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ABSTRACT

China is facing tremendous pressure to reduce carbon emissions. This paper investigates the impact of finan-
cial technology (fintech) on carbon emissions reduction across Chinese provincial regions using annual data
from 2011 to 2021. To comprehensively reflect the development level of fintech, we utilize web crawler tech-
nology and word frequency analysis to create new variables for measuring the technology level and innova-
tion capability, with fintech-related keywords sourced from the Baidu index. Subsequently, we construct a
fintech index for each province in China. Given the heterogeneous relationship between fintech and carbon
emissions reduction, we employ an innovative sparse support vector quantile regression to explore the
impact of fintech on carbon emissions reduction at different quantile levels. This method employs an Lp-
norm regularization term to identify the key variables influencing carbon emission reduction. The empirical
results indicate that fintech significantly reduces carbon emissions in all Chinese provincial regions. Further-
more, the positive effects of fintech on carbon emissions reduction are much stronger in high-carbon provin-
ces than in low-carbon provinces. Consequently, it is imperative for policy-makers and practitioners to focus
on increasing investment in digital infrastructure and enhancing digital services, particularly in Shanxi,
Hebei, Henan, Shaanxi, Ningxia, and Xinjiang provinces. The mechanism analysis reveals that fintech contrib-
utes to carbon emission reduction by promoting industrial structure upgrading in more economically devel-

oped provinces, while its mediating role is absent in less developed provinces.
© 2024 The Authors. Published by Elsevier Espafia, S.L.U. on behalf of Journal of Innovation & Knowledge. This
is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Financial development represents a crucial factor in determining
carbon emissions (Zaidi et al., 2019). The impact of financial develop-

China has made a commitment to ensuring to peak its carbon
emissions by approximately 2030, with the further objective of
achieving carbon neutrality by 2060. As the largest carbon-emitting
nation, China is facing tremendous pressure to reduce carbon emis-
sions. Technological innovation is a double-edged sword that has
both positive and negative effects on carbon emission reduction
(Liang et al.,, 2023; Wang et al., 2022; Wang & Wei, 2020). A positive
view is that technological innovation offers practical solutions for
reducing carbon emissions (Lin & Ma, 2022; Dong et al., 2022; Ahmed
& Le, 2021; Su et al., 2020). A negative view is that technological
innovation reduces the costs of goods, services and economic activi-
ties. This, in turn, increases energy consumption and degrades the
environment (Umar et al., 2020a).

* Correspondence author.
E-mail address: yafenye@163.com (Y. Ye).
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ment on carbon emissions has attracted the attention of a broad
range of academics. Many studies highlight the argument that finan-
cial development contributes to increasing carbon emissions for sev-
eral reasons (Zhang, 2011; Boutabba, 2014; Jiang& Ma, 2019; Wang
et al.,, 2020; Huang, Sadiq, & Chien, 2023). First, financial develop-
ment expands financing channels and helps enterprises lower financ-
ing costs, resulting in the expansion of production scale and energy
consumption. Second, financial development could provide better
financial services, which promote the expansion of social consump-
tion and energy usage. Conversely, some studies have come to the
opposing view that financial development could mitigate carbon
emissions by updating production technology and improving energy
infrastructure (Tamazian et al., 2009; Shahbaz et al., 2013; Dogan &
Seker, 2016; Zaidi et al., 2019). Additionally, some studies maintain
that financial development has no effect on carbon emissions (Dogan
& Turkekul, 2016; Umar et al., 2020b). In recent years, the booming
progress of advanced technology based on digital trading systems
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and mobile payment systems (Philippon, 2016; Chen, 2016) has led
to continuous application in the Chinese financial industry. Consider-
ing finance’s green, digital and inclusive characteristics, most scholars
have focused on the impact of green finance (Chen & Chen, 2021; Bai
et al.,, 2022; Gan & Voda, 2023), digital finance (Xue et al., 2022; Pu &
Fei, 2022; Qin et al., 2022), and financial inclusion (Le et al., 2020;
Wang et al., 2022; Shahbaz et al., 2022) on carbon emissions but have
failed to reach a consensus.

As a core field of the fourth industrial revolution (Jiao et al., 2021),
financial technology (fintech) has played a vital role within the finan-
cial industry. Fintech is defined as a cross-disciplinary subject that
combines finance, technology management and innovation manage-
ment (Leong & Sung, 2018) and has dramatically impacted different
sectors of the economy through the use of cutting-edge technological
innovations, such as artificial intelligence, blockchain, cloud comput-
ing, and big data (Cheng & Qu, 2020). Fintech has brought new
momentum to finance and has received extensive attention from aca-
demia. A new debate has arisen regarding the interrelationship
between fintech and carbon emissions (Tao et al., 2022). On the one
hand, fintech plays a positive role in carbon emissions (Muhammad
et al, 2022; Teng & Shen, 2023a; Cheng et al., 2023). Fintech can
improve intelligent management in cities (Teng & Shen, 2023a) to
help directly reduce energy demand through renewable energy ini-
tiatives, purchasing low-carbon products, financing electric cars, and
supporting green transport (Muhammad et al., 2022). Moreover, fin-
tech can indirectly influence carbon emissions through advanced
industrial structure (Cheng et al., 2023), energy structure upgrading
(Teng & Shen, 2023a), government fiscal science expenditure (Teng &
Shen, 2023b), and green finance (Xu et al., 2023). On the other hand,
fintech can increase the demand for energy by increasing the demand
for hardware and software upgrades and replacements to create a
copious amount of e-waste (Tao et al., 2022). Therefore, the influence
of fintech on carbon emission arouses is controversial.

Although China is at the forefront of the global expansion of fin-
tech (Kong & Loubere, 2021), the construction of a comprehensive
fintech index that fully reflects the level of fintech development
remains a hot topic. Several studies have directly used the financial
inclusion index (Guo et al., 2020) to measure the development of fin-
tech in China (Muganyi et al., 2021; Cheng et al., 2023; Xu et al,,
2023), which is unreasonable since the financial inclusion index
mainly reflects the financial inclusiveness. In response to this limita-
tion, Ye et al. (2022) constructed a fintech index that included dimen-
sions such as the usage depth of digital finance, the level of
digitization, and the level of technology. However, the fintech index
proposed by Ye et al. (2022) falls short in addressing the level of inno-
vation ability. Additionally, the level of fintech development among
Chinese provincial regions is heterogeneous (Ye et al., 2023). The
relationships between fintech and carbon emissions in Chinese pro-
vincial regions are also heterogeneous. Little academic literature has
been devoted to the heterogeneous impact of fintech on carbon emis-
sions across provincial regions in China.

Hence, the above discussion leads to the following research ques-
tions. First, how can a fintech index be constructed to completely
depict the level of fintech development in China? Second, does fin-
tech have a heterogeneous impact on carbon emissions among Chi-
nese provinces? Third, what is the mechanism through which fintech
affects carbon emissions?

To address these research questions, this paper first constructs a
fintech index encompassing various dimensions, including digital
infrastructure, the usage depth of digital finance, the level of digitiza-
tion, the level of technology, and innovation capability. Extending the
fintech index of Ye et al. (2022), we utilize web crawler technology
and word frequency analysis to create new variables to reflect the
innovation capacity. Second, we employ a generalized elastic net L,-
norm support vector quantile regression (GLpSVQR) (Ye et al., 2022)
to examine the heterogeneous effects of fintech on carbon emissions
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at different quantile levels. GLpSVQR uses a quantile parameter to
obtain a family of regression curves and thus captures the heteroge-
neous relationship between fintech and carbon emissions. Further-
more, the Ly-norm regularization term (where 0 < p < 1) within
GLpSVQR facilitates the selection of the main influencing variables
due to its intrinsic sparsity. L,-norm regularization term in GLpSVQR
induces the shrinkage of some regression coefficients towards 0, and
some coefficients are shrunk to exactly 0, leading to some redundant
variables being discarded and some main influencing variables being
selected (Ye et al., 2017). To address the third research question, we
examine how fintech influences carbon emissions through the chan-
nel of industrial structure upgrading. Therefore, the main contribu-
tions of this paper include the following aspects:

1) Utilizing web crawler technology and word frequency analysis,
we systematically identifed fintech-related keywords from the
Baidu index. Subsequently, we create new variables to evaluate
the technology level and innovation capacity. Additionally, we
employ the analytic hierarchy process and entropy weight
method to construct a fintech index for each province in China.

2) To address the heterogeneous impact of financial technology on
carbon emissions among China’s provincial regions, we introduce
a novel sparse quantile regression approach. Rather than analyz-
ing heterogeneity by dividing the Chinese regions into several
geographical sections as in Teng and Shen (2023b), which dam-
ages the intrinsic structure of the data, this approach maintains
the inherent distributed structure and utilizes quantile estimators
as empirical "location" measures to completely explore the het-
erogeneous relationships between fintech and carbon emissions.

3) To capture the main factors that influence carbon emissions
reduction, GLpSVQR utilizes L,-norm regularization for variable
selection. Notably, GLpSVQR effectively selects nine key variables
that influence carbon emissions reduction: fintech, degree of
openess, capital, FDI, government, urbanization rate, urban living
standard, rural living standard, and employment structure.

4) The regression results at different quantile levels illustrate the
heterogeneous reduction effects of fintech on carbon emissions
reduction among Chinese provinces. Furthermore, we trace het-
erogeneous impact pathways of fintech on carbon emissions and
categorize China’s provinces into four clusters: a low-effect
region, a moderate-effect region, an up- moderate-effect region,
and a high-effect region.

5) We investigate whether industrial structure upgrading plays an
intermediary role in the influencing mechanism through which
fintech affects carbon emissions across Chinese provinces, thereby
providing important policy implications for reducing carbon emis-
sions.

The rest of the paper is organized as follows. In Section 2, a review
of the research on fintech and the carbon emissions is presented. Sec-
tion 3 introduces the methodology adopted in this study. Section 4
describes the data sources and variables. Section 5 examines the het-
erogeneous impact and mechanism of fintech on carbon emissions.
Section 6 concludes this paper and provides corresponding sugges-
tions for future research.

Literature review
Measurement of fintech

Defining and measuring the level of fintech development presents
challenges due to the lack of a universally accepted fintech index and
the ongoing debate over its definition (Teng & Shen, 2023a; Cheng &
Qu, 2020). Some scholars constructed a fintech index focusing on the
technology dimension (Li & Xu, 2021; Wang et al., 2021). The fintech
index developed by Lee et al. (2021) covers only the financial services
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dimension. Findexable constructed the global fintech index focusing
only on the political and economic environment dimension
(Pauliukevicienée & Stankeviciene, 2021). Several studies have directly
used the financial inclusion index (Guo et al.,, 2020) to measure the
development of fintech in China (Muganyi et al., 2021; Cheng et al.,
2023; Xu et al., 2023), which is excessive since the financial inclusion
index mainly focuses on financial inclusiveness. Furthermore, Ye et
al. (2022a) developed a fintech index based on digital finance depth,
digitization level, and technology level, excluding the innovation
dimension.

Considering the absence of a standardized fintech index in China,
this paper follows Leong and Sung (2018) definition of fintech as an
interdisciplinary subject that integrates finance, technology manage-
ment, and innovation management. We introduce new variables for
technology level and innovation capacity using web crawler technol-
ogy and word frequency analysis. Employing the analytic hierarchy
process, we construct a comprehensive fintech index that includes
digital infrastructure, the usage depth of digital finance, the level of
digitization, innovation capability, and the level of technology.

The direct impact of fintech on carbon emissions

In theory, fintech may affect carbon emissions directly or through
a mediating impact mechanism (Muhammad et al., 2022; Cheng et
al., 2023). The direct impact of fintech on environmental quality can
manifest in contradictory ways. A negative view is that fintech lowers
the threshold of financial services and escalates the demand for elec-
tric products such as phones, laptops, and tablets, which accelerates
electricity and energy consumption and results in deteriorating envi-
ronmental quality (Muhammad et al, 2022). Furthermore, the
energy-intensive nature of the cryptocurrency industry, facilitated by
fintech, poses additional risks to environmental sustainability (De
Vries, 2018). A positive view is that fintech facilitates digital transfor-
mation, which is conductive to transferring offline economic activi-
ties to the online market, thus mitigating carbon emissions.
Additionally, the convenience of mobile payment systems like Alipay
and WeChat Pay is noted for streamlining transactions and poten-
tially reducing the carbon footprint associated with traditional pay-
ment methods (Cheng et al., 2023).

Although there is no unanimous theory about the direct effect of
fintech on carbon emissions, most of the related academic literature
considers fintech an effective tool for reducing carbon emissions.
Muhammad et al. (2022) investigated the nexus between fintech and
environmental efficiency across 23 EU countries, and discovered that
fintech enhances environmental efficiency through the adaption of
green technologies and energy-saving initiatives. Tao et al. (2022)
employed the latest fintech index and data on carbon emissions for
approximately 65 countries. The results showed that the fintech
development of a country is helpful in the transition towards a low-
carbon economy owing to its negative impact on carbon emissions.
Teng and Shen (2023a) used data from the OECD national panel to
examine the effects of fintech on energy efficiency. The results indi-
cated that fintech directly contributes to the improvement of energy
efficiency in OECD countries.

In China, the research on fintech’s impact on carbon emissions is
still emerging. Xu et al. (2023) investigated fintech’s effect on carbon
emission intensity in China, demonstrating that fintech development
notably reduces carbon emission intensity. However, Xu et al. (2023)
directly used the financial inclusion index released by the Institute of
Digital Finance Peking University (Guo et al., 2020) to measure the
development of fintech in China, which is unreasonable since the
financial inclusion index mainly reflects financial inclusiveness. Addi-
tionally, there is a gap in the literature regarding the varied effects of
fintech on carbon emissions across Chinese provinces. This study
aims to fill this gap by employing a novel sparse support vector
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quantile regression to explore the heterogeneous impacts of fintech
on carbon emissions throughout various regions in China.

The mechanism through which fintech affects carbon emissions

Beyond its direct influence, fintech may also have an indirect
effect on carbon emissions. Existing research identifies several path-
ways through which fintech in China impacts carbon emissions,
including changes in industrial structure, energy structure, green
technology innovation, financial constraints, green finance, and gov-
erning fiscal science expenditures. Teng and Shen (2023a) argued
that fintech can improve energy efficiency through upgrading the
energy structure and promoting environmental management innova-
tions. Cheng et al. (2023) discovered that the main mechanisms
through which fintech affects carbon emissions involve industrial
structure, financing constraints, and green technology innovation.
Moreover, Xu et al. (2023) found that the development of fintech
enhances the efficiency of green finance, leading to a reduction in
carbon emission intensity. Teng and Shen (2023b) suggested the find-
ing that fintech can improve carbon efficiency by increasing financial
science expenditure.

The mechanisms through which fintech influences carbon emis-
sions are complexity. This study focuses on the upgrading of indus-
trial structures as the intermediary variable. Fintech has the potential
to alleviate information asymmetry, enhance the efficiency of capital
allocation across industries, and thus upgrade the industrial struc-
ture. Such upgrading could lead to the elimination of outdated and
highly pollutive industries, improve energy efficiency, reduce the dis-
tortion costs of factor mismatch, and, ultimately, contribute to a
decrease in carbon emissions (Cheng et al., 2023).

Methodology

To address the potential for unobserved heterogeneous relation-
ship between independent variables and dependent variable, Ye et al.
(2022) proposed a generalized elastic net L,-norm support vector
quantile regression (GL,SVQR). Suppose that Y = (y1,...,yn) is a
dependent variable, X is a known N x Kdesign matrix of covariates, x;
= (X1, ..., %) are K-dimensional independent variables.

Consider the following linear regression model:

Y=B,+XB+e¢ (1)

where ¢ is the random error. Unknown parameters 8, and 8=
(B1.---,Bg) are estimated by GL,SVQR as follows:

ming g | B1I5+ I B3+ Clre’é + (1 - 1)’
SLY — By —XB<E, By +XB — Y=<, E0,E >0, 2)

where || - ||, represents the Ly,-norm, | - | 2 represents the L,-norm,
C(C > 0) is a tradeoff parameter that balances the regularization term
and the quantile loss, 7(0 < T < 1) is the quantile level, & and & are
slack variables, and e is a vector of ones with appropriate dimensions.
A convergent successive linear algorithm (SLA) can be adopted to
solve GL,SVQR.

GL,SVQR employs the quantile parameter 7 to capture the hetero-
geneous information within the sample distribution. With an incre-
ment in the quantile parameter, the estimated regression curve
ascends through the samples, revealing diverse trends within the dis-
tribution. Moreover, GL,SVQR is equipped with a natural capability
for variable selection, attributed to the sparsity induced by the Lp-
norm regularization term. This term effectively shrinks certain coeffi-
cients towards zero, with some coefficients being shrunk exact zero
(Yeetal, 2017,2022). As a result, GL,SVQR discards redundant varia-
bles and retains the representative ones.

For evaluating the regression results of GL,SVQR, let n be the

number of samples, ¥; be the predicted value of y;, and y = Zn:yi/n be
i=1
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the average value of yy,...,y,. We use the natural analog of R*(R])
and Risk; to evaluate the performance of GL,SVQR.
Rl is defined as follows:

> _;,ry,»—?,-\@ <A,<1fr>y,»79,-]
R]T _ 1 _ YizYi Yi<Yi (3)
X5 Tyi—Q0+ S (1-7yi-QY

where Q(® is the respond variable at T quantile level. R! measures the
relative success of the relative success of the corresponding quantile
regression models at a specific quantile.

Risk; is defined as follows:

. 1& ~
Risk: = "0, (v = 1), 4)
i=1
where p,(r) is the pinball loss function as follows:
(r) = Tr, if >0 (5)
Peil) = —(1=7)r, othrwise.

Obviously, the larger R! or smaller Risk; is, the more statistical
information is captured from dataset.
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Data sources and variables
Financial technology index

In this section, we construct a fintech index across various dimen-
sions, including digital infrastructure, the usage depth of digital
finance, the level of digitization, the level of technology, and innova-
tion capability. The “digital infrastructure” refers to the internet and
Alipay account coverage rate. The usage depth of digital finance
involves payments, insurance, monetary funds, investments, credit,
and credit investigation. The level of digitization encompasses mobile
usage level, affordability, credit level, and facilitation. The finance
technological level covers artificial intelligence, distributed technol-
ogy, and internet technology. Innovation capability includes innova-
tion resources, knowledge innovation, and institutional innovation.
The specifications of the variables reflecting fintech activities, are
listed in Table 1. The data on the Alipay account coverage rate, the
usage depth of digital finance and the digitization level of financial
services are sourced from Guo et al. (2020). To collect data on the
finance technology level and the institutional innovation, we utilize
web crawler technology and word frequency analysis to extract fin-
tech-related keywords from the Baidu index (http://index.baidu.

Table 1
Fintech dimensions.

Level-1 Dimensions

Level-2 Dimensions

Indicators

Digital infrastructure
(37.6%)

Usage depth of digital finance
(21.5%)

Level of digitization
(12.1%)

Level of technology
(7.4%)

Innovation capability
(21.5%)

Internet
(50%)

Alipay account coverage rate

(50%)

Payment
(4.3%)
Insurance
(16.0%)
Monetary fund
(6.4%)
Investment
(25.0%)

Credit  Individual user
(10.0%) (50.0%)

Small & Micro Business

(50.0%)
Credit investigation
(38.3%)
Mobility
(49.7%)
Affordability
(24.8%)
Credit
(9.5%)

Convenience

(16.0%)

Artificial intelligent
(33.3%)

Distributed technology
(33.3%)

Internet technology
(33.3%)

Innovation resource
(40.0%)

Knowledge innovation
(40.0%)

Institutional innovation
(20.0%)

Number of international internet users owned by per 10,000 People; Number of mobile phone users
owned by per 10,000 People

Number of Alipay accounts owned by per 10,000 People; Proportion of Alipay users who have bank
cards bound to their Alipay accounts; Average number of bank cards bound to each Alipay account

Number of payments per capita; Amount of payments per capita; Proportion of number of high fre-
quency active user to number of users with frequency of once or more each year

Number of insured users per 10,000 Alipay users; Number of insurance policies per capita; Average
insurance amount per capita

Number of Yu'ebao purchases per capita; Amount of Yu'ebao purchases per capita; Number of people
who have purchased Yu’ebao per 10,000 Alipay users

Number of people engaged in internet investment and money management per 10,000 Alipay users;
Number of investment per capita; average investment amount per capita

Number of users with an internet loan for consumption per 10,000 adult Alipay users; Number of loans
per capita; Total amount of loan per capita

Number of users with an internet loan for small & micro businesses per 1000 adult Alipay users; Num-
ber of loans per small & micro business; Average amount of loan among small & micro business

Number of credit investigations by natural persons per capita; Number of users with access to credit-
based livelihood service per 10,000 Alipay users

Proportion of number of mobile payments; Proportion of total amount of mobile payments

Average loan interest rate for small & micro business; Average loan interest rate for individuals

Proportion of number of Ant Check Later payments; Proportion of total amount of Ant Check Later pay-
ments; Proportion of the number of “Zhima Credit as deposit” cases; Proportion of total amount of
“Zhima Credit as deposit”

Proportion of number of QR code payments by users; Proportion of total amount of QR code payment
by users

Keywords: Big data; Data mining; Identify; Artificial intelligent; Al; Machine learning; Robot; Identify;
Monitor; Intelligent;

Keywords: Financial technology; Block chain; Electronic currency; Cloud computing; Cloud platform;
Green finance;

Keywords: Mobile communication; Information service; Mobile payment; QR code; scan QR code;
Cloud flash payment; Network; 5G

Number of R & D personnel by per 1000; Ratio of R & D expenditure to GDP; Ratio of Expenditure on
education to GDP

Number of authorized patents by per research personnel;

Number of invention patent by per research personnel;

Keywords: High technology; Modern; Science and technology;

Innovation; High quality; Technological innovation; New energy;

Collaborative innovation; Independent innovation; Technology innovation; Technology transfer; High
and new technology; Research; University-industry research; Intellectual property right; equipment
manufacturing
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Fig. 1. Provincial fintech level for the period from 2011 to 2021. Notes: The average level of fintech index is indicated by the blue solid line. The orange dotted lines represent the

maximum and minimum of fintech index.

com/). The Baidu index was proposed by the largest search engine in
China. Based on the fintech-related keywords in Ye et al. (2022), we
added innovation-capability-related keywords to Table 1.

Furthermore, we apply the entropy weight method to derive indi-
cators for artificial intelligence, distributed technology, internet tech-
nology, and institutional innovation. The indicators representing
innovation resources and knowledge innovation in Table 1 are col-
lected from China’s National Bureau of Statistics. Following the meth-
odology of Guo et al. (2020), we use the analytic hierarchy process to
construct a fintech index for each Chinese province, assigning
weights to each dimension as indicated in Table 1. The weights are as
follows: digital infrastructure (37.6%), usage depth of digital finance
(21.5%), level of digitalization (12.1%), level of technology (7.4%), and
innovation capability (21.5%).

The boxplots depicted in Fig. 1 provide an overview of the fintech
index across Chinese provinces for the years 2011 to 2021. Each box-
plot displays five key statistics of the fintech index: the extreme val-
ues, the lower and upper quartiles, and the median. In Fig. 1, the
average fintech index level is delineated by a solid blue line, while
the maximum and minimum values are highlighted with orange dot-
ted lines. An analysis of Fig. 1 reveals a consistent upward trend
across all indicators, highlighting the dynamic growth of fintech. The
large gap between the two orange dotted lines indicates the varied
levels of fintech development across the provinces, indicating a nota-
ble degree of imbalance and heterogeneity. Notably, when the aver-
age level of fintech exceeds the median, Chinese provincial regions
with high-level fintech make very positive contributions to fintech
development.

Employing ArcGIS 10.2 software, we map the average fintech lev-
els in each Chinese province (excluding Hong Kong, Macao, and Tai-
wan) for the intervals 2011-2014, 2015-2017, and 2018-2021, as
illustrated in Fig. 2. This visualization reveals pronounced spatial dis-
parities in fintech development among the provinces. Fig. 2 indicates
the imbalanced and heterogeneous development of fintech across
Chinese provinces. The fintech clustering results of some provinces
changed over time. Specifically, Fig. 2(c) shows the fintech landscape
for 2018—2021, with detailed clustering outcomes presented in
Table 2. The analysis identifies Xinjiang, Gansu, Inner Mongolia, Guiz-
hou, Ningxia, and Qinghai as regions with lower levels of fintech

development. According to Fig. 2(c) and Table 2, it is evident that fin-
tech development in eastern China is relatively greater than that in
central and western China.

Carbon emissions

In this paper, carbon emissions in each province are measured by
carbon emission intensity, which is defined as the ratio of total car-
bon emissions to GDP. Eight industrial end-use energy sources—raw
coal, coke, crude oil, gasoline, kerosene, diesel, fuel oil, and natural
gas—are utilized to estimate the total carbon emissions of Chinese
industries via the following equations (IPCC, 2014):

8
Total carbon emissions = ZE,- x CV; x CC; x CO; x % (6)
i1

where E; is the consumption of the i, carbon source, CV; is the low
calorific value, CG; is the carbon content, CO; is the carbon oxidation
rate, and #} is the molecular weight ratio of carbon dioxide to carbon
(Wang et al., 2020).

The boxplots in Fig. 3 illustrate the carbon emission intensity lev-
els of the Chinese provincial regions for the period from 2011 to
2021. The solid blue line represents the average level of carbon emis-
sion intensity in China. A downwards trend of the blue line in Fig. 3
indicates that the environmental quality in China has improved in
recent years. The two orange dotted lines represent the maximum
and minimum carbon emissions. The increasing gap between both
the two dotted lines has increased in recent years, indicating the
imbalance and heterogeneity in carbon emissions among China’s pro-
vincial regions. Fig. 4 illustrates the average level of carbon emission
intensity in each province of China (excluding Hong Kong, Macao,
Taiwan, and Tibet) for the periods from 2011 to 2014, 2015 to 2017,
and 2018 to 2021. The results reveal conspicuous spatial variations in
carbon emissions among Chinese provincial regions. Notably, the col-
ors of some provinces, such as Sichuan, Chongqing, and Guangdong,
are light, as shown in Fig. 4. This indicates that carbon emissions in
some provinces change over time, indicating an improvement envi-
ronmental quality. Table 3 shows the clustering results of carbon
emissions for the period from 2018 to 2021, which indicate that the
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Fig. 2. Spatial distribution of provincial fintech index in China.

carbon emission intensity levels in Ningxia, Shanxi, Inner Mongolia,
and Xinjiang are higher than those in other provinces in China.
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Table 2
Regional division of average fintech in China for the period from 2018 to 2021.

Clusters Provinces

High-development fintech
Up-middle-development fintech
Middle-development fintech

Shanghai, Beijing, Zhejiang

Guangdong, Jiangsu, Fujian, Tianjin

Hubei, Anhui, Shandong, Shaanxi, Chongqing,
Sichuan, Hainan, Henan, Jiangxi, Hunan,

Liaoning
Down-middle-development Hebei, Guangxi, Shanxi, Yunnan, Heilong-
fintech jiang, Jilin

Xinjiang, Gansu, Inner Mongolia, Guizhou,
Ningxia, Xizang, Qinghai

Low-development fintech

Data sources and variables

In this paper, the independent variables (in addition to fintech)
include the following: openness degree, measured as the sum of
exports and imports as a share of GDP; capital, measured by the share
of fixed asset investment in GDP; foreign direct investment (FDI),
measured by the ratio of FDI to GDP; government, measured by pub-
lic budget expenditure to GDP; development, measured by log per
capita GDP; population, measured by log the total population; green
investment, measured by the ratio of investment in environmental
pollution controlling to GDP; green support, measured by environ-
mental protection expenditure to public budget expenditure; urbani-
zation rate, measured by the ratio of urban population to total
population; urban living standard (ULS), measured by per capita dis-
posable income of urban areas; rural living standard (RLS), measured
by per capita disposable income of rural areas; and employment
structure upgrading (ESU), measured by the ratio of employment in
the tertiary industry. The data for all these variables were collected
from China’s National Bureau of Statistics, China Energy Statistical
Yearbook, China Statistical Yearbook of Environment, and carbon
emission account & datasets (CEADs).

Empirical analysis
Main results

This paper adopts a generalized elastic net Lp-norm support vec-
tor quantile regression (GLpSVQR) (Ye et al., 2022) to explore the het-
erogeneous relationship between fintech and carbon emissions
among Chinese provincial regions. Define X = (fintech, Open degree,

-.., Employment structure) and 8= (8;, 8, B3) . The quantile
parameter 7 is chosen from the following cases: 0.25, 0.50, and 0.75.

Tables 4-6 show the estimated regression coefficients R! and Risk;
when 7 =0.25,0.50,and 0.75. Notably, some estimated regression
coefficients exhibit exact zeros, indicating the sparseness of
GLpSVQR. From Tables 4-6, we find that the GLpSVQR effectively
selects the main influencing variables, including fintech, degree of
openness, capital, FDI, government, urbanization rate, urban living
standard, rural living standard, and employment structure. Further-
more, the negative coefficients of fintech at different quantile levels
indicate that fintech reduces carbon emission intensity across all Chi-
nese provinces. The reduction effect of fintech on carbon emissions at
the 0.25th quantile level is significant beginning in 2016, which
means that fintech in low-carbon regions has the ability to signifi-
cantly reduce carbon emissions only when the development level of
fintech reaches a certain degree. Compared with the regression
results in Table 6, we find that the noticeable reduction effect of fin-
tech on carbon emissions in high-carbon regions becomes significant
after 2014. Therefore, the effect of fintech on carbon emissions reduc-
tion at high-carbon regions is greater than that in low-carbon
regions.
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Fig. 3. Provincial carbon emissions level for the period from 2011 to 2021. Notes: The average level of carbon emissions is indicated by the blue solid line. The orange dotted lines

represent the maximum and minimum of carbon emissions.

We introduce five dummy variables to control for time effects and
subsequently employ the GLpSVQR to explore the heterogeneous
relationship between fintech and carbon emissions across Chinese
provinces from 2016 to 2021. The regression results are detailed in
Table 7. Notably, the fintech coefficients across various quantile levels
in Table 7 are negative and achieve statistical significance at the 1%
level. This evidence indicates that fintech development plays a posi-
tive role in mitigating carbon emissions. Moreover, the reduction
effects of fintech on carbon emissions across regions are heteroge-
neous. The results at the 0.25th, 0.50th, and 0.75th quantile levels
represent the cases of low-effect provinces, moderate-effect provin-
ces, and high-effect provinces, respectively. The estimated coefficient
of fintech in Column (1), representing the results for low-effect prov-
inces, suggests that a one-point increase in fintech results in a 3.471
decrease in carbon emission intensity. The estimated coefficient of
fintech in Column (3), which represents the results for high-effect
provinces, indicates that a one-point increase in fintech results in a
7.047 decrease in carbon emission intensity. As the quantile parame-
ter increases, the impact of reducing carbon emissions becomes
stronger, indicating that within provinces exhibiting higher carbon
emissions, the development of fintech contributes more to the reduc-
tion in carbon emissions.

Based on the regression results at the three quantile levels shown
in Table 7, we categorize the Chinese provinces (excluding Hong
Kong, Macao, Taiwan, and Tibet) into four clusters, as illustrated
in Fig. 5. The cluster results for Zhejiang and Guangdong are excluded
in Fig. 5 since the difference between the forecast values of different
quantile levels are not obvious. Moreover, the different zones in
Fig. 5 represent different clusters of carbon emissions. The yellow
zone represents the low-effect cluster, which included Chongqing,
Sichuan, Yunnan, Jiangxi, Hunan, Shanghai, and Tianjin. The carbon
emissions in Shanghai and Tianjin are relatively low for the advanced
industrial system. The air quality in Chongqing, Sichuan, Yunnan,
Jiangxi, and Hunan is high. The effect of fintech on carbon emission
reduction in these provinces is relatively weak. The green zone repre-
sents the below-moderate-effect cluster, and includes Beijing, Liaon-
ing, Jilin, Hubei, Guangxi, Hainan, Guizhou, Gansu, Jiangsu, and
Qinghai. The blue zone represents the upper-moderate-effect cluster,

and includes Fujian, Inner Mongolia, Heilongjiang, Anhui, and Shan-
dong. The red zone represents the high-effect cluster, which included
Shanxi, Hebei, Henan, Shaanxi, Ningxia, and Xinjiang. The provinces
in the red zone included energy industry and have some heavy indus-
trial parks. Carbon emissions in these provinces are high. Combining
the results shown in Fig. 4 and Fig. 5, we find that the effect of fintech
on carbon emission reduction in high-carbon provinces is much
stronger than that in low-carbon provinces.

Robustness test

To test the robustness of the regression results of the GLpSVQR,
we first replace the measure of carbon emissions with data collected
directly from Carbon Emission Account & Datasets (CEADs). The test
results for the period from 2016 to 2021 are shown in Table 8. The
regression coefficient of fintech in Table 8 is significant at the 1%
level, and the regression results for each independent variable are
also basically consistent with the previously mentioned regression
results. Additionally, the negative coefficients of fintech at different
quantile levels indicate that an increase in the development of fintech
is associated with a decrease in carbon emission intensity. Moreover,
the positive effects of fintech on carbon emission reduction are much
stronger in high-carbon provinces than in low-carbon provinces.

To further test the robustness of the regression results for
GLpSVQR, we utilize classic quantile regression (Koenker & Bassett,
1978) to replace GLpSVQR, and the corresponding regression results
are shown in Table 9. The negative coefficients of fintech in Table 9
indicate that fintech promotes environmental quality in Chinese
regions, which is in line with the corresponding regression results in
Tables 7-8. Moreover, the impact of fintech on carbon emissions
becomes relatively stronger in the higher quantiles. For instance, a
one-point increase in fintech leads to an approximately 3.336
decrease in carbon emissions at the 0.25 quantile, and a one-point
increase in fintech leads to an approximately 7.047 decrease in car-
bon emissions at the 0.75 quantile. We further compare the regres-
sion results in Tables 6-8 and find that the sparseness of quantile
regression (Koenker & Bassett, 1978) is relatively lower than that of
GLpSVQR. The main reason is that quantile regression utilizes only
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Fig. 4. Spatial distribution of provincial carbon emissions in China.

the pinball loss function, while GLpSVQR adopts the sparse regulari-
zation technique, which is a great improvement in the quantile
regression field.
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Table 3
Regional division of average carbon emissions in China for the period from 2018 to 2021.

Clusters Provinces

High-carbon regions
Up-middle-carbon regions

Ningxia, Shanxi, Inner Mongolia, Xinjiang

Liaoning, Heilongjiang, Gansu, Hebei, Shaanxi,
Shandong, Jilin

Guizhou, Qinghai, Hainan, Guangxi, Anhui, Tianjin

Yunnan, Henan, Jiangxi, Hubei, Zhejiang, Hunan,
Jiangsu, Fujian

Guangdong, Shanghai, Chongqing, Sichuan, Beijing

Middle-carbon regions

Down-middle-carbon
regions

Low-carbon regions

Mechanism test

To examine the impact mechanism of fintech on carbon emis-
sions, this paper selects industrial structure upgrading as the inter-
mediary variable, which is measured by the advancement of the
industrial structure (AIS). Fig. 6 illustrates the advancement of the
industrial structure and fintech of Chinese provincial regions for the
period from 2016 to 2021. From Fig. 6, we find that the trends in
high-level fintech and high-level AIS are consistent, while those in
low-level of fintech and AIS are opposite. The mechanism test results
are shown in Table 10. In column (8) of Table 10, the regression coef-
ficient of fintech is 0.040 and passes the significance test at the 1%
level, indicating that there is a positive impact of fintech on industrial
structure upgrading in high-development regions. Moreover, the
regression coefficients of fintech in Columns (2) and (5) of Table 10
are negative but insignificant, revealing that there is no impact of fin-
tech on the industrial structure upgrading in regions with low devel-
opment. Comparing the regression results of fintech in Columns (2),
(5), and (8), we find that the impact of fintech on industrial structure
upgrading in high-development regions is stronger than that in other
regions. The reason is that high-development regions are always the
sources of financial innovations. The spreading and applying financial
innovations in high-development regions is faster than that in other
regions. Concerning the regression coefficients of the AIS in Columns
(3),(6) and (9) of Table 10, we find that they are negative and signifi-
cant at the 1% level, which indicates that industrial structure upgrad-
ing can reduce carbon emissions in Chinese provincial regions. Based
on the regression results in Table 10, it is evident that the industrial
structure upgrading has a partial mediating effect on the impact of
fintech on carbon emission reduction in high-developed regions but
has no intermediary effect in low-developed regions.

Conclusion and implications
Conclusions

Amid the ambitious goals for carbon peak and carbon neutrality,
this paper investigates the relationship between fintech and carbon
emissions across Chinese provinces over the period from 2011 to
2021. To reflect the development level of fintech, we employ web
crawler technology and word frequency analysis to create new varia-
bles and then combine the digital financial inclusion index of China
(Guo et al., 2020) to construct a novel fintech index. Due to the unob-
served heterogeneity property of imbalanced development among
Chinese provincial provinces, we employed a generalized elastic net
L,-norm support vector quantile regression (Ye et al, 2022) to
explore the heterogeneous impact of fintech on carbon emissions.
The sparse L,-norm support vector quantile regression utilizes a
quantile parameter to completely capture the heterogeneous infor-
mation in the variables. The empirical results indicate that fintech
significantly reduces carbon emissions in all Chinese provincial
regions. The positive effects of fintech on carbon emissions reduction
are much stronger in high-carbon provinces than in low-carbon
provinces. Furthermore, the mechanism analysis reveals that fintech
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Table 4
Support vector quantile regression results at 0.25 quantile level.
Variables 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Fintech -1.215 —1.352 0.000 -1.448 -2918 5643  -6.815"*  -7.888** 5617 7472  -4126"*
(-0.579)  (-0.725) (0.000) (-0.839) (-1.386) (-2.722) (-3.857) (-6.181) (-4.529) (-5.726) (-3.423)
Open degree -0.210 0.168 -0.142  -0.317 0.000 -1.280 —-0.681 —3.580"**  -3.139**  -2.105 0.000
(—0.248) (0.197)  (-0.154) (-0.266) (0.000) (-0.902) (-0.525) (-3.197) (-2.465) (-1.470) (0.000)
Capital 0.606 0.370 1.711 1319 -0.005 -1.552 -1.389 —2.433** —2.494* 3177 -3.169"*
(0.245) (0.178) (1.025)  (0918)  (-0.017) (-1.293) (-1.281) (-2.707) (-2.487) (-2.833) (—3.068)
FDI —-16.505 -16.474 0.000 0.000 -10.216  —6.098 —-6.828 —38.467* -27.174 -9.620 -0.021
(-0.882)  (-0.889) (0.000) (0.000)  (-0.508) (—0.247) (—0.477) (-1.733) (-1.091) (-0.442) (—0.683)
Government 0.780 1.560 2.113 0.706 0.111 0.000 -0.827 —2.408 —-0.208 0.132 1.926
(0.218) (0.462) (0.630)  (0.215) (0.031)  (0.000) (-0.263) (—-0.935) (-0.078) (0.047) (0.658)
Development 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000)  (0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Population 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000)  (0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Green investment 0.000 0.000 0.000 97.484 0.000 0.000 —91.990 54.570 0.000 0.000 —68.956
(0.000) (0.000) (0.000)  (0.758) (0.000)  (0.000) (-0.820) (0.683) (0.000) (0.000) (-0.832)
Green support 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000)  (0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Urbanization rate 4.354 2.788 3.287 2.497 1.680 2.505 0.000 2.531 4.136 2.595 -2.823
(1.643) (1.035) (1.292)  (0.961) (0.540)  (0.848) (0.000) (1.028) (1.401) (0.828) (—1.009)
ULS -0.014*  -0.013** 0.007 0.011** 0.001 0.012** 0.012*** 0.005* 0.001 —-0.001 —0.008***
(-2.137)  (-2.130) (1.380)  (2.351) (0.300)  (2.807) (3.418) (1.776) (0.356)  (—0.443) (—3.580)
RLS 0.028™ 0.031*** -0.008 -0.010 0.007  —0.009 -0.011 0.015™* 0.013* 0.020"** 0.015***
(2.371) (2.868)  (-0.856) (-1.133) (0.717) (-1.134) (-1.582) (2.850) (2.461) (3.870) (3.675)
ESU -4.631 —4.948 —-4.607 -5.109 -1966 —3.786 -0.182 0.387 -0.322 —1.258 2.858
(-1.322)  (-1471) (-1475) (-1.668) (-0.559) (-1.137) (-0.057) (0.142) (-0.114)  (-0.354) (0.887)
Rl 0.317 0.321 0.264 0.263 0.210 0.226 0.339 0.448 0.427 0.413 0.456
Risk 23.138 21978 22576  21.684 24158  23.857 20.272 18.220 18.779 19.448 16.273

* ** and *** indicate significance at the 0.10, 0.05, and 0.01 levels, respectively.

contributes to carbon emission reduction by promoting industrial
structure upgrading in highly developed provinces, but has no inter-
mediary effect in less developed provinces.

Moreover, our analysis into the underlying mechanisms indicates
that fintech aids in reducing carbon emissions predominantly

through the enhancement of industrial structures in more developed
provinces, whereas its effect is negligible in less developed regions,
with eastern China showing more advanced fintech development
compared to central and western China. Furthermore, provinces like
Ningxia, Shanxi, Inner Mongolia, and Xinjiang report higher carbon

Table 5
Support vector quantile regression results at 0.50 quantile level.
Variables 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Fintech —6.757*** 0.000 —4.895"** —2.048 —2.695 -8.071*** —6411**  -12.598™*  -7.286*** —9.231™* —4.168***
(—4.416) (0.000)  (-3.679) (-1.333) (-1.624) (-4.161) (-4.436) (-11.461) (-6.247) (-8.012) (-4.273)
Open degree —0.664 0.761 0.966 -0.920 0.367 -1.785 —2.756* —2241"  -0.542 -0.237 -1.310
(-1.072) (1.113) (1.183) (—0.868) (0.347) (-1.345) (—2.598) (-2.323) (-0452) (-0.187) (-1.393)
Capital —0.548 2.789 3.057* 1434 —-0.099 -2.326* —3.267* —3.401"*  -2.609** -2.916™* —3.722%*
(-0.304) (1.680) (2.072) (1.120) (-0.452) (-2.071) (-3.683) (-4.392) (-2.767) (—2.945) (—4.453)
FDI -12.759 -17.686 —8.869 -17.242 —36.422** 0.000 0.000 —17.487 —8.009 —15.452 -0.027
(-0.935) (-1.193)  (-0.584) (-1.117) (-2.297) (0.000) (0.000) (-0.915)  (-0.342) (—-0.804) (-1.062)
Government -5.771** 5.609* -2.951 -1.912 0.000 0.705 -3.079 —2.001 0.000 -2.157 -1.572
(-2.215) (2.077)  (-0.997) (-0.652) (0.000) (0.226) (-1.195) (-0.902) (0.000) (-0.873) (-0.663)
Development 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Population —43.227 0.000 0.000 0.000 —67.980 0.000 —60.522 0.000 -0.815 0.000 —41.051
(-1.239) (0.000) (0.000) (0.000) (-1.716) (0.000) (-1.714) (0.000)  (-0.022) (0.000) (-1.417)
Green investment  152.396 0.000 0.000 75.337 0.000 51.709 —149.121 0.000 0.000 0.000 —105.049
(1.472) (0.000) (0.000) (0.657) (0.000) (0.494) (-1.626) (0.000) (0.000) (0.000) (-1.566)
Green support 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Urbanization rate 2.413 3.674 3.513 5.335** 3.149 0.533 —2.556 0.152 2.763 0.000 -1.611
(1.249) (1.705) (1.563) (2.305) (1.283) (0.193) (—1.088) (0.072) (0.995) (0.000) (-0.712)
ULS 0.019*** —0.016"** 0.012** 0.006 —0.005 0.015*** 0.018*** 0.009*** 0.004 0.001 —0.004**
(3.978) (-3.324) (2.623) (1.548) (-1.188) (4.013) (6.097) (3.707) (1.505) (0.298) (-2.308)
RLS —0.023** 0.032*** 0.001 -0.012 0.012 —0.009 -0.017*** 0.018*** 0.009* 0.017*** 0.007**
(—2.689) (3.764) (0.061) (—1.465) (1.670) (-1.217) (-3.131) (3.913) (1.885) (3.587) (2.182)
ESU -0.618 -7171"  -5471* -2.374 —3.058 —3.982 —-3.661 —-0.748 —4.402 -0.075 0.000
(-0.242) (—2.664)  (-1.983) (-0.870) (-1.104) (-1.278) (-1.407) (-0.319) (-1.663) (-0.024) (0.000)
Rl 0.440 0.341 0.331 0324 0317 0.340 0.441 0.496 0.445 0.409 0.473
Risk 30.360 35.063 34387 33.842 35.819 35.052 29.661 28.566 31.776 34.194 27.435

* ** and *** indicate significance at the 0.10, 0.05, and 0.01 levels, respectively.
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Table 6
Support vector quantile regression results at 0.75 quantile level.
Variables 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Fintech —-0.768 —7.923"* 2427 —7.476"** —4.100* -7.711"*  -10.295"**  —-5.700*** —7.736"* -10.324"*  -9.198"**
(—0.427) (-5.193) (—1.447) (—3.586) (—1.894) (—3.545) (—5.330) (—4.936) (-6.913) (-7.194) (—8.292)
Open degree —2.436"*  -1.269* 2.860™ 1.467 -0.517 -1.832 0.282 —4.239*** -1.271 -5.726™*  -2.292**
(—3.346) (-1.815) (2.777) (1.020) (-0.375) (-1.231) (0.199) (—4.183) (-1.106) (-3.637) (-2.143)
Capital 2.476 1.230 11.994* 6.894*** —0.244 1.866 —4.940"*  —4.406""* —5.535"*  -3.375* -3.976"*
(1.167) (0.724) (6.449) (3.971) (—0.857) (1.481) (—-4.167) (-5.416) (-6.119) (-2.736) (—-4.183)
FDI —30.806* -25.118 —77.215"**  —52.225™ -90.956™**  —-77.659™** 0.000 0.000 -9.242 -31.710 —0.047
(-1.921) (-1.657) (—4.033) (—2.494) (—4.399) (—2.996) (0.000) (0.000) (-0.411) (-1.325) (-1.661)
Government 5.928* 4.425 —2.255 0.563 -1.784 1.586 0.392 2.095 —3.388 -12.005***  -5.270*
(1.936) (1.602) (—0.604) (0.141) (—0.488) (0.453) (0.114) (0.899) (-1.397) (—-3.899) (-1.956)
Development 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Population 0.000 0.000 0.000 0.000 -110.266™ 0.000 —128.145"  -32.458 —100.099"**  -98.352**  -72.121**
(0.000) (0.000) (0.000) (0.000) (-2.134) (0.000) (-2.715) (—0.988) (-2.863) (-2.168) (-2.190)
Green investment 0.000 205.869 50.624 0.000 0.000 0.000 —77.405 83.970 0.000 0.000 —73.544
(0.000) (1.557) (0.337) (0.000) (0.000) (0.000) (-0.631) (1.161) (0.000) (0.000) (-0.964)
Green support 0.000 0.000 98.852 0.000 0.000 70.072 0.000 43.190 0.000 0.000 0.000
(0.000) (0.000) (0.535) (0.000) (0.000) (0.410) (0.000) (0.377) (0.000) (0.000) (0.000)
Urbanization rate 13.817** 7.300"**  10.499*** 11.191% 4.596 7.334** -10.301"* 7.258*** 0.842 0.000 -1.538
(6.085) (3.313) (3.705) (3.565) (1.436) (2.365) (-3.282) (3.259) (0.316) (0.000) (-0.597)
ULS —0.001 0.007 0.005 0.010* —0.014** 0.012* 0.015"** 0.004* 0.003 0.013** 0.007***
(-0.104) (1.347) (0.829) (1.796) (—2.695) (2.773) (3.931) (1.810) (1.267) (4373) (3.565)
RLS -0.011 0.017* 0.005 0.001 0.020** —-0.003 —-0.008 0.002 0.005 —-0.002 0.000
(-1.042) (1.953) (0.474) (0.114) (2.122) (-0.356) (-1.073) (0.487) (1.140) (-0.307) (0.035)
ESU —4.636 —1.658 0.755 5.675 6.982* 3.821 —5.359 —7.173"** —7.804"** 8.887** 4.011
(—1.545) (-0.602) (0.217) (1.533) (1.932) (1.094) (-1.542) (-2.910) (-3.073) (2.275) (1.352)
Rl 0.414 0.477 0.510 0.433 0.420 0.439 0.473 0.624 0.578 0.561 0.647
Risk 32212 28.243 26.194 29.881 32516 30.937 29.887 23.155 26.583 28.826 20.604

* ** and *** indicate significance at the 0.10, 0.05, and 0.01 levels, respectively.

emission intensities than others. Fintech has been a driver of carbon

emission reduction in every province in China since 2016. However,
the positive impacts of fintech on carbon emissions reduction exhibit

obvious provincial heterogeneity and imbalance. Specifically, the
reducing effects of fintech on carbon emissions in high-carbon prov-
inces such as Shanxi, Hebei, Henan, Shaanxi, Ningxia, and Xinjiang,

are stronger than those in other provinces.
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Based on the above meaningful research results, we provide the
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Table 7
Support vector quantile regression results for the period from 2016 to
2021.

Variables (1) (2) 3)
7=0.25 7=0.50 t=0.75
Fintech —3.471" —4.835™** —7.047**
(-10.232) (-16.691) (—22.784)
Open degree —1.389"** —1.354*** -1.996"**
(-2.717) (-3.101) (—4.284)
Capital —1.724"** —2.006™** —5.348"**
(—4.141) (—5.644) (—14.091)
FDI 0.003 —0.008 -0.063**
(0.091) (-0.290) (—2.093)
Government 0.339 -1.174 —8.043™**
(0.294) (-1.193) (—7.658)
Development —161.253*** —93.386"** —201.273***
(-5.319) (—3.607) (—7.282)
Population 0.000 —34.439** -161.416"**
(0.000) (-2.512) (-11.028)
Green investment 0.000 0.000 —15.812
(0.000) (0.000) (-0.605)
Green support —15.703 0.000 56.415
(-0.331) (0.000) (1.306)
Urbanization rate 5.905*** 3.639"** 1.983*
(5.284) (3.812) (1.947)
ULS 0.002** 0.004*** 0.011%**
(2.168) (4.682) (11.296)
RLS 0.007*** 0.004** —0.008"**
(3.365) (2.426) (—4.543)
ESU —3.064" —4.004*** —7.258"*
(-2.557) (-3.913) (—6.643)
Rl 0.306 0.346 0.474
Risk 22317 36.225 31.770

* ** and *** indicate significance at the 0.10, 0.05, and 0.01 levels,
respectively.

Table 8
Re-estimation of regression results of GLpSVQR for the period from 2016
to 2021.

Variables (1) (2) 3)
7=0.25 7=0.50 7=0.75
Fintech —2.485"** -3.671"** —7.072%**
(-11.358) (-19.010) (—38.823)
Open degree —0.920"** —0.837"** —1.212%*
(-2.792) (—2.878) (—4.415)
Capital —0.815"** —0.909"** —2.319"*
(-3.035) (—3.835) (-10.374)
FDI —-0.004 —0.006 —-0.028
(-0.181) (-0.302) (-1.570)
Government 1.017 -0.269 —-0.684
(1.369) (—-0.410) (-1.106)
Development —91.828"* 54977 0.000
(-4.697) (—3.186) (0.000)
Population 0.000 -10.273 —40.993***
(0.000) (-1.124) (—4.756)
Green investment 0.000 0.000 —8.685
(0.000) (0.000) (—0.564)
Green support —17.809 0.000 23.145
(—0.583) (0.000) (0.910)
Urbanization rate 4.252%* 3.850"* 1.348
(5.900) (6.052) (2.247)
ULS 0.001 0.003*** 0.007***
(1.528) (5.203) (12.800)
RLS 0.005*** 0.002* 0.001
(4.056) (1.765) (0.829)
Employment structure —2.421"** —2.951™* —3.934%*
(-3.132) (—4.325) (-6.113)
R! 0.378 0.399 0.472
Risk 14.893 23.585 22.014

* **, and *** indicate significance at the 0.10, 0.05, and 0.01 levels,
respectively.
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Table 9
Quantile regression results for the period from 2016 to 2021.
Variables (1) (2) 3)
7=0.25 7=0.50 7=0.75
Fintech —3.336"** —5.009* —7.047%
(—3.871) (—2.414) (—2.731)
Open degree -1.341* -1.269 -1.996
(—2.106) (-0.828) (—1.048)
Capital -1.679"** —2.032%* —5.348***
(—6.703) (—3.369) (=7.131)
FDI 0.003 —0.009 —0.063
(0.214) (-0.273) (-1.583)
Government 0.189 -1.398 —8.043*
(0.160) (—0.490) (—2.267)
Development —159.209***  —85.092 -201.273
(—3.763) (—-0.835) (—1.589)
Population —6.548 -35.920 —161.415"*
(-0.454) (—1.035) (-3.739)
Green investment 1.468 —10.641 —15.812
(0.098) (—0.296) (—0.353)
Green support —13.880 —3.811 56.414
(-0.720) (—-0.082) (0.977)
Urbanization rate 6.168*** 2.982 1.983
(4.156) (0.835) (0.446)
ULS 0.002 0.004 0.011*
(1.372) (0.955) (2.013)
RLS 0.006* 0.004 —0.008
(2.080) (0.629) (—0.982)
Employment structure —3.613"** -3.750 —7.258*
(—3.538) (-1.525) (-2.374)
R! 0.307 0.347 0474

T

development in Chinese provinces, policy-makers and practi-
tioners should continue to increase investment in digital infra-
structure and improve digital services to narrow the large gap
between the eastern and western provinces, especially in Xin-
jiang, Gansu, Inner Mongolia, Guizhou, Ningxia, Xizang, and Qing-
hai. In addition, policy-makers and practitioners in western
provinces should also promote digital data sharing system and
comprehensively deepen data application. It is necessary to
strengthen residents’ digital thinking, cultivate digital culture,
and enhance digital literacy in western provinces.

Mitigating Carbon Emissions: Although the average level of car-
bon emission intensity in China has decreased in recent years, the
imbalance and heterogeneity in carbon emissions among China’s
provincial provinces are obvious. It is still a formidable task for us
to achieve the goals of carbon peaking and carbon neutrality. Pol-
icy-makers and practitioners should supervise pollution emis-
sions in high-carbon areas and encourage the use of renewable
and sustainable energy, especially in Ningxia, Shanxi, Inner Mon-
golia, and Xinjiang provinces.

A Heterogeneous Driver of Carbon Emission Reduction: This
research reveals that the effect of fintech on carbon emission
reduction in high-carbon provinces is stronger than that in low-
carbon provinces. It is necessary to guide the flow and diffusion of
emerging financial technology to high-carbon areas, such as
Shanxi, Hebei, Henan, Shaanxi, Ningxia, and Xinjiang. Policy-mak-
ers and practitioners should actively encourage and support the
utilization of fintech tools to control emissions in these provinces,
thereby maximizing the potential benefits of fintech in carbon
reduction efforts.

Influencing Channel: The results of the mechanism test indicate
that fintech contributes to carbon emission reduction through
industrial structure upgrading in highly developed provinces.
However, the intermediary effect of industrial structure upgrad-
ing is insignificant in provinces with low development. Therefore,
policy-makers and practitioners should strengthen the develop-
ment planning of fintech in low-development provinces and
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Fig. 6. The advancement of industrial structure and fintech for the period from 2016 to 2021. Notes: Abscissa is the name of Chinese provincial regions, and the rank order is in line
with China’s National Bureau of Statistics.

Table 10
Mechanism test.

Variables 0.25 quantile level 0.50 quantile level 0.75 quantile level
(1)CE (2) AIS (3)CE (4) CE (5) AIS (6) CE (7)CE (8) AIS (9) CE
AlS —3.391** —1.820** —2.929"**
(—3.159) (—2.033) (-3.001)
Fintech -3471"*  -0.016 —2.836"** -4.835"*  -0.014 —6.567*** —7.047*** 0.040*** —6.466"**
(-10.232) (-1.382) (-8.323) (-16.691) (-1.104) (-23.107) (—22.784) (2.996) (-20.862)
Open degree -1.389"*  —0.069*** —1.293** -1.354"**  -0.106"** —1.093** -1.996"*  -0.110"** —2.692***
(-2.717) (—4.000) (-2.517) (-3.101) (-5.676) (—2.554) (—4.284) (-5.518) (-5.765)
Capital —1.724"* 0.029** -1.918"* —2.006™** 0.000 —1.889"** —5.348"**  —0.009 —5.102***
(—4.141) (2.039) (—4.586) (—5.644) (0.000) (—5.418) (—14.091) (—0.540) (-13.415)
FDI 0.003 0.001 0.001 —0.008 0.000 —0.007 —0.063** 0.000 —0.061**
(0.091) (1.287) (0.041) (—-0.290) (0.235) (-0.251) (—2.093) (0.254) (-2.035)
Government 0.339 0.034 —-0.055 -1.174 0.331*** -1.931** —8.043"** 0.474*** —6.588***
(0.294) (0.877) (—0.048) (-1.193) (7.866) (-2.001) (-7.658) (10.577) (—6.259)
Development -161.253"*  -9253**  _157.656"*  -93.386"*  -4.617***  —-68.000**  -201.273*** 0.000 —274.348***
(-5.319) (—9.080) (=5.177) (—3.607) (-4.170) (-2.677) (-7.282) (0.000) (—9.905)
Population 0.000 2.589*** -13.317 —34.439** 4567  -31.096** -161.416*** 5.435"*  -136.359"**
(0.000) (4.798) (-0.826) (-2.512) (7.790) (-2.312) (-11.028) (8.704) (-9.297)
Green investment 0.000 0.684 0.000 0.000 0.000 0.000 —15.812 -1.327 —20.422
(0.000) (0.710) (0.000) (0.000) (0.000) (0.000) (-0.605) (-1.190) (—0.780)
Green support —15.703 0.000 —23.459 0.000 0.000 0.000 56.415 0.000 43.173
(-0.331) (0.000) (-0.493) (0.000) (0.000) (0.000) (1.306) (0.000) (0.997)
Urbanization rate 5.905*** 0.491*** 5.951*** 3.639*** 0.630*** 3.806*** 1.983* 0.624*** 5.3371**
(5.284) (13.078) (5.300) (3.812) (15.447) (4.065) (1.947) (14.350) (5.221)
ULS 0.002** 0.001*** 0.006*** 0.004*** 0.001*** 0.007*** 0.011*** 0.001*** 0.012***
(2.168) (33.012) (5.608) (4.682) (22.300) (7.734) (11.296) (17.805) (12.225)
RLS 0.007***  —0.001*** 0.001 0.004** —0.001*** 0.003** —-0.008"**  —0.001*** —0.006**
(3.365) (—11.987) (0.433) (2.426) (-8.033) (2.021) (—4.543) (=7.563) (—3.209)
ESU —3.064™ 0.454*** —2.398** —4.004*** 0.422*** —2.434** —7.258"** 0.370*** —5.412%**
(—2.557) (11.270) (-1.992) (-3.913) (9.642) (—2.425) (—6.643) (7.932) (—4.943)
Rl 0.306 0.459 0.328 0.346 0.622 0.355 0.474 0.657 0.494
Risk 22.317 1.308 21.619 36.225 1.350 35.717 31.770 1.212 30.231

* ** and *** indicate significance at the 0.10, 0.05, and 0.01 levels, respectively.

support the use of fintech in the process of upgrading the indus-

trial structure.

Deficiencies and prospects

This paper has several limitations that should be discussed. First,
the measurement of technology level and innovation capability in

12

this study relied on web crawler technology and word frequency
analysis, primarily using keywords obtained from the Baidu index.
Although the Baidu index is the largest search engine in China, fin-
tech-related keywords from the Baidu index may not fully capture
the comprehensive technology and innovation landscape. Second,
this study focused solely on examining the impact of fintech on car-
bon emission reduction through the intermediary variable of indus-
trial structure upgrading. Although this mechanism is found to be
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significant, it is important to recognize that there may be other trans-
mission mechanisms through which fintech influences carbon emis-
sions. Future research should explore and enrich these additional
transmission mechanisms to gain a more comprehensive under-
standing of the multifaceted nature of the relationship between fin-
tech and carbon emissions.
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