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Abstract
With the continuous advancement of the technological revolution and industrial transformation, environmental governance 
supported by digital finance has become an important engine for achieving carbon neutrality. Based on panel data from 30 
provinces in China, this study discusses the spatial spillover effect and transmission mechanism between digital finance and 
environmental pollution. Our research results confirm that the inhibitory effect of digital finance on local environmental 
pollution gradually increases with the improvement of digital finance. Interestingly, digital finance has a significant posi-
tive spatial spillover effect on environmental pollution in surrounding areas. The mediating effect shows that digital finance 
can alleviate environmental pollution by improving technological innovation, industrial upgrading and industrial structure 
rationalization. A higher degree of marketization and governmental support can increase the positive influences of digital 
finance on pollution reduction. This research proves the effectiveness of digital finance in improving environmental govern-
ance, and it encourages policy-makers around the world to rely on digital finance to promote ecological governance and 
achieve high-quality economic development.

Keywords  Digital finance · Environmental pollution · Dynamic threshold model · Spatial Durbin model · Sustainable 
development · China

Introduction

Since the industrial revolution, carbon emissions generated 
by the massive consumption of fossil fuels have worsened 
the global climate and have had acute impacts on the envi-
ronment and the climate system. As the largest developing 
country, China’s economy has witnessed unprecedented 
growth over the past 44 years. However, urbanization and 
economic growth are highly dependent on industry, trigger-
ing a surge in fossil energy and carbon emissions (Rehman 
et al., 2021). In 2020, PM2.5 and PM10 in 168 key cities 
in China exceeded the CAAQS Grade II standard, reach-
ing 61.9% and 38.7%, respectively (Hao et al. 2021; Zhu 
et al. 2022). According to data from Yale University, China’s 
EPI score is 37.3, ranking 120 in 180 countries and regions, 
with an increase of 8.4% over a decade period, and ranking 
137 in air quality, with an increase of 6.7% over a decade 
period. At present, China’s economic development is at the 
critical stage of transformation and upgrading. In response 
to the deterioration of the ecological environment, China 
has gradually paid attention to the exploration and use of 
clean energy (Isoaho et al. 2017). Moreover, the Chinese 
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government has actively formulated and implemented a 
series of pollution control strategies, regulatory policies 
and actions to address climate change, which have pro-
vided a strong impetus for the global achievement of the 
Paris Agreement and made significant contributions in this 
regard (Wu et al. 2021). Therefore, the pollution problem 
has become the greatest obstacle in the process of realizing 
carbon neutrality and green transformation in China (Chen 
and Chang 2020). If China achieves its carbon peak and 
carbon–neutral goals, it would mean a comprehensive transi-
tion of the economy and society to a green and low-carbon 
economy.

Financial innovation is the booster of economic growth, 
and it is the guarantee of green environmental develop-
ment (Awan et al. 2021). As an important part of the digi-
tal economy, digital finance realizes financing, payment, 
investment and so forth through digital technology, which 
enhances the inclusiveness and convenience of financial 
services and improves technological innovation (Cao et al. 
2021). With the integration of the digital economy and tra-
ditional finance, China’s digital financial index rose from 
33.6 in 2011 to 334.8 in 2020, and digital financial inclu-
sion has achieved vigorous development. Based on current 
studies, scholars have confirmed the role of digital finance 
in promoting economic growth and industrial upgrading. 
Research suggests that the financial system can optimize 
resource allocation and promote technological progress, and 
it has become an important driver of total factor productivity 
growth and economic growth (Han and Shen 2015; Lee and 
Lee 2022). As the public’s environmental concern gradually 
increase, the issue of whether digital finance promotes the 
green transformation of the economy has attracted attention 
from scholars. Ouyang and Li (2018) constructed a financial 
development index using indicators such as credit, insur-
ance industry income and stock market value. The study 
found that financial development can significantly reduce 
regional energy consumption and carbon emissions. In the 
era of digital economy, the combination of artificial intel-
ligence digital technology and the financial industry has had 
a subversive impact on the traditional financial operation 
(Li et al. 2020). Compared with traditional finance, digital 
finance reduces the risk resulting from information asym-
metry in the transaction process by evaluating the collected 
user information through advanced technologies (Demertzis 
et al. 2018). Moreover, taking advantage of the intelligent 
internet platform and big data analysis, digital finance can 
accurately identify environmental protection industries 
and promote the flow of capital to green, low-carbon and 
high-tech industries. Technological innovation is not only 
a source of power for sustained economic growth but also 
an effective means to solve environmental and sustainable 
development problems (Chang et al. 2022). As an emerging 
financial model, digital finance expands the boundaries and 

efficiency of financial services and brings new opportuni-
ties to stimulate the vitality of technological innovation and 
carry out green technological innovation activities. However, 
some scholars have concluded that although financial devel-
opment drives technological progress in society, it leads to 
an increase in energy consumption and carbon emissions 
through a rebound effect (Sorrell et al. 2009). Few scholars 
have discussed the influences of green finance on environ-
mental pollution from spatial spillover and threshold effects. 
Our research mainly addresses the following questions. 
What is the impact and transmission mechanism of digital 
finance on environmental pollution when spatial correlation 
is considered? In the long run, does digital finance have a 
nonlinear effect on pollutant emissions? The research con-
clusions of this paper are of great significance for the gov-
ernment to innovate financial models and achieve ecological 
governance and carbon neutrality.

The contributions of our study are mentioned in the fol-
lowing aspects. First, digital finance and environmental pol-
lution are contained in the same analytical framework. It 
helps to enrich and expand the breadth and depth of research 
in the field of environmental governance. Second, the spa-
tial Durbin model is used to test the spatial spillover effects 
between finance and pollution. Simultaneously, the media-
tion effect is applied to discuss the impact mechanism of 
digital finance on environmental pollution. These models not 
only address the spatial spillover effects between variables 
but also examine the channels of influence of digital finance 
on environmental pollution. Third, to solve the endogene-
ity problem, the dynamic threshold model is introduced to 
test the effect of digital finance on environmental pollution 
from the perspectives of government support and marketi-
zation processes. This article evaluates the environmental 
effects of digital finance from multiple perspectives. It not 
only enriches the related theoretical research on digital 
finance and high-quality economic development but also 
provides practical and effective practical paths for China’s 
ecological environment governance and economic green 
transformation.

Literature review

Finance and environmental pollution

The existing research has explored the interaction between 
finance and environmental pollution from different perspec-
tives and methods. In general, there are three different view-
points: facilitation, inhibition and irrelevance. Some scholars 
argued that financial development can effectively allocate 
capital resources, improve the utilization efficiency of funds 
and promote capital flow to low-polluting industries (Moosa 
and Ramiah 2018). Financial growth helps improve the level 
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of technological innovation and productivity, enhance the 
efficiency of energy use and thus improve environmental 
quality (Chang 2015; Zakaria and Bibi 2019). For instance, 
Al-Mulali et al. (2015) studied the relationship between 
financial development and carbon dioxide emissions in 129 
countries through OLS and the Granger causality test. The 
results show that financial development greatly contributes 
to reducing carbon emissions and improving environmental 
quality. Shahbaz et al. (2018) explored the influencing fac-
tors of carbon emissions in France from 1955 to 2016 and 
found that financial activities reduced pollution emissions 
in France.

However, some scholars hold the opposite view and sug-
gest that in the process of financial reform, once low-interest 
bank credit flows to traditional polluting industries (steel, 
petrochemical), it will also increase the output of energy-
intensive products and deteriorate the ecological environ-
ment (Dong et  al. 2020; Acheampong 2019). Shahbaz 
et al. (2020b) discussed the relationship between financial 
development and environmental degradation in the United 
Arab Emirates, 1975QI–2014QIV, and found that there is 
a U-shaped and inverted N-shaped relationship between 
financial reform and carbon emissions. Adams and Klobodu 
(2018) found that financial infrastructure plays an essential 
role in pollution based on a study of 26 African countries. 
Additionally, financial development can effectively stimulate 
residents to increase their consumption of cars and washing 
machines, which indirectly increases energy consumption 
and aggravates pollution. In addition, some scholars believe 
that financial development has no impact on environmental 
quality. Omri et al. (2015) analysed the relationship between 
the financial environment and trade growth of 12 MENA 
countries and found that financial development exerts no 
impact on CO2 emissions. Dogan and Turkekul (2016) also 
found that financial development does not affect environ-
mental pollution by testing the EKC curve in the USA.

Development of digital finance

With the application of digital technology, related 
research on digital finance has attracted the attention 
of scholars (Ozili 2018; Butticè and Vismara 2021; Lu 
et al. 2022). At present, the research on digital finance 
mainly includes measurement indicators, digital financial 
tools and its effects on the economy, society and environ-
ment. Specifically, there are four representative indica-
tors for digital finance, including financial inclusion data 
founded by the Alliance for Financial Inclusion, Global 
Findex database, G20 Financial Inclusion Indicators and 
the Peking University Digital Financial Inclusion Index 
of China and Ant Financial Services Group. These finan-
cial databases are quite convenient for the study of digital 
finance (Demirgüç-Kunt and Klapper 2012).

In addition, digital finance has brought many changes 
to economic and social development (Siddik et al. 2020). 
Digital finance provides new and important financial prod-
ucts, services and software for economic development 
and changes the way the public communicate and interact 
(Gomber et al. 2017). Relying on big data, digital finance 
has overcome the limitations of traditional finance, such as 
information asymmetry, high transaction costs and limited 
mortgage loans, and has built a safer digital risk control 
system of inclusive finance (Ozili 2018). Compared with 
traditional finance, digital finance not only improves the 
efficiency of financial services and promotes the reform of 
financial structure but also enhances the market competi-
tion effect among banks and improves the service qual-
ity, diversification and convenience of banks (Durai and 
Stella 2019). By increasing online financial services, digi-
tal finance helps traditional finance reduce its dependence 
on physical channels and expand financing channels for 
SMEs and individuals (Ketterer 2017). Moreover, digital 
finance is essential in enterprise development, consump-
tion, industrial structure upgrading, regional innovation 
and the income gap. Cao et al. (2021) found that digital 
finance can improve China’s energy-environmental per-
formance through green technology innovation. Chen and 
Zhang (2021) believed that digital finance is conducive to 
the servitization of manufacturing. Li et al. (2020) found 
that digital finance can stimulate household consumption 
through online shopping and payments. Interestingly, due 
to the frequent use of digital finance, the Kenyan public 
has become a trusted member of the financial community 
(Kusimba 2018). Some energy start-ups provide modern 
energy to the poor through pay-as-you-go, and customers 
can use energy assets more conveniently through prepay-
ment or lease (Winiecki and Kumar 2014).

In summary, scholars have done abundant research on 
the impact of financial development on economic devel-
opment, industrial upgrading, bank credit risk, household 
consumption and productivity. However, in the context of 
carbon neutrality and sustainable development, the discus-
sion on the role of digital finance on environmental qual-
ity is still insufficient. Moreover, it has not yet reached a 
consensus on the impact of finance on pollution emissions. 
The related research has the following shortcomings. First, 
the existing literature discusses more about the direct 
effect of digital finance on environmental quality and pays 
little attention to the spatial spillover effect. Second, most 
of the literature only analyses the impact of digital finance 
on pollution from an empirical perspective, and there are 
relatively few studies that discuss the impact mechanism 
between the two in detail. Therefore, the digital finance 
and pollution are included in the same empirical model to 
broaden the scope of research on environmental govern-
ance. The SDM model and the mediation effect model are 
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applied to test the spatial spillover effects and influence 
path of digital finance on pollution. It can provide practi-
cal and effective practical paths for ecological governance 
and green transformation.

Mechanism analysis

The impact mechanism of digital finance 
on environmental pollution

With the support of cloud computing and artificial intel-
ligence, digital finance, as a new financial model integrat-
ing traditional finance and internet technology, accelerates 
the integration of market financial resources and realizes 
financial informatization and intelligence (Gomber et al. 
2017). The impact of digital finance on environmental pol-
lution can be analysed from the perspective of supply and 
demand. Digital finance accelerates the flow of funds and 
stimulates the vitality of the market through more adequate 
information from the perspective of supply. It also provides 
multiple financing channels for enterprises, eases financ-
ing constraints and guides enterprises to transform into a 
low-carbon and green development model (Chang et al. 
2021). On the other hand, digital finance provides consum-
ers with consumer credit based on massive consumption 
data, reduces the difficulty for residents to obtain financial 
services and releases consumption potential from the per-
spective of demand (Li et al. 2020). Moreover, it reshapes a 
convenient and intelligent financial system, which not only 
improves the accessibility of information but also expands 
financing channels for enterprise innovation and improves 
the efficiency of financial resource allocation and the quality 
of economic development (Ozili 2018).

Technological innovation effect

Generally, green innovation activities have the characteris-
tics of a long cycle, large capital investment and uncertain 
output results. The transformation of innovation achieve-
ments, market promotion and application and after-sales ser-
vice all require continuous financial support (Wang and Luo 
2020). Digital finance mainly improves enterprises’ green 
innovation from two aspects. First, relying on digital tech-
nologies, digital finance can help enterprises evaluate inno-
vation through internet technology and promote the trans-
formation of enterprise innovation from experience-driven 
to data-driven. In addition, digital finance also improves 
the success rate of technology research and the transforma-
tion of technological achievements. Second, unlike tradi-
tional finance, which selects credit customers according to 
the company’s assets and profitability, digital finance pro-
vides financial innovation and technical research support 

for small firms in remote areas based on the characteristics 
of inclusive and precise services (Shofawati 2019). By col-
lecting enterprises’ nonfinancial information, digital finance 
establishes a more complete credit rating, eases financing 
constraints and increases SMEs’ engagement in innovative 
activities. In addition, green innovation can improve the 
energy efficiency and the transformation of polluting indus-
tries and reduce environmental pollution (Cao et al. 2021).

Industrial upgrading effect

Digital finance can affect industrial upgrading and environ-
mental pollution mainly through the following channels. 
The first influence channel is the development of the tertiary 
industry. As a part of the service industry, digital finance 
has the characteristics of resource savings and environmen-
tal friendliness, which can generate new industry models 
and new business forms and promote the transformation of 
industrial structures through the market-oriented application 
of information technology and business model innovation. 
Digital finance can make full use of internet technology to 
build a supply and demand docking platform for financial 
resources, reduce transaction costs and improve transaction 
efficiency. It realizes the integration of the digital economy 
and the real economy and promotes industrial transforma-
tion (Feng and Zhang 2021). Additionally, digital finance 
mitigates factor mismatches and reduces factor substitution 
costs. Digital finance relies on the internet and intelligent 
business models to break the constraints of time and space 
and guide the transfer of factors to high-efficiency industries. 
Therefore, digital finance can promote industrial upgrading 
and optimize environmental quality by increasing the pro-
portion of green industries (Wan et al. 2022).

Industrial rationalization effect

As the core of the modern economic system, digital finance 
enhances the rational utilization of funds by dispersing risks 
and providing liquidity, optimizes the rational allocation of 
resources and guides resources to agglomerate in green 
industries (Chen and Zhang 2021). On the one hand, digital 
finance relies on digital technology to make the information 
in the financial service process more sufficient and weaken 
the problems of information asymmetry, moral hazard and 
adverse selection. In addition, it can also improve informa-
tion transparency, reduce trust risks and transaction costs 
and improve the allocation efficiency of capital elements. 
On the other hand, digital finance can enhance the rationali-
zation of industrial structure by optimizing labour resource 
allocation. Specifically, digital finance can encourage entre-
preneurship through financial support, create new jobs, 
provide human capital investment and adequate credit for 
vulnerable groups and reduce the negative impact of labour 
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dislocation on resource allocation (Durai and Stella 2019). 
Furthermore, the rationalization of the industrial structure 
can improve the utilization efficiency of various resource 
elements and reduce energy consumption and environmen-
tal pollution. The impact mechanism of digital finance and 
environmental pollution is shown in Fig. 1

Methodology and data

Methodology

Basic linear model

To check the effect of digital finance on pollution, a bench-
mark linear measurement model was constructed. Consid-
ering that environmental pollution may be affected dur-
ing the earlier stage (Ren et al. 2021), we add the lagging 
one-stage variable POLit−1 to the model. The equation is 
as follows:

where DF indicates digital finance; X contains all the con-
trol variables, involving economic development ( PGDPit ), 
population agglomeration ( PODit ), financial development 
( FINit ) and opening level ( OPENit);�0, �1, �2,… , �n are the 
coefficients; and �i and �t denote the province effects and 
time effects, respectively. �it is the error term.

(1)
POLit = �0 + �1POLit−1 + �2DFit + �3PGDPit + �4PODit

+ �5FINit + �6OPENit + �i + vt + �it

Spatial Durbin model

There are three types of spatial economic models: the 
lag model (SLM), error model (SEM) and Durbin model 
(SDM). SLM models focus on the spatial characteristics of 
the explained variables, and the SEM model mainly exam-
ines the spatial influence of unobservable random shocks. 
The SDM model covers the advantages of SEM and SLM 
and is frequently adopted in empirical research (Yang et al. 
2021a, 2021b). In addition, the SDM model can calculate 
the spillover effect between regions, which more accurately 
reflects the spatial correlation. Therefore, to accurately ana-
lyse the spatial spillover effects of DF on environmental pol-
lution, we set up the spatial measurement model as follows 
based on a multidimensional spatial weight matrix.

where ρ is the spatial spillover coefficient and Wit is the spa-
tial weight matrix. According to Hao et al. (2021), we utilize 
the 0–1 spatial weight matrix ( WG

ij
 ) to test the spatial spillo-

ver effect. Based on the above matrix, if province i has the 
same edge as province j, then WG

ij
=1; otherwise, WG

ij
=0. The 

formula of Moran’s I is as follows.

(2)
POLit = � + �

∑N

j=1
WijPOLjt + �1DFit + �2PGDPit + �3PODit

+ �4FINit + �5OPENit + �6

∑N

j=1
WijDFjt + �i + vt + �it

(3)Moran�s I =

∑N

i=1

∑N

j=1
Wij(Xi − X)(Xj − X)

S2
∑N

i=1

∑N

j=1
Wij

Fig. 1   Influence mechanism of 
the digital finance and environ-
mental pollution
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Additionally, this paper uses z values for statistical tests.

Dynamic threshold panel model

To study the influence of digital finance on environmental 
contamination under different levels of threshold variables, 
we choose digital finance, government support and marketi-
zation level as threshold variables. Referring to Wu et al. 
(2021), we construct the threshold panel model:

where qit is the threshold variable and c indicates the thresh-
old value.

Selected variables

Environmental pollution

Because of the accessibility of data, this paper constructs 
an environmental pollution indicator system (see Table 1). 
Referring to Ren et al. (2022), we utilize the entropy method 
to determine the indicator weight for each indicator. Spe-
cifically, we standardize the specific indicators of different 
dimensions and units and then calculate the weight, entropy 
and difference coefficient. Finally, the annual comprehensive 
score of each province is obtained, that is, the environmental 
pollution index of each province.

(4)S2 =
�n

i=1
(Xi − X)

2

X =

∑n

i=1
Xi

n

(5)z(Moran�s I) =
Moran�s I − E(Moran�s I)

√

Var(Moran�s I)

(6)E(Moran�s I) = −
1

n − 1

(7)

POLit = 𝛼 + 𝛽1POLit−1 + 𝛽2DFit ∙ I
(

qit ≤ c
)

+ 𝛽3DFit ∙ I
(

qit > c
)

+
∑4

k=1
𝛿kXkit + 𝜇i + vt + 𝜀it

Digital finance

The Digital Inclusive Finance Index, jointly compiled by the 
Institute of Digital Finance of Peking University and Ant 
Financial Services Group, is used to measure the overall 
development level of digital finance in China (Li et al. 2020). 
It measures the breadth of coverage, depth of use and degree 
of digitalization of digital finance, along with subindexes 
such as payment, insurance, monetary funds, credit services, 
investment and credit. The index covers 31 provinces, 337 
cities at the prefecture level and above and approximately 
2,800 counties in mainland China, which helps us better 
understand the development status and trend of digital inclu-
sive finance in China (Fig. 2). In this paper, we divide the 
digital finance index by 100 to improve the accuracy and 
rationality of the analysis.

Mediation variables and threshold variables

(1) Technological innovation (TI)  Regarding the measure-
ment of technological innovation output, R&D invest-
ment and patents are the main reference indicators used 
by many researchers to measure regional technological 
innovation capabilities. It is common to directly use pat-
ents as the result of innovative R&D in previous studies. 
The reason is that patent data are highly available, and 
the patent evaluation process is relatively objective. The 
patent data issued by the National Bureau of Statistics 
of China mainly include two types: the patents granted 
and patent applications. The quantity of patent applica-
tions is not enough to represent the actual innovation 
ability. The patents authorized by the patent certification 
body are granted protection rights such as xenophobia 
and monopoly (Pan et al. 2019). Authorized patents not 
only participate in transactions in the market but are also 
integrated into the industry and transformed into actual 
technical products. Therefore, the technical innovation 
indicator is measured by the number of patents granted 
(Khan et al. 2020).

Table 1   Environmental pollution index

First-level index Second-level index Evaluation factor

Environmental pollution Solid waste The quantity of industrial solid waste produced accounts for the proportion of industrial 
added value

Resource consumption total energy consumption as a proportion of GDP
Wastewater The discharge of ammonia nitrogen in industrial wastewater accounts for the proportion of 

industrial added value
Industrial wastewater as a proportion of GDP

Exhaust Sulphur dioxide emissions in industrial waste gas accounted for the proportion of industrial 
added value
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(2) Industrial structure upgrading (STR)  Traditional eco-
nomic growth mainly depends on high input and high waste 
of energy. With rapid economic growth, the industrial 
structure dominated by the industry has led to progressively 
severe environmental contamination. The upgrading of the 
industrial structure can optimize the environment and alle-
viate resource shortages. Therefore, the ratio of the added 
value of the tertiary industry to the added value of the sec-
ondary industry is used to express the effect of industrial 
upgrading (Ren et al. 2021).

(3) Industrial structure rationalization (RIS)  We use indus-
trial structure rationalization to show the level of coordina-
tion among the different industries and the effective utili-
zation of resources. It reflects the coupling degree of the 
factor input and output structure. The existing measurement 
indicators for industrial structure rationalization include the 
structural deviation degree and Theil index. However, the 
degree of structural deviation fails to reflect the role of the 
three industries in the economy and cannot effectively meas-
ure the rationalization of China’s industrial structure in the 
new era. Therefore, referring to Zhu et al. (2019), this paper 
uses the Theil index to represent industrial structure ration-
alization. The index effectively measures the employment 
structure of various industries and personnel. If the index 

is closer to 0, it means that the industrial structure is more 
reasonable, and the larger the index, the more unreasonable 
the industrial structure. The equation is as follows:

where Yi,m,t represents the added value of the mth industry in 
area i and Li,m,t represents the employees of the mth industry 
in area i.

(4) Marketization level (MAR)  This study uses the provincial 
marketization index compiled by Yang et al. (2020) as a 
substitute variable for the marketization process.

(5) Government support (GOV)  Government public fiscal 
expenditures can optimize capital allocation and promote 
economic efficiency and industrial structure adjustment. The 
ratio of government public expenditure to GDP is used to 
value the degree of government support.

Control variables

(1) Economic development (PGDP)  Numerous studies have 
found that economic growth inevitably results in a fall in 

(8)RISi,t =
∑3

m=1
Yi,m,tln

(

Yi,m,t

Li,m,t

)

,m = 1, 2, 3

Fig. 2   China’s digital finance 
in 2019
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environmental quality. Generally, economic development 
needs to consume a large amount of fossil energy, which 
inevitably leads to increased environmental pollution. The 
per capita GDP is selected to denote the degree of economic 
development in this paper (Yang et al. 2021c).

(2) Financial development (FIN)  On the one hand, funds and 
technology play a key role in environmental governance. On the 
other hand, corporate green technological innovation is insepa-
rable from the support of financial services. This paper uses the 
loans of financial institutions at the end of the year as a percent-
age of GDP to measure the financial level (Wu et al. 2021).

(3) Population agglomeration (POD)  Population gatherings 
can increase resource consumption and cause a decline in 
environmental quality. Referring to Xu et al. (2020), the 
urban population density is selected to measure the level of 
population agglomeration.

(4) Foreign direct investment (OPEN)  There is a technology 
spillover effect on foreign direct investment. It is an impor-
tant way for the host country to develop and spread techno-
logical innovation. The gradual expansion of foreign direct 
investment not only promotes the economic growth of the 
host country but also increases carbon dioxide emissions 
and aggravates the deterioration of the host country’s natural 
environment. Referring to Wu et al. (2020), the actual use of 
foreign capital as a percentage of GDP is used to denote the 
level of openness.

Except for Tibet, Taiwan, Hong Kong and Macao, this paper 
chooses 30 provinces in China, and the study period is 
2011–2019. We obtain these data from the China Statistical 
Yearbook, government work reports and national economic 
and social operation bulletins. The descriptive statistics of 
the chief variables are shown in Table 2.

Empirical analysis

Spatial econometric model

Spatial autocorrelation measures the degree of spatial aggre-
gation of spatial units and is the basis for spatial economet-
ric analysis. Following Feng and Wang (2020), this study 
examines the spatial correlation of ecological efficiency in 
30 Chinese provinces during the 2011–2019 period. Moran’s 
I is used to detect spatial correlations between areas. We can 
see that the Moran index of environmental pollution and 
digital finance is greater than 0 from Table 3. This means 
that environmental pollution and digital finance have a posi-
tive spillover effect.

To identify the spatial aggregation characteristics of 
environmental pollution more intuitively, the Moran index 
scatter plots of pollution in 2011 and 2019 are provided 
in Fig. 3. There are four quadrants in the Moran index 
scatter plot. From Fig. 3, we can see that most of the 30 
provinces in 2011 and 2019 are distributed in the first and 
third quadrants, and a few provinces are distributed in the 
other two quadrants. This more intuitively verifies that 
environmental pollution is spatially dependent, indicating 
that the environmental pollution of different provinces has 
a significant positive correlation. This finding is consistent 
with Ren et al. (2021).

Benchmark model and spatial econometric model

The results of the baseline model are displayed in Table 4. 
In this study, we use OLS, FE and RE to regress Eq. (1). To 
further correct the deviation of the regression results caused 
by the endogeneity and autocorrelation between variables, 
generalized moment estimation (GMM) is used to further 
test Formula (1). From the regression results of OLS, FE, RE 
and GMM, it can be inferred that digital finance can reduce 

Table 2   The statistical 
description of variables

Variable Definition Obs Mean Std. dev Min Max

DF Digital finance 270 203.36 91.57 18.33 410.28
RIS Rationalization of the industrial structure 270 4.7994 0.3247 0.0000 5.3870
GOV Government support 270 0.0292 0.0313 0.0096 0.2180
TI Technological innovation 270 0.8608 1.6494 0.0007 18.2639
PGDP Economic development 270 5.1646 2.6833 1.6165 16.4563
FIN Financial development 270 1.4368 0.4411 0.6706 2.5772
POD Population agglomeration 270 0.2756 0.1100 0.0515 0.5515
OPEN Foreign direct investment 270 0.0208 0.0190 0.0000 0.1210
STR Industrial structure upgrading 270 1.2917 0.7121 0.5271 5.2340
MAR Marketization level 270 6.7254 1.9778 2.3300 11.4000
CS Cover breadth 270 1.8361 0.9024 0.0196 3.8466
UD Application depth 270 1.9797 0.9135 0.0676 4.3991
DD Digitization level 270 2.7838 1.1800 0.0758 4.6223
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Table 3   The Moran’s I index 
from 2011 to 2019

Year Environmental pollution Digital finance

I z p value I z p value

2011 0.139 1.450 0.074 0.442 4.015 0.000
2012 0.125 1.335 0.091 0.443 4.069 0.000
2013 0.119 1.286 0.099 0.418 3.885 0.000
2014 0.116 1.255 0.105 0.412 3.830 0.000
2015 0.134 1.411 0.079 0.365 3.432 0.000
2016 0.134 1.438 0.075 0.413 3.852 0.000
2017 0.107 1.198 0.115 0.468 4.326 0.000
2018 0.118 1.283 0.100 0.514 4.687 0.000
2019 0.100 1.133 0.129 0.521 4.74 0.000

Fig. 3   Moran’s exponential scatter plot of pollution in 2011 and 2019

Table 4    The regression results of digital finance on environmental pollution

Note: * p < 0.1, ** p < 0.05, *** p < 0.01

Variables OLS FE RE SYS-GMM DIF-GMM 0–1 matrix

L.POL 0.559*** (19.744) 0.542*** (31.379)
DF  − 0.054*** 

(− 5.424)
 − 0.063*** 

(− 4.648)
 − 0.059*** 

(− 5.880)
 − 0.024*** 

(− 5.090)
 − 0.034*** 

(− 11.970)
 − 0.063*** (− 2.752)

PGDP 0.008** (2.327)  − 0.004 (− 0.544)  − 0.003 (− 0.506) 0.003 (0.787) 0.010*** (4.216) 0.019*** (2.685)
FIN  − 0.194*** 

(− 10.808)
 − 0.063* (− 1.676)  − 0.098*** 

(− 3.484)
 − 0.086*** 

(− 3.554)
 − 0.110*** 

(− 10.746)
 − 0.036 (− 1.094)

POD  − 0.123* (− 1.869)  − 0.034 (− 0.312)  − 0.056 (− 0.593)  − 0.043 (− 0.808)  − 0.488*** 
(− 3.344)

0.039 (0.413)

OPEN 0.464 (1.204) 0.213 (0.608) 0.190 (0.561) 3.179*** (5.357) 0.459*** (4.978)  − 0.035 (− 0.114)
_CONS 0.593*** (18.354) 0.467*** (7.577) 0.508*** (9.951) 0.189*** (3.926)
W*DF 0.057** (2.121)
Spatial_ rho 0.315*** (4.061)
AR(2) 0.57[0.566] 0.66[0.510]
Hansen 22.43[0.210] 27.34[0.199]
R2/Wald 0.4560 0.5958 0.5934 2331.02*** 13,137.22*** 0.5824
N 270 270 270 270 270  270
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environmental pollution at the 1% significance level. Digital 
finance is helpful in broadening the channels for people to 
participate in environmental protection and increasing the 
transparency of environmental protection public welfare 
activities (Cao et al. 2021). The public is deeply involved 
in environmental protection through the digital financial 
platform, which greatly enhances the public’s willingness 
to protect environmental protection. Digital finance advo-
cates the concept of green consumption. Mobile payment 
can reduce the use of cash, and online financial services 
can reduce the frequency of the public going to the bank for 
business (Masmoudi et al. 2019). Digital finance is useful 
to enlarge the source of capital, solve information asymme-
try and spread risks over a wider range. Moreover, digital 
finance also enhances the efficiency of capital allocation 
and greatly diminishes the transaction costs of enterprises. 
It provides convenient financial support for corporate green 
technology research and development (Sun 2020).

Table 4 indicates that there is spatial autocorrelation 
between environmental protection in various provinces 
of China. We analyse the effect of local digital finance 
on environmental pollution based on the 0–1 adjacency 
weight matrix. We found that digital finance can curb 
environmental pollution in the region, which is consist-
ent with the conclusion of the benchmark regression. In 
the spatial spillover effect, the estimated coefficients of 
W*DF are significantly positive, indicating that the pro-
gression of local digital finance increases the environ-
mental pollution of neighbouring regions. The possible 
explanation is that digital finance has many advantages, 
such as stimulating individual entrepreneurship and cor-
porate innovation and expanding social consumption. 
The progression of local digital finance has a “siphon 
effect” on entrepreneurship, technological innova-
tion and consumption in neighbouring regions, which 
may lead to the loss of technology, talent and capital in 
neighbouring regions (Xu and Sun 2021). Moreover, the 
“siphon effect” inhibits the effective use of technologi-
cal innovation and industrial upgrading in surrounding 
areas, making digital finance a potential risk of form-
ing a “beggar-thy-neighbour” pollution reduction model 
among neighbouring areas (Song et al. 2021).

Mediation effect

In the mechanism analysis, this study takes technological 
innovation, industrial rationalization and industrial upgrad-
ing as mediation variables and adopts a mediation effect 
model to examine the effect of digital finance on environ-
mental pollution (Table 5).

This article measures the effect of technological 
innovation by selecting the number of invention patents 
granted. The regression outcome of Model (1) indicates 

that digital finance improves regional technological inno-
vation capabilities; it is in line with the view that digi-
tal finance promotes technological innovation of enter-
prises (Liu et al. 2022). The estimation result of Model 
(2) shows that technological innovation can significantly 
reduce pollutant emissions. This finding is consistent 
with Shahbaz et al. (2020a). According to the judgment 
criteria of the mediation effect, technological innova-
tion plays an intermediary role in the impact of digital 
finance on environmental contamination; that is, digital 
finance can improve regional technological innovation 
to lessen environmental contamination. Digital finance 
can optimize the allocation effectiveness of social capi-
tal and guide the flow of social capital to more efficient 
emerging industries. It improves the effective supply of 
financial capital and directly affects the development 
of technological innovation activities (Cao et al. 2021). 
Moreover, convenient digital financial services also help 
companies improve productivity and decrease environ-
mental contamination in the production process.

Industrial upgrading is regarded as a mediation vari-
able. The empirical results are revealed in columns 
(3)–(6) in Table 5. We find that the mediation effect of 
industrial upgrading and industrial structure rationaliza-
tion is valid. The main reason is that financial develop-
ment has become a critical factor affecting the transfor-
mation of industrial structure. The factor allocation of 
digital finance is conducive to optimizing the allocation 
of funds among industries and stimulating consumption 
diversity, which is conducive to promoting industrial 
upgrading and thus achieving pollution reduction (Qin 
et al. 2021).

The threshold regression model

Previous studies have shown that China has an enormous 
territory and regional diversity in financial resources. There-
fore, the pollution reduction effect of financial resources may 
show a nonlinear relationship. To verify the potential non-
linear effects of DF, this study constructs a panel threshold 
regression model of digital finance and environmental con-
tamination. According to the existence test of the thresh-
old effect, we find that the inhibitory influence of digital 
finance on environmental pollution has a single threshold 
effect (Table 6).

We find that the pollution reduction effect of digi-
tal finance is divided into two stages (Table 7). When 
the digital finance index is lower than 2.218, the impact 
coefficient of digital finance on environmental pollu-
tion is − 0.0427; when the DF variable exceeds 2.218, 
the negative effect of DF on pollution gradually increases 
(− 0.0756). In general, the negative effect of DF on pol-
lution has gradually increased with the improvement of 
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Table 5   Estimation result of the mediation effect

Note: * p < 0.1, ** p < 0.05, *** p < 0.01

Variable (1) (2) (3) (4) (5) (6)
TI POL ISR POL STR POL

L.POL 0.093*** (29.134) 0.768*** (85.781) 0.685*** (10.980) 0.605*** (23.695) 1.083*** (103.589) 0.767*** (60.700)
TI  − 0.010*** (− 8.953)
ISR  − 0.259*** 

(− 2.933)
STR  − 0.027*** (− 4.484)
DF 0.242*** (7.266)  − 0.017*** 

(− 11.387)
0.017*** (3.040)  − 0.009*** 

(− 4.622)
0.026*** (4.368)  − 0.012** (− 2.012)

PGDP  − 0.184*** 
(− 11.306)

0.003*** (5.952)  − 0.021*** 
(− 3.665)

 − 0.013*** 
(− 2.890)

 − 0.031*** 
(− 7.368)

0.005*** (2.679)

FIN 1.100*** (19.683)  − 0.041*** 
(− 10.350)

 − 0.070** (− 2.000)  − 0.086*** 
(− 4.914)

0.190*** (6.251)  − 0.033*** (− 4.621)

POD  − 0.855*** (− 5.101) 0.050*** (4.708) 0.600*** (3.397)  − 0.082** (− 1.989)  − 0.312*** 
(− 3.933)

0.019 (0.809)

OPEN  − 6.964*** (− 8.853) 0.183*** (3.805) 4.699*** (12.396) 3.482*** (10.348) 4.082*** (8.426) 0.340*** (2.921)
_CONS  − 0.047 (− 0.602) 0.109*** (11.798) 1.396*** (4.727) 1.477*** (3.362)  − 0.147*** 

(− 4.392)
0.100*** (15.948)

AR(1)  − 1.42 [0.156]  − 2.21 [0.027]  − 1.16 [0.244]  − 2.01 [0.044]  − 2.30 [0.021]  − 2.12 [0.034]
AR(2) 0.55 [0.581]  − 1.47 [0.143]  − 0.85 [0.396]  − 0.96 [0.335]  − 1.88

0.060
0.07 [0.947]

Hansen test 22.90 [0.467] 26.29 [0.339] 21.83 [0.112] 27.65 [0.188] 25.35 [0.116] 27.91 [0.143]
Wald test 93,553.11*** 822,980.51*** 1330.11*** 20,046.72*** 87,131.61*** 180,036.38***
N 270 270 270 270 270 270

Table 6   Threshold effect test

Variables Type F test p Critical value Value 95% confidence interval

Digital finance Single threshold 47.09 0.00 18.8448 22.7088 30.4228 2.2184 (2.1612, 2.2189)
Double threshold 4.99 0.69 14.3548 17.4635 22.9373 0.2451 (0.2034, 0.2491)

Governmental support Single threshold 45.56 0.00 35.1247 39.6294 49.7160 0.0241 (0.0237, 0.0242)
Double threshold 13.77 0.02 31.6377 36.8439 52.3051 0.0112 (0.0106, 0.0113)

Marketization Single threshold 20.12 0.0567 30.5691 35.0203 46.0390 6.3400 (5.9350, 6.4200)
Double threshold 11.45 0.0167 25.9670 29.6463 38.5177 3.8600 (3.4900, 3.9100)

Table 7   Regression result of the 
threshold models

Note: * p < 0.1, ** p < 0.05, *** p < 0.01

Variables Digital finance Government support Marketization

DF(qit ≤ C)  − 0.0427*** (− 3.29)  − 0.0353** (− 1.97) 0.0070 (0.34)
DF(qit ≤ C)  − 0.0699*** (− 5.44)  − 0.0453*** (− 3.22)
DF(qit > C)  − 0.0756*** (− 5.94)  − 0.0228* (− 1.68)  − 0.0715*** (− 5.50)
PGDP 0.0111 (1.52)  − 0.0086 (− 1.15)  − 0.0006 (− 0.09)
FIN  − 0.0396 (− 1.14)  − 0.1051*** (− 3.05)  − 0.0723** (− 2.02)
POD  − 0.0084 (− 0.08) 0.1365 (1.31)  − 0.0189 (− 0.18)
OPEN  − 0.1489 (− 0.45) 0.2112 (0.65) 0.1750 (0.53)
_CONS 0.3565*** (6.01) 0.4810*** (8.35) 0.4525 (7.74)
R2 0.6576 0.6695 0.6405
N 270 270 270
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digital finance. As the intensity of government support 
continues to increase, the negative effect of DF on pollu-
tion first increases and then decreases. Therefore, moder-
ate government subsidies and support are conducive to 
the role of digital finance in reducing pollution. Further-
more, we have also found that increased marketization 
can increase the energy conservation and contamination 
reduction effects of digital finance. Generally, govern-
ment intervention in the financial market restricts the 
flow of capital elements, resulting in inefficient alloca-
tion of financial resources. Promoting market-oriented 
reforms can weaken the government’s power to intervene 
in the economy. The increase in the level of marketiza-
tion reduces the rent-seeking behaviour of enterprises, 
which is conducive to transferring more capital to tech-
nological innovation and reducing environmental pollu-
tion from the source.

Further analysis

We analyse the effect of the development of digital finance 
on environmental contamination from the aspects of cover 
breadth, application depth and digitization level (Table 8). 
From the perspective of structural effects, the cover 
breadth, application depth and digitization level of digi-
tal finance inclusion have a significantly negative effect 
on contamination. Among them, the application depth of 
digital finance has the greatest impact on environmental 
pollution, and the degree of digitalization has the least 
impact. The possible reason is that the application depth of 
digital finance includes the use of services such as internet 
payment, internet credit and internet wealth management. 
The continuous improvement of the application depth can 
further improve the digital inclusive financial system and 
green high-quality development. Due to the limitations 

Table 8   Regression result of the further analysis

Note: * p < 0.1, ** p < 0.05, *** p < 0.01

Variables OLS OLS OLS SYS-GMM SYS-GMM SYS-GMM

L.POL 0.572*** (25.489) 0.710*** (50.472) 0.584*** (16.290)
CS  − 0.056*** (− 5.364)  − 0.022*** (− 3.911)
UD  − 0.062*** (− 6.086)
DD  − 0.025*** (− 3.708)  − 0.028*** (− 21.779)  − 0.004** (− 2.023)
PGDP 0.009** (2.433) 0.011*** (3.109) 0.001 (0.365) 0.002 (0.532) 0.009*** (14.211)  − 0.005** (− 1.966)
FIN  − 0.190*** (− 10.471)  − 0.204*** (− 11.667)  − 0.201*** (− 10.864)  − 0.083*** (− 2.879)  − 0.057*** (− 9.319)  − 0.082*** (− 2.851)
POD  − 0.124* (− 1.871)  − 0.111* (− 1.694)  − 0.159** (− 2.372) 0.009 (0.089) 0.009 (0.504)  − 0.069 (− 1.274)
OPEN 0.424 (1.094) 0.546 (1.453) 0.639 (1.621) 3.172*** (4.921) 0.041 (0.598) 3.519*** (4.943)
_CONS 0.579*** (17.982) 0.597*** (18.693) 0.605*** (17.802) 0.162** (2.493) 0.135*** (11.545) 0.177*** (3.277)
AR(2) [− 0.22] 0.825 [1.48] 0.140 [0.37] 0.708
Hansen test 23.28 [0.140] 24.85 [0.129] 22.56 [0.208]
R2/Wald test 0.4548 0.4698 0.4253 2921.43 11,697.47 2421.08
N 270 270 270 270 270 270

Table 9   Robustness results

Note: Figures in () are the z values or t values
Note: * p < 0.1, ** p < 0.05, *** p < 0.01

Variables OLS FE First stage Second stage

L.POL 1.238*** (29.398) 1.011*** (79.007)
IV 0.0105** (1.90)
DF  − 0.101** (− 2.047)  − 0.075*** (− 3.719)  − 0.4538** (− 1.82)
PGDP  − 0.010** (− 2.354)  − 0.000 (− 0.321) 0.0404*** (10.17) 0.0236 (0.56)
FIN 0.041* (1.847) 0.011*** (3.250) 0.0051 (0.13)  − 0.1899*** (− 5.22)
POD  − 0.126** (− 2.255)  − 0.003 (− 0.296) 0.04175 (0.39)  − 0.1095 (− 0.78)
OPEN 0.415** (2.262)  − 0.175** (− 2.444) 1.2205 (1.62) 1.0052 (0.54)
_CONS 3.4264 (41.16) 2.1154 (0.64)
W*DF  − 0.121 (− 0.866) 0.133** (2.398)
Sigma2_e 0.001*** (12.175) 0.000*** (12.308)
R2/Wald test 0.8085 0.8998 0.9584 269.46***
N 270 270 270 270
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of related infrastructure, the degree of digitalization does 
not play an active role in environmental governance. The 
coverage of digital financial inclusion mainly refers to the 
account coverage of the network, which can efficiently 
determine the problem of incoordination and imbalance 
in China’s financial development.

Robustness and endogenous test

We use two methods to test the robustness of the results. 
(1) In replacing the spatial matrix, we run the regression 
model again by replacing the 0–1 adjacency matrix with the 
economic matrix. (2) In replacing the dependent variable, 
the full array index method was used to calculate the pollu-
tion index, and the SDM methods were used to estimate the 
model. (3) This study attempts to solve the endogenous prob-
lem through instrumental variables. The fibre-optic cable 
data of each province are selected as the instrument variable 
of DF. The distribution of fibre-optic cables may affect the 
popularization of the internet and digital finance. Therefore, 
selecting the number of fibre-optic cables as the instrumen-
tal variable of regional digital finance meets the correlation 
requirements. Furthermore, the number of post offices does 
not directly affect regional pollution, which meets the exog-
enous requirements of instrumental variables. Therefore, this 
paper takes the interaction term of multiplying the length of 
the optical fibre cable by time as the instrumental variable 
of digital finance. According to the robustness results (col-
umn 1), when an economic matrix is used to re-estimate the 
model, the coefficients of DF are positive, which proves that 
our regression results are robust. Moreover, the regression 
results of the full array index method also show that digital 
finance reduces pollution (column 2). From the endogenous 
test (columns 3–4), the first-stage regression results indicate 
that the fibre-optic cable promotes digital finance, and the 
instrumental variable is related to digital finance. According 
to the second-stage regression results in the second column, 
the coefficient of digital finance is still positive. Hence, the 
above empirical results are reliable (Table 9).

Conclusion

Since previous studies have ignored the impact of digital 
finance on pollution, this paper systematically analyses 
digital finance and environmental pollution to enrich and 
expand the breadth and depth of research in the field of envi-
ronmental governance. According to the empirical analysis, 
some practical conclusions are drawn. (1) The development 
of digital finance can significantly inhibit environmental 
pollution. (2) There is a significant positive spatial spillo-
ver effect of digital finance on environmental pollution. (3) 
Through the analysis of the intermediary model, we found 

that digital finance affects pollution through three channels: 
technological innovation, industrial upgrading and ration-
alization of industrial structure. (4) The degree of marketi-
zation and government support can enhance the inhibitory 
effect of digital finance on pollution. Therefore, we propose 
some policy recommendations.

First, the research conclusion shows that digital finance 
has a significant inhibitory effect on environmental pollu-
tion, through which the degree of marketization and gov-
ernment support can alleviate environmental pollution. 
Therefore, local governments should continue to support 
and encourage digital finance, vigorously advance the con-
struction of infrastructure conducive to the development of 
digital finance and improve the supporting equipment. Given 
that the degree of marketization and government support 
are important in the influence of digital finance on envi-
ronmental pollution, the government should optimize the 
business environment and stimulate market vitality. Second, 
considering the spatial spillover effect of digital finance on 
environmental pollution, especially China’s vast territory 
and huge differences in economic and financial development 
levels among provinces, it is necessary to strengthen the 
coordination and cooperation of regional financial develop-
ment and environmental protection, popularize the knowl-
edge of digital finance for residents and enterprises in poor 
and remote areas and give better play to the radiation role of 
digital finance to reduce environmental pollution. Third, the 
results indicate that digital finance is conducive to inhibiting 
environmental contamination through technological inno-
vation, industrial upgrading and rationalization of indus-
trial structure. Therefore, while enjoying the convenience 
brought by digital finance, enterprises should vigorously 
strengthen technological innovation, increase R&D invest-
ment, improve innovation levels, implement cross-regional 
innovation cooperation and improve resource utilization. 
In addition, local governments should actively support the 
transformation and upgrading of industries to facilitate the 
rational development of industrial structure.

This paper makes an exploration of the influence of digi-
tal finance on environmental pollution, but there are still 
limitations, which can be further expanded in the future. 
Firstly, this paper does not discuss the heterogeneity of the 
impact of digital finance on pollution. Future research can 
analyse the heterogeneous impact of digital finance on pol-
lution from the aspects of geographic location, economic 
development level and institutional environment. Second, 
the gradual integration of mobile internet technology and the 
traditional financial industry provides a convenient channel 
for easing corporate financing constraints, which will have 
an impact on corporate productivity and energy efficiency. 
Therefore, future research can analyse the role of AI devel-
opment between digital finance and environmental govern-
ance in the context of digital economy development. Third, 
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superior institutional quality plays an important role in 
financial development and technological innovation. There-
fore, scholars can analyse the impact of institutional quality 
on financial digitization and technological progress from the 
perspective of property rights, regulations and marketiza-
tion. In addition, scholars can analyse the emission reduc-
tion effect of digital finance using more microdata (such as 
enterprise level, industry level).
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