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This study uses the game theory combination weighting method to measure the
level of coordinated development of green finance and digital technology
coupling in China. An analysis was conducted using the Kernel density
estimation method, traditional Markov chain model, and spatial Markov chain
model to study the dynamic evolution characteristics and trends of the coupling
and coordination level of green finance and digital technology in Chinese
provinces. The results showed an upward trend in the coupling and
coordination level of green finance and digital technology in the entire sample
of Chinese, eastern, central, western, and northeastern provinces. Additionally,
there is an observable club convergence phenomenon in the coordinated
development of green finance and digital technology. The phenomenon of
high-level convergence and low-level convergence is significant. The areas on
the diagonal that are low-level and high-level have a higher probability of
remaining stable. The Markov chain model and the spatial Markov chain
model both show the “Matthew effect” in the level of coupling and
coordinated development of green finance and digital technology. Empirical
testing suggests that the coordinated horizontal development of green finance
and digital technology can significantly promote pollution emission. Further
analysis found that the coupling and coordination of green finance and digital
technology achieves pollution emission by driving green innovation.
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1 Introduction

Since the 1960s, the world has faced significant ecological and environmental challenges
such as global warming and degradation (Hao et al., 2018; Chiu and Lee, 2020; Wang et al.,
2022; Wen et al., 2022). The “Global Climate Status in 2023” report released by the World
Meteorological Organization in March 2024 shows that records in greenhouse gas levels,
surface temperature, ocean heat and acidification, sea level rise, Antarctic sea ice sheet and
glacier retreat have been broken again. 2023 is the hottest year on record, with the average
annual temperature 1.45°C ± 0.12°C higher than the pre-industrial level (1850–1900), far
exceeding the warming range of the previous hottest year and further approaching the 1.5°C
temperature control target set by the Paris Agreement. To solve the risks caused by
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environmental degradation and promote sustainable development,
many countries have started to formulate relevant green
development policies from the economic level to promote the
coordinated development of the economy and the ecological
environment. China, which has made remarkable progress in
economic development since the reform and opening up in 1978
(Lee et al., 2021a), also faces environmental pollution and resource
shortage problems due to rapid industrialization. On 22 September
2022, China announced its plan to achieve carbon neutrality by
2060, which will accelerate the reduction of carbon dioxide
emissions. Exploring the path to achieve coordinated
development of economy and environment provides ideas for
solving the above-mentioned economic and environmental
problems, and also provides solutions for other developing
countries to achieve green development.

In the process of economic development, achieving green
development by reducing pollution and emissions can not only
promote sustainable economic development, but also achieve the
ecological goal of harmonious coexistence between man and nature.
Finance is an important force in supporting economic development.
Green finance has the dual characteristics of financial resource
allocation and environmental regulation (Tariq and Hassan,
2023). Its clear guiding characteristics provide new ideas for
easing corporate financing constraints, reducing financial costs
and increasing R&D investment. Most existing studies have
studied green finance from a single dimension, exploring its
pollution reduction effect (Simionescu and Gavurová, 2023; Zhou
et al., 2023). However, information asymmetry makes it difficult for
traditional financial institutions to penetrate the environmental
benefit information of specific projects, which is not conducive to
the development of enterprises to obtain green funds or avoid
becoming the target of regulation. At the same time, there is a
clear differentiation in the resource allocation decisions of financial
institutions under the constraints of environmental goals (Liu and
Xu, 2024). The increased risk of environmental regulation has
caused banks and other financial institutions to guide credit
resources away from polluting enterprises in order to avoid
potential financial and reputational losses. This has ultimately led
to a dilemma for polluting enterprises that have a strong desire to
transform but cannot obtain effective financial support. The
development of digital technology can help solve or alleviate such
problems. Digital technology has efficient analytical capabilities,
which not only breaks the isolation between banks and
enterprises, but also provides effective preparation for the mutual
sharing of enterprise resources, the absorption and diffusion of
external knowledge, and the acceleration of the conception and
formation of innovative projects. On the one hand, digital
technology effectively reduces the cost of information collection
between the supply and demand sides of funds, helps to solve the
problem of “difficult and expensive financing” in the process of
green transformation of enterprises, and enables financial
institutions to better serve green development. On the other
hand, through the establishment of a green finance monitoring
and evaluation system through digital technology, the energy
conservation and emission reduction, green transformation and
pollution control effects of green finance can be comprehensively
quantified, and the mismatch of green financial resources flowing to
industries can be reversed, providing a policy basis for regulatory

authorities to implement differentiated supervision and incentive
measures. Therefore, promoting the coupled and coordinated
development of green finance and digital technology can achieve
green technology innovation in enterprises (Liu et al., 2023a),
promote the realization of pollution reduction and emission
reduction targets, and thus has important significance for
achieving green economic transformation and sustainable
development.

Existing studies have mainly examined the impact of green
finance from two perspectives: environmental regulation and
financial resource allocation. On the one hand, from the
perspective of environmental regulation, the impact of
environmental regulation on enterprises is analyzed based on the
Porter hypothesis’s induced innovation effect. Some studies believe
that environmental regulation has curbed illegal pollution discharge
by enterprises, and the improvement of the ecological environment
has attracted more investment in high-end service industries and
promoted industrial upgrading and transfer (Xiong and Chen,
2022). Market incentive-based environmental regulation uses
measures such as carbon emission trading and environmental
protection taxes. Through the price mechanism, the cost of
environmental pollution is internalized and the expected value of
environmental investment is locked in, which encourages
enterprises to carry out green activities and achieve green
transformation of enterprises (Wu et al., 2024a; Yu and Zheng,
2024). On the other hand, from the perspective of financial resource
allocation, the resource allocation effect of green finance on
enterprise development is mainly examined from the perspective
of green credit policy, green bonds, green financial innovation and
green reform pilot (Liu and Xiong, 2022; Yin et al., 2023; Xiong
et al., 2023).

Existing studies have confirmed that green finance has a
significant impact on pollution reduction. However, the
traditional financial model lacks the support of effective technical
means and data-driven quantitative measurement, and cannot
achieve effective supervision of post-loan funds, and cannot track
and judge in a timely manner. The true use of funds and benefits of
enterprises cannot accurately identify and screen high-quality green
innovation projects, resulting in the insufficient role of green finance
in improving the quality of green innovation of enterprises (Wang
et al., 2023), which is not conducive to the long-term green
development of the economy. In view of this, this study attempts
to construct a green finance and digital technology coupling and
coordinated development index based on China’s actual scenario,
judge the degree of coupling and coordination between digital
technology and green finance through measurement results,
analyze the dynamic evolution characteristics of their coupled
and coordinated development, and test their pollution
emission effects.

This study has two possible contributions. First, it provides more
reliable quantitative measurement evidence for the study of the
coupling and coordination of green finance and digital technology.
Second, it supplements the relevant research on the impact of the
coupling and coordinated development of green finance and digital
technology on pollution reduction, and opens up new ideas for
achieving pollution reduction and emission reduction goals,
promoting the green transformation of the economy, and
promoting global sustainable development.
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2 Literature review and hypothesis
development

2.1 Literature review

To prevent credit risks, the “Opinions on Implementing
Environmental Protection Policies and Regulations” were released
in July 2007. Since then, China has experienced rapid development
in green finance, leading to the creation of a green financial system.
This system is primarily comprised of green credit, which is
supported by green bonds, green funds, and green insurance. By
providing green credit, high-energy-consuming and high-polluting
enterprises are able to reduce credit rationing. As a result, air
pollutants and carbon dioxide emissions can be suppressed
(Tariq and Hassan, 2023). At the 2016 G20 Summit, “green
finance” began to receive widespread attention from society. In
2016, the “Guiding Opinions on Building Green Financial System”

was issued by the People’s Bank of China and other organizations,
marking a significant milestone in the development of green finance.
It signals a period of rapid growth in this field. The swift growth of
green finance has transformed it into a significant instrument for
promoting green economic development. As a result, scholars have
started to focus more on the definition and assessment of green
finance, as well as its influence on both the economy and the
environment (He et al., 2019a; He et al., 2019b; Liu et al., 2019;
Hu et al., 2021; Lee et al., 2021b).

At present, academic research on the macro-effects of green
finance mainly focuses on the effects of green finance on high-
quality economic development (Xu and Dong, 2023), low-carbon
development (Wara, 2007), and green development (Liu et al.,
2019). It also measures and evaluates the level of regional green
finance development (Liu et al., 2023a; Jiang et al., 2020).

Based on the perspective of economics, some economists believe
that green finance can provide capital support, rationalize economic
structures, improve supply-side investment quality, and ultimately
lead to more stable economic growth (Lee et al., 2022). Certain
scholars conduct research from an environmental perspective and
suggest that green finance can facilitate environmental progress,
optimize resource utilization, and mitigate pollution and carbon
emissions. This type of financing can provide sustainable,
dependable financial backing for the advancement of ecological
civilization and the attainment of carbon neutrality (Wu et al.,
2023; Liu et al., 2020a; Xia and Xu, 2020; Yan et al., 2020; Wang and
Ren, 2022). Although some articles touch upon the pollution control
and emission reduction effects of green finance, most of them simply
consider it as a part of sustainable development, green economic
efficiency, and circular economy (Simionescu and Gavurová, 2023;
Chin et al., 2024; Liu et al., 2023b), and do not study it as a
separate subject.

Digital technology based on information data processing
provides an effective way for sustainable development to achieve
pollution reduction and emission reduction through the use of
artificial intelligence, cloud computing, and big data. One key
consensus in promoting sustainable development and achieving
pollution reduction and emission reduction goals is through the
vigorous development of green industries and the digital economy.
In the field of low-carbon research, digital technology has attracted
the attention of many scholars and has become an important

research topic (Truong, 2022). Digital technology can alleviate
information asymmetry in the field of factor allocation and break
barriers to the flow of production factors by exerting value creation
effects, network connection effects, resource allocation effects, and
cost-saving effects (Xiang and Tian, 2022; Yang et al., 2022; Zhang
et al., 2022; Qi and Ren, 2021; Xu et al., 2023; Guo and Qiu, 2020),
providing a favorable digital facility platform for the realization of
green economic development. Some scholars have analyzed the
application of digital technology in the financial sector (Zhao
et al., 2023) and its impact on carbon emission intensity (Zhang
et al., 2023).

There are few studies on the coupling of green finance and
digital technology, and only a few scholars have analyzed the impact
of the coupling of green finance and digital technology on corporate
green technology innovation (Xiong and Chen, 2022). Therefore,
this study measures the level of green finance and digital technology
coupling coordination based on the game theory combined
weighting method, and analyzes its impact on pollution emission.

2.2 Theoretical analysis and hypothesis

Based on an in-depth analysis of green finance research and
discussion of the impact of digital technology, we believe that the
coupled and coordinated development of green finance and digital
technology can achieve pollution emission reduction through green
innovation mechanisms.

Carbon dioxide and air pollutant emissions have the same roots,
origins, and processes. Controlling carbon dioxide emissions is an
important factor in reducing air pollutant emissions. It is feasible to
reduce emissions of both at the same time (Dong et al., 2019; Cheng
et al., 2021a).Green credit, as China’s most important green financial
product, sets clear environmental access thresholds for loan
recipients, raising financing costs for high-pollution and energy-
consuming industries. Through the resource allocation effect, green
credit reduces credit rationing, increases the risk of exiting the
market, and releases market selection signals, thereby reducing
atmospheric pollutants and carbon dioxide emissions (Bao and
He, 2022). With environmental damage and climate warming,
investors are beginning to worry about investment failures due to
environmental risks and are more willing to buy green bonds,
thereby promoting the development of green industries and
achieving emission reduction effects (Gianfrate and Peri, 2019;
Hu and Chen, 2023).

By building a green project information sharing platform, digital
technology effectively reduces the information collection costs
between the supply and demand sides of funds, enabling
financial institutions to better serve green development, rationally
allocate green financial resources, and reasonably avoid capital
mismatch. The higher the level of coupling and coordination
between green finance and digital technology, the lower the
financing costs of enterprises, which can promote enterprises to
carry out green transformation and achieve pollution reduction and
emission reduction (Xiong and Chen, 2022). Therefore, this study
proposes the following hypothesis.

Hypothesis 1. The coupled and coordinated development of green
finance and digital technology can reduce pollution and emissions.
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The coupling of green finance and digital technology can reduce
pollution emissions by promoting green innovation. Green finance has
the dual characteristics of environmental regulation and capital
allocation. Based on Porter’s hypothesis theory, green finance cannot
achieve ecological and economic benefits without technological
innovation. Green finance can play a role in environmental
regulation. By setting environmental access thresholds to restrict
external financing, it can increase the pollution emission costs of
enterprises. This will guide enterprises to increase their investment
in environmental management and improve their production efficiency
through effective innovation. While continuously improving
environmental benefits and achieving pollution reduction and
emission reduction, it will also bring about a continuous increase in
the return on capital (Bao and He, 2022; Niu et al., 2022). At the same
time, considering that green innovation requires a lot of time and
sufficient resource support, problems such as resource mismatch may
become the main factor hindering its development (Wu et al., 2024b).
Digital technology-empowered green finance can conduct high-quality
integration and reallocation of green innovation resources, achieve
targeted allocation of green innovation resources, reconstruct the
resource allocation pattern, and mobilize local enthusiasm for green
innovation. Green innovation can assist the research and development
process of green cleaning products, promote the efficient optimization
of clean production technology, promote the improvement of carbon
dioxide purification technology, rapidly reduce the emission intensity of
pollutants, greenhouse gases, industrial wastewater, etc., and promote
pollution reduction and emission reduction. In addition, green
management innovation can effectively promote the improvement of
management processes and infrastructure optimization such as
production and research and development, so as to improve labor
productivity, reduce carbon emission intensity, and achieve the goal of
reducing pollution and emissions. Some studies believe that green
innovation can significantly promote carbon emission reduction. Xu
et al. (2021) found that green innovation has a significant inhibitory
effect on carbon emissions, but the inhibitory effect of carbon sink
technology and carbon storage technology is weak. Relevant scholars
have found that green innovation in N-11 countries (Wang et al., 2020),
G7 countries (Ding et al., 2021), Singapore (Meirun et al., 2021) and
BRICS countries (Jiang et al., 2022)can significantly reduce carbon
emissions. Therefore, this study proposes the following hypothesis.

Hypothesis 2. The coupled and coordinated development of green
finance and digital technology can achieve pollution emission
through green innovation.

3 Method and model

3.1 Sample and data

From 2011 to 2020, 30 provinces and municipalities in China
were selected as research samples to evaluate their level of coupling
and coordination of green finance and digital technology. The data is
primarily sourced from various reliable sources including the “China
Urban Statistical Yearbook,” WIND database, “China Insurance
Yearbook,” “China Industrial Statistical Yearbook,” CSMAR
database, and others. Some provinces with a large number of
missing data were excluded.

3.2 Method

3.2.1 Construction of indicator system
Early domestic scholars used commercial banks’ green credit

balances to reflect green finance and study the impact of green
finance on commercial banks’ credit risks (Sun et al., 2017). To fully
reflect the concept of green finance, it’s not enough to focus solely on
green credit. The development of financial products and the
improvement of the green financial system are also important factors
to consider. To promote sustainable development, Ren et al. created
green financial indicators that cover four key areas: green credit, green
securities, green insurance, and green investment (Ren et al., 2020).
According to the Development Research Institute at the Southwestern
University of Finance and Economics and the Environmental and
Economic Policy Research Center of the Ministry of Environmental
Protection, green finance has the potential to foster the integration of
financial activities, including credit, insurance, securities, and industrial
funds, in support of a balanced and sustainable development of the
economy, resources and environment (The Study Group of
Development Research, 2015). One way to categorize sustainable
financing methods is through the five tools of green finance, which
include green credit, green securities, green insurance, green investment,
and carbon finance. In 2016, several Chinese ministries and
commissions, including the People’s Bank of China and the Ministry
of Finance, collaborated to release “Guiding Opinions on Building a
Green Financial System.” This document outlines the meaning of green
finance across five dimensions: green credit, green investment, green
funds, green insurance, and carbon finance. Existing literature has not
formed a consistent method for measuring the development level of
regional digital technology and green finance, and there are few studies
that measure the coordinated development of green finance and digital
technology.

To evaluate the level of development in green finance, this study
selected six indicators from five dimensions. These dimensions
include green credit, green investment, green funds, green
insurance, and carbon finance. The selected indicators were based
on previous research and were used to construct an evaluation
system. Refer to the practices of scholars such as Zhao (2022), Huang
et al. (2019), Zhao et al. (2020), and Li (2021), the potential of digital
technology can be evaluated through two dimensions: infrastructure
and application. By examining these factors, we can gain insight into
how to improve and shape a brighter future. Table 1 shows how
digital technology and green finance are measured. It’s useful for
tracking progress and promoting sustainable practices.

3.2.2 Determination of indicator
combination weight
3.2.2.1 Subjective weighting method-analytic
hierarchy process
1) The weight of the indicator layer to the criterion layer

First, one of the commonly used methods for constructing the
judgment matrix A is the 9-scale method. The specific calculation
formula is shown in Equation 1. This method involves assigning
numerical values from 1 to 9 to represent the degree of importance
or preference of each criterion with the others.

A � αsr( )M×M s � 1, 2, . . . ,M; r � 1, 2, . . . ,M( ) (1)
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Where:
αsr is the judgment scale, indicating the importance of the sth

indicator relative to the rth indicator. Its definition is shown
in Table 2.

M is the number of indicators in the criterion layer where the sth
indicator and the rth indicator are located. αsr � 1/αsr.

To find the index weight, the eigenvector method is used. The
formula used for calculating the weight of the ith indicator under the
kth criterion layer is shown in Equation 2.

vki � vki
′/∑M

i�1
vki
′ (2)

Where:
vki is the weight of the ith indicator under the kth criterion layer

to the kth criterion layer.
vki′ is the ith eigenvector under the kth criterion layer

corresponding to the maximum eigenvalue of the judgment matrix.
Conduct a consistency test on the results. If the test passes, the

weight obtained is reasonable. Otherwise, the judgment matrix
needs to be reconstructed to find the weight.

3.2.2.2 The weight of the indicator layer to the overall
target layer

According to the AHP weighting principle (Hoque et al., 2017),
the weight of the ith indicator to the kth criterion is shown in
Equation 3.

ρki � vkiv
k( ) k � 1, 2, 3; i � 1, 2, . . . ,M( ) (3)

Where:
ρki is the weight of the ith indicator under the kth criterion layer

to the overall goal.
vki is the weight of the ith indicator under the kth criterion layer

to the kth criterion layer.
v(k) shows the weight of the kth criterion layer to the overall goal.

(2) Objective weighting method—entropy weight method

The objective weight of each dimension indicator is calculated
using the entropy weight method. First, to ensure consistency, the
indicators that are measured in different units are standardized. The
specific calculation formula is shown in Equation 4.

Yij �
xij −min x1j, . . . , xnj( )

max x1j, . . . , xnj( ) −min x1j, . . . , xnj( ) (4)

Where:
xij represents the value of the jth indicator in the ith region.
Secondly, calculate the proportion of the ith region in the jth

indicator and obtain the information entropy. The specific
calculation formula is shown in Equations 5 and 6.

qij � Yij

∑n
i�1
Yij

(5)

TABLE 1 Construction of indicator system.

First-level
indicators

Second-level
indicators

Specific indicators Indicator
attributes

Green Finance Green Credit Total interest expenses of the six major energy-consuming industries/Interest expenses -

Green Securities Market value ratio of environmental protection companies +

Green Insurance Scale environmental pollution insurance: agricultural insurance income/property
insurance income

+

Environmental pollution insurance compensation ratio = agricultural insurance
expenditure/agricultural insurance income

+

Green Investment Proportion of investment in environmental governance: investment in environmental
governance/GDP

+

Carbon Finance Carbon emission loan intensity: RMB loan balance of financial institutions at the end of
the year/carbon dioxide emissions

+

Digital Technology Digital Infrastructure Total telecommunications business volume +

Number of mobile phone users at the end of the year +

Number of Internet broadband access ports +

Digital Technology
Applications

Digital Inclusive Financial Development: China Digital Inclusive Financial Development
Index

+

Note: “+” indicates a positive attribute, and “-“ indicates a negative attribute.

TABLE 2 Meaning of scale in judgment matrix.

Scale Meaning

1 The sth indicator is equally important as the rth indicator

3 The sth indicator is slightly more important than the rth indicator

5 The sth indicator is significantly more important than the rth indicator

7 The sth indicator is strongly more important than the rth indicator

9 The sth indicator is extremely important than the rth indicator

2, 4, 6, 8 In the middle of the above two adjacent comparison scales
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Ej � − 1
ln n

∑n
i�1
qij ln qij (6)

Then, the weight of each indicator has been determined. The
specific calculation formula is shown in Equation 7.

Wj � 1 − Ej

∑ 1 − Ej( ) (7)

Wj is the weight of j indicator.
Finally, the weights are multiplied by the normalized values. The

specific calculation formula is shown in Equation 8.

DFi � ∑n
j�1
WjYij (8)

3.2.3 Game theory combination
weighting method

Game theory is the study of conflict and cooperation between
decision-makers using mathematical models (Myerson, 1991).
Compared to other methods of weighting combinations, the
game theory method can minimize the deviation between
subjective and objective weights, as well as the combination
weighting, and maximize the value of subjective and objective
weighting (Zhao et al., 2024a). To achieve the desired outcome, it
is crucial to determine the appropriate weight for the combination of
analytic hierarchy process and entropy weight method. In this
article, the game theory combination weighting method is
applied for determining the weight of the indicator system. The
specific steps involved in the method are provided below.

Assume that from L perspectives, L methods are used to weight
the two index weightingmethods respectively and obtain L groups of
index weight vectors. Assume that the index weight vector obtained
by the ith weighting method is wT

i � (wi1, wi2, . . . , win). Where n is
the number of three-level indicators under the indicator system, and
any linear combination w of L groups of weight vectors is shown in
Equation 9.

w � ∑2
q�1

αqw
T
q � α1w

T
1 + α2w

T
2 (9)

where:
α1 is the weighted combination weight of the AHP.
wT

1 is the indicator weight vector determined by the analytic
hierarchy process.

α2 is the weighted combination weight of the entropy
weight method.

wT
2 is the index weight vector determined by the entropy

weight method.
Using the equilibrium theory of game theory, the optimal

solution to the weighted combination weight can be obtained by
minimizing the deviation between the subjective and objective
weights. This is achieved by minimizing the difference between
the indicator weight vector w* and the indicator weight vector wi

determined by each weighting method. Under this condition, the
combined weights α1* and α2* of the analytic hierarchy process and the
entropy weight method can be obtained. The formula is shown in
Equation 10.

min w* − wT
i

���� ���� � min ∑2
q�1

α*qw
T
q − wT

i

����������
����������, i � 1, 2

s.t.∑2
q�1

α*q � 1 (10)

Where:
When i = 1, wT

i represents the indicator weight vector
determined by the analytic hierarchy process. When i = 2, wT

i

represents the index weight vector determined by the entropy
weight method.

Substitute the combined weights α1* and α2* of the analytic
hierarchy process and the entropy weight method into Equation
11 to obtain the index weight vector of the game theory combined
weighting method.

w* � α1
*wT

1 + α2
*wT

2 (11)

3.2.4 Coupling coordination model
The concept of “coupling” was initially introduced into

economic analysis from the field of physics. The degree of
coupling is a measure of the level of interdependence and mutual
constraints between multiple systems. This measurement can be
used to evaluate the degree of dynamic correlation between two or
more systems. Unlike causal relationship analysis based on
econometric models, the coupling degree model does not focus
on the causal relationship between two systems but instead
concentrates on the dynamic correlation between them.
Therefore, in this study, we have utilized the coupling coefficient
model from physics to measure the coupling level between green
finance and digital technology (Liu et al., 2023a). The specific form is
shown in Equation 12.

Cit �
�������
Git × Dit

√
Git +Dit( )/2 (12)

Where:
Cit represents the degree of coupling between green finance and

digital technology. The larger the value, the better the coupling
between the two, and the stronger the correlation.

In order to more accurately reflect the level of interactive
development between green finance and digital technology, it is
necessary to further build a coupling coordination model of green
finance and digital technology. The specific formula is shown in
Equations 13 and 14.

C0it �
�������
Cit × Tit

√
(13)

Tit � λiGit + λjDit (14)

λi and λj are the weights of indicators Git and Dit. Since green
finance and digital technology are equally important in the
development process, the two indicators are given the same
weight, that is, λi � λj � 0.5.

3.2.5 Kernel density estimation
This study uses non-parametric kernel density estimation to

analyze the dynamic evolution trend of the coupling coordination
level of green finance and digital technology in China. Kernel density
estimation has weak dependence on the model and has good
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statistical properties, and has important applications in studying
spatial distribution non-equilibrium. Assuming that the density
function of the random variable X has the following form. The
specific calculation formula is shown in Equation 15.

f x( ) � 1
Nh

∑N
i�k
k

xi − x

h
( ) (15)

Where:
f(x) represents the density function of the coupling

coordination level of green finance and digital technology.
N represents the number of observations.
Xi represents independent and identically distributed

observations.
k is the kernel function.
h is the smoothing parameter (broadband). The larger h is, the

smoother the density function curve is and the greater the estimation
deviation is. Therefore, this study will choose a smaller bandwidth
while ensuring a beautiful curve.

lim k x( ), x � 0

∫
+∞

−∞
k x( )dx � 1, k x( )> 0

∫
+∞

−∞
k2 x( )dx< +∞, sup k x( )< +∞

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(16)

The kernel function is a smooth transformation or weighted
function that must meet certain conditions as shown in Equation 16.
Kernel functions include trigonometric kernel functions,
quadrangular kernel functions, Gaussian kernel functions, etc.
Empirical research shows that the less grouped data used, the
greater the possibility of selecting the Gaussian kernel function
(Sala-i-Martin, 2006). Therefore, this article has used the
Gaussian kernel function to estimate the evolution trends and
distribution dynamics of the coupling coordination level of green
finance and digital technology.

3.2.6 Markov chain model
The traditional Markov Chain is a mathematical method that

calculates the probability distribution and evolution trend of each
type. It does so under the condition that time and state are both
discrete. This method can help us explore the dynamic evolution
characteristics of the distribution of the coupling and coordinated
development levels of green finance and digital technology in
different periods. Markov Chains are stochastic processes.

X t( ), t ∈ M{ } (17)

The setM of the random process grows exponentially with each
period, while the finite state represents the number of states of the
random variable. Equation 17 is valid for all periods t and all possible
states j and i. Equation 18 states the characteristics of a first-order
Markov chain, where the probability of the random variable X being
in state j at period t depends solely on the state of X at period t-1.

Xt� j
∣∣∣∣Xt−1 � it−1, Xt−2 � it−2,/X0 � i0{ } � P Xt� j

∣∣∣∣Xt−1 � i{ }
(18)

Let’s assume that the state space of the Markov process is
represented by the set I, where I = {1, 2, 3}. The matrix P = Pij,
i,j ∈ I represents the state transition probability matrix when the
process changes from state i to state j. Table 3 shows the matrix
composed of all transition probabilities. This probability can be
estimated according to Equation 19.

Pij � nij
nj

(19)

Where:
Pij is called the state transition probability matrix.
nij is the total number of times the state of the observed object

transitions from state i in year t to state j in year t + 1 during the
examination period.

nj is the total number of occurrences of state j in the
initial period.

The Markov chain model overcomes the limitation of kernel
density estimation in describing the distribution dynamics of the
coordinated development levels of green finance and digital
technology coupling. However, it assumes that regions are
isolated and does not consider spatial factors. The level of
coupled and coordinated development of green finance and
digital technology is not isolated in geographical space and is
closely related to the development level of surrounding areas.
Therefore, the spatial Markov chain model uses the concept of
“spatial lag” to examine the impact of spatial factors on the
transition probability of the region, thereby determining the
spatial status of the region. Based on the traditional Markov
chain, k types of spatial lags are used as regional transfer
conditions, which will produce k types of k×k conditional
transition probability matrices (Table 4). The spatial transition
probability of a region transitioning from state i in year t to state
j in the next lag year, conditional on spatial lag type k, is denoted by
Pij|k.

To calculate the level of adjacent areas in a certain area, the
spatial weight matrix is used. That is,∑jwijyj.wij (i = j = 1,2,3,. . .n)
is an element in W. This matrix represents the weight of the
observation value in adjacent areas to the spatial lag operator of

TABLE 3 Markov transition probability matrix (k = 4).

t/t+1 1 2 3 4

1 P11 P12 P13 P14

2 P21 P22 P23 P24

3 P31 P32 P33 P34

4 P41 P42 P43 P44

TABLE 4 Spatial Markov transition probability matrix (k = 4).

Spatial lag t/t+1 1 2 3 4

k = 1,2,3,4 1 P11|k P12|k P13|k P14|k

2 P21|k P22|k P23|k P24|k

3 P31|k P32|k P33|k P34|k

4 P41|k P42|k P43|k P44|k
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position i. yj represents the level of coordinated development of
green finance and digital technology coupling in adjacent region j
This study uses the edge distance spatial weight matrix, where 1 is
assigned for adjacent provinces, and 0 otherwise. The phenomenon
that the level of coupling and coordinated development of green
finance and digital technology changes in adjacent types is defined as
the transfer. A forward transfer is when a region moves from a low
level to a medium-low level, whereas a forward jump transfer is
when it moves from a low level to a high level. Similarly, a negative
transfer or a negative jump transfer can occur when a region moves
from a high level to a level lower than itself.

3.3 Empirical research design

3.3.1 Variable
3.3.1.1 Explained variables

Referring to previous studies (Hu and Chen, 2023), this study
measures pollution emission from the perspectives of air pollution
and carbon emissions. This study uses per capita SO2 to measure air
pollution and per capitaCO2 tomeasure carbon emissions. The total
SO2 emissions and total CO2 emissions are used as replacement
variables for robustness testing. The data are logarithmized to avoid
the influence of heteroscedasticity.

Based on the estimationmethod of the 2011 Provincial Greenhouse
Gas Inventory Compilation Guidelines (Trial), and taking into account
data availability and the actual carbon emission contribution of each
energy source, this study selected 15 major energy sources to estimate
carbon dioxide emissions. These 15 energy sources are raw coal, washed
coal, other washed coal, coke, coke oven gas, crude oil, gasoline,
kerosene, diesel, fuel oil, liquefied petroleum gas, refinery dry gas,
natural gas, heat, and electricity. The consumption of electricity and
heat does not directly produce carbon dioxide, so an indirect calculation
method is used to estimate the carbon dioxide emissions of electricity
and heat in each year (Hu and Chen, 2023).

3.3.1.2 Explanatory variables
The game theory combined weighting method and the coupling

coordination degree model are used to measure the coupling
coordination level (GDDF) of green finance and digital
technology. The specific measurement method is as described above.

3.3.1.3 Control variables
Based on previous studies (Zhou et al., 2023; Hu and Chen,

2023), this study further controls for other potential factors that may
affect Air Pollution and Carbon Emissions. This study selects
economic development level (perGDP), population size (pop),
industrial structure (IS), green tax (Gret) and green fiscal
expenditure (Gref) as control variables.

The economic development level is measured by the logarithm
of GDP per capita, the population size is measured by the logarithm
of the total population at the end of the year, and the industrial
structure is measured by the ratio of the tertiary industry to the
secondary industry.

This study uses the ratio of environmental protection
expenditure to local fiscal expenditure to represent green fiscal
expenditure, and uses the ratio of the sum of environmental
protection tax and resource tax to local tax revenue to represent

green tax. The environmental protection taxes used in this study
mainly include urban construction and maintenance tax, urban land
use tax, and cultivated land occupation tax (Hu and Chen, 2023; Zhu
and Lu, 2017; Jiang, 2018).

3.3.1.4 Instrumental variables
Referring to previous studies (Li et al., 2023; Zhang et al., 2020), this

study uses the distance of each province to Zhejiang Province as an
instrumental variable. Zhejiang Province not only has a typical case of
coordinated development of digital technology and finance represented
byAlipay, but is also the birthplace of the “TwoMountains Theory” and
the location of two major green financial reform and innovation pilot
zones. Its level of coordinated development of green finance and digital
technology is at the forefront of the country. Therefore, it can be
expected that the closer the province is to Zhejiang Province
geographically, the higher the degree of coordinated development of
green finance and digital technology will be.

3.3.1.5 Mechanism variable
Based on previous studies (Xiong and Chen, 2022), green

innovation (GI) was selected as a mechanism variable for further
analysis. Green innovation is measured by the number of green
patent authorizations.

3.3.2 Model
This study examines the impact of the joint use of green finance

and digital technology on reducing pollution. To achieve this, a
double fixed-effect econometric model is constructed, and a fixed-
effect model is selected through the Hausman test.

lnperso2,it � β0 + β1GDDFit + β2Controit + μi + vt + εit (20)
lnperco2,it � α0 + α1GDDFit + α2Controit + μi + vt + εit (21)

where:
lnperso2,it represents per capita sulfur dioxide emissions; lnperco2,it

represents per capita carbon dioxide emissions;GDDFit points the level
of coupling and coordination of green finance and digital technology;
Controit refers to a series of control variables; μi is province fixed effects;
vt refers to time fixed effects, and

εit represents random disturbance terms.
In order to explore the transmission mechanism of the air

pollution and carbon emission reduction effects of the coupling
of green finance and digital technology, this study introduces green
innovation (GI) to test the mechanism and constructs the following
model based on existing research methods (Jiang and Luo, 2022).

lnGIit � γ0 + γ1GDDFit + γ2Controit + μi + vt + εit (22)
where:

lnGIit represents green innovation.
Other variables remain the same as in Formula 20.

4 Results

4.1 Indicator weighting results

This study utilized three different methods, subjective weighting,
objective weighting, and game theory combined weighting, to
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calculate specific index weights for the evaluation index system. The
results can be seen in Table 5.

The measurement results of the coordinated development level
of green finance and digital technology in different provinces in
China are shown in Table 6.

4.2 Analysis of dynamic evolution
characteristics

In this study, we have utilized the Kernel Density Estimation
method to investigate the dynamic evolution patterns of the
coordinated development levels of green finance and digital
technology coupling across various provinces in China during the
given period. Furthermore, we have analyzed the dynamic evolution
characteristics of the coordinated development level of green finance
and digital technology coupling in eastern, central, western, and
northeastern China, considering the regional heterogeneity. The
figure below shows the results obtained from the Kernel Density
Estimation.

The trends in the coupling and coordinated development levels
of green finance and digital technology in different provinces in
China are shown in Figure 1. The kernel density curve shows that
from the distribution position, the center position of the curve

moves to the right, indicating that the level of coordinated
development of green finance and digital technology in China is
on the rise. From the perspective of distribution pattern, the core
density curve generally shows that the main peak height decreases
and the amplitude width generally increases, indicating that the
absolute gap in the coordinated development level of green finance
and digital technology coupling in different provinces in China
increased during the sample period. The kernel density curves of the
coordinated development levels of green finance and digital
technology in different provinces in China have an obvious right
tail, indicating that the level of coupled and coordinated
development of green finance and digital technology in one
province is much greater than that of another province. The
kernel density curves of the coordinated development levels of
green finance and digital technology coupling in different
provinces in China do not show an obvious bimodal distribution,
indicating that there are no two poles in the coupling and
coordinated development levels of green finance and digital
technology in different provinces in China.

To analyze the evolving trend of the coupling and coordinated
development of green finance and digital technology in different
regions, Figure 2 displays the estimated results for the eastern region.
The kernel density curve results are shown, and from the
distribution position, it can be seen that the center position of

TABLE 5 Evaluation system for the coordinated development level of green finance and digital technology.

First-level
indicators

Second-
level

indicators

Specific indicators Subjective
empowerment

method

Objective
weighting
method

Game theory
combination

weighting method

Green Finance Green Credit Total interest expenses of the six major
energy-consuming industries/Interest

expenses

0.0911 0.05335 0.072225

Green Securities Market value ratio of environmental
protection companies

0.1498 0.29843 0.224115

Green Insurance Scale environmental pollution
insurance = agricultural insurance
income/property insurance income

0.0744 0.23961 0.157005

Environmental pollution insurance
compensation ratio = agricultural
insurance expenditure/agricultural

insurance income

0.0744 0.05906 0.06673

Green Investment Proportion of investment in
environmental governance = investment

in environmental governance/GDP

0.1396 0.10111 0.120355

Carbon Finance Carbon emission loan intensity = RMB
loan balance of financial institutions at
the end of the year/carbon dioxide

emissions

0.4707 0.24844 0.35957

Digital Technology Digital
Infrastructure

Total telecommunications business
volume

0.5884 0.26453 0.426465

Number of mobile phone users at the end
of the year

0.269 0.26453 0.266765

Number of Internet broadband access
ports

0.0895 0.32553 0.207515

Digital
Technology
Applications

Digital Inclusive Financial Development:
China Digital Inclusive Financial

Development Index

0.0531 0.14541 0.099255
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the curve generally moves towards the right, indicating an increase
in the level of coordinated development of green finance and digital
technology in the eastern region. The kernel density curve generally
shows that the main peak height is decreasing, and the amplitude
width is slightly widening. This suggests that the absolute gap in the
coordinated development level of green finance and digital
technology coupling in the eastern region has slightly increased
during the sample period.

From the perspective of distribution extensibility, the kernel
density curve of the coordinated development level of green finance
and digital technology coupling in the eastern region has a
noticeable right tail. This means that the level of coupled

coordinated development of green finance and digital technology
is much higher in one province than in another within the eastern
region. Furthermore, there is no obvious bimodal distribution in the
coordinated development level of green finance and digital
technology coupling in the eastern region, which indicates that
there is no polarization phenomenon.

The results of the estimation for the central region are displayed
in Figure 3. The kernel density curve results are depicted in the
figure. The position of the curve’s center generally moves to the
right, indicating that the level of coordinated development between
green finance and digital technology in the central region is on the
rise. The kernel density curve generally shows that the main peak

TABLE 6 Coupling and coordination degree of green finance and digital technology in different provinces in China.

Province 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Beijing 0.4659 0.5029 0.5379 0.5457 0.5476 0.5606 0.5687 0.5613 0.5532 0.5571

Tianjin 0.3482 0.3566 0.3630 0.3722 0.3673 0.3568 0.3752 0.3934 0.3942 0.4009

Hebei 0.3818 0.3940 0.4120 0.4056 0.4230 0.4254 0.4354 0.4389 0.4415 0.4637

Shanxi 0.3196 0.3368 0.3651 0.3561 0.3634 0.3779 0.3536 0.3615 0.3838 0.3746

Inner Mongolia Autonomous Region 0.3721 0.3882 0.4041 0.4063 0.4015 0.4008 0.4264 0.3967 0.3912 0.4250

Liaoning 0.3511 0.3846 0.3571 0.3999 0.4017 0.3702 0.3861 0.3845 0.3927 0.3993

Jilin 0.3275 0.3360 0.3381 0.3529 0.3631 0.3711 0.3800 0.3797 0.3737 0.3885

Heilongjiang 0.3500 0.3754 0.4164 0.4013 0.3991 0.4568 0.4117 0.4127 0.4264 0.4247

Shanghai 0.3197 0.3473 0.3460 0.3449 0.3438 0.3454 0.3670 0.3778 0.3899 0.3965

Jiangsu 0.3803 0.4031 0.4174 0.4314 0.4438 0.4559 0.4513 0.4770 0.4797 0.4885

Zhejiang 0.4144 0.4183 0.4624 0.4622 0.5012 0.5058 0.5150 0.5256 0.5355 0.5392

Anhui 0.3457 0.3553 0.3762 0.3690 0.3764 0.4096 0.3983 0.4073 0.4174 0.4538

Fujian 0.3576 0.3683 0.4133 0.4003 0.4212 0.4409 0.4279 0.4321 0.4391 0.4480

Jiangxi 0.3480 0.3657 0.3674 0.3687 0.3693 0.3823 0.3832 0.3990 0.4045 0.4152

Shandong 0.3722 0.4082 0.4242 0.3997 0.4145 0.4191 0.4510 0.4775 0.4829 0.4832

Henan 0.3427 0.3586 0.3900 0.3942 0.3929 0.4173 0.4387 0.4321 0.4439 0.4482

Hubei 0.3841 0.4016 0.4207 0.4160 0.4076 0.4276 0.4168 0.4258 0.4204 0.4155

Hunan 0.3690 0.3820 0.4025 0.3945 0.4092 0.4010 0.4106 0.4211 0.4380 0.4496

Guangdong 0.4860 0.5197 0.5541 0.5605 0.5860 0.5851 0.5895 0.6104 0.5974 0.5916

Guangxi Zhuang Autonomous Region 0.3367 0.3506 0.3517 0.3720 0.3978 0.3914 0.3942 0.4190 0.4487 0.4607

Hainan 0.3079 0.3010 0.3006 0.3356 0.3288 0.3542 0.3639 0.3797 0.3921 0.4134

Chongqing 0.3907 0.3907 0.4142 0.4155 0.4107 0.4099 0.4179 0.4350 0.4454 0.4390

Sichuan 0.3820 0.3869 0.4311 0.4414 0.4453 0.4517 0.4611 0.4730 0.4982 0.4895

Guizhou 0.3293 0.3484 0.3411 0.3546 0.3622 0.3637 0.3804 0.4062 0.4156 0.4215

Yunnan 0.3705 0.3922 0.4102 0.4153 0.4126 0.4174 0.4174 0.4347 0.4328 0.4359

Shaanxi 0.3315 0.3658 0.3523 0.3597 0.3777 0.3860 0.3915 0.3995 0.4042 0.4188

Gansu 0.3477 0.4015 0.3981 0.3954 0.4051 0.4060 0.4040 0.4564 0.4240 0.4203

Qinghai 0.3126 0.4321 0.3576 0.3555 0.3672 0.3790 0.3769 0.3757 0.3839 0.3845

Ningxia Hui Autonomous Region 0.3324 0.3940 0.3527 0.3588 0.3625 0.3748 0.3620 0.3639 0.3692 0.3700

Xinjiang Uygur Autonomous Region 0.3170 0.4052 0.3654 0.3747 0.3638 0.3692 0.3760 0.3731 0.3444 0.3763
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FIGURE 1
Estimation results of the nationwide sample Kernel density.

FIGURE 2
Estimation results of Kernel density in the eastern region.

FIGURE 3
In the central Kernel nuclear density estimation result.
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height is decreasing, and the amplitude width is slightly widening,
indicating that the absolute disparity in the level of coordinated
development between green finance and digital technology coupling
in the central region has slightly increased during the sample period.
The kernel density curve of the coordinated development level of
green finance and digital technology coupling in the central region
has a significant right tail, suggesting that the level of coupling and
coordinated development of green finance and digital technology in
one province is much higher than that in another province. The
kernel density curve of the level of coupled and coordinated
development of green finance and digital technology in the
central region does not exhibit an obvious bimodal distribution,
indicating that there is no significant polarization phenomenon in
the level of coupled and coordinated development of green finance
and digital technology in the central region.

The results of the estimation for the western region are presented in
Figure 4. The results are represented in the form of a kernel density
curve. Looking at the distribution position, we can observe that the
center position of the curve generally moves to the right, indicating a
rise in the level of coordinated development of green finance and digital
technology in the western region. Considering the distribution shape,
we can see that the height of the main peak shows a downward trend,
and the amplitude width widens slightly. This suggests that the absolute
gap in the coordinated development level of green finance and digital
technology coupling in the western region has slightly increased during
the sample period. From the perspective of distribution extensibility, the
kernel density curve of the coordinated development level of green
finance and digital technology coupling in the western region does not
show a significant right tailing phenomenon. This indicates that no
province in the western region has a much better level of coordinated
development of green finance and digital technology than others. Lastly,
the kernel density curve of the coordinated development level of green
finance and digital technology in the western region does not show a
bimodal distribution, which suggests that there is no significant
polarization phenomenon in the coordinated development level of
green finance and digital technology in the western region.

The results of the estimation for the Northeast region are
presented in Figure 5, which displays the kernel density curve

outcomes. From the perspective of the distribution position, the
center position of the curve generally moves to the right, indicating
that the level of coordinated development of green finance and
digital technology coupling in Northeast China is generally
increasing. From the distribution pattern viewpoint, the kernel
density curve generally shows a downward trend in the main
peak height, and the amplitude width generally widens slightly,
indicating that the absolute gap in the level of coordinated
development of green finance and digital technology coupling in
Northeast China has slightly increased during the sample period.
Regarding distributed ductility, the kernel density curve of the
coordinated development level of green finance and digital
technology in the Northeast doesn’t have any apparent right-tail
phenomenon, indicating a relatively uniform distribution between
the provinces in the Northeast region. Similarly, there isn’t any
obvious double-peak distribution in the kernel density curve of the
coordinated development level of green finance and digital
technology in the Northeast, which demonstrates that there is no
visible phenomenon of bipolar differentiation in the coordinated
development level of green finance and digital technology coupling
in the Northeast region.

To summarize, the coordination between green finance and
digital technology has increased in the national average, east, central,
west, and northeast regions of the country. However, there is a
significant gap between these regions. One province stands out as
having a much higher level of coordination compared to the national
average, as well as the eastern and central regions. This phenomenon
is not observed in the western and northeast regions. There is no
clear evidence of bipolar differentiation in the coordinated
development level of green finance and digital technology
coupling across different regions.

4.3 Forecast of long-term evolution trend
based on traditional Markov chain model

The Kernel density curve shows the overall form and dynamic
evolution of the level distribution of this coupling, but does not

FIGURE 4
Estimation results of Kernel density in the western region.
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reflect its long-term evolution trend. To predict this trend, the study
uses a traditional Markov chain model. Firstly, the coordinated
development level of green finance and digital technology is
classified into four levels using the quadrilateral bias method.
Then, the Markov chain transfer probability matrix of Chinese
green finance and digital technology coupling coordination is
calculated. The results are presented in Table 7.

The results shown in Table 7 indicate that 61.64% of provinces
have remained at a low-level year after year. 31.51% of provinces
have moved from low to low-medium levels annually. The
probability of a province moving to the medium-high level and
high levels of coordinated development between green finance and
digital technology is 5.48% and 1.37%, respectively. One year later,
51.47% of provinces maintain their unchanged low-medium level of
coordinated development between green finance and digital
technology. The probability of a province moving to the
medium-high level of coordinated development is 30.88%. The
probability of transitioning to a high level of coordinated
development between green finance and digital technology is
1.47%, while 16.18% of provinces move to a low level. One year
later, 64.29% of provinces still maintain their medium-high level of
coordinated development between green finance and digital
technology. 17.14% of provinces will move from their current
level to a higher level of coordinated development. The
probability of moving from the current level to the low-medium
level of coordinated development between green finance and digital
technology is 11.43%, and the probability of moving to a low level is
7.14%. After a year, 79.71% of provinces will still maintain their high
level of coordinated development between green finance and digital

technology. The probability of moving to the medium-high level of
coordinated development between green finance and digital
technology is 5.8%. The probability of moving down to a low-
medium level and low-level of coordinated development between
green finance and digital technology is 2.9% and 11.59%,
respectively.

Based on the analysis results, it can be observed that in the
Markov metastasis probability matrix, the probability of metastasis
on the diagonal line is higher than the probability on the non-
diagonal line. This indicates that when the probability of
maintaining the original level is higher than the probability of
transfer, the club with this level will converge. Thus, there is a
clear phenomenon of “club convergence” in the coordinated
development level of green finance and digital technology
coupling. The convergence is more significant in medium-high
and high levels, with probabilities of 64.29% and 79.71%,
respectively. On the other hand, the probability of low-medium
and low levels is less, with probabilities of 51.47% and 61.64%,
respectively. This means that the probability of maintaining a stable
development level of Chinese green finance and digital technology
coupling is at least 51.47%. Additionally, it indicates that there is a
“Matthew effect” of the rich and poor in the coordinated
development level of Chinese green finance and digital
technology coupling.

4.4 Long-term evolution trend forecast
based on space Markov chain model

In order to keep up with the evolving trends in the coordinated
development of Chinese green finance and digital technology, the
Space Markov Chain has been adopted to analyze the impact of
spatial factors on this development. The traditional Markov chain
alone is not sufficient in reflecting the spatial overflow. To overcome
this limitation, a spatial Markov transfer probability matrix has been
built by adding space lag conditions to the traditional transfer
probability matrix. By comparing the probability of coordinated
development levels in different neighborhoods, we can analyze the
impact of neighborhood backgrounds on the development of green
finance and digital technology.

FIGURE 5
Estimation results of nuclear density in Northeast China.

TABLE 7 Coupling coordination level Traditional Markov chain the model
transfer probability matrix.

t/t+1 Ⅰ Ⅱ Ⅲ Ⅳ

Ⅰ 0.6164 0.3151 0.0548 0.0137

Ⅱ 0.1618 0.5147 0.3088 0.0147

Ⅲ 0.0714 0.1143 0.6429 0.1714

Ⅳ 0.1159 0.0290 0.0580 0.7971
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Table 8 reflects the spatial Markov chain transition probability
of the coupling and coordinated development level of green finance
and digital technology. The data shows that when the neighboring
provinces are at a low level (k = 1), the probability of low-level
provinces in the region remaining at the original level is 62.26%, and
the probability of moving upward to the medium-low level is
30.19%. The probability of positive jump transfer to medium-
high and high levels is 5.66% and 1.89% respectively. The
probability that provinces with low-to-medium levels in this
region will remain at the original level is 54.84%. The probability
of upward transfer to medium-high levels is 19.35%, the probability
of forward jump transfer to a high level is 3.23%, and the probability
of downward transfer to a low level is 22.58%. The probability that
provinces in this region are medium-high levels will remain at the
original level is 73.08%, the probability of moving upward to a high
level is 15.38%, the probability of moving downward to a medium-
low level is 7.69%, and the probability of a negative jump to a low
level is 3.85%. The probability that high-level provinces will remain
at their original levels is 88.24%. The probability of downward
transfer to medium-high levels is 5.88%, and the probability of
negative jump transfer to medium-low and low levels is 0% and
5.89% respectively.

When the neighboring provinces are at medium-low level (k =
2), the probability of low-level provinces in the region remaining at
the original level is 50%. The probability of upward transfer to
medium-low levels is 50%, and the probability of forward jump
transfer to medium-high levels is 0%. The probability that provinces
with low-medium levels in this region will remain at the original
level is 53.33%. The probability of upward transfer to medium-high
levels is 40%, the probability of forward jump transfer to a high level
is 6.67%, and the probability of downward transfer to a low level is

0%. Provinces with medium-high levels in this region have an 80%
probability of remaining at the original level. The probability of
upward transfer to a high level is 20%, the probability of downward
transfer to a medium-low level is 0%, and the probability of negative
jump transfer to a low level is also 0%. The probability of a high-level
province remaining at the original level is 100%, the probability of
moving downward to a medium-high level is 0%, and the probability
of a negative jump to a medium-low level or low level is also 0%.

When the neighboring provinces are at medium and high levels
(k = 3), the probability of low-level provinces in the region
maintaining their original levels is 80%, the probability of
moving upward to medium-low levels is 20%, and the probability
of forward jumps to medium-high level and high level are both 0%.
The probability of low-medium level provinces in this region
maintaining the original level is 50%, the probability of moving
upward to a medium-high level is 50%, and the probability of
moving downward to a low level and jumping to a high level is
0%. The probability that provinces with medium-high levels in this
region will maintain their original level is 60%, the probability of
moving upward to a high level is 40%, and the probability of moving
downward to a medium-low level and making a negative jump to a
low level are both 0%. The probability of high-level provinces in this
region maintaining the original level is 66.67%, the probability of
moving downward to a medium-high level is 33.33%, and the
probability of negative jump transfer is 0%.

When the neighboring provinces are at a high level (k = 4), the
probability that the low-level provinces in the region remain at the
original level is 53.85%. The probability of upward transfer to the
middle-low level is 38.46%, the probability of forward jump transfer
to the middle-high level is 7.69%, and the probability of high level is
0% respectively. The probability of provinces with medium-low
levels in this region remaining at the original level is 43.48%, and the
probability of moving upward to amedium-high level is 47.83%. The
probability of a positive jump to a high level is 4.35%, and the
probability of a downward jump to a low level is also 4.35%. The
probability of provinces with medium-high levels in this region
remaining at the original level is 66.67%. The probability of upward
transfer to a high level is 20%, the probability of downward transfer
to a medium-low level is 13.33%, and the probability of negative
jump transfer to a low level is 0%. The probability of a high-level
province remaining at the original level is 97.22%, the probability of
moving downward to a medium-high level is 2.78%, and the
probability of a negative jump to a medium-low level and low
level is both 0%.

By comparing Tables 7, 8, the following conclusions can be
drawn. First, the four transition probability matrices under the four
spatial lag conditions are all different. It shows that when
neighboring provinces have different levels of coupled and
coordinated development of green finance and digital technology,
the probabilities of being affected and transferred vary, and there is a
certain degree of spatial and geographical dependence. Second,
spatial factors have a significant impact on the dynamic transfer
of the coordinated development level of green finance and digital
technology. Third, the evolution of development types is unstable. In
the four transition probability matrices in Table 8, the lower triangle
area is not all 0, indicating that even if it is in a better development
type in year t, it may still shift downward to a lower development
type in year t + 1. In particular, the medium-low level and the

TABLE 8 Coupled coordination horizontal space Markov transition
probability matrix.

Domain type t/t+1 Ⅰ Ⅱ Ⅲ Ⅳ

k = 1 Ⅰ 0.6226 0.3019 0.0566 0.0189

Ⅱ 0.2258 0.5484 0.1935 0.0323

Ⅲ 0.0385 0.0769 0.7308 0.1538

Ⅳ 0.0589 0 0.0588 0.8824

k = 2 Ⅰ 0.5 0.5 0 0

Ⅱ 0 0.5333 0.4 0.0667

Ⅲ 0 0 0.8 0.2

Ⅳ 0 0 0 1

k = 3 Ⅰ 0.8 0.2 0 0

Ⅱ 0 0.5 0.5 0

Ⅲ 0 0 0.6 0.4

Ⅳ 0 0 0.3333 0.6667

k = 4 Ⅰ 0.5385 0.3846 0.0769 0

Ⅱ 0.0435 0.4348 0.4783 0.0435

Ⅲ 0 0.1333 0.6667 0.2000

Ⅳ 0 0 0.0278 0.9722
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medium-high level are most susceptible to transformation,
indicating that the level of coordinated and coordinated
development of green finance and digital technology is still
unstable. Fourth, the level of coupled and coordinated
development of green finance and digital technology in a
province has an important impact on the future coupled and
coordinated development of green finance and digital technology.
Being adjacent to medium-high-level provinces, the probability of
low-level development upward is only 20%, but the probability of
medium-low level turning to high-level is 50%, which is a significant
change. This shows that areas with higher levels of their own are
more likely to move to higher levels. Fifth, there is an obvious club
convergence phenomenon in the coupling and coordinated
development of green finance and digital technology. The
phenomenon of high-level convergence and low-level
convergence is more significant, that is, the probability of
maintaining stability in low-level and high-level areas on the
diagonal are all relatively high, which also verifies the “Matthew
Effect” existing in the coordinated development level of green
finance and digital technology in the previous analysis.

5 Analysis of pollution reduction and
emission reduction effects

5.1 Descriptive statistics

This study focuses on 30 provinces, autonomous regions, and
municipalities in China, from 2011 to 2020. Tibet, Hong Kong,
Macao, and Taiwan are not included due to missing data. To ensure
accuracy, the data has been winsorized at the 5% level. Descriptive
statistics for each variable can be found in Table 9.

5.2 Empirical test

5.2.1 Baseline regression
Table 10 reports the baseline regression results of the pollution

emission effects of the coupling and coordination level of green
finance and digital technology. The results of regression (1) show
that, based on controlling for time and province, the coefficient of
GDDF is significant at the 1% level, indicating that the coupled and

coordinated development of green finance and digital technology
has a significant air pollution reduction effect. The results of
regression (2) show that the coefficient of GDDF is significant at
the 5% level, indicating that the coupled and coordinated
development of green finance and digital technology has a
significant carbon emission reduction effect. Hypothesis 1 is
verified. This shows that the coupling of green finance and
digital technology has a significant emission reduction effect.
Since the development of green finance has certain
environmental restrictions, digital technology can provide a
paperless platform for the development of green finance, realize
the dissemination and sharing of lending information, break the
barriers of information dissemination, achieve green economic
development, and then promote global sustainable development.

An analysis of the control variables found that the level of
economic development (perGDP) has a certain inhibitory effect on
pollution reduction and emission reduction, and has a significant
impact on reducing air pollution, but has an insignificant impact on
carbon dioxide emission reduction. The impact of industrial
structure (IS) on pollution reduction and emission reduction is
not significant. Green tax policy (Gret) has a certain inhibitory effect
on pollution reduction and emission reduction, and has a significant
impact on reducing air pollution, but has an insignificant effect on
carbon dioxide emission reduction. Green fiscal expenditure (Gref)
has a significant promoting effect on reducing air pollution, but has
an insignificant inhibitory effect on carbon dioxide emission
reduction. Population will increase air pollution and carbon
dioxide emissions, and will have a significant impact on
increasing carbon dioxide.

5.2.2 Robustness analysis
First, the original data before winnowing are used for robustness

testing. The results are shown in regressions (1) and (2) of Table 11.
Secondly, the explained variables are replaced for robustness testing.
The logarithm of total SO2 emissions and total CO2 emissions was
used to conduct robustness testing, and the results are shown in
regressions (3) and (4) in Table 11.

Table 11 shows that after using the original data and replacing
the explained variables, the regression results of the pollution
emission reduction effects of the coupled and coordinated
development of green finance and digital technology are still
significant. The estimation results are consistent with the

TABLE 9 Summary statistics.

Variables Obs Mean Median SD Min Max

GDDF 300 0.408 0.399 0.057 0.301 0.610

perCO2 300 13.087 7.338 17.033 1.053 80.850

perSO2 300 0.010 0.005 0.012 0.001 0.064

perGDP 300 5.369 4.635 2.695 1.591 16.420

IS 300 1.324 1.171 0.729 0.527 5.244

Gref 300 0.030 0.028 0.010 0.012 0.068

Gret 300 0.163 0.162 0.062 0.050 0.419

pop 300 4,599.783 3,917.500 2,837.845 568.000 13,000.000
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previous baseline regression results. It further proves that the
coupled and coordinated development of green finance and
digital technology has significant pollution emission
reduction effects.

5.2.3 Endogeneity analysis
Endogeneity problems may still exist when conducting

robustness tests by replacing the explained variables. Therefore,
this study draws on the practices of previous scholars (Li et al., 2023;
Zhang et al., 2020) and selects the product of the distance from each
province to Zhejiang Province and the average value of the
coordinated development of green finance and digital technology
in other regions except this province as the instrumental variable to
conduct endogeneity testing. Because Zhejiang Province not only
has typical cases of coordinated development of digital technology
and finance represented by Alipay, but is also the birthplace of the
“Two Mountains Theory” and the location of two major green
financial reform and innovation pilot zones. Its level of coordinated
development of green finance and digital technology is at the
forefront of the country. Therefore, it can be expected that the
closer the geographical distance to Zhejiang Province, the higher the
level of coordinated development of green finance and digital
technology will be.

The results are displayed in Table 12, where Regression (1) and
(2) present the regression outcomes of the second stage. The
coefficients before GDDF are all positive, indicating that the
coordinated development of green finance and digital technology
still has a significant pollution emission reduction effect after taking
potential endogeneity issues into account. This result is consistent
with the baseline regression conclusion. It shows that the coupled
and coordinated development of green finance and digital
technology can achieve the goal of pollution emission reduction.

5.3 Further analysis: mechanism testing

The above-mentioned research shows that the coupled
development of green finance and digital technology can produce
significant pollution emission reduction effects, which is of great
significance to the realization of China’s “double carbon” goal and
global sustainable development under the new development pattern.
Then, what needs to be further explored is how the coupling of green
finance and digital technology can help achieve pollution emission
reduction goals.

Based on the theoretical mechanism analysis, this study
introduces green innovation (GI) to explore the transmission

TABLE 10 Baseline regression results.

Variables (1) (2)

lnperSO2 lnperCO2

GDDF −4.632*** −2.594**

(−3.60) (−2.18)

perGDP −0.096* −0.008

(−1.90) (−0.16)

IS 0.213 −0.184

(1.18) (−1.10)

Gret −2.011** −1.091

(−1.99) (−1.16)

Gref 9.203** −3.754

(2.21) (−0.97)

pop 0.384 1.512*

(0.42) (1.80)

Constant −6.087 −8.754

(−0.83) (−1.30)

Observations 300 300

R-squared 0.916 0.920

prov Y Y

Year Y Y

r2_a 0.901 0.906

Note: The values in parentheses are t. ***, ** and * indicate significance at the 1%, 5% and 10% levels respectively. “Y” indicates fixed effects.
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mechanism of green finance and digital technology coupling
coordination to reduce air pollution and carbon emissions.
Drawing on the existing research methods (Jiang and Luo, 2022),
the relationship between each mediating variable and the dependent
variable is first determined through theoretical analysis, and then the
impact of the coupling coordination level of green finance and
digital technology on the mediating variable is empirically tested.
Table 13 reports the mechanism test based on green innovation. The
regression results show that the coefficient of coupling and
coordination level of green finance and digital technology is
significantly positive, indicating that the coordinated
development of green finance and digital technology has a
significant promotion effect on green innovation. The coupling
and coordination of green finance and digital technology achieve
pollution emission reduction by driving green innovation.
Hypothesis 2 is verified. This is similar to the conclusion drawn
by Li et al. (2023).

The control variable results show that the coefficient of
economic development level (perGDP) is 0.321, which is
significantly positive at the 1% level, indicating that the level of
economic development has a significant promoting effect on green
innovation. The coefficients of industrial structure and green tax
policy are both positive and insignificant, indicating that their
impact on green innovation is not significant. The coefficient of

green tax policy is −2.388, which is significant at the 1% level,
indicating that green tax policy has a significant promotion effect on
green innovation. The coefficient of population size is 1.139, which is
significant at the 1% level, indicating that population size has a
significant promotion effect on green innovation.

6 Discussion

First, this study found that the level of green finance and digital
technology coupling coordination in the entire sample of Chinese
provinces, provinces in the eastern region, provinces in the central
region, provinces in the western region, and provinces in the
northeast region showed an upward trend, and there were
differences in different regions, which is similar to the trend of
studying the single status of green finance (Xu and Jiang, 2021)and
digital finance (Sui and Xu, 2024). Compared with other studies, this
study newly found that there is an obvious club convergence
phenomenon in the level of green finance and digital technology
coupling coordination development, and there is a “Matthew effect.”
This is due to the imbalance of regional development in China (Xing
and He, 2024) and resource mismatch (Lu and Lu, 2024).

Second, this study mainly analyzes the pollution reduction and
emission reduction effects brought about by the coupled and

TABLE 11 Robustness test.

Variables (1) (2) (3) (4)

lnperSO2 lnperCO2 lnSO2 lnCO2

GDDF −3.446*** −2.097* −4.515*** −2.748**

(−2.84) (−1.73) (−3.68) (−2.31)

perGDP −0.014 0.045 −0.114** −0.006

(−0.40) (1.27) (−2.36) (−0.124)

IS 0.845*** 0.066 0.058 −0.185

(5.57) (0.43) (0.34) (−1.108)

Gret −1.504* −0.537 −1.763* −0.997

(−1.96) (−0.70) (−1.83) (−1.065)

Gref 3.274 −3.090 9.184** −3.969

(0.99) (−0.93) (2.31) (−1.029)

pop 0.457 0.943 1.061 2.604***

(0.56) (1.15) (1.23) (3.110)

Constant −8.343 −4.990 −3.221 −0.250

(−1.26) (−0.75) (−0.46) (−0.04)

Observations 300 300 300 300

R-squared 0.922 0.919 0.886 0.853

prov Y Y Y Y

Year Y Y Y Y

r2_a 0.909 0.905 0.866 0.827

Note: The values in parentheses are t. ***, ** and * indicate significance at the 1%, 5% and 10% levels respectively. “Y” indicates fixed effects.
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coordinated development of digital technology and green finance.
Similar conclusions to previous studies show that digital finance or
green finance has a significant effect on reducing pollution and
emissions. Digital finance connects the business systems of financial
institutions with the underlying data platform of the green
information system, shortens the time for financial institutions to
identify green projects, simplifies the approval and issuance process
of green loans, and improves the efficiency of financial services.
Secondly, digital finance is mainly based on online virtual outlets.
With the help of business models such as Internet banking, it relies
on massive customer resources and digital technology to form
strong network externalities, conduct contactless transactions,
reduce the energy consumption of cash, paper, and rides during
transactions, and promote green development. Green development
plays a key role in achieving pollution reduction and emission
reduction goals. This approach can reduce the moral hazard
caused by information asymmetry and enable enterprises to more
smoothly use green finance to reduce pollution and control
emissions (Zhao et al., 2024b; Wang et al., 2024b; Wang et al.,
2024b; Magazzino et al., 2023). In addition, the coupled and
coordinated development of green finance and digital technology
can exacerbate financing constraints for the progress and
development of ecological pollution-related enterprises. However,
existing research only considers the carbon emission reduction effect
of a single aspect of green finance or digital finance (Xie and Liu,
2019; Guo et al., 2022; Mao andWang, 2023; Ran and Zhang, 2023).
This study examines the pollution reduction effect of the coupled
and coordinated development of the two. Empirical results show
that after controlling for population, economic development level,
industrial structure development level, green tax policy and green
fiscal policy, the coupled and coordinated development of green

finance and digital technology has a significant pollution
reduction effect.

The main reason for this result is that the improvement of digital
transformation construction enables the government to efficiently
and accurately obtain carbon emission-related data and formulate
timely response measures (Alam and Murad, 2020). Secondly,
compared with green enterprises, the coordinated development of
green finance and digital technology breaks the barriers to the
penetration of green finance and green benefit information,
improves the ability to process and identify green financial
information, and effectively drives green technology innovation
in polluting enterprises (Li et al., 2023). Finally, by utilizing the
digital infrastructure effect to improve the coverage and efficiency of
green financial services, and using infrastructure such as
information and communication technology to improve energy
efficiency through a shared resource network, urban carbon
emissions can be reduced and green development can be
promoted (Anser et al., 2021; Lange et al., 2020).

Third, Schumpeter’s innovation theory suggests that financial
development has a strong supporting role in innovation (Aghion
et al., 2012). Since green innovation has the characteristics of sunk
investment, uncertainty of results and high adjustment costs, it is
difficult to meet the funds required for innovation by relying solely
on internal corporate funds and national R&D expenditures.
Therefore, external financing is the key to promoting
technological innovation. The development of digital finance
makes up for the mismatch of attributes, fields and stages in
traditional financial services, improves the efficiency of capital
allocation, and can effectively support corporate green technology
innovation and enable green development. On the one hand, digital
finance has lowered the threshold and cost of financial services,

TABLE 12 Instrumental variable test.

Variables (1) (2)

lnperSO2 lnperCO2

GDDF −2.784*** −5.077***

(−4.690) (−5.87)

perGDP 0.066*** 0.052***

(3.493) (3.391)

IS −0.426*** 0.460***

(−4.533) (6.809)

Gret 10.212*** 15.438***

(4.090) (4.229)

Gref 2.357*** 0.996*

(3.776) (1.694)

Observations 300 300

Kleibergen-Paap F statistic 57.70 75.917

prov Y Y

Year Y Y

Note: The values in parentheses are t. ***, ** and * indicate significance at the 1%, 5% and 10% levels respectively. “Y” indicates fixed effects.
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increased the availability of financial resources, and can provide
more targeted financial support for corporate R&D and innovation
(Nie et al., 2021), thereby improving the utilization rate of financial
resources, accelerating the flow of innovation capital, and increasing
the number of green technology innovation results (Tang et al.,
2020). On the other hand, digital finance uses digital technology to
search, analyze and make decisions on consumer preference
information for green products. It helps enterprises determine
the direction and path of green innovation, promotes the
transformation of enterprise innovation from experience-driven
to data-driven (Liu et al., 2020b), realizes effective green
technology R&D decision-making, and improves the quality of
green technology innovation. Secondly, the improvement of
green technology innovation capabilities has the effect of energy
conservation and emission reduction, and promotes green
development. On the one hand, enterprises with strong green
technology innovation improve energy utilization and reduce
energy consumption by developing new or improving existing
technologies. On the other hand, enterprises penetrate green
technology into all aspects of production, break the path
dependence of the development of polluting industries, guide
enterprises to save energy and reduce emissions, reduce pollutant
emissions based on production output, and are conducive to green
development (Mao and Wang, 2023). This study examines the
mechanism of green innovation in the coordinated development
of green finance and digital technology on pollution reduction and
emission reduction. The results show that the coordinated

development of green finance and digital technology achieves
pollution reduction and emission reduction through green
innovation. This is similar to the conclusion of the previous study.

This result is mainly due to the fact that digital technology can
enhance the financing capacity of enterprises by breaking down the
information barriers of green finance, providing digital platforms
and innovative service support measures, thereby increasing
investment in research and development. This in turn promotes
technological innovation in enterprises and promotes the adoption
of green technologies, thereby promoting innovation and directly
achieving pollution reduction through the coordinated development
of green finance and digital technology. In addition, technological
innovation reduces carbon emissions by promoting the
development of the renewable energy industry and reducing
energy intensity (Han and Gu, 2021; Cheng et al., 2021b; Yao
and Yang, 2022), and this phenomenon also exists in some
countries (Miśkiewicz, 2021; Ullah et al., 2021).

Finally, this study provides a model and ideas for developing
countries to analyze the current level of coordinated development of
green finance and digital technology. It provides a new policy-
making path for achieving the coordinated development of green
finance and digital technology in China at this stage. It is of great
significance to the green transformation of the economy and high-
quality development, and also provides empirical evidence and
reference for other developing countries to achieve the
coordinated development of green finance and digital technology
and promote pollution reduction and emission reduction.

7 Conclusion and outlook

7.1 Conclusion

This study employs the game theory combination weighting
method to evaluate the degree of coordinated development between
green finance and digital technology in China. It uses Kernel density
estimation, traditional Markov chain model, and spatial Markov
chain model to analyze the dynamic evolution characteristics and
trends, and also examines the pollution reduction effect of the
coordinated development of green finance and digital technology
through empirical testing. The key findings of this study are
as follows.

First, the level of coupling and coordination between green
finance and digital technology is increasing in all Chinese
provinces, including the eastern, central, western, and
northeastern regions. However, there is a noticeable difference in
the level of coordinated development between different provinces,
particularly in the eastern and central regions. This difference is not
as pronounced in the western and northeastern regions. Overall,
there is no significant polarization in the level of coupling and
coordinated development of green finance and digital technology
across all regions.

Second, The traditional Markov transition probability matrix
results of China’s green finance and digital technology coupling and
coordinated development level show that there is an obvious “club
convergence” phenomenon. This shows that there is a “Matthew
effect” in which the rich get richer and the poor get poorer in China’s
coupled and coordinated development of green finance and digital

TABLE 13 Mechanism test.

Variables GI

GDDF 1.623**

(2.471)

perGDP 0.321***

(21.011)

IS −0.050

(-0.726)

Gret −2.388***

(−3.931)

Gref 0.891

(0.297)

pop 1.139***

(25.802)

Constant −3.594***

(−8.741)

Observations 300

prov Y

Year Y

r2_a 0.984

Note: The values in parentheses are t. ***, ** and * indicate significance at the 1%, 5% and

10% levels respectively. “Y” indicates fixed effects.
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technology. Spatial factors are further introduced and the spatial
Markov chain model is used for research. The results show that
spatial factors have a significant impact on the dynamic transfer of
the coordinated development level of green finance and digital
technology, and the evolution of development types is unstable.
The level of provincial green finance and digital technology coupling
and coordinated development has an important impact on the
future green finance and digital technology coupling and
coordinated development. The results show that regions with
higher levels are more likely to move to higher levels.

Third, through empirical testing, it is found that the coupled and
coordinated development of green finance and digital technology
has significant pollution emission reduction effects. Further
mechanism testing of the pollution emission reduction effects of
the coupling of green finance and digital technology showed that the
coupling of green finance and digital technology achieves pollution
emission reduction by driving green innovation.

7.2 Recommendations and outlook

First, we should continue to enhance and develop green finance,
encourage the use of digital technology, and promote the
optimization of industrial structures. Currently, the focus of
domestic green finance is mainly on green credit, which makes it
challenging to meet the financing requirements of different levels,
terms, and natures. There is an urgent need for rich green financial
products, convenient investment and financing processes, and
scientific and reasonable financial supervision to support
industrial transformation and structural optimization. In
addition, none of the published green finance policy documents
reflects attitudes towards greenhouse gases such as carbon dioxide,
making governance less precise. If greenhouse gas emission
indicators such as carbon dioxide can be included in the
financing conditions of green financial products and paperless
product transactions can be implemented, it will be more
conducive to promoting pollution reduction and carbon reduction.

Second, we can adjust the green tax rate and scale. Resource tax
and environmental protection tax rates are low, which is not
conducive to environmental governance. Pilot work can be
carried out in areas with a low proportion of green taxes and
good economic development levels, appropriately increase the tax
rates on taxable resources and pollutants, increase green tax revenue,
and adjust the scale of green taxation to a reasonable range. At the
same time, green fiscal policies such as tax incentives and financial
subsidies for new energy, renewable energy, and industrial structure
optimization will be adopted.

Third, we can optimize green fiscal spending. The scope of
environmental protection expenditures is limited to pollution
control, environmental management, and monitoring, and there
is a lack of supervision andmanagement of greenhouse gases such as
carbon dioxide. Therefore, adjusting the scope of environmental
protection expenditures, paying more attention to carbon emissions,
and releasing policy signals and determination to intervene will
promote green finance to better exert its effects on pollution
reduction and carbon reduction.

Fourth, we can build and optimize a digital green financial
product trading platform, provide a paperless business processing

platform, and implement platform supervision to achieve pollution
reduction and emission reduction effects.

This study examines the current characteristics and pollution
reduction effects of the coordinated development of green finance
and digital technology in China, in light of the progress of society
and the rapid growth of the economy and the Internet. However,
there are also some shortcomings in the writing process of this
article, which need to be further studied in the future. The impact
pathway of the coordinated development of green finance and digital
technology has not been specifically analyzed, and there is still room
for discussion. Due to limited time, this article did not delve deeper
into this aspect, which needs to be further explored in
subsequent research.
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