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Themassive CO2 emission has caused frequent occurrence of climate problems,
and a typical response to climate change has reached international consensus.
Digital finance and green finance, as a subversion of the traditional financial
model, have become significant drivers of global carbon emissions reduction
efforts. Based on the panel data, this paper profoundly compares the effects of
carbon emissions reduction, mechanisms, and heterogeneous results of two
forms of finance. Research finds that technology-centered digital finance focuses
on suppressing carbon emissions through technological innovation, and the
higher the level of regional economic is, the stronger the role of digital
finance in suppressing carbon emissions through technological innovation.
The concept-centered green finance focuses on carbon emissions reduction
through industrial ecologization, and government-led environmental regulation
plays a positive regulatory role. Although the paths of affecting carbon emissions
are different, there is a natural fit between the two in terms of the essential goal of
carbon emissions reduction. Based on the consideration of the differences in
geographic location and financial development level, the carbon emission
reduction effects of two forms of finance show apparent heterogeneity. Based
on the spatial characteristics of digital finance and carbon emissions, this paper
further finds that the digital finance’s carbon emission reduction effects have
apparent spatial spillovers. These findings provide an essential direction to
formulate a reasonable carbon emissions reduction plan and accelerate
realizing the “double carbon” goal.

KEYWORDS

global climate, digital finance, green finance, carbon emission reduction, “double
carbon” goal

1 Introduction

China’s economic strength has significantly increased, but the excessive pursuit of
economic benefits has neglected environmental benefits. As a result, the sharp contradiction
between economy and environment has become a critical issue facing China for a long time.
In 2017, China officially launched the unified carbon emissions trading market, and then In
2021, the goal of “carbon peak, carbon neutral” highlights the China’s determination to
develop a green economy. As a core element of modern market economy development,
finance is a powerful support to ensure enterprise development and promote national
economic growth. Based on digital technology, digital finance is a financial means that
integrates emerging tools such as the Internet, cloud computing and artificial intelligence
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into the traditional financial system to achieve innovation in the
form of financial services, enrich the content of financial services and
expand the scope of financial services (Wu, Guo, Tian and Hong,
2022). Compared to digital finance, the origin of green finance dates
back to the 1990s when developed countries proposed the concept of
“green finance”. At the beginning of this century, in response to
intense criticism from international non-governmental
organizations (NGOs) of the environmental damage caused by
specific financing projects, green finance, which is based on the
principles of sustainable development, became a powerful tool for
the international financial industry to address climate change (X.
Wang, Huang, Xiang andHuang, 2021). Specifically, green finance is
a form of finance that responds to the United Nations’ call, promotes
the environmental greening of industries.

As products of development in different times, digital finance
and green finance have had a profound impact on China’s economy.
Digital finance focuses on encouraging the transformation of heavily
polluted industries with the help of technological means, to reduce
the carbon emissions of traditional sectors (Song et al., 2023); in
contrast, green finance adheres to the core of green development,
restricting the production scale of polluted industries through
financial constraints to curb industrial carbon emissions (J. Wang
andMa, 2022). Obviously, both digital finance and green finance are
important tools for reducing carbon dioxide emissions and
protecting the ecological environment in the context of low-
carbon economic development. However, the strength of the
contribution of digital finance and green finance in carbon
reduction, which side has a stronger carbon reduction effect, and
whether China’s future carbon reduction work will prioritize
technology or philosophy are still unresolved issues.

Although existing research provides a solid foundation for our
research, there are still the following shortcomings: Firstly, existing
research focuses on the single impact of digital finance or green
finance on carbon reduction, lacking a comprehensive analysis that
puts the three within the same research framework; Secondly, green
concepts and digital technologies provide endogenous and external
support for carbon reduction, and there is still a lack of comparative
research on the endogenous and exogenous forces of carbon
reduction; Thirdly, both the financial system and the ecological
environment have obvious regional characteristics, but there are still
relatively few studies on finance and carbon emissions that consider
spatial factors and overlook the spatial effects of carbon reduction.

The contributions of this research are as follows. Firstly, in terms
of research topics. Comprehensively consider the carbon reduction
effects of digital finance and green finance, and conduct vertical
comparisons to highlight the importance of digital finance or green
finance in carbon reduction work, with novel themes to compensate
for the shortcomings of single research; Secondly, in terms of
research methods. In order to explore the differences in the
transmission paths of digital finance and green finance in the
process of emission reduction, this article integrates regulatory
effects on the basis of a simple mediation model, explores the
transmission paths of carbon reduction through different
financial means, and based on the consideration of geographical
proximity, uses spatial econometric models to test their spatial
correlation. The methods are rich and expand the breadth and
depth of existing research. Thirdly, in terms of policy value. On the
basis of exploring the carbon reduction effect mechanism of digital

finance and green finance, this article further verifies the differences
in carbon reduction between digital finance and green finance, and
further clarifies the direction of policy implementation, providing
theoretical reference for accelerating China’s economic green
transformation and global carbon reduction work.

The rest of the article is organized as follows. Section 2 reviews
and evaluates existing literature on carbon emissions, digital finance,
and green finance, and proposes research hypotheses based on
theoretical analysis. Section 3 proposes the research design.
Section 4, the benchmark regression results, mechanism testing
results, and robustness results were reported. Section 5 reports
on the heterogeneity of carbon reduction effects between digital
finance and green finance, respectively. Section 6, because digital
finance has a more significant carbon reduction effect, we delves into
the spatial effects of it. Section 7 synthesizes conclusions from the
empirical findings and offers reliable recommendations for future
carbon emission reduction efforts. The content of the study is
illustrated in Figure 1.

2 Literature review and hypothesis
development

2.1 Literature review

2.1.1 Research on carbon emissions
The global climate issue is a realistic challenge facing humankind at

present. Since the 19th century, most experts and scholars have
conducted many exploration on the greenhouse effect. The study
has arrived at a unanimous conclusion: human beings are the
initiators of global warming. In recent years, some countries have
blindly pursued the benefits of economic development, seriously
ignoring the harm economic development has brought to the global
environment and human health. Therefore, solving the global climate
problem is the common goal of humanity. With the continuous
deterioration of global climate, various countries’ carbon emission
reduction actions have become the main force to mitigate global
climate change, and a new pattern of global climate governance has
gradually taken shape. The mainstream research on carbon emissions
includes the following two categories: First, many study investigates the
factors affecting carbon emissions. From the macro level, introducing
high-end production equipment and technology from other countries
through international trade can reverse the carbon pollution situation
with a technology spillover effect (X. Xu et al., 2021). In addition, the
government sends environmental protection signals to high-energy-
consuming industries through environmental regulation. From the
medium level, carbon emission reduction is a crucial measure to
promote industrial green transformation to achieve industrial
ecology under the call for carbon neutrality and a critical path to
enhance national industrial resilience and urban economic resilience
(H. Chen et al., 2021). From the micro level, individual education level
directly affects personal environmental awareness (Bülbül et al., 2023).
In general, the more educated the group, the stronger the ecological
concept and the more inclined to use. The second is evaluating the role
of national policies on carbon emission reduction.Most studies evaluate
the pilot effects of national policies from multiple perspectives through
the method of differential differentiation to verify the policies’
effectiveness and further promote them widely (H. Zhang et al., 2021).

Frontiers in Environmental Science frontiersin.org02

Jiang and Wang 10.3389/fenvs.2024.1433044

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1433044


2.1.2 Related research on digital finance and
carbon emissions

The wide application of digital technologies has opened the door
to the digital era and pushed China’s economy into a new stage (Chu
et al., 2023). The digital finance can effectively overcome the
drawbacks of the traditional financial, enrich the form and
content of financial, enhance the flexibility and convenience
(Feng et al., 2023). Studies mainly focus on two aspects: at the
macro level, studies on the mechanism of digital finance on
restraining carbon emissions (X. Liu et al., 2023); At the micro
level, for individuals, it provides individual consumers with
convenient online transaction channels and dramatically reduces
the CO2 emissions generated by offline travel (Pu and Fei, 2022). For
enterprises, digital finance provides financial support for enterprises
through the redistribution of production factors, promotes the green
innovation (Ding et al., 2022). Part of researchs show that the digital
finance does not affect CO2 emissions (Chang, 2022; Zheng and Li,
2022); the other part of the research results show that the rapidly
developing information technology, as an essential driving force for
industrial adjustment, is the core force to curb the industrial carbon
emissions (Yin, 2022).

The digital finance, as a critical driving force for China’s
economy, is a significant starting point for inclusive green
growth. However, its identity positioning and mechanism role in
carbon emission reduction work still needs to be further clarified to
indicate the precise direction of carbon emission reduction.

2.1.3 Research on green finance and
carbon emissions

The Kyoto Protocol, signed in 1997, has made green finance
widely concerned by the international community (Sinn, 2008).
Later, some scholars put forward the green finance theory that
integrates finance with the green environmental industry, aiming at

redistributing financial resources with the help of market forces to
achieve the purpose of protecting the ecosystem (Huang et al., 2023).
China has permanently attached great importance to the green
finance. In 2016, the Guiding Opinions on Building a Green
Financial System issued by relevant departments in China
clarified the policy framework for green finance and point out it
is a financial service to maintain economic activities such as resource
conservation and efficiency and to combat climate change.

While there is no universally accepted definition globally, the
connotation of guiding financial resource allocation with green
financial instruments to improve the environment is consistent
(Ran and Zhang, 2023). From the measurement of green finance,
one is measured by a single indicator, such as public expenditure on
environmental protection, interest expenditure of high-energy
consumption industry (J. Xu et al., 2023). The other is to
comprehensively evaluate by selecting multiple indicators (X.
Chen and Chen, 2021; J. Wang et al., 2023). For research
content, based on the environmental protection concept of green
finance, most existing studies focus on its protection effect on the
ecological environment. For example, green finance can reduce
pollution by optimizing energy (Yuan et al., 2020; Bai et al.,
2022). Specifically, the issuance of green bonds significantly
improves enterprises’ green innovation capability and
environmental performance (W. Zhang et al., 2022), while green
credit improves environmental performance by controlling the
financing of high-emission industries (X. Liu et al., 2019; Lv
et al., 2023).

2.2 Hypothesis development

The digital finance, as an essential financial means derived from
technological change, is strong support to achieve the goal of

FIGURE 1
Research content.
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“double carbon.” From a micro point of view, mobile payment
brought by digital finance significantly reduces residents’
dependence on offline financial institutions’ outlets (S. Liu et al.,
2023), reduces residents’ transportation frequency, and helps to
reduce CO2 emissions. Moreover, the “Ant Forest” and “Green
Apple” public welfare activities launched by digital financial
platforms have greatly improved residents’ awareness of
environmental protection and formed a “positive incentive” for
the transformation of residents’ consumption structure (Zheng
and Li, 2022). From a macro point of view, digital finance,
mainly supported by digital technology, is a vital force in
promoting industrial digitalization and digital industrialization.
The development of modern information technology has
overturned the production mode of traditional industries,
transforming intangible modern information technology into
tangible information technology industries, which is an inevitable
measure to reduce pollutant emissions in the digital era (Zhao, Yang,
Li, Liu and Li, 2021). Digital finance provides a basic guarantee for
industrial technology investment, reduces technology cost risks, and
is a key means to promote industrial digital transformation and
reduce carbon pollution (Z. Zhu, Liu, Yu and Cao, 2022).

“Green” is a kind of environmental protection concept; its
concept is more abstract, involving a more comprehensive
range. On the premise of accurately identifying green
enterprises, green finance tracks and locates the flow of
financial resources, gives priority to providing financial
support for enterprises’ environmental production and
environmental governance, and thus reduces carbon pollution
production activities (Lin et al., 2022). Although the internal
concepts of digital finance and green finance are different, the
essential goals of pollution reduction and of them have a natural
consistency.

Hypothesis 1: Both digital finance and green finance have
significant carbon reduction effects.

Driven by the fourth industrial Revolution, technology has become
a key production factor for modern industries to improve productivity.
However, the high cost of technology makes most enterprises
prohibitive, and this development bottleneck of enterprises provides
an important direction for digital finance to achieve environmental
protection goals. Digital finance focuses on embedding digital
technology into the financial system, adjusting traditional industrial
structure by employing financial technology, promoting industrial
digital transformation, and thus reducing the emission of industrial
pollutants (J. Xu et al., 2023). Digital finance empowers traditional
industries through digital technologies, promotes the transparency and
synergy of data factor flow, realizes the accuratematching of production
factors, reduces the number of polluting industries (Xue et al., 2022).
Digital finance has significantly improved the ability to identify, and
deal with financial risks, and encourage enterprises to innovate (M.
Zhang and Liu, 2022).

The widespread popularity of digital finance is guaranteed by a
strong foundation of economic development. A sound economic
foundation not only provides strong material guarantees for
technological innovation to play a role in carbon reduction in
digital finance, but also provides strong conditions for deepening

the development of digital finance and realizing its economic and
social benefits. Generally speaking, the higher the level of economic
development in a region, the stronger its ability to accept and adapt
to emerging things such as digital finance, and the more it can fully
leverage the impact of digital finance on regional social production
activities. Therefore, the economic level plays an important role that
cannot be ignored in promoting technological innovation through
digital finance and thereby affecting the process of carbon emissions.
Based on this, hypotheses 2a and 2b are proposed.

Hypothesis 2a: The digital finance inhibits carbon emissions by
promoting technological innovation.

Hypothesis 2b: Economic growth can strengthen the mediating
role of technological innovation in the process of carbon emission
reduction in digital finance.

The “green” and “financial” attributes of green finance make it
adhere to the essential goal of “environmental sustainability.” in
addition to directly helping China to “reduce carbon,” (Zhan, Wang
and Zhong, 2023), it can also further indirectly affect carbon emission
reduction by driving the ecological transformation of industrial
development. The green finance promotes the green industry and
tertiary industry by reallocating financial elements, focusing on
providing credit support and preferential incentives (Zhou and Qi,
2022), and strictly constraining the financing of projects in “two high”
industries to force them to accelerate industrial transformation and
promote industry development in the direction of ecology (W. Xu et al.,
2023). The transformation of industrial ecology means that the
proportion of green industries will gradually increase. In contrast,
industries with heavy pollution will gradually withdraw or be
reconfigured. This industrial structure adjustment effectively inhibits
carbon emissions from economic activities (B. Wang et al., 2023).

Although green finance can reduce carbon pollution, the
realization of carbon reduction goals needs to be escorted by
mandatory legal means (Feng, Bilivogui, Wu and Mu, 2023).
Environmental regulation is a mandatory means to compel
enterprises to adopt emission reduction strategies, in the context
of loose environmental regulations, enterprises face lower costs of
environmental violations. Although green finance provides
preferential dividends for green production activities, it is
difficult to truly encourage enterprises to abandon traditional
production models with high efficiency, Ding et al., 2022). Under
strict environmental supervision, enterprises face high costs of
environmental violations. Under the dividend effect of green
finance, they will actively adopt industrial transformation
strategies, and the carbon reduction effect of green finance will
be strengthened. In this process, the government will play the role of
a “guide” to guide financial institutions to carry out green finance-
related businesses and play a regulatory complementary role in
driving the transformation of industry (J. Wang and Ma, 2022; S.
Zhu et al., 2014). Hypotheses 3a and 3b are proposed.

Hypothesis 3a: Green finance achieves carbon reduction by
promoting industrial ecological transformation.

Hypothesis 3b: Environmental regulation can strengthen the
intermediary role of industrial ecological transformation in the
process of carbon emission reduction in green finance.
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Unbalanced regional development is one of the main
contradictions in China. China’s industrial distribution and
industrial structure are important reasons for the differences in
carbon emissions in different regions. Generally speaking,
economically developed areas pay attention to the economic
benefits and sustainability of industrial development. Therefore,
compared with economically underdeveloped areas, their
industrial structure is more reasonable, environmental awareness
is more potent, and environmental pollution is relatively small
(Zhang, Bao, Liu and Yang, 2022). As an innovative form based
on the old financial model, digital finance and green finance are
deeply affected by the old finance. The richer the financial resources,
and the stronger the financial allocation capacity, the more favorable
it is to enjoy the financial resource allocation dividends. On the
contrary, it is difficult for regions with financial disadvantages to
capture the development opportunities of emerging financial forms,
and it is even more difficult to extend them to industrial
transformation.

Hypothesis 4: The carbon reduction effects of digital finance and
green finance are significantly heterogeneous.

The green finance pays more attention to promoting carbon
emission reduction by cutting into the “green” concept of
sustainable development, which is essential in alleviating regional
ecological pollution. Digital technology has alleviated information
asymmetry and weakened traditional difficulties in economic
interaction caused by geographical distance, while digital finance
based on digital technology can fully leverage modern information
technology to achieve the diffusion of financial resources (Wang and
Guo, 2022). Therefore, in contrast, the spatial characteristics of
digital finance are more prominent. Unlike traditional finance, the
unique network diffusion and external effects of digital finance help
to break the spatial boundaries of financial markets, accelerate the
flow of different production factors between regions, accelerate the
trading progress of financial markets, and to some extent promote
technological innovation. In this process, the “radiation effect” of
digital finance not only accelerates the flow of funds and technology
in surrounding areas, but also provides practical references for the
development model of digital finance, economic growth effects, and
ecological protection effects in surrounding areas, which can
effectively drive regional digital finance to play a role in carbon
reduction (M. Zhang and Liu, 2022). Meanwhile, the “radiation
effect” of digital finance accelerates the flow of technology in the
surrounding areas. The last hypothesis is proposed.

Hypothesis 5: The carbon emission reduction effect of digital
finance has obvious spatial and geographical radiation effect.

3 Variable selection, data sources and
model settings

3.1 Variable selection, data sources

Firstly, the explained variable in this research is carbon
emissions. Concerning the methods proposed by the IPCC, we
use the standard coal method to calculate the total
carbon emissions.

CO2it � ∑9
i�1
CO2itp � ∑9

i�1
Eitp × Ap × Bp ×

44
12

In this, CO2it indicates the CO2 emissions of province i in year t,
Eitp indicates the CO2 emissions from the p-th type of fossil fuel in
province i in year t, Ap is the physical consumption of the p-th type
of fossil fuel, Bp is the carbon element conversion factor for the p-th
type of energy, and 44/12 is the CO2 emission coefficient for the p-th
type of energy. Compared with the total carbon emission, this study
believes that per capita carbon emission (pCO2) can better reflect the
degree of carbon pollution.

Secondly, the core explanatory variable are digital Finance (digf)
and green Finance (gref). Existing studies primarily employ three
methods to measure digital finance: The first approach involves
measuring the regional development level of digital finance based on
the frequency of related keywords searched by web crawlers (Ding
et al., 2022). The second is to evaluate the effect of policies (Zhong
and Jiang, 2021). The third is to build a digital financial index based
on comprehensive indicators (Cao et al., 2021). Among them, the
third measurement method is the most widely used. This paper
utilizes the Digital Financial Inclusion Index, which is jointly
compiled by the Digital Financial Research Center of Peking
University and Ant Group.

Since its establishment in 2010, the Green Climate Fund (GCF)
has been defined as “investment financing that provides
environmental benefits” for developing countries to address
climate change through various financial instruments and
financing Windows for climate-resilient development (D. Zhang
et al., 2019). Compared with the Green Climate Fund, the content of
the green financial system is more abundant. Based on these
opinions, this paper has further enriched and established a
comprehensive evaluation index system of green finance. Finally,
the score is calculated by the entropy method through the steps of
standardization processing, sample weight calculation, index
information entropy calculation, information entropy redundancy
calculation, and index weight calculation.

Thirdly, technological innovation (tech) and industrial
ecolonization (ie) are selected as the mediating variables for
digital finance carbon reduction and green finance carbon
reduction, respectively. Here, technological innovation is
represented by the logarithm of the market technology contract
transaction amount, while industrial decolonization is measured
using an environmental efficiency indicator.

ie � n

∑n
i�1pii

where pii represents the total GDP unit emissions of the ith class of
pollutants, and n is the number of indicators.

Economic foundation (eco) and environmental regulation (env)
are chosen as moderating variables. The logarithm of the per capita
GDP represents the economic foundation. Environmental
regulation is indicated by the frequency of terms related to
carbon emission reduction in local government reports.

Finally, according to the existing research literature, this paper
selects some control variables. (1)The industrial structure is
represented by the ratio of the added value of the secondary
industry to GDP (ind). (2) The level of openness (open) is
represented by the ratio of total imports and exports to GDP. (3)

Frontiers in Environmental Science frontiersin.org05

Jiang and Wang 10.3389/fenvs.2024.1433044

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1433044


Urbanization level (urb), indicated by the proportion of urban
population to the total population. (4) Population density (pop)
is included as a control variable, measured by the number of
permanent residents per square kilometer. (5) Forest cover rate
(fore), with forests serving as the ‘lungs of the Earth,’ significantly
contribute to reducing carbon dioxide in the air. At the same time,
we also include the level of economic foundation (eco) and
environmental regulation (env) in the range of control variables.

Taking into account that a significant turning point in the
development of digital finance and green finance may alter their
carbon reduction effects, this study, to highlight the most recent
developments in the role of digital finance and green finance in
carbon reduction, sets the important milestones in their
development as the starting point of the research, thereby
determining the study interval. The launch of Yu’E Bao in
2013 is regarded as the inaugural year of China’s digital finance
development. In 2015, China issued the “Overall Plan for Ecological
Civilization System Reform” first established the goal of creating a
green financial system. Therefore, the panel data of 30 provinces
(excluding Tibet, Hong Kong, Macao, and Taiwan) in China from
2013 to 2020 is selected as the research sample to test the impact of
digital finance on carbon emissions. The data of 30 provinces from
2015 to 2020 is selected as the research sample to test the
relationship between green finance and carbon emissions. The
data mainly come from the Center for Digital Inclusive Finance
of Peking University, China Statistical Yearbook, and Local

Government Reports. The statistical description of variables are
shown in Table 1.

3.2 Model setting

Based on the research objectives and the above research
hypotheses, the following econometric model is constructed to
empirically test the carbon emission reduction effects of digital
finance and green finance.

The first one is the direct effects model, which explores the
impact of digital finance and green finance on carbon emissions (Y.
Wu and Liu, 2024). The specific formula is as follows:

pCO2ij � α0 + α1digfij + α2controlsij + μi + ]j + εij

pCO2ij � β0 + β1grefij + β2controlsij + μi + ]j + εij

i and j are regions and years, pCO2ij represents per capita carbon
emission, digfij stands for digital finance, α0 stands for constant
term, α1 represents the coefficient to be estimated for the impact
of digital finance on carbon emissions, which is a key factor to
focus on in the empirical results of this section, μi and ]j stand for
region fixed and time fixed respectively, and εij stands for
random disturbance term., grefij is green finance, β1 is the
coefficient to be estimated for the impact of green finance on
carbon emissions.

TABLE 1 Statistical description of variables.

Variable Mean S.D Med Max Min

Explained variable pCO2 11.228 8.276 8.219 49.474 3.732

Core explanatory variable digf 217.246 96.968 224.103 431.93 18.33

coverage breadth 198.01 96.334 198.495 397 1.96

usage depth 212.036 98.106 203.655 488.68 6.76

digitization level 290.238 117.644 323.25 462.23 7.58

gref 0.746 0.065 0.744 0.879 0.62

grecre 0.041 0.004 0.041 0.052 0.033

greinv 0.063 0.006 0.063 0.077 0.051

greins 0.079 0.007 0.078 0.095 0.064

greb 0.123 0.011 0.124 0.148 0.101

gresup 0.019 0.003 0.019 0.026 0.013

Intermediate variable tech 6.318 9.349 7.05 16.16 0.57

ie 7.673 1.38 7.74 10.874 3.219

Moderating variable eco 9.833 0.856 9.874 11.615 7.421

env 57.2 19.701 54 124 6

Control variable ind 0.431 0.088 0.445 0.59 0.158

open 0.267 0.297 0.141 1.548 0.008

urb 58.658 12.217 56.82 89.6 34.96

pop 472.492 703.978 292.896 3924.29 7.864

fore 34.527 18.117 38.4 66.8 4.2

Frontiers in Environmental Science frontiersin.org06

Jiang and Wang 10.3389/fenvs.2024.1433044

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1433044


The second is the mediation effect model, which tests the
mechanism and path of carbon reduction in digital finance and
green finance (Song et al., 2023). The specific formula is as follows:

pCO2ij � χ0 + χ1digfij + χ2controls + μi + ]j + εij
techij � ω0 + ω1digfij + ω2controls + μi + ]j + εij

pCO2ij � λ0 + λ1digfij + λ2techij + λ3controls + μi + ]j + εij

pCO2ij � m0 +m1grefij +m2controls + μi + ]j + εij
teij � n0 + n1grefij + n2controls + μi + ]j + εij

pCO2ij � z0 + z1digfij + z2teij + z3controls + μi + ]j + εij

techij is technological innovation, teij is industrial ecologization,
and the other variables are the same as above.

The third is a mediation model with regulation, which tests
the moderating role of economic growth and environmental
regulation in the transmission path (McLarnon & O’Neill, 2018).
This study constructs the following mediation effect model with
moderation:

techij � a0 + a1digfij + a2ecoij + a3controls + μi + ]j + εij
techij � b0 + b1digfij + b2ecoij + b3digfij × ecoij

+ b4controls + μi + ]j + εij
pCO2ij � c0 + c1digfij + c2ecoij + c3digfij × ecoij

+ c4controls + μi + ]j + εij

teij � e0 + e1grefij + e2envij + e3controls + μi + ]j + εij
teij � f0 + f1grefij + f2envij + f3grefij × envij+f4controls + μi + ]j + εij

pCO2ij � h0 + h1grefij + h2envij + h3grefij × envij
+ h4controls + μi + ]j + εij

ecoij is economic growth, envij is the environmental regulation, the
other variables are the same as above.

The fourth is the spatial regression model, which tests the spatial
spillover of carbon reduction in digital finance and green finance.
This paper first conducts empirical analysis based on the spatial
geographical weight matrix (W1). If the distance(d) between two
cities is closer, the weight will be smaller; otherwise, the weight will
be more enormous. The expression is as follows:

Wij �
1
d2
ij

, i ≠ j

0, i � j

⎧⎪⎪⎨⎪⎪⎩
The spatial adjacency matrix (W2) is a traditional 0–1 matrix

and a classical non-negative matrix, which is often used to reflect
whether there is an adjacency relationship between regions. If two
regions are not adjacent, the value is 0; if they are adjacent, the value
is 1. The specific expression is as follows:

Wij � 0,The two study areas are not adjacent
1,The two study areas are adjacent

{
The spatial economic distance matrix (W3) is measured by

regional GDP.

Wij �
1

Gi − Gj

∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣, i ≠ j

0, i � j

⎧⎪⎪⎨⎪⎪⎩
Based on the proximity of geographical locations and the mobility

of economic resources, this paper uses a spatial econometric model to
examine the spatial impact (L. Wang, Sun and Xv, 2023).

pCO2ij � τ0 + τ1digfij + τ2controlsij + ρW × pCO2ij

+ θW × digfij + ηW × controlsij + μi + ]j + εij

W is the spatial weight matrix, and the remaining variables are
the same as above.

4 Empirical analysis

4.1 Benchmark regression analysis

Theoretically, both digital finance and green finance will have a
particular effect on carbon emissions. We first test this effect of them
using the SUR method, which pushes the heterogeneity of group
coefficients. We obtain the test statistic x2 (1) = 11.68, and the
p-value is 0.0004. The null hypothesis was rejected at the 1%
significance level, indicating a clear disparity in their carbon
reduction effects. Next, this part analyzes and compares the
carbon reduction effects of them, respectively.

In the global digital era, all walks of life are grasping the
opportunities for digital development and gradually transforming
to digital. This part focuses on the impact of digital finance on
carbon emissions and further explores the effects from its three
dimensions, as shown in Table 2. Whether in univariate regression
analysis or in regression controlling for other variables, the result
passes the significance test with a negative coefficient, indicating that
it can exert a restraining influence on carbon emissions, and the
three control variables of industrial structure, environmental
regulation, and urbanization level can effectively suppress carbon
emissions. Model three shows the impact of coverage breadth on
carbon emissions. Under the dual fixed effect model controlling
individuals and time, it has an obvious negative effect. Model four
show that there is also a negative correlation between the usage
depth and carbon emissions. Likewise, model five show that the
negative impact of digitalization on carbon emissions is tested at 1%
level. Comparatively speaking, the coverage breadth has the most
noticeable impact, which once again demonstrates the importance of
improving the inclusiveness of digital finance.

In addition to the form of digital finance in the new era, it is also
necessary to consider the green finance policy that has attracted
global attention. Green finance is a sustainable finance integrating
“green” and “finance.” Its positive externality features play a crucial
role in balancing economiy and climate environment. In the coming
decades, China will need a lot of investment to protect environment,
so green finance may be a breakthrough to solve this problem.
Therefore, this part analyzes the impact of green finance and its sub-
dimensions on China’s carbon emissions explicitly, and the results
are shown in Table 3.

Model one shows the impact of green finance on carbon
emissions under the dual fixed effects of individual and time. It
is found that it passes the test at 1%, indicating that it has a
pronounced carbon emission reduction effect. After adding a
series of control variables to Model 1, Model two found that the
significance and correlation of the impact of green finance on carbon
emissions remained unchanged, once again verifying the role of
green finance, and the industrial structure, economic foundation,
and the level of openess can also suppress carbon emissions.
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Specifically, among the various financial instruments included in
green finance, it is found that only green investment, insurance, and
bonds substantially impact carbon emissions, as shown in Models
three to five in Table 3. Green investment suppressed carbon
emissions at a significant level of 1%, and green insurance and
green bonds hid carbon emissions at a level of 5%. Table 3 reflect the
importance of green finance’s capital guidance function in
restraining and limiting carbon emissions.

The results presented in Tables 2, 3 indicate that both are
important financial instruments for carbon reduction, thus
preliminarily validating Hypothesis 1. This result is in line with
the actual situation of China’s economic development and is
consistent with the results obtained in existing research,
indicating that this study has certain practical reference value.
Although the concepts of digital finance and green finance are
different, their essential carbon emission reduction goals have
natural compatibility and internal unity.

4.2 Mediating effect analysis

Digital finance promotes the transformation of traditional
industries by using industrial digitalization and digital
industrialization, alleviates the environmental pollution caused by
carbon emissions. In Table 4 Models one to Model 2, it is found that

digital finance has a positive promoting effect on technological
innovation. Technological innovation significantly impact carbon
emissions; that is, digital finance has a mechanism to inhibit carbon
emissions by fostering technological innovation, and hypothesis 2a
is verified.

As the critical factor of technological progress, the economic
base will inevitably play a role in this mechanism. Therefore, we
further investigated the regulating role of economic growth in the
digital financial carbon emission reduction transmission path
mediated by technological innovation. In Models 3 to 5, the
correlation coefficient of digital finance is 0.729, and that of
economic growth is 0.591, indicating that the economic growth is
a key factor influencing the promotion of technological progress.
The interaction term between the digital economy and economic
growth is added, and it is found that the interaction term coefficient
passes the test and is positive. Finally, the results of Model five show
that the coefficient of the intermediary variable is significantly
negative, and the coefficient of the interaction term is positive,
indicating that economic growth can strengthen the intermediary
role of technological innovation. Hypothesis 2b is verified.

Environmental regulation will encourage to innovate green
technology, and promote green development. As an essential
ecological regulation tool, green finance can stimulate enterprises
to innovate technology by increasing polluting enterprises’ financing
costs, sunk costs, and environmental violation costs, thus curbing

TABLE 2 The impact of digital finance on carbon emissions.

Variable Model 1 Model 2 Model 3 Model 4 Model 5

digf −1.470***
(0.214)

−1.576***
(0.224)

coverage breadth −1.434***
(0.337)

usage depth −0.762***
(0.135)

digitization level −0.511***
(0.100)

ind −0.226*
(0.126)

−0.173***
(0.062)

−0.152
(0.101)

−0.155
(0.103)

eco −0.031 (0.050) −0.018 (0.029) −0.022 (0.015) −0.012 (−0.008)

env −0.104***
(0.023)

−0.112***
(0.024)

−0.114*
(0.060)

−0.112*
(0.062)

open −0.245
(0.163)

−0.267*
(0.148)

−0.214
(0.143)

−0.210
(0.140)

urb −0.252**
(0.130)

−0.195
(0.130)

−0.331*
(0.184)

−0.178
(0.136)

pop −0.327 (0.210) −0.291 (0.203) −0.345 (0.231) −0.388 (0.301)

fore −0.909
(0.606)

−0.815**
(0.408)

−0.953*
(0.502)

−0.890*
(0.468)

regional fixed effect Yes Yes Yes Yes Yes

time fixed effect Yes Yes Yes Yes Yes

Observations 240 240 240 240 240

R-square 0.295 0.444 0.380 0.409 0.397

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.
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carbon emissions and improving ecological benefits. Model 1 to
Model 2 in Table 5 test the mediating effect of industrial
ecologization. We found that green finance has a significantly

positive promoting effect on industrial ecology, and the negative
relationship between industrial ecologization and carbon emissions
passes the test. Hypothesis 3a is verified.

TABLE 3 The impact of green finance on carbon emissions.

Variable Model 1 Model 2 Model 3 Model 4 Model 5

gref −1.138***
(0.259)

−1.115***
(0.307)

greinv −0.506***
(0.181)

greins −0.491**
(0.223)

greb −0.353**
(0.160)

ind −0.173**
(0.070)

−0.196***
(0.070)

−0.164**
(0.070)

−0.180*(0.100)

eco −0.409*
(0.215)

−0.385***
(0.143)

−0.421*
(0.234)

−0.419**
(0.190)

env −0.321 (0.220) −0.309 (0.171) −0.341 (0.204) −0.365 (0.331)

open −0.222*
(0.117)

−0.227**
(0.114)

−0.218***
(0.064)

−0.225*
(0.125)

urb −0.034
(0.155)

−0.020
(0.154)

−0.005
(0.155)

−0.043
(0.155)

pop −0.860
(0.873)

−0.812
(0.868)

−0.709
(0.875)

−0.910
(0.873)

fore −0.458
(0.327)

−0.461
(0.325)

−0.462
(0.327)

−0.447
(0.328)

regional fixed effect Yes Yes Yes Yes Yes

time fixed effect Yes Yes Yes Yes Yes

Observations 180 180 180 180 180

R-square 0.191 0.324 0.332 0.326 0.323

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.

TABLE 4 The moderating effect of economic growth on carbon emission reduction of digital finance mediated by technological innovation.

Variable Model 1 tech Model2 CO2 Model3 tech Model4 tech Model 5 CO2

digf 0.636***
(0.227)

−1.103***
(0.394)

0.729***
(0.260)

0.826***
(0.295)

−1.620***
(0.251)

tech −0.928**
(0.422)

−0.905***
(0.323)

eco 0.591***
(0.211)

0.962*
(0.506)

0.058**
(0.026)

digf×eco 0.811***
(0.290)

0.912***
(0.326)

Controls Yes Yes Yes Yes Yes

regional fixed effect Yes Yes Yes Yes Yes

time fixed effect Yes Yes Yes Yes Yes

Observations 240 240 240 240 240

R-square 0.298 0.365 0.444 0.387 0.406

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.
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The results of Model 3 to Model 5 show that environmental
regulation has a specific positive role in promoting industrial
ecologization, and the interaction coefficient is positive, indicating
that ecological regulation plays an essential positive regulating role in
green finance’s impact on industrial ecology. In Model 4 and Model 5,
we found that environmental regulation plays a positive regulating role
in the transmission path of green finance to promote industrial
ecological transformation. Hypothesis 3b is verified.

This part of the empirical research differs from existing studies that
mainly rely on simple mediation models for mechanism testing. This
study considers the complexity of various factors in the carbon reduction
path of digital finance and green finance, and constructs a complex
mediation model with moderating effects, further expanding the
methods used in existing research. The empirical results obtained are
more convincing and provide feasible directions for carbon
reduction work.

TABLE 5 The Moderating effect of environmental regulation on carbon emission reduction through green finance mediated by industrial ecologization.

Variable Model 1, ie Model 2 CO2 Model 3, ie Model 4, ie Model 5 CO2

gref 0.715***
(0.255)

−1.582**
(0.688)

0.681***
(0.243)

0.729***
(0.260)

−1.285*
(0.664)

ie −0.112***
(0.025)

−0.386***
(0.138)

env 0.723*
(0.402)

0.625***
(0.223)

0.421*
(0.234)

gref×env 0.543**
(0.247)

0.599**
(0.272)

Controls Yes Yes Yes Yes Yes

regional fixed effect Yes Yes Yes Yes Yes

time fixed effect Yes Yes Yes Yes Yes

Observations 180 180 180 180 180

R-square 0.324 0.380 0.311 0.430 0.496

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.

TABLE 6 Robustness test results of carbon emission reduction effect of digital finance.

Variable Substitute the dependent variable Subsample regression

Carbon emissions per unit of output 2013–2016 2017–2020

digf −1.582***
(0.419)

−0.894***
(0.319)

−0.635***
(0.227)

ind −0.672
(0.448)

−0.376 (0.288) −0.287**
(0.130)

eco −0.304 (0.251) −0.317 (0.310) −0.320 (0.288)

env −0.379**
(0.190)

−0.511***
(0.183)

−0.496*
(0.261)

open −0.620
(0.477)

−0.505**
(0.230)

−0.621
(0.414)

urb −0.264
(0.203)

−0.376**
(0.171)

−0.418**
(0.190)

pop −0.013 (0.010) −0.028 (0.112) −0.015 (0.130)

fore −0.841***
(0.443)

−0.492**
(0.224)

−0.363***
(0.130)

regional fixed effect Yes Yes Yes

time fixed effect Yes Yes Yes

Observations 240 240 240

R-square 0.302 0.316 0.320

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.
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TABLE 7 Robustness test results of carbon emission reduction effect of green finance.

Variable Substitute the dependent variable Subsample regression

Carbon emissions per unit of output 2015–2017 2018–2020

gref −1.275***
(0.455)

−0.612**
(0.278)

−0.328**
(0.031)

ind −0.535**
(0.243)

−0.529**
(0.240)

−0.563**
(0.256)

eco −0.278***
(0.099)

−0.750*
(0.417)

−0.639*
(0.355)

env −0.310 (0.281) −0.376 (0.203) −0.311 (0.219)

open −0.392***
(0.140)

−0.485**
(0.220)

−0.528**
(0.240)

urb −0.628
(0.419)

−0.529**
(0.240)

−0.518**
(0.235)

pop −0.176
(0.117)

−0.682*
(0.379)

−0.620*
(0.344)

fore −0.621
(0.414)

−0.584**
(0.265)

−0.539*
(0.284)

regional fixed effect Yes Yes Yes

time fixed effect Yes Yes Yes

Observations 180 180 180

R-square 0.314 0.305 0.362

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.

TABLE 8 Results of regional heterogeneity in the impact of digital finance on carbon emissions.

Variable Eastern region Central region Western region

digf −0.457***
(0.131)

−1.834***
(0.342)

−2.638**
(1.039)

ind −0.055
(0.041)

−0.125
(0.079)

−0.626***
(0.172)

eco −0.120 (0.008) −0.134 (0.103) −0.127 (0.110)

env −0.005
(0.023)

−0.153***
(0.050)

−0.125***
(0.044)

open −0.127*
(0.071)

−0.228*
(0.120)

−0.246
(0.337)

urb −0.074
(0.074)

−0.109
(0.399)

−0.203*
(0.107)

pop −0.287 (0.201) −0.210 (0.321) −0.238 (0.152)

fore −0.535***
(0.162)

−0.278
(1.476)

−1.597**
(0.766)

regional fixed effect Yes Yes Yes

time fixed effect Yes Yes Yes

Observations 88 64 88

R-square 0.412 0.328 0.337

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.
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4.3 Robustness test

The above research hypothesis is preliminarily verified by
benchmark regression. Nonetheless, it would be premature to draw

definitive conclusions at this juncture. This paper test the robustness:
First, replace the explained variables. Considering that carbon emissions
come not only from the lives of social residents but also from the

TABLE 9 Green finance affects the regional heterogeneity of carbon emissions.

Variable Eastern region Central region Western region

gref −0.144*
(0.004)

−0.541*
(0.029)

−1.072***
(0.238)

ind −0.090*
(0.050)

−0.188*
(0.103)

−0.576***
(0.202)

eco −0.216***
(0.082)

−1.319***
(0.384)

−0.765
(1.119)

env −0.321 (0.302) −0.289 (0.221) −0.311 (0.209)

open −0.198***
(0.060)

−0.224***
(0.083)

−0.515
(0.378)

urb −0.010
(0.093)

−0.175
(0.518)

−1.504*
(0.839)

pop −0.239
(0.330)

−1.582
(6.442)

−0.728
(1.022)

fore −0.400**
(0.168)

−0.845
(1.786)

−1.956**
(0.979)

regional fixed effect Yes Yes Yes

time fixed effect Yes Yes Yes

Observations 66 48 66

R-square 0.398 0.365 0.432

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.

TABLE 10 Results of the impact of digital finance on carbon emissions
under different levels of financial development.

Variable High-level finance Low-level finance

digf −1.277***
(9.374)

−1.757***
(0.306)

ind −0.511***
(0.135)

−0.155**
(0.067)

eco −0.235 (0.171) −0.274 (0.206)

env −0.095***
(0.033)

−0.117***
(0.041)

open −0.025
(0.189)

−0.234***
(0.060)

urb −0.217
(0.271)

−0.419
(0.265)

pop −0.103 (0.009) −0.118 (0.103)

fore −0.476
(0.693)

−0.839**
(0.401)

regional fixed effect Yes Yes

time fixed effect Yes Yes

Observations 80 160

R-square 0.495 0.486

Clustering robust standard errors in the.*P < 0.1,**P < 0.05,***P < 0.01.

TABLE 11 Results of the impact of green finance on carbon emissions under
different levels of financial development.

Variable High-level finance Low-level finance

gref −0.178*
(0.142)

−2.618***
(0.818)

ind −0.467***
(0.159)

−0.109
(0.079)

eco −0.445**
(0.221)

−0.375
(0.258)

env −0.183 (0.161) −0.192 (0.170)

open −0.196
(0.244)

−0.149**
(0.067)

urb −0.630**
(0.279)

−0.005
(0.292)

pop −0.602
(1.155)

−6.812***
(2.609)

fore −0.116
(0.782)

−0.694
(0.428)

regional fixed effect Yes Yes

time fixed effect Yes Yes

Observations 60 120

R-square 0.404 0.410

Clustering robust standard errors in the.*P < 0.1,**P < 0.05,***P < 0.01.
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emission of pollutants from social and economic production, replacing
carbon emissions per capitawith carbon emissions per unit of output can
also reflect the intensity of carbon emissions. Second, subsample
regression. According to the sample period, the whole sample was
divided into sub-samples of different sample periods and tested
respectively to observe whether the research results were reliable.

In Table 6, the significance and correlation have not changed
significantly after replacing explanatory variables, indicating that
digital finance can effectively reduce carbon emission intensity. In the
sub-sample regression, the results during 2013–2016 and 2017-2020 are
consistent with the results of the total sample. In Table 7, the statistical
results after replacing explanatory variables and sub-sample regression
are roughly consistent with the baseline results. Moreover, it is found that
the carbon emission reduction effect of digital finance is still more
significant than that of green finance, which again confirmsHypothesis 1.

5 Heterogeneity analysis

5.1 Heterogeneity analysis based on regional
development

Uneven regional development has been an essential feature of
China’s social and productive development for a long time.

Therefore, this section analyzes the heterogeneity of the impacts
of digital finance and green finance on carbon emissions in the three
major regions of China, respectively (Sun and Chen, 2022). In
Table 8, we found that the carbon emissions of digital finance in
the three major regions of eastern, central, and western China have
passed significance tests at the 1%, 1%, and 5% levels, with
correlation coefficients of −0.457, −1.834, and −2.638,
respectively. In the eastern region, the level of openness and
forest coverage can effectively suppress carbon emissions; The
inhibitory effect of environmental regulation and the level of
openness on carbon emissions in the central region has passed a
significance test; In the western region, industrial structure,
environmental regulation, urbanization level, and forest cover
rate have effectively suppressed carbon emissions. Obviously,
digital finance is able to inhibit carbon emissions in different
regions, but in comparison, its inhibitory effect in the western
region is more substantial. The reasons for this result may
include: first, the economic foundation of the region of the west
is significantly weaker than that of the eastern and central areas, so it
is more sensitive to digital financial services; second, in the eastern
and central regions of China, the industrial structure tends to be
optimized and upgraded, but the western region is still dominated by
the traditional industries, which is more harmful to the
environment.

FIGURE 2
Spatial distribution of China’s carbon emissions in 2013.
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There are significant differences between geographic regions,
which may lead to the heterogeneity of emission reduction, and
we will verify this conjecture in the following regression analysis
of different regional sub-samples. In Table 9, we find that green
finance passes the test at the 1% or 10% level for carbon
emissions in three regions, the correlation coefficients are
negative, and the industrial structure of the three major
regions has effectively suppressed local carbon emissions,
which suggests that green finance has a specific inhibitory
effect on carbon emissions in the three major areas of China,
especially in the western area, where the inhibitory effect is the
most significant. Possible reasons for this include the following
two points: First, the region of the west is rich in energy
resources, especially the large scale of natural gas and coal
reserves, which provides favorable conditions for the energy
industry. Green finance reduces regional carbon emissions by
guiding capital into green industries with higher production
efficiency, constraining financial support for highly polluting
industries. Second, following the inclusion of Guizhou and
Xinjiang in China’s first batch of Green Finance Reform and
Innovation Pilot Zones, Chongqing and Gansu have also been
integrated, which highlights the remarkable results of green
finance development in the western region.

5.2 Heterogeneity analysis based on
financial development level

How does digital finance affect carbon emissions under different
economic levels? Will there be significant differences? This section
measures the level of financial development by the deposit to loan
ratio of each province, and uses the median as the standard to divide
high-level and low-level financial regions (Wang and Guo, 2022),
exploring the impact of digital finance and green finance on carbon
emissions at different levels of financial development. Table 10 gives the
answers to these questions. We find that digital finance passes the
significance test at the 1% level for carbon emissions in high-level and
low-level financial regions, and whether it is a high-level financial region
or a low-level financial region, industrial structure and environmental
regulation are conducive to reducing carbon emissions. However,
comparing the effect of carbon emission reduction of digital finance
in high-level financial regions and low-level financial regions, it is found
that digital finance has a more prominent role in carbon emission
reduction in low-level economic development regions, which may be
because emerging forms of financial services such as digital finance
provide more opportunities for the development of low-financial level
regions so that low-financial level regions can fully tap and enjoy the
digital economic dividend, and then apply this dividend in carbon

FIGURE 3
Spatial distribution of China’s carbon emissions in 2020.
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emission reduction work, to realize the double benefits of economy
and ecology.

Green finance realize low-carbon economic transformation.
Financial resources are the core body of green finance and the
critical factor for the continuous operation and development of
microeconomic activities, and the effects of it on carbon emissions in
different financial environment may differ. Table 11 indicates that green
finance plays a role inmitigating carbon emission pollution in both high-
level financial and low-level financial regions. The control variables of
industrial structure, economic foundation, population density, level of
openess to the outside world, and level of urbanization have a positive
effect on suppressing carbon emissions. Still, the significance and
absolute value of the regression coefficients of it in the sample group
of lower levels of economic development are significantly more
considerable than those in the sample group of higher levels of
economy. The possible reason is that regions with lower levels of
financial have lower eco-efficiency and more substantial financing
constraints, and green finance promotes green technological
innovation by guiding the rational flow of capital.

The results in Tables 8–11 fully illustrate the heterogeneity of the
carbon emission reduction effects of twofinancial types in different regions
and other financial levels in China, and Hypothesis four is verified.

Existing research on financial carbon reduction only considers
regional heterogeneity caused by geographical differences in

heterogeneity analysis, ignoring the impact of differences in
financial development levels on the role of financial carbon
reduction. Therefore, in the heterogeneity analysis section, this
study comprehensively analyzed the carbon emission reduction
effects of digital finance and green finance in the eastern, central,
and western regions of China, as well as regions with different levels
of financial development, based on geographical location and
financial development level. The research results are consistent
with the economic and financial development levels of different
regions in China, which is conducive to formulating carbon
emission reduction plans according to local conditions.

6 Further analysis

6.1 Patterns of spatial evolution

The industrial structure of a region is a critical factor in
determining the degree of carbon pollution. Since industrial
agglomeration and uneven regional development are significant
problems facing China’s economic development for a long time,
there are bound to be specific spatial differences in carbon emissions
per unit of output. In order to further observe the distribution of
carbon emissions, digital finance, and green finance in different

FIGURE 4
Spatial distribution of digital finance in China in 2013.
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provinces of China, this study utilizes Arcgis to map the spatial
evolution patterns of the three, respectively, as shown in Figures 2–7.
Figures 2, 3 show the spatial pattern of carbon emission intensity of
China in 2013 and 2020. We find that the intensity of carbon
pollution in the northern region is significantly higher than in the
southern region. In contrast, the intensity of carbon emission in the
eastern coastal region is smaller.

Figures 4, 5 show the spatial distribution pattern of digital
finance levels in different provinces in China in 2013 and 2020.
From the perspective of time evolution, from 2013 to 2020, China’s
overall digital finance level increased significantly, which also
indicates that the digital economy based on digital technology
injects new vitality into the traditional financial system and
brings infinite dividends to the financial industry; from the
perspective of spatial pattern, the level of digital finance in
China’s southeastern coastal is significantly higher than that in
the inland, and it shows a gradual decrease from the seaside to
the inland. This spatial distribution result is consistent with that of
China’s regions. The result of this spatial distribution is related to the
economic foundation and the popularity of digital infrastructure.
Generally speaking, the advanced location advantage and good
economic foundation make the eastern coastal region more
capable of taking the lead in enjoying digital dividends than the

inland region to promote the optimization and enhance industrial
and economic resilience.

The concept of “green finance” arose in the context of
international governmental organizations restraining the
financing of polluting projects and has gradually become an
essential financial tool for countries to protect environment.
Figures 6, 7 show the spatial distribution of the level of green
finance in each region of China in 2015 and 2020. Figures 6, 7
show that the level of green finance in most regions of China has
been improved, with the level of green finance in the northern region
being particularly prominent, which is a particular fit with the spatial
distribution of high-carbon emission industries. From the viewpoint
of the time series evolution of green finance level from 2015 to 2020,
most regions’ green finance level has improved.

6.2 Spatial correlation and dependence tests

We find that the carbon emission reduction effect of digital
finance is more significant than that of green finance, reflecting that
digital finance supported by technology will become the critical
direction for China to realize the “dual carbon” goal. According to
the “information hinterland theory,” the distribution of financial

FIGURE 5
Spatial distribution of digital finance in China in 2020.
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resources in China shows apparent spatial unevenness. In this
section, we focus on digital finance to further test whether there
is spatiality in the impact of digital finance on carbon emissions.

First, we test the spatial autocorrelation. In Table 12, the global
Moran’s I in 2013–2020 pass the significance test, indicating that
both digital finance and carbon emissions have strong spatial
autocorrelation. Secondly, this study follows the rules of
“specificity to generality” and “generality to specificity.” It
combines the LM and LR tests to select the optimal model. The
statistical results in Table 13 show that using the SDM is most
suitable for this study. Finally, the Hausman test was used to select
random or fixed effects, and it was found that this study needs to use
the SDM model with both time and individual sets.

Regional linkage development has become the geo-economics
development trend. Based on geographic proximity, the
characteristics of digital financial inclusion and inclusiveness
determine that there may be a specific spatial radiation effect,
i.e., digital financial benefits can not only have an impact on the
economic development of the region but also have a spillover effect
on the economic development of the surrounding areas. In addition,
carbon emissions are the primary source of pollution in heavily
polluted industrial agglomeration areas, and the resulting air
pollution has a robust spatial diffusion, seriously affecting the
production and living activities of people. Therefore, we use the

SDM to empirically test the “neighborhood effect” of digital finance
on carbon emissions. In model one of Table 14, the spatial effect is
assumed to be under the spatial geographic distance matrix, and we
find that the spatial regression coefficient is −1.732 and passes the
test of significance, which means that digital finance has apparent
spatial effects on carbon emissions. In order to strengthen the
reliability of this result, we replace the spatial geographic distance
matrix in Model 1 with the spatial neighboring matrix and spatial
economic distance matrix, respectively, and the results are reported
inModels two and 3, respectively. We found that the correlation and
significance of the spatial coefficients did not change either under
the different matrix, and most of the control variables have passed
the significance test for their impact on carbon emissions.
Hypothesis five can be verified.

Previous studies on spatial regression analysis mostly used only
one matrix for testing, and the results lacked reliability. This study
tested the spatial effect of digital finance carbon emission reduction
under three different matrices, and the results obtained were
basically consistent, fully demonstrating that the carbon emission
reduction effect of digital finance has spatial spillover and is similar
to the spatial test results of digital finance carbon emission reduction
in some existing studies.

Since SDM contains the lag terms of the dependent and
independent variables, the direct estimates in the model can not

FIGURE 6
Spatial distribution of green finance in China in 2015.
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directly explain the real impact between the variables. It is necessary
to decompose the spatial effects using the partial division method,
and the results of the decomposition are shown in Table 15. From
Table 15, we find that the total impact, direct impact, and indirect
impact all pass the significance test. The correlation coefficients are
all harmful, indicating that digital finance has a noticeable spatial
carbon emission reduction effect. This result means that digital

financial dividend can benefit the neighboring areas, inhibit the
carbon emissions of the adjacent regions, and then alleviate the
negative impacts on the socio-economic development. The digital
financial dividend can benefit neighboring regions and curb carbon
emissions, thus helping its adverse effects on social and economic
development. Whether based on relevant theories or practical tests,
the carbon emission reduction benefits of digital finance to the
region are always more significant than the benefits to the
neighboring areas, and this conclusion also reflects the

FIGURE 7
Spatial distribution of green finance in China in 2020.

TABLE 12 Global Moran’s I for core variables 2013-2020.

Year Digf p pCO2 p

2013 0.128*** 0.000 0.084*** 0.001

2014 0.128*** 0.000 0.081*** 0.001

2015 0.101*** 0.000 0.078*** 0.001

2016 0.123*** 0.000 0.077*** 0.001

2017 0.129*** 0.000 0.067*** 0.003

2018 0.140*** 0.000 0.065*** 0.003

2019 0.144*** 0.000 0.061*** 0.004

2020 0.149*** 0.000 0.047*** 0.016

*P < 0.1,**P < 0.05,***P < 0.01.

TABLE 13 Spatial dependence test.

Test z-value p-value

LM-Err 20.565*** 0.000

Robust LM-Err 9.141*** 0.003

LM-Lag 12.060*** 0.001

Robust LM-Lag 10.763*** 0.000

LR-spatial-error 65.43*** 0.000

LR-spatial-lag 66.99*** 0.000

Hausman 18.58*** 0.009

*P < 0.1,**P < 0.05,***P < 0.01.
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significance of continuously improving the universality,
inclusiveness, and sharing of digital finance.

7 Research conclusions and
recommendations

7.1 Conclusions

Excessive CO2 emission, as a significant threat to the global
ecological environment, is a challenge of the times shared by all
countries worldwide. Digital finance and green finance, as
essential products in different eras, have changed the
traditional financial model with technology and concept as the
core, respectively, providing essential opportunities for green
development. We empirically analyze the impact, mechanism of
action, and heterogeneity results of digital finance and green
finance on carbon emissions and compare the degree of
contribution, respectively. Meanwhile, we further analyze the
spatial effect of digital finance carbon emission reduction, which
has a more substantial carbon emission reduction effect, as the
main body. The study has several findings:

First, both digital finance and green finance have inhibited
carbon emissions, and both can point out the direction for
envirmental protection.

Second, digital finance mainly realizes carbon emission
reduction through technological innovation, and the level of
economic development plays an essential positive regulating
role in the link of digital finance influencing technological
innovation as well as in the whole transmission mechanism.
Green finance centered on the green concept is more inclined to
reduce pollution through industrial ecologization, in which the
stronger the environmental regulation, the stronger the carbon
emission reduction effect of green finance mediated by
industrial ecology.

Third, due to the variability of geographic regions and the level
of financial development, the carbon emission reduction effect of
digital finance and green finance presents obvious heterogeneity.
Fourth, finance and carbon emissions in China have obvious spatial
geographic characteristics, and the inhibitory effect has a robust
geographic radiation effect.

Compared with existing research, this study comprehensively
compares the carbon reduction effects of digital finance and green
finance, expands the boundaries of existing research, and draws

TABLE 14 Results of spatial regression analysis.

Variable Model 1 Spatial geographic
distance matrix

Model 2 spatial
adjacency matrix

Model 3 Spatial economic
distance matrix

digf −1.757*** (0.264) −1.721*** (0.615) −1.689*** (0.582)

ind −0.236*** (0.057) −0.367*** (0.131) −0.276*** (0.099)

eco −0.312** (0.156) −0.318** (0.151) −0.323** (0.147)

env −0.100*** (0.021) −0.165* (0.087) −0.154** (0.070)

open −0.335*** (0.057) −0.326** (0.148) −0.269*** (0.096)

urb −0.364*** (0.132) −0.289*** (0.013) −0.327*** (0.117)

pop −0.298 (0.201) −0.311 (0.253) −0.309 (0.200)

fore −0.956*** (0.290) −1.234* (0.649) −0.883* (0.491)

W digf −1.732*** (0.619) −1.564*** (0.559) −1.629*** (0.582)

W ind −1.276** (0.580) −1.261** (0.573) 1.182** (0.537)

W eco −0.320*** (0.007) −0.309*** (0.003) −0.375*** (0.009)

W env −0.598** (0.272) −0.552** (0.251) −0.529** (0.240)

W open −0.721*** (0.258) −0.689*** (0.246) −0.572*** (0.204)

W urb −0.936** (0.425) −0.872** (0.396) −0.727** (0.330)

W pop −0.124 (0.103) −0.134 (0.148) −0.139 (0.177)

W fore −0.874 (0.583) −0.906 (0.604) −0.736* (0.409)

regional fixed
effect

Yes Yes Yes

time fixed effect Yes Yes Yes

Observations 240 240 240

R-square 0.326 0.306 0.298

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.
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research conclusions that further enrich existing research, which is
beneficial for providing useful references for global carbon
reduction work.

7.2 Recommendations

We proposes the following recommendations.
First, strengthen the construction of digital infrastructure

and improve the universality and inclusiveness of digital finance.
As an emerging financial model of information modernization,
the inhibiting effect of digital finance on carbon emissions mainly
comes from the popularization of digital financial technology.
From the viewpoint of the spatial pattern of digital finance, there
is apparent regional variability in digital finance, which mainly
stems from the differences in the distribution of digital
infrastructure. Efforts should be made to improve the digital
infrastructure in less developed regions and rural areas to prevent
them from falling into the “middle-level trap” and improve the
accessibility and universality of digital infrastructure. At the
same time, for the “digital refugee” groups arising from the
digital divide, specific digital financial care models should be
designed to expand digital finance coverage further and improve
digital finance’s inclusiveness.

Second, improve the green finance system and unleash the
carbon suppression potential of green finance. On the one hand,
guiding financial institutions to expand the scale of green finance,
innovate green finance products, enrich green financing methods,
and provide a good green finance foundation for the green
transformation and development of industries; On the other
hand, establishing special credit projects for green finance to
support energy conservation and emission reduction, increasing
credit support, providing strong financial support for
environmentally friendly enterprises, and stimulating the
transformation and upgrading of the traditional energy industry.

Third, relying on digital technology to promote industrial
optimization and upgrading and help traditional industries
transform into a green economy. The government should
publicize and popularize digital technology and application
training, enhance the direct transmission effect of digital
technology on industrial empowerment, and strengthen the
positive driving effect on industrial transformation and
upgrading. At the same time, micro-enterprises should dare to
accept the challenges brought by new things, seize the critical
opportunities brought by digital technology to improve the
production efficiency of enterprises and realize the upgrading
and modernization of traditional industries with the support of
technological innovation.

Fourth, strengthen the flow of regional financial resources and
enhance the synergy of cross-regional digital financial carbon
suppression. In the process of the deep integration of digital
finance and traditional finance, to give full play to the spillover
effect of digital finance on carbon emission reduction, it is necessary
to enhance the exchanges and cooperation of financial institutions in
neighboring regions, and set up a unified platform for standard
trans-regional early warning and pollution data sharing, so as to
create multi-party cooperation and mutual support of the Low-
carbon life circle, with the city circle as a pilot, to point and face,
promote the whole country, strengthen the cross-regional flow of
digital financial innovations, encourages the formation of spatial
radiation effect of digital economic green economy effect.

Fifthly, the Government’s environmental regulation should be
increased to enhance the synergistic emission reduction power of
financial digitization and greening. Although the carbon emission
reduction effect of green finance is weaker than that of digital
finance, green finance has added an essential impetus to carbon
emission reduction by guiding capital flow, in which government-
led environmental regulation has strengthened the carbon
emission reduction effect of green finance. Local governments
should effectively utilize the information advantage of ecological

TABLE 15 Spatial effects decomposition results.

Variable Direct effect Indirect effect Aggregate effect

digf −1.276***
(0.456)

−0.647***
(0.231)

−1.923***
(0.687)

ind −0.527**
(0.240)

−0.344**
(0.156)

−0.871**
(0.396)

eco −0.123*
(0.068)

−0.102*
(0.057)

−0.225*
(0.124)

env 0.217**
(0.099)

−0.755**
(0.343)

−0.538**
(0.245)

open 0.116***
(0.041)

−0.437***
(0.156)

−0.321***
(0.115)

urb 0.287**
(0.130)

−0.714**
(0.325)

−0.427**
(0.194)

pop −0.008
(0.005)

−0.003
(0.009)

−0.011
(0.010)

fore 0.251
(0.167)

−0.790
(0.527)

−0.539
(0.359)

Clustering robust standard errors in the *P < 0.1,**P < 0.05,***P < 0.01.
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management to strictly control carbon emissions by formulating
command policies such as market access restrictions, total
pollution control, and corporate emission standards. In
addition, the Chinese Government should focus on the
international carbon tax system and introduce incentive policies
such as carbon tax specifically targeting carbon emissions at the
right time, focusing on guiding the flow of financial resources from
high-emission, heavily polluting traditional overcapacity
industries to green and environmentally friendly strategic
emerging industries, in order to strengthen further the
synergistic carbon-suppression power of finance.

7.3 Limitations and future research

This study still has more deficiencies, which are worth exploring
further. Firstly, in the analysis of carbon emission reduction
mechanism of digital finance and green finance, we only analyze
their respective carbon emission reduction mechanisms individually,
and we do not explore the synergistic effect of both on carbon emission
reduction, which is a critical content that needs to be deeply explored;
Secondly, the whole study is carried out from a macro perspective,
exploring the carbon emission reduction effects of digital finance and
green finance through industrial adjustment or ecological
improvement, but not yet considering how they affect micro
households or residents’ lives and thus reduce carbon emissions,
which provides potential space for future related research.
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