstream regions. For example, Shanghai,
located in the eastern region, belongs to the typical export-oriented economy. Since
2008, its secondary industry proportion has been declining, and green finance has
received great attention and high-speed development. At the same time, the scientific
and technological innovation level of Shanghai was also high; these factors above all
ensure its green finance and benign fusion of carbon emissions. Other eastern regions
have also invested a large amount of green funds in the field of scientific and techno-
logical innovation, promoting the iteration of industrial technology. The rapid devel-
opment of inclusive finance and digital finance has greatly improved the development
quality of green finance. Furthermore, the eastern region also gives attention to
improving industrial technology. The income of high technology industry accounted
for 76.7% of the eastern Yangtze River Delta region in 2019, providing a large
amount of return on investment to green finance. Therefore, under the premise of
the value increase of the eastern regional industrial structure, the green financial
impact on carbon emission reduction is still positive, forming a benign circula-
tion pattern.

On the basis of the continuous improvement of the economic level in the central
region, the impact of green finance on carbon emissions shows an inverted U-shaped
trend of rising first and falling after. When per capita GDP surpassed the first thresh-
old value of 5097.25, the absolute value of the impact coefficient jumped from 0.85 to
1.05, with a large increase. However, after surpassing the threshold, the elastic coeffi-
cient continued to decline, and after surpassing the third threshold value of 16780.36,
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Table 7. Comparison between regions based on IND as the threshold variable.

Eastern region Central region Western region

GF —0.208%** GF —0.756*** GF —0.976%**
(IND < 0.328) (—3.03) (IND < 0.327) (=7.27) (IND < 0.301) (—15.42)
GF —0.060* GF —1.007%** GF —1.156%**
(0.328 < IND < 0.440) (—0.96) (0.327 < IND < 0.336) (=10.17) (0.301 < IND < 0.315) (—26.00)
GF —0.132: GF —0.899%** GF —0.778%**
(0.440 < IND < 0.457) (—2.08) (0.336 < IND < 0.386) (—10.44) (0.315 < IND < 0.344) (—9.30)
GF —0.181** GF —0.843%** GF —0.860%***
(IND > 0.457) (—2.57) (IND > 0.386) (=9.79) (IND > 0.344) (—12.01)
ConV Yes ConV Yes ConV Yes

Source: Authors.

the absolute value of the elastic coefficient decreased to 0.70. The reason for this is
that although there are many universities and scientific research institutions in the
central region, the total number of R&D personnel is only 40% of that in the eastern
region. Another reason is the loss of scientific and technological resources such as
high-tech talent; as a result, scientific and technological finance, high-end technology,
and green finance make little contribution to carbon emission reduction. In addition,
in the test of IND as the threshold variable of industrial structure, the impact of
green finance on carbon emissions also shows an inverted U shape. The reason for
this is that since the adjustment of the industrial structure in the eastern region, the
central region has taken over most of the traditional industries. Although it has
stimulated the local economy for a period of time, in the long run, it does not have
the potential for sustainable development, and the impact of green finance on carbon
emission reduction cannot maintain a good momentum.

The situation in the western region is more complicated. In the threshold test of
per capita GDP, the marginal utility of green finance’s impact on emission reduction
is increasing, and the absolute value of the coefficient increases obviously with each
threshold crossed. In the study period, the rate increased from 1.19 in the first stage
to 2.00 in the fourth stage, which is sufficient to verify the strong positive externality
of green finance on carbon emission reduction. However, under the action of the
threshold of industrial structure, it demonstrates an N-shaped trend of rising first,
then falling and rising again. Considering Sichuan and Shaanxi as representative west-
ern regions, in recent years, economic growth has been more remarkable. Especially
thanks to China’s implementation of the ‘Belt and Road’ strategy, the overall driving
influence of the western region is greater.

In conclusion, when PGDP is taken as the threshold variable, the marginal dimin-
ishing trend of the impact of national green finance on carbon emission reduction is
obvious. In the eastern region, per capita GDP is at the highest level in the whole
country, but there is no marginal diminishing effect of green finance on carbon emis-
sion reduction, which continually increases instead of decreases. The coefficient of
green finance on carbon emission reduction in western China continues to rise at a
low level of economic development, while the driving effect of green finance on car-
bon emission reduction in central China declines after crossing the second threshold.
With IND as the threshold, green finance in eastern China can still play a significant
role in promoting financial development when the proportion of added value of sec-
ondary industry decreases. The impact of green finance on carbon emission reduction
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Table 8. Comparison of regional impact coefficients and trends.

Taking PGDP as threshold

Taking IND as threshold

Eastern Central Western Eastern Central Western
Stage  Domestic region region region Domestic region region region

GF | —1.217%%* —0.051* —0.845%FF  _1,188*FF  _1,133*F*F  _0208***F —0.756***F —0.976***
(—25.58) (—0.70) (—8.05) (—20.33) (—22.93) (—3.03) (=7.27) (—15.42)

GF Il —1.065%** —0.120* —1.055%HF%  _1313%FK 1 043%H* —0.060* —1.001%%*  —1,156%**
(23.48) (—1.67) (—=12.36) (—19.69) (—26.70) (—0.96) (=10.17) (—26.00)

GF Il —0.985%F*  —0.216%*  —0.907*** —1.605*** —1.230%**  —0.132%*  —0.899***  _0.778***
(=21.07) (—=2.51) (—=12.39) (=17.71) (—16.00) (—2.08) (—10.44) (—9.30)

GF IV —0.840%**  —04471%F*%  —0.705%F*  —2.002*** —1.025%**  —0.181**  —0.843***  _0.860***
(—6.35) (—4.64) (—8.95) (—13.95) (—25.99) (—2.57) (—9.79) (—12.01)

Source: Authors.

in central China presents a typical inverted U-shaped structure. When the industrial
structure reaches a certain threshold, the driving effect of green finance on carbon
emission reduction gradually declines. In western China, the influence coefficient
fluctuates, showing a dumbbell structure with high ends and a low middle. The com-
parison of specific coefficients and trends is shown in Table 8.

Green finance has an obvious nonlinear impact on carbon emissions, which is
verified by the results reflected in Table 5. This shows that with the improvement of
the level of green finance, the application of green projects and green technologies
not only promotes the innovation of green financial products and services and
improves financial efficiency but also brings higher returns to green finance, forming
a virtuous circle with the environment and promoting the green development of soci-
ety. However, under the influence of different threshold variables, the impact of green
finance on carbon emission reduction is slightly different, and the marginal effect
tends to decrease with the improvement of the economic level. Under the background
of the change in industrial structure, the trend of change is more complex, and there
is an inverted N-shaped trend of first declining, then rising and then declining.

As seen from the threshold test of the national economic development level, when
per capita GDP is less than 7686 yuan, green finance has the greatest impact on car-
bon emission reduction on this economic basis, with the absolute value of the coeffi-
cient being 1.21, and then decreases step by step under each threshold value with a
relatively stable speed. This indicates that green finance has a more obvious effect on
carbon emission reduction at a lower level of economic development. A large number
of green projects and green technology are the key to financial support, and green
technological innovation through the results of market transformation, not only by
the high value of the product or technology back to green finance, can also produce
high growth potential of intangible assets and environmentally friendly enterprises,
greatly promoting carbon reduction and further strengthening the greenness, prosper-
ity and development of the financial system. However, with the further development
of the economy, other factors affecting carbon emission reduction are also emerging,
or some original factors are gradually coming into play. In this case, the impact of
green finance on carbon emission reduction will be relatively weakened, showing a
marginal diminishing phenomenon.

Under the test of industrial structure as the threshold variable, the impact of green
finance on carbon emission reduction shows an inverted N effect. In other words,
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when the proportion of industrial growth transitions from 0.42 to 0.45, the absolute
value of the coefficient decreases from 1.32 to 1.04, but it rises to 1.23 after crossing
this threshold. However, after the third threshold, it decreases to 1.03 again. Looking
at the panel data of cities from 2003 to 2019, it can be clearly seen that at the begin-
ning of the investigation period, the development level of green finance in China was
low, the green capital investment of industrial enterprises was small, and green proj-
ects were difficult to implement. Therefore, when the proportion of secondary indus-
try is also low, green finance has a greater impact on carbon emission reduction.
With the increase in the proportion of secondary industry, the growth of the real
economy can greatly increase carbon emissions. However, with the industrial transfer
and optimization of industrial structure, although the proportion of secondary indus-
try is declining, the increase in science and technology content is more obvious in
promoting carbon emission reduction, thus forming an inverted N-shaped trend of
the relationship between the two.

In this study, the following methods are used to test the robustness of the results.
First, the lagging period of explanatory variables is included in the regression analysis
table to replace the explanatory variables of the current period. The same method is
used to replace the explained variables. Second, referring to the practices of relevant
scholars (Liu et al., 2015; Sun et al., 2020), this paper estimated carbon emissions
based on NPP-ViIRS nighttime light data within the administrative boundary and
observed the fluctuations in coefficients by gradually introducing control variables.
The comprehensive test results show that although the elastic coefficients of some
variables fluctuate slightly, the signs and significance do not change much. Therefore,
it is proven that the previous conclusions are relatively robust.

5. Conclusions and recommendations

From the perspective of green finance on carbon emissions, this paper analyzes the
nonlinear development relationship between green finance and carbon emissions on
the basis of national and regional economic growth and industrial structure. Based on
the Hansen nondynamic panel threshold regression model, the impact of green
finance on carbon emissions is empirically studied at the national level and in the
eastern, central and western regions. Therefore, the following conclusions are drawn:
Regardless of the threshold of economic growth or industrial structure, green finance
has a significant impact on carbon emissions, but the impact trend is different in dif-
ferent regions. Eastern China has a high level of green finance and strong techno-
logical innovation capacity. Under the threshold variable, the promotion effect on
carbon emission reduction will not weaken with the growth of the green finance
scale, nor will the ‘marginal decline’ phenomenon occur. The level of scientific and
technological innovation capacity in the central and western regions limits the pro-
moting effect of green finance on carbon emission reduction. Under the threshold of
economic growth and industrial structure, the weakening effect of green finance on
carbon emissions decreases. Based on the empirical analysis, this paper holds that the
ability of scientific and technological innovation is the key factor in achieving
national and regional green development. The direction of scientific and technological
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innovation is always low-carbon, green and efficient. Of course, technological innov-
ation has some insurmountable weaknesses, and it needs considerable capital to sup-
port it. How to use green finance to support scientific and technological innovation has
become the key to achieving national and regional carbon emission reduction, which is
related to the overall strategic situation of China in achieving a carbon peak and car-
bon neutrality. Therefore, based on the conclusion of this paper and the existing prob-
lems in national and regional development, we propose the following suggestions:

First, we should improve the traditional development model and foster a new one.
By implementing the strategy of green development, the strengths of the eastern region
in scientific research and human resources can be turned into a technology-driven
booster to drive national development. At present, the volume of traditional production
capacity accumulated for a long time in China is still very large. There are many risks,
and a new mode of green and low-carbon development has not been formed; thus, the
inertia of following the traditional development path is large. Therefore, we need to
actively and steadily defuse old drivers of growth, completely abandon the old path of
investment and input of factors of production, create conditions for new, green and
low-carbon development, and eventually foster advanced production capacity. In the
process of transforming the development model, it is necessary to raise the support of
policy-based green finance and financial institutions by providing green financial prod-
ucts, lowering the financing threshold of high-tech industrial enterprises, increasing the
participation of enterprises and social capital, and forming a long-term mechanism for
energy conservation and emission reduction. Second, by giving full play to the financial
resource allocation function through the green financial related government discount
and preferential interest rates, capital markets, and the green channel, such as policies,
we should guide and encourage more social funds into green industry and green tech-
nology fields such as technology innovation, thus raising the ability of fund raising in
this field. Third, the carbon market system should be improved, gradually tightening
the total amount of carbon emission quota, increasing the proportion of paid distribu-
tion, setting up a flexible mechanism and other measures to help the reasonable pricing
of carbon quota, promoting green and low-carbon enterprises to obtain additional ben-
efits of emission reduction, and promoting the healthy and high-quality development
of carbon and market. Fourth, we should explore a green insurance system that
matches green and low-carbon transformation. The accumulation of data related to
green insurance should be improved by improving the coverage of green insurance
products. We will formulate standards for risk assessment and risk control services in
key industries and carry out differentiated pricing. Insurance solutions for adapting to
green development should be provided, supporting environmental improvement, cop-
ing with climate change and promoting the efficient and economic use of resources.
Fifth, scientific and technological innovation can empower the development of green
finance and adjust regional differences. The development of technology can promote
the improvement of total factor productivity and help to form the internal motivation
of high-quality development, eventually realizing three goals—narrowing the economic
gap between the eastern, central and western regions; adjusting the unbalanced
development state; and finally realizing green and high-quality development at the
national level.
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