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ABSTRACT
Green finance is a vital foundation for fundamental economic low-
carbon transformation. Therefore, this study examines the effect of
green finance on low-carbon economic development by applying
various panel estimators including panel threshold model using
data set of 30 provincial administrations in China during 2008–2020.
The statistical results suggest that green finance significantly stimu-
lates low-carbon economic development based on a carbon emis-
sion and emission intensity perspective. Green finance is more
effective in promoting low-carbon economic development in the
mid-western areas than in the eastern areas, while it is more effect-
ive in less economically developed areas than economically devel-
oped areas. Green finance is primarily responsible for driving low-
carbon economic development, which is accomplished mainly by
stimulating industrial structure upgrading and science and technol-
ogy investment scale. The threshold outcome reveals that when
green finance levels cross a certain threshold, their contribution to
low-carbon economic development decreases. These findings offer
valuable policy implications.
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1. Introduction

Since the second industrial revolution, technological changes have contributed to signifi-
cant developments in human society (Li et al., 2021). In particular, electricity has been
generated from fossil energy sources such as coal, which is widely used in production
and life, increasing productivity and enabling the rapid development of the world’s
economies (Liu et al., 2022; Sims et al., 2003). Underlying economic prosperity is the
long-term uncontrolled use of fossil energy and the release of large amounts of green-
house gases into the environment, at the cost of which humankind has to face severe glo-
bal warming (Yang et al., 2022; Chen & Chen, 2021). The truth of global warming and its
far-reaching consequences for humanity’s present and future is increasingly receiving
worldwide attention (Kumar et al., 2022a). The IPCC’s Sixth Assessment Report (AR6)
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in 2022 shows that by 2040, scientists anticipate a global surface temperature increase of
1.5 �C.1 Consequently, reducing carbon emissions has been identified as an essential ini-
tiative to combat global warming by countries around the world, for which numerous
agreements have been reached (Sun et al., 2022; Wu et al., 2021). The Paris Agreement,
signed by 178 parties in 2015, creates unified global arrangements for climate change
action. In line with this goal, countries worldwide would have to cooperate to signifi-
cantly reduce carbon emissions over the next decade (2022–2033) (Nadeau et al., 2022).
Therefore, curbing the global greenhouse effect at its source is still a long way off
(Ramanathan & Feng, 2009). Faced with this daunting task and the possible damage to
their interests in the implementation of this task, countries around the world are forced
to consider how to ensure their economic development while maximizing carbon reduc-
tion to reduce environmental damage (Su et al., 2021). Establishing the low-carbon eco-
nomic development mode has emerged as the consensus of all nations across the globe,
even though they are all engaged in a multi-party game (Razzaq et al., 2022). Seeking
new tipping paths to combat global warming and intensity and encourage low-carbon
economic development is essential for green development (Fankhauser & Jotzo, 2018).

Huge investments are required during a real economy’s transition to a low-carbon
economy. The expansion degree of the financial sector, which acts as both a funding
source and a route for the financing of businesses and other organizations, will have
a major influence on the economies as they make the shift to low carbonization (Liu
et al., 2022; Tang et al., 2022). Along with the increasingly close connection between
finance and environmental governance, green finance as a financial instrument has
become a synonym and an essential medium for extending finance to environmental
governance (Irfan et al., 2022). As green finance has become increasingly relevant in
the economy, the G20 Green Finance Study Group, led by China during its presi-
dency of the G20 Summit in 2016, has dramatically aroused the attention of green
finance (He, 2019; Lee, 2020). As an advocate of green finance, through the release of
the “Guidance on Building a Green Financial System,” China made it the first global
nation to implement a comprehensive green finance policy framework. Therefore,
realizing low-carbon economic development is an enormous social revolution, while
green finance is the key to its realization (Li et al., 2022).

Green finance means the provision of financial services for green investments and
policies, such as the promotion of environmentally sustainable products as well as the
mitigation of carbon damage to the climate, with both the goal of fostering environ-
mental improvement and addressing climate change (Kumar et al., 2022b; Zhang et al.,
2022; Lee & Lee, 2022). Green finance relates to the segment of the financial sector con-
cerned with environment-conscious investments, and it helps redirect funding away
from polluting and energy-hungry sectors and toward those that rely on cutting-edge
technology and have a little environmental impact (Hailiang et al., 2022; Kirikkaleli &
Adebayo, 2022; Sharif et al., 2022). Green finance can make financial investments in
sustainable projects and policies such as boosting energy efficiency, protecting water
resources, controlling industrial pollution, controlling traffic pollution, and reducing
deforestation and carbon emissions (Hemanand et al., 2022; Wang et al., 2022).
Therefore, learning effective strategies for green finance is crucial to bringing about
green transformation and creating a low-carbon economy (Wang & Wang, 2022). So,

2 Q. CUI ET AL.



how does green finance contribute to low-carbon economic development? What, if any,
role does green finance play in low-carbon economic development, and in what ways?
Does the role of green finance in low-carbon economic development vary across eco-
nomic development levels and geographic locations? What is the mechanism through
which green financing influences low-carbon economic growth? Is there a non-linear
link between the two at varying degrees of green finance? Based on the above issues,
this study mines the impact of green finance on low-carbon economic development,
which has significant implications, both conceptually and practically, for China’s efforts
to achieve its twin carbon ambitions and generate high-quality economic growth.

The following four facets are where this research makes its most significant contri-
butions: firstly, this study clarifies the impact of green finance on low-carbon eco-
nomic development in light of Chinese practice, which animates the existing research.
Second, given the geographical characteristics and economic differences among
Chinese provinces, this study analyzes the heterogeneous effects of green finance on
low-carbon economic development. Third, the role mechanism of green finance
affecting low-carbon economic development is verified in terms of science and tech-
nology investment scale and industrial structure upgrading. Fourth, a comprehensive
analysis of the non-linear features that may arise throughout the process of green
finance on low-carbon economic development has been carried out to offer a refer-
ence for the design of the differentiated policy.

2. Literature review

Scholars have investigated the nexus between green finance and low-carbon economic
development. Thus, this study mainly aims to conduct a literature analysis on the dimen-
sions of green finance measurement, the impact of green finance on low-carbon eco-
nomic development, and the role mechanism of green finance on low-carbon economic
development. Green finance is also known as environmental finance or sustainable
finance. According to Cai and Guo (2021), green finance is a novel financial system that
prioritizes financial stability and environmental sustainability. Sachs et al. (2019) argues
that green finance is innovative financing that amplifies funding for investments benefi-
cial to the environment utilizing novel monetary tools and incentives. Like Sachs et al.
(2019) argue, green finance primarily involves green bonds, investments, insurance, and
carbon finance. Therefore, green finance is not a specific business and not owned by one
specialized sector but has multi-sectoral, multi-business, and multi-disciplinary intersec-
tions. It is only possible to determine the value of the green finance indicator with a single
variable or dimension alone (Cui et al., 2020). Scholars in the field of green finance indi-
cators have done considerable work on measuring it. For instance, Jiang et al. (2020)
employ an improved entropy technique to test green finance indicators regarding eco-
nomic, financial, and socio-environmental aspects. Lv et al. (2021) construct a green
finance index from policy and market-oriented directions. Utilizing data on green credit
extended in China between 2011 and 2019, Wang et al. (2021) determined that indicators
like new energy and green transportation projects have the most weight when gauging
the extent of the country’s green financial system. Iqbal et al. (2021) establish a green
finance indicator capable of measuring the cumulative consequences of energy,
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environmental, and financial factors and reveal that green finance is essential for the shift
in energy use to green energy.

Moreover, the association between green finance and low-carbon economic develop-
ment is also an extensively negotiated topic among scholars. There are many discussions
in academic circles, but a unified opinion has yet to be formed. Since scholars have rec-
ognized the low-carbon economic development from different aspects, many different
perspectives may be mostly broken down into the areas listed below. First, in some cases,
the association between green finance and green economic growth has been examined
by scholars (Desalegn and Tang, 2022). Green finance is a crucial component of low-car-
bon economic development owing to fosters connections between the economy,
improvements in environmental quality, and financial markets (Soundarrajan & Vivek,
2016). Singh and Mishra (2021) find a positive impact of green finance on economic
growth. Ngo et al. (2021) and Sadiq et al. (2022) conclude similarly by noting that evolv-
ing green finance is the optimum path to advance economies toward greening. Apart
from arguing that green finance promotes new growth points and engines for green eco-
nomic development, some scholars also argue that green finance and green growth have
a high degree of coordination. Liu et al. (2020), through constructing a model of linking
synchronization between areas, reaches the opinion that the coupling coordination
nexus green finance and green economy. Ma (2022) reveals that green finance moves
with higher education and green growth in an identical direction. Second, some scholars
have explored the nexus between green finance and carbon emissions. The role of green-
house gases in the creation of a low-carbon economy has been highlighted, and it has
been argued that to facilitate a shift toward a low-carbon economy, it is necessary first to
recognize that economic growth need not be incompatible with reducing carbon emis-
sions (Jiang et al., 2018; Mohsin et al., 2019; Shen & Sun, 2016). Shen et al. (2021) reveal
that green investment is inversely related to levels of carbon emissions. Meo and Abd
Karim (2022) reveal that despite green finance’s negative influence on carbon emissions
generally, variations are observed in different quartiles of these two variables. Feng et al.
(2022) discovers that an inverted U-shaped spatial association is demonstrated for green
finance and carbon emissions. Cao (2022) demonstrates that green financing decreases
carbon emissions and supports green development.

The nexus between carbon emission intensity and green finance is also a topic that
many scholars are investigating (Li & Fan, 2022). It has been pointed out that carbon
intensity reflects the carbon emissions required to produce a unit of economy, which
correlates carbon emission reduction and economic development well (Kretschmer
et al., 2013; Rahim, 2014). Ren et al. (2020) argues that the green finance industry devel-
oped rapidly using Chinese data from 2000–2018, and the improvements and decreases
in carbon intensity have resulted from green finance. Wang et al. (2021) points out that
green finance is highly adaptive and can synergistically contribute to carbon emission
reduction under different intensities of environmental regulation. Zhang and Ke (2022)
yield the intriguing result that green finance’s dampening role on carbon intensity relies
on the capital stock per capita.

Some scholars have also investigated the nexus between green finance and prod-
uctivity (TFP). They argue that promoting the low-carbon economy involves boosting
carbon efficiency, contributing to the win-win objective of ecology and economy
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(Chen et al., 2021; Lin & Sai, 2022; Zhang et al., 2017). As carbon emission efficiency
involves technological improvements, scholars often use green TFP to measure it in
specific studies (Rusiawan et al., 2015; Yang et al., 2021; Zhang, 2015). Li et al. (2022)
points out that green finance, represented by green credit, exerts a favorable ameli-
orative effect on green TFP. Finally, some scholars have also studied the role mecha-
nisms through which green finance shocks low-carbon economic development. Some
scholars point out that energy consumption (Sun & Chen, 2022), green technological
progress (Lin et al., 2022), industrial structure transformation and upgrading (Zhu
et al., 2022), urbanization (Tsai, 2019), and unemployment rate (Cui et al., 2022) are
fundamental reasons for green finance to influence changes in the low-carbon econ-
omy. Specifically, Wang et al. (2019) analyzes that green finance exacerbates the
financing constraints of polluting firms based on data from 192 listed firms, thus
inhibiting investment in polluting enterprises. However, this phenomenon only occurs
in private firms and has yet to manifest itself in state-owned enterprises. Chen et al.
(2021) find that green finance indirectly damps carbon emissions by boosting science
and technology investment scale and facilitating green innovation.

Even after reviewing the available literature, scholars have yet to yield a clear consen-
sus on the effects of green financing on the low-carbon economy. This may be due to
the different research samples, time, and methods (Soundarrajan & Vivek, 2016; Singh
& Mishra, 2021). Moreover, the impact of green finance on green economic growth,
carbon emission, or carbon emission efficiency is generally analyzed only separately
(Liu, 2021; Lin & Sai, 2022; Liu et al., 2020; Zhang & Ke, 2022). However, with the
development of low-carbon economic theory, the connotation of the low-carbon econ-
omy is getting more affluent and prosperous (Sun & Chen, 2022). More and more
scholars not only focus on low carbon economic development unilaterally from green
growth, carbon emission, or emission efficiency but also consider low carbon economy
comprehensively in many aspects (Desalegn & Tangl, 2022; Li & Fan, 2022). However,
related research still needs to be further expanded.

Regarding the role mechanism of green finance on low-carbon economic develop-
ment, the investigation perspectives also present diversification, among which science
and technology investment scale and industrial structure upgrading are the actual con-
tents that most scholars focus on (Chen et al., 2021; Zhu et al., 2022). The research still
needs to be improved. Therefore, this study quantifies the impact of green finance on the
low-carbon economic development in China in terms of carbon emissions and emission
intensity. Meanwhile, the roles of science and technology investment scale and industrial
structure upgrading in the impact of green finance on low-carbon economic develop-
ment are investigated. Finally, this study also elaborates on green finance’s non-linear
and heterogeneous characteristics influencing low-carbon economic development.

3. Research design

3.1. Model settings

Following Wang et al. (2021), this study tests the impact of green finance on low-carbon
economic development by constructing the OLS model. Given data fluctuations of dif-
ferent magnitudes, this study applies the logarithmic process to some variables to
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remedy the issue of biased model estimation brought on by heteroskedasticity. The
baseline model is set as follows:

Cit ¼ a0 þ a1GFit þ anControlit þ li þ vt þ eit (1)

CIit ¼ b0 þ b1GFit þ bnControlit þ li þ vt þ eit (2)

where low-carbon economic development is the dependent variable, including carbon
emissions ðCÞ and carbon emission intensity ðCIÞ: GF is green finance level of each
province. Control signifies the control variables, namely population ðPOPÞ, environ-
mental regulation ðERÞ, foreign direct investment ðFDIÞ, urbanization level
ðURBANÞ, and government intervention ðGOVÞ: li and vt are each region and year
fixed effects. eit is a disturbance term. a and b are the evaluated parameters.

3.2. Variables selection

3.2.1. Dependent variable
Low-carbon economic development. Referring to Wang et al. (2022), carbon emission
intensity (CI) and carbon emission levels (C) are jointly applied to measure low car-
bon economic development levels. The existing literature needs to contain a uniform
standard for measuring carbon emissions. Currently, there are two main types of car-
bon emission measurement techniques, namely sectoral accounting technique and
episodic emission accounting technique. This study uses the epistatic technique to
measure carbon emissions based on the consumption-side data of disposable energy
sources (Coal, coke, crude oil, gasoline, kerosene, diesel, fuel oil, and natural gas), to
estimate the carbon emissions. The carbon emissions are calculated as follows:

C ¼ k �
Xn

i¼1
Ei � di (3)

where C denotes carbon emissions. k ðk ¼ 44=12Þ is the carbon dioxide to carbon
molecule weight ratio. E is the consumption of fossil fuels in category i:

Carbon emission intensity (CI). The following formula could be employed to
determine the carbon emission intensity, which is determined based on creating the
carbon emission index C.

Iit ¼ Cit=GDPit (4)

Among them, C signifies carbon emissions, and GDP is gross domestic product.
Figure 1 illustrates the changing trend of carbon emission intensity. The kernel dens-

ity curve shows a noticeable shift to the left, indicating a clear trend of decreasing car-
bon intensity. The crest of the kernel density curve gradually becomes steeper and
flatter, indicating that the carbon intensity of each area becomes more concentrated
from more even distribution. The kernel density estimation graph in Figure 2 depicts
the carbon emissions trend. The kernel density curve has moved leftover time, which is
consistent with a declining trend in carbon emissions in China. However, the leftward
shift of the kernel density curve is slight, indicating a slow downward trend of carbon
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emissions. The wave of the kernel density curve gradually becomes flat from high to
steep, indicating that carbon emissions in each area become even more concentrated.

3.2.2. Core explanatory variables
Green finance (GF). Some scholars argue that green finance is the cross between envir-
onmental economics and finance, aiming to counter the financing of ecological and
environmental protection (Cowan, 1999). Certain scholars have considered green
finance a financial innovation and a link between the financial industry and environ-
mental conservation (Salazar, 1998). Different countries or regions often interpret green
finance in different manners. Developed countries prefer to concentrate on climate
change and the innovation and application of green technologies at the environmental
protection level. Developing countries, however, concentrate more on financial invest-
ments to reduce energy consumption. The best way to quantify green finance is by
establishing green finance development indicators. Therefore, the field is still very

Figure 1. Carbon emission intensity kernel density graph.
Source: drawn by all authors.

Figure 2. Carbon emissions kernel density graph.
Source: drawn by all authors.
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much in its exploratory phase. Referring to Song (2022), this study sets a green finance
indicator system and systematically measures the regional green finance status from
various perspectives, such as development trends, development variability, and spatial
distribution level (See Table 1).

Figure 3 depicts green finance’ changing trend in the kernel density estimation graph.
On the one hand, the kernel density curve shows a clear rightward shift over time, imply-
ing that China’s green finance is on a growth trend. On the other hand, the crest of the
kernel density curve is slowing down over time, indicating that green finance is becom-
ing relatively more balanced across regions, and the overall gap is shrinking.

3.2.3. Control variables
To reduce the impact of the endogeneity issue brought on by the additional values, the
relevant control variables have been included, including population (POP), environmen-
tal regulation (ER), foreign direct investment (FDI), urbanization level (URBAN), and
government intervention (GOV). The population at the end of the year is used to calcu-
late the total population (POP). Typically, the larger the population, the more people are
engaged in production and consumption. Therefore, higher energy is used, which results
in more carbon being released, and more money and technology are invested in combat-
ing the climate and environmental issues caused by excessive carbon emissions.
Environmental regulation (ER) is measured by the amount of investment in pollution

Table 1. Green finance indicator system.
Tier 1 indicator Tier 2 indicator Indicator definition Indicator attributes

Green finance Green credit Six high-energy-consuming industrial industries
interest expenses/total industrial interest
expenses

–

Green investment Environmental pollution control investment/GDP þ
Green insurance Agricultural insurance income/total agricultural

output
þ

Government support Financial environmental protection expenditure/
financial general budget expenditure

–

Source: produced by all authors.

Figure 3. Green finance kernel density map.
Source: drawn by all authors.
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control. In order to meet the environmental regulation policy, companies must meet the
requirements by saving energy and reducing emissions or face the option of relocation.
However, some studies have shown that environmental regulations do not affect firms in
the short term and, thus, do not affect carbon emissions. Foreign direct investment
(FDI) is measured by the amount of foreign investment in China. High pollution and
energy consumption have long been hallmarks of most foreign-invested firms entering
China, and neither of these factors is helpful in the effort to reduce carbon emissions.
Whether they are currently transformed into environmentally friendly enterprises is still
open to debate. The percentage of the total population residing in urban areas at the end
of the year is used to determine the urbanization level (URBAN). Urbanization is often
driven by industrialization, which implies many waste emissions. Considering that as the
quality of urbanization becomes higher, there may be a turning point in its effect on car-
bon emissions, a quadratic term of urbanization level is included in the regression.
Government intervention (GOV) measures government intervention in terms of govern-
ment fiscal spending as a share of GDP. Government intervention affects the direction of
green finance policy and shapes low-carbon economic development.

3.3. Data sources

Thirty Chinese province-level administrative areas are the focus of this study, cover-
ing the years 2008–2020. The indicators are built using information culled from the
China EPS and CNKI databases during the time under consideration. This research
uses the interpolation method to make up for individual missing values in the statis-
tical data. Table 2 provides descriptive statistics.

4. Results and discussion

4.1. Baseline regression results and discussion

Table 4 reveals the impact of green finance on low-carbon economic development.
Columns (1) and (2) of Table 4 report that green finance has a track record and substan-
tial potential for lowering carbon emissions. In the case of introducing control variables,
the coefficient is �1.740, implying that for every 1 unit increase in green finance, carbon
emissions will decrease by 1.74 units. Columns (3) and (4) of Table 3 reveal that green
finance significantly reduces carbon intensity, with a regression coefficient of 0.214. For
every 1 unit increase in green finance, carbon intensity will decrease by 0.214 units. Our
study is comparable to the arguments of Soundarrajan and Vivek (2016), Sharif et al.

Table 2. Descriptive statistical results.
Variables Obs Mean Std. Dev. Min Max

CI 390 0.959 0.0718 0.774 1.094
C 390 10.240 0.737 8.04 11.928
GF 390 0.174 0.107 0.056 0.839
lnFDI 390 8.370 1.440 5.069 12.151
ER 390 0.001 0.001 8.55E-06 0.011
lnPOP 390 8.195 0.743 6.317 9.443
URBAN 390 0.570 0.131 0.291 0.896
lnGOV 390 8.165 0.701 5.782 9.765

Source: produced by all authors.
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(2022), and Zhang et al. (2022). Zhang et al. (2022) that green finance eliminates the
adverse effects of climate change after using G20 economies as a study subject. Green
finance helps reduce carbon emissions while reaping economic benefits (Lee, 2020).
Green finance is not simply about reducing carbon emissions but, more importantly,
about achieving low-carbon economic development targets primarily by reducing carbon
emission intensity (Kumar et al., 2022; Liu et al., 2020). This is because financial resour-
ces are essential in low-carbon economic development and control floodgates. Green
finance is a vivid practice of the new low-carbon development model in the financial field
and is an innovative financial product for achieving environmental protection, economic
development, and resource conservation (Kirikkaleli & Adebayo, 2022; Sun, 2022).
Overall, green finance deepens traditional finance functions, controls the intensity and

Table 3. Baseline regression result.

Variables
(1) (2) (3) (4)
C C CI CI

GF �1.552��� �1.740��� �0.0909��� �0.213���
(0.177) (0.225) (0.0233) (0.0283)

lnFDI 0.00745 0.00134�
(0.00592) (0.000745)

ER 7.196 0.555
(6.616) (0.833)

lnPOP 1.027��� 0.133���
(0.173) (0.0217)

URBAN 0.719�� �0.248���
(0.361) (0.0455)

lnGOV 0.0640 �0.0477���
(0.0734) (0.00924)

Constant 10.14��� 0.897 1.004��� 0.388��
(0.0272) (1.291) (0.00357) (0.162)

Observations 390 390 390 390
R-squared 0.694 0.741 0.680 0.752
Number of id 30 30 30 30

Note: Standard errors in parentheses; ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: produced by all authors.

Table 4. Economic development level heterogeneity results.

Variables

Economically developed areas Economically less developed areas

C CI C CI

GF �1.267��� �0.151��� �3.487��� �0.546���
(0.224) (0.0297) (1.030) (0.131)

lnFDI 0.00748 0.00256��� �0.00813 �0.00209
(0.00737) (0.000980) (0.0106) (0.00135)

ER �1.594 �1.174 5.752 1.166
(11.26) (1.496) (8.887) (1.132)

lnPOP �0.139 0.0840�� 1.899��� 0.179���
(0.243) (0.0323) (0.290) (0.0370)

URBAN 1.013��� �0.182��� �0.174 �0.333���
(0.377) (0.0502) (0.787) (0.100)

lnGOV 0.141� �0.0505��� 0.0272 �0.0328�
(0.0743) (0.00987) (0.150) (0.0191)

Constant 9.840��� 0.773��� �5.219��� �0.00104
(1.969) (0.262) (1.911) (0.243)

Observations 195 195 195 195
R-squared 0.803 0.822 0.762 0.736
Number of id 15 15 15 15

Note: Standard errors in parentheses; ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: produced by all authors.
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total amount of carbon emissions through financial means, strengthens the effectiveness
of constraints on emission reduction, and ultimately promotes low-carbon economic
development.

4.2. Heterogeneity regression results and discussion

Influenced by economic and geographical environmental factors, green finance and
low-carbon economic development levels among different parts of China may vary in
somewhat different forms, which makes such impact may have significant heterogen-
eity. Whether green finance can effectively contribute to low-carbon economic develop-
ment is strongly associated with the local economic development level. Areas with
higher economic development levels have more available sources, which effectively
absorb the initial capital and innovation deployment required for low-carbon economic
development. For this purpose, this study uses each province’s per capita GDP indicator
to evaluate the economic development level of the areas strictly. It divides the 30 pro-
vincial administrative areas in the sample data into economically developed and less
developed areas (See Table 4). This study classifies the dataset into eastern and mid-
western areas following the locational characteristics. Comparatively, the eastern areas
benefit from superior infrastructure (in terms of both accessibility and the sophistica-
tion of their respective processing trades) and green finance access. Moreover, the east-
ern areas are primed for brisk growth for green finance, but the crucial majority of
traditional, labor-intensive, incredibly energy-intensive processing trade industries are
concentrated in the mid-western areas. There is still a need to explore how the struc-
tural mismatch between supply and demand of industrial growth may affect green
finance for low-carbon economic development in various sectors (See Table 5).

Columns (1) and (2) of Table 4 reveal that the coefficients of green finance on carbon
emissions (-1.267) and carbon emission intensity (-0.151) in economically developed
areas are significantly negative. Columns (3) and (4) in Table 4 reveal that the coefficients

Table 5. Regional heterogeneity results.

Variables

Eastern area Mid-western area

C CI C CI

GF �1.158��� �0.115��� �3.026��� �0.415���
(0.193) (0.0195) (0.541) (0.0691)

lnFDI �0.00162 0.00167�� 0.00771 0.000747
(0.00756) (0.000763) (0.00855) (0.00109)

ER 1.863 0.279 11.88 0.831
(17.45) (1.760) (7.364) (0.940)

lnPOP �0.202 0.0307 1.848��� 0.218���
(0.298) (0.0300) (0.244) (0.0312)

URBAN 1.371��� 0.0123 �0.386 �0.520���
(0.419) (0.0423) (0.552) (0.0705)

lnGOV 0.185�� �0.0369��� �0.0906 �0.0523���
(0.0891) (0.00899) (0.114) (0.0145)

Constant 9.989��� 1.004��� �4.122�� �0.131
(2.242) (0.226) (1.714) (0.219)

Observations 130 130 260 260
R-squared 0.818 0.894 0.767 0.766
Number of id 10 10 20 20

Note: Standard errors in parentheses; ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: produced by all authors.
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of green finance on carbon emissions (-3.487) and carbon emission intensity (-0.546) in
less economically developed areas are significantly negative. In terms of carbon emis-
sions and carbon intensity, green finance is more effective for low-carbon economic
development in less-developed areas (Zhao et al., 2022). Because of the urgent desire to
develop the economy and realize jumping ahead, the less developed economic areas favor
high energy consumption industries with high output. However, green finance will
essentially inhibit investment in high-energy consumption industries in less developed
areas, curbing their development and thus achieving low-carbon economic development
(Huang, 2022). Moreover, economically developed areas have achieved economic devel-
opment advantages and pay more attention to ecological protection (Bai et al., 2022).
Governments at the municipal level sometimes outright ban high-energy-use enterprises,
and green financing seldom gets a shot (Wang et al., 2022). Therefore, green finance is
relatively weak in influencing low-carbon economic development.

Columns (1) and (2) of Table 5 reveal that the regression coefficients of green
finance on carbon emissions (-1.158) and carbon intensity (-0.115) in the eastern area
are significantly negative. Columns (3) and (4) of Table 5 reveal that the coefficients of
green finance on carbon emissions (-3.026) and carbon intensity (-0.415) are signifi-
cantly negative in the mid-western area. Comparative analysis suggests that although
the overall impact of green finance on carbon emissions and carbon emission intensity
is significantly negative, the impact of green finance is more prominent in the mid-
western areas from both carbon emission and carbon emission intensity perspectives.
On the one hand, the mid-western area of China is where China’s labor-intensive, and
high-polluting industries are transferred (Li et al., 2022). The green transformation of
these sectors will be “reversed” by green finance to meet the main prerequisites of green
finance supply, allowing for the attainment of regional low-carbon economic develop-
ment (Sun & Chen, 2022). On the other hand, green finance enjoys tremendous benefits
in the eastern areas due to its developed financial base, human resources, and digital
infrastructure (Zhou & Xu, 2022). However, the excessive financialization of green
finance may also lead to a “de-realization” of the economy, thus affecting local indus-
tries and low-carbon economic development.

4.3. Robustness check results and discussion

To check the empirical results reliability, this study also tries to conduct robustness
checks from the following aspects. First of all, the measurement technique is changed.
This study not only adopts a fixed-effects model to test the impact of green finance on
the low-carbon economy but also opts for a random-effects model to test for it (see
Table 6, columns (1) and (2)). Second, potential omitted variables are controlled for.
Energy consumption ðlnEneÞ significantly shocks local low-carbon economic develop-
ment. Green finance also restrains the development of overly energy-dependent related
industries to a certain extent. Therefore, this study further controls for local energy con-
sumption, using total local energy consumption taken as a logarithm to measure. In
addition, the degree of regional technology level ðGtiÞ is crucial when using green
financing to advance low-carbon economic growth. Regional technology-level develop-
ment relies on green finance to help. Low-carbon economic transformation requires
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specific technical support. Therefore, this paper also further controls for regional tech-
nology level, which is measured by taking the logarithm of the total number of local
invention patents (see columns (3) and (4) of Table 6).

Finally, the sample of municipalities directly under the central government is excluded.
Considering that Chinese municipalities are different from ordinary prefecture-level cities
and provincial capitals in terms of economic and political aspects, the sample of munici-
palities is excluded (see columns (5) and (6) of Table 6). Table 6 reveals that the primary
explanatory variables’ regression coefficients show no discernible sign or significance
change from the above findings.

4.4. Role mechanism results discussion

Furthermore, green finance controls carbon emissions and emission intensity through
financial instruments and strengthens the effectiveness of constraints on emission
reduction, ultimately promoting low-carbon economic development. Its inherent real-
ization path is mainly through guiding industrial structures and boosting technology
progress. From the perspective of guiding industrial structure development, estab-
lished research has shown that green finance promotes industrial structure in provin-
cial nations by creating diversified green financial instruments. For example, through
various ways, such as green funds and green credits, capital flows are guided to green
industries to achieve optimal industrial restructuring and ultimately promote regional
low-carbon economic development (Qi & Qi, 2020).

In terms of advancing technology level, green technology innovation is the intrinsic
driving force of regional low-carbon economic development. Whereas technology level
promotion often relies on a large amount of financial investment. The key to green
finance for technology-level development is to boost the science and technology

Table 6. Robustness check results.

Variables
(1) (2) (3) (4) (5) (6)
random-effects model Adding control variables Excluding municipalities

GF �1.502��� �0.153��� �0.746��� �0.110��� �2.033��� �0.220���
(0.185) (0.0221) (0.193) (0.0265) (0.412) (0.0519)

lnFDI 0.00746 0.00126 �0.00532 �5.75e-05 0.00649 0.00123
(0.00628) (0.000786) (0.00495) (0.000682) (0.00693) (0.000873)

ER 11.72� 1.058 5.964 0.438 7.354 0.820
(6.991) (0.873) (5.265) (0.726) (6.925) (0.872)

lnPOP 0.762��� 0.0972��� �0.0241 0.0270 1.482��� 0.165���
(0.0858) (0.00964) (0.157) (0.0216) (0.201) (0.0253)

URBAN 1.225��� �0.124��� 0.547� �0.264��� 0.718 �0.297���
(0.291) (0.0336) (0.289) (0.0398) (0.493) (0.0621)

lnGOV 0.0712 �0.0452��� �0.116� �0.0663��� �0.0742 �0.0611���
(0.0763) (0.00946) (0.0599) (0.00826) (0.0852) (0.0107)

Gti �5.86e-05 �1.90e-05
(0.000176) (2.43e-05)

lnEne 0.801��� 0.0815���
(0.0566) (0.00781)

Constant 2.720��� 0.595��� 3.552��� 0.653��� �1.850 0.237
(0.565) (0.0600) (1.047) (0.144) (1.469) (0.185)

Observations 390 390 390 390 338 338
R-squared 0.837 0.813 0.764 0.746
Number of id 30 30 30 30 26 26

Note: Standard errors in parentheses; ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: produced by all authors.
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investment scale. Green finance can provide more efficient, lower cost, and larger scale
financial support for enterprise green technology innovation, which is conducive to
solving the fund’s shortage and enhancing the willingness and ability of enterprises to
engage in green technology innovation. Second, green innovation projects often have
high-risk characteristics. A developed green financial market and abundant green finan-
cial products can provide investors with more efficient and diversified investment prod-
ucts and risk-averse tools, enhance the investment enthusiasm of risk capital, and thus
stimulate the core momentum of regional low-carbon economic development.

To test whether green finance can promote low-carbon economic development
through industrial structure upgrading (Upg) and science and technology investment
scale (kjtr). Further, this study analyzes the potential role mechanism of green finance on
low-carbon economic development in terms of science and technology investment scale
ðKjtrÞ and industrial structure upgrading ðUpgÞ: The specific setting form is as follows.

Midit ¼ c0 þ c1GFit þ cnControlit þ li þ vt þ eit (3)

Cit ¼ h0 þ h1GFit þ h2Midit þ hnControlit þ li þ vt þ eit (4)

CIit ¼ #0 þ #1GFit þ #2Midit þ #nControlit þ li þ vt þ eit (5)

where Mid includes both science and technology investment scale ðKjtrÞ and industrial
structure upgrading ðUpgÞ: During the process of industrial structure upgrading, the
proportion of primary industry to the entire industrial sector falls, while the proportions
of intermediate and tertiary sectors grow (Gao et al., 2022). The most sophisticated ter-
tiary industry is the most appropriate term to use when discussing modernizing manu-
facturing. So, the ratio of the tertiary sector’s added value to GDP is a good indicator of
progress in modernizing the industrial structure ðUpgÞ: The science and technology
investment scale (Kjtr) is an essential factor limiting enterprises’ implementation of
technological innovation. The high level of science and technology investment is directly
reflected in the sufficient investment in enterprises and related industries, which will not
only limit the development of green transformation of enterprises but also restrict the
iteration of a green technology update. Considering that boosting science and technology
investment will directly shock innovation input, this study uses regional science and
technology investment to characterize the ability to increase science and technology
investment scale. Local science and technology investment funds represent the indicators
of science and technology investment scale (Kjtr). c, h and # are the evaluated parame-
ters. The remaining parameters are the same as in Equations 1 and 2.

Columns (1)–(3) of Table 7 reveal the role mechanism of industrial structure
upgrading in green finance influencing low-carbon economic development. Column (1)
of Table 7 reveals that the effect of green finance on industrial structure upgrading is
significantly positive, which is consistent with the analysis results above. Columns (2)
and (3) in Table 7 reveal that green finance promotes low-carbon economic develop-
ment mainly by mitigating carbon emission intensity through industrial structure. Still,
the effect on carbon emission is paradoxically presented as a promotion effect.
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One potential explanation is that green finance eliminates backward and energy-inten-
sive industries in promoting industrial structure upgrading and further expansion of the
green industry scale (Yu et al., 2021; Wang and Wang, 2022). However, carbon emissions
still show an increasing trend due to the limitation of low-carbon technology levels (Ren
et al., 2021). The continued low carbon emission intensity also means that the positive
effect of overall economic enhancement brought by green finance is more prominent.
Columns (4)–(6) of Table 7 demonstrate how boosting science and technology investment
scale under green finance influences low-carbon economic development. Column (4) of
Table 7 reveals that the effect of green finance on boosting science and technology invest-
ment scale shows a significant positive correlation, implying that green finance develop-
ment will significantly boost the science and technology investment scale, which is
consistent with the logical discussion above. Columns (5) and (6) of Table 7 confirm that
green finance reduces carbon emission intensity to achieve low-carbon economic develop-
ment by boosting science and technology investment scale, but the impact on carbon
emissions is insignificant. Green finance removes a significant barrier to innovation and
technological advancement by making investing in and implementing green practices eas-
ier (Irfan et al., 2022). It not only improves the “quality” of the technical level of industrial
production development but also promotes the “quantity” of green attribute industries
and enterprises (Jiakui et al., 2023). Although the influence of science and technology
investment scale on carbon emissions is not significantly inhibitive, the carbon emission
intensity, which is more indicative of the low-carbon economic development indicator.

4.5. Threshold effect results and discussion

The above results indicate that green finance is disturbed by regional and economic
development level heterogeneity when it contributes to low-carbon economic

Table 7. Role mechanism results.

Variables
(1) (2) (3) (4) (5) (6)
Upg C CI lnKjtr C CI

Upg 0.629��� �0.0845���
(0.211) (0.0265)

lnKjtr 0.0121 �0.0107���
(0.0253) (0.00314)

GF 0.200��� �1.866��� �0.196��� 1.954��� �1.763��� �0.192���
(0.0569) (0.226) (0.0284) (0.480) (0.230) (0.0285)

lnFDI 0.00138 0.00658 0.00145�� �0.0197 0.00769 0.00113
(0.00150) (0.00586) (0.000736) (0.0127) (0.00595) (0.000737)

ER 2.259 5.774 0.746 2.588 7.165 0.583
(1.675) (6.559) (0.824) (14.14) (6.624) (0.820)

lnPOP 0.0333 1.006��� 0.136��� �0.108 1.029��� 0.132���
(0.0437) (0.171) (0.0215) (0.369) (0.173) (0.0214)

URBAN 0.358��� 0.494 �0.218��� 5.274��� 0.655� �0.192���
(0.0914) (0.365) (0.0459) (0.772) (0.385) (0.0477)

lnGOV 0.122��� �0.0129 �0.0373��� 1.459��� 0.0464 �0.0321���
(0.0186) (0.0771) (0.00968) (0.157) (0.0823) (0.0102)

Constant �0.878��� 1.449 0.314� �9.235��� 1.008 0.289�
(0.327) (1.289) (0.162) (2.758) (1.313) (0.163)

Observations 390 390 390 390 390 390
R-squared 0.825 0.748 0.759 0.893 0.742 0.760
Number of id 30 30 30 30 30 30

Note: Standard errors in parentheses; ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: produced by all authors.
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development. To analyze the possible non-linear evolutionary pattern of green finance
contributing to low-carbon economic development, referring to Hansen (1999), this
study mines the effect of green finance on low-carbon economic development under
different green finance levels by using green finance as a threshold variable. This
study constructs a model with a single threshold as an example.

Cit ¼ a0 þ g1GFitðGFit � c1Þ þ g2GFitðc1 � GFitÞ þ bControlit þ li þ mt þ eit (6)

CIit ¼ a0 þ g1GFitðGFit � s1Þ þ g2GFitðs1 � GFitÞ þ bControlit þ li þ mt þ eit (7)

Equations (6) and (7) in c1 and s1 and for the threshold value, the rest of the vari-
ables with the same Equations (1) and (2), more details will not be elaborated.

4.5.1. Threshold effect test and threshold value determination
Testing the threshold effect and establishing a threshold value are prerequisites to
evaluating the potential non-linear properties of green finance (see Table 8). Green
financing has a threshold influence on low-carbon economic development, as shown
in Table 8. The threshold values and confidence intervals for each sample size are
reported in Tables 8 and 9, respectively.

4.5.2. Threshold estimation results
Table 10 reveals that green finance presents significant non-linear characteristics in
promoting regional low-carbon economic development. After comparing the thresh-
old coefficients of green finance on carbon emission and carbon emission intensity,
one finds that when green finance is below the first threshold, both carbon emission
and carbon emission intensity perspectives, green finance passes the significance test
for low-carbon economic development. As green finance steadily increases, green
finance will significantly drive low-carbon economic development. When the green
finance level keeps rising across the threshold, the driving effect of green finance on
low-carbon economic development is still significant, but the driving effect decreases
slightly when comparing the influence coefficients before and after the green finance
threshold. One possible reason is that financial development’s fundamental purpose is

Table 8. Threshold test results.

Threshold F-Value P-Value

Threshold values for different significance levels

Crit10 Crit5 Crit1

C Single threshold 66.11 0.000 31.1656 40.0094 50.7045
Double threshold 15.42 0.4433 42.7054 54.3305 80.5763

CI Single threshold 61.85 0.000 29.7021 33.4641 47.6496
Double threshold 19.69 0.3067 36.8702 52.6297 85.0626

Source: produced by all authors.

Table 9. Threshold value results.
Threshold Threshold value Lower Upper

Single threshold – C 0.0746 0.0696 0.0746
Single threshold – CI 0.0746 0.0696 0.0746

Source: produced by all authors.
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to serve the real economy (Zhao et al., 2022). However, the profit-oriented nature of
finance also means that excessive financial development may lead to a “de-realization”
of finance to the financial industry with more lucrative returns, thus squeezing out
the capital demand for industrial development and ultimately inhibiting industrial
development (Bai et al., 2022). Therefore, green finance must be completely unleashed
while driving green finance to enable low-carbon economic development and avoid
catastrophic financial risks.

5. Conclusion and policy implications

This study discusses the effects of green finance on low-carbon economic development
by developing OLS, mediating effect, and threshold effect models with the dataset of 30
provincial administrations in China during 2008–2020. The significant study findings
reveal that green finance significantly stimulates low-carbon economic development
based on carbon emission or emission intensity perspective. Green finance is more
effective in promoting low-carbon economic development in the mid-western areas
than in the eastern areas, while it is more effective in less economically developed areas
than economically developed areas. Green finance promotes low-carbon economic
development mainly by mitigating carbon emission intensity through industrial struc-
ture, but the effect on carbon emission is paradoxically presented as a promotion effect.
Green finance reduces carbon emission intensity to achieve low-carbon economic
development by boosting the science and technology investment scale, but the impact
on carbon emissions is insignificant. Lastly, when green finance levels cross the thresh-
old, their contribution to low-carbon economic development decreases.

Table 10. Threshold regression results.

Variables
(1) (2)
C CI

lnFDI �0.00127 0.000648
(0.00579) (0.000725)

ER �1.245 �1.083
(5.913) (0.741)

lnPOP 0.479��� 0.0518��
(0.162) (0.0203)

URBAN 0.394 �0.144���
(0.257) (0.0322)

lnGOV 0.324��� �0.0235���
(0.0331) (0.00415)

GF � 0.0673 �6.042���
(0.566)

GF > 0.0673 �1.447���
(0.167)

GF � 0.0735 �0.649���
(0.0710)

GF > 0.0735 �0.0921���
(0.0209)

Constant 3.722��� 0.822���
(1.295) (0.162)

Observations 390 390
R-squared 0.752 0.764
Number of id 30 30

Note: Standard errors in parentheses; ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: produced by all authors.
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As such, this study proposes the following countermeasures.
Policymakers shall continuously drive the deepening of green finance levels in each

area. To fully realize green finance’s potential for stimulating the low-carbon economy, it
is essential to move quickly toward establishing a cutting-edge green financial system and
supporting the robust growth of green finance. Differentiated strategies should be imple-
mented. Policymakers should consider the regional imbalances and inadequacies during
the low-carbon economic transition at all levels of administration. For example, green
finance construction in the central-western and less developed areas should be supported
to improve the financial infrastructure. Then, information on green finance should be
widely distributed so that individuals and organizations can better understand how to
use green financial instruments and more easily identify and embrace green finance.

Efforts must be made to increase the creation of technological infrastructure and con-
tinually expand the popularity and depth of usage of environmentally friendly financing
throughout the nation. Policymakers should utilize green finance’s industrial structure
upgrading shock and guide the green transformation. Policymakers should utilize the effect
of green finance in boosting science and technology investment scale, guiding the flow of
funds into environmental protection and green industries, and providing diversified
financing channels for the low-carbon economy to mobilize all sectors of society in the
growth of green finance, so that green finance can more fully support low-carbon economy
by offering a variety of funding channels for the low-carbon economy. Policymakers should
selectively make relevant policies so that green finance in each area can reach the threshold
of the main push for low-carbon economic development. While promoting green finance,
attention should also be paid to preventing systemic financial risks and avoiding financial
“de-realization to deficiency” caused by the excessive development of green finance.

Although this study thoroughly investigates the impact of green finance on low-car-
bon economic development, some significant aspects still deserve attention. This study,
for example, only employs provincial-level data to examine the nexus between green
finance and low-carbon economic development without analyzing it from a more
microscopic perspective. As data analysis and acquisition techniques continue to
advance, scholars can conduct a deeper discussion of the nexus between the two from
the perspective of micro-enterprises. Furthermore, this study mines the role mecha-
nisms of green finance on low-carbon economic development from both pathways sci-
ence and technology investment scale and industrial structure upgrading. However,
resource misallocation and marketization are also potentially significant mechanisms.
Future scholars can take resource misallocation and marketization views to analyze the
role mechanism of green finance on low-carbon economic development.
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