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ABSTRACT

Understanding the influence of digital inclusive finance (DIF) on inclusive green growth (IGG) is crucial for
promoting the green transformation and sustainable development of developing economies. This study explores
the effect of DIF on IGG in Chinese cities, and how DIF affects IGG by effectively coupling financial instruments
with green transformation goals through a “triple mediation mechanism”. The findings reveal that DIF signifi-
cantly promotes IGG, as well as economic growth, income distribution, welfare inclusiveness, and environmental
protection. Furthermore, green technology innovation, industrial upgrading, and employment quality play a
mediating role in the DIF-IGG relationship. Additionally, the main effect is stronger in the east and south, and
cities with higher level of economic development, industrial upgrading, population density, agricultural entre-
preneurship, and non-agricultural entrepreneurship, as well as in the 2016-2022 period. Overall, this study
reveals the mechanisms and effects of DIF on IGG, expands the scope of research on economic green trans-
formation, and provides new empirical evidence and valuable references for advancing financial sustainability
and IGG in China and other developing countries. It also offers insights into addressing the current global
ecological and environmental crises, and economic inequality.

Introduction

Today, digital transformation has become an absolute necessity
(Kraus et al., 2022; Leal-Rodriguez et al., 2023), as it facilitates adap-
tation to the Fourth Industrial Revolution (Uddin, 2024) and can pro-
foundly affect businesses (Buck et al., 2023; Sumbal et al., 2024),
including creating financial innovation opportunities. Digital inclusive
finance (DIF) represents one such model of financial innovation, whose
potential inclusive and green attributes can enable urban economic
green transformation. Indeed, in recent years, with the continued inte-
gration of digital technology and financial inclusion, DIF has been
recognized as a crucial factor in promoting inclusive green growth (IGG)
in developing countries. For instance, it can alleviate financing chal-
lenges encountered during economic green transformation by providing
low cost and efficient financial services, particularly for investments in
low-carbon technologies and green projects. DIF also utilizes digital
technologies such as smart terminals and cloud computing to provide
financial products and services to the public, transcending temporal and
spatial limitations, and promoting information and resource sharing
(Hui, 2021). This can help with the demand for financial product and
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service innovation in IGG. Therefore, DIF can play a vital role in pro-
moting IGG and sustainable development in developing countries.

The traditional growth model has helped the Chinese economy in
achieving rapid development for >40 years, with an average annual
gross domestic product (GDP) growth rate of 13.7 % from 1978 to 2024.
However, this growth model has also led to environmental degradation,
resource depletion, and income distribution inequality (Long & Ji, 2019;
Liu & Waqas, 2024), creating uncertainties in China’s economic green
transformation and sustainability (Gu et al., 2021). A key characteristic
of emerging economies transitioning to developed economies is their
emphasis on creating a sustainable society and the pursuit of sustainable
development (Shao et al., 2020). In recent years, China’s implementa-
tion of such strategies, including IGG initiatives, has attracted interna-
tional attention given that the country is the world’s largest developing
country. Since 2010, China has indeed achieved significant progress in
promoting IGG, with increasing synergies among economic growth,
environmental protection, and social inclusion. For example, from 2010
to 2023, China grew annually at 6.5 % on average, while the average
annual energy consumption growth was 2.8 % and the country achieved
a cumulative reduction of 30.6 % in energy intensity, which is
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equivalent to saving approximately 1.65 billion tons of standard coal.
This has set a positive example for developing countries worldwide.
However, the fundamental, structural, and trend-based pressures facing
China’s economic green transformation have not been fundamentally
alleviated. The issue of insufficient inclusiveness in green growth re-
mains prominent. Therefore, accelerating IGG has significant practical
implications for promoting global economic green transformation and
sustainable development, including for China.

From a practical perspective, China’s IGG initiative represents a
comprehensive transformation of diverse areas, encompassing devel-
opment concepts, production modes, and lifestyles, which requires dual
support from both financial and technological resources. However, due
to long-standing disconnections in financial intermediation and tech-
nological penetration mechanisms, the national financial system has
struggled to achieve inclusiveness and equity, making it difficult to
implement China’s IGG objectives. The recent literature has also
explored the impact of DIF on inclusive green development and inclusive
growth. For instance, Liu and Xu (2023) argue that the core of DIF lies in
the broadening, rationalization, and sophistication of the financial sys-
tem, thereby providing momentum for enterprises’ inclusive green
development. Hu et al. (2023) suggest that the essence of DIF enabling
inclusive growth is to fully leverage technological innovation advan-
tages, overcome barriers in traditional inclusive finance models, and
provide equal digital financial services to vulnerable groups. However,
these studies are limited to explorations at the enterprise and provincial
levels, with few examining DIF’s effect on urban IGG in developing
countries such as China. Addressing this gap, this study examines the
theoretical and empirical issues concerning DIF’s effect on IGG of Chi-
nese cities. This investigation can help advance financial sustainability
and IGG in China and other developing countries, while addressing
current global ecological environmental crises and economic inequality
issues.

Background and literature review
The emergence and development of DIF

In 2005, the United Nations formally proposed the concept of in-
clusive finance for the first time, and defined it as a financial business
model aimed at narrowing the gap between the rich and poor and
improving financial inclusion. In 2013, China formally proposed to
develop inclusive finance. Involving the integration of digital technol-
ogy and inclusive finance, DIF has become an important way to enhance
global financial sustainability. In 2016, the release of the G20 Digital
Financial Inclusion Principles clearly showed that digital finance had
become a recognized model of inclusive finance (Emtehani et al., 2021).
Building on its earlier successes as well, in 2023, China clearly empha-
sized the need to promote the development of DIF in an orderly manner,
including improving the level of inclusive financial technology, building
a healthy DIF ecosystem, and improving the DIF regulatory system.

Notably, due to different national conditions, the DIF policies of
major economies exhibit differences. European countries have chosen a
market integration path by establishing rules first. For example, the
European Union (EU) is seeking to support environmental goals and
financial inclusion by establishing the world’s most stringent green asset
recognition standards, and promoting open banking and green data
sharing. On the one hand, the green asset identification standard can
clearly demarcate the definition of “green”, reduce market fragmenta-
tion and investors’ green identification costs, and attract capital for
green projects in Europe. On the other hand, open banking and green
data sharing policies can effectively integrate Europe’s environmental
performance, carbon emissions, and other green data, helping investors
accurately assess the green value and potential risks of projects.

The United States has adopted a market-led innovation incentive
system, such as allowing technology giants such as Apple Pay to issue
green consumer finance products, supporting private companies such as
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Tesla to lead the innovation of green financial products, and promoting
tax credit measures in the Inflation Reduction Act. On the one hand,
technology giants use their huge user base and digital platforms to
rapidly promote green and low-carbon consumption scenarios, and
lower the threshold for adopting green technologies. Simultaneously,
they encourage consumers to choose green products through tools such
as consumer points rewards and carbon footprint tracking, thereby
forming a demand side driver as well. On the other hand, the Inflation
Reduction Act provides tax credits for renewable energy projects such as
photovoltaics and wind power, and for the purchase of electric vehicles,
significantly reducing the risk of corporate green investments. However,
the tax credit policy relies on personal taxpaying ability. As such, low-
income families in the United States may not fully enjoy the benefits
due to their low tax burden, which may exacerbate the imbalance in the
distribution of benefits in the green transition. In addition, the act also
requires the localization of clean technology production, which can
promote the transformation of traditional industrial states to green
manufacturing. However, the skill mismatch in the transformation
process may lead to the exclusion of some workers.

Meanwhile, China has adopted a government-led model, such as
supporting IGG goals by formulating green finance and financial tech-
nology development plans, proposing dual carbon goals and carbon
reduction support tools, supporting mobile payments and green loans,
and encouraging green financial product innovation and digital
employment. The Chinese model, through the closed-loop of “target
constraint - digital infrastructure - product innovation - employment
support”, considers inclusiveness while rapidly promoting green trans-
formation, especially amplifying the effect of digital technology on in-
clusive finance and regional rebalancing. However, the strong state
control may inhibit spontaneous market innovation. Hence, endogenous
drivers should be fostered by introducing a competitive subsidy mech-
anism. Compared with European and American countries, China is
better at using scale advantages and digital governance tools to achieve
the inclusive green transformation of the economy. However, one
should remain vigilant against the lack of grassroots adaptability and
digital divide, which may be caused by policy rigidity. At present,
China’s DIF levels are among the best in the world. In 2023, green loans
had increased 36.5 % from 2022 to reach 30.08 trillion yuan. China’s
digital payment and digital finance also rank first in the world, ac-
counting for 45.60 % (34.62 trillion yuan) and 15.6 % (4.17 trillion
yuan) of the corresponding global markets, respectively. Overall, the
rapid development and application of DIF in China has alleviated the
bias and environmental cost problems of traditional finance to a certain
extent, and provided a driving force for promoting the green trans-
formation of regional economies. This undoubtedly provides valuable
experience reference for developing countries on how to use digital
technology to promote sustainable finance and IGG.

The emergence and development of IGG

IGG began with the concept of inclusive growth proposed by the
Asian Development Bank in 2007. Meanwhile, the World Bank defined
IGG as “a sustainable development model that takes into account both
economic growth and the improvement of social and environmental
well-being, and achieves green growth while ensuring social inclusion
with equal opportunities”. The 2012 Rio+20 Summit also emphasized
the importance of promoting IGG. Subsequently, through the United
Nations report and systematic research of the Asian Development Bank,
the issue of IGG gradually gained widespread attention from countries
globally. In 2016, the United Nations proposed the Sustainable Devel-
opment Goals, which also incorporated the principles of IGG. Since then,
many countries have begun formulating new development strategies
centered on IGG. In summary, IGG is a sustainable development model
that considers economic growth, sustainability, and inclusiveness. Its
goal is to combine the interests of industrialized countries with green
growth and inclusive growth in developing countries to address the
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global ecological and environmental crisis, and economic inequality,
thereby achieving sustainable development.

DIF research

In recent years, the development of DIF has received great attention
from global policymakers and scholars. Most scholars have reached a
general consensus on the economic effects of DIF, believing that it plays
a positive role in promoting household consumption (Zhang et al., 2020;
Chen & Chang, 2024) and sustainable employment (Geng & He, 2021),
narrowing the urban-rural income gap (Li & Feng, 2023), reducing
farmers’ poverty vulnerability (Liu et al., 2024; Wu & Zhang, 2025), and
easing financing constraints (Ross & Blumenstein, 2015). Some scholars
have studied the influencing factors of DIF. Data network coverage and
smartphone penetration are the main determinants of the development
of DIF (Beck et al., 2016). Meanwhile, other scholars argue that digital
financial literacy is necessary to optimize DIF (Gumilar et al., 2024).
However, a supportive regulatory environment, a clear regulatory sys-
tem, and supportive government policies are also crucial to the sus-
tainable development of DIF (Xiao et al., 2024). This is because digital
technology is constrained by factors such as privacy issues, illiteracy,
and limited economic accessibility. In summary, DIF is affected by fac-
tors such as technical infrastructure, digital financial literacy, govern-
ment policies, and regulatory systems. Since the Internet is an important
medium for DIF, some scholars have also explored the impact of mobile
payments on DIF. For example, Huang et al. (2020) argue that mobile
payments in China are revolutionizing financial inclusion, driven by
supply shortages, a friendly regulatory environment, and the latest
technological developments.

IGG research

IGG lacks a unified authoritative definition, with scholars inter-
preting it from different perspectives. From a development economics
perspective, IGG is regarded as a sustainable development strategy
(Schoneveld & Zoomers, 2015; Zhang & Li, 2023). From a welfare
economics perspective, scholars believe that the core goal of IGG is to
improve people’s welfare (Kumar 2017; Berkhout et al., 2018). Then,
what kind of economic growth is IGG? Despite the lack of consensus on
the definition of IGG, the core essence is unanimously recognized: IGG
aims to pursue the coordinated development of economic, social and
environmental sustainability. Scholars have also focused on the mea-
surement and influencing factors of IGG (Ofori et al., 2023; Li et al.,
2023; Wu et al., 2025; ; Okombi & Ndoum, 2024). However, the
multifaceted nature of the IGG definition has led to a lack of consensus
on measurement methods, indicator frameworks, and influencing fac-
tors. In general, there are two main methods for measuring IGG: eval-
uating input-output efficiency and building a comprehensive indicator
system. Scientifically evaluating IGG is crucial to guide the economy
toward green and inclusive transformation, especially selecting scien-
tific and appropriate indicators and measurement methods.

The effect of DIF on IGG

Extant research focuses on two aspects. First, the effect of DIF on the
green economy. Chinese scholars generally believe that digital finance
can promote green growth by supporting corporate digital trans-
formation and solving energy poverty. For instance, digital technology
can be used to help companies improve the success rate of green inno-
vation projects (Fan et al., 2022; Razzaq & Yang, 2023; Chen & Zhang,
2024). Meanwhile, DIF promotes industrial green transformation by
strengthening innovation capabilities and improves green total factor
productivity by alleviating factor mismatch (Tan & Shu, 2020; Zhu et al.,
2022, 2023). In addition, DIF improves regional carbon performance
and energy efficiency of the real economy (Duan et al., 2021; Zhou &
Wang, 2024), and promotes green agricultural development (Ma et al.,
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2024; Guo et al., 2024). European studies have shown that digital
finance has enhanced financial inclusion in EU countries, and promoted
the accessibility and sustainable development of financial inclusion in
Balkan countries (Spilbergs, 2023; Gigauri et al., 2023). Meanwhile, DIF
has reduced the carbon footprint of the top 30 remittance recipients
(Farzana et al., 2024). However, some scholars have proposed different
views. Faisal et al. (2018) find a nonlinear relationship between finan-
cial development and environmental pollution in Turkey. Ahmad et al.
(2022) and Abbas et al. (2024) show that financial inclusion has nega-
tively affected the ecological environment of BRICS countries and green
economic growth in 12 developing countries such as Indonesia. In most
cases, the China-Europe DIF research supports the sustainability and
inclusiveness of financial services, and the idea that DIF positively af-
fects the green economy and sustainable development. However, the
opposite results are observed in many developing countries.

Second, the effect of DIF on green investment and green innovation.
On the one hand, DIF reduces the financing cost of green projects by
providing financial products such as online financing platforms, digital
bonds, and green funds (Wang & Zan, 2024). Green transformation is
usually accompanied by higher investment risks. DIF can use technology
to provide more investment options, thereby positively affecting green
investment (Gu et al., 2024; Zhu et al., 2024). For example, peer-to-peer
(P2P) lending platforms in the United States, the United Kingdom,
Sweden, and South Korea use digital technology to provide green
financial resources to the market (Jung & Lee, 2022). These green in-
vestments include innovative financial products such as green bonds,
green funds, and crowdfunding, which help diversify investment risks
and attract more investors to participate in green projects.

On the other hand, digital transformation promotes knowledge cre-
ation by leveraging corporate innovation culture and the regional
innovation environment (Chen et al., 2024a), and positively affects
corporate innovation (Liu et al., 2023; Chen et al., 2024b). A particularly
illustrative example is the role of inclusive finance’s digital trans-
formation in promoting corporate green innovation. Within the frame-
work of green innovation, digital finance helps increase urban economic
concentration and develop local financial systems (Zhu et al., 2024).
This can create an environment conducive to the external financial
framework, thereby stimulating corporate green innovation behavior
(Hao et al., 2023). In the Chinese context, DIF has a significant positive
effect on green technology innovation of non-state-owned enterprises,
heavily polluting industries, and enterprises in the central and western
regions (Wang et al., 2022; Shu & Huang, 2024). Regarding the un-
derlying factors, DIF can improve the enthusiasm of enterprises for
green technology innovation by enhancing the coverage breadth, use
depth, and digitization degree of digital finance (Xu et al., 2023). Here,
improving information disclosure and easing financing constraints play
key mediating roles (Kong et al., 2022; Du et al., 2024). However, some
scholars have highlighted that although DIF has improved the green
innovation efficiency of a region, it has a siphon effect on surrounding
cities (Zhang et al., 2022a). In summary, DIF or digital finance provides
convenient financing channels, reduces financial constraints, improves
resource allocation, and increases information transparency. It can help
investors identify and invest in green projects more quickly, thereby
jointly promoting the development of green investment and green
innovation.

Literature summary

Extant research mainly focuses on the theoretical and empirical is-
sues of DIF and IGG. Further, it demonstrates the inherent relationship
between DIF and the green economy, green investment, and green
innovation. However, few scholars have conducted a comprehensive
discussion on the effect of DIF on IGG. Specifically, extant research
suffers from some limitations: First, most studies focus on enterprises
and provinces in developing and European countries, and ignore the
effect of DIF on IGG at the city level. Some studies do mention the issues
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of urban industrial green development and green total factor produc-
tivity. For example, Zhu et al. (2022) observe that DIF can improve
urban green total factor productivity by alleviating capital and labor
mismatches. Tan and Shu (2020) find that new financial development
can promote urban industrial green development by strengthening
financial marketization and innovation capabilities. However, the au-
thors do not explore the impact of DIF on the internal dimensions of
green total factor productivity and industrial green development.

Second, when measuring the IGG level, some studies do not clarify
the meaning of IGG, and confuse it with “inclusive growth” or “green
growth”, resulting in blurred indicator boundaries. Most studies focus on
economic and environmental indicators, with few incorporating social
inclusion indicators (such as fair income distribution and universal
welfare). Further, due to excessive reliance on economic data or sub-
jective weighting methods while allocation dimension weights, the
measurement results are not rigorous enough.

Third, when discussing the transmission mechanism, most studies
only apply traditional financial development theory for analysis, which
focuses on traditional paths such as digital transformation, financing
constraints, resource mismatch, technological innovation, innovation
culture, and environment. However, the failure to construct a unique
analysis model for DIF, especially the lack of integration of key factors
such as green innovation, industrial upgrading, and employment quality
into the theoretical framework, leads to insufficient explanatory power.

Fourth, China’s development, and thus, DIF development exhibit
clear regional balances. However, few studies evaluate the regional
heterogeneity of DIF’s effect on IGG. Meanwhile, when discussing
regional heterogeneity, most studies adopt the traditional classification
method wherein the country is classified in the three regions of east,
central, and west. They do not adequately reflect or examine the
increasing north-south gap caused by the continued shift of China’s
economic center to the south.

Contribution of this study

Based on panel data from 282 cities at or above the prefecture level
in China from 2010 to 2023, this study comprehensively explores the
mechanism and effect of DIF on IGG from both theoretical and empirical
perspectives. We also examine the triple mediation mechanism of green
technology innovation, industrial upgrading, and employment quality.
In addition, this study focuses on the regional heterogeneity of DIF’s
influence on IGG, and supplements the discussion of heterogeneity from
four aspects: temporal, economic development, industrial structure, and
population density differences.

This study makes four contributions: First, considering the limited
literature on the effect of DIF on IGG in developing countries, this study
addressing this gap by identifying DIF as a key driving factor for IGG in
Chinese cities.

Second, this study not only clearly defines the connotations of IGG,
but also explains its main characteristics from the four aspects of goals,
methods, resource views, and values. Thus, it helps clarify the bound-
aries for the dimensional design and indicator selection of the IGG
evaluation system. Specifically, this study incorporates the three pillars
of economy, society, and environment into the definition of IGG.
Further, our indicator evaluation system integrates the four dimensions
of economic growth, income distribution, welfare universalization, and
environmental protection. This helps address the shortcomings of
traditional research that over-relies on economic and environmental
indicators, and ignores social inclusion indicators. Moreover, this study
uses both subjective and objective combined weighting methods to
allocate the weights of the 4 dimensions and their 16 indicators, miti-
gating the challenges associated with using only type of weighting
methods.

Third, this study reveals three mediation mechanisms of the main
effect: green technology innovation, industrial upgrading, and employ-
ment quality. This promotes theoretical development at the following
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three levels: (1) It helps overcome the limitations of traditional financial
theory, which focuses on capital allocation efficiency. Meanwhile, this
study effectively couples financial instruments with green trans-
formation goals through the three mediation mechanisms. Specifically,
we construct a six-dimensional synergistic framework encompassing
finance, technology, industry, employment, economy, and environment,
and explain how DIF promotes IGG through multi-level transmission
mechanisms. (2) This study advances green growth theory. Specifically,
we demonstrate that DIF can promote the transformation of the eco-
nomic system towards an inclusive green direction through the coordi-
nated efforts of technology, industry, and employment, thus providing a
dynamic evolutionary perspective for the green growth theory. (3) This
study enriches the labor economics theory. It reconstructs the logic of
the employment quality effect in the green transformation, demon-
strating that DIF not only provides financing, but also forces the
upgrading of labor skills through the requirements of green trans-
formation, promoting the transition of the employment market from
“demographic dividend” to “skill dividend”.

Fourth, this study focuses on the heterogeneity of the impact from
different geographical regions. It reveals realistic reasons for the dif-
ferentiation in the influence of DIF on IGG across the east, central, west,
and northeast regions, as well as the differences between the north and
south, providing new empirical evidence for promoting the balanced
development of China’s economic green transformation. Specifically, it
promotes the theoretical development at the following two levels: (1)
Supplementing the circular cumulative causal theory. Regional hetero-
geneity analysis reveals that the DIF penetration differences between
regions (such as the lagging digital infrastructure in the northeast)
create a self-reinforcing mechanism of “digital-green dual divide”
through green technology innovation and industrial upgrading, sup-
plementing the applicability of circular cumulative causal theory
(Kaldor, 1970) in the digital age. (2) It provides inspiration for the
redefinition of green fairness. Traditional environmental justice theory
focuses on pollution distribution (such as poorer regions bearing more
environmental risks). Meanwhile, our regional heterogeneity analysis
shows that digital capability inequality is exacerbating the spatial
deprivation of green opportunities (such as the lack of digital skills
training in the north). Hence, digital rights should be incorporated into
the framework of sustainable development justice.

Theoretical analysis and research hypotheses
Direct effect mechanism of DIF on IGG

DIF is a new financial service model driven by digital technology
(Huang & Huang, 2018). Its inherent green attributes and positive
environmental externalities significantly promote the construction of a
green economic development system and enhance green total factor
productivity (Zhu et al., 2022). On the one hand, DIF can stimulate
enterprises to proactively invest in green initiatives, strengthening the
compensatory effects of green technology innovation and increasing the
feasibility of green development from an economic benefit perspective
(Liu & Xu, 2023). According to the endogenous growth logic of Porter’s
hypothesis, this market self-organized cost-benefit reconstruction
mechanism can yield excessive economic returns from the
regulation-induced green R&D investment via improved technological
efficiency. This can essentially create a positive feedback loop of
“environmental regulation-financial incentives-technological leap”.
Meanwhile, by utilizing DIF, consumers and financial institutions can
reduce the energy consumption related to cash, paper, and trans-
portation, significantly lowering the associated pollution emissions.
From a production function perspective, this digital payment model
reconstructs the technical path of financial transactions through dema-
terialization, substantially reducing the marginal environmental cost
per unit transaction volume. At the consumer behavior level, digital
financial platforms effectively solve the preference-behavior gap in
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green consumption by building a system combining environmental in-
formation, financial tools, and consumption scenarios. For example,
numerous environmental service platforms built on digital finance can
enhance residents’ environmental awareness, guiding them towards
green consumption and thereby promoting the development of green
industries (Zheng et al., 2022).

On the other hand, DIF leverages digital technologies such as big
data and cloud computing to accurately assess risk credit and financing
needs, achieving real-time, point-to-point matching of financial re-
sources. This enhances the resource allocation efficiency of financial
services (Li & Yang, 2024). The virtual nature of digital technology and
its unique ability to allocate resources across time and space signifi-
cantly expand coverage to remote areas or specific industries that
traditional finance struggles to reach, thus improving the inclusiveness
and accessibility of financial services. DIF, exemplified by digital pay-
ment services, lowers the threshold for financial services, enhances
service efficiency, and promotes regional technology advancement,
thereby effectively increasing regional total factor productivity (He &
Yang, 2021). In addition, DIF uses big data analysis to provide more
market segments for green investment, especially small green and
innovative green technology companies that are not covered by the
traditional financial system. Moreover, the digital transformation of
finance promotes the development of technology-intensive
manufacturing, and ultimately, promotes green development (Duan
et al, 2021). In this process, the technical functions of the
manufacturing industry, and senior managers’ support for the digital
strategy and digital culture are important factors affecting digital
transformation (Strazzullo, 2024).

Accordingly, we propose our first hypothesis as follows:

Hypothesis 1: DIF promotes IGG in Chinese cities.

The indirect effect of DIF on IGG

Mediating role of green technology innovation

DIF promotes IGG by stimulating green technology innovation via
resolving the mismatch between the structural contradictions of the
traditional financial system and needs of green transformation, and
using digital technology to overcome the green technology identifica-
tion dilemma in traditional finance. From a new structural economics
perspective, green technological innovation can overcome the con-
straints of diminishing returns to factors, resource endowment con-
straints, and environmental carrying thresholds under the traditional
growth model by reconstructing the technical parameters of the pro-
duction function. Therefore, green technology innovation serves as the
foundation and driving force for green economic development (Liu,
2018), and a key factor in improving energy and environmental per-
formance (Cao et al., 2021).

From a growth paradigm transformation perspective, green tech-
nology innovation reshapes factor combination efficiency through
induced technological change. This enables green technology innova-
tion to drive the economy from extensive growth to innovation-driven
intensive growth (Wang & Zhan, 2023), becoming a key way to ach-
ieve an economic development-environmental protection win-win
(Daron et al. (2012); Li & Bai, 2021). However, constrained by the
high cost of green transformation, China often faces a funding shortage
in promoting green technology innovation and green industry devel-
opment. Still, with the continuous expansion of the digital financial
system, DIF and green finance can be innovatively integrated into
multiple green scenarios such as ESG investment and financing, green
buildings, and carbon trading markets, greatly enhancing the supply and
innovation of green financial products. This provides sustained financial
support for new technology R&D activities in green industries, allevi-
ating the financing difficulties of green technology innovation. Mean-
while, DIF uses digital technology to effectively simplify the procedural
and complicated green financial service process under the traditional
financial system, significantly improves the efficiency of green financial
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services by shortening the approval time of each link, and speeds up the
green certification and evaluation of green enterprise technology inno-
vation projects. Thus, DIF promotes green innovation into the Schum-
peterian  “creative  destruction” cycle by  building a
“technology-capital-policy” co-evolutionary ecosystem. This not only
provides enterprises with smooth financing channels and a good finan-
cial environment, but also significantly improves the green technology
innovation path and environmental governance cost dilemma.

Accordingly, this study proposes the following hypothesis:

Hypothesis 2: DIF promotes IGG by enhancing green technology
innovation.

Mediating role of industrial upgrading

DIF promotes industrial upgrading by reconstructing the financial
resource allocation mechanism, providing a structural impetus for the
green transformation of the economy. The development of DIF has
helped in accumulating capital for innovation, enabling entrepreneurs
to gain purchasing power through the financial markets and reorganize
production factors, thus triggering technological progress and promot-
ing industrial upgrading. The traditional financial system tends to favor
large enterprises. Meanwhile, DIF reduces the financing costs of small
and medium-sized enterprises (SME), and green industries through big
data risk control and supply chain finance, allowing more innovative
and green enterprises to grow. On the one hand, digital financial tech-
nology promotes the intelligent upgrading of traditional industries, such
as digital production in manufacturing and smart development in agri-
culture, and improves production efficiency and resource utilization.
Meanwhile, guided by China’s dual carbon goals, national policies to-
ward green industries have facilitated the flow of long-duration capital
to the green financial industry. This has aided the development of green
and related emerging industries. These industries have high growth
potential and low policy risks. Thus, the profit-seeking and risk-averse
characteristics of financial institutions drive increased investments in
green, low-carbon, and emerging technology-intensive industries,
thereby promoting industrial structure upgrading (Jiang & Jiang, 2020).
This can prompt enterprises to adopt cleaner production technologies,
thereby promoting energy conservation and emission reduction, and
improving resource utilization efficiency.

On the other hand, digital technology provides massive data and
computational power support for developing green financial products,
effectively stimulating the supply and innovation of these products. A
rich variety of green financial products can effectively stimulate resi-
dents’ demand for green savings and green consumption. The green
finance supply side and green consumption demand side form a synergy
to attract more social capital to flow into the green and low-carbon field,
and jointly promote the green and low-carbon transformation of the
industrial structure. In addition, the distributed blockchain ledger en-
sures the openness and transparency of the flow and use of funds,
monitoring the flow of green credit and other funds to green,
environmentally-friendly industries. With the continuous changes in
capital flows, high-pollution industries will take the initiative to trans-
form and upgrade under the pressure of survival. Meanwhile, it will also
drive the development of emerging industries such as high-tech, which
will inevitably drive high-quality economic development (Zhang et al.,
2022b).

Based on these arguments, this study proposes the following
hypothesis:

Hypothesis 3: DIF can promote IGG by driving industrial upgrading.

Mediating role of employment quality

DIF can drive IGG by optimizing the employment structure and
empowering human capital. For instance, DIF plays a positive role in
expanding the coverage of financial services and improving their quality
and efficiency, making inclusive financial services accessible to all. This
creates positive externalities for job creation and employment quality
enhancement. On the one hand, many SMEs have not been able to fully
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realize their ability to create jobs due to a lack of access to adequate
financial support (Kadiri et al., 2012). DIF enhances the inclusiveness
and broad reach of financial services, effectively alleviating credit
constraints for potential entrepreneurs and addressing the financing
challenges faced by SMEs and individual businesses in their early stages.
It indirectly stimulates demand for labor by these enterprises. This not
only helps them attract more highly skilled talents, but also provides a
broad space for labor transformation and re-employment. Meanwhile,
some DIF platforms combine blockchain and other technologies to
promote the transparency of information such as labor contracts and
social insurance, protect workers’ rights and interests, and thus, form a
healthier and more stable employment environment. Enhanced financial
accessibility has also increased employment and entrepreneurship levels
among residents in low-income and remote areas (Bruhn & Love, 2014),
thereby alleviating income distribution inequality and economic
inequality.

On the other hand, financial institutions use big data technology to
analyze the behavioral data and credit level of enterprises. This in-
creases the turnover rate of production factors within enterprises,
leading to the creation of more high-quality job opportunities. More-
over, business types such as digital payments, Internet wealth manage-
ment, Internet lending, and Internet insurance accelerate the efficiency
of savings-to-investment conversions, improve information trans-
parency, and increase the overall turnover rate of production factors in
society, thereby enhancing employment quality. In addition, DIF can
significantly reduce the search costs and risk identification costs in
financial markets, transforming traditional value delivery processes, and
unlocking substantial commercial space. This supports regional tech-
nology innovation and economic growth (Sun & Chai, 2023). Further,
regional economic growth inevitably raises wage levels, attracting more
highly skilled talent. This improves the employment environment and
enhances job quality, thereby promoting an inclusive economy. As
traditional industries gradually withdraw or transform, the development
of emerging and green technology industries often has a greater demand
for high-quality talents. Supported by DIF, these industries can create
more high-quality employment opportunities, reduce employment
discrimination against low-income groups, and improve urban
inclusiveness.

Thus, this study proposes the following hypothesis:

Hypothesis 4: DIF can promote IGG by improving employment
quality.

Research design
Variables

Dependent variable

Drawing on the literature review, this study defines IGG as a sus-
tainable development model that considers economic growth, social
equity, and environmental friendliness. In terms of the economy, IGG
envisions a green economy characterized by sustained economic growth
and ecological environment improvement, which goes beyond simple
GDP growth (Sun & Wang, 2025). In terms of society, IGG aims to
improve human well-being, strengthen equal opportunities, and narrow
the gap between the rich and poor (Xu & Xu, 2020). In terms of the
environment, IGG means sustainable development, attaching impor-
tance to resource conservation, ecological protection, and environ-
mental balance (Aslam & Ghouse, 2023). Based on this definition of IGG
and following Zhang and Li (2023), this study constructs an IGG eval-
uation system (Table 1) which includes four dimensions: economic
growth (EG), income distribution (ID), welfare inclusiveness (WI), and
environmental protection (EP). The selection of indicators follows the
principles of scientificity, representativeness, and data availability.
Meanwhile, following Chen et al. (2022), this study adopts a combina-
tion of subjective and objective weighting methods to measure the index
of IGG and its four dimensions of 282 cities in China from 2010 to 2023,

Journal of Innovation & Knowledge 10 (2025) 100726

Table 1
IGG Evaluation system.
Dimension Indicators Attribute
Economic growth Per capita GDP +
(EG)
GDP growth rate +
Income distribution Per capita disposable income of urban +
(ID) residents
Per capita disposable income of rural residents ~ +
Per capita disposable income of urban and +
rural residents
Welfare inclusiveness ~ The proportion of urban basic medical +
(WI) insurance participants to the total population
The proportion of urban employees +

participating in basic pension insurance to the
total population
The proportion of unemployment insurance +
participants to the total population
Number of Public Library Books per 10,000 +
People
Number of beds in hospitals and health centers ~ +
Environmental Sulfur dioxide emissions per 10,000 people -
protection (EP)
Industrial wastewater discharge -
Industrial smoke (powder) dust emissions —

Comprehensive utilization rate of general +
industrial solid waste

Centralized treatment rate of sewage +
treatment plants

Harmless treatment rate of household waste +

w9

Note: “+” means that the indicator attribute is positive; means that the in-

dicator attribute is negative.

and maps the level index to 0~10.

Independent variable

In a world increasingly driven by digital transformation, digital
technologies such as big data, blockchain, metaverse, and artificial in-
telligence hold great promise for economic and social progress (Xiao
et al., 2024), and promote the rapid development of DIF. Different from
traditional finance, DIF pays more attention to digital technology and
has many advantages such as wide coverage, low cost, high efficiency,
and less pollution. Thus, according to mainstream practices, this study
uses the urban DIF index released by Peking University as the measure of
the DIF development level. The larger the value of the index, the higher
the level of development of DIF in the city. DIF is a comprehensive
concept that includes three dimensions: the breadth of coverage
(Breadth), depth of usage (Depth), and degree of digitalization (Digiti-
zation). These encompass 33 indicators (Guo et al., 2020). Its applica-
bility and reliability have been widely recognized by the academic
community.

Mechanism variables

DIF may promote IGG in cities through the mediating role of green
technology innovation, industrial upgrading, and employment quality.
Therefore, the three are selected as mechanism variables for trans-
mission mechanism testing. First, green technology innovation refers to
management and technology innovation aimed at protecting the
ecological environment. This study uses the total number of green patent
applications to measure the level of green technology innovation. Sec-
ond, industrial upgrading refers to the process of improving the devel-
opment of industrial structure. This study uses the ratio of the added
value of the tertiary industry to the added value of the secondary in-
dustry to measure the degree of industrial upgrading. The larger the
ratio, the higher the degree of industrial upgrading. Third, employment
quality refers to the degree to which labor is combined with the means of
production and receives income. It reflects both the skill level of in-
dividuals and the operation of the labor market in a country or region.
Here, employment quality is measured by the per capita wage level of in-
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service employees.

Controlled variables

Considering that other factors can also affect IGG in cities, this study
selects the following nine indicators as controlled variables: First,
traditional financial development is measured by the ratio of year-end
deposit and loan balances of financial institutions to regional GDP.
Next, the consumption level of residents is measured by the ratio of total
retail sales of consumer goods to regional GDP. Third, fixed assets in-
vestment is measured by the ratio of total fixed assets investment to
regional GDP. Fourth, the intensity of education investment is measured
by the ratio of education expenditure to regional GDP. Fifth, the in-
tensity of technology investment is measured by the ratio of science and
technology expenditure to regional GDP. Six, the level of urbanization is
measured by the number of people per square kilometer. Seventh,
human capital is measured by the number of students enrolled in pri-
mary, secondary, and higher education institutions per 10,000 people.
Eight, unemployment level is measured by the ratio of the number of
registered unemployed individuals in urban areas at the end of the year
to the total population at the end of the year. Finally, the level of pas-
senger transportation is measured by highway passenger volume.

Model construction

Benchmark regression model

The two-way fixed effects model can effectively control city-specific
and time-specific unobservable factors, allowing us to pay more atten-
tion to the effect of time-varying variables on the results and improve the
accuracy of the estimated results. In addition, this model is particularly
suitable for analyzing panel data and can better capture the dynamic
changes of variables. Therefore, this study applies a two-way fixed ef-
fects model to test Hypothesis 1. The benchmark regression model is
constructed as follows:

IGG;; = ¢o + ¢ DIF; + chjControlsit + pp + W + € (@D)]

where IGGrepresents IGG; DIF represents DIF; Controlsrepresent a series
of controlled variables. i and t represent the city and year, respectively;
co denotes constants; c; and cjdenote regression coefficients; u;, w;, and
&;; denote city fixed effects, year fixed effects, and random disturbances,
respectively.

Mediating effect model

The mediation effect model can decompose the total effect into the
direct and indirect effects. Consequently, we analyze in greater how the
core independent variable affects the dependent variable through the
mechanism variables. Here, we test whether green technology innova-
tion, industrial upgrading, and employment quality mediate the DIF-IGG
relationship using Egs. (2) and (3):

Mediator, = ay + a1 DIF; + ZjajControlsit + i +we + € 2

IGG;; = p, + p,Mediator;, + k,DIF; + Z]ﬁjControlsit +ui+wetee (3)

Hy : 1, = 0. where Mediator represents mechanism variables; a;
represents the effect of DIF on this variable; 3, represents the effect of
the mechanism variables on IGG when controlling for DIF; and k; rep-
resents the direct effect of DIF on IGG when controlling for the mecha-
nism variable. Based on the principles of the mediation effect model, if
all three terms (a1,;,k;) are significant, then a partial mediation effect
exists. If terms a; and g, are significant but k; is not, then a complete
mediation effect exists. If at least one of @; and f3, are not significant, a
coefficient product test is necessary to further test these terms, which
checks whether Hj : a;#; = 0. This study uses the Bootstrap method to
construct the confidence interval for the coefficient product estimator. If
0 is included in the interval, it suggests the absence of a mediation effect.
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Conversely, if 0 is not included, it demonstrates the presence of a partial
mediation effect.

Data

This study uses the panel data from 282 prefecture level and above
cities in China from 2010 to 2023. Following Zhang and Li (2023), the
sample data come from the China Urban Statistical Yearbook and
various city statistical yearbooks, with some missing data filled in using
interpolation method. Considering the lag in the effects of DIF, and to
avoid the issue of bidirectional causality between controlled variables
and the dependent variable, all independent variables are lagged by one
period, covering the data range from 2010 to 2022. Natural logarithms
are applied to all non-relative value variables to reduce the potential
heteroscedasticity and volatility in the sample. To eliminate the inter-
ference of price fluctuations on the empirical results, the consumer price
index of each province was used to deflate all monetary-measured var-
iables in the sample using 2009 as the base year. Table 2 presents the
descriptive statistics.

Empirical results
Benchmark results

Table 3 shows the benchmark results for Eq. (1). Columns (1) to (5)
show the results of DIF on IGG and its four dimensions without adding
controlled variables. Columns (6) to (10) are the results after adding the
controlled variables. Clearly, R? continuously increases after adding
controlled variables, which indicates a significant improvement in the
model’s fit and verifies the rationality of the controlled variables
selected in this study. Columns (1) and (6) show that regardless of
whether controlled variables are included, the coefficients of DIF are
significantly positive. Thus, DIF has a significant promoting effect on
IGG. Columns (2) to (5) and Columns (7) to (10) show that regardless of

Table 2
Descriptive statistics of the variables.

Symbol Variable Obs Mean SD Min Max

1GG Inclusive green 3666  3.081 0.808  0.954 7.199
growth

DIF Digital inclusive 3666  4.754 1.460  0.000 5.953
finance

GTI Green technology 3666  5.324 1.769  —-0.510 10.687
innovation

U Industrial 3666 1.172 0.895 —0.467 11.560
upgrading

EQ Employment 3666 10.785 0.340 8.357 12.950
quality

Size Traditional 3666  2.614 2.282  —0.490 77.659
financial
development

Consump  The consumption 3666  0.399 0.174 —0.654 2.490
level of residents

Invest Fixed assets 3666 0.760 0.349 —0.493 4.665
investment

Edu The intensity of 3666  0.035 0.019 —0.021 0.185
education
investment

Sci The intensity of 3666  0.003 0.003  —0.013 0.068
technology
investment

Urban Urbanization 3666  5.743 0.925 1.620 7.882
level

Capital Human capital 3666  7.200 0.295  5.655 8.657

Unemp Unemployment 3666  0.024 0.588 —0.049 26.026
level

Pass Passenger 3666 8.293 1.201 —13.778 22.713
transportation
level

Sources: The authors calculated this table with sample data.
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Table 3
The results of benchmark regression.
Variables (1) IGG (2) EG (3)ID (4) WI (5) EP (6) IGG (7) EG (8)ID (9) WI (10) EP
DIF 0.152%** 0.076%** 0.464*** 0.008%*** 0.058%** 0.131%** 0.091%** 0.355**%(19.16) 0.020%** 0.059%**
(31.49) (13.55) (52.66) (2.81) (4.13) (23.06) (13.06) (5.22) (4.59)

Size 0.008 —0.011** 0.046 —0.011%** 0.006
(0.91) (—2.29) (1.28) (—2.54) (1.08)

Consump 0.330%** —0.091%** 1.234%%* —0.020 0.197
(3.61) (-1.04) (3.87) (—0.24) (1.53)

Invest —0.180%** 0.128%* —0.724%** 0.066* —0.191*%(—1.88)
(—4.29) (2.33) (—6.40) (1.87)

Edu 0.628 —6.074%** 8.341 —2.754%** 3.002(1.21)
(0.38) (—4.61) (1.46) (-3.13)

Sci 11.904** —6.363 39.633*** —0.224 14.568**
(2.01) (—0.82) (2.49) (—0.06) (2.14)

Urban 0.430 —1.437%** 3.345%** —0.539 0.35
(1.57) (—2.68) (4.48) (-1.07) (0.76)

Capital 0.413%** 0.174 0.672%%* 0.033 0.772%%*
(3.56) (1.30) (2.76) (0.30) (2.63)

Unemp 0.009%** 0.050%** 0.021%** —0.020%** —0.015%**
(5.30) (27.25) (3.42) (-10.23) (—5.30)

Pass —0.072%** —0.044*** —0.300%** 0.016 0.039
(—2.75) (—2.68) (—2.52) (1.58) (1.56)

Constant 2.361%** 1.383%** 1.238%** 0.581%** 6.242%%* —2.454 8.876%** —20.276%** 3.331 —1.747

(103.20) (51.88) (29.85) (41.35) (93.04) (-1.41) (2.96) (—4.11) (1.15) (—0.48)

City FE YES YES YES YES YES YES YES YES YES YES

Year FE YES YES YES YES YES YES YES YES YES YES

N 3666 3666 3666 3666 3666 3666 3666 3666 3666 3666

R? 0.3724 0.0723 0.4282 0.0023 0.0174 0.4596 0.1191 0.5880 0.0301 0.0427

Notes: t values are shown in brackets; ***, ** and * indicate statistical significance at 1 %, 5 %, and 10 % levels, respectively.

Sources: The authors developed this table using empirical results.

whether controlled variables are included, the regression coefficients of
DIF are significantly positive for all IGG dimensions of economic growth,
income distribution, welfare inclusiveness, and environmental protec-
tion. Therefore, Hypothesis 1 is supported. The development of DIF
effectively aids cities in promoting economic growth, improving income
distribution, enhancing welfare inclusiveness, and bolstering environ-
mental protection. Consequently, this supports urban IGG. This finding
is consistent with Liu and Xu (2023), who believe that DIF significantly
improves the inclusiveness of regional green development. Moreover,
Zhu et al. (2023) find that the effect of DIF on urban green economic
efficiency has a spatial spillover effect.

Column (6) shows that the coefficient of DIF is 0.131, indicating that
a 1 % increase in the level of DIF can promote a 0.131 % increase in the
level of urban IGG. According to columns (7) to (10), the regression
coefficients of DIF for the four dimensions are as follows: EG (0.091), ID
(0.355), WB (0.020), and EP (0.059). That is, a 1 % increase in the level
of DIF can increase EG by 0.091 %, ID by 0.355 %, WB by 0.02 %, and EP
by 0.059 %. Further, DIF has the greatest effect on ID, followed by EG,

EP, and WB. This is mainly because DIF, by reducing transaction costs,
expanding the range of customer services, and improving the financial
supply system, provides convenient, fair, and low cost financial support
to disadvantaged groups that were previously excluded from the tradi-
tional financial market. This effectively alleviates the market failures of
traditional finance and resulting issues of income distribution
inequality.

Robustness test

Replacing independent variable

We test the robustness of the results by using the following three
alternative independent variables, which actually constitute DIF: the
breadth of coverage (Breadth), depth of usage (Depth), and degree of
digitization (Digitization). The effects of the three dimensions on IGG
are tested separately, with the results presented in columns (1) to (3) of
Table 4. Clearly, the regression coefficients for three dimensions exhibit
minimal changes and remain significantly positive at the 1 % level,

Table 4
The results of robustness test.
Variables ™ 2 3) @ 5) (6)
DIF / / / 0.101%*** 0.097*** 0.130%**
(17.64) (26.61) (22.81)
Breadth 0.134%%* / / / / /
(3.55)
Depth / 0.128*** / / / /
(22.56)
Digitization / / 0.125%** / / /
(22.02)
Controls YES YES YES YES YES YES
Constant —2.375 —2.477 —2.569 —2.080 —6.265%** —2.337
(—-1.38) (—-1.40) (—1.46) (-1.26) (-3.51) (—-1.34)
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 3666 3666 3666 3666 2256 3614
R? 0.4686 0.4497 0.4584 0.5120 0.5272 0.4568

Notes: t values are shown in brackets; ;
Sources: The authors developed this table using empirical results.

and * indicate statistical significance at 1 %, 5 %, and 10 % levels, respectively.
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indicating the robustness of the benchmark results.

Adding controlled variables

To mitigate the endogeneity problem caused by omitted variables,
this study adds four controlled variables to the benchmark regression
model (1): degree of government intervention (Fis), transportation
freight level (Fre), agricultural entrepreneurship level (AE), and non-
agricultural entrepreneurship level (NAE). The results are presented in
column (4) of Table 4. Fis is measured by “the ratio of local fiscal general
budget expenditure to regional GDP”. Fre is measured by “highway
freight volume”. AE is measured by “the total number of registered en-
terprises in agriculture, forestry, animal husbandry, and fishery”. NAE is
measured by “the total number of registered enterprises in other in-
dustries”. According to column (4), after adding control variables, the
regression coefficient of DIF on IGG drops to 0.076, but is still significant
at the 1 % level, verifying the robustness of the benchmark results.

Excluding special years

In 2015, China experienced its most severe financial crisis since the
establishment of the stock market in 1990. In 2018, numerous P2P
platforms collapsed and shut down, affecting the development of DIF in
China. China’s economic and social development was significantly
impacted by the COVID-19 pandemic from 2020 to 2023. These events
may influence the impact of DIF on IGG. Therefore, this study re-runs the
regression after excluding the years 2015, 2018, and 2020-2023. The
results are presented in column (5) of Table 4. After excluding these
special years, the regression coefficient of DIF on IGG changes very little
and remains significantly positive at the 1 % level, further demon-
strating the robustness of the benchmark results.

Excluding special cities

Certain Chinese municipalities enjoy significant advantages in terms
of policy benefits, economic strength, environmental awareness, energy
conservation, emission reduction, and welfare inclusivity. Further, there
may be a potential issue of selection bias in model cities. Therefore, this
study re-runs the regression after excluding the four municipalities of
Beijing, Tianjin, Shanghai, and Chongqing. The results are presented in
column (6) of Table 4. The coefficient of DIF on IGG and its significance
remain basically unchanged, suggesting that the benchmark results still
hold.

Using quantile regressions

The benchmark regression model primarily depicts the effect of DIF
on urban IGG within the average range, neglecting its effect across the
entire conditional distribution of urban IGG. Thus, the effect of DIF on
IGG might structurally vary at different levels of growth, potentially
affecting the accuracy of the estimation results. Additionally, when
there are outliers in the sample data, the sum of squared residuals in the
least squares model is easily influenced by extreme values, leading to
biased regression results and ignoring the characteristics at the tails of
the distribution. Therefore, this study further uses a quantile regression

Journal of Innovation & Knowledge 10 (2025) 100726

model. Specifically, we test IGG at the 0.15, 0.50, 0.75, and 0.90
quantiles, with the results presented in columns (1) to (4) of Table 5. The
effect of DIF on IGG varies at different quantiles, exhibiting a U-shaped
trend of first decreasing and then increasing as the quantiles increase.
However, the values are all significantly positive. For example, at the
0.15 and 0.90 quantiles, the regression coefficients of DIF are the largest
at 0.156 and 0.155, respectively; at the 0.50 and 0.75 quantiles, the
regression coefficients of DIF are relatively small at 0.133 and 0.140,
respectively. Thus, the development of DIF has a stronger promoting
effect on cities with lower and higher levels of IGG. This conclusion also
inspires us to give priority to strengthening the development of DIF in
such cities so that it can further play a key driving role in the green
transformation of the economy in the region and surrounding cities.

Endogeneity tests

To address potential endogeneity stemming from bidirectional cau-
sality, omitted variables, and measurement errors in the relationship
between DIF and urban IGG, this study employs an instrumental variable
approach. We choose Internet penetration rate (Inter) as an instrumental
variable based on three reasons:

First, Inter is significantly correlated with DIF. DIF depends on
network infrastructure (such as the Internet and mobile payments).
Regions with high Inter are more likely to promote digital financial
services, thus meeting the requirements of strong correlation in the first
stage. Second, the development of the Internet provides simple and fast
means of communication and information retrieval, while also
providing extensive information and service resources for economic and
social development. Theoretically, Inter mainly reflects the level of
communication infrastructure construction. Other important factors,
such as fiber optic laying policies and terrain conditions, may not be
directly related to IGG, thus meeting the exogeneity conditions of
instrumental variables. Third, from the perspective of the exogenous
sources of historical policies, in 2013, the Chinese government
announced the implementation of the “Broadband China” strategy. For
example, some remote areas completed fiber optic coverage ahead of
schedule due to policy support, which has nothing to do with the local
IGG needs. This further verifies that Inter meets the exogenous condi-
tions of instrumental variables.

Then, we use two-stage least squares and two-step optimal general-
ized method of moments methods to conduct endogeneity tests. The
results are shown in columns (5) and (6) of Table 5. The coefficients of
DIF are significantly positive, indicating that DIF significantly promotes
urban IGG. In addition, the weak instrumental variable test shows that
the F-statistic is 32.471, rejecting the null hypothesis of the existence of
weak instrumental variables. Thus, the exogeneity assumption of
instrumental variable is reasonable. In summary, after considering
endogeneity issues, the benchmark results remain robust.

Transmission mechanism analysis

Based on the theoretical mechanism analysis in Section 3, this study

Table 5
The results of robustness test.
Variables 1 15% (2) 50 % 3)75% (4) 90 % (5) 2SLS (6) GMM
DIF 0.156%** 0.133*** 0.140%** 0.155%** 0.705%** 0.705%**
(17.70) (21.17) (17.55) (15.79) (10.51) (10.51)
Controls YES YES YES YES YES YES
Constant —0.558* —0.212 —0.877%* —2.363*** —5.651%** —5.651%**
(-1.62) (—0.69) (-2.31) (—4.14) (—8.93) (—-8.93)
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 3666 3666 3666 3666 3666 3666
R? 0.2845 0.3175 0.3652 0.4112 0.1685

Notes: t values are shown in brackets; ***
Sources: The authors developed this table using empirical results.

** and * indicate statistical significance at 1 %, 5 %, and 10 % levels, respectively.
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uses the mediation effect models (2) and (3) to test the transmission
mechanism to verify whether green technology innovation, industrial
upgrading, and employment quality mediate the DIF-IGG relationship.
The results are shown in Table 6.

The mediating role of green technology innovation

Columns (1) and (2) of Table 6 report the test results for green
technology innovation as a mechanism. The results partially support
Hypothesis 2. Column (1) shows that the coefficient of DIF on GTI is
0.344 and significant at the 1 % level, indicating that DIF can promote
green technology innovation. Column (2) shows that the coefficients of
both DIF and GTI on IGG are significantly positive, indicating that green
technology innovation has a partial mediating effect between DIF and
IGG. Thus, DIF can indirectly empower IGG by enhancing green tech-
nology innovation. This is consistent with Cao et al. (2021), who believe
that digital finance can improve energy and environmental performance
by strengthening green technology innovation.

This is mainly because, from the perspective of China’s economic
reality, SMEs contribute >60 % of GDP and 80 % of urban employment.
However, their green technology R&D faces the dual dilemma of narrow
financing channels and difficult risk assessment. Digital technology
penetration has reconstructed the financial service model: First, through
big data risk control, the value of green innovation is accurately iden-
tified and carbon reduction potential of SMEs is evaluated, which
significantly improves the financing success of green technology start-
ups. Second, blockchain technology can help in building a traceable
green financial asset pool, realize the supervision of the entire green
credit process, and guide funds to environmental protection industries.
Third, mobile payment networks form the foundations of inclusive
finance, enabling banks to support green industries such as photovoltaic
agriculture through scenario-based green credit products. This trans-
formation enables DIF to reduce the marginal cost of green innovation
and internalize positive environmental externalities. Meanwhile, it ac-
tivates the green potential of the economies of Chinese counties through
inclusive financing mechanisms and promotes the diffusion of new en-
ergy industry clusters to third- and fourth-tier cities. This technology-
finance-industry collaborative innovation is the key path for China to
promote the dual strategy of economic green transformation and com-
mon prosperity.

The mediating role of industrial upgrading

Columns (3) and (4) of Table 6 report the test results for industrial
upgrading as a mechanism. The results partially support Hypothesis 3.
Column (3) shows that the coefficient of DIF on IU is 0.074 and signif-
icant at the 1 % level, indicating that DIF can promote industrial

Table 6
The results of transmission mechanism test.
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upgrading. Column (4) shows that the coefficients of both DIF and IU on
IGG are significantly positive, indicating that industrial upgrading has a
partial mediating effect between DIF and IGG. In other words, DIF can
indirectly promote IGG by driving industrial upgrading. This finding is
supported by Wang and Zan (2024), who believe that DIF improves
urban energy and environmental efficiency by promoting industrial
upgrading.

The Chinese economy faces the dual challenges of high energy con-
sumption intensity of traditional industries and imbalanced regional
industrial gradients. DIF solves the above structural contradictions
through the following three dimensions: First, through blockchain smart
contracts and Internet-of-Things, the real-time monitoring of carbon
emissions can be realized. Then, financial institutions can be guided to
tilt preferential loan policies towards green and low-carbon enterprises.
Second, the digital supply chain finance clears the bottlenecks to the
green upgrading of the industrial chain, creates a green industrial chain
platform to connect small and medium-sized suppliers, and effectively
reduces the financing costs of green enterprises through order validation
financing, thereby increasing the output of the circular economy.
Finally, DIF has significantly increased the green certification premium
of characteristic agriculture and increased the proportion of green GDP
in counties by empowering thousands of village-level cooperatives. This
industrial upgrading driven by DIF has not only accelerated the green
substitution of high-pollution industries, but also activated the endog-
enous driving force of county economies, forming a new pattern of co-
ordinated promotion of green transformation of growth models and
improvement of people’s welfare.

The mediating role of employment quality

Columns (5) and (6) of Table 6 report the test results for employment
quality as a mechanism. The results partially support Hypothesis 4.
Column (5) shows that the coefficient of DIF on EQ is 0.107 and sig-
nificant at the 1 % level, indicating that DIF can improve social
employment quality. Column (6) shows that the coefficients of both DIF
and EQ on IGG are significantly positive, indicating that social
employment quality has a partial mediating effect between DIF and IGG.
In other words, DIF can indirectly promote IGG by enhancing social
employment quality. This is consistent with Geng and He (2021), who
have studied 40 countries along the Belt and Road, and find that DIF
significantly promoted regional sustainable employment.

This is mainly because DIF drives IGG by optimizing the employment
structure and empowering human capital. Currently, China faces the
dual challenges of shrinking traditional employment market and insuf-
ficient supply of green skills. DIF reshapes the employment ecosystem
with a three-level mechanism: First, the green small and micro

Variables Green technology innovation Industrial upgrading Employment quality

(1) GTI (2) IGG (€IRL9) (4) IGG (5) EQ (6) IGG
DIF 0.344%** 0.087%** 0.074%** 0.124%** 0.107%*** 0.067**

(19.42) (17.09) (6.67) (24.81) (22.40) (11.18)
GTI 0.129%%*

(9.70)
U 0.092%**
(5.62)
EQ 0.598%**
(10.73)

Controls YES YES YES YES YES YES
Constant —9.891%** -1.177 —4.499 —2.040 6.287%** —6.212%**

(—2.54) (-0.74) (-0.81) (-1.15) (5.20) (—4.05)
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 3666 3666 3666 3666 3666 3666
R? 0.5146 0.5183 0.2608 0.4807 0.5916 0.550

Notes: t values are shown in brackets; ***
Sources: The authors developed this table using empirical results.
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enterprise financing platform enabled by blockchain activates the
emerging employment growth axis, provides intelligent credit for
environmental protection technology companies. Further, it drives a
significant increase in regional green R&D positions and average wages.
Second, the digital payment ecosystem has created new contexts for
green skills training. For example, Alipay’s “Ant Forest” has linked 300
vocational colleges to develop carbon asset management courses and
certified 150,000 digital environmental protection skilled talents,
thereby accelerating the expansion of employment in the environmental
service industry. Third, the digitalization of supply chain finance can
alleviate employment quality dilemma in counties, provide green busi-
ness loans to farmers, and transform some farmers into ecological
agricultural technicians, thereby reducing pollution emissions from
traditional agriculture. This employment quality improvement mecha-
nism has created a virtuous cycle of human capital upgrading and green
transformation. This the collaborative path for China’s economy to
overcome the “middle-income trap” and achieve green transformation.

Heterogeneity analysis

Considering that the prominent regional imbalance in China’s eco-
nomic development, the endowment advantages and development po-
tential of different regions and periods can result in heterogeneity in
DIF’s effects on IGG. Therefore, we examine these regional heteroge-
neities across regions, time, economic development levels, industrial
structures, population densities, and industries.

Regional heterogeneity

To examine regional heterogeneity, this study divides the sample
into four regions: east, central, west, and northeast. The results are
shown in columns (1)-(4) of Table 7. The coefficients of DIF are all
significantly positive, indicating that DIF has heterogeneous effects on
IGG across the four regions. The coefficient of DIF in the east is the
largest (0.140), followed by the west (0.120), central (0.108), and
northeast regions (0.069). These heterogeneities may be driven by the
following reasons:

First, the difference in digital infrastructure. The east is the core area
of China’s digital economy and financial technology innovation. Its
coastal provinces (such as Guangdong, Zhejiang, and Jiangsu) have the
most complete digital infrastructure in the country (such as 5 G network
coverage and Internet penetration), a highly mature digital payment
ecosystem (such as Alipay and WeChat Pay), and numerous technology
companies and financial institutions. These conditions provide the
technical foundation for promoting DIF. Meanwhile, benefiting from the
national “Western Development” and “Eastern Data and Western
Computing” strategies, the western regions (such as Sichuan and Guiz-
hou) have made huge investments in data centers, clean energy com-
plexes, and other fields in recent years, and their digital infrastructure
has been rapidly improved. DIF can indeed help remote areas leapfrog in
the development ladder by supporting green projects such as distributed
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photovoltaics and ecotourism. However, the overall economic scale and
technological application depth in the west still lags behind the east.
Next, the digital infrastructure in the central region (such as Henan and
Hubei) is at a medium level. However, the proportion of traditional
manufacturing industries is high, while the combination of green
transformation needs and DIF is insufficient. Finally, the northeast (such
as Liaoning and Heilongjiang) faces problems such as the decline of
traditional industries and serious population loss. The slow renewal of
digital infrastructure has restricted the penetration efficiency of DIF.

Second, the difference between industrial structure and green
transformation needs. The industrial structure in the east is dominated
by high technology and service industries, private enterprises are active,
and SMEs have strong financing needs for green technologies. Here, DIF
has effectively lowered the financing threshold for green small and
micro enterprises through big data risk control and precise matching.
Green industries such as new energy and low-carbon technologies are
also highly concentrated in the east, which has led to significant synergy
between DIF and green economy. The west clearly has a resource-based
economy. However, it also has high ecological vulnerability. Still, the
country’s policy inclination towards ecological protection in the west
(such as the upper reaches of the Yangtze River) and renewable energy
(such as wind power and photovoltaic) has led to a close combination of
DIF and green projects in this region. Meanwhile, the central has taken
over the industrial transfer from the east. However, the proportion of
high energy consuming industries is still high. While there is a large
demand for funds for green technology upgrades, there is a lack of
supporting policies. The northeast relies on heavy industry (such as steel
and petrochemicals). Here, the green transformation faces technology
path dependence and employment pressure. The effect of DIF on the
greening of traditional industries is limited.

Third, differences in population structure and financial literacy. In
the eastern region, there is an influx of young people and a highly-
educated population, high acceptance of DIF, strong public awareness
of environmental protection, and a virtuous circle of green consumption
and digital payment. The proportion of rural population in the west is
high and financial literacy is generally low. Still, DIF covers remote
areas through mobile terminals (such as agricultural loans and green
agricultural products e-commerce), filling the gap in traditional finance.
The central and northeastern regions have serious labor outflows,
prominent aging problems, limited use scenarios for DIF (such as low
digitalization of pension payments), and weak demand for green
consumption.

Regional heterogeneity: southern and northern perspectives

Next, the national economic center has further moved southward,
with the development gap between the north and south becoming
increasingly prominent. Therefore, this study divides the sample into
two groups, southern and northern cities, based on the Qinling-Huaihe
line, and empirically evaluates the regional heterogeneity. The results
are shown in columns (5) and (6) of Table 7. The coefficient of DIF in the

Table 7
The results of regional heterogeneity test.
Variables (1) East (2) Central (3) West (4) Northeast (5) South (6) North
DIF 0.140%** 0.108%** 0.120%** 0.069%** 0.134%** 0.097***
(16.72) (15.04) (9.93) (7.92) (17.29) (15.53)
Controls YES YES YES YES YES YES
Constant 0.704 —0.580 1.339 —1.145 —0.795%** 0.087
(0.22) (—0.24) (0.38) (-0.41) (—0.30) (0.05)
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 1287 1157 780 442 1989 1677
R? 0.5761 0.5905 0.4931 0.2460 0.5726 0.3910

Notes: t values are shown in brackets; ;
Sources:The authors developed this table using empirical results.
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south is 0.134, which is significantly greater than that in the north. This
difference may be driven by three main reasons:

First, the difference between digital infrastructure and marketiza-
tion. The digital infrastructure coverage rate in the south (such as the
Yangtze and Pearl River Deltas) is one of the highest in the country.
Further, the private economy is active, with a mature market-based
financial ecosystem, and efficient market-oriented combination of DIF
and green technology. Meanwhile, the traditional state-owned economy
accounts for a high proportion in the north, while the digital infra-
structure update also lags behind (especially in the old industrial areas
of Northeast). Financial resources flow more to state-owned enterprises
or heavy asset industries, and DIF has insufficient penetration into small
and micro green enterprises.

Second, the difference between industrial structure and green eco-
nomic foundation. The south is dominated by electronic information,
high-end manufacturing, and digital economy industries, with devel-
oped green industrial clusters (such as Shenzhen’s new energy and
Hangzhou’s digital economy) and high enterprise digitization. DIF can
directly enable green technology R&D, and the low-carbon supply chain.
The north is more dependent on traditional industries such as energy
and heavy chemical industry (such as Shanxi coal and Northeast
petrochemical). Green transformation faces path dependence and tech-
nology lock-in effects. Here, DIF may find it difficult to overcome the
structural barriers of high-carbon industries.

Third, differences in geographical resources and energy structure.
The southern region has abundant hydropower and solar energy re-
sources, and a high proportion of clean energy (such as Yunnan hy-
dropower and Jiangsu offshore wind power). Here, DIF can efficiently
connect with distributed energy projects. Conversely, the northern re-
gion is highly dependent on coal (such as Inner Mongolia and Shanxi),
and the cost of energy transformation is high. Thus, DIF exhibits clear
risk aversion for the green transformation of the coal-fired power
industry.

Temporal heterogeneity

To examine the heterogeneous effect of DIF on IGG in different pe-
riods, this study divides the sample into two periods, 2010-2015 and
2016-2022, and performs regressions for the respective periods. The
results are shown in columns (1) and (2) of Table 8. The coefficients of
DIF are 0.074 and 0.804 in 2010-2015 and 2016-2022, respectively, and
both pass the significance test at the 1 % level. Thus, DIF has a stronger
positive effect on IGG in 2016-2022. This may be because the develop-
ment and adoption of digital technology accelerated during this period,
making the effect of DIF more obvious. In particular, the application of
Internet technology in the financial industry gradually increased in
2010-2015, while the transformation of traditional financial channels
was mainly reflected in the increasing online presence of offline busi-
ness. This resulted in a weak enabling effect of DIF on IGG during the

Table 8
The results of heterogeneity test.
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sample period. However, since 2016, DIF has received tremendous
policy support and has been widely known by all sectors of society.
Consequently, it has achieved rapid development with the help of
modern information technologies such as big data, cloud computing,
and artificial intelligence, and gradually replaced Internet finance to
become a new innovative model of financial services. Therefore, its ef-
fect on IGG in cities will be more obvious.

Heterogeneity by economic development level

To test how the promotion of IGG by DIF may be affected by the level
of regional economic development, this study adopts the economic
growth dimension as an indicator of the level of regional economic
development. Specifically, the samples with an economic growth
dimension index less than the mean are classified as the low-level eco-
nomic development group, while the remaining are classified as the
high-level economic development group. Then, we perform respective
regressions. The results are shown in columns (3) and (4) of Table 8. The
coefficients for DIF are all significantly positive. Thus, DIF contributes
more to IGG in regions with higher economic development levels. This is
primarily because regions with higher levels of economic development
have better economic foundations and financial literacy. Here, more
economic agents participate in the application of digital technology and
development of financial innovation. Thus, it leads to more positive
externalities in the development of digitally inclusive finance and makes
DIF play a more significant role in promoting IGG in regions with high
economic development levels.

Industrial structure heterogeneity

Next, we examine heterogeneity by the industrial structure. We
divide the samples with industrial upgrading levels less than the mean
into a low-level group and the remaining with levels greater than or
equal to the mean into a high-level group, and perform regressions for
each group. The results are shown in columns (5) and (6) of Table 8. The
coefficients of DIF are significantly positive. Thus, DIF has a greater role
in promoting IGG in regions with higher levels of industrial upgrading.
This is mainly because the industrial upgrading in these regions may
bring higher environmental standards and technological applications.
Then, DIF can help more companies obtain the financial and technical
support needed for green transformation and promote the green growth
of the overall economy. Meanwhile, regions with higher levels of in-
dustrial upgrading may have better digital infrastructure, such as high-
speed networks and big data centers, which provides a technical basis
for the implementation of DIF, and makes it easier to promote and play a
role.

Variables Time Economic development Industrial structure
m 2) 3) “@ 5 (6)
2010-2015 2016-2022 Low-level High-Level Low-level High-level
DIF 0.074%** 0.804%** 0.106%** 0.135%** 0.106%*** 0.143%%*
(27.35) (11.09) (15.82) (15.88) (14.03) (8.60)
Controls YES YES YES YES YES YES
Constant —2.246 3.122 —6.628%** 2.546 0.790 —4.596**
(-1.42) (1.15) (-2.89) (0.92) (0.29) (-2.39)
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 1692 1974 2247 1419 2493 1173
R? 0.5074 0.2513 0.4651 0.4619 0.4514 0.3300

Notes: t values are shown in brackets; ;
Sources:The authors developed this table using empirical results.
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Population density heterogeneity

Next, we test whether there is heterogeneity by population density.
Specifically, we adopt “the ratio of the total population to the admin-
istrative area of the city” as the measure of population density. Samples
with a population density less than the mean are classified as the low
population density group, while samples with a population density
greater than or equal to the mean are classified as the high population
density group. Then, we perform regression for each group, with the
results shown in columns (1) and (2) of Table 9. The coefficients for DIF
are all significantly positive, while the values are larger in the high
group. Thus, DIF has heterogeneous effects on IGG by population den-
sity. Specifically, the effect is stronger in the high population density
group. The population density of cities determines how their factor re-
sources are allocated and utilized (Duranton & Puga, 2020). Digital in-
frastructures are normally better constructed and arranged in high
population density cities. This can positive affect economic growth,
advance urban-rural integration, improve people’s well-being, and
promote energy conservation as well as emission reductions. Therefore,
high population density cities are more conducive for DIF to fulfill its
financial inclusion function, integrating the potential advantages, and
driving the green and inclusive transformation of economic growth.

Industry heterogeneity

To clarify whether DIF’s effect on IGG is affected by industry dif-
ferences, this study conducts heterogeneity tests from both agricultural
and non-agricultural perspectives. For the agricultural industry, we use
the level of AE as a proxy. This variable is measured by the total number
of registered agricultural, forestry, animal husbandry, and fishery en-
terprises. For the non-agricultural industry, we use the level of NAE as a
proxy variable, which is measured by the total number of registered non-
agricultural industry enterprises. Then, the samples with AE and NAE
less than their mean are divided into low-level groups, while samples
with AE greater than or equal to the mean are divided into high-level
groups. The results are shown in columns (3) to (6) of Table 9. Col-
umns (3) and (4) show that the coefficients of DIF are significantly
positive, with stronger effects on IGG in cities with a higher AE. In the
Chinese context, this is mainly because these cities have a larger number
of returning entrepreneurial talents. These individuals have agricultural
production experience and the ability to apply digital technology. Thus,
their utilization rate of digital finance is significantly higher than that of
traditional farmers, making it easier for them to obtain green loans
through digital finance. Meanwhile, cities with higher AE have more
complete agricultural digital infrastructure and have received much
more special funds for digital agriculture pilot projects than ordinary
cities. These special loans usually require supporting green technology
applications, thus forming policy driven green effects.

Columns (5) and (6) show that the coefficients of DIF are
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significantly positive. Here, DIF has a greater promoting effect on IGG in
cities with higher NAE. The emergence of this phenomenon stems from
the deep coupling between the unique economic structure, industrial
form, and digital finance development in China’s higher NAE cities. For
example, higher NAE cities, such as the those in the Yangtze and Pearl
River Delta manufacturing clusters, often face more severe environ-
mental regulatory pressure. This forces enterprises to actively obtain
green technology transformation funds through digital finance. Simul-
taneously, higher NAE cities have more developed digital economy core
industries, which have obvious green attributes and their development
can directly promote regional IGG. In addition, higher NAE cities have
significant advantages in terms of residents’ education level, high-
quality labor force, density of digital infrastructure, and scale of green
consumption market.

Conclusions and policy recommendations
Conclusions

Given the current global ecological and environmental crises, and
economic inequalities, understanding the effect of DIF on IGG in Chinese
cities can provide valuable insights to promote green economic trans-
formation and sustainable development, especially for developing
countries. This study explores this using panel data from 282 cities in
China from 2010 to 2023. The main conclusions are as follows. First, DIF
has a significant positive effect on IGG, as well as economic growth,
income distribution, welfare inclusion, and environmental protection.
Second, green technology innovation, industrial upgrading, and
employment quality play an important mediating role in the DIF-IGG
relationship. Further, the main effect is stronger in eastern China and
southern cities, and cities with higher economic development level, in-
dustrial upgrading level, population density, agricultural entrepre-
neurship level, and non-agricultural entrepreneurship level, as well as in
the 2016-2022 period. Next, we provide supporting for the mediating
roles” of green technology innovation, industrial upgrading, and
employment quality in this effect, thereby supplementing and expand-
ing extant research by scholars such as Geng and He (2021), Razzaq and
Yang (2023), and Li et al. (2024). This study also provides strategic
guidance for scholars, managers, and policymakers, enabling them to
have a deeper understanding of the relationship between DIF and IGG,
as well as the transmission channels of green technology innovation,
industrial upgrading, and employment quality. This can be particularly
valuable to better address the challenges and opportunities associated
with them.

Policy recommendations

First, efforts should be made to strengthen the development of DIF.
For instance, we find that every 1 % increase in the DIF level can

Table 9
The results of heterogeneity test.
Variables Population density AE NAE
@ (2 3 4 5 6)
Low-level High-Level Low-level High-Level Low-level High-level
DIF 0.121 %%+ 0.127%%+ 0.099%** 0.155%** 0.101%*+ 0.163%**
(15.84) (14.97) (15.63) (11.19) (18.22) (16.68)
Controls YES YES YES YES YES YES
Constant —3.560* 0.693 1.058 —5.621* —3.460* 1.615
(-1.78) (0.28) (0.46) (-1.70) (-1.72) (0.55)
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 1646 2020 1804 1862 2033 1633
R? 0.4011 0.5172 0.4239 0.4407 0.4022 0.4886

Notes: t values are shown in brackets; ;
Sources:The authors developed this table using empirical results.
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increase the IGG level by 0.131 %. Regional heterogeneity analysis
shows that the main effect is strongest in the easter cities, followed by
the western, central, and northeastern cities. As such, the east should
facilitate to digital governance to lead the green transformation. For
instance, initiatives can support the construction of national computing
hub nodes in the Beijing-Tianjin-Hebei, Yangtze River Delta, and
Guangdong-Hong Kong-Macao regions. An intelligent computing
resource scheduling platform should be established to dynamically
allocate computing power to key sectors such as government adminis-
tration, commerce, and environmental protection. In addition, a subsidy
mechanism for retrofitting traditional data centers with liquid-cooled
servers should be implemented to provide financial support for green
upgrades. Simultaneously, innovation in inclusive financial products
should be enhanced. For instance, a green digital credit system could be
developed, incorporating corporate carbon account data into credit
assessment models. Enterprises that meet emission reduction targets
may be eligible for preferential interest rates. Furthermore, an inter-
connected platform for individual carbon accounts should be created,
allowing residents in eastern regions to earn carbon credits through
activities such as cycling and waste sorting, which can then be traded
across provinces.

Next, the western region should vigorously promote the digital
transformation of ecological value. A “western digital new infrastructure
initiative” should be implemented. For instance, efforts should be made
to accelerate county-level 5 G network coverage, and establish over one
hundred integrated optical storage and charging digital training stations
across western China by 2025 to address the issue of unstable electricity
supply in remote areas. Simultaneously, a “digital eco-steward training
initiative” should be launched. This includes the establishment of digital
ecological management stations in key ecological areas such as the
Sanjiangyuan region and Qinghai-Tibet Plateau, along with the annual
training of many eco-stewards equipped with skills in drone-based pa-
trols and biodiversity database management. Additionally, a digital
capacity equalization fund should be created. For example, 5 % of the
revenues generated from the “Eastern Data, Western Computing”
initiative can be allocated to a dedicated fund to support digital infra-
structure development and talent mobility compensation in central and
western regions.

Meanwhile, the central region should accelerate industrial green and
digital transformation. Priority should be given to building intelligent
manufacturing cloud service platforms. For example, a “1 + 6" regional
node system can be established, with a national-level industrial Internet
top-level identification and resolution node in Wuhan, and six secondary
nodes in provincial capitals such as Zhengzhou and Changsha. A Yangtze
River Economic Belt environmental big data monitoring platform should
also be created. This can involve the construction of some smart moni-
toring stations at the estuaries of the Yangtze River’s main tributaries to
collect real-time water quality data. Furthermore, the integration of
“Digital Agriculture + Green Finance” models should be promoted by
establishing a full-chain traceability system for agricultural products.
For instance, the implementation of “smart farmland” projects in major
grain-producing areas can include the development of thousands of
digital farms integrating soil moisture monitoring and precision irriga-
tion systems.

Finally, the northeastern region should focus on digital empower-
ment for industrial restructuring. A digital artisan reskilling base should
be developed, along with digital sandboxes to facilitate the trans-
formation of traditional industrial hubs. For example, in old industrial
cities such as Shenyang and Changchun, idle factories should be reno-
vated, immersive training centers should be built, and courses such as
welding robot programming and equipment predictive maintenance
should be developed. Moreover, we need to build a heavy industry
digital twin laboratory, create a cross-border payment hub for digital
trade in Northeast Asia, and establish a talent port for the Northeast Asia
Digital Corridor. For example, a cross-border digital trade institute could
be established in Harbin in collaboration with Moscow State University
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to offer interdisciplinary programs covering cross-border payments,
digital customs clearance, and supply chain finance. Lastly, a pairing
assistance mechanism should be introduced to connect digitally
advanced regions with those undergoing transformation.

Second, policymakers should strengthen green technology innova-
tion and the commercial transformation of its outcomes. We show that
DIF can indirectly promote IGG in Chinese cities by strengthening green
technology innovation. As such, policy efforts should strengthen basic
research on cutting-edge technologies in clean energy and energy stor-
age, and focus on breakthroughs in energy-saving and efficiency-
enhancing technologies in high energy consuming industries. Next,
initiatives should actively promote green technologies, support enter-
prises, universities, and scientific research institutions to build green
technology innovation project incubation, achievement transformation,
and innovation and entrepreneurship bases, and actively cultivate green
technology innovation and entrepreneurship talents. Efforts should also
encourage cross-industry and cross-regional collaborative innovation,
leverage the cluster effect of key industries, and promote the commer-
cialization of clean energy, green technology, and environmentally-
friendly materials technology research. Furthermore, taking cue from
the operation model of the EU Innovation Fund, a special fund for green
technology innovation should be established and blockchain smart
contracts should be used to manage R&D funds. This can help to accu-
rately support innovation actors to undertake joint research on green
technologies. Meanwhile, tax relief and subsidies should be provided to
green enterprises. Finally, referring to the data platform of the UK
Catapult Innovation Center, a digital map of green technology diffusion
should be established to match technology supply and industry demand
in real time.

Third, policy efforts should accelerate the greening and digital
transformation of industries. We show that DIF can indirectly promote
China’s urban IGG by promoting industrial upgrading. For the agricul-
tural sector, the integration of smart agriculture and green trans-
formation should be promoted. For example, digital technologies such as
big data and artificial intelligence should be used to support the trans-
formation of agricultural production to precision and smart agriculture,
and improve resource utilization efficiency. Credit policies should be
formulated for agricultural green transformation to support agricultural
entrepreneurship, and the transformation and upgrading of agricultural
enterprises. Cooperatives and leading agricultural enterprises should be
encouraged to achieve production and marketing through the DIF
platform to reduce intermediation costs. For non-agricultural fields such
as manufacturing, construction, logistics and services, the application of
industrial Internet and big data intelligence should be promoted.
Further, innovation and entrepreneurship should be encouraged
through policies such as low-interest loans, tax exemptions, and entre-
preneurship incentives.

Considering the prior international experience, policymakers should
establish a digital archive of industrial green transformation in line with
the EU Corporate Sustainability Reporting Directive (CSRD) guidelines
and identify key green industry areas of support. Stricter environmental
protection standards should be implemented for high energy consuming
and pollution industries to force them to transform and upgrade. In
addition, efforts should be made to develop strategic emerging in-
dustries such as intelligent manufacturing, life and health, and new
materials, cultivate several low-carbon and high efficiency emerging
industrial clusters, and accelerate the establishment of a green supply
chain system. Further, the construction of national green industry
demonstration bases should be promoted. Green enterprises that meet
the conditions should be supported to go public for financing. Addi-
tionally, green environmental protection industries such as solid waste
disposal, ecological restoration, and environmental governance should
be developed. Next, a digital bridge fund should be established to sup-
port the intelligent transformation of traditional industrial equipment,
such as the German Energy Structure Transformation Fund. Finally,
referring to the American SO2 emission rights trading mechanism, a
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digital trading market for capacity replacement should be created to
provide a digital exit to inferior industrial capacity.

Fourth, green employment and skills transformation should be pro-
moted. For instance, we find that DIF can indirectly promote IGG in
Chinese cities by improving the quality of social employment. The
government, enterprises, and educational institutions should work
together to provide vocational training and digital skills improvement
with financial support to the labor force to meet the talent needs of green
and emerging industries. In addition, digital technology should be used
to improve information transparency for aspects such as labor contracts
and social insurance. This can ensure that vulnerable groups have fair
employment opportunities, and thus, promote social inclusiveness.

Again, following prior international experience, policymakers can
follow the Finnish practice to build a digital twin system of professional
capabilities and dynamically predict the market demand for green skills.
Green skills training should be undertaken to help workers in traditional
industries transfer to green industries, while enterprises can be
encouraged to provide green jobs and subsidies can be provided to them
to absorb green employment. Meanwhile, policymakers should create a
digital protection platform for the gig economy based on the United
Kingdom’s workers’ welfare digital account to achieve the intelligent
protection of the rights and interests of flexible workers. Next, residents’
financial literacy and risk prevention awareness should be improved
through financial knowledge education and training, and the digital
divide in inclusive finance should be gradually eliminated. Policymakers
can refer to Singapore’s skill credit plan and set up a “digital learning
account” to allow workers to exchange digital credits for training re-
sources. Finally, the Ant Forest carbon account model can be referred to
implement a “carbon inclusive points” compensation plan and incor-
porate personal emission reduction behavior into income distribution.

Limitations and research perspectives

First, due to limited data availability, we could not conduct
comparative studies on China and other countries. Further, we do not
examine the research phenomena at a more micro level such as enter-
prises (e.g., traditional and high-tech enterprises) and industries (e.g.,
agriculture and manufacturing industry). Second, the use of the sub-
jective and objective combined weighting method to measure the IGG
level index may be affected by the selection of indicators and distribu-
tion of weights. Moreover, due to limited data availability, some
important evaluation indicators have not been selected, making the
evaluation system imperfect. In addition, due to the limitations of space
and data, we did not discuss more factors that may affect IGG. Future
research can further include several typical developing and developed
countries in the world in the scope of research, and can perform ex-
aminations at the enterprise and industry levels.. Further, scholars can
utilize more advanced evaluation methods and indicators to better
measure the IGG level. Finally, other potential necessary mechanisms
through which digital technology affects IGG can also be explored, such
as the potential effect of emerging technologies such as artificial intel-
ligence and blockchain.
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