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Finance-driven sustainable
development: the impact of
green finance on agricultural
non-point source pollution and
its pathways

Yang Shen and Xiuwu Zhang*

Center for Quantitative Economic Research, Huagiao University, Xiamen, China

Introduction: Pollutants from farming and rural life have a serious negative
impact on water and soil. The advantages of green finance in financial support
and credit management can guide the green transformation of agricultural
production, thus protecting the ecological environment.

Methods: Based on panel data from 30 provinces in China from 2005 to 2021, the
study used inventory analysis, entropy method and two-way fixed effect model
to analyze the impact of green finance on agricultural non-point source pollution
(ANSP) and the mediating mechanism.

Results: ANSP has experienced an inverted U-shaped trend of first rising and then
falling, and the rural ecological environment is improving. At the time level, the
ANSP produced by agricultural production in China experienced an inverted U-
shaped evolution trend of first increasing and then decreasing during the sample
period. At the spatial level, ANSP has a significant low regional differentiation.
The ANSP of the central region and the coastal economic development area is
higher than that of the western region. The results of linear regression show that
green finance has a negative effect on ANSP. Promoting green finance in rural
areas can effectively guide the green transformation of agriculture and reduce
the dependence of crop cultivation on fertilizers and pesticides. This result held
even after the elimination of endogeneity and after various tests. Land transfer
and environmental supervision are important intermediary mechanisms. Under
the influence of these two economic variables, the role of green finance in
pollution reduction can be fully brought into play. However, there is regional
heterogeneity in the negative effects of green finance on ANSPs. Its effect on
pollution reduction is stronger in major grain-producing areas and regions with
well-developed digital financial infrastructure.

Discussion: This study confirms once again that green finance has a negative
effect on ANSP, and the findings help to decouple the development of the
agricultural economy from emissions. The outstanding contribution of this study
is the discovery of the role of land transfer and government environmental
requlation. | order to give full play to the role of green finance in pollution
reduction, this study provides relevant policy measures. These measures are
intended to improve the green finance system and business model in agriculture
and rural areas.
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green finance, agricultural non-point source pollution, government environmental
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1 Introduction

A good ecological environment is the most universal welfare
for people’s livelihoods. Green agricultural development is not only
an important component of ecological civilization construction,
but also an inevitable choice for comprehensively promoting
rural revitalization strategy. China is a big agricultural country.
The rapid development of agricultural production has played a
prominent role in ensuring the supply of agricultural products,
providing food and nutrition to prevent hunger, and stabilizing
social development (Du and Hu, 2023). By the end of 2023,
China’s grain output had been stable at more than 1.3 trillion
kilograms for nine consecutive years, with a per capita grain share
of 493kg, far higher than the internationally recognized food
security line. However, the rapid growth of agricultural economy
has produced agricultural environmental problems that cannot be
ignored. Under the background of China’s extensive agricultural
economic model, the problem of non-point source pollution caused
by the market players’ one-sided pursuit of intensive and large-
scale agricultural development with high input and high output
is very serious. According to the data of the Second National
Pollution Sources Census Bulletin released in 2020, the chemical
oxygen demand, total nitrogen, and total phosphorus in the
emissions of water pollutants from agricultural sources in China are
10.6713, 1.414900, and 21.2 million tons respectively, accounting
for 49.8%, 46.5%, and 67.2% of the national water pollutant
emissions, respectively. In 2021, the single acre net use of nitrogen,
phosphorus, potassium, and compound fertilizers for China’s three
major grain crops was 8.39, 0.44, 0.56, and 15.54 kg, respectively.
However, the utilization rates of fertilizers and pesticides were only
41.3 and 41.8%, respectively, causing high-intensity and overloaded
pollution to soil and water quality. Agricultural non-point source
(ANSP) is the main source of regional pollutants (Zhao et al., 2022).

Accelerating the green development of agriculture not only
faces the constraints of soil environment, water environment and
other resources, but also faces many difficulties such as the lack
of green technology, the lack of green production capacity and
production power of producers. The vulnerability of sustainable
agriculture includes not only the risks brought by factors such
as location, soil and climate, but also the conflicts between
environmental requirements and production efficiency faced by
green agriculture in production links such as irrigation, weeding
and fertilization. The development of green agriculture is difficult
to become a conscious action of agricultural producers, and it
is necessary to correct the market failure caused by positive
externalities and vulnerabilities of green agriculture through policy
support and economic incentives. In the current context of resource
scarcity and severe environmental pollution, green finance (GF)
is particularly important. Through instruments like green credit,
green bonds, and other financial mechanisms, GF channels funds
toward low-carbon, clean energy, and environmental protection
projects. This facilitates the transition of capital from high-
pollution industries to low-pollution sectors, enhances returns on
investments in green industries, improves fund availability, and
mitigates pollution emissions (Tian et al., 2022; Ge and Zhu, 2022).
The 20th National Congress of the Communist Party of China
(CPC) underscored the vital role of financial backing for green
development. It explicitly advocated for the rational allocation
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of resources, promotion of resource transfer to green and low-
carbon projects, and facilitation of the transition of traditional
industries toward ecological practices and the development of
new green industries. In this context, agricultural nonpoint source
pollution (ANSP), as a significant driver of systemic environmental
pollution, plays a crucial role in achieving sustainable agricultural
development and ensuring human health and safety (Fan et al,
2024).

However, due to the characteristics of ANSP, despite China’s
robust policy and financial support for controlling such pollution,
administratively-driven fiscal policies have encountered a
“dysfunctional” dilemma, making ANSP control a key and
challenging aspect of environmental governance. The dispersion,
hidden nature, and delayed characteristics of ANSP exacerbate
the situation, leading to a yearly increase in government financial
support. Urgent expansion and supplementation of the tools for
managing ANSP are necessary. In this regard, GF should serve as
a means to manage ANSP effectively and play its crucial role. The
inclusion of “green financial standardization construction” as a key
project during the “13th Five-Year Plan” period, along with the
formulation of guiding opinions by the CPC Central Committee
and the State Council to comprehensively strengthen ecological
environmental protection and fight pollution, signifies the steady
advancement of GF standardization in China. With a positive trend
in financial market development, financial support has become a
primary driver in promoting the management of ANSP and the
development of ecological civilization.

Financial support is the most important policy tool besides
government fiscal means. The realization of the coordinated
development of finance and green agriculture can not only
guarantee the interests of financial institutions, but also maximize
the demand for financial products and financial services in the
green development of agriculture (Yan et al., 2012). While GF yields
positive effects in managing ANSP, it faces numerous bottlenecks
and challenges, including the imbalance and inadequacy of China’s
financial development. Hence, in this context, it is essential
to examine the impact of GF on the governance of ANSP in
China. Does it effectively support pollution management? What
mechanisms does GF employ in managing ANSP? This paper
aims to address these questions by exploring scientific issues,
developing an assessment of the impact mechanism of GF on
managing ANSP, providing decision-making guidance for the
government to promote ecological construction, and offering
reference significance for other developing countries’ pollution
management efforts. This research aims to contribute to the
improvement of the green financial system and achieve dual
benefits in financial and environmental domains.

The research framework of this study is as follows: First section
is the introduction. This part mainly states the research background
and the importance of green finance for agricultural pollution
control. The second section is literature review. This part is mainly
to collate the efforts and contributions of the published literature
under the topic of this study. On the basis of combing them,
the advantages and disadvantages of them are reviewed, and the
potential literature contributions of this study are given. The third
section is the research hypothesis. In this section, the potential
influence of GF on ANSP is analyzed and the corresponding
research hypothesis is given. The fourth section is model setting and
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data source. It mainly introduces the empirical model and variable
setting of this study. The fifth and sixth sections are empirical
analysis. They correspond to the direct and indirect effects of GF
on ANSP. The seventh section is discussion.

2 Literature review

2.1 Conceptual development of green
finance and agricultural non-point source
pollution

The concept of GE originating from global concerns for
environmental protection and sustainable development, represents
a novel paradigm in financial theory and practice. It is also
referred to as environmental finance or sustainability finance
in existing literature. GF primarily restructures the operational
concepts, management policies, and business processes of the
financial industry through an environmental protection lens,
aiming to achieve sustainable development (Zhang et al., 2019). In
recent years, the Chinese government has actively promoted the
establishment of a green financial system through various policy
measures, including the introduction of green credit, green bonds,
and support for the development and implementation of green
projects (Li et al., 2023a). China’s GF policy not only addresses
urban environmental issues but also encompasses the agricultural
sector, particularly focusing on the challenge of agricultural surface
source pollution.

Agricultural surface source pollution refers to the
contamination of the ecological environment due to excessive
chemical inputs in the planting industry and improper treatment
of crop straws and livestock manure in the farming industry. It
is driven by factors such as rainfall, topography, and a variety of
influencing factors, making its monitoring challenging. With the
rapid development of agriculture since the 21st century, China’s
major lakes and rivers have been increasingly affected by surface
pollution, leading to the dangerous problem of eutrophication (Li
Q. et al., 2023). Similarly, foreign countries also face agricultural
surface source pollution due to extensive chemical fertilizer use

and intensified modern agricultural practices (Shortle et al., 2012).

2.2 Measurement and spatiotemporal
evolution of agricultural non-point source
pollution emissions

There are two main methods for measuring agricultural surface
source pollution. The experimental method involves selecting
representative farms to test and measure pollutants discharged
using modeling and monitoring methods (Shen et al., 2020). The
source strength estimation method, used for macro calculations,
estimates pollutant loads per unit area from farmland fertilizers,
livestock and poultry farming, farmland solid waste, and rural
life (Ding et al., 2023). Zou et al. (2020) used chemical oxygen
demand (COD), total nitrogen (TN) and total phosphorus (TP)
to measure the pollution load of agricultural non-point sources,
and found that agricultural non-point source pollution was closely
related to agricultural conditions. Xu et al. (2022) used NH3N as an
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indicator to characterize agricultural non-point source pollution,
and believed that agricultural non-point source pollution had a
long-term impact on water quality pollution. Wang et al. (2022)
applied a statistical data mining technique boosted regression tree
model to quantify the contribution of eight influencing factors (soil
type, slope, elevation, RUSLE LS factor, RUSLE K factor, runoff,
fertilizer application rate and land use) on two types of CSA (TN-
CSA and TP-CSA), as well as the marginal effects and potential
thresholds of influencing factors on the occurrence of CSA.

2.3 The role of green finance in reducing
agricultural non-point source pollution

As the financial system continues to evolve, market-led
green financial support has become an important tool for
managing ANSP. Financial institutions can influence the
environmental protection capacity of the production sector by
incorporating environmental values into their financial products or
services, thereby directing social funds to participate in pollution
management, particularly in less developed areas (Jiang et al,
2019). Measures such as promoting organic fertilizers, improving
livestock and poultry management, and supporting eco-agriculture
not only reduce pollution but also enhance agricultural production
efficiency, achieving economic and environmental benefits
(Bah et al, 2020; Wen et al, 2024). However, the application
of GF in agriculture still faces numerous challenges. Scholtens
(2017) suggest that the imbalance in financial resource allocation
can hinder efforts to combat ANSP. Factors such as capital
scarcity, technological limitations, and the immaturity of financial
products and services may inhibit farmers’ adoption of ecological
practices for soil and water conservation (Spearing et al., 2022;
Muthukannan et al, 2020). Lv et al. (2023) showed through
empirical research that green finance has a significant inhibitory
effect on agricultural non-point source pollution, and green finance
policies should be formulated according to local conditions to
achieve green agriculture. Geng et al. (2024) conducted a study in
Chinese provinces, and the results show that green finance has an
inhibitory effect on agricultural non-point source pollution, and
environmental regulation and land transfer have a mechanism
effect. Cao and Gao (2024) believe that green finance can not only
curb non-point source pollution but also reduce carbon emissions.

2.4 Research gap

Overall, research on GF and ANSP appears to be both
systematic and comprehensive, yielding significant findings across
various dimensions. Nonetheless, as investigations advance, certain
limitations in existing studies have become evident. In response,
this paper utilizes panel data from 30 mainland Chinese provinces
between 2005 and 2021. It constructs a GF index employing
the entropy value method and assesses emissions from seven
categories of agricultural non-point source pollutants (agricultural
fertilizers, livestock and poultry farming, aquaculture, crops, rural
life, pesticides, and agricultural films) using the inventory method.
Moreover, the paper performs empirical analyses of the pollution
control and emission reduction impacts of GF by developing a
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mediation effect model. The research contribution of this article
mainly includes three aspects.

Firstly, innovatively identify the causal relationship between
GF and ANSP. Previous studies have mainly focused on the
relationship between single GF and ANSP and other influencing
factors. At the same time, this article also delves into the role
of government environmental regulation and the role of land
transfer in this causal relationship. This article not only reveals the
interactions between these elements, but also provides empirical
evidence for optimizing the development of the green finance
system, which will help strengthen the control of agricultural non-
point source pollution.

Secondly, this study expanded the scope of ANSP measurement
based on the inventory method. Existing research on the use of
inventory methods mostly only selects limited indicators, such
as the amount of fertilizer and pesticide usage, for calculation,
and the selection of indicators is not comprehensive enough. This
article selects more than 10 indicators from five aspects, including
fertilizers, pesticides, and crops, for calculation. The calculation
results are more accurate and can provide a more comprehensive
evaluation of the relationship between GF and ANSP.

Finally, the study examined the heterogeneity of the effect
of GF on reducing ANSP. The degree of economic development
and geographical location are often used as sample classification
criteria for heterogeneity test. However, these two criteria have
not been able to add some surprising new findings to the existing
research. According to the natural endowments and the degree
of fintech development in each region, the study selected major
grain-producing areas and digital financial inclusion as the sample
classification criteria. According to the results of heterogeneity
analysis, we found interesting conclusions regarding different
natural and human conditions.

Overall, compared to previous studies, this study provides a
more scientific and comprehensive insight into improving the
effectiveness of GF in pollution control and emission reduction.
Meanwhile, it provides a reference for more effective management
and prevention of ANSP.

3 Theoretical analysis and research
hypotheses

3.1 Direct impact of green finance on
agricultural non-point source pollution

Blue sky, clear water and green grass is a good ecological
environment and a typical public good. Their provision and
maintenance are characterized by strong externalities. Marshall’s
externality theory holds that it is difficult to rely on the market
mechanism to satisfy the public goods such as the ecological
environment, and the government needs to play the role of product
supplier. In order to solve the problem of externality of public
environment, economists have put forward different methods,
among which the more typical schemes are the theory of property
rights and Pigovian tax. The theory of property rights shows that
as long as the ownership of goods is clear and there are relevant
laws and regulations to achieve effective protection of property
rights, in the case of a perfect market, the efficiency loss caused

Frontiers in Sustainable Food Systems

10.3389/fsufs.2024.1430670

by externalities can be improved by the market itself. Under the
guidance of the property rights theory, the rights and interests
trading represented by emission rights, carbon emission rights and
sulfur dioxide emission rights are derived, and the environmental
externalities of enterprise production are transformed into internal
costs. In the case of negative environmental externalities, it is
necessary for the government to formulate a tax mechanism
and take measures to levy pollutant discharge tax on polluters
so that the production cost of polluters is equal to the social
cost. When there are positive environmental externalities, the
government reduces the production cost of enterprises by means
of fiscal subsidies or tax incentives, so as to solve the externalities
problem to a certain extent. The environmental tax, resource
tax and carbon tax already implemented in some countries
and regions reflect Pigou’s thought of cost internalization. The
existing theories reflect that to deal with environmental or climate
problems, the cost of pollution control should be internalized
into the production cost of enterprises, and the government
should adopt the behaviors of regulation, confirmation of rights
and supervision (Shen and Zhang, 2022; Ma et al, 2024). The
logic of the collective action problem is to provide “selective
incentives” to overcome natural obstacles to cooperation, and the
task of formulating and implementing measures is necessarily
undertaken by the government agency. The same thinking applies
to environmental issues, where internalizing externalities requires
government intervention. In the dual body composed of the
government and individual producers, if the government simply
relies on the internalization cost through taxation or defining
property rights, it will bring great emission reduction costs to the
producers and the government, so it needs the financial support of
financial institutions.

GF can make farmers make good environmental and social
decisions by internalizing the external costs in the agricultural
production process. GF, an emerging financial mechanism aimed
at promoting environmentally friendly investments and projects,
significantly influences the prevalence of ANSP (Liu and Zhang,
2024). This impact is evidenced in several ways.

Firstly, GF fosters the sustainability of agricultural production
by reallocating resources, thereby mitigating the adverse
environmental effects of agricultural activities at their source.
For instance, green credit, China’s primary green financial product,
imposes stringent environmental criteria for loan recipients
and emphasizes rigorous credit assessment processes, indirectly
raising financing costs for enterprises with high pollution and
energy consumption levels. The pollution emission behavior
of agriculture-related enterprises is regarded as the assessment
condition of credit by financial institutions. Through resource
reallocation, green credit reduces credit allocation to such
enterprises, strictly prohibits support for restricted or newly
established projects, increases the risk of exit for these high-
polluting enterprises, sends market selection signals, and creates
barriers for potential entrants. The credit conditions of green
finance can help financial institutions screen out qualified
investors with sufficient funds and focus on long-term returns,
avoid speculation that only focuses on short-term interests, and
then ensure a steady flow of capital into the green agricultural
industry to provide necessary funds for the green development
of agriculture.
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Secondly, GF can also share risks for the development of
green agriculture, thereby improving the enthusiasm of agricultural
operators. Green financial products include green credit, green
insurance, green bonds, green futures, etc. Different green financial
products play a different degree of risk sharing role in the
development of green agriculture. In the process of agricultural
production, promoting farmers to buy green insurance can
effectively reduce risks. The transition from traditional agriculture
to green agriculture is faced with great risks. The participation
of GF can effectively share some risks, help alleviate the
resistance of agricultural operators to the green transformation of
traditional agriculture, guide farmers to actively participate in the
green transformation process, and promote the development of
green agriculture.

Finally, GF provides financial support for the research and
development of cutting-edge agricultural technologies and the
promotion of advanced agricultural equipment, which helps to
promote the development of green agriculture. GF facilitates the
management of ANSP through technological advancements. It
promotes the adoption of eco-friendly agricultural technologies
such as soil testing, precision fertilization, commercial organic
fertilizers, and integrated water and fertilizer management.
By supporting innovative research and development initiatives
of enterprises, GF elevates the technological prowess of the
agricultural sector. A typical example is that newly developed
agricultural machinery and equipment as a new thing, due to its
own uncertainty, easy to produce a greater risk to green agricultural
production, it is difficult to obtain the trust and widespread use of
new agricultural operators, limiting the promotion of agricultural
machinery and equipment. GF promotes the promotion of new
agricultural machinery and equipment by subsidizing the purchase
of green agricultural machinery to reduce the purchase cost of
new agricultural operators and extending the warranty period
of new green agricultural machinery and equipment, which is
conducive to the intensification and cleanliness of agricultural
production. Therefore, the funds provided by GF can effectively
alleviate the pressure on the development of green agriculture,
promote the expansion of green production scale in agriculture,
realize the acceleration of technology research and development
and promotion, and promote the green process of agricultural
development. This shift enhances the efficiency and quality of
agricultural development, promotes sustainability, and reduces the
burden of ANSP.

Based on the above analysis of the relationship between GF
and green agricultural development, this study proposes the first
research hypothesis:

Hypothesis 1 (H1): GF helps to curb ANSP.

3.2 Role of environmental regulation in
green finance to reduce agricultural
nonpoint source pollution

Wang M. et al. (2023) believe that the Current agricultural

non-point source pollution is serious, and it is necessary to reduce
agricultural non-point source pollution through environmental
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regulation, technological upgrading and resource utilization.
Environmental regulation (ER) is an important means to prevent
and control agricultural non-point source pollution, and verified
through empirical study that digital environmental regulation is
an important factor to curb ANSP (Zhang et al., 2023). Existing
research indicates that intensifying government ER may initially
reduce resource utilization efficiency (Boyd and McClelland, 1999),
yet it is crucial to recognize that such regulation is instrumental in
enhancing the effectiveness of environmental pollution control (Bu
etal,, 2022). This is evident in two key aspects:

First, ER creates cost-based comparative advantages across
various agricultural sectors, thereby facilitating control and
reduction of non-point source pollution. Specifically, sectors with
high pollution levels incur greater “environmental taxes,” leading
to increased production costs. These sectors often lack the research
and development capacity to innovate technologically in the
short term, thus eroding their comparative advantage. Conversely,
green agriculture, with its inherent green competitive advantages,
can mitigate environmental costs through optimized resource
allocation and accelerated technological progress (Czyzewski et al.,
2020).

Second, ER spurs technological innovation and fosters the
green transformation of the agricultural industry. As a result,
agricultural enterprises enhance the quality of factor inputs,
simultaneously phasing out obsolete production capacities and
fostering emerging technological leaders. This process facilitates
the diffusion of new knowledge, industries, and technologies,
thereby advancing the green development of regional agriculture.

Based on these considerations, this paper proposes the
following hypothesis:

Hypothesis 2 (H2): GF inhibits the development of ANSP
through ER.

3.3 Role of land transfer in green finance to
reduce agricultural nonpoint source
pollution

The decentralization of agricultural land management and the
reasonable proportion of factors have always been regarded as
the main obstacle to agricultural progress. As a key measure to
alleviate the problems of agriculture and rural development, land
transfer policy has become an important management means to
optimize the allocation of rural land resources and improve the
efficiency of agricultural production (Feng et al., 2022). Compared
with household contract management, land circulation can realize
the intensive use of land and the optimal allocation of agricultural
capital, labor force, and technology. To a certain extent, the
circulation of agricultural land in the market is conducive to
integrating the three rural industries: energy conservation and
emission reduction and high-quality development (Cao and Jin,
2024). Tt is foreseeable that the expansion of land circulation area
will help overcome the practical challenges of land fragmentation,
high cost depletion and low economic benefits faced by China’s
agricultural production field for a long time (Wang and Wang,
2023). Under the influence of land market operation, agriculture
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will tend to large-scale and intensive development of production
mode (Chen and Wang, 2022). The use of pesticides, fertilizers,
agricultural film and diesel will be gradually reduced in large-scale
operations and replaced by cleaner production.

GF has the potential to curtail the advancement of ANSP
through land transfer, and its transmission mechanism can be
delineated through the following three dimensions:

(1) Optimization of land resource allocation. GE bolstered
by financial backing, encourages agricultural stakeholders to
embrace more efficient farming techniques. Consequently,
this reduces the demand for land and other ecosystem
resources, leading to diminished usage of ineffective inputs
like chemical fertilizers and pesticides. This optimization
effectively mitigates the negative externalities associated
with agricultural production, fostering pollution control and
emission reduction endeavors.

(2) Economic incentives for land transfer. GF incentivizes
land transfer by providing economic inducements to
agricultural producers who adopt sustainable agricultural
practices. Through lowered financing costs and more
lenient loan conditions, it facilitates financial support for
agricultural producers, thereby facilitating the transition
toward environmentally friendly agricultural production
(Zang et al., 2022).

(3) Investment in agri-environmental technologies. Green
financial support encompasses investment in environmentally

This that

funds to procure

agricultural

friendly agricultural technologies. implies

agricultural producers can secure

environmentally  friendly tools such as
conservation irrigation systems and eco-fertilizers. The
application of these technologies aids in alleviating ecological

pressures on land.

Therefore, based on these observations, this paper posits the
following hypothesis:

Hypothesis (H3): GF inhibits the development of ANSP through
the degree of land transfer.

4 Study design and data source
4.1 Model setting

4.1.1 Benchmark regression model

The core purpose of this section is to test whether the effect
of GF on ANSP is as expected. Based on the published literature
(Jochmans and Verardi, 2020; Li et al., 2022; Bai et al., 2023; Hu,

2023), the study constructs the following panel data model:
ANSP;; = ag + a1GFjs + oy Controlsis + iy + vi + &jt (1)

In Equation 1, Controls is the set of control variables; p; is
time fixed effects; &j; is the random error term; v; is the individual
fixed effect; the subscripts i and t represent provincial individuals
and times, respectively; ap is constant term; o is the regression
coefficient of green finance; «, is the regression coeflicient of
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the control variable. Equation 1 is a classical fixed effects model,
which controls both individual effects and time effects. It has a
good advantage in solving the endogenous problems caused by
unobservable factors.

4.1.2 Mediating effect model

Building upon prior analysis, it is posited that GF can influence
ANSP both directly and indirectly, through the promotion of ER
and LT. In order to verify the role of mediating variables and
investigate hypotheses 2 and 3, this study constructs a mediating
effect equation based on existing research (Shen and Zhang, 2024a;
Liu and Mao, 2019). The specific formulation of the model is
presented as follows:

MV = ag + by GF;; + byControlsi; + v; + s + €ir (2)

In Equation 2, MV is the intermediate variable, by is the
regression coefficient of GF, The meanings of the remaining
symbols are consistent with Equation 1. The published literature
suggests that the two-stage intermediation effect equation has
a good advantage in eliminating the endogeneity of economic
systems (Jiang, 2022; Giuli and Laux, 2022). Compared with the
stepwise regression method used in the three-stage mediating
effect model, it focuses on whether the influence of the
core explanatory variable on the mediating variable meets the
expectation. There are two steps in this method: (1) In the
research hypothesis part, the influence of intermediate variables
on ANSP is analyzed theoretically. (2) In the empirical part, focus
on whether the influence of GF on intermediary variables is in
line with expectations, and use finance, environmental economics
or management theories to explain why the influence of GF on
intermediary variables is valid.

4.2 Variable setting

4.2.1 Explained variable
4.2.1.1 Agricultural nonpoint source pollution (ANSP)

Agricultural production generates various forms of surface
source pollution, predominantly consisting of total nitrogen (TN),
total phosphorus (TP), chemical oxygen demand (COD), carbon
emissions, and residues from pesticides and agricultural films. This
pollution impacts the soil environment directly and also reaches
water bodies through a combination of precipitation, topography-
driven runoff (both surface and subsurface), and plant interception
(Sun et al, 2012; Luo et al, 2023). To measure agricultural
pollution, this study employs the inventory analysis method based
on unit surveys. This method encompasses pollution from both
aquaculture and the use of pesticides and agricultural films. It
estimates ANSP across seven dimensions: agricultural fertilizers,
livestock and poultry farming, aquaculture, crops, rural population,
pesticides, and agricultural plastic films. The indicators used for this
analysis are detailed in Table 1.

Because agricultural non-point source pollution includes three
different sources of pollution, the study calculated its total
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TABLE 1 Indicator set for ANSP.

10.3389/fsufs.2024.1430670

Categories Elements of pollution production Survey indicators Unit Pollutants
Agricultural fertilizers Nitrogen fertilizer, phosphorus fertilizer, Refractive index of application | 10,000 tons TN, TP
compound fertilizer
Livestock and poultry breeding | Pigs, cows, sheep Inventory/output 10,000 heads TN, TP, COD
Aquaculture Freshwater fish, crustaceans, shellfish, others Total production 10,000 tons TN, TP, COD
Farm crops Rice, corn, wheat, beans, potatoes, oilseeds, Total production 10,000 tons TN, TP, COD
vegetables
Rural life Rural domestic sewage Agricultural population 10,000 persons TN, TP, COD
Pesticides Pesticides Utilization amount 10,000 tons Pesticide loss
Agricultural plastic film Agricultural plastic film Utilization amount 10,000 tons Agricultural plastic film loss

emissions. The detailed calculation process are as follows:
ANSP = Erp + Ern + Ecop 3)

n
E=) EUpf @)
i

In Equation 3, the TE is the total emission of ANSP; Erp, ETn,
Ecop are the total emission of total nitrogen (TN), total phosphorus
(TP) and chemical oxygen demand (COD), respectively. In
Equation 4, the EU; is the statistic of the pollution unit ; p; is the
pollution production coefficient of the pollution unit; and 6; is the
emission coefficient or loss rate. The pollution intensity of various
units differs due to distinct influencing factors. For the calculation
of emissions from ANSP, the coeflicients for the seven pollution
units are utilized as follows.

4.2.1.2 Agricultural fertilizers

The primary pollutants from agricultural fertilizers include
nitrogen, phosphorus, and compound fertilizers. This paper
employs the output coeflicient method to account for the variances
in fertilizer loss rates due to different planting methods. Since the
focus is on TN and TP pollution from fertilizer inputs, and the
phosphorus fertilizer inputs in statistical yearbooks are indicated
as phosphorus pentoxide (P,0s), these inputs are adjusted by
multiplying them by 43.66%. Additionally, in line with recent
domestic fertilizer practices and prior research findings, the
compound fertilizer is converted to TN at 40% and P,O5 at 32%.
The fertilizer loss coeflicient is derived by averaging the results from
different regional samples, based on existing studies (Wang et al.,
2019). This specific accounting approach is in accordance with the
methods used in the second national pollution source census.

4.2.1.3 Livestock and poultry farming

The pollution emissions are calculated as the product of
the total quantity of livestock and poultry (either in stock or
slaughtered), multiplied by both the pollution discharge coeflicient
and the wastage coefficient. The discharge coefficients for feces and
urine of livestock and poultry are sourced from SEPA data (2022).
The formula applied is: livestock and poultry pollution intensity
(kg per head per annum) = rearing cycle x fecal (urine) emission
factor x fecal (urine) pollutant excretion coefficient. In this study,
livestock and poultry statistics encompass cattle, sheep, and pigs.
For cattle and sheep, which have a rearing period of more than
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one year, the total breeding amount is based on the year-end stock.
For pigs, due to their rearing period of <1 year, the total breeding
amount is determined by the current year’s output.

4.2.1.4 Aquaculture

ANSP primarily arises from bait residues, aquaculture excreta,
and chemicals. The extent of this pollution is contingent on the
aquaculture type and method. The China Statistical Yearbook
classifies aquaculture production into marine and freshwater
categories. Given that artificial aquaculture is a significant
pollution contributor, this paper exclusively utilizes data from
freshwater aquaculture for its analyses. The primary aquaculture
species include freshwater fish, crustaceans, shellfish, and other
aquatic organisms. The production and discharge coeflicients for
aquaculture are derived from the First National Pollution Source
Census: Handbook of Production and Discharge Coefficients for
Pollution Sources in Aquaculture, supplemented by additional
literature (Feng et al., 2023).

4.2.1.5 Crops

The primary pollutants from crops include residues, vegetable
wastes, and other debris from agricultural production (Norse,
2005). Given the diverse range of crops, this paper focuses on
the seven most representative ones for analysis: rice, wheat,
maize, beans, potatoes, oilseeds, and vegetables. The estimation
of surface source pollution from agricultural solid waste involves
calculating the crop residue yield based on the grass to grain ratio
and determining the total nitrogen (TN), total phosphorus (TP),
and chemical oxygen demand (COD) content from the nutrient
composition of the straw. Recognizing the varied straw utilization
methods in rural areas, each with different nutrient loss rates,
the final emission formula for farmland solid waste pollution is:
emissions (tons) = total crop production (tons) x production
coefficient x straw utilization structure x straw nutrient loss rate,
where the production coefficient equals the grass to grain ratio
multiplied by the straw nutrient content (Ma et al., 2019).

4.2.1.6 Rural life

Pollution in rural life primarily comprises domestic sewage and
human feces. The annual production coefficients per capita for
COD, TN, and TP in domestic wastewater are 5.84, 0.584, and
0.146 kg/person, respectively, with an emission factor of 100%. For
human feces, the corresponding coeflicients are 19.8, 3.06, and 0.64

frontiersin.org



https://doi.org/10.3389/fsufs.2024.1430670
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Shen and Zhang

kg/person, respectively, with an emission factor of 10% (Luo et al.,
2019).

4.2.1.7 Pesticides
Pesticide residues are calculated as the amount of pesticides
applied multiplied by a residue factor of 0.5.

4.2.1.8 Agricultural film

The amount of agricultural film residue is determined by
multiplying the quantity of agricultural film used by a residue factor
of 0.1.

4.2.2 Explanatory variable
4.2.2.1 Green finance (GF)

GF primarily aims to adhere to market economy principles
while focusing on building an ecological civilization. It employs
a range of financial tools, including credit, securities, insurance,
and funds, to foster energy conservation, reduce consumption,
and achieve a harmonious balance between economic resources
and the environment. In 2007, the State Environmental Protection
Administration and the People’s Bank of China jointly issued
the Opinions on Implementing Environmental Protection Policies
and Regulations to Prevent Credit Risks, which determined the
basic standards and industry norms of green finance in China.
Under the guidance of the program, China’s green finance has
developed rapidly. The financial system has also developed into a
form based on green credit, bonds, funds, and insurance. When
analyzing the economic effects of green finance, the published
literature mainly used two methods: policy evaluation (Daniya
and Tang, 2024; Luo et al, 2024; Xie et al,, 2024; Chen et al,
2025), and comprehensive index (Ren et al., 20205 Lee et al., 2024;
Geng et al,, 2024). In 2017, the Chinese government launched
the green finance reform Innovation Pilot Zone policy in a small
number of cities. Under the guidance of policies, different cities
shoulder different financial tasks. However, the pilot cities for the
measure are mainly prefecture-level cities and municipalities, while
the statistical sample for this study is at the provincial level. The
availability of data makes the comprehensive index method more
suitable for this study. According to the published literature (Li
et al., 2022; Jiang and Wang, 2024; Lu et al., 2024; Xu et al., 2024;
Zhang W. et al., 2024), this paper developed indicators in seven
domains: green credit, green investment, green insurance, green
bonds, green support, green fund, and green rights and interests.
These indicators are then integrated using the entropy method to
formulate a GF index, which assesses the level of GF development.
For this assessment, raw data is initially standardized, followed
by the computation of the indicators. The detailed measurement
methodology is presented in Table 2. In synthesizing the composite
index of green finance, this study mainly uses the entropy method.
The method relies on information entropy, which is dependent
on data feedback, when setting the weights of each indicator,
and is not affected by the subjective preferences of researchers.
The weight information obtained by entropy method has excellent
objective characteristics.
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TABLE 2 Comprehensive evaluation system of GF indicators.

Primary Secondary index

Detailed information

index
Green Investment in Total credit for environmental projects
credit environmental projects in the province/total credit in the
province
Green Investment in Investment in environmental pollution
investment | environmental pollution control/GDP
control
Green Income from Environmental pollution liability
insurance environmental pollution insurance income/total premium
liability insurance income
Green Extent of green bond Total green bond issuance/total all
bonds development bond issuance
Green Percentage of fiscal Financial environmental protection
support expenditure on expenditures/financial general budget
environmental expenditures
protection
Green Percentage of green Total market capitalization of green
fund funds funds/total market capitalization of all
funds
Green Green equity Carbon trading, energy rights trading,
equity development depth emissions trading/total equity market
transactions

4.2.3 Mediator variables
4.2.3.1 Environmental regulation (ER)

The selection of the ER variable follows the methodology of
Chen et al. (2018). This approach utilizes the frequency of terms
related to “environmental protection” in local government work
reports compared to the total word count of the report as an
indicator. A higher frequency indicates a stronger commitment to
environmental governance, thus reflecting the intensity of ER and
addressing endogeneity concerns. Relevant terms include ecology,
green, low-carbon, pollution, energy consumption, emission
reduction, sewage, sulfur dioxide, and carbon dioxide. As local
government work reports are typically published early in the
year, they predate and thus are not influenced by that year’s
environmental conditions, further mitigating endogeneity issues.

4.2.3.2 Land transfer (LT)

LT refers to the process in which rural households transfer,
lease, or collaborate on contracted farmland within a certain period
of time. According to the published literature (Kuang et al., 2021;
Zhang G. etal.,, 2024; Wu and Zhang, 2024), this study determined
the specific measurement index of LT as the ratio of the area of
household contracted cultivated land transfer to the total area of
household contracted cultivated land. The LT rate should consider
the area of land transferred in and out (Xiong et al., 2024). However,
for a particular area, the land transferred by some farmers is the
land transferred by another farmer; that is, the transferred area and
the transferred area are equal in quantity. With the development of
various new agricultural management subjects, farmers are the only
subject of land transfer, but not the only subject of land transfer.
The different inflow subjects make it difficult for the land transfer
area to reflect the land circulation situation in the market fully.
Therefore, this study mainly calculates the land transfer rate from
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TABLE 3 Descriptive statistics of variables.

10.3389/fsufs.2024.1430670

Variable Abbreviation Mean SD Min Max
Agricultural nonpoint source pollution ANSP —1.247 3.091 —10.851 4.284
Green finance GF 0.294 0.118 0.071 0.609
Road accessibility RA 11.576 0.871 9.001 12.897
Government macro-control GMC —1.571 0.401 —2.528 —0.442
Degree of agricultural mechanization DAM —0.591 0.399 —1.558 0.332
Traditional financial supply TFS 1.525 0.901 —0.475 3.706
Industrial structure IS 3.782 0.201 3.353 4.4296
Urbanization UR 3.990 0.250 3.291 4.495
Technological innovation TI 8.963 1.655 4.370 12.401
Environmental regulation ER 0.017 0.006 0.003 0.037
Land transfer LT 2.816 0.997 0.304 4.512

the perspective of land transfer. By observing the value of the land
circulation rate, we can judge whether the land resources have
been optimized and avoid the practical problem of idle land and
abandoned land (Shi, 2024).

4.2.4 Control variables

Since the control of agricultural non-point source pollution
depends on many factors, it is naturally also affected by other
economic activities. To avoid the bias of missing important
variables, the study selected six control variables based on the
published literature (Zhou et al., 2022; Shen et al., 2023a; Xu
et al.,, 2023; Ma, 2024; Wei et al., 2024; Zhu et al., 2024; Abid
et al., 2022). The industrial structure (IS) is measured using the
share of the value-added of the tertiary industry in the gross
domestic product (GDP). Urbanization (UR) is measured by the
number of people with urban household registration as a share
of the total population. The government macro-control (GMC)
is measured by the proportion of general budget expenditure to
GDP. Technological innovation (TI) is measured by the number
of applications for invention patents. Traditional financial supply
(TFS) is measured using the balance of loans per capita. Road
accessibility (RA) is measured using highway miles. The degree of
agricultural mechanization (DAM) is measured by the proportion
of the total power of agricultural machinery to the sown area
of crops.

4.3 Data sources and information

Following the principles of data availability and continuity, the
study used panel data for 30 provinces in China from 2005 to
2021 as a statistical sample. Due to the poor availability of data
and differences in statistical caliber, the statistical sample does
not contain observations from Xizang, Macao, Hong Kong and
Taiwan. The data used in the research are mainly from China
Statistical Yearbook, China Rural Statistical Yearbook, China Rural
Operation and Management Statistical Annual Report and Express
Professional Superior (EPS) database. The data of green finance
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related indicators come from China Environmental Yearbook,
Chinese Research Data Services Platform (CNRDS) and China
Financial Yearbook. To address any minor data gaps, linear
interpolation was employed, and logarithmic transformations were
applied to all variables to mitigate heteroskedasticity bias arising
from data extremes. Descriptive statistical analysis of all variables is
shown in Table 3.

5 Empirical results and analysis

5.1 Analysis of the current situation of ANSP

In order to clarify the spatio-temporal evolution of ANSP in
China, GIS projection technology is used to analyze it. In this
section, the author used the Dysprosium Chart online website to
complete the drawing work. The map of the map is provided by
Amap, and its review number is GS (2019) —756. The author only
colored the map. In the process of mapping, in order to clearly
compare the marginalization state of ANSP in different years, we
use the data of 2005 as the base, and divide 30 provinces into five
categories by natural breakpoint method.

As can be seen from Figure 1A, in 2005, ANSP of most
provinces in China was in the first two categories (<0.17 and
0.17-0.31). There are also a significant number of provinces in
the third category (0.31-0.45), and only a few provinces have
ANSP values >0.45. This result means that in 2005, China’s
agro-ecological environment was in a good state, and the related
pollution emission was at a low value. The reason for the low
emission of agricultural pollution at this stage may be that the
agricultural production area is small, and the use of agricultural
fertilizers, pesticides and agricultural films is small. Although the
Chinese government implemented the agricultural tax reduction
policy for some provinces in 2005, the number of regions and
farmers covered by the policy is still relatively small, so the
enthusiasm of agricultural production is very low. As can be seen
from Figure 1B, most provinces are in the second (0.17-0.31),
third (0.31-0.45), and fourth (0.45-0.59) categories, while the
number of provinces in the first category is significantly reduced.
The result means that there is serious environmental pollution in
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FIGURE 1

Space-time evolution of ANSP from 2005 to 2021. (A) ANSP data in 2005. (B) ANSP data in 2013. (C) ANSP data in 2021. (D) Average ANSP for

2005-2021.
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agricultural production. A large amount of COD, TP and TN is
discharged from farming and aquaculture, and the water quality of
rivers will be seriously affected. In 2006, the Chinese government
abolished all agricultural taxes, and farmers no longer pay any
taxes to the government. The implementation of this policy has
stimulated the enthusiasm of agricultural production. A large
amount of wasteland has been reused, and aquaculture and animal
husbandry have been well developed. However, the rapid growth
of agricultural economy is accompanied by serious environmental
pollution. Influenced by natural conditions, technical conditions
and traditional habits, China’s agricultural production continues to
develop in an extensive mode. Its main feature is the extensive use
of production factors to increase crop yields. During this period,
fertilizer and agriculture were used extensively, and the number
of poultry farms also expanded dramatically. As can be seen from
Figure 1C, the number of provinces in the first to third categories
has increased significantly, with very few provinces having ANSP
results >0.45. This result is similar to that of 2005, which
means that the rural ecological environment has been significantly
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improved, and the emission of COD, TP and TN has been
reduced. The improvement of ecological environment is closely
related to the support of green finance and the guidance of the
government. From 2013 to 2021, the Chinese government has fully
implemented the zero-growth strategy of fertilizer agriculture in an
attempt to reduce potential environmental threats by improving
crop seeds and agricultural production techniques. At the same
time, the central bank has set preferential policies for financial
institutions to issue green credit to rural areas to support the green
development of agriculture. It is worth noting that the Figure 1D
indicates that China’s ANSP is very serious. Compared with 2005,
in the following 10 years, pollution emissions from agricultural
production continued to increase, causing a serious burden on the
ecological environment. In the coming period of time, agricultural
growth should focus on ecological and environmental protection,
so that green GDP becomes the mainstream.

Combined with the four figures in Figure 1, it can be found
that the provinces with high ANSP values are mainly the central
region and Shandong, Jilin, Guangdong, and Sichuan provinces.
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These places are the main producing areas of China’s agricultural
products, and agriculture occupies a very important position in the
national economy. Henan, Sichuan, and Hubei, for example, are
major grain-producing regions with very large agricultural areas.
Agricultural pollution is the worst in China, followed by Sichuan,
Hebei, and Jilin provinces, and then Shanxi, Shaanxi, and Qinghai
provinces. The less polluted provinces differ from other regions in
terms of industrial structure and ecological carrying capacity. For
example, Shanxi Province is rich in coal resources, its industrial
structure is mainly dominated by heavy industry, its economic
development depends on resource exploitation, and the proportion
of agriculture in the national economy is very low. Because of the
fragile ecological environment and high altitude, Qinghai Province
is not suitable for the development of traditional planting industry.

5.2 Benchmark regression result

As can be seen from the results in Table 4, F statistic is
significant at 1% level. The results show that the fixed effect (FE)
model is superior to the mixed least square method. According
to the results of Hausman test, it can be found that the results
of both equations are significant at the 1% level. The result
shows that the FE is better than the random effect model. For
the multiple regression analysis in this study, the two-way fixed
effect (TWFE) model is employed, and the benchmark regression
outcomes are presented in Table 4. Analysis of column (1) of
Table 4 reveals that the coefficient estimate of GF on ANSP is
significantly negative at the 1% significance level when no control
variables are incorporated. The results in the second column show
that the regression coefficient of GF is —1.059 and significant at
1% level after the inclusion of the control variables. The results
of both equations show that GF has a negative effect on ANSP.
Therefore, research hypothesis 1 is verified with the support of
TWFEE. The reasons are as follows: On the one hand, the promotion
of green finance can not only promote the improvement of the
economic level, but also promote the high-quality development of
the economy. Due to its green attribute, the rapid development
of the economy can also reduce the generation of pollution (Jiang
et al,, 2020). On the other hand, the emergence of green finance
has promoted the rise in the level of agricultural green technology,
prevented pollution in the process of agricultural development
from the root, and technologically inhibited the production of
agricultural non-point source pollution (Lin et al., 2022).

5.3 Robustness test

The results of baseline regression confirm that GF contributes
to the reduction of ANSP. To verify the robustness of the results,
three methods were used in the study.

5.3.1 Method 1

Solve the endogenous problem of economic model. The above
empirical tests have proved that green finance has a significant
inhibitory effect on agricultural non-point source pollution. In
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TABLE 4 Benchmark regression results.

Variable (1) (2)

GF —1.197"** (—5.13) —1.059"** (=7.79)
RA —0.742* (—1.88)
GMC 0.581* (2.02)
DAM 1.381"** (3.84)
TES 1.161"** (3.71)
IN —0.661 (—1.66)
UR 3.625"* (3.27)
TI —0.166™ (—2.76)
Individual fixed effect Yes Yes

Time fixed effect Yes Yes

F-test 35.56"* 449.49**
Hausman test 8.70%* 103.90%*

%, ¥ and * indicate significant at the 1%, 5% and 10% levels, respectively, t-values

in parentheses.

order to solve the possible endogenous problems in the model, this
paper adopts the method of instrumental variables for regression
again, and selects the first-order lag term of green finance and
the first-order difference term of green finance as the instrumental
variables in this paper (Baiocchi et al., 2014; Abadie et al., 2024). As
can be seen from Table 5, the F statistic of the weak instrumental
variable test is 19.222, and the results of the unidentifiable test
reject the null hypothesis at the significance level of 1%. The results
of these two tests show that the instrumental variable constructed
in this study are valid. According to the results of Method 1 in
Table 5, the regression coefficient of green finance is —1.881 and
is significant at the 5% level. This result is consistent with the result
of baseline regression, which confirms its robustness.

5.3.2 Method 2

The econometric model was replaced. Generally speaking,
the error term of the panel data model consists of two parts:
one is the individual effect that changes with the individual
but does not change with time; the second is the time effect
which varies with time but not with individual; The third is
the unobservable factors that vary with cross-section and time.
Introducing individual effect and time effect into panel data model,
and using de-mean method to difference out unobstructed factors
can reduce the endogeneity problem caused by the correlation
between missing variables and explanatory variables. In traditional
panel fixed effects, both individual effects and time effects are added
to the model. However, in the real economic world, the impact
of time dimension may be multidimensional, and the impact of
the same kind of impact on different individuals may vary. The
traditional fixed-effect model struggles to address the endogenous
issues arising from unobservable factors that vary both over time
and across individuals. The interaction fixed effect (IFE) model
introduces the interaction term of individual and time into the
panel data model to reflect the heterogeneity of the influence of
common factors on individuals (Bai, 2009). IFE fully considers the
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TABLE 5 Robustness test results.

10.3389/fsufs.2024.1430670

Variable Method 2 Method 3
First stage Second stage IFE TWFE

GF —1.881" (—2.14) —0.551"** (—3.06) —0.068" (—1.97)

Instrumental variable 0.386™** (4.38)

RA —0.382"* (—3.67) —1.302** (—2.47) 0.168 (0.81) —0.018"** (—5.16)

GMC —0.131* (—1.75) 0.616™ (1.97) —0.025 (—0.12) —0.012 (~1.15)

DAM 0.246"* (5.07) 1.658"* (5.66) 0.328"* (2.06) 0.051° (7.75)

TES 0.197** (2.22) 1.186™* (3.71) 1.288™ (5.58) —0.023"* (—2.30)

IN —0.084 (—0.74) —0.727* (—1.65) —0.545" (—1.81) —0.054™* (—4.57)

UR —0.648"* (—3.67) 3.751%* (4.08) —1.599** (—2.22) 0.110 (1.50)

TI —0.022 (—0.90) —0.150 (—1.55) —0.046 (—0.69) 0.003 (1.14)

Weak identification test 19.222

Underidentification test 19.385%*

Individual fixed effect Yes Yes Yes Yes

Time fixed effect Yes Yes Yes Yes

N 480 480 510 510

sk ok

in parentheses.

multiple shocks of real economic activities and the heterogeneity of
the intensity of response of different individuals to the same type
of shocks, which can better reflect the economic behavior in the
real world (Hagedorn et al., 2015; Yang and Shen, 2023; Shen et al.,
2023b). Extending Equation 1 to IFE yields the following equation:

ANSPyt = ag = ¢1GFj + o Controlsyy + vi + ¢ + M;Fe + eir (5)

In Equation 5, AJF; is interactive fixed effect. It reflects
the product of multi-dimensional individual effect and multi-
dimensional time effect. F; is the common factor, A; is the factor
load. It can be seen from the results in Table 5 that the regression
coefficient of GF is —0.551 and is significant at 1% level. This result
still supports the conclusion that GF will reduce ANSP.

5.3.3 Method 3

The measure method and evaluation system of explained
variables are replaced. Although the mechanism of agricultural
nonpoint source pollution is complex and uncertain, as long as
agricultural supplies such as fertilizers and pesticides are invested
in the planting process, it will have a negative impact on water
resources and cultivated land resources through rainfall, irrigation
and flowing water. As long as there are inputs to agricultural
production and agricultural materials, ANSP is inevitable. The
study used the United Nations Human Development Index (HDI)
methodology to re-measure the ANSP based on published literature
(Jiang et al., 2021; Wang B. et al, 2023; Li and Wang, 2024;
Liu and Xiao, 2024). The point of this method is to make the
weights of each indicator equal. Chemical fertilizers (CF), pesticides
(PE), agricultural films (AF) and diesel oil (DO) are often used in
agricultural production factors, which inevitably have a negative
impact on the ecological environment. Because of the differences
in agricultural production conditions and management modes in
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and * are significant at 1%, 5% and 10% levels, respectively. The t statistic is reported in parentheses. In particular, in the results of the second phase of 2SLS, the z-statistic is reported

different provinces, it is not suitable to simply use the average input
amount for comparative analysis, so the concept of agricultural
non-point source pollution intensity is introduced in this study.
The detailed calculation process is as follows:

ANSP = (0.25CF + 0.25PE + 0.25AF + 0.25D0)/SA  (6)

In equation, SA is the sown area of crops. According to
the results in the third column of Table 5, after replacing the
explained variables, the regression coefficient of GF is —0.068 and
is significant at the 10% level. Compared with the results of the
baseline regression model, the significance of GF in Method 3 has
decreased, but it is still statistically significant. A significant change
from 1% to 10% is not sufficient to disprove the results of the
baseline regression. Therefore, the role of GF in reducing ANSP is
still proven.

6 Mechanism test and heterogeneity
analysis

6.1 Mechanism test

In the mediation effect analysis, ER and LT were selected as
the mediating variables of GF and ANSP (Hsiao et al., 2021). The
mediating effects of ER and LT are shown in Table 6. Column (1)
shows the regression result of GF to ER, and its coefficient is 0.157,
which is significant at the significance level of 5%, indicating that
ER level increases significantly when GF increases. This suggests
that ER is a partial mediator, which validates the hypothesis H2.
This indicates that the adoption of environmental regulations will
improve the situation of ANSP, and it can be proved that the
strengthening of environmental regulations while the development
of green finance will improve the ANSP to some extent.
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TABLE 6 The results of the mediation effect test.

Variable ER LT
GF 0.157* (=2.71) 0.053* (3.66)
Control variables Yes Yes
Individual fixed effect | Yes Yes
Time fixed effect Yes Yes

** and *** are significant at 5% and 1% levels, respectively; The t statistic is reported

in parentheses.

Column (2) in Table 6 is the result of land circulation effect.
Model (5) is the regression result of LT to ANSP, and its coefficient
is 1.536, which is significant at the 1% significance level, indicating
that the degree of land circulation increases with the increase of
the degree of land circulation, which proves that LT is also a
partial intermediary, and the development of GF can indirectly
and positively affect ANSP by increasing the degree of land
circulation, thus verifying hypothesis H3. This shows that land
transfer can improve land use efficiency, so it is necessary to
consider land transfer in the process of green finance development
to reduce ANSP.

6.2 Heterogeneity analysis

In this paper, major grain-producing areas and the maturity
of digital inclusive finance are included in the regression. In the
heterogeneity analysis part of digital financial inclusion, limited to
the availability of data, this study used the mean of all provincial
samples from 2011 to 2021 as the criterion for sample division.
First, the impact of green finance located in major grain-producing
areas on ANSP is analyzed, and the results are shown in Table 7.
The results show that for the provinces in the main grain-producing
areas, the effect of green finance on agricultural non-point source
pollution is much greater than that in the provinces not in the
main grain-producing areas. This shows that provinces in major
grain-producing areas pay more attention to the development of
green finance and better improve the generation of agricultural
non-point source pollution. Secondly, the impact of green finance
on agricultural non-point source pollution in different provinces
with different maturity of digital inclusive finance is analyzed.
The results show that in provinces with higher maturity of digital
inclusive finance, green finance has more obvious inhibition on
agricultural non-point source pollution, while provinces with
lower maturity have less inhibition. This shows that having a
higher maturity of digital inclusive finance can better promote the
development of green finance, and then better curb the degree of
agricultural non-point source pollution and ensure the sustainable
development of agriculture (Wang M. et al., 2023).

7 Conclusions and policy implication

7.1 Conclusions

This paper examines the significant impact of GF on reducing
industrial pollution and explores its direct effects and mechanisms
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on ANSP at a theoretical level. Utilizing panel data from 30
Chinese provinces from 2005 to 2021, the study applies panel
fixed effect and intermediary effect models to assess the impact
and influence mechanisms of GF on industrial pollution emissions
from a multi-dimensional perspective. The study concluded
as follows.

The ANSP produced by agricultural production in China
showed an inverted U-shaped trend of first increasing and
then decreasing. The ANSP in 2005 was significantly lower
than in other years. The ANSP is very high in the central
region and some provinces with large agricultural areas. GF
is essentially a special financial service to support sustainable
development. It mainly guides enterprises and farmers to invest
in environmental protection by increasing investment support for
corporate green projects. In addition, it will support enterprises and
farmers to actively participate in cleaner production projects by
developing diversified financial instruments such as green credit,
green bonds and green insurance, thereby reducing agricultural
pollutant emissions (Mo et al., 2023; Wang and Zhang, 2023).
Although theoretically financial services can promote the green
development of agriculture, empirical studies do not fully support
this conclusion. On the contrary, some empirical studies show
that the impact of financial services on the green development of
agriculture is not significant, and even has a negative correlation
(Chu and Zou, 2023; Shen and Zhang, 2024b). The results of
this study confirm that the development and promotion of GF
is beneficial to the control of ANSP. Even after considering
factors such as economic development and industrial structure,
the negative effect of GF on ANSP is still significant. This is
somewhat similar to the findings of a previous study which
found that green finance can reduce pollution (Cai et al., 2023).
After the results of baseline regression were tested using three
methods: eliminating endogeneity, replacing econometric model
and replacing explained variables, the conclusion that GF would
reduce ANSP remained valid.

ER and LT, as mediating variables, partially mediated the effect
of GF on ANSP. GF indirectly affects ANSP by reducing ER and
increasing land circulation degree. This indicates that ER and LT
play a certain mediating role in the influence of GF on ANSP, and
ANSP can be further reduced by increasing ER and LT, which is
consistent with the study of Li et al. (2021).

When analyzing the role of green finance in the prevention
and control of gold exchange pollution, the existing studies
are mainly based on the geographical location and economic
development level of the subject (Li et al, 2023b; Wang and
Du, 2023; Cao and Gao, 2024). However, these heterogeneity
tests have not created new literature contributions. Therefore,
whether the subject is located in the main grain-producing areas
and the degree of development of digital financial inclusion
are identified by this study and applied to the heterogeneity
test. Heterogeneity analysis results show that in major grain-
producing regions and regions with higher maturity of digital
inclusive finance, GF has a more significant negative impact
on ANSP, indicating that the higher GF development in major
grain-producing provinces and provinces with higher maturity
of digital inclusive finance, the more ANSP can be reduced,
which is also consistent with published literature (Fang et al,
2023).
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TABLE 7 Results of heterogeneity testing.

Variable Major grain producing areas Digital inclusive finance

Yes (\[¢) High Low
GF —1.748"** (—16.31) —0.583*** (—3.46) —1.164%* (—13.24) —0.540** (—5.21)
RA —0.771*** (—2.98) —0.857* (—1.76) —0.808* (—1.78) —0.562* (—2.06)
GMC —0.374* (—2.28) 1.360** (2.44) 0.867** (2.35) —0.417 (—1.74)
DAM 0.765** (2.90) 1.267°* (3.24) 1.748"* (5.97) 0.426** (2.47)
TFS 0.618"* (2.61) 0.514 (1.18) 0.744* (2.09) 1.841%* (6.51)
IS —0.534 (—1.52) 0.290 (0.79) —1.033 (—1.39) 0.154 (1.36)
UR —2.369*** (—6.16) 6.621"* (5.31) 4.258"* (3.07) 1.039"* (4.64)
TI —0.115* (—1.78) 0.157 (1.41) —0.184* (—1.97) —0.131%** (=3.73)
Individual fixed effect Yes Yes Yes Yes
Time fixed effect Yes Yes Yes Yes
N 221 289 340 170

stk ok
5

7.2 Policy implication

The support of financial resources is an important force to
protect the environment. The results of this study confirm that
green finance has good characteristics in the process of reducing
agricultural non-point source pollution. The study provides some
policy recommendations to improve the precision of agricultural
pollution prevention and control.

Government departments and financial institutions should
attach great importance to the infrastructure construction of green
finance, focusing on improving the rural financial network and
basic system. To maximize the impact of GF on addressing
ANSP, it is imperative to clearly define the strategic direction
and functional roles of financial institutions in supporting rural
ecological civilization. Government departments can collaborate
with banks and other departments to strengthen the green credit
provided by small and medium-sized banks, expand the scope of
fiscal subsidies, and increase investment incentives for green credit,
especially in the fields of taxation and technological innovation,
by issuing policies such as the “Green Finance Evaluation
Plan for Banking and Financial Institutions” and the “Green
Credit Guidelines.” These measures aim to effectively curb the
financial constraints associated with managing ANSP. Additionally,
optimizing the policy framework for the growth of agriculture-
related GF is essential. This includes offering preferential treatment
to green credit products and prioritizing compensation rights for
green bonds and other financial instruments. Furthermore, the
development and reinforcement of legal and regulatory measures
to address financial, credit, and moral risks in rural enterprises are
crucial. These measures are intended to mitigate the risks of sunk
and opportunity costs arising from ineffective agricultural green
financial instruments.

Coordinate the system design and policy system of GF and
ER, and promote the classification standard of GF to meet
environmental policy requirements. Creating synergies between
GF policies and ER is vital for effectively tackling ANSP.
Firstly, governments and regulatory bodies should establish and
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,and * are significant at the 1%, 5%, and 10% levels, respectively, and t statistic is reported in parentheses.

enforce transparent, equitable ERs, including the implementation
of environmental administrative agreements. These agreements
should recognize the equal standing of governments and entities
responsible for ANSP, ensuring clear communication during
negotiations to balance economic and environmental benefits.
Secondly, enhancing environmental support through initial lenient
ER policies encourages innovation that improves the efficiency of
ANSP control. Specific measures include offering subsidies, loans,
or other financial aid for technological upgrades and industrial
transformation to meet new environmental standards. Lastly,
financial institutions must innovate green financial products and
services in line with the requirements of ER.

Optimizing land transfer policies. To encourage farmer
participation in land transfer and facilitate large-scale agricultural
land management, government departments must enhance the
rural land transfer system and environment. This includes
refining the mechanism to incentivize practices that reduce ANSP,
implementing and improving the “three-rights partition” system of
agricultural land, and establishing an efficient and reliable platform
for agricultural land transfer and trading. A focus should be placed
on ensuring an orderly transfer of agricultural land through a
standardized process and effective legal frameworks. Additionally,
increasing awareness and trust among farmers in land transfer
policies through enhanced public outreach is crucial. Further
improve the utilization rate of land, improve farmers’ attention to
environmental protection in land use, achieve the popularity of
green finance in agriculture, and then reduce agricultural non-point
source pollution.

Choose policies suitable for major grain-producing areas and
digital financial inclusion: with better technology in major grain-
producing areas, the convenience brought by green finance can be
better used. Meanwhile, with the popularization and application
of digital inclusive finance, better digital finance can make better
use of tax incentives and other policies to encourage rural financial
institutions, such as agricultural credit cooperatives, to expand
loans for green agricultural production. On the one hand, raising
awareness and education about green finance in rural areas can
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increase farmers awareness and participation in green finance
initiatives and promote the growth and interaction of ecological
products and green finance. On the other hand, to improve
policy-based financial support for agriculture and improve financial
literacy, it is also necessary to establish a comprehensive rural
financial supervision system. The system should regulate the
financial activities of rural financial institutions through laws
and regulations, aiming to shift their investments from the non-
agricultural sector to the agricultural sector.

7.3 Research limitations and prospects

With only 7% of agricultural acreage of world, China
has managed to provide food for 22% of world population.
This study uses Chinas provincial panel data to analyze the
impact and mechanism of green finance on agricultural non-
point source pollution. All the research background, sample
data and conclusions obtained depend on the economic and
social background of China. As the largest developing country
in the world, Chinas agricultural development has its unique
management mode and natural geographical factors. For example,
due to the influence of monsoon climate and the limited availability
of rugged arable land, China’s agricultural production model has
only achieved scale in some areas, and there are still a large number
of provinces that continue to use intensive farming and sporadic
production. Affected by the characteristics of natural geographical
environment and high population density, China’s agricultural
management mode is manifested as small-scale peasant economy.
The smallholder economy of agricultural production and the East
Asian model make it necessary for the rest of the world to be
cautious in drawing conclusions. Governments in countries with
similar circumstances should consider the study’s findings when
formulating agricultural policies.

Due to the availability of data, this paper only selects data
at the provincial level in China. Overall, the observations from
this study are still inadequate. There are obvious differences
in the economic structure and even the climatic conditions of
each city within each province. In future studies, the authors
strongly recommend using samples from prefecture-level cities,
counties, and even agricultural enterprises as observations.
A large number of research individuals can enhance the
reliability and representativeness of the conclusions. In addition,
due to the limitation of data, this study mainly adopts the
comprehensive index method when measuring green finance,
but these indicators lack pertinency in agricultural pollution
prevention and control. The authors also call for using the
green finance Reform Innovation Pilot Zone policy to evaluate
the implementation of agricultural pollution control policies.
This method is not only representative in the measurement
of sustainable finance, but also has a good causal inference
paradigm in economics. With the help of policy evaluation
methods, such as difference-in-differences (DID), synthetic control
method (SCM) and regression discontinuity design (RDD), it is
helpful to clarify the importance of green finance for ecological
environmental protection.
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This paper only assesses the situation of green finance and
agricultural pollution in China in the past decade or so, and
lacks predictive analyses of future changes, so there may be
some limitations in recommending future policies based on the
results of this paper. Future research can combine machine
learning and other methods to predict and analyse the changes of
the two.

The conclusions obtained by using statistical inference and
causal inference have some defects in guiding practical practice. It
is clear that the policy recommendations provided by the authors
do not have clear operational steps for farmers and agribusinesses.
For example, rural commercial banks in Longyou county, Zhejiang
province, launched a “green circular loan” project to promote
the recycling of livestock and poultry waste. The green financial
support provided by the Agricultural Bank of China Zhuhai Branch
in the joint development project of the photovoltaic industry and
fishery has supported the improvement of rural land use efficiency
and the promotion of renewable energy. The authors recommend
the use of case analysis, self-ethnography, and grounded theory
to perform representative theoretical analysis. The conclusion
based on real case study has significant reference and policy
reference significance.
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