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Introduction: China’s rural financial landscape has long been characterized by
exclusion, leaving countless farmers without access to essential financial services.
However, the advent of digital financial inclusion presents a promising solution,
offering low-cost, high-penetration avenues to bolster agricultural sustainability.
This paper unravels how “Byte-Sized Finance” can yield “Bushel-Sized Benefits” in
China’s agricultural green development.

Methods: Methodologically, we pioneer a novel system to gauge agricultural
green development across 31 Chinese provinces spanning from 2013 to 2021.
Empirically, employing fixed-effect, mediation effect, and spatial Durbin models.

Results: Our study reveals the intricate pathways through which digital financial
inclusion influences agricultural green development. We find that it exerts its
impact through the lenses of industrial structure and entrepreneurship, operating
at both macro and micro levels. Furthermore, our analysis uncovers spatial
spillover effects, shedding light on the differential roles played by these
mechanisms across regions.

Discussion: This groundbreaking discovery underscores the transformative
potential of leveraging digital financial inclusion to propel China toward
agricultural green development. By shedding light on these crucial dynamics,
our findings offer insights for policymakers, researchers, and practitioners striving
to foster sustainability within China’s agricultural sector.
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1 Introduction

In modern societies, the importance of an inclusive financial system cannot be
overstated. Nevertheless, the inherent bias of capital favoring the affluent while
excluding the less privileged has resulted in a stark disparity in financial services. A
considerable concentration of high-quality financial resources in urban areas, large
corporations, and affluent segments has led to the exclusion of rural regions, small
and medium-sized enterprises (SMEs), and low-income groups (Leyshon and Thrift,
1993; Leyshon and Thrift, 1994; Leyshon and Thrift, 1995; Morrison and O’Brien,
2001; Leyshon et al., 2008). Scholars have extensively demonstrated the role of
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financial development and financing behaviors in fostering
sustainable economic, social, and environmental progress
while curbing car-bon emissions (Scholtens and Dam, 2007;
Shahbaz et al., 2013). However, global financial exclusion
remains widespread (Demirgüç-Kunt et al., 2008). In 2012,
the World Bank estimated that approximately 2.7 billion
adults globally lacked access to formal financial services,
particularly in impoverished rural households, where basic
financial services are severely deficient (Koku, 2015; Khanal
and Omobitan, 2020).

Agriculture, by its nature, is an environmentally sensitive
industry, demanding significant investment and enduring
lengthy harvest cycles. Yet, the adoption of green farming
practices entails even greater costs. The traditional financial
system has failed to meet the financing needs of farmers,
necessitating a quest for new financial impetus to propel
China’s agricultural green development.

Financial inclusion and financial exclusion are different
perspectives on the same issue. Alternatively, financial inclusion
is needed precisely because of financial exclusion. Studies show that
instability in the long-term development of finance is detrimental to
the poor (Akhter and Daly, 2009; Wang et al., 2022b) and leads to
increased income inequality (Altunbaş and Thornton, 2020; deHaan
et al., 2023). Additionally, financial services are less accessible to
poor residents (Ndlovu and Toerien, 2020; Alharbi et al., 2022). You
et al. (2022) argue that regions with low economic growth are likely
to face further disparity. The Pareto principle, as followed by the
financial market, also raises the threshold of access for poor groups.
According to a World Bank report (2018), nearly a third of adults
were financially excluded, with their bank accounts not recorded in
the official financial system. It was not until the advent of inclusive
finance that new possibilities emerged for finance to truly serve a
broader range of users.

The United Nations introduced the notion of inclusive
finance in 2005 to facilitate the International Year of
Microfinance. Inclusive finance is defined as a financial system
that can efficiently and universally provide services to all levels
and groups of society. The main goal of inclusive finance is to
offer a wide range of financial services to society at an affordable
cost, which is particularly significant for financially
disadvantaged and poor groups. The initial form of inclusive
finance was microfinance. After years of development, it now
encompasses financial products and services such as credit,
management, payment, insurance, and savings.

Recognizing the imperative for change, China has vigorously
pursued its digital economy development strategy in recent years.
Innovations in digital technologies, such as big data and cloud
computing, have democratized access to financial resources,
particularly in rural areas where resources and environments are
more difficult, and facilitated a more equitable allocation of assets
across critical sectors (Aziz and Naima, 2021).

In 2020, China achieved overall poverty alleviation with digital
financial inclusion playing an essential role in this achievement.
According to the “China Inclusive Finance Indicators Analysis
Report (2020)” published by the Financial Consumer Rights
Protection Bureau of the People’s Bank of China and the
“2020 Financial Institutions Loan Allocation Statistical Report”
published by the People’s Bank of China, at the end of 2020, the

balance of inclusive small and micro loans was 15.1 trillion yuan, a
year-on-year increase of 30.3%. Among them, the balance of
farmers’ production and operation loans was 5.99 trillion yuan, a
year-on-year increase of 11.5%. In addition, as of the end of 2020, the
balance of loans to registered poor people was 142.7 billion yuan.
Considering the situation that they have escaped poverty but have
not yet escaped the policy, the balance of loans to registered poor
people and those who have been lifted out of poverty was
788.1 billion yuan. Digital inclusive finance aligns with this trend,
providing farmers with access to sustainable finance, easing their
financing constraints and meeting basic needs. This contributes to
more resilient and sustainable opportunities for farmers to benefit
from development in the digital era.

Simultaneously, China’s agricultural sector has undergone
significant strides in environmentally friendly and green
development, aligning with broader societal shifts towards
sustainability. Green agriculture, characterized by eco-
friendly approaches and technological innovations, has
gained momentum, enhancing production efficiency and
product quality (Nourzad, 2002; Adnan et al., 2019; Liu Y.
et al., 2021a).

While some existing theoretical studies have explored the
possibility of digital financial inclusion in agricultural green
development, such as through agricultural technology
innovation and agricultural socialization services (Wang Lei,
2023), few scholars have measured the level of agricultural
green development using a com-prehensive evaluation system
and have cut through the pathway of digital financial inclusion as
a driving force of agricultural green development from both
macro and micro perspectives, and dig deep what kind of
differences in spatial patterns this role has. In light of this
gap, we attempt to explore the complex effects of digital
financial inclusion driving agricultural green development in
China based on a complete framework.

Specifically, the possible marginal contribution of this paper lies
in three aspects. 1) Research Methodology. This paper draws on the
“Measures for Monitoring and Evaluation of the Level of
Agricultural Green Development (for Trial Implementation)”
(2023) newly issued by the General Office of the Ministry of
Agriculture and Rural Affairs of the People’s Republic of China
and existing literature to introduce agricultural scientific and
technological development and agricultural output greening
(Huang, 2021; Wang Lei, 2023). We develop a set of agricultural
green development evaluation systems containing four first-level
indicators and 18 second-level indicators, providing a more
comprehensive measurement of agricultural green development,
which is able to discuss its spatial and temporal evolutionary
characteristics and its influence relation-ship with digital financial
inclusion at a more subtle scale compared to the study by Jian
(2023). 2) Research Perspective. Existing studies have only
approached the subject from a single perspective of macro or
micro (Jian, 2023; Wang Lei, 2023), while this paper explores the
fundamental question of how digital financial inclusion mainly
affects agricultural green development under the two perspectives
of macro andmicro. It comprehensively evaluates the effect of digital
financial inclusion. 3) Research Content. This paper utilizes the
spatial Durbin model to discover the spatial spillover effect of digital
financial inclusion on agricultural green development. This

Frontiers in Environmental Science frontiersin.org02

Zhang et al. 10.3389/fenvs.2024.1411866

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1411866


broadens the scope of previous research and can more accurately
measure the differential role characteristics of the two
between regions.

2 Theoretical analysis and research
hypothesis

2.1 Possible mechanisms of digital financial
inclusion in influencing agricultural green
development

2.1.1 Direct effect
China’s information field continually witnesses the emergence of

new technologies and forms (Han et al., 2024). Leveraging the
Internet as a conduit, the integration and development of digital
financial inclusion have interconnected financial services across the
entire spectrum of production, distribution, exchange, and
consumption (Guo et al., 2024). This integration furnishes
innovative ideas for financially supporting agriculture and serves
as a pivotal force in elevating the level of agricultural green
development (Bondarenko et al., 2024).

Regarding production, farmers accessing digital financial
inclusion services through online platforms conveniently and
swiftly acquire information on the production, transportation,
and sale of green agricultural products (Yu et al., 2020). This
facilitates timely comprehension of the substantial market
demand for green and healthy food, inherently motivating
farmers to engage in green agricultural production (Panday
et al., 2024).

In terms of work, digital financial inclusion employs big data
to assess the credit status of farmers and small enterprises,
thereby mitigating financing constraints resulting from
information asymmetry or collateral shortages during the
transition to environmentally friendly agricultural practices
(Mhlanga, 2024). Moreover, it fosters the development of
online businesses, enabling home-based work and remote
authentication (Oanh, 2024). This reduces commuting,
minimizes infrastructure, lowers energy consumption, and
curtails auto-mobile emissions.

In the realm of environmental management, the advantages of
digital financial inclusion, such as openness and real-time
accessibility, address previous information asymmetry drawbacks
(Hu et al., 2023). Leveraging technologies like big data, cloud
computing, and the Internet of Things, environmental pollution
in agricultural enterprises can be dynamically monitored and shared
with governmental decision-makers, enterprises, and the public.
This real-time monitoring enables swift responses to environmental
pollutants, enhancing agricultural green development (Ataei
Kachouei et al., 2023).

Concerning consumption, the evolution of digital financial
inclusion optimizes and expedites product matching and
transactions. The application of digital technology optimizes
the cross-border allocation of limited resources (Pratama et al.,
2023; Liu et al., 2024). The essence of digital financial
inclusion, represented by the Internet, facilitates information
exchange. The expanded scale and diversity of agricultural
products generate a wealth of information, introducing
complexity to the economic system and presenting new
matching challenges. Emerging technologies like the Internet,

FIGURE 1
Direct mechanism path diagram.

Frontiers in Environmental Science frontiersin.org03

Zhang et al. 10.3389/fenvs.2024.1411866

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1411866


cloud computing, and big data offer avenues for
optimizing economic market matching problems (Chen
et al., 2014).

The framework diagram of the direct mechanism is shown
in Figure 1.

2.1.2 Indirect effect
Digital financial inclusion plays a pivotal role in influencing

agricultural green development by optimizing industrial structure
upgrading and fostering entrepreneurial activity among farmers,
which can be corresponded to “Structural” effects and “Active” effects.

From a macro perspective, digital financial inclusion has
“Structural” effects. China’s significant advancements in digital
financial inclusion have triggered spurts in industrial structural
evolution. Agricultural development’s fundamental components
have transitioned from land and labor to modern facets like
science, technology, and human capital (Hong, 2023). Lever-
aging digital financial services such as the Internet and the
Internet of Things, traditional industries realign factor resources,
integrating and developing them with the information technology
industry. This optimization process enhances production
workflows, consistently augmenting production efficiency, and
establishing an effective and environmentally friendly production
mode. Through industrial association, integration, and innovation,
traditional industries with high energy consumption, emissions, and
pollution gradually phase out, fostering the upgrading of the
industrial structure. Simultaneously, digital financial inclusion’s
financial support for rural industrial integration propels the
comprehensive advancement of rural industries. Its digital
attributes yield “digital dividends,” amplifying the agricultural
output’s quality (Xu and Wang, 2023). This results in improved
environmental quality, thereby augmenting economic growth and
enhancing agricultural green development levels.

From a micro perspective, digital financial inclusion has
“Active” effects. Digital financial inclusion significantly
contributes to entrepreneurial activities (Xie et al., 2018). Its
development offers a seamless information exchange platform,
catering to the information needs of entrepreneurial farmers.
Whether facilitating pre-entrepreneurial decision-making or
aiding information exchange during entrepreneurial processes, it
significantly promotes entrepreneurship (Zhou and Fan, 2018). On
this basis, entrepreneurial activities in turn positively impact
agricultural green development.

Specifically, for agri-entrepreneurial farmers, they often utilize
entrepreneurial capital to expand agricultural production scales,
initiate small agribusinesses, join agricultural cooperatives, etc.
Grounded in the principles of the “rational economic man” and
profit maximization, these entrepreneurial choices tend to favor
activities with low energy consumption, minimal pollution, and
government support, directly promoting agricultural green
development (Li et al., 2020). For non-agricultural entrepreneurial
farmers, digital financial inclusion empowers them with
entrepreneurial capital. This prompts some farmers to diversify into
non-agricultural entrepreneurship, reducing traditional agricultural
production’s frequency and associated pollution emissions.
Additionally, it steers farmers towards industries closely linked to
agriculture, reducing entrepreneurial risks while rationally adjusting
industrial structures to minimize pollution and agricultural production

risks. This strategic restructuring phase gradually replaces high-
pollution, high-energy-consumption industries with low-pollution,
energy-efficient green sectors, indirectly fostering agricultural green
development.

In summation, digital financial inclusion emerges as a substantial
driving force propelling agricultural green development in the
contemporary era. Thus, we propose the following research hypotheses.

Hypothesis 1. “Byte-Sized Finance” (Digital financial inclusion)
can directly contribute to “Bushel-Sized Benefits” (agricultural green
development) on its own merits.

Hypothesis 2. “Byte-Sized Finance” generates “Bushel-Sized
Benefits” by promoting the upgrading of industrial structure and
enhancing the entrepreneurial activity of farmers. That is, with
“Structural” effect and “Active” effect.

2.2 Spatial spillover effects of digital financial
inclusion on agricultural green development

An essential aspect of digital financial inclusion lies in its ability
to compress spatial and temporal distances through efficient
information transfer, expanding interregional linkages in
agricultural activities. Early attention to spatial spillovers
resulting from informatization was observed in the empirical
examination of a panel dataset comprising 48 states in the U.S.A.
by Yilmaz et al. (2002). Keller (2002) furthered this perspective,
exploring the spillover distance associated with knowledge and
technology diffusion. In the Chinese context, studies by Su et al.
(2021) and Fang et al. (2022) corroborate the idea that the Internet,
particularly digital financial inclusion, exhibits spatial spillovers.

Moreover, agricultural activities demonstrate significant spatial
relevance, with the Internet showcasing spatial spillover effects on
regional agricultural development across various domains such as
agricultural economic informatization (Xurui, 2022), agricultural
mechanization (Sun et al., 2022), and agricultural green total factor
productivity (Hu et al., 2022). Therefore, it follows logically that the
influence of digital financial inclusion via the Internet on agricultural
green development should similarly display spatial spillover effects.
Consequently, we advance the following research hypothesis.

Hypothesis 3. “Byte-Sized Finance” (Digital financial inclusion)
can act on agricultural green development in neighboring regions
through spatial spillover effects, generating“ Bushel-Sized Benefits”.

3 Materials and methods

3.1 Model construction

Based on the above theoretical analysis, the following
benchmark model is constructed to examine the direct impact of
digital financial inclusion on agricultural green development:

Greenit � α0 + α1Digit + αcXit + μi + θt + εit (1)

Here: Greenit represents the level of agricultural green
development of province i in period t, α0 is a constant term.
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Digit represents the level of digital financial inclusion in province i
in period t, Xit is a series of control variables, containing level of
financial support for agriculture (Fde), urbanization rate (Urb),
human capital stock (Edu), per capita GDP (PGDP), and the
agricultural disaster rate (Dis), are described in detail below. μi
controls for province fixed effects. θt controls for time fixed effects.
εit is random disturbance term.

Besides the direct impact Equation 1 captures, to explore potential
indirect effects of digital financial inclusion on agricultural green
development through alternative pathways, we conducted empirical
analysis using mediation effect test methodology proposed by Zhonglin
et al. (2004) and tested the results based on the Bootstrap method (with
1,000 resampled iterations) referring to Wu et al. (2021). This allowed
us to examine the influence of digital financial inclusion on agricultural
green development and its operational mechanisms within the context
of our research inquiry. The specific model was structured as follows.

Mit � β0 + β1Digit + βcXit + μ1i + θ1t + ε1it (2)
Greenit � γ0 + γ1Digit + γ2Mit + γcXit + μ2i + θ2t + ε2it (3)

Here: Mit represents intermediary variables, which will be
described in detail below, and the other variables are explained as
in Equation 1. Equation 2 shows the effect of digital financial
inclusion on intermediary variables, and Equation 3 shows the
joint effect of digital financial inclusion and intermediary
variables on agricultural green development.

Finally, serving as a standard framework for spatial econometric
modeling, spatial correlation arising from different sources is well
captured by spatial Durbin models (Elhorst, 2014). Spatial
correlation can originate from both the explained variables
themselves, as well as from the explanatory variables and error
terms. It can be adapted into common spatial lag and spatial error
models by adjusting coefficient settings, thus enhancing its
applicability (Beer and Riedl, 2012). Therefore, this paper
considers introducing the spatial interaction term, for
explanatory variable and control variables in Equation 1
respectively. This expansion transforms it into a spatial panel
Durbin model, allowing for a more in-depth discussion of the
spatial spillover effect of digital financial inclusion on agricultural
green development.

Specifically, the natural logarithmic value (Log-L), likelihood
ratio test (LR test), and Wald test are employed to determine
whether the Spatial Durbin Model (SDM) needs to be
downgraded. The Hausman test results reject the null hypothesis
at the 1% significance level, indicating that the SDM with fixed
effects is superior to the model with random effects. Collectively,
these tests determined that the SDM model with spatiotemporal
double fixed effects is the optimal choice.

Greenit � δ0 + ρWGreenit + φ1WDigit + δ1Digit + φ2WXit + δ2Xit

+ μ3i + θ3t + ε3it

(4)
Here: ρ represents the spatial autoregressive coefficient, W is

the spatial weight matrix. θ3t controls for province fixed effects.
In order to improve the robustness of the empirical results, this
paper uses 2 spatial weight matrices, the first-order inverse
distance weight matrix and the adjacency matrix, for the
regression. φ1 and φ2 are the elasticity coefficients of the

spatial interaction term for the core explanatory variables as
well as the control variables.

3.2 Variable measurement and description

3.2.1 Agricultural green development (green)
While the significance of agricultural green production in

agricultural green development is widely acknowledged in the
academic realm, the prevailing evaluation index system
predominantly emphasizes resource environment and agricultural
production. However, due to measurement volatility and the limited
dimensions, relying solely on these criteria fails to suffice for
comprehensive research requirements in assessing agricultural
green development. Consequently, an increasing number of
scholars are resorting to multidimensional indicator systems to
measure the level of agricultural green development.

Green agriculture aims at achieving four-fold integration and
coordinated development involving agricultural economic growth,
advancements in agricultural science and technology, ecological
resource sustainability, and environmentally friendly agricultural
output. Specifically, the system designed in this paper draws on
Huang S (2021), Wang Lei (2023) and the most recent report by the
General Office of China’s Ministry of Agriculture and Rural Affairs
on “Monitoring and Evaluation Measures for the Level of
Agricultural Green Development (for Trial Implementation)”
released in October 2023. It encompasses the attributes,
objectives, pathways, and out-comes of agricultural green
development.

To align more closely with the realistic context of synergistic
governance of pollution and carbon emission reduction in China, we
also include agricultural carbon emissions and agricultural non-
point source pollution as some of the secondary indicators of the
level of agricultural green development, thus obtaining the situations
of clean and low-carbon transformation of agricultural production1.
Consequently, we establish an Indicator System for agricultural
green development, consisting of four primary and eighteen
secondary indicators. These indicators are distributed across
categories: greening of resources and the environment includes
seven secondary indicators, agricultural economic development
comprises four secondary indicators, agricultural science and
technology development involves three secondary indicators, and
greening of agricultural output encompasses four secondary
indicators. Refer to Table 1 for a detailed breakdown.

To assess the level of agricultural green development in the
31 provinces (excluding Hong Kong, Macao, and Taiwan) from
2013 to 2021, we employed the entropy method, resulting in the
Agricultural Green Development Index (AGDI). Figure 2 depicts the
spatial distribution of agricultural green development levels in
various provinces in 2013 and 2021.

3.2.2 Digital financial inclusion (dig)
Digital financial inclusion represents a modern financial model

that amalgamates traditional business practices with digital

1 Thank the reviewers for the precious comments and suggestions.
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technology, encompassing diverse sectors like insurance, securities,
payments, and credit. In this study, we opt to gauge China’s Digital
Financial Inclusion Index (DFII), a collaborative effort between the
Digital Finance Research Center of Peking University and Ant
Financial Group (Guo et al., 2020). Widely adopted, this index
serves as a benchmark for assessing the level of digital financial
inclusion development across various regions in China. It comprises
three dimensions: breadth of coverage, depth of use, and
digitization, incorporating a total of 33 refined indicators.
Figure 3 depicts the spatial distribution of the Digital financial
inclusion levels in 2013 and 2021 by province.

Other variable definitions are in the Supplementary Appendix SA.

3.3 Data source

This study examines 279 balanced panel observations from
31 provinces in China (excluding Hong Kong, Macao, and Taiwan)

spanning from 2013 to 2021. The data regarding the evaluation system
for agricultural green financial development were sourced from the
China Environmental Statistics Yearbook, China Rural Statistics
Yearbook, China Statistics Yearbook, Green Food Statistics
Yearbook, and the statistical yearbooks of provinces (municipalities)
from previous years. Additionally, the data for the digital financial
inclusion index were obtained from the Digital Financial Inclusion
Index compiled by the Digital Finance Center of Peking University.
Other variables were collected from various sources such as the China
Statistical Yearbook, China Statistical Yearbook of Industrial Economy,
China Agricultural Machinery Industry Year-book, and China Tertiary
Industry Statistics Yearbook. Some of the missing data were processed
using interpolation.

4 Results

The empirical test results are structured into four steps.

TABLE 1 Evaluation index system of agricultural green development in Chinese provinces.

Dimensions Indicators Interpretations Unit Index
type

Code

Greening of resources and
environment

Pesticide use intensity Average pesticide use per unit of agricultural land area Tons/Ha - X1

Fertilizer use intensity Average fertilizer use per unit of agricultural land area Tons/Ha - X2

Utilization rate of agricultural
plastic film

Agricultural film use/Cropland area Tons/Ha - X3

Land re-cropping index Ratio of total sown area of crops on cropland to
cropland area

None + X4

Straw utilization rate Comprehensive utilization of straw/Collectible
resources of straw

% + X5

Comprehensive utilization rate of
livestock and poultry waste

Amount of livestock manure utilized for integrated use/
Total amount of livestock manure

% + X6

Forest cover Forest area as a proportion of jurisdictional area % + X7

Agricultural economic
development

Cultivated land area grain yield Average annual food production per hectare of land Kg/Ha + X8

Agricultural labor productivity Average volume or value of agricultural products
produced per unit of time per agricultural laborer

RMB/Year + X9

Agricultural industry structure
index

Value added of primary sector as a share of
regional GDP

None + X10

Agricultural productivity Gross agricultural output/Total sown area of crops Million/Hectare + X11

Agricultural science and
technology development

Growth rate of electricity
consumption in agriculture

Growth rate of electricity use on rural sites in the current
year compared to the previous year

None + X12

Growth rate of agricultural
machinery power

Increase in the amount of mechanical power in
agriculture in the current year over the previous year

Kilowatt + X13

Effective irrigation rate in
agriculture

Effective irrigated agricultural area as a proportion of
cultivated area

None + X14

Greening of agricultural output Agricultural carbon emissions The sum of each carbon source multiplies its emission
factor (see Supplementary Appendix SB for details)

104Tons - X15

Per capita rural solar water heaters Rural solar water heaters/Rural population 10,000 Square
Meters

+ X16

Growth rate of green food
enterprise certification

Increase in the number of green food companies
certified over last year’s number

None + X17

Growth rate of green food labeled
products

Increase in the number of green and organic landmark
products over the previous year

None + X18
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Step 1. Examine whether digital financial inclusion directly
impacts agricultural green development (Hypothesis 1).
Step 2. Test whether digital financial inclusion indirectly affects
agricultural green development through the upgrading of
industrial structure and the entrepreneurial activity of farmers.
This step aims to analyze the “Structural” and “Active” effects of
digital financial inclusion (Hypothesis 2).
Step 3. Explore the spatial spillover effect of digital financial
inclusion on agricultural green development in neighboring
provinces (Hypothesis 3).
Step 4. Test the robustness of results and analyze for any
heterogeneity.

Descriptive statistics for the variables are presented in Table 2.
To ensure accurate estimation results and minimize issues related to
multicollinearity, we utilized the variance inflation factor method to
assess the model (refer to Table 3). The results in Table 3 indicate

FIGURE 2
Agricultural green development level by provinces in 2013 and 2021, listed as: (A) 2013; (B) 2021.

FIGURE 3
Digital financial inclusion level by provinces in 2013 and 2021, listed as: (A) 2013; (B) 2021.

TABLE 2 Descriptive statistics of variables.

Variables N Mean sd min Max

Explained variable Green 279 0.406 0.042 0.290 0.536

Explanatory
variable

Dig 279 0.347 0.637 0.218 0.462

Control variables Fde 279 0.117 0.035 0.041 0.204

Urb 279 0.599 0.124 0.240 0.896

Edu 279 1.259 0.202 0.753 1.774

PGDP 279 1.110 0.567 0.224 3.824

Dis 279 0.133 0.114 0.005 0.696

Intermediary
variables

Ins 279 0.250 0.125 0.122 0.810

Entrep 279 0.258 0.416 0.025 2.835

Frontiers in Environmental Science frontiersin.org07

Zhang et al. 10.3389/fenvs.2024.1411866

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1411866


that the variance inflation factor of each variable is below 10,
alleviating concerns regarding multicollinearity. Additionally,
based on the Hausman test and F-test, the double fixed effects
model was selected for further analysis.

4.1 Benchmark regression result

Table 4 presents the linear estimation outcomes illustrating the
influence of digital financial inclusion on agricultural green
development. The estimated coefficients of the key explanatory
variable, the digital financial inclusion index (Dig), exhibit
significantly positive values in both Model (1) and Model (2). These
findings affirm that digital financial inclusion fosters favorable
conditions for green agricultural development, even when
considering the control variables. That is, “Byte-Sized Finance” does
produce “Bushel-Sized Benefits.” Consequently, it supports the
validation of Hypothesis 1.

4.2 Test of possible mechanisms

The previous section presented a theoretical analysis of the
transmission mechanism through which digital financial
inclusion impacts green agricultural development, focusing on
industrial structure upgrading at the macro level and the farmers’
entrepreneurial motivation at the micro level. To empirically
validate the existence of these transmission paths, this study
utilizes the mediation effect model based on Equations 1–3, with
regression results presented in Tables 5, 6.

From a macro perspective: Model (1) in Table 5 confirms the
positive impact of digital financial inclusion on agricultural
green development, while Model (2) verifies whether digital
financial inclusion optimizes industrial structure upgrading. In
both models, the regression coefficients of digital financial
inclusion are positive and significant at the 1% level. Model
(3) demonstrates that the influence of industrial structure
(intermediary variable M) on the agricultural green
development level is significantly positive. However, the
estimated coefficient of digital financial inclusion is smaller
than the 0.214 estimated in the benchmark regression model
[Model (1)] and passes the 5% significance test. This suggests
that industrial structure functions as an intermediary. The
Sobel test confirms the hypothesis of a mediation effect. The
intermediary effect size of industrial structure
upgrading accounts for 24.40% of the total effect. This
suggests that, from a macro perspective, digital financial
inclusion optimizes the structure of the industry and thus
contributes to agricultural green development. It has
“Structural” effect.

From a micro perspective: Model (2) in Table 6 indicates a
significantly positive impact of digital financial inclusion on the
entrepreneurial activity of agricultural households at the 1%
level. Subsequently, by reintroducing the intermediary
variables of entrepreneurial activity into the regression
equation for the impact of digital financial inclusion on
agricultural green development, Model (3) shows a decreased
and non-significant coefficient for the impact of digital financial
inclusion compared to Model (1). This suggests that
entrepreneurial activity also mediates the enhancement of
digital financial inclusion in promoting agricultural green
development. The Sobel test reveals the mediating effect of the
entrepreneurial activity of farmers accounts for 14.60% of the
total effect. This signifies that digital financial inclusion can boost
agricultural green development by increasing farmers’
entrepreneurial activity, thus significantly exhibiting the
“active” effect of digital financial inclusion. This suggests that,
at the micro level, digital inclusive finance can contribute to the
agricultural green development by increasing farmers’
entrepreneurial motivation. It has “Active” effect.

On this basis, we further tested the findings of the mediating
effects of the two paths using the Bootstrap method (with
1,000 resampled iterations). The test results confirm that ‘Byte-
Sized Finance’ generates “Bushel-Sized Benefits” by promoting the
upgrading of the industrial structure and enhancing the
entrepreneurial activity of farmers, through the “Structural” effect
and the “Active” effect. Consequently, this supports the validation of
Hypothesis 2.

TABLE 3 Multiple collinearity test.

Variables VIF 1/VIF

Dig 1.31 0.762025

Fde 3.08 0.324968

Urb 5.58 0.179160

Edu 2.05 0.487330

PGDP 1.82 0.550071

Dis 1.28 0.783269

Ins 5.09 0.196496

Entrep 3.11 0.321514

TABLE 4 Benchmark regression result.

Variables
Green

(1) (2)

Dig 0. 206*** (3.68) 0.214*** (3.27)

PGDP 0.007 (0.91)

Fde −0.189** (−1.98)

Edu 0.010 (0.39)

Dis −0.008 (−0.67)

Urb 0.162** (1.87)

Constant term 0.338*** (24.75) 0.296*** (4.99)

Fixed provinces YES YES

Fixed time YES YES

Periods 9 9

Number of provinces 31 31

R2 0.521 0.638

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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4.3 Spatial spillover analysis

Before conducting spatial econometric analysis, it is crucial to
examine the existence of a spatial effect on the variables under
study, specifically the spatial autocorrelation of the digital
financial inclusion development index and the agricultural
green development index. In this paper, Moran’s I index
method is employed to compute the spatial effect for each
year using the first-order inverse distance weight matrix, as
presented in Table 7.

The results in Table 7 demonstrate that for the years 2013–2021,
most Moran’s I indices associated with the digital financial inclusion
development index and agricultural green development index under
the first-order inverse distance weight reach the 1% significance
level. This signifies significant spatial autocorrelation in digital
financial inclusion and agricultural green development across
China’s provinces from 2013 to 2021. These findings suggest a
clustering phenomenon in the spatial distribution of both indices.

Based on Equation 4, Table 8 presents the outcomes derived
from spatial regression models analyzing the impact of digital

TABLE 5 Validation of the transmission path of industrial structure upgrading.

Variables
Green Ins Green

(1) (2) (3)

Dig 0.214*** (3.27) 0.516*** (6.80) 0.156** (2.19)

Ins 0.113** (2.02)

Control variables YES YES YES

Fixed provinces YES YES YES

Fixed time YES YES YES

Periods 9 9 9

Number of provinces 31 31 31

R2 0.638 0.793 0.645

Sobel test (Z-val) 2.861***

Proportion of total effect that is mediated 24.4%

Ind_eff test (P-val) 0.000***

95% conf. interval [0.047,0.193]

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 6 Validation of the transmission path of entrepreneurship of farmers.

Variables
Green Entrep Green

(1) (2) (3)

Dig 0.214*** (3.27) 0.841*** (5.11) 0.006 (0.31)

Entrep 0.052*** (5.60)

Control variables YES YES YES

Fixed provinces YES YES YES

Fixed time YES YES YES

Periods 9 9 9

Number of provinces 31 31 31

R2 0.638 0.251 0.681

Sobel test (Z-val) 2.197***

Proportion of total effect that is mediated 14.6%

Ind_eff test (P-val) 0.002***

95% conf. interval [0.045, 0.230]

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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financial inclusion on agricultural green development using two
distinct spatial weight matrices. To gauge the robustness of the
estimations of SDMmodel, this paper also showcases the estimation
results of the spatial lag model (SAR) incorporating spatiotemporal
double fixed effects. The findings in Table 8 reveal notable time lag
effects and spatial spillover im-pacts on agricultural green
development. Models (2) and (4) indicate significantly positive
spatial autoregressive coefficients for agricultural green
development, alongside significantly positive estimated
coefficients for the spatial lag term of digital financial inclusion.

These results imply that the level of digital financial inclusion in
neighboring provinces exerts a positive effect on local agricultural
green development.

This effect may be attributed to interregional economic
competition and mutual emulation, where the digital financial
inclusion and agricultural green development models in
neighboring provinces demonstrate a robust effect on the local
area. Moreover, the growing integration between regions fosters
closer links in digital financial inclusion, facilitating the formation of
both backward-forward and upstream-downstream linkages among
industries with high correlations. Such connections support
technology spillovers and knowledge dissemination, contributing
to the favorability of neighboring regions’ digital financial inclusion
to local agricultural green development.

However, it’s important to note that the values of spatial
autoregressive coefficients cannot directly determine the marginal
impact of digital financial inclusion on agricultural green
development. Simple point regression results may lead to
misestimation while assessing spatial spillover effects between
regions. Hence, a comprehensive analysis using partial differential
interpretation to explain variable changes, including direct and
indirect effects, is necessary to ascertain the impact of the
independent variable in one region on the dependent variable in
both the same region and other regions.

Upon examining Table 8, the results indicate a significant
indirect effect of digital financial inclusion on agricultural green
development. “Byte-Sized Finance” can act on agricultural green
development in neighboring regions through spatial spillover effects,
generating“ Bushel-Sized Benefits”. Consequently, it supports the
validation of Hypothesis 3.

TABLE 7 Validation of the transmission path of entrepreneurship of farmers.

Year Dig Green

Moran’s I Z-value Moran’s I Z-value

2013 −0.001 1.018 0.427*** 4.009

2014 −0.045 −0.371 0.516*** 4.764

2015 0.075*** 3.344 0.484*** 4.503

2016 −0.010 0.755 0.447*** 4.165

2017 0.027* 1.862 0.459*** 4.181

2018 0.118*** 4.713 0.398*** 3.685

2019 0.112*** 4.534 0.626*** 5.600

2020 0.124*** 4.873 0.469*** 4.254

2021 0.143*** 5.430 0.536*** 4.904

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 8 Results of the spatial model of digital financial inclusion affecting agricultural green development.

Model
SAR SDM

Spatial matrix types Geographic distance
matrix

Adjacency matrix Geographic distance
matrix

Adjacencymatrix

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

ρ 0.674*** (9.57) 0.249*** (2.93) 0.490*** (4.78) 0.208** (2.41)

Dig 0.220*** (3.65) 0.182*** (3.04) 0.164*** (2.72) 0.130** (2.07)

W×Dig 1.483*** (4.04) 0.161** (2.43)

Control variables YES YES YES YES

Direct effect 0.238*** (3.59) 0.187*** (3.01) 0.149** (2.37) 0.142** (2.22)

Indirect effect 0.025 (0.71) 0.058* (2.31) 0.113** (2.97) 0.220*** (2.72)

Total effect 0.263* (2.59) 0.245*** (2.90) 0.262*** (3.42) 0.362*** (3.66)

Log-L 781.440 785.690 791.856 795.753

Fixed provinces YES YES YES YES

Fixed time YES YES YES YES

Wald test (P-value) - - 79.22 (0.000) 115.50 (0.000)

R2 0.237 0.281 0.290 0.298

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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4.4 Robustness test

To determine the reliability of digital financial inclusion in
bolstering agricultural green development, the article conducts
rigorous tests, and the outcomes are presented in Table 9.
Initially, the core explanatory variables are replaced. In models
(1), (2), and (3), the measures of breadth of coverage, depth of
use, and digitization all exhibit significant positive impacts at the 1%
level. This indicates that altering the measures of the core
explanatory variables doesn’t significantly alter the estimation
results, and the promotion effects, in descending order, are
observed as breadth of coverage, depth of use, and digitization.
Overall, the estimation results regarding the impact of different
dimensions of digital financial inclusion on agricultural green
development are largely consistent with the earlier findings
regarding the influence of digital financial inclusion on green
agricultural development.

Subsequently, highly correlated policy variable is added as
another control variable, and enter the model in the form of
dummy variables. The General Office of the CPC Central
Committee and the General Office of the State Council issued
the Opinions on the Establishment of Unified and Standardized
National Ecological Civilization Pilot Zones on 22 August 2016.
Taking into account the existing ecological civilization reform
practice foundation, regional variability and development stage of
each region, the first batch of Fujian, Jiangxi and Guizhou provinces,
which have a better ecological foundation and stronger carrying
capacity of resources and environment, were selected as the pilot
zones. In model (4), the estimated coefficients and signs of digital
financial inclusion exhibit no significant changes after incorporating
the policy, confirming the robustness of the conclusions.

Thirdly, alternative models (system GMM) were used to further
enhance the robustness of the article’s conclusions. To verify the

validity of the Gaussian mixed model estimation results, this study
employs two tests, including the second-order serial autocorrelation
test and the over-identification constraint test, to validate the model
estimation results and the validity of instrumental variables. As
shown in model (5), the Arellano-Bond test for AR (2) in first
differences is 0.192 (greater than 0.05), which verifies the hypothesis
that there is no second-order serial autocorrelation in the model.
Additionally, the value of the Sargan test is greater than 0.05, which
confirms that there is no over-identification of the instrumental
variables, indicating that the model setting is reasonable and
effective. The estimation results in model (5) also demonstrate a
positive effect of digital financial inclusion on agricultural green
development. These outcomes collectively affirm that digital
financial inclusion indeed exerts a noteworthy promotional effect
on agricultural green development.

4.5 Endogenous discussion

The main method to address the endogeneity problem caused by
omitted variables and reverse causation is the selection of
appropriate instrumental variables for the core explanatory
variables. Following the methodology of Huang et al. (2019), the
historical data of post and telecommunications of each province in
1984 is utilized as an instrumental variable for the digital financial
inclusion development index. This selection is based on the premise
that the vehicle for the development of digital financial inclusion is
the information network, of which the Internet is a representative,
and Internet access technology began with telephone dial-up access
(PSTN), followed closely by fiber-optic broadband access
technology. Such that places with historically high ownership of
telephones are also likely to have high Internet penetration.
Moreover, traditional telecommunication tools such as landline

TABLE 9 Robustness test results.

Variables
Replacing core explanatory variables Adding policy variable System GMM model

Breadth of coverage Depth of use Digitization

(1) (2) (3) (4) (5)

L1.Green 0.795*** (11.54)

Dig 0.217*** (3.32) 0.323* (1.64)

Treat*Post 0.104** (2.12)

Breadth of coverage 0.929*** (4.30)

Depth of use 0.323*** (3.46)

Digitization 0.226** (2.02)

Control variables YES YES YES YES YES

Fixed provinces YES YES YES YES YES

Fixed time YES YES YES YES YES

N 279 279 279 279 248

AR (2) - - - - 0.192

Sargan - - - - 0.393

t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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telephones are unlikely to exert an impact on present-day
agricultural green development, which meets the requirement of
exclusivity. Therefore, using the number of telephones owned by
provinces (excluding Chongqing) in 1984 as an instrumental
variable satisfies the criteria of exogeneity and relevance. The
data on telephone ownership by provinces in 1984 is derived
from the Compendium of Fifty Years of Statistical Resources of
New China.

However, as the instrumental variable comprises cross-sectional
data, it cannot be directly employed in the econometric analysis of
panel data. To address this issue, we introduce time series data and
create an interaction term with the cross-sectional data to construct
the panel instrumental variable, following Nunn and Qian (2014)’s
approach. Specifically, the number of Internet users in the country in
the previous year (time-series data) is separately constructed from
the number of telephone sets owned in each province in 1984 (cross-
sectional data) as an instrumental variable (IV) for the provincial
digital financial inclusion index in that year. Subsequently, a two-
stage least squares (2SLS) regression is conducted.

The outcomes depicted in Table 10 demonstrate that even
after considering endogeneity, the effect of digital financial
inclusion on enhancing agricultural green development
remains significant at the 1% level. Additionally, regarding the
original hypothesis of “insufficient identification of instrumental
variables,” the p-value of the LM statistic of Kleibergen-Paap rk is
significant, rejecting the original hypothesis. Furthermore, in the
test of weak identification of instrumental variables, the Wald F
statistic of Kleibergen-Paap rk is greater than that of the Stock-
Yogo weak identification test, signifying significance at the 10%
level. The critical value of the Stock-Yogo weak identification test
at the 10% level is 16.38. Overall, these tests validate the selection
of the cross term between the historical number of telephones in
each province and the number of Internet users in the country in
the previous year as an instrumental variable for historical postal
and telecommunications data.

4.6 Heterogeneity analysis

Regional heterogeneity in the distribution of agricultural green
development exists due to varying resource endowments and
developmental stages. This is typically observed when dividing up
food-producing areas. In order to guarantee food security, China has
established 13 main grain-producing regions: Liaoning, Hebei,
Shandong, Jilin, Inner Mongolia, Jiangxi, Hunan, Sichuan, Henan,
Hubei, Jiangsu, Anhui, and Heilongjiang. An overall sample
regression might obscure regional characteristics. Therefore, before
testing for categorical regression, the descriptive statistics of the
differences in the levels of agricultural green development and digital
financial inclusion between different regions are explained.

From Table 11, it can be seen that the major-grain-producing
region is significantly ahead of the not-major-grain-producing in
agricultural green development, reflecting the “first-mover
advantage” of resource endowment. This result sets the foundation
for testing the regional heterogeneity in the impact of digital financial
inclusion on the level of green development in agriculture.
Consequently, the sample is divided into major-grain-producing
regions and not-major-grain-producing regions for regression in the
heterogeneity analysis. The estimation results are presented in Table 12.

The results in models (1) and (2) show that the effect of digital
financial inclusion on the promotion of not-major-grain-producing
regions is significant at the 1% statistical level, while its positive effect
on agricultural green development in major-grain-producing
regions is not significant. The possible reasons for this are that
the major-grain-producing areas are the primary source of food
supply in China, and the frequent agricultural production activities,
high intensity of agricultural inputs such as chemical fertilizers and
pesticides, and serious pollution problems present greater obstacles
to the promotion of agricultural green development by digital
inclusive finance. This heterogeneous result also suggests that the
role of digital inclusive finance in mitigating pollution and fostering
green agriculture should be tailored to the specific conditions of

TABLE 10 Instrumental variables regression.

Variables Phase I: Dig Phase II: Green

IV 0.000*** (4.96) 0.000*** (3.49)

Dig 0.097*** (4.21) 0.126*** (3.37)

Control variables NO YES NO YES

Fixed provinces YES YES YES YES

Fixed time YES YES YES YES

Kleibergen-Paap rk
LM statistic

14.059 [0.000]1 17.896 [0.000]1

Kleibergen-Paap rk
Wald F statistic

20.923
{16.38}2

21.516
{16.38}2

Periods 9 9 9 9

Number of provinces 31 31 31 31

R2 0.779 0.748 0.970 0.989

1 [ ] value is P-value.

2 { } value is the Stock-Yogo weak discrimination test threshold at the 10% level.

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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major-grain-producing region. Furthermore, agricultural green
transformation policies should be strategically focused on these
primary food-producing areas to fully exploit the potential of
digital inclusive finance in advancing the comprehensive and
sustainable development of agriculture in these key regions.

5 Discussion

This paper has a high correlation with the existing research. For
example, some theoretical studies delve into the role of digital financial
inclusion in affecting green total factor productivity (Liu et al., 2023;
Shen et al., 2023), agroecological efficiency (Ma and Li, 2021), farm
income (Li et al., 2022), farmers’ adoption of green production
technologies (Carter et al., 2016; Zhou et al., 2022), carbon emission
reduction (Wang et al., 2022a; Lee et al., 2022), and the convergence
theme of green finance contributing to sustainable agricultural
development (Mo et al., 2023). Some other theoretical studies have
underscored the multidimensional impact of digital financial inclusion
on agricultural green development, such as agricultural technological
innovation and agricultural socialization services (Wang Lei, 2023).

However, significant gaps remain. What are the characteristics
of this effect, and how can we capitalize on these effects for
coordinated regional development? While these studies have
provided valuable insights, they have often focused on either
macro or micro perspectives, overlooking the holistic impact of
digital financial inclusion across different levels.

Our study addresses this gap by providing a comprehensive analysis
that integrates both macro and micro perspectives. At the micro-level,
research suggests that digital financial inclusion fosters
entrepreneurship among farmers (Liu Z. et al., 2021b; Ji et al., 2021).
At the macro-level, studies propose that digital financial inclusion
facilitates the upgrading of industrial structures (Ren et al., 2023;
Zhang et al., 2023). By confirming these pathways of digital
inclusive finance and further affirming its role in agricultural green
development through these pathways, our findings address the question
of how “Byte-Sized Finance” can yield “Bushel-Sized Benefits” in
China’s agricultural green development. It offers fresh evidence for
the discussion of the “Structural” and “Active” impacts of digital
inclusive finance on agricultural green development.

Furthermore, both digital financial inclusion and agricultural
green development demonstrate the potential for spatial spillovers
(Keller, 2002; Yilmaz et al., 2002; Su et al., 2021; Hu et al., 2022;
Xurui, 2022). We confirm this through empirical analysis and
provide policy suggestions on leveraging these effects to promote
coordinated regional development in the agricultural sector, adding
practical significance to our study.

This study still has some limitations. It is hoped that future
research will further our study from the following aspects:

(1) Scale of Analysis. This study uses Chinese provincial-level regions
as case areas due to data availability. Future research can conduct
empirical studies at more granular levels to test whether the
findings are equally applicable in smaller administrative units
within China, such as the city or county level.

(2) Focus on Digital Finance. This study concentrates on the
impact of digital financial inclusion on agricultural green
development. Future research could expand this focus to
assess the broader financial dividends from the integration
of economy and technology on agricultural sustainability.
Investigating the potential impacts of digital financial
inclusion on other environmentally related areas of
sustainable development would also be valuable.

(3) Geographical Applicability. This study focuses on the spatial
spillover effects of digital financial inclusion within China.
Further research should explore the applicability of these
results to other developing countries and explore the
potential spatial spillover effects of digital financial
inclusion on agricultural green development.

TABLE 11 Differences of digital financial inclusion and agriculture green
development across regions.

Digital financial inclusion (Dig)

Region N Mean sd min Max

Major 108 0.349 0.063 0.224 0.431

Not-major 171 0.347 0.064 0.217 0.462

Agricultural Green Development (Green)

Major 108 0.426 0.034 0.363 0.536

Not-major 171 0.393 0.042 0.289 0.525

TABLE 12 Heterogeneity analysis: grouping by food-producing regions.

Variables
Major-grain-producing area Not-major-grain-producing areas

(1) (2)

Dig 0.118 (1.57) 0.460*** (3.33)

Control variables YES YES

Fixed provinces YES YES

Fixed time YES YES

N 108 171

R2 0.742 0.509

*t statistics in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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6 Conclusion and policy implications

In this paper, “Byte-Sized Finance” refers to digital financial
inclusion, which encompasses the use of digital technologies to
provide financial services to individuals and businesses that are
underserved by traditional financial institutions. The primary goal is
to make financial services more accessible, affordable, and
convenient, especially for rural and remote areas. “ Bushel-Sized
Benefits” refers to the significant benefits and improvements in
agricultural green development and sustainability resulting from the
application of digital financial services. Given the substantial impact
of digital financial inclusion on agricultural green development in
China, this study empirically examines the complex impacts of
digital financial inclusion as driver of agricultural green
development. The main conclusions are as follows:

(1) “Byte-Sized Finance” and “Bushel-Sized Benefits”: Digital
financial inclusion, referred to as “Byte-Sized Finance,” can
contribute to significant agricultural benefits, termed “Bushel-
Sized Benefits.” Digital financial inclusion significantly propels
agricultural green development in China, emerging as a pivotal
determinant in shaping agricultural sustainability in the
contemporary era. The conclusions remain robust even after
employing instrumental variables and conducting robustness
tests, with digital financial inclusion demonstrates greater
effectiveness in not-major-grain-producing areas.

(2) Mechanisms of Impact: “Byte-Sized Finance” generates
“Bushel-Sized Benefits” through “Structural” effect and
“Active” effect. It facilitates industrial structural upgrading
and stimulates entrepreneurial activity among farmers, thus
empowering agricultural green development.

(3) Spatial Spillover Effects: Digital financial inclusion can
positively impact agricultural green development in
neighboring regions through spatial spillover effects. Our
empirical findings corroborate the presence of a spatial
spillover effect of digital financial inclusion on provincial
agricultural green development. This underscores the pivotal
role of digital financial inclusion in fostering an
interconnected and harmonized paradigm of green
agriculture across regional boundaries. Such synergistic
dynamics are instrumental in enhancing the standards,
efficiency, and sustainability of Chinese agriculture.

Given the above conclusion, our study offers several policy
implications. Firstly, boost investments in internet finance.
Recognizing digital financial inclusion as a potent catalyst for
agricultural sustainability necessitates a significant increase in
investments in Internet finance. This can be achieved through the
establishment of special demonstration zones that showcase the benefits
of digital financial services in agriculture. Additionally, enhancing
collaborative efforts among stakeholders—including government
agencies, financial institutions, and tech companies—is essential.
Conducting regular performance evaluations will further solidify the
dividends gained from comprehensive financial service reforms. These
steps are crucial in advancing agricultural green development by
ensuring that digital financial inclusion reaches its full potential.

Secondly, implement tailored strategies for regional integration.
While the positive impact of digital financial inclusion on

agricultural green development is evident across China, deeper
integration is required in the major-grain-producing areas. It is
imperative to implement dynamic and tailored digital financial
inclusion strategies that address the unique challenges and needs
of these regions. Providing “hardware” technical support, such as
improving digital infrastructure and offering targeted financial
products, can effectively address regional disparities in resource
endowments and heterogeneity in development characteristics. This
approach ensures that all regions benefit equally from digital
financial inclusion, thereby promoting balanced and sustainable
agricultural growth.

Lastly, harness spatial spillover effects. Acknowledging the
spatial spillover effects of digital financial inclusion activities
implies the need to fully harness spatial contributions to
agricultural green development. This can be achieved by
enhancing coordination in constructing new infra-structure
across different regions and aligning decision-making strategies
from the CPC Central Committee and the State Council to foster
inclusive finance. These approaches highlights the
interconnectedness of regional agricultural systems and ensures
that advancements in one area benefit neighboring regions as well.
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