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Introduction: Green finance plays a crucial role in driving sustainable development and has the potential to effectively reduce pollution emissions, thereby positively impacting the environment. However, in the agricultural sector, China, unlike developed countries, primarily relies on a small-peasant economy, and the green financial system is not well-developed. As a result, the specific emission reduction effects and mechanisms of green finance on agricultural non-point source pollution (ANSP) remain unclear. The objective of our research is to explore the internal mechanisms through which green finance influences ANSP, with the aim of providing valuable policy insights to the government and promoting the green transformation of agriculture for enhanced food security.

Methods: This study employs an empirical analysis of green finance on ANSP using provincial panel data from China spanning the years 2005 to 2020. By utilizing robust data and applying empirical analysis, we can derive scientifically credible conclusions. We introduce a relative indicator to assess the trend of ANSP and investigate the pathways through which green finance operates using heterogeneity analysis, intermediary effect evaluation, and threshold effect analysis.

Results and Discussion: The empirical findings reveal the following insights: (1) While green finance demonstrates a significant reduction effect on ANSP, this effect varies across different regions. Specifically, the impact of green finance on ANSP reduction is more pronounced in areas characterized by strong comprehensive agricultural strength, high levels of economic development, and predominantly focused on plantation agriculture. (2) From a mechanistic standpoint, green finance substantially diminishes ANSP by facilitating agricultural scaling and promoting the adoption of green technologies. (3) The threshold effect analysis demonstrates that the mitigation effect of green finance on ANSP exhibits non-linear characteristics, with a double threshold effect observed. As the level of green finance development increases, the mitigation effect is further enhanced.

Conclusion: In conclusion, the appropriate implementation of green finance can effectively enhance the agricultural environment and ensure food security. Considering the heterogeneity of the role of green finance and the presence of threshold values, it is crucial for the government to tailor green finance policies according to local conditions. This research not only expands on previous studies but also offers valuable insights for the government in formulating green finance policies. Furthermore, it provides a viable pathway for reducing ANSP while serving as a reference for other developing countries aiming to establish green agriculture and sustain food system security.
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1. Introduction

After World War II, the global population increased. Food demand and resource exploitation also expanded. Therefore, agricultural non-point source pollution (ANSP) caused by the development of agricultural production and unreasonable exploitation of resources increases annually. The U.S. EPA survey shows that ANSP is the main source of water quality impacts in surveyed rivers and lakes, the second largest source of wetland impairment, and the main cause of estuarine and groundwater pollution (EPA, 2005, https://nepis.epa.gov/Exe/ZyPDF.cgi/P10039OH.PDF?Dockey=P10039OH.PDF). Meanwhile, eutrophication due to agriculture nutrient losses is another large-scale problem, especially in the Baltic and Black Seas (EEA, 2019, https://www.eea.europa.eu/publications/nutrient-enrichment-and-eutrophication-in). In China, ANSP is also can not be ignored. As the world’s largest developing country, China supplies 22% of the world’s population with 7% of the world’s arable land and uses more than 30% of the world’s agrochemicals. Although ANSP prevention and control work has risen to the national will, and its prevention and control has achieved initial results, but the pattern that ANSP emissions account for “half of the total emissions” has not changed (Jin and Xing, 2018; Hu et al., 2021). Recently, agricultural surface pollution has become one of the main factors affecting the sustainable improvement of China’s water environment quality. About 1/4 of the nitrogen and phosphorus pollutants in agricultural surface pollution come from plantation pollution, which mainly migrates to receiving water bodies through runoff, side seepage and infiltration (Ren et al., 2023). At the same time, excessive use of chemical fertilizer has seriously polluted the water quality (Xu et al., 2022). Excessive agricultural activities have severely polluted groundwater and put far more pressure on resources and the environment than in any other country. The “China Ecological Environment Status Bulletin 2020” pointed out that in shallow groundwater quality monitoring, only 22.7 percent of all monitoring sites have good water quality (Ministry of Ecology and Environment PRC, 2020).

Currently, under the main theme of coping with environmental pollution and developing a green economy, both prevention and treatment require large amounts of funds (Shen and Lu, 2022), and the effect of relying solely on government policies to promote pollution control is very limited (Tian and Lin, 2019). In contrast, green finance can promote environmental protection and sustainable economic and social development. Its service scope is mainly oriented to projects or economic activities that support environmental improvement, climate change response and efficient resource conservation and utilization (Sharif and Vijay, 2018; Muganyi et al., 2021). Therefore, green finance is gradually favored by governments and markets.

Green finance is currently well-developed in developed Western countries and has achieved remarkable results in both industrial emission reduction and agricultural pollution reduction, which is mainly due to its large farm system and the perfect green financial system in developed countries. Unlike developed countries, China is mostly a small-peasant economy, and the main agricultural producers are individual farmers, with the characteristics of very small cultivation area per capita, low literacy, little collateral and poor credit (Liang, 2023). So it’s difficult for individual farmers to obtain green financial support. In addition, there are significant characteristics such as low returns, high risk and long cycles to carry out green agriculture in China, and there are problems such as insufficient innovation and unsound relevant policies in green finance in the agricultural field (Ma et al., 2021). Although the central government strongly encourages the development of green financial services for rural revitalization, in order to maximize benefits, local governments, under the dual pressure of economic incentives and performance evaluation, tend to concentrate financial resources on production areas with higher economic benefits, but pay insufficient attention to agricultural environmental protection, leading to the intensification of agricultural non-point source pollution (Dong, 2020). In China, therefore, the relationship between green finance and ANSP is not clear. Then, can green finance reduce ANSP in China? Is the effect of green finance in reducing pollution in agriculture consistent in different regions? What is the internal mechanism by which green finance reduces ANSP? Is there a threshold effect between green finance and ANSP?

The results on green finance and environmental improvement in the current research are remarkable, but most of them focus on industrial and overall environmental improvement, with few studies focusing on green finance and agricultural environmental improvement. In order to study and explore the above issues, this paper conducts an empirical analysis of the impact of green finance on ANSP using provincial panel data of China from 2005 to 2020. And the mechanism of the role of green finance is explored in depth through the mediating effect model, heterogeneity analysis and threshold effect model in order to provide theoretical support for the government’s governance of ANSP.

The four key contributions that this paper offers in comparison to previous literature can be summarized as follows. First, our research fills a gap in the literature. Based on a review of previous literature, our paper is the first to examine the pollution-reducing effects of green finance from an agricultural perspective, which can raise awareness of the importance of green finance and its application in agriculture. Our paper provides micro-level empirical evidence for research in this area, thus enriching the research on the impact of green finance on ANSP. Second, We innovatively consider the heterogeneity of the role of green finance in three different dimensions. We find that green finance did not significantly reduce ANSP in all areas. Its pollution reduction effect was more effective only in agricultural provinces, economically developed provinces, and areas with developed plantations. Third, we explore the impact mechanism between green finance and ANSP. Green finance takes environmental protection as the landing point and gradually connects with ANSP management, but the current literature only covers its theoretical level, and there is no in-depth study on the mechanism of green finance’s effect on ANSP management. By conducting mechanism analysis, this paper finds that green finance can significantly reduce agricultural surface-source pollution by enhancing agricultural scale and green technology. Fourth, we find two threshold points of green finance. Our research verifies that the emission reduction effect of green finance on ANSP is non-linear, and its pollution reduction effect on ANSP will increase as the development level of green finance increases. The results of the above empirical study provide directions for the orderly promotion and precise implementation of future pilot policies. And it also provides reference significance for other developing countries in the world.

The remainder of this paper is structured as follows: the second part is a review of the relevant literature; the third part provides a theoretical analysis and research hypothesis; the fourth part outlines data sources, variable selection, and model construction; the fifth part gives relevant empirical analysis; and the sixth part outlines the empirical conclusions and policy implications.



2. Literature review and research hypothesis


2.1. Literature review

Theoretically, crop residue burning, livestock stocking, agricultural machinery, grain production and other crop production generate large amounts of ANSP and increase CO2 emissions, which seriously affect the ecological environment, and the destruction of the ecological environment will inevitably affect the agro-ecosystem in turn (Arif et al., 2018; Abbas et al., 2020a,b; Basit et al., 2021). So the government must reconsider its policies related to agricultural and livestock production and adopt environment-friendly practices in the agriculture sector that may reduce the ANSP in the long run (Abbas et al., 2020a,b). Based on these, green finance can coordinate the relationship between ecology and finance under a reasonable market mechanism, achieve effective management of environmental risks and optimal allocation of environmental resources (Wang and Zhi, 2016), and achieve a win-win situation of green economic development and environmental improvement by promoting the development of green technology (Zhou et al., 2020). In recent years, research on green finance in maintaining sustainable environmental development has achieved fruitful results. For example, using municipal-level data and a semi-parametric difference-in-difference approach, Muganyi et al. (2021) empirically found that green finance can lead to a significant reduction in overall industrial pollution (Muganyi et al., 2021). Using 15 years of data from South Asia, Southeast Asia, China, Middle Eastern countries, and Europe, Khan et al. (2022) found that green financing for renewable energy minimizes global CO2 emissions (Khan et al., 2022). Peng et al. (2022) found that green finance forms a complementary and mutually reinforcing relationship with environmental governance through interaction with green industries (Peng et al., 2022). He et al. (2022) found that green finance reduced the CER performance of polluting firms by increasing financing constraints, reducing environmental investments, and reducing technological innovation and thus improving the environment (He et al., 2022). Liu and Wang (2023) used a multiplicative approach to study the amount of green patents in a financial innovation pilot zone; they demonstrated that green finance promotes green patent output through intensive R&D investment and sustainable development goals and that it provides a feasible path to achieve the goal of “carbon peaking and carbon neutrality”(Liu and Wang, 2023). Gu et al. (2023) found, through empirical analysis, that green finance improves the energy consumption structure by providing financial support for green development, thereby reducing carbon emissions (Gu et al., 2023). Guo et al. (2022) found that green finance reduces carbon emissions by reducing the amount of fertilizer applied (Guo et al., 2022). Using 2004–2019 Chinese provincial panel data, Sun et al. (2022) found that green finance development has a significant inhibitory effect on local and surrounding carbon emissions (Sun et al., 2022). However, looking at the literature, it can be observed that studies on green finance and pollution abatement are mainly considered from the perspective of carbon abatement and industrial pollution abatement, with few studies conducted from the perspective of ANSP abatement.

For ANSP reduction, a small number of scholars have considered the important role played by finance in the process of ANSP management and have conducted relevant studies. From the theoretical basis, it has been found that there is an inverted U-shaped relationship between financial technology development and ANSP, so that ANSP can be reduced more effectively by improving the level of financial technology as a main focus (Jiang et al., 2019). At the same time, reasonable ecological compensation standards are also key to solving farmland surface source pollution, and fiscal compensation can effectively stimulate farmers’ willingness to control surface source pollution and reduce ANSP (Lu et al., 2021). Based on these, Jiang et al. (2020) established a panel-smoothed transformation regression model and concluded that the increase in ANSP due to agricultural economic growth is largely related to the level of financial development and that increasing the level of finance to a medium-high threshold will suppress ANSP (Jiang et al., 2020). Lin et al. (2022) empirically tested the mitigation effect of digital financial inclusion on ANSP by constructing a fixed-effects model based on provincial data in China. Some scholars have also found that with the improvement of the development level of digital inclusive finance, the effect of pollution mitigation is enhanced (Lin et al., 2022). Ewa et al., 2020 showed that transferring financial support to large-scale restoration programs in rivers and riverside wetlands is cost-effective and can significantly reduce agricultural losses of nitrogen and phosphorus to surface waters and reduce the environmental risks of ANSP (Ewa et al., 2020). Although the above mentioned literature has studied the role of finance in ANSP emission reduction and provides a reference for this paper, these studies do not have content on green finance and lack research on green finance and ANSP emission reduction. Based on this, this paper conducts an empirical analysis of green finance and ANSP emission reduction to explore the mechanism of green finance in promoting ANSP emission reduction, which enriches the existing research.



2.2. Research hypothesis


2.2.1. Green finance and ANSP

Green finance is conducive to ANSP reduction. First, green finance promotes the construction of rural ecological, environmental management facilities and ecological recycling agriculture development by intervening in green projects to realize the role of ANSP emission reduction (Dong, 2020). Second, green finance can optimize resource allocation. It promotes the overall management level and technological innovation capacity of ecological agriculture by providing financial resources for eco-friendly low energy consumption and low-pollution green projects. In addition, it provides advanced agricultural equipment and materials for the market such as organic fertilizers that are more ecologically friendly. And it also provides a guarantee for the sustainable development of ecological agriculture (Tian and Lin, 2019), which in turn reduces the generation of ANSP from the source. Finally, green finance alleviates the financing constraints of small and medium-sized ecological agriculture operators. Also providing funds for the development of ecological agriculture, further expanding the scale of ecological agriculture and realizing great ecological and social value (Gao et al., 2022). Based on this, this paper proposes hypothesis one:


H1: Green finance can reduce ANSP.
 



2.2.2. Green finance, agricultural scaling and ANSP

Green finance promotes the enhancement of agricultural scale. First, green finance targets rural green resources and green industrial structures. It integrates and guides financial resources to be mobilized in the field of rural green industries, which is conducive to the enhancement of green or ecological agriculture scale (Ge and Zhou, 2011). Second, small-scale planting and breeding are uneconomical, expanding large-scale production can lead to a certain scale effect. Green finance can alleviate the financing constraints of ecological agricultural operators and prompt them to realize large-scale operations (Y, 2022). Once again, green finance has a guiding role in the development of eco-agriculture. By providing funds for eco-agricultural operators, green finance will guide the transformation of traditional agricultural operators, and thus will further enhance the scale of eco-agriculture (Ye et al., 2022). Finally, financial institutions tend to support agricultural operators that have already attained a scale due to risk factors and their interests (Ge and Zhou, 2011).

The increase in agricultural scale contributes to the reduction in ANSP. First, agricultural scale increases the long-term investments of agricultural operators (Zhang and Yue, 2019). For the sake of maximizing their interests, agricultural operators become more forward-looking and include the sustainable development of ecological resources such as land in the consideration of production. This contributes to the management of ANSP. Second, the development of agricultural mechanization, as the key to agricultural scale management, has realized the core mechanism of “machinery replacing labor” (Zhang, 2023). Moreover, agricultural mechanization infrastructure will replace individual agricultural practices with high pollution emissions such as diffuse irrigation, further reducing ANSP. Furthermore, the increase in agricultural scale contributes to the standardization of ecological agriculture. It helps reduce the number of agrochemical inputs per unit area and thus reduces ANSP (Zhu et al., 2017). In summary, hypothesis two is proposed in this paper:


H2: Green finance promotes the reduction of ANSP by enhancing the scale of agriculture.
 



2.2.3. Green finance, green technology level and ANSP

Green finance promotes the improvement of the green technology level. First, unlike the traditional financial sector, green finance plays a resource allocation role in the market by restricting projects with high pollution, high energy consumption and high emissions (Muganyi et al., 2021). Financial support is given to green innovation-oriented projects or enterprises (Shu et al., 2016). As a result, technologies and projects related to green or eco-agricultural technologies in agriculture will receive the pro-grandfathering of green finance. It enhances the overall level of eco-agricultural technologies. Second, green finance can encourage enterprises to carry out green technology development (Tao, 2021). It encourages agriculture-related enterprises to promote the progress of agricultural technology through technological innovation in agricultural machinery, planting and breeding. This further promotes the development of agriculture toward efficiency, modernization and sustainability. Finally, green finance contributes to the popularization and application of green technology. It can enhance the promotion and application of modern agricultural machinery and equipment. In addition, it enhances ecological agricultural technology and further promotes the level of green technology by alleviating the financing constraints of agricultural operators, agricultural equipment operators, farmers and other business entities.

The increase in the level of green technology contributes to the reduction of ANSP. The green technology level can be further subdivided into green technology efficiency change and green technology progress change (Guo and Liu, 2020). In terms of efficiency, the improvement in the level of green technology has advanced the high-quality development of agriculture. It also can facilitates the promotion of agricultural mechanization and digital production technology. All of these can effectively improve the efficiency of agricultural production, and reduce pollution and damage to the ecological environment caused by agricultural production (Dong, 2020). In terms of technological advances, first, green technological advances promote the development of more eco-friendly agricultural products (Wang and Zhi, 2016), reducing pollution by replacing or reducing resource consumption, such as replacing traditional high-pollution chemical fertilizers with low-pollution organic fertilizers to reduce ANSP at the source. Second, specialized pollution control technology provides an effective way to solve environmental problems, and farmers can improve the use of resources after mastering the technology (Tao et al., 2023). Therefore, the improvement in the level of green technology contributes to the reduction of ANSP by both improving technical efficiency and promoting technological progress. In summary, this paper proposes hypothesis three:


H3: Green finance promotes the reduction of ANSP by promoting the improvement of the green technology level.
 





3. Research design


3.1. Data source

We choose 2005–2020 as the research period to reflect the latest trends in the research results. The data for green finance calculations are obtained from the websites of authoritative institutions such as the Bureau of Statistics, the Ministry of Science and Technology and the People’s Bank of China. In addition, national sources are used to collect data, including provincial and municipal statistical yearbooks, environmental status bulletins and some professional statistical yearbooks, such as the China Science and Technology Statistical Yearbook, China Energy Statistical Yearbook, China Financial Yearbook, China Agricultural Statistical Yearbook, China Industrial Statistical Yearbook, and China Tertiary Industry Statistical Yearbook. The data on ANSP come from the National Bureau of Statistics, China Rural Statistical Yearbook and China Statistical Yearbook.



3.2. Indicator construction


3.2.1. Dependent variable

The dependent variable in this study is ANSP. Combining the measurement ideas of Chen et al. (2006), we used the non-point source pollution emissions from farming and planting to express the total ANSP. Considering the expansion of agricultural production, we choose the ratio of total ANSP to the value-added of agriculture, forestry, animal husbandry and fishery as a relative indicator to objectively reflect the emission trend of ANSP. The calculation formula of ANSP is as follows:

[image: image]

[image: image] is the amount of emissions from pollutant source j in province i in year t. [image: image] is the value added of agriculture, forestry, animal husbandry and fishery in province i in year t. [image: image] is the statistics of pollution source j in province i in year t. [image: image] is the discharge coefficients of unit j pollution source. The emission coefficients refer to the empirical data summarized by Lai et al. (2004). The accounting units are shown in Table 1.



TABLE 1 Pollution accounting units.
[image: Table1]



3.2.2. Independent variable

Based on the definition of green finance in The Guidance on Building Green Financial System and related studies on financial development and green finance measurement (Zhang et al., 2022), we select green credit, green bonds, green insurance, green funds, green investment, green support, and green equity as variables. We use the entropy method to measure the green finance index. The calculation results of the entropy value method have higher accuracy and credibility. The meanings of each variable selection are listed in Table 2.



TABLE 2 Green finance index accounting module.
[image: Table2]



3.2.3. Control variables

The following control variables were selected for this paper.


3.2.3.1. Population size

Measured by the total population size of the region. Population size is related to the amount of energy, soil and production materials used, all of which can be considered components of the sources of ANSP emissions.



3.2.3.2. Agriculture level

Measured by the ratio of the value added of agriculture, forestry, livestock, and fishery to the total value of agricultural production. An increase in agricultural production leads to an increase in ANSP emissions.



3.2.3.3. Arable land size

Measured by the total area of crops sown. The size of arable land is closely related to ANSP emissions.



3.2.3.4. Economic level

Measured by gross regional product per capita. The regional economic level affects agricultural production behavior, which in turn affects ANSP emissions.

Financial Support to Agriculture: measured by the ratio of government expenditure on agriculture, forestry, and water to government financial expenditure. Each country has adopted certain policies to support agricultural development, with financial support for agriculture being the most critical measure. Financial investment can improve farmland water conservancy projects, rural electricity, disaster prevention projects, agricultural science, technology and other infrastructure, improve the efficiency of agricultural production, improve production conditions, and thus influence ANSP reduction.



3.2.3.5. Secondary Industry Structure

Measured by the ratio of secondary industry value added to regional GDP. Changes in the structure of the secondary industry will affect the share of the agricultural industry to a certain extent, which in turn affects pollution emissions.

Tertiary Industry Structure: measured by the ratio of the added value of the tertiary industry to the regional GDP. Changes in the structure of the tertiary industry affect, to some extent, the share of the agricultural industry and thus pollution emissions.




3.2.4. Mediating variables

The following two mediating variables are set in this paper.


3.2.4.1. Agricultural scale-up

It’s the rate of land transfer, measured by the ratio of family contracted land transfer area to family contracted land area. Green finance, through its capital investment and green credit, improves agricultural operators’ agricultural investment capacity. It’s also a way to expand their operation scale. The increase in scale, in turn, contributes to the efficiency of agricultural mechanization operations (Shu et al., 2016) and to the realization of scale benefits.



3.2.4.2. Green technology level

In this paper, green total factor productivity is used to measure the level of green technology. Green total factor productivity reflects the degree of application of green technology in a region. The improved level of green technology promotes the development of more eco-friendly agricultural products (Tao et al., 2023), thereby reducing the high pollution behavior in agricultural production activities and thus reducing ANSP. The calculation method of green total factor productivity refers to the idea of Guo and Liu (2020), in which the input indicators include the number of people employed in agriculture, forestry, animal husbandry, and fishery, land input area, total agricultural machinery power, agricultural chemical fertilizer application, organic fertilizer application, pesticide use, agricultural film use, agricultural electricity consumption, and total agricultural water consumption. Output indicators include total agricultural output value and ANSP emissions.





3.3. Analysis of descriptive results

The results of descriptive statistics for the main variables in this paper are shown in Table 3. The independent variable green finance (GFN) has a maximum value of 8.026 and a minimum value of 1.535, with significant variability; the dependent variable ANSP has a maximum value of 0.631 and a minimum value of 0.351, with a mean value of 0.516 and reasonable data.



TABLE 3 Descriptive statistics.
[image: Table3]




4. Results and analyses


4.1. Baseline regression

To explore the relationship between green finance and ANSP and to assess the effect of green finance on ANSP, a regression model was constructed, as shown in Equation (1). The use of this model enables the estimation of the causal relationships of variables in panel data. Both time fixed effect and province fixed effect are taken into account to avoid omitting variable bias and exogeneity problems.

[image: image]

Equation (1): i represents province, t represents year, [image: image] is a province fixed effect, [image: image] is a time fixed effect, [image: image] is a control variable, ε is an error term. [image: image] is the dependent variable, which denotes the total ANSP emissions in province i in yeart. [image: image] is the independent variable, which denotes the green finance index of province i in yeart. It is the regression coefficient, which response to the total effect of green finance on ANSP reduction. To facilitate the interpretation of statistical implications and to smooth data fluctuations, the two variables above are logarithmically treated.

The estimation results of green finance on ANSP are presented in Table 4 through the regression of Model (1). Among them, only time and province fixed effects are added in Column (1), and all control variables are added sequentially and progressively in Columns (2)–(8). The coefficient of GFN is always negative, indicating that green finance can directly reduce ANSP.



TABLE 4 Baseline regression.
[image: Table4]

In Table 4: Column (1), without adding any control variables, the estimated coefficient of total ANSP emissions is −0.065, and the result is significant at the 1% level, which indicates a negative impact of green finance on ANSP. Columns (2) to (8) include all control variables in turn based on Column (1), and as the control variables increase one by one, it is seen that the coefficient of the GFN row is always negative and significant at the 1% level, indicating that green finance can directly reduce ANSP. It can be calculated from the coefficients in Column (8) of Table 4, on average, every 1% increase in the green finance index reduces total ANSP by 0. 048%. Thus, green finance can effectively promote the reduction in ANSP. In summary, Hypothesis One is proven, suggesting that green finance is an effective means of reducing ANSP.



4.2. Robustness test


4.2.1. Endogenous problems handing

The baseline regression results show that green finance effectively reduces ANSP. To ensure the “consistency” of parameter estimates and the authenticity and reliability of the regression results, endogeneity tests are conducted. In the above baseline regression, control variables are added, the fixed effects of time and region are controlled so that the endogeneity problems of omitted variables and selection bias are better addressed. On this basis, L. GFN is defined as the independent variable lagged by one period. It is selected as the independent variable to be regressed again as a way to exclude the interaction between the 2 years. It can effectively alleviate the endogeneity problem of reverse causality.

The regression is performed by lagging the independent variable by one period, and the results are shown in Column (1) of Table 5: the coefficient of L. GFN is negative and significant at the 1% level. So there is still a significant abatement effect of green finance on ANSP after the endogeneity problem of reverse causality is fully taken into account.



TABLE 5 Robustness test.
[image: Table5]



4.2.2. Mitigation of outlier effects

To exclude the influence of data beyond the plausibility range on the regression results and ensure the reliability of the empirical test results, this paper conducts a robustness test excluding outliers to determine whether the empirical results are influenced by extreme values. Defining D. GFN as the variable obtained by excluding 5% extreme values from the original independent variables. Selecting it as the independent variable for regression again to exclude the influence of extreme values on the regression results.

The results are shown in Column (2) of Table 5: the sign of D. GFN is negative and significant at the 1% level, indicating that there is always an abatement effect of green finance on ANSP, and it is not affected by extreme values.





5. Additional analyses


5.1. Heterogeneity analyses

Reviewing the previous studies, we found that most of the studies on the geographical differences of ANSP were based on objective geographical location as the division. That is, the study of ANSP in the east and west of China (Ma and Yue, 2021). To further investigate the performance of ANSP in different regions, we divided the regions in a more diverse and detailed way in this section of the heterogeneity study.


5.1.1. Heterogeneity of developed agricultural provinces

Developed agricultural provinces are those provinces that have reached a higher level of quality and a level of agricultural development. Those provinces have a higher level of agricultural modernization, agricultural production efficiency, agricultural industrialization, agricultural market competitiveness, and farmers’ income, based on a larger scale of production and operation and a higher overall production capacity (Gu, 2022). The sample was divided into agricultural developed provinces and non-agricultural developed provinces (cities), mainly to investigate whether green finance can play a significant role in reducing ANSP in non-agricultural developed provinces (cities), which have more room for green finance development. Based on the data from the National Bureau of Statistics, ten provinces, Henan, Shandong, Sichuan, Jiangsu, Heilongjiang, Guangdong, Hebei, Hubei, Guangxi, and Hunan, were classified as developed agricultural provinces by calculating the average value of total agricultural output in the last five years as a measure.

In Table 6, Column (1) is the agricultural developed province, showing that the effect of green finance on ANSP is negative and significant at the 5% level; Column (2) is the non-agricultural developed province, showing that the effect of green finance on ANSP is negative but does not pass the significance test. This indicates that the effect of green finance on ANSP reduction is greater in agricultural developed provinces.



TABLE 6 Heterogeneity analysis 1.
[image: Table6]

The reasons for this result may be twofold: on the one hand, the agricultural developed provinces have a high level of agricultural modernization, a strong agricultural foundation, and advanced agricultural technology. The financial sector is willing to support the development of green agriculture by the operators, with higher financial support and a more prominent role of green finance. On the other hand, in agricultural developed provinces, agriculture is the pillar industry. So the government attaches more importance to the sustainable development of agriculture, the corresponding government support is strong, the corresponding supporting enterprises are complete, more projects support the green development of agriculture. And the financial sector’s financial support for these projects is high, and the role of green finance in ANSP reduction is significant.

In contrast, the agricultural base in non-agricultural developed provinces is weaker, and the role of green finance in supporting ecological agricultural development is not outstanding compared with that in developed provinces. Therefore, it is necessary to mobilize the production motivation of agricultural operators in non-agricultural developed provinces and strengthen the agricultural foundation. It is also necessary to increase the number of eco-agriculture demonstration projects and strengthen the introduction of advanced agricultural technologies. Continuously improve the eco-agriculture industry chain in order to promote the landing of green finance and ultimately promote the reduction of ANSP.



5.1.2. Heterogeneity of economic development level

The level of economic development impacts the development of green finance. The sample was divided into economically developed provinces and non-economically developed provinces to explore the differences in green finance for ANSP reduction in provinces with different economic development bases. Based on the data published by the National Bureau of Statistics, the top ten provinces (cities) among 31 Chinese provinces in terms of regional GDP were classified as economically developed provinces (cities) by calculating the average value of the regional GDP of each province in the last five years as a measure: Chongqing, Zhejiang, Guangdong, Jiangsu, Shandong, Henan, Sichuan, Hubei, Fujian, and Hunan.

In Table 7, Column (1) is distributed in non-economically developed provinces, showing that the effect of green finance on ANSP is not significant; Column (2) is economically developed provinces (cities), showing that the effect of green finance on ANSP is negative and significant at the 5% level, indicating that green finance can significantly reduce ANSP. This indicates that the green ANSP reduction effect is greater in economically developed provinces (cities).



TABLE 7 Heterogeneity analysis 2.
[image: Table7]

Possible reasons for this result include three main aspects. First, compared to less economically developed regions, economically developed provinces have stronger financial strength, better financial systems, and more innovative financial products. So it can provide diverse financial support to local green or ecological agricultural operators. This reduces their financing constraints and encourages operators to practice ecological agriculture, thus contributing to the reduction of ANSP. Second, agricultural operators in economically developed provinces are more educated and have a deeper understanding of green finance. That makes it easier for them to receive high-quality green financial services in the production and operation of ecological agriculture, thus reducing ANSP. Finally, economically developed provinces are relatively rich in material life for urban and rural residents. They have higher requirements for the safety of agricultural products and living environment. So the government will promote the investment of green finance in ecological agriculture to meet the needs of residents, thus promoting the development of ecological agriculture and environmental improvement.

Therefore, for non-economically developed provinces, we should accelerate economic development, improve the construction of the financial system, innovate green financial services, and accelerate the construction of a green, fair, and efficient green financial market system.



5.1.3. Heterogenrity of pollution composition

Since the production patterns of planting and farming are different, the demand for capital is different. Therefore, the sample is divided into planting and farming areas to exploring the differences in the role of green finance in promoting ANSP reduction. By calculating the proportion of pollution from farming and planting to total pollution in each province in the last five years, the provinces with more than 50% of pollution from farming were divided into farming zones: Sichuan, Guangdong, Guangxi, Jiangxi, Hainan, Fujian, Tibet, Qinghai, and Liaoning. The rest of the provinces are divided into planting areas.

In Table 8: (1) column is the province of planting area, which shows that the effect of green finance on ANSP is negative and significant at the 1% level, indicating that green finance can significantly reduce ANSP; (2) column is the farming area, which shows that the effect of green finance on ANSP is negative, but the effect of ANSP reduction is not significant. This indicates that in China, green finance promotes ANSP reduction mainly in the farming areas.



TABLE 8 Heterogeneity analysis 3.
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The main reasons are as follows: first, the pollution source of planting areas is clear and the pollution treatment program is clear. This leads to green financial policies for the planting areas, and faster pollution treatment effects. Thus green finance has more significant effect on emission reduction; second, in recent years, in the planting areas, green finance has invested in straw return technology, water-saving irrigation technology and other ecological technologies, and a large amount of funds have been spent on high-standard farmland and modernized facility agriculture. This has further promoted the reduction of pollution in the planting areas.

In contrast, in livestock and poultry farming, manure and gas emissions from livestock and poultry are important pollutants for agriculture, and the number is large and continuous. At present, many small and medium-sized farmers lack environmental awareness and corresponding pollution abatement supporting technology. So it is difficult for livestock and poultry farming to achieve pollution abatement. On the other hand, due to the greater risk of livestock and poultry farming, it is difficult for small and medium-sized farmers to obtain financing from financial institutions. Therefore, the role of green finance in pollution abatement in the farming areas is not significant.

Based on this, first, we should improve the regulatory system and its implementation to ensure that the land area is safe for consumption to obtain a farming permit. In order to achieve the return of livestock and poultry manure to the use of land, and thus promote emission reduction. Second, support for large standardized breeding enterprises should be expanded, and small and medium-sized farmers should be gradually replaced, which is also an important way to reduce emissions. Finally, we should innovate financial services to ensure that financial products can serve small and medium-sized livestock and poultry farmers.




5.2. Mechanism analysis

Although green finance can significantly reduce ANSP, its mechanism of action is not clear. To explore the mechanism of green finance’s role in reducing ANSP, a mediating effect model is constructed based on Equation (1) as follows:

[image: image]
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Mk is the kth mediating variable, including the level of green technology and the degree of the agricultural scale. Equation (2) is used to test the effect of green finance on the mediating variables; under the condition that the estimated coefficients of the core dependent variables in Equation (2) are significant, Equation (3) can be used to test the mediating effect of green finance on ANSP.

The model of mechanism analysis is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 The mechanism analysis of the impact of green finance on ANSP.


To examine the mechanism of the impact of green finance on ANSP, the idea of sequential testing of mediating effects is applied. Equations (2) and (3) are regressed sequentially to determine the mediating factors. Firstly, the effects of green finance on technological progress and the degree of agricultural scale are analyzed, and the regression results are shown in Columns (1) (2) of Table 9. Secondly, the two mediating variables are added to the benchmark regressions separately to analyze the effect of mediating factors on total ANSP, and the regression results are shown in Columns (3) (4) of Table 9.



TABLE 9 Intermediary mechanism test.
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From Table 9, it can be observed that Columns (1) to (2) show a positive and significant effect of green finance on technological progress and the degree of agricultural scale, with the effect of the independent variables on the mediating variables is positive and significant at the 1% level. This suggests that green finance can promote technological progress and increase the degree of agricultural scale. Additionally, the coefficient of the degree of agricultural scale is negatively significant at the 1% level, indicating that green finance can reduce ANSP emissions through the increase in the degree of agricultural scale, thus proving hypothesis two. Furthermore, the coefficient of the green technology level column is negative and significant at the 1% level, indicating that green finance can reduce ANSP emissions through the path of technological progress, which proves hypothesis three.

The results show that, first, green finance can promote the development of the agricultural scale and then enhance the scale efficiency. The increase in the agricultural scale leads to a significant reduction in ANSP. This is related to the improvement of the quality and efficiency of agricultural production and the development of efficient agriculture. Second, green finance can improve the level of green technology in agriculture, and the improvement of green technology will lead to a significant reduction in ANSP. The improvement of the green technology level in agriculture promotes technological innovation and eco-friendly agricultural products, which promotes the green and sustainable development of agriculture and ultimately reduces ANSP emissions.

A review of the existing literature reveals that digital inclusive finance can promote technological innovation (Liang et al., 2023). Similarly, in this paper, our analysis of intermediary mechanisms reveals that green finance also promotes green technology innovation, which in turn reduces ANSP. This means that the government may be able to achieve twice the result with half the effort by aligning its policies on green finance and digital inclusive finance so that they complement each other.



5.3. Threshold effect

In addition to the negative linear relationship between green finance on ANSP verified by model (1), this study further considers whether there is a non-linear relationship between the effects of green finance on ANSP abatement considering that the effects of green financial on ANSP abatement may be different for different levels of development in the context of non-equilibrium development of green finance. A panel threshold model was constructed as follows:

[image: image]

In Equation (4), [image: image] denotes the level of green financial development, which is the core independent variable of the model and also the threshold variable of the panel threshold model, [image: image] denotes the threshold value to be estimated, I (·) denotes the exponential function, α denotes the correlation coefficient, and the other variables are consistent with the previous section.

Before conducting the panel threshold regression, it is necessary to determine whether there is a threshold effect, and if there is a threshold effect, the number of thresholds needs to be determined. As can be seen from Table 10, the value of p for the single threshold is 0.000, which is significant at the 1% statistical level, the value of p for the double threshold is 0.0733, which is significant at the 10% statistical level, and the value of p for the triple threshold is not significant, so there is a double threshold.



TABLE 10 Results of the threshold effect test.
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After determining the existence of a double threshold, this study tested the single and double thresholds, and the results are shown in Table 11. The threshold value for the single threshold was 5.88 and the threshold value for the dual threshold was 5.97.



TABLE 11 Threshold estimation results.
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When the level of green financial development is below the threshold (GFN ≤5.88), the emission reduction effect of green finance on ANSP is statistically significant at the 1% level with a coefficient of −0.0587. When the level of green financial development is between the threshold (5.88 < GFN ≤5.97), the emission reduction effect of green finance on ANSP is still statistically significant at the 1% level The coefficient is −0.076. When the level of green financial development is greater than the threshold (GFN >5.680), the abatement effect of green finance on ANSP is increased, with a coefficient of −0.0934. The results show that with the improvement of the development level of green finance, the effect of green finance on ANSP abatement will be gradually enhanced, and green finance is expected to become a new tool for ANSP abatement. The results are shown in Table 11.

Among the existing studies, Jiang, S. et al. argued that raising the level of finance to a medium-high threshold would inhibit ANSP (Jiang et al., 2020). To quantitatively analyze its specific connotation, this paper identifies the threshold point of the inhibitory effect of green finance on ANSP through a threshold model and provides more informative suggestions for government governance (see Table 12).



TABLE 12 Estimation results of the double threshold model.
[image: Table12]




6. Conclusion

Green financial development has broken through the service boundaries of conventional finance and effectively connects with ANSP management. It has become an important driver of green agricultural development. This paper calculates the ANSP emissions and uses the entropy value method to measure green finance. We use China’s provincial panel data from 2005 to 2020 to systematically examine the impact of green finance on ANSP. Then, further analyses are conducted to explore the green finance’s role in the ANSP reduction process reduction. The main findings are as follows: (1) In general, Green finance development significantly reduces ANSP, (2) From the three different dimensions of subdivision, green finance can significantly reduce ANSP only in developed agricultural provinces, economically developed provinces and plantation-based areas. The estimated coefficients of ANSP emission were − 0.0519, −0.0399 and − 0.0473, (3) Green finance significantly reduces ANSP with estimated coefficients of −0.174 and − 0.735 by promoting the scale of agriculture and the improvement of green technology levels, and (4) The threshold effect test shows that the mitigation effect of green finance on ANSP has non-linear characteristics, the mitigation effect will be enhanced as the development level of green finance increases. With the threshold values about 5.88 and 5.97.

Based on the research findings, we provide the following policy inspirations. First, we recommend increasing green financial support in agriculture and rural areas. Rural financial institutions should deeply explore the economic development and natural resources of rural areas and design suitable green financial products based on the needs and difficulties of farmers. Given China’s small farmer economy, it is necessary to fully consider farmers’ weak links in production and operation and gradually improve green loan services to address individual farmers’ difficulties in obtaining loans due to guarantee issues. Second, green finance should be developed according to local conditions. In provinces with high comprehensive agricultural prominence, economic development, and a planting-oriented approach, green finance should be prioritized to further reduce agricultural surface source pollution through the integration of green finance and agriculture. In other provinces, green finance awareness should be raised around the needs of basic rural financial development to promote the organic integration of green finance and green agricultural development. Third, it is crucial to clarify the positioning of green finance and promote the development of agriculture toward technology and scale. Given the inadequate targeting of green financial services by Chinese rural financial institutions and the absence of agriculture-related features, rural financial institutions should actively innovate to link technological development with green agriculture. For instance, developing projects such as mortgage loans for special crops and harmless production waste would facilitate the main bodies’ green development efforts. Additionally, financial and technical support should be provided to promote large-scale operations in agriculture. The development of financial institutions and green financial products will continually enhance the endogenous power of green agricultural development, guiding rural agriculture toward a green and sustainable direction. Fourth, it is necessary to improve the green financial system and optimize policy tools in response to the inadequate green financial system in China and the lack of enthusiasm from relevant financial institutions. At the highest level, it is necessary to enhance green financial standards in the context of the current situation of Chinese agriculture and rural areas. Continuously strengthening environmental information disclosure, establishing incentive and restraint mechanisms, and optimizing product and market systems is key. Reasonable policies should be constructed to stimulate the development of green finance in rural areas. Rural financial institutions should be given incentives to carry out green finance by implementing differentiated regulatory policies, adjusting the weight of green finance assessment, and providing certain loan subsidies. These steps would stimulate the enthusiasm of rural financial institutions to carry out green finance.

There are also some limitations in this paper. Considering the proportion of pollution emissions and the availability of data, we used the pollution emissions from planting and livestock to reasonably estimate the total amount of ANSP. Those sources that account for a relatively small share of pollution are excluded from consideration. This may result in less accurate data, provided that the overall conclusion remains unchanged. In future studies, we will pay more attention to these pollution sources that are not taken into account, such as fisheries. On the basis of continuous data collection, we will select appropriate measurement indicators to improve the calculation of ANSP, so as to obtain more accurate results to provide a better reference for government administration.
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