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Against the backdrop of growing attention being paid to both ecological
compensation and the digital economy, this paper explores the impact of
digital financial inclusion on green economic growth in counties within
China’s National Key Ecological Functional Zones (NKEFZs) from 2014 to
2022, using panel data from 393 counties. Employing a two-way fixed-effects
model, the study finds that digital financial inclusion promotes both traditional
and green economic growth. The study results are robust, even after a series of
robustness tests. The mechanisms identified include agricultural technology
progress, industrial structure upgrading, and enterprise innovation and
entrepreneurship. However, the effect is less significant in western and
northeastern regions, as well as in windbreak and sand-fixing zones. The
study highlights the potential of digital finance to help resource-rich,
underdeveloped regions overcome the “resource curse” and foster sustainable
economic growth.
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1 Introduction

After undergoing rapid development in the past decades, the world economy has
achieved tremendous economic growth (Bin Abu Sofian et al., 2024), but along with the
rapid expansion of urbanization and the continuous increase in carbon emissions from
industrial energy consumption, ecological and environmental problems such as resource
depletion, global warming, soil erosion, atmospheric pollution, a sharp decline in
biodiversity, and destruction of vegetation cover have been gradually exposed (Ghosh
et al, 2021; Mardani et al., 2017; Wang et al., 2019). That is to say, behind the economic
growth of countries around the world, economic growth and environmental protection are
often separated and have not reached a state of coordinated development (Koseoglu et al.,
2022). For this reason, in the face of the growing environmental crisis, countries around the
world are endeavoring to provide sustainable solutions, but are constrained by a number of
factors, such as insufficient technological innovation, insufficient market dynamism, and
insufficient industrial transformation, to achieve green economic growth (Zhao et al., 2024);
(Zhao et al., 2023). This model of crude economic development has also caused irreversible

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2025.1467542/full
https://www.frontiersin.org/articles/10.3389/fenvs.2025.1467542/full
https://www.frontiersin.org/articles/10.3389/fenvs.2025.1467542/full
https://www.frontiersin.org/articles/10.3389/fenvs.2025.1467542/full
https://www.frontiersin.org/articles/10.3389/fenvs.2025.1467542/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2025.1467542&domain=pdf&date_stamp=2025-02-10
mailto:wanshenwei@ruc.edu.cn
mailto:wanshenwei@ruc.edu.cn
https://doi.org/10.3389/fenvs.2025.1467542
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2025.1467542

Mo et al.

damage to the ecological environment in most countries where
economic development is a priority, especially in developing
countries. (Zhao et al, 2022) (Hu et al, 2021) (Ahmad et al,
2021). As the world’s largest developing country, China is
exploring a new model of green economic growth in the form of
the establishment of NKEFZs, in the hope of providing an
experience for other developing countries. Digital finance
inclusion, which has grown exponentially in the process,
promotes “rapid development” for the green growth of the
economy at the county level and indicates a new path for the
green growth of the world economy and the realization of
sustainable development goals.

Payments for environmental services (PES) represent a pivotal
approach adopted globally to safeguard ecosystems. Notable
examples include the UK’s EU-guided Biodiversity Compensation
Policy (CSWAPO Pilot); the U.S. Conservation Reserve Program
(CRP), which prioritizes ecological fallowing; and similar initiatives
in developing nations aimed at compensating for the use of natural
resources like watersheds, forests, and wetlands. Among these,
China’s NKEFZs policy is the largest PES program worldwide
(Hu et al, 2024; Chen and Pan, 2019). This program is
specifically designed to disrupt the detrimental cycle of poverty
and environmental degradation. The Measures for the Transfer
Payment of National Key Ecological Function Zones'
implemented in 2011 and 2012 stipulate the adoption of a new
compensation mechanism, which not only compensates to a certain
extent for the lost opportunity costs and economic costs of ecological
protection due to the restriction and prohibition of development in
the counties covered by the policy but also rewards ecological
environment improvement within the counties covered by the
policy. The construction of NKEFZs is the core driving force for
China to strengthen economic growth momentum while promoting
ecological civilization construction, and it is also a fundamental
requirement for achieving high-quality economic development in
China and has a clear direct impact on the achievement of SDGs. In
December 2010, China introduced the China’s National Land Main
Functional Zones Plan®, which provides strategic, fundamental, and
binding planning for China’s territorial spatial development. The
first batch of the plan delineated 25 national key ecological
functional zones (436 counties), covering a total area of
3,436,000 square kilometers, or 35.8 per cent of the national
territory, with the more important zones covering an area of
2,046,000 square kilometers, or 21.3 per cent of the national
territory. This document further clarified that NKEFZs serve as
ecological barriers and economic zones undertaking the functions of
water conservation, soil conservation, wind and sand control, and
biodiversity maintenance and that they have both ecological and
economic effects, but it also means that they are facing the dual
pressures of ecological environment improvement and high-quality
economic development. NKEFZs are restricted from large-scale and
high-intensity industrialization and urbanization development in
order to improve the supply capacity of ecological products and

1 For details, please see: https://www.gov.cn/gzdt/2011-07/28/content_
1915488.htm

2 https://www.gov.cn/zwgk/2011-06/08/content_1879180.htm
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maintain national ecological security. Therefore, when the
environmentally friendly conditions in high-quality economic
development are constrained in advance, it will be of great
strategic importance to explore new driving models to promote
green economic growth. The specific locations of the four types of
NKEFZs are shown in Figure 1 (Ahmad et al., 2021; Hu et al., 2024).

Against the backdrop of a new round of technological
revolution, the digital economy, as a new type of economic form
arising and developing rapidly along with digital technology,
contributes more than 70 per cent to the gross domestic product
in most parts of the world (Ali et al., 2023). The digital economy is
continuously integrating and coordinating development with
agricultural production, enterprise innovation, residential life, and
industrial change. As a more efficient and comprehensive financial
model, it uses information technology to overcome the many
drawbacks of the traditional financial model, such as high
threshold of access to services, network of service institutions,
and high requirements of customer groups and guides financial
resources to support the development of the green economy based
on the Internet platform to open up the “last kilometre” of financial
services for the win-win situation of the “ecology” and the
“economy.” Therefore, can regions with a relatively healthy
natural ecological baseline achieve green economic growth? How
can the development of digital financial inclusion empower this
process? How can the issue of uncoordinated regional development
during national land space development be addressed? Using
evidence from China’s NKEFZs, we provide a theoretical basis
and policy reference for formulating timely, targeted, and
comprehensive strategies for the development of digital financial
inclusion and green economic growth in resource-rich but
economically underdeveloped areas in many developing countries.

In view of this, we explore the impact mechanism of digital
financial inclusion on the economic green growth of counties and
conduct heterogeneity analysis based on regions and types of
NKEFZs, in order to find the optimal path for digital financial
inclusion to empower the green growth of China’s NKEFZs. This
aims to improve China’s “green-oriented” digital financial inclusion
service system and leverage the positive role of new green financial
instruments in promoting the green growth of NKEFZs, and it has
important theoretical value and practical significance for promoting
the sustainable economic and social development of the economy
and society in NKEFZs around the world.

Compared to previous studies, the potential contributions of our
study are as follows: first, our research broadens the theoretical
framework of ecological civilization to construct a “policy-
technology-economy” model, which analyzes the green
transformation of economies within China’s NKEFZs, while
incorporating international perspectives on digital financial
inclusion as a crucial service factor. This model is proposed as a
blueprint for similar initiatives in other developing countries striving
for sustainable development. Second, it employs a two-way fixed-
effects panel model to evaluate the impact of digital financial
inclusion on both traditional and green economic growth across
counties within the first NKEFZs, identifying agricultural
technology progress, industrial upgrading, and entrepreneurial
innovation as key mechanisms that could be replicated in other
regions of the Global South. Lastly, it accounts for the heterogeneity
in development levels and functional area positioning. This
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FIGURE 1

Distribution of counties covered by National Key Ecological Functional Zones.

approach offers valuable insights for developing nations looking to
balance economic growth with environmental sustainability.

The rest of this paper is organized as follows: Section 2 presents
the literature review, Section 3 presents the theoretical analysis and
research hypothesis, Section 4 presents the research design, Section 5
presents the reporting of the empirical analysis results, and Section 6
presents the conclusion and implications.

2 Literature review

Since China established the NKEFZs that restrict development
and established a sound ecological protection transfer payment
system, relevant studies have analyzed the impact of the
establishment of NKEFZs on county-level development, mainly
focusing on three aspects: first, some scholars have revealed the
traditional economic growth effects brought by the establishment of
NKEFZs from a macro perspective (Chen et al., 2024), indicating
that the establishment of NKEFZs can improve the industrial
structure in the long run in order to increase the financial
strength of the counties; although the financial subsidies cannot
completely offset the negative economic effects imposed by the
restriction on development, with the advancement of time, the
continuous accumulation of funds, and the transformation of the
value of ecological products, the traditional economic growth effect
brought about by the policy will gradually appear (Zhang et al,
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2022). Second, some scholars have assessed the ecological service
functions of different ecological function types of NKEFZs,
providing direct empirical evidence for the significant positive
effects of this policy
environments, restoring the quality of the ecological environment

in protecting regional ecological
and improving the ecological pattern of counties, and at the same
time, proving that the effects of the policy vary in different types of
function zones, geographic spaces, and quartile levels (Yang et al.,
2024). Third, some scholars have also taken into account the
evolutionary characteristics of the coupled “ecological-economic-
social” system in the NKEFZs, indicating that the current economic
development of NKEFZs mainly depends on the improvement of the
ecosystem and the creation of ecological and economic-social
communities, which played an irreplaceable role, both in the
ecological poverty alleviation in the past and in the current stage
of ecological revitalization (Zeng et al., 2021).

There are two main types of policy instruments for realizing
green economic growth worldwide: a forcing mechanism with
environmental regulation as the main component (Yang et al,
2024; Zeng et al, 2021) and an inducing mechanism with
financial infrastructure services as the main component (Liu
et al, 2023). In the NKEFZs, the resource constraints and
restrictions on development brought about by policies and the
resource allocation and efficiency change utility played by digital
financial inclusion interact to serve local economic green growth. In
this process, the digital economy is considered to be the main
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economic form that promotes the NKEFZs to enter in the process of
realizing high-quality development of the economy by using their
own basic advantages (Ren et al., 2022), while the development of
digital financial inclusion is an important tool to cover the counties
to break down the traditional financial barriers under the influence
of the policy, to expand the coverage of the financial services, to
improve the efficiency of financial resource allocation, and to inject a
new vitality into the green growth of the economy (Nwani, 2022).
First, digital financial inclusion has a targeted nature, which can
effectively solve the problem of bias and factor distortion in the
process of resource input, guide the allocation of various types of
financial resources to the development of green industries, and
better promote the greening of industries, the greening of the
economy, and the greening transformation of enterprises in key
ecological functional zones of the country in the NKEFZs of the
country (Jin and Han, 2018). Second, digital financial inclusion is
technological in nature and can effectively increase the level of
technological innovation, which is favorable in enhancing local
green total factor productivity, thus indirectly contributing to the
green growth of the economy (Deng et al,, 2023). Third, digital
financial inclusion is inclusive, emphasizing its focus on agriculture,
enterprises, and rural zones, coupled with a series of investment and
incentives adopted by the state in recent years for the green
development of rural zones and the clean innovation of
enterprises (Perkins, 1994): this kind of inclusive finance led by
“policy finance” can effectively deal with the “financial exclusion”
problem of traditional finance (Rahman et al, 2020) and
continuously provide financial services for the prosperity of rural
industries, green transformation of enterprises, and the common
prosperity of farmers. This kind of “policy finance”-led inclusive
finance can effectively address the problem of “financial exclusion”
that occurs in traditional finance and continuously provide financial
services for the prosperity of rural industries, the green
transformation of enterprises, and the common prosperity of
farmers. In view of this, digital financial inclusion covering the
county area improves the reach of inclusive finance in enterprises,
solves the outstanding problems of difficult and expensive financing
in rural industries, and promotes the return of rural labor, capital,
and technology to the countryside in farmers’ production and life
and significantly contributes to empowering the revitalization of the
rural ecology and the realization of green economic growth (FHuguet
Ferran et al., 2018; Lin et al., 2023; Bennani-Taylor and Meer, 2024).

In summary, although the relationship between digital financial
inclusion and economic growth as well as the ecological
environment has been explained and confirmed in the literature
(Liu et al., 2021), there is still a lack of literature on the combined
impacts of digital inclusion, and in particular, studies exploring the
impact of digital inclusion on the green growth of the economy are
not yet available. Considering that the main content of China’s
NKEFZs
compensation, most industrial enterprises have been relocated

policy is development restriction and ecological
due to policy impacts. Therefore, the agricultural industry is
mainly targeted by digital financial inclusion in the policy-
covered counties, the main service targets are enterprises, and the
main purpose is in the upgrading of the industrial structure. In
response to the reality, this paper, based on the panel data of
393 covered counties in the first batch of China’s NKEFZs from

2014 to 2022 (excluding some samples with a high number of
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outliers and missing values among the 436 counties covered in
total of the policy), intends to explore the impact of digital financial
inclusion on the economic green growth of the economy within the
covered counties and its mechanism of action, as well as to analyze
the role of digital financial inclusion in different geographic
locations, and the role of heterogeneity between the economic
green growth of ecological functional zones with different
functional positions is analyzed. This research can deepen the
comprehensive understanding of the mechanism of digital
financial inclusion in economic green growth, and at the same
time, it can also provide theoretical guidance and practical
support for the local governments in the counties covered by the
NKEFZs to better leverage digital financial inclusion and promote
economic green growth in combination with their own basic
advantages and local conditions.

3 Theoretical analyses and research
hypotheses

3.1 Theoretical analysis of economic green
growth in counties within National
Ecological Key Function Zones

Combining the “policy-technology-economy”  analytical
framework (Liu et al,, 2019; Ahmed, 2023), in the context of the
NKEFZs, the technological development brought about by digital
financial inclusion is more reflected in the improvement of
agricultural mechanization, the innovation of green finance
instruments, and the application of green inventions and patents
in enterprises. Based on this, in terms of policy implementation, the
NKEFZ policy mainly covers six aspects; all of them are effectively
implemented with the services of digital financial inclusion. The
control of development intensity refers to the strict control of all
kinds of development activities in NKEFZs, thereby constraining
industrial construction. However, digital financial inclusion can
provide support  for
development zones, thus encouraging them to be gradually

green financial existing  industrial
transformed into “low-consumption, recyclable, low-emission and
zero-pollution” eco-friendly (c) industrial parks. Drawing the
ecological red line refers to the formulation of the ecological red
line control requirements and environmental and economic policies
by means of digital financial inclusion tools to provide green loans
and financial support for enterprises in the counties covered by the
NKEFZs prone to ecological damage so as to prompt them to
implement closure or relocation to non-ecologically sensitive
zones as soon as possible. Eco-environmental control, on the
other hand, requires a sound system of accountability for eco-
environmental protection and an increase in economic penalties
for man-made disturbances, which are mainly multiple
developmental constraints on the covered counties, limiting their
regional economic growth to a certain extent.

Correspondingly, industrial development guidance refers to the
need to support the counties covered to combine their basic
advantages with specialized resources and to encourage financial
institutions to provide innovative green financial products and
services for green, eco-friendly, and suitable industries (Fan et al,

2021). Ecological function assessment means that the construction

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1467542

Mo et al.

10.3389/fenvs.2025.1467542

Control of development intensity | ‘ﬁ'l Binding industrial construction l—
Regional
Drawing ecological red lines }__,I Controlling corporate pollution I o| coor |
Digital Technology decline
Environmental regulation }——bl Reducing human interference li

Green Finance

Green growth
in the economy
of the counties
covered by the

Green Finance Interplay

—>| Developing speciality resources

NKEFZs

—_—

Digital Technology

Regional

—>I Evaluating and assessing ecology

> economic [

growth

v__l

Improving service levels

|_

FIGURE 2
A theoretical analytical framework for economic green growth in counties covered by National Key Ecological Functional Zones.

of ecological civilization together with the quality of socio-economic
development should be incorporated into the assessment system
covering counties, and the ecological environment should be
monetized and accounted for through the big data support of
digital financial inclusion, and the results could provide the basis
for the allocation of funds for ecological compensation transfers.
The eco-compensation mechanism refers to the adoption of various
forms of compensation, such as financial subsidies, targeted
assistance, and counterpart support, for environmental protection
and the improvement of public service levels in the covered counties,
which is combined with the “universality” of digital financial
inclusion to form a new model of green finance to jointly
promote the common prosperity of the residents within the
NKEFZs. These three components mainly support and subsidize
the counties covered and promote their regional economic growth to
a certain extent. The theoretical analysis framework of the green
change of the economy of the covered counties in the NKEFZs is
shown in Figure 2.

Based on the above analysis, we propose the following research
hypotheses:

Hypothesis 1. The development of digital financial inclusion can
significantly promote the economic green growth of the counties
covered by the NKEFZs.

Overall, the six components involved in the policy have an
impact on the regional economy in different directions, as well as
affecting the direction of change in the green growth of the county’s
economy. Within the NKEFZs, the financial support provided by
digital financial inclusion will be used for green technology
innovation (Luo et al, 2021), green industry development, and
Specifically, digital
financial inclusion may both guide the promotion of green

the establishment of green enterprises.

industry consumption, provide financial support for local green
development and enterprise green transformation to promote
economic green growth (Lin and Pan, 2024), and may, due to its
own uncertainty, also inhibit economic green growth, which leads to
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increased difficulty in regulating the financial market in the region,
the emergence of financial mismatch problems, and its own quasi-
public inhibition (Wang and Zhang, 2022). Therefore, the direction
of the NKEFZ policy on the change of green growth of the county
economy is still controversial in the academic community, but this
paper argues that the development of green finance brought about
by digital financial inclusion will inject a new impetus into the green
growth of the county economy, alleviate the inhibitory effects of the
policy of the NKEFZs on the green growth of the county economy,
and improve the economic role of the policy so as to realize the green
growth of the economy that covers the county area.

Based on the above analysis, we propose the following research
hypothesis:

Hypothesis 2. The development of digital financial inclusion can
significantly promote the economic green growth of the counties
covered by the NKEFZs.

3.2 Analysis of the mechanism by which
digital financial inclusion affects economic
green growth

On the basis of financial inclusion, we introduce digital
information technology to give play to the characteristics of high
transparency and high efficiency of digital information, to better
promote financial inclusion, reduce the cost and risk of financial
services at the same time, and to promote financial services to low-
income and small- and medium-sized micro-enterprises, in order to
meet the needs of different geographic regions, different social strata,
and different functional positioning of financial services (Xu et al.,
2024). Against the backdrop of
environmental degradation and resource scarcity, especially
within the NKEFZs, the development of digital financial
inclusion is more reflected in the development of green finance,

increasingly ~prominent

which has led to the emergence of a new type of green financial
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instruments with inclusive nature that can effectively serve the green
growth of the county’s economy (Ma et al., 2019). In addition, in
view of the NKEFZs of digital financial inclusion, with green
industry focus support, high-priority green projects, and strict
environmental risk management and other characteristics, it has
become the core means to cover the county’s economic green growth
drive, and economic green growth can also be obtained through the
market signal to feedback the real demand for changes in the
situation, for the indication of the digital financial inclusion to
point to the direction of the next step in the development of digital
financial inclusion.

First, digital financial inclusion provides easy access to finance
for agricultural technology advancement. On one hand, compared
with traditional inclusive finance, agricultural enterprises and
farmers in the covered counties can obtain financial support for
purchasing advanced agricultural equipment and investing in the
research and development of new and high agricultural technologies
more quickly based on (Xu et al., 2020). On the other hand, for the
agricultural industry with long cycle and strong seasonality, the
development of digital financial inclusion may require financial tools
and means, combine big data and information technology to build a
digital platform, integrate agricultural production data, help farmers
carry out refined management, and guide farmers to adjust the
planting structure and reduce the use of chemical fertilizers and
pesticides so as to improve the production efficiency of agriculture
and satisfy the requirements of the assessment of the NKEFZs, for
achieving economic and ecological development.

Based on the above analysis, we propose the following research
hypothesis:

Hypothesis 3. The development of digital financial inclusion can
significantly promote the agriculture technological progress in the
counties covered by the NKEFZs and thereby promote economic
green growth.

Second, digital financial inclusion points to a low-carbon and
structural

environmentally friendly direction for industrial

upgrading. On one hand, digital financial inclusion can
effectively guide financial resources to lean more on the
development of green industries such as clean, environmental
protection and renewable energy, prompting industrial polluting
enterprises in the covered counties to increase their investment in
green technology research and development and application and
gradually transform into low-carbon green enterprises. On the other
hand, with the continuous development of digital financial
inclusion, the risk of financial investment by enterprises in the
covered counties has been reduced, and at the same time, the
demand for capital needed for upgrading the industrial structure
has been met, promoting the upgrading of the industrial structure in
a more sustainable direction (Tian et al., 2024).

Based on the above analysis, we propose the following research
hypothesis:

Hypothesis 4. The development of digital financial inclusion can
significantly promote the industrial structure upgrading in the
counties covered by the NKEFZs and thereby promote economic
green growth.

Third, digital financial inclusion has created a digital platform
for business innovation and entrepreneurship. On one hand, digital
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financial inclusion can directly provide financing support to start-up
enterprises that meet environmental protection standards in the
covered counties, especially for the research and development of
environmental protection and eco-products, so as to promote the
promotion and transformation of green innovative products. On the
other hand, digital financial inclusion can break the channel
obstruction and market barriers faced in the transformation
process of eco-products, improve consumer acceptance of green
products, and effectively promote the green growth of the county
economy (Li et al,, 2016).

Based on the above analysis, we propose the following research
hypothesis:

Hypothesis 5. The development of digital financial inclusion can
significantly promote enterprise innovation and entrepreneurship in
the counties covered by the NKEFZs and thereby promote economic
green growth.

The mechanism of how digital financial inclusion influences
economic green growth is shown in Figure 3.

3.3 Heterogeneity analysis of county-level
geographical location and
functional position

In 1989, the British economist Pearce first put forward the
concept of a “green economy,” arguing that regional economic
growth must be accompanied by attention to the natural
environment and the acceptability of human beings
themselves. The “greening of the economy” is somewhat
different from the “green economy,” but both share the same
ultimate goal of synergizing economic growth with ecological
2023).

« . » . «
economic greenness” focus on the accounting of “green

protection (Huang, Most domestic definitions of
GDP” (Song et al, 2020). This paper defines economic
the traditional GDP minus

protection costs and pollution control expenditures. In recent

greenness as environmental
years, existing studies have argued against the reality of China’s
overall low level of economic green growth, underdevelopment,
and imbalance between regions, i.e., existing studies generally
agree that there are significant regional differences in the level of
economic green growth and that the efficiency of economic green
growth in the east-central region is much higher than that in the
western and northeastern regions. Then, does this phenomenon
also exist within the NKEFZs?

Based on the above analysis, we propose the following research
hypothesis:

Hypothesis 6. There is heterogeneity in the impact of digital
financial inclusion development on the economic green growth of
the counties covered by the NKEFZs across different regions.

The national main functional area plan is based on the ecological
background of the NKEFZs, taking into full consideration the local
ecological and human environment and combining the basic
advantages and resource conditions to divide the covered
counties into four types of ecological functional zones with
different
conservation, biodiversity preservation, water-source containment

functional  positions, namely, soil and water
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Theoretical analysis of economic green growth imbalance by region.

and windbreaks, and sand-fixing, so as to realize the dual goals of
economic development and ecological protection in the region.
(Zhang et al, 2021). Given the differences in the ecological
background and functional positioning of the NKEFZs, the
effectiveness of digital financial inclusion is essential in catalyzing
green growth in the economy.

Based on the above analysis, we propose the following research
hypothesis:

Hypothesis 7. There is heterogeneity in the impact of digital
financial inclusion development on the economic green growth of
the counties covered by the NKEFZs across different types
of NKEFZs.
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Insufficient and
Uneven Economic
Green Growth
Between Counties

S

The theoretical analysis of the unbalanced economic green
growth across different regions is shown in Figure 4.

4 Research design
4.1 Modeling design

The green growth of county economy belongs to the current
period process, and its correlation with the green growth of economy
in the previous period is not strong (Song et al., 2019). The two-way
fixed-effects analysis is one of the commonly used strategies for
identifying causal mechanisms and is based on two key assumptions:

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1467542

Mo et al.

(1) the linearity assumption, which assumes that the intervention
effect varies at a constant rate over the study period and (2) the no
time-varying confounders assumption, which assumes that there are
no time-varying unobserved factors associated with both the
intervention outcome and the potential outcome that change
over time. The model takes full account of area fixed effects and
time fixed effects and can eliminate the potential impact of these
factors on the results. Therefore, in order to empirically test the
impact of digital financial inclusion on economic green growth, this
paper sets up a two-way fixed-effects panel data model as follows:

In ggdpi = B, + B,digi + B'Controly + p;, + A + €. (1)

In Equation 1, ggdp; is the level of economic green growth;
In ggdpi; is the logarithm of the level of economic green growth; i is
the region, t is the time period, dig;; represents the level of digital
financial inclusion development, Control; is a series of control
variables, y; is the county fixed effect, A; is a time fixed effect,
and ¢; is the random disturbance term. The remaining ones are
proxy estimation parameters.

4.2 Variable selection

4.2.1 Dependent variable

The explanatory variables in this paper are county green GDP;
green GDP refers to a region in the calculation of gross domestic
product considering the impact of economic development on the
environment, mainly referring to the environmental costs, that is,
taking into account the negative impacts of economic development
on human beings and nature, in the accounting time to get a “net
value.” Following the research of previous scholars (Li and Li, 2017),
the specific calculation formula is given as follows:

99dp = gdp—-a-b. )

In Equation 2, ggdp represents the level of economic green
growth, gdp represents the traditional gross domestic product, a
represents the county-level environmental protection expenditure,
and b represents the county-level pollution control cost.

Due to the limitation of data availability at the county level, this
paper adopts the proportion of county-level wastewater, exhaust gas,
and solid waste (three wastes) emissions to provincial-level three-
waste emissions as the coefficient of the pollution factor and
multiplies the pollution coefficient with provincial-level
environmental protection expenditures and pollution control
costs to approximate the county-level environmental protection
expenditures and pollution control costs. Subsequently, based on
Equation 2, the traditional GDP of counties is subtracted from the
county-level environmental protection expenditures and pollution
control costs to approximate the green GDP of the counties. After
that, according to Equation 2, county traditional GDP is subtracted
from county environmental protection expenditure and pollution

control cost to approximate county green GDP.

4.2.2 Explanatory variable

The core explanatory variable of this paper is the level of
development of digital financial inclusion development, which
adopts the fourth phase of the China County Digital Financial
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Inclusion Index published by the Digital Finance Research Center
of Peking University, which adopts the fourth issue of China’s
county’. This set of indices includes three first-level dimensions,
namely, the breadth of coverage, depth of use, and degree of
digitization of digital financial inclusion, and at the same time is
subdivided into 33 specific indicators, which comprehensively and
objectively reflect the level of development of digital financial
inclusion in each county in China.

4.2.3 Mediating variables

The mediating variables adopted in this paper are agricultural
technological progress, industrial structure upgrading, and
enterprise innovation and entrepreneurship. On agricultural
technological progress, it is measured by the total power of
agricultural machinery to reflect that digital financial inclusion
provides funds for agricultural technological progress, which
improves the degree of agricultural mechanization and
agricultural production efficiency and then promotes the green
growth of the county economy. For agricultural technology
progress, it is measured by the total power of agricultural
machinery, reflecting how digital financial inclusion provides
funding for agricultural technology progress, improves the level
of agricultural mechanization and production efficiency, and thus
promotes the economic green growth of the counties. In terms of
industrial structure upgrading, the degree of industrial advancement
is used as a measure to reflect the fact that digital financial inclusion
achieves green economic growth by promoting industrial structure

upgrading, and the specific calculation formula is as follows:

ISU = gdp_1*1 + gdp 2*2 + gdp_3*3. 3)

In Equation 3, ISU represents the degree of industrial structure
upgrading, gdp_1 represents the proportion of the primary
industry’s output value in GDP, gdp_2 represents the proportion
of the secondary industry’s output value in GDP, and gdp_3
represents the proportion of the tertiary industry’s output value
in GDP. This measure can capture the optimization and upgrading
of the industrial structure, which is an important pathway for digital
financial inclusion to promote economic green growth. Finally, the
number of annual new registrations is used as a metric for the
business innovation and entrepreneurship indicator, reflecting the
extensive green innovations made by businesses to enhance the
green growth of the regional economy through the number of new
registrations covering the county each year with the financial
support of digital financial inclusion.

4.2.4 Instrumental variables

The selection of instrumental variables needs to satisfy both
correlation and exogenous properties. On one hand, the distance to
the prefecture-level city (capital city) is chosen as an instrumental
variable, which determines the transmission efficiency of digital
financial inclusion and does not have a significant correlation with
economic green growth, satisfying the exogenous condition. The
topographic relief within the county is chosen as another

3 For details,
20210421101507614920.pdf

please see: https://idf.pku.edu.cn/docs/
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TABLE 1 Variable definitions and descriptive statistics of counties covered by National Key Ecological Function Zones.

Variable type Variable definition Std. Dev.
Dependent variable County-level Green GDP (10,000 CNY) ggdp 653823.46 443107.11 113692.28 1483967.00
County-level GDP (10,000 CNY) gdp 654056.73 443151.04 114055.00 1484500.00
Core independent variable Comprehensive Digital Financial Inclusion Index dig 94.54 19.70 54.24 117.77
Coverage Breadth Index dig f 87.43 14.46 54.29 103.46
Usage Depth Index dig d 109.98 30.41 58.20 152.03
Digitization Level Index dig_s 91.87 24.13 47.94 118.09
Mediating variables Industrial Structure Upgrading Index structure 2.28 0.18 1.99 2.61
Total Power of Agricultural Machinery (10,000 kW) power 23.53 17.38 4.00 58.00
Number of Newly Registered Enterprises (units) business 2053.43 1295.03 494.00 4500.00
Instrumental variables Distance to Prefecture-level City (km) dis_city 45,52 35.77 3.61 110.79
Distance to Provincial Capital (km) dis_province 139.21 63.90 39.40 235.18
Terrain Undulation topo 0.79 0.80 0.03 2.39
Control variables Local Fiscal General Budget Revenue (10,000 CNY) Fin 37819.30 27354.35 6742.00 89176.00
Total Population at Year-end (10,000 persons) people 25.59 16.14 5.00 54.00
Gross Industrial Output Value above Designated Size (10,000 CNY) out 538407.63 577159.37 10688.00 1764282.00
Carbon emissions (ton) carbon 2.96 1.95 0.61 6.58
Average Annual Nighttime Light Index light 1.99 1.90 0.48 6.55
Annual average temperature temperature 13.10 5.03 4.04 19.25
Annual average precipitation precipitation 0.00 0.00 0.00 0.01

‘e 3® OW
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TABLE 2 Regression results of the impact of digital financial inclusion on
county economic growth and economic green growth.

10.3389/fenvs.2025.1467542

TABLE 3 Regression results of the impact of digital financial inclusion on
the green growth of county economies (instrumental variables approach).

Variable (3)
Inggdp
dig 0.0032%* 0.0031°* 0.0032*%* 0.0031**
(0.0004) (0.0008) (0.0004) (0.0008)
fin 0.3698*** 0.3711% 0.3701*%* 0.3715%%*
(0.0131) (0.0131) (0.0131) (0.0131)
people 0.3967*** 0.3992%** 0.3972%%* 0.3997***
(0.0134) (0.0133) (0.0134) (0.0133)
out 0.1599** 0.1583*** 0.1600*** 0.1584***
(0.0062) (0.0062) (0.0062) (0.0062)
carbon -0.0004 -0.0010 —0.0004 -0.0010
(0.0037) (0.0037) (0.0037) (0.0037)
light 0.0007 —-0.0015 0.0007 —-0.0015
(0.0041) (0.0041) (0.0041) (0.0041)
temperature 0.0068*** 0.0058** 0.0068*** 0.0058**
(0.0024) (0.0024) (0.0024) (0.0024)
precipitation -14.3117* -12.3809 —-14.4031* —12.4508
(7.9634) (8.0165) (7.9683) (8.0216)
Constant 5.8505*** 5.8764*** 5.8423%%* 5.8688***
(0.1014) (0.1167) (0.1014) (0.1167)
Observations 3,537 3,537 3,537 3,537
R-squared 0.860 0.845 0.860 0.860
CountyFE NO YES NO YES
YearFE NO YES NO YES

Note: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, and *p < 0.1.

instrumental variable, which also satisfies the correlation and
exogeneity conditions, as topographic relief affects the installation
and commissioning of digital infrastructure and is not significantly
correlated with economic green growth.

4.2.5 Control variables

Referring to the existing research (Chen and Bian, 2023; Hou
etal., 2021; Yin and Xu, 2022), the control variables in this paper are
six indicators, which are as follows: general budget revenue of local
finance, total population at the end of the year, total industrial
output value above the large-scale industry, carbon emissions,
average annual temperature, and average annual precipitation.
The night lighting data (from the SNPP-VIIRS data*) are also
selected to measure the degree of urbanization as an additional
control variable.

4 For details, please see: https://oceandata.sci.gsfc.nasa.gov/
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Variable (6) (7) (8)
Second First Second
lnggdp dig lnggdp

dis_province —0.0206***

(0.0075)
dis_city —0.0551***
(0.0122)
topo —3.9172%** —3.3455%**
(0.5899) (0.5488)
dig 0.0038** 0.0036**
(0.0015) (0.0017)
fin 24117+ 0.3663*** 2.3783%%* 0.3681***
(0.8292) (0.0210) (0.8625) (0.0138)
people —2.6118*** 0.3945%** —2.6175%** 0.3932%**
(0.9352) (0.0182) (0.8774) (0.0148)
out —-0.4690 0.1630%** 0.3539 0.1630%**
(0.3609) (0.0096) (0.4106) (0.0064)
carbon —-0.1398 0.0003 0.1178 0.0002
(0.2554) (0.0039) (0.2463) (0.0038)
light 1.1086*** 0.0004 1.0558*** 0.0005
(0.2577) (0.0051) (0.2671) (0.0047)
temperature 0.3356** 0.0066*** 0.3432%* 0.0065***
(0.1576) (0.0024) (0.1578) (0.0025)
precipitation —283.1926 —14.5501* —330.858* -14.1798*
(537.7948) (7.8398) (523.6716) (8.1208)
Constant 69.4440*** 5.8042*** 70.6808*** 5.8023***
(6.7878) (0.1604) (6.5551) (0.1532)
F-value 56.373 35.344 78.855 41.014
R-squared — 0.857 — 0.856

Note: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, and *p < 0.1.

4.3 Data sources

In view of the fact that the China Digital Financial Inclusion
Index compiled by the Digital Finance Research Center of Peking
University and Ant Financial Group has been counting data at
the county level since 2014 at the earliest and after excluding
samples with too many missing values and outliers’, this paper

5 For details, please see: https://en.idf.pku.edu.cn/achievements/

seriesofdigitafinanceindexes/490847.htm
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selects 393 counties under the coverage of the first batch of
national key eco-functional zones from 2014 to 2022 as the
samples and uses the data mainly for the digital financial
inclusion development and economic development level of the
counties. The data used are mainly related to the development of
financial inclusion and the level of economic development of each
county, and the raw data are mainly derived from the China
County Economic Statistical Yearbook; China City Statistical
Yearbook; provincial, municipal, and county statistical
yearbooks; as well as the statistical bulletins of the counties.
The raw data used are statistically collated from the National
Bureau of Statistics of China®. Missing data are supplemented by
the interpolation method. Additionally, to attenuate the effect of
heteroskedasticity, all variables were logarithmized, except for
the core explanatory variables, instrumental variables, structure,
light, temperature, and precipitation, and all variables were
reduced by 1% before and after to avoid the effect of
extreme values.

The descriptive statistics of the variables are shown in Table 1.

5 Empirical results and analysis
5.1 Baseline regression results and analysis

Prior to empirical evidence, we test for multicollinearity by
means of variance inflation factors, and the largest VIF value of all
variables is 3.96, and the mean VIF value is 2.48, indicating that
there is no significant multicollinearity. The explanatory variables of
models (1) and (2) in Table 2 are county economic growth levels
(Ingdp), where model (1) does not fix the county and year and model
(2) demonstrates the results of regressing the economic growth
levels of the counties covered by the NKEFZs (Ingdp) through the
bidirectional fixed-effects panel model, which illustrates that digital
financial inclusion has a positive impact on the traditional economic
growth at the 1 per cent level of significance, indicating that the
higher the level of digital financial inclusion development, the more
favorable it is to traditional economic growth, and this result is more
robust. Models (3) and (4) show the results of regression using
economic green growth (Inggdp) as an explanatory variable, using
the two methods of unfixed counties and years and fixed counties
and years, respectively, which indicate that digital financial inclusion
has both a positive impact on the economic green growth of the
NKEFZs at 1% significance level and also verifies the robustness of
the model.

Based on the above, research hypotheses Hypothesis 1 and
Hypothesis 2 are supported.

5.2 Treatment of the endogeneity of digital
financial inclusion

This paper mainly adopts the instrumental variable method in
mitigating the endogeneity problem caused by omitted variables,

6 For details, please see: https://www.stats.gov.cn/
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respectively, adopting two different combinations of instrumental
variables representing geographic location, namely, the distance
from the seat to the capital city of the province to which it
belongs with the degree of geographic ups and downs and the
distance from the seat to the prefectural city to which it belongs with
the degree of geographic ups and downs and adopting the estimation
method of the two-phase least squares of the panel data, with the
explanatory variable being the level of green economic development
of the counties.

Table 3 mainly shows the regression results of the impact of
digital financial inclusion on the green growth of the
county economy obtained based on the instrumental variable
method, which according to model (5) and model (7) shows that
the instrumental variables are significantly negatively correlated
with the growth of digital financial inclusion, which is in line
with the reality and expectations. Model (6) and model (8) show
that digital financial inclusion has a positive impact on the
green growth of county economy at 1% significance level. The
of the
consistent with the direction and significance level of the

results instrumental variable method study are
empirical results in the previous paper, which better mitigate

the endogeneity.

5.3 Robustness checks

In order to verify the robustness of the empirical results and the
scientific nature of the conclusions obtained, this paper first adopts
the method of replacing the explanatory variables, the economic
green growth (ggdp) compared with the total population at the end
of the year, to get the per capita traditional economic growth per
capita economic green growth after taking the logarithm of the (In_
p_gedp) and then substituting it into the model as an explanatory
variable to carry out the bidirectional fixed-effects panel model
regression. The empirical results are shown in Table 4. Model (9) in
Table 4 shows that after substituting the explanatory variables,
digital financial inclusion still has a positive effect on the green
growth of the county economy at the 1% significance level, that is,
the model has good robustness.

Second, this paper comprehensively considers the different
impacts of the three dimensions of digital financial inclusion on
traditional economic growth and economic green growth and
takes the index of breadth of coverage, the index of depth of use,
and the index of digitization as the explanatory variables and uses
the method of replacing the core explanatory variables to carry
out the robustness test. The results are shown in Table 4. Model
(10) in Table 4 shows the regression results with the index of
breadth of coverage as the core explanatory variable, model (11)
shows the regression results with the index of depth of use as the
core explanatory variable, and model (12) shows the regression
results with the index of digitization as the core explanatory
variable, and the combined regression results of all the models
show that, after replacing the core explanatory variables, digital
financial inclusion facilitates economic green growth at the 1%
level of significance.

Finally, in order to avoid being affected by the impact of the
second batch of NKEFZs announced in September 2016 on the
traditional and green economy of the first batch of covered counties,
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TABLE 4 Robustness test results of the impact of digital financial inclusion on green growth of county economies.
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Variable ()] (20) (12) (12) (23) (24) (15) (16)
Replacement of explanatory Replacement of core Replacement sample time period
variables explanatory variables
In_p_ggdp In_ggdp In_ggdp In_ggdp In_ggdp In_ggdp In_ggdp In_ggdp
dig 0.0033*** 0.0037%**
(0.0008) (0.0010)
dig_f 0.0021*** 0.0018***
(0.0006) (0.0007)
dig d 0.0024*** 0.0031*
(0.0005) (0.0007)
dig_s 0.0024*°* 0.0014**
(0.0003) (0.0004)
fin 0.3652%* 039117 0.3845%% 0.3904** 0.4037%%* 0.4043°* 03954 04053
(0.0143) (0.0147) (0.0147) (0.0148) (0.0188) (0.0189) (0.0188) (0.0188)
people ~0.6426* 0.4388"* 0.4439%%* 04332 0.4272%% 042337 04325 041757
(0.0143) (0.0147) (0.0147) (0.0147) (0.0182) (0.0182) (0.0183) (0.0181)
out 0.1888** 01817 0.1786*** 01818 0.1849%% 01874 0.1834%* 018717
(0.0068) (0.0069) (0.0070) (0.0069) (0.0089) (0.0089) (0.0090) (0.0089)
carbon -0.0018 ~0.0031 ~0.0036 ~0.0024 ~0.0104** ~0.0100* ~0.0111%* ~0.0096*
(0.0040) (0.0041) (0.0041) (0.0041) (0.0052) (0.0052) (0.0052) (0.0052)
light -0.0016 -0.0023 -0.0032 ~0.0006 ~0.0105* ~0.0095 ~0.0112* ~0.0081
(0.0043) (0.0044) (0.0044) (0.0044) (0.0058) (0.0058) (0.0058) (0.0058)
temperature 0.0037 0.0046* 0.0044* 0.0051** 0.0081%* 0.0082** 0.0080** 0.0077**
(0.0025) (0.0026) (0.0026) (0.0026) (0.0034) (0.0034) (0.0034) (0.0034)
precipitation ~15.1815* —17.4333° | -16.9498** | —18.9302** = -26.4382** = -254567** = —26.0185%* = —23.0244**
(8.3426) (8.5595) (8.5262) (8.5016) (10.9897) (11.0306) (10.9628) (10.9490)
Constant 5.6843*% 5.3759%* 5.3989%** 5.3579%% 5.0796*** 5.2072%% 5.1955%* 5.2536%%
(0.1237) (0.1230) (0.1147) (0.1122) (0.1598) (0.1548) (0.1468) (0.1444)
R-squared 0.658 0.866 0.869 0.867 0.864 0.864 0.863 0.863
CountyFE YES YES YES YES YES YES YES YES
YearFE YES YES YES YES YES YES YES YES

Note: Robust standard errors in parentheses, **p < 0.01, **p < 0.05, and *p < 0.1.

this paper adopts the method of shrinking the sample period to the
first half of the year (2014-2017) to carry out the robustness test
considering three dimensions of digital financial inclusion, and the
results are shown in Table 4. Models (13)-(16) show the regression
results of digital financial inclusion and its three different
dimensions after narrowing the sample period, indicating that
digital still has a significant positive
contribution to the green growth of the county economy, as
observed in the results of 2014-2016, confirming the robustness
of the regression results.

financial inclusion
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5.4 Mechanisms for testing the impact of
digital financial inclusion on economic
green growth

Based on the previous theoretical analysis, digital financial
inclusion can influence the green growth of the county economy
through three pathways: agricultural technology progress, industrial
structure  upgrading, and  enterprise  innovation and
entrepreneurship. Therefore, this paper refers to the two-step

method (Jiang, 2022), by placing these three mediating variables
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TABLE 5 Mediating effects of the impact of digital financial inclusion on green growth in county economies (agricultural technology progress).

Variable

dig 0.1094
(0.0221)
dig f 0.0804*
(0.0246)
dig_d 0.1026*
(0.0156)
dig_s 0.0561***
(0.0182)
cov -0.9258 -0.7662 -1.1682 -0.7794
(0.8686) (0.8712) (0.8656) (0.8717)
fin 15.7959* 15.6217*** 16.0242** 15.4818***
(0.8684) (0.8711) (0.8651) (0.8688)
people 1.7939*** 1.8393°* 1.7045** 1.84370%
(0.4082) (0.4098) (0.4064) (0.4099)
out 0.4241* 0.4194* 0.4087* 0.4340*
(0.2417) (0.2427) (0.2403) (0.2429)
carbon 0.1119 0.1819 0.0371 0.1820
(0.2594) (0.2597) (0.2585) (0.2599)
light -0.1040 -0.0683 -0.1387 -0.1045
(0.1509) (0.1513) (0.1503) (0.1519)
temperature —83.4576 -188.3873 43.3252 -48.8411
(498.7350) (500.7009) (496.6870) (501.9261)
precipitation -0.9258 —-0.7662 —-1.1682 —-0.7794
(0.8686) (0.8712) (0.8656) (0.8717)
Constant 15.7959* 15.6217%* 16.0242%%* 15.48187**
(0.8684) (0.8711) (0.8651) (0.8688)
R-squared 0.326 0.321 0.334 0.320
CountyFE YES YES YES YES
YearFE YES YES YES YES

Note: Robust standard errors in parentheses, *** for p < 0.01, ** for p < 0.05, and * for p < 0.1.

as explanatory variables in the model for regression, although the  0.0804, 0.1026, and 0.0561, respectively. It shows that the

core explanatory variable is still digital financial inclusion;
meanwhile, in order to test the robustness of the model, this
paper substitutes each of the three dimensions of digital financial
inclusion with the total index of digital financial inclusion, aiming to
provide empirical evidence.

Table 5 shows the results of the mediation effect test of county
agricultural technological progress and models (17)-(20) all show
that digital financial inclusion and its three dimensions can
significantly promote county agricultural technological progress
at 1% significance level, with regression coefficients of 0.1094,
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development of digital financial inclusion can promote green
growth of the county economy by improving the level of
agricultural technology in the county, so there is a mediating
effect of agricultural technology progress in the impact of digital
financial inclusion on the green growth of the county economy.

Based on the above, research hypothesis Hypothesis 3
is supported.

Table 6 shows the results of the mediation effect test of county
industrial structure upgrading, and the models (21)-(24) show that
digital financial inclusion and its three dimensions can significantly
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TABLE 6 Mediating effect of the impact of digital financial inclusion on the green growth of county economies (industrial structure upgrading).

Variable (21) (22) (23) (24)
Structure Structure Structure Structure
dig 0.0007**
(0.0003)
dig f 0.0010%**
(0.0002)
dig d 0.0004*
(0.0002)
dig_s 0.0008**
(0.0003)
fin 0.0088 0.0098 0.0080 0.0093
(0.0060) (0.0060) (0.0060) (0.0060)
people —-0.0058 —-0.0071 —-0.0055 -0.0073
(0.0061) (0.0061) (0.0061) (0.0061)
out —-0.0007 —-0.0004 —-0.0008 -0.0005
(0.0028) (0.0028) (0.0028) (0.0028)
carbon —-0.0007 —-0.0007 -0.0007 -0.0005
(0.0017) (0.0017) (0.0017) (0.0017)
light 0.0005 0.0017 0.0004 0.0008
(0.0019) (0.0019) (0.0019) (0.0019)
temperature —-0.0005 0.0003 -0.0005 -0.0006
(0.0011) (0.0011) (0.0011) (0.0011)
precipitation —2.4462 —-5.1102 —-2.3001 -2.1059
(3.6617) (3.6483) (3.6597) (3.6560)
Constant 2.1529%%* 211530 2.1788*%* 2.1445%%
(0.0533) (0.0473) (0.0479) (0.0519)
R-squared 0.814 0.674 0.853 0.881
CountyFE YES YES YES YES
YearFE YES YES YES YES

Note: Robust standard errors in parentheses, *** for p < 0.01, ** for p < 0.05, and * for p < 0.1.

promote county industrial structure upgrading, with the regression
coefficients of 0.0007, 0.0010, 0.0004, and 0.0008, respectively. It
shows that the development of digital financial inclusion can
promote the green growth of the county economy by promoting
the upgrading of the county industrial structure, so there is a
mediating effect of industrial structure upgrading in the impact
of digital financial inclusion on the green growth of the
county economy.

Based on the above, research hypothesis Hypothesis 4
is supported.

Table 7 shows the results of the mediation effect test of
innovation and entrepreneurship of county enterprises, models
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(25)-(28) show that digital financial inclusion and its three
dimensions can significantly promote innovation and
entrepreneurship of county enterprises at 1% significance
level, with regression coefficients of 10.3656, 9.1891, 6.6215,
and 9.9816, respectively, can promote the green growth of the
county economy by promoting the innovation and
entrepreneurship of the county enterprises, so there is a
mediating effect of the innovation and entrepreneurship of the
enterprises in the impact of digital financial inclusion on the
green growth of the county economy.

Based on the above, research hypothesis Hypothesis 5
is supported.
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TABLE 7 Mediating effects of the impact of digital financial inclusion on green growth in county economies (enterprise innovation and entrepreneurship).

Variable (25) (26) (27) (28)
Business Business Business Business
dig 10.3656
(1.7103)
dig f 9.1891%*
(1.9034)
dig d 6.6215*
(1.2152)
dig_s 9.9816***
(1.3985)
fin 585.2963%* 598.8705%* 577.0190%%* 591.5883*%*
(67.2006) (67.3903) (67.4747) (66.8571)
people 1,167.8891%** 1,156.2590** 1,169.7574%* 1,147.1381°+
(67.0945) (67.2919) (67.3479) (66.5458)
out 30.0024 34.0683 26.0096 34.1249
(31.5304) (31.6444) (31.6305) (31.3870)
carbon -6.9638 -7.2157 ~8.4536 ~3.9909
(18.6955) (18.7700) (18.7330) (18.6263)
light ~5.0043 0.3298 ~5.7734 -3.7854
(20.0263) (20.0537) (20.1105) (19.8984)
temperature 5.5422 8.7832 4.5268 2.0604
(11.6594) (11.6898) (11.6999) (11.6387)
precipitation 54,051.5911 43,597.9311 60,011.1038 66,025.7320*
(38,585.0009) (38,733.0430) (38,717.4564) (38,496.2616)
Constant —8,620.9859*** —8,637.3977++ —8,239.5812*%¢ ~8,600.6287***
(515.1511) (525.4709) (506.4358) (508.9128)
R-squared 0.444 0.439 0.441 0.448
CountyFE YES YES YES YES
YearFE YES YES YES YES

Note: Robust standard errors in parentheses, *** for p < 0.01, ** for p < 0.05, and * for p < 0.1.

5.5 Heterogeneity analysis

Considering that the economic development foundation and
resource endowment conditions of counties covered by NKEFZs can
lead to differentiated impacts of digital financial inclusion on the green
growth of county economies under the effect of different geographic
location conditions , this paper refers to the studies by Feng et al. (2019)
and divides the counties covered by China’s NKEFZs into four regions:
east, the central, the west, and the north-east by the criterion of
economic geography and conducts empirical tests in groups, regions,
grouped for empirical tests. The results are shown in Table 8. As can be
seen from Table 8, model (29) and model (30) are panel model
regressions for the samples from the eastern and central regions,
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respectively, and the results indicate that digital financial inclusion
has a positive impact on the green growth of the county’s economy in
both the eastern and central regions of China’s policy-covered counties
at 1 per cent significance level. Although model (31) and model (32) are
panel model regressions for the samples in the western and northeastern
regions, respectively, the results indicate that the role of digital financial
inclusion on the green growth of county economies is not significant in
the eastern and central regions of China. This indicates that the impact
of digital financial inclusion on the green growth of the county economy
receives heterogeneity of different geographic location conditions and in
the eastern and central regions, the policy support is stronger, the
infrastructure conditions are good, the technological innovation system
is perfect, and the channels for enterprise entrepreneurship are smooth,
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TABLE 8 Heterogeneity test of regional types for the impact of digital
financial inclusion on economy green growth in counties.

Variable (29) (30) (31) (32)
Eastern Central Western Northeastern
lnggdp Inggdp lnggdp lnggdp

dig 0.0042**  0.0036** ~0.0019 0.0028
(0.0009) (0.0009) (0.0016) (0.0018)
fin 03397 0.5363** 0.5440* 0.244744
(0.0295) (0.0358) (0.0587) (0.0394)
people 04316 03178 03947 0.3666***
(0.0271) (0.0341) (0.0545) (0.0414)
out 0.1664** 01204 0.0257 0.231244
(0.0130) (0.0166) (0.0270) (0.0193)
carbon ~0.0012 ~0.0072 0.0068 ~0.0305**
(0.0074) (0.0094) (0.0149) (0.0136)

light ~0.0124* 0.0044 ~0.0595 0.0706
(0.0073) (0.0314) (0.0707) (0.0519)

temperature 0.0115** -0.0378 0.0048 0.0364
(0.0046) (0.0763) (0.1285) (0.0848)

precipitation | —32.4800** = -83.2299** 22.8959 24.8637

(14.7580)  (40.9585) (74.0022) (44.5405)

Constant 58802 | 5.61290%* 6.3362* 5.7816°*

(0.2148) (1.0966) (1.7927) (1.2076)
R-squared 0.896 0.861 0.767 0.859
CountyFE YES YES YES YES
YearFE YES YES YES YES

Note: Robust standard errors in parentheses, ***p<0.01, **p<0.05, and *p<0.1.

so the effect of digital financial inclusion promotion on the green
growth of the county economy is obvious. However, in the western and
northeastern regions, due to the imperfections in the financial market
infrastructure, it is unable to effectively support digital financial
inclusion to promote the green growth of the county economy. At
the same time, the results also fully illustrate that in some policy-covered
counties in the western and north-eastern regions, there may be a large
“digital divide” due to insufficient Internet coverage and low
penetration of digital technology. The relatively homogeneous
industrial structure, weak economic fundamentals, imperfect policy
environment, and insufficient financial regulation in these policy-
covered counties have hindered the effective operation of digital
financial inclusion, which in turn has limited the role of digital
financial inclusion in promoting the green growth of the
county’s economy.

Based on the above, research hypothesis Hypothesis 6
is supported.

Considering that under the functional positioning of different
ecological functional area types, the natural ecological background
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and goal-oriented positioning of the counties covered by NKEFZs will
lead to the differential impact of digital financial inclusion on the
green growth of the county economy, this paper refers to the study of
Lin and Zhou (2022) and divides the counties covered by China’s
NKEFZs. According to the policy document requirements, the
counties covered by China’s NKEFZs are classified into the soil
and water conservation type; according to the requirements of
policy documents, windbreak and sand-fixing type and biodiversity
maintenance type are types of ecological functional zones with
different functional positioning, grouped for regression, and the
results are shown in Table 9. Model (33), model (34), and model
(36) in Table 9 show that digital financial inclusion has a positive effect
on the green growth of the county’s economy at 1% significance level
in counties covered by soil and water conservation, water
conservation, and biodiversity maintenance policies. In model (35),
digital financial inclusion is positively but not statistically significant
on economic green growth in counties covered by wind and sand
One
explanation for this is that the direction of investment in digital
financial inclusion in the wind and sand defense ecological function

conservation-type ecological functional zones. possible

zones is limited. Within this type of covered county, the rural
economy is likely to be dominant and the industrial structure of
rural zones relies mainly on agriculture that is highly related to wind
and sand control, and the funds from digital financial inclusion are
more often applied to the development of traditional industries, and
most of the projects supported have stricter environmental standards
and application thresholds due to policy impacts, which increases the
investment costs of startups and limits the economy of the county in
which they are located Green Growth.

Based on the above, research hypothesis Hypothesis 7
is supported.

6 Conclusion and implications
6.1 Conclusion

Compared with non-policy-covered counties, digital financial
inclusion is more effective in promoting the green growth of county
economies in those covered by NKEFZs, achieving a win-win
situation between the economy and the ecology. The main
conclusions are as follows.

First, digital financial inclusion has a significant positive
contribution to both traditional economic growth and economic
green growth, which is consistent with the findings by Yang et al.
(2023). Meanwhile, this conclusion still holds after endogeneity
treatment using instrumental variables approach, robustness test
by means of substitution of explanatory variables, and substitution
of core explanatory variables with a reduced sample period.

Second, digital financial inclusion promotes economic green
growth through three paths: agricultural technological progress,
industrial structure upgrading, and enterprise innovation and
entrepreneurship and all three paths pass the mediation effect
test. This indicates that there is an intermediary effect of
agricultural technology progress, industrial structure upgrading,
and enterprise innovation and entrepreneurship in the promotion
of green growth of the county’s economy by digital financial
inclusion in the NKEFZs.
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TABLE 9 Heterogeneity test of NKEFZ types for the impact of digital financial inclusion on economic green growth of counties.

Variable (33) (34) (35) (36)
water_soil water_cons wind_sand Biodiversity
Inggdp Inggdp Inggdp Inggdp
dig 0.0027%* 0.0026*** 0.0006 0.0042%*
(0.0008) (0.0007) (0.0009) (0.0007)
fin 0.4637%* 0.2906*** 0.4072%** 0.3296***
(0.0256) (0.0267) (0.0372) (0.0261)
people 03152+ 0.4689*** 0.3105%* 04931
(0.0304) (0.0280) (0.0257) (0.0287)
out 0.1315%* 0.1702%** 0.1978*** 0.1542%%*
(0.0151) (0.0126) (0.0149) (0.0106)
carbon ~0.0190** 0.0236*** ~0.0174* 0.0006
(0.0079) (0.0078) (0.0098) (0.0068)
light -0.0010 ~0.0046 0.0063 0.0071
(0.0082) (0.0084) (0.0098) (0.0083)
temperature 0.0006 0.0058 0.0036 0.0127%*
(0.0052) (0.0050) (0.0061) (0.0045)
precipitation -0.9340 -0.4922 5.9977 —41.6537*
(17.5263) (16.6481) (19.0287) (15.0575)
Constant 5.6226** 63116 5.5534%% 5.9584%%*
(0.2128) (0.1992) (0.3049) (0.2103)
R-squared 459 434 244 571
CountyFE YES YES YES YES
YearFE YES YES YES YES

Note: Robust standard errors in parentheses, *** for p < 0.01, ** for p < 0.05, and * for p < 0.1.

Third, within the NKEFZs, there is variability in geographic
location and functional positioning in the promotion of digital
financial inclusion for green growth in county economies. In the
four regions, digital financial inclusion has a significant effect on
green growth of county economies only in the eastern and central
regions, while the effect is not significant in the western and
northeastern regions. In terms of the types of ecological
functional zones, digital financial inclusion has a significant effect
on the green growth of county economies only in soil and water
conservation, water conservation, and biodiversity zones, but not in
wind and sand control zones.

6.2 Implications

In response to the findings of the study, in order to avoid the
distorting effect of the NKEFZ policy in the process of
implementation and a more universal extension to other similar
ecological functional zones in the world to break the “resource
curse” to achieve the economy green growth with the support of the
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digital inclusive financial infrastructure services, this paper puts
forward the policy suggestions from the following aspects.

First, accelerating the development of digital financial inclusion.
Since the establishment of China’s NKEFZs, digital financial
inclusion has been relatively recent, and certain gaps remain in
policy and market regulation. To facilitate green economic growth in
these regions and similar areas in developing countries, it is crucial
to integrate information technology with traditional finance. By
leveraging the digital economy, financial resources can be allocated
more efficiently to eco-friendly sectors, promoting innovation in
green finance. This approach supports the green transformation of
small- and medium-sized enterprises, easing financing barriers for
zero-pollution startups. Additionally, expanding green credit
coverage and establishing a diverse support system can help
avoid market distortions and enhance the role of digital financial
inclusion in sustainable economic growth.

Second, improving digital financial inclusion infrastructure in
remote areas. Empirical evidence shows that digital financial
inclusion’s impact on green economic growth in NKEFZs is
uneven. In some remote, resource-rich regions, weak internet
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penetration and limited consumer capacity hinder its development.
However, the current policy does not yet focus on these remote
priority
infrastructure in the western and northeastern regions of China

areas. Therefore, should be given to enhancing
and similar areas in other countries. Improving internet and
telecommunications infrastructure and building data centers can
increase the reach of digital financial services. This will accelerate
information flow, reduce the “digital divide,” and improve the
efficiency of digital financial inclusion in promoting green growth
by channeling resources into clean, high-tech industries.

Third, adopting tailored digital financial inclusion strategies
for different ecological zones. Given that digital financial
inclusion develops unevenly across counties with different
functional roles, a tailored approach is necessary. In soil and
water conservation areas, for example, digital financial inclusion
may not promote green economic growth effectively. Thus,
strategies should be adapted to each region’s ecological
context. In other zones, digital financial inclusion can enhance
green technology transformation. In windbreak and sand-
fixation zones, for example, it can provide low-interest loans
and subsidies to encourage eco-friendly agricultural practices
and the production of high-value-added crops, such as green
foods or medicinal herbs. Moreover, eco-tourism, leveraging
unique local resources, can further promote balanced green
growth. Overall, digital financial inclusion should play a key
role in global environmental protection and sustainable
development, especially in ecologically sensitive regions.

6.3 Future prospects

Although this paper explores the impact of digital financial
inclusion on economic green growth in a more comprehensive way
using a two-way fixed-effects panel data model, there may still be
the following directions that could be investigated in more depth:
for one thing, due to the limitation of the data of China’s Digital
Financial Inclusion Index compiled by Peking University, this
paper only adopts the panel data of the 9 years from 2014 to
2022 for the study, and it lacks the capture of the effect of digital
financial inclusion on the promotion of economic green growth in
the NKEFZs prior to 2014, and a future study must be considered
to analyze by textual analysis and to make a reasonable statistics
and transformation into the county digital financial inclusion
index from the county annual report of the related word
frequencies and reasonable statistics and transformed into
county digital financial inclusion index, in order to fill in the
changes in the specific effects of digital financial inclusion on the
green growth of the economy in the covered counties before and
after the implementation of the policy in 2010. Second, due to the
data limitation of the county statistical yearbook, this paper adopts
the method of discounting the provincial environmental
protection expenditure and pollution control cost to obtain the
relevant data of the county when defining and dealing with the
explanatory variables of green GDP, which may have errors to a
certain extent and can be tested by calculating green GDP by
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means of ecological service value accounting in the subsequent
research. Third, we have only used evidence from China for our
tests, hoping to shed some light on developing countries in general,
but comparative analyses of their countries in quantitative terms
remain a topic worthy of additional research in the future.
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