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Abstract: This study examines the impact of green finance on optimizing China’s agricultural
industrial structure. It emphasizes the importance of innovative green financial services, improved
efficiency, tailored regional approaches, and enhanced foresight to foster a high-level development in
the agricultural sector amid China’s economic transformation. Based on the provincial panel data
of 31 provinces in China from 2012 to 2021, this study empirically tests the effect mechanism of
green finance on the optimization process of the agricultural industrial structure by constructing a
fixed-effects model. This study finds that green finance can effectively promote the development of
the optimization of the agricultural industrial structure. Under the current trend of China’s economic
structural transformation and optimization, we suggest that China should innovate green financial
service products, improve the efficiency of green finance, and enhance the depth of green financial
services for the optimization of the agricultural industrial structure. It is required to strengthen
foresight and improve relevant laws, regulations, policies, and standards. To help green finance be
better promoted, a high-level development of the agricultural industrial structure is required.

Keywords: sustainable agriculture; green finance; agricultural industrial structure; fixed-effects
model; China

1. Introduction
1.1. Background

To expedite agricultural modernization and achieve sustainable economic develop-
ment while working towards China’s “carbon peak and carbon neutrality” targets, it is
imperative to prioritize ecological civilization construction and the rural revitalization strat-
egy. The optimization of the product industry’s structure, as outlined in the No. 1 Central
Document, becomes crucial for future agricultural deployment [1]. The advancement of
the agricultural industrial structure is a key measure for sustainable development [2].

In recent years, green finance has increasingly played a significant role in promoting
the optimization of the agricultural industrial structure. Green finance involves investment
and financing in projects that support environmental protection, energy efficiency, clean
energy, green buildings, and other environmentally friendly practices, aiming to mitigate
climate change and maximize resource conservation and efficiency [3–7]. The interconnec-
tion between the agricultural industrial structure and green financing has gained attention
from scholars, but there remains a lack of relevant research and empirical studies, and data
support needs improvement.

Therefore, a comprehensive investigation is necessary to determine how green finance
can contribute to the upgrading of the agricultural industrial system. This study aims
to investigate the impact of green finance on the industrial structure of the agriculture
sector using a fixed-effects model and analyzing data from 31 Chinese provinces and
municipalities (excluding Hong Kong, Macau, and Taiwan) from 2012 to 2021. The findings

Sustainability 2023, 15, 9813. https://doi.org/10.3390/su15129813 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su15129813
https://doi.org/10.3390/su15129813
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-3036-1002
https://doi.org/10.3390/su15129813
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15129813?type=check_update&version=1


Sustainability 2023, 15, 9813 2 of 19

emphasize the importance of optimizing the agricultural industrial structure based on
regional conditions and pursuing sustainable development, energy conservation, and
emission reduction. Green finance instruments should be actively utilized to maximize
this growth.

1.2. Literature Review

When examining the relationship between green finance and restructuring the agri-
cultural industrial structure, researchers from other countries initially focused on the
connection between financial development and industrial structure [8]. Financial policies
have been proposed to distribute social resources across sectors, ensuring adequate funding
for industrial development [9]. Green finance, as described by Muganyi et al. is a subset of
financial innovation that connects the financial sector with environmental causes to protect
the environment [10]. It is suggested that green finance could increase the likelihood of
return on investment for environmentally friendly energy projects [11].

In the domestic literature, there has been limited research specifically on green fi-
nance and the adjustment of the agricultural industrial structure. Ma Biao et al. used a
four-sector dynamic stochastic general equilibrium (DSGE) model, highlighted the role of
credit support in promoting economic growth, efficiency, and adjustment in the industrial
structure [12]. Financial development and industrial structure upgrading are two core areas
of concern in development economics [13]. In addition, the development of green finance
has a significant role in promoting the transformation and upgrading of industrial structure,
which is still valid after the endogeneity test and robustness test [14,15]. Some scholars
suggested that promoting green industries and coordinating economic and social devel-
opment through industrial structure optimization, green low-carbon transformation, and
ecological industry optimization contributed to industrial upgrading [16–18]. Qian et al.
proposed that the reconstruction of a green industrial system, facilitated by green finance,
could drive the transformation and enhancement of industrial structures [19–21].

Many researchers rely on models to study the relationship between agricultural indus-
trial development and economic growth, with limited attention to the connection between
green finance and the agricultural industrial structure. Qualitative methods dominate the
study of green finance, underscoring the importance and validity of its growth. Extensive
and systematic research on the role of enhancing the agricultural industrial structure in
green finance growth is lacking. A static panel model falls short in capturing the dynamic
process by which green finance influences the high-level development of the agricultural
industrial structure. This study employs a dynamic panel model to empirically explore
the mechanism of green finance in upgrading China’s agricultural industrial structure,
considering the development of green finance and the level of industrial structure upgrad-
ing in the country. These findings contribute to the modernization of China’s agricultural
industrial structure and long-term economic prosperity.

2. Theoretical Framework and Research Hypotheses
2.1. Measure the Development Level of Green Finance

Green finance supports the adoption of the concept of green sustainable growth
by financial institutions [22]. The improvement and modernization of the agricultural
industrial system are also supported by green funding. The academic community has not
yet produced a standard measurement of the expanding level of green finance; however,
because of the new emergence of green finance in China. The building of an index system is
currently the main method used to evaluate the current state of green finance development.
This study examined green finance from seven perspectives: green credit, green insurance,
green bonds, green support, and green funds, as well as green rights and interests. It also
takes into account the complexity and timing of the development of the green finance
system. The advancement of the green finance system’s evaluation indicators is shown in
Table 1.
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Table 1. Evaluation index system of the development of green finance.

Evaluation Index First-Level Indicators Secondary Indicators Specific Indicators

Green finance

Green credit Credit for environmental protection
projects

Total credit for environmental
protection projects in the

province/total credit for the province

Green insurance
The extent to which environmental
pollution liability insurance will be

promoted

Environmental pollution liability
insurance income/total premium

income

Green investment
Investment in environmental

pollution reduction as a proportion
of GDP

Investment in pollution control/GDP

Green bond Green bond development degree Total green bond issuance/total
issuance of all bonds

Green support
The proportion of government

spending on environmental
protection

Expenditure on environmental
protection/general budget

expenditure

Green fund Percentage of green funds Total market value of green
funds/total market value of all funds

Green rights and interests Deepening development of green
rights and interests

Total carbon trading, energy trading,
emission trading/equity market

trading

The development level of green finance in China’s provinces from 2012 to 2021 (ex-
cluding Hong Kong, Macao, and Taiwan) was quantified using the entropy value technique.
To provide a comprehensive view of the changes in green finance development over the
past decade, this study employed ArcGIS Pro 2.8 ((https://esribelux.com/2021/05/20
/arcgis-pro-2-8/), accessed on 2 December 2022) to analyze the spatial and temporal effects.
Specifically, the analysis focused on four specific years: 2012, 2015, 2018, and 2021, with a
visualization created every two years. This approach allowed for a more intuitive obser-
vation of the variations in green finance development among China’s provinces and the
overall changes in the development level of green finance over time (Figure 1). The decision
to use a biennial representation was because yearly descriptions may not effectively capture
the significant-change effects, which could hinder a comprehensive understanding of the
current state of green finance development.

The legend displayed in Figure 1 represents the range of the green finance development
level index, presented without specific units. Analyzing the GIS maps depicting the
development of green finance over the past four years reveals a consistent improvement in
the level of green finance in China. Additionally, the coastal provinces and municipalities
show a higher level of green finance development compared to the inland provinces.
However, due to data limitations, there are no available statistics on the development level
of green finance in Hong Kong, Macao, and Taiwan.

Despite progress, the growth of green finance development has been slower when
compared to the average GDP growth rate during the same period. Industries character-
ized by pollution, inefficient energy use, and excess capacity continue to drive economic
growth, while the agricultural sector has limited impact and demand for green finance.
To channel market funds effectively, Ding Pan et al. [23] emphasized the importance of
targeted and controlled policies to provide greater financial support to green industries and
impose higher investment costs on industries with a high resource consumption and low
profitability. This accelerates the growth of the ecological industry structure. These findings
underscore the need for further research on the relationship between green finance and
agriculture to stimulate its demand and driving effect. Urgent discussions are necessary to
expedite the healthy and sustainable growth of green financing, supporting the high-level
progress of the agricultural industrial system.

https://esribelux.com/2021/05/20/arcgis-pro-2-8/
https://esribelux.com/2021/05/20/arcgis-pro-2-8/
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Figure 1. The development level of green finance in Chinese provinces.

Figure 2 illustrates the fluctuations in the average value of the green finance develop-
ment level index between 2012 and 2021. The index experienced an upward trajectory, rising
from 0.2841 in 2012 to 0.3646 in 2021. Based on the trend line depicted in Figure 2, this study
posits that green finance is expected to continue its upward trajectory in the coming years.
This trend is intricately linked to China’s array of energy-saving and emission-reduction
policies, which play a vital role in shaping the future of green finance.
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In Figure 3, the average value of the development level index of green finance from
2012 to 2021 is presented for the 31 provinces and cities in China. The report classifies
the green finance development level into three distinct levels based on the province level.
The first level encompasses 14 provinces and municipalities, as indicated in the figure,
with a development index ranging between 0.4 and 0.5. The second level consists of
four provinces, districts, and cities, with a development index ranging from 0.3 to 0.4. The
third level comprises thirteen provinces, with a development index below 0.3.
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Figure 3. Development level index and the average value of green finance.

It is evident that China’s provinces and cities have considerable potential to accelerate
the growth of green financing. The overall green finance development index for China has
an average value of 0.3178, with 18 provinces and cities surpassing the national average.
However, most provinces and cities in the country still have room for further advancement
in developing their green finance systems. The integration of green finance with the
optimization and upgrading of the agricultural industrial structure holds great potential
for facilitating the high-level development of the agricultural industrial system. This, in
turn, will support long-term growth and contribute to the aspirations of the population for
an enhanced quality of life.

2.2. Assessing the Development Level of China’s Agricultural Industrial Structure Optimization

The transition from low-level to high-level capital- and technology-intensive enter-
prises signifies an enhanced agricultural industrial structure. Achieving this transformation
necessitates the ongoing development of an industrial structure based on rationalization,
innovation, and the adoption of new technologies [24]. To assess the improvement of
the agricultural industrial structure, we can employ the industrial structure height index
developed by Liu Wei et al. [25]. The calculation formula for this test index is as follows:

uais = ∑ Vit × LPit (1)

where i is the specific industry analyzed, and t refers to the year in which the analysis
was carried out. Vit is the proportion of industrial output value in the domestic output
value in period t, LPit is the universal labor productivity formed in industry i in period t
and is the ratio of the growth of industry i to the total employment. Because statistics on
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agriculture are limited, provincial statistical data on rural employees in the whole industry
were not available.

Hence, building upon the findings of previous scholars, this study incorporated
the substitution of labor productivity across key industries within the analysis of the
agricultural sector [26]. This was achieved by considering the ratio of value-added to
intermediate consumption within various industries. The significance of enhancing the
agricultural industrial structure becomes more pronounced as the value of the unified
agricultural industrial structure (UAIS) increases, as demonstrated by previous research.

The formula for this measurement was used to determine the advanced level of the
industrial structure of agriculture in different parts of China using the original data from
regional statistics yearbooks from 2012 to 2021 (excluding Hong Kong, Macau, and Taiwan).

Figure 4 demonstrates the progress of the agricultural industrial structure in the
eastern region, indicating a movement towards an advanced level. Initially, the trend in the
central section showed a decline, followed by an upward shift. Geographical disparities are
apparent in the level of agricultural industrial structure upgrading, with the western region
exhibiting a stable growth at an advanced level. In contrast, the agricultural industrial
system in the eastern region, despite being well-established, has been experiencing a slower
growth. Factors such as inadequate power for agricultural machinery and inefficiencies
in mechanized production and operation may hinder the development of a high-level
agricultural industrial structure, resulting in a lower labor productivity in these regions.
The significance of this study lies in the comprehensive analysis of China’s agricultural
business structure, which highlights the considerable potential for optimization.
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2.3. Research Hypotheses

Green finance serves as an indicator of the future trend and direction of financial
development. The transformation of the agriculture industry, sustainable expansion of the
local economy, and acceleration of social progress are all reliant on green finance. China
has a wide range of green financial instruments, such as green bonds and green insurance,
to facilitate the improvement and modernization of agricultural organizations [27]. The
optimization and upgrading of the agricultural industry play a crucial role in adjusting the
overall industrial structure. With the active expansion of green financing, green industries
can flourish, enabling traditional agricultural sectors in China to become more environ-
mentally friendly. Green finance achieves this by spreading risks in agriculture production,
expanding the supply of agricultural credit, securing sufficient funds for improving the
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agricultural industry’s structure, and enhancing farmers’ motivation for large-scale and
specialized product management. This, in turn, fosters the strengthening of internal frame-
works and professional management within the agricultural business, leading to economies
of scale. The availability of ample capital makes agricultural industry growth and expan-
sion capital-intensive, achieving the goal of a modern agricultural industrial structure.
Thus, a first hypothesis is proposed:

Hypothesis 1: Green finance significantly promotes the optimization and upgrading of China’s
agricultural industrial structure, effectively facilitating the high-level development of the agricultural
industrial structure.

However, the application of green finance policies in China currently varies by in-
dustry and region. Existing agricultural green finance standards are not standardized, are
imperfect, and lack clarity regarding their scope. Consequently, in certain regions and
agricultural sectors, it is challenging to determine whether loans fall under the purview
of green financial services. Moreover, regional variations in the interpretation and imple-
mentation of green finance regulations by regulators make it difficult to provide financial
support for a sustainable agriculture, highlighting the need to address market failures in
green financing. Furthermore, due to disparities in environmental laws and regulations,
ecological conditions, and economic development objectives, the growth of green finance
differs significantly across locations. This lack of consistency in circulation mechanisms
and the early stage of the capital market hinder the proper allocation of necessary green fi-
nancing for the advancement of the agricultural industrial structure across different sectors.
Based on these observations, the following proposition is put forth:

Hypothesis 2: Differences in the expansion of green financing across the eastern, central, and
western regions of China contribute to regional disparities in promoting the upgrading of the
agricultural industrial structure.

3. Materials and Methods

The definitions of variables are given in Table 2.

Table 2. Definitions of variables.

Variables Symbol Basic Meaning Measures

Explained variable uais The agricultural industry
structure is advanced

Index of agricultural industrial structure
upgrading

Core explanatory variable gfd Green finance The level of green finance development

Control variables

urb Urbanization level Ratio of urban population to total population
of the province

edu Rural human capital
Ratio of higher-education institution

enrollments in each province to the total
rural population of the province that year

tec Agricultural machinery advances Ratio of total power of agricultural
machinery to total acreage of crops

mopen Marketability level
Ratio of agricultural expenditures in local

government budgets to general budget
expenditures

3.1. Variable Selection and Setting
3.1.1. Explained Variables

The upgrading of the agricultural industrial structure (uais) was used in this article as
an explanatory variable to investigate the impact of green funding on the enhancement of
the agricultural industrial structure.
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3.1.2. Core Explanatory Variables

The key explanatory variable used in the current study to investigate the effect of
green financing on the upgrading of the agricultural structure was the previously computed
green finance development level index. The research results, however, would be different in
the high-grade development of the Chinese agricultural industrial system if green finance
was the only explanatory variable. As a result, we included additional variables as control
variables in the model that influenced the development of the agricultural business. To
be able to determine the relationship between green finance and the optimization of the
agricultural industrial structure, the influence of control factors on this optimization of the
agricultural structure was removed.

3.1.3. Control Variables

To comprehensively understand the factors influencing the construction of the agri-
cultural industry and minimize estimation errors resulting from variable limitations, we
propose a control strategy for the development of a high-grade agricultural industrial struc-
ture. This strategy takes into account various elements based on existing research findings.

Firstly, the urbanization level (urb) was considered as a crucial factor. Urbanization
can enhance specialization and scale within the agricultural industry but may also lead to
the appropriation of agricultural resources [28]. The urbanization rate, calculated as the
ratio of urban to total population in each province, was utilized to assess the level and
progress of urbanization.

Secondly, the education level in rural areas was taken into account. These variables
measured the number of students enrolled in higher-education institutions (including
general college students) divided by the total number of rural residents in each province.
Education plays a significant role in developing human capital, which refers to individuals
with specific traits and abilities to efficiently utilize resources, thereby advancing the
agricultural industrial structure’s development.

Thirdly, the technological mechanization level (tec) was considered. Advanced agri-
cultural machinery and technology can enhance production efficiency, reduce labor costs,
and meet the increasing demand for agricultural products. The level of mechanization
was determined by the degree of agricultural mechanization, which examined the relation-
ship between total agricultural mechanization power and the total area of grains sown in
each province.

Lastly, the degree of marketization (Mopen) was included as a factor. This variable
evaluated the level of agricultural marketization by comparing the proportion of funds
allocated to the agriculture in the local government budget with the total budget allocation.
It provided insights into the extent of local government investment in agriculture and its
impact on marketization. The promotion of the green economy, international trade in green
products and services, and the development of the market system driven by green financing
contribute to an increased marketization [29]. Higher marketization levels correlate with
more economic development, which positively influences agriculture.

By considering these additional variables, we aimed to capture a comprehensive
understanding of the factors influencing the optimization and upgrading of the agricultural
industrial structure. This control strategy enhanced the accuracy of our analysis and
provided a more nuanced understanding of the relationship between green finance and the
development of the agricultural industry.

3.2. Model Setting

To examine the influence of green financing on the agricultural industrial structure,
we employed a benchmark econometric analysis model that served as the foundation for
empirical research to validate the previously proposed Hypothesis 1.

uaisit = α0 + α1gfdit + α2Xit + µi + λit + γt (2)
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The agricultural upgrading level index of provinces and municipalities directly under
the central government is represented by the explained variable uaisit in the Equation (2).
The core explanatory variable gfdit represents the level of development of green finance in
each region, and the control variable Xit is the previously mentioned variable. The letters
µi stand for the regional fixed effect, λit for the random perturbation term, γt for the time
fixed effect, and i and t, respectively, denote the province and time in the data.

3.3. Data Explanation

This study adhered to research standards by utilizing panel data from 31 Chinese
municipalities and provinces for the period between 2012 and 2021 (excluding Hong Kong,
Macao, and Taiwan). The initial data on urbanization level and rural human capital were
sourced from the China Population and Employment Statistical Yearbook. The degree
of agricultural mechanization data was obtained from China’s Rural Statistical Yearbook.
The marketization level data were sourced from the National Bureau of Statistics and the
province Bureau of Statistics. Additional data sources included the Wind database, the
China Regional Economic Statistical Yearbook, and the China Financial Yearbook.

4. Results
4.1. Descriptive Statistics

To gain a comprehensive understanding of the sample distribution and identify po-
tential outliers that may affect the regression results, it was necessary to calculate the
descriptive statistics for the variables utilized in this study. This included listing the sample
size, mean, variance, minimum, and maximum values separately. Analyzing these data
measurements enabled us to draw relevant conclusions regarding the research findings
(refer to Table 3).

Table 3. Descriptive statistics of variables.

Meaning of Variables Variable Name Sample Size Average Standard Deviation Minimum Maximum

The agricultural
industrial structure has

been upgraded
uais 310 1.543 0.420 0.622 2.455

Level of green finance
development gfd 310 0.319 0.126 0.093 0.578

Urbanization level urb 310 0.295 0.141 0.022 0.714
Level of mechanization

in agriculture tec 310 0.134 0.0947 0.044 0.615

Rural human capital edu 310 0.454 0.201 0.010 0.898
Marketization level mopen 310 0.643 0.212 0.038 0.993

Table 3 presents a wide range of variable values, indicating the influence of various
factors, such as the degree of agricultural mechanization and rural human capital, on the
development and optimization of the agricultural industrial structure. The agricultural
industry upgrading index ranged from a minimum of 0.622 to a maximum of 2.455, high-
lighting the variation in the level of agricultural upgrading across regions. Similarly, the
maximum and minimum values of green financing were 0.578 and 0.093, respectively,
highlighting the diversity in the implementation of green financing initiatives. Further-
more, significant differences were observed in other variables, underscoring the existing
imbalance in the promotion of agricultural industrial structure optimization across dif-
ferent regions in China. These findings emphasize the importance and relevance of the
subsequent research conducted in this paper.

4.2. VIF Test

If a variable can be expressed linearly by other variables, it indicates that the model
has some multicollinearity problems. Since advanced green financing development and
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agricultural industrial structure were calculated by building an index system, more vari-
ables were adopted, and more control variables were selected. Therefore, this study needed
to use the variance inflation factor to test the multicollinearity of the data (Table 4).

Table 4. Multicollinearity test of variables.

Variables VIF 1/VIF

urb 1.26 0.792239
gfd 1.21 0.827973

mopen 1.05 0.949744
tec 1.15 0.872937
edu 1.41 0.707852

Mean VIF 1.22

The mean variance inflation factor of the variables was 1.22, and the variance inflation
factor of the remaining variables was also significantly less than 10, with the maximum
variance inflation factor of the five variables being 1.41, which is much less than 10. This
demonstrated that there was no multicollinearity, and that the model could be used for a
regression analysis.

4.3. Unit-Root Test

To avoid problems such as spurious regression in the model estimation, a unit-root
test should be conducted on the variables before model regression on the panel data of
31 provinces and municipalities in China (except Hong Kong, Macao, and Taiwan) to
ensure the stationarity of all data. The IPS test (Im–Pesaran–Shin unit-root test) method
was used to conduct a unit-root test for each variable, and the test results are shown in
Table 5. When the unit-root test was conducted on the original data, the level of agricultural
industrial structure optimization, green finance development, urbanization rate, rural
human capital, and marketization was stable, while the level of agricultural mechanization
was stable only after the first-order difference. All the data were stable after the first-order
difference of the variables.

Table 5. Panel unit-root test.

Panel Unit-Root Level Check
Stationarity

Panel Unit-Root First Order
Hysteresis Test Stationarity

Variables IPStest IPStest

uais 4.5270 ***
Smooth Smooth(0.0000)

gfd 5.8669 ***
Smooth Smooth(0.0000)

ur 3.4351 ***
Smooth Smooth(0.0003)

edu 1.8287 ***
Smooth Smooth(0.0337)

tec 3.1179
Nonsmooth

6.7917 ***
Nonsmooth(0.9991) (0.0000)

mopen 3.4276 ***
Smooth Smooth(0.0003)

p-value are given in parentheses. *** represents the significance level of parameters at the p < 0.01.

4.4. Cointegration Test

The cointegration test helped us determine if there was a long-term relationship
between variables. The Westerlund cointegration and Pedroni cointegration tests were also
employed in this study.

H0: No cointegration in the Westerlund test. H1: Some panels are cointegrated.
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The p value of the variance ratio statistics reported in Table 6 was 0.0000, and their
corresponding p values were all less than 0.01. Therefore, the original hypothesis “no
cointegration relationship exists” could be strongly rejected at the 1% level, and we believed
that there was a cointegration relationship between variables.

Table 6. Westerlund test.

Statistic p-Value

Variance ratio 8.1610 0.0000

In the Pedroni test, the hypotheses were: H0: no cointegration; H1: all panels are
cointegrated. Three different test statistics are reported in Table 7, and their corresponding
p-values were all less than 0.01.

Table 7. Pedroni test.

Statistic p-Value

Modified Phillips–Perron t 9.5338 0.0000
Phillips–Perron t 12.1021 0.0000

Augmented Dickey–Fuller t 11.8372 0.0000

4.5. Results of Regression

This section of the study verifies the impact of green finance on the optimization of the
agricultural industrial structure through a comprehensive analysis. Several tests, including
the VIF test, unit-root test, and cointegration test, were conducted on the model to examine
the relationship between the variables. The results presented in Table 7, incorporating fixed
region effects, indicated that the development of green finance had a significant positive
influence on the improvement of the agricultural industrial structure’s optimization level.

However, it is crucial to consider potential endogeneity issues arising from the causal
relationship between variables. To ensure the reliability of the results, the Hausman test was
employed to compare the fixed-effects and random-effects models. The Hausman test statis-
tics and associated p-values were utilized to determine the most suitable regression model.

The statistical indicators and p-values from the Hausman test guided the selection of
the specific regression model. The null hypothesis (H0) assumes that the random-effects
model is the ideal choice, regardless of the accuracy of the initial hypothesis. Conversely, if
the null hypothesis is proven incorrect, the fixed-effects model is deemed more reliable. In
this study, the findings of the Hausman test strongly rejected the null hypothesis at a 99%
confidence level (Prob > Chi2 = 0.0000, as shown in Table 8). Hence, the fixed-effects model
was chosen as the preferred regression model for the analysis. This ensured a robust and
trustworthy examination of the relationship between green finance and the optimization of
the agricultural industrial structure.

Table 8. Hausman specification test.

Coef.

Chi-square test value 45.96
p-value 0.0000

The obtained result was highly significant at the 1% level, as confirmed by the test,
thus providing evidence to support Hypothesis 1 in this study. Based on the fixed-effects
model, it was observed that a 1% increase in the level of improvement in green finance
corresponded to a 0.599 increase in the level of upgrading of the agricultural industrial
structure (as shown in Table 9).
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Table 9. Results of baseline regression.

FE RE

Uais Uais

gfd 0.599 *** 0.203
(0.185) (0.173)

urb −0.174 ** −0.088
(0.080) (0.080)

edu 0.839 *** 1.033 ***
(0.126) (0.115)

tec 0.017 0.046
(0.063) (0.067)

mopen −0.192 *** −0.111
(0.071) (0.072)

_cons 1.145 *** 1.101 ***
(0.076) (0.083)

N 310 310
r2 0.199

r2_a 0.097
Standard errors are given in parentheses. **, and *** represent significance levels of parameters at the p < 0.05, and
p < 0.01 levels, respectively.

The control variables in this study exhibited important relationships with the optimiza-
tion and upgrading of the agricultural industrial structure. Firstly, the level of rural human
capital demonstrated a significant positive impact at the 1% level of significance. This
suggests that an increase in rural human capital not only enhances the skills and knowl-
edge of individuals in rural areas but also has spillover effects on technology adoption
and management practices. The presence of a highly skilled rural workforce is crucial for
driving innovation and facilitating the development of the agricultural industry. Moreover,
the modernization and upgrading of the agricultural industrial structure heavily rely on
the availability of a skilled labor force.

Secondly, the degree of marketization played a key role in promoting the development
of regional industries. A higher level of marketization corresponds to increased demand
for a wide range of industries and a greater flexibility in adjusting the industrial structure.
However, it is important to note that during the adjustment phase, the marketization
level may not effectively support the transformation and modernization of the agricultural
industrial structure. This could be attributed to the unique characteristics of the agricultural
sector, where market forces may not have a significant impact on agricultural sales and
output due to factors such as price distortions and nonmarket influences. Additionally,
the level of technological innovation in the agricultural sector is low in China compared
to more advanced industrialized nations. Enhancing technological innovation is crucial
for the modernization of the agricultural industrial system, and it requires increased
investment in agricultural research and development, as well as the adoption of improved
production techniques.

The control variables in this study, including rural human capital and marketization
level, have important implications for the optimization and upgrading of the agricultural
industrial structure. The findings highlight the significance of investing in human capital
development, promoting marketization reforms, and fostering technological innovation to
support the modernization and advancement of the agricultural sector.

4.6. Robustness Test

To ensure the robustness of the empirical findings, this study conducted two robustness
tests. The first test involved Winsorizing the tail, which aimed to mitigate the potential
influence of extreme values in the sample on the estimation results. Specifically, the main
variables used in this analysis were subjected to a Winsorizing process of 1%, effectively
reducing the impact of outliers. The second test focused on excluding municipalities
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directly under the Central Government. This was done to account for any potential bias
resulting from specific policies that may favor these municipalities and their potential
impact on the regression results. In this robustness test, the municipalities directly under
the Central Government, namely Beijing, Tianjin, Shanghai, and Chongqing, were excluded
from the research sample (as shown in Table 10). By conducting these robustness tests, the
study aimed to enhance the reliability and validity of the empirical results, ensuring that
the findings were not overly influenced by extreme values or specific policies targeting
municipalities directly under the Central Government.

Table 10. Results of the robustness test.

Winsorization Test Excluding Municipalities Directly under the
Central Government

Uais Uais

gfd 0.599 *** 0.446 **
(0.172) (0.178)

urb −0.193 ** −0.663 ***
(0.075) (0.185)

edu 1.045 *** 1.309 ***
(0.123) (0.128)

tec 0.027 1.246 ***
(0.059) (0.206)

mopen −0.184 *** −0.075
(0.065) (0.123)

_cons 1.050 *** 0.922 ***
(0.072) (0.129)

N 310 270
r2 0.272 0.457

r2_a 0.179 0.446
Standard errors are given in parentheses. **, and *** represent significance of parameters at the p < 0.05, and
p < 0.01 levels, respectively.

A fixed-effects model (FE) was employed in this study, and it demonstrated its robust-
ness by passing the significance test at a 1% level of significance with a 99% confidence
level. The adoption of an FE model confirmed that for every 1% increase, the upgrading
degree of the agricultural industrial structure expanded by 0.599. These findings indicate
the consistent and reliable nature of the model, demonstrating that green finance plays a
supportive role in the modernization of the agricultural industrial structure throughout the
entire sample period. This conclusion is in alignment with the results obtained from the
standard regression analysis.

4.7. Heterogeneity Analysis

The vastness of China’s territory gives rise to significant regional disparities in various
aspects such as economic status, industrial structure, and resource endowment. As a result,
the effects of green financing on the advancement of the agricultural industrial structure can
differ between the eastern and western regions of China. This distinction is underscored by
the findings presented in Table 11, which highlight the unique dynamics and outcomes of
green financing in these two regions.

A significant correlation existed between green finance and the optimization of the
agricultural industrial structure in the eastern region. Green finance played a prominent role
in promoting the optimization of the agricultural industrial structure at a 1% significance
level. This could be attributed to the fact that the eastern region has historically prioritized
resource-intensive industries as drivers of rapid economic development (as indicated in
Table 11).
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Table 11. Results of subsample regression.

Variables Nationwide Eastern Region Central Region Western Region

FE FE2 FE3 FE4
uais uais uais uais

gfd 0.599 *** 0.457 *** 0.721 ** 0.809
(0.172) (0.143) (0.325) (0.496)

urb −0.193 ** 0.036 −0.440 *** −0.233
(0.075) (0.084) (0.123) (0.165)

edu 1.045 *** 0.996 *** 1.230 *** 0.974 ***
(0.123) (0.163) (0.258) (0.212)

tec 0.027 0.040 0.065 −0.048
(0.059) (0.311) (0.069) (0.113)

mopen −0.184 *** −0.198 *** −0.327 ** −0.063
(0.065) (0.049) (0.157) (0.206)

_cons 1.050 *** 0.858 *** 1.185 *** 1.142 ***
N 310 110 80 120
r2 0.272 0.501 0.374 0.225

r2_a 0.179 0.421 0.262 0.104
Standard errors are given in parentheses. **, and *** represent significance of parameters at the p < 0.05, and
p < 0.01 levels, respectively.

However, the central and western regions exhibited slower development and lower
levels of green finance, resulting in a weaker driving effect on the agricultural industry and
a limited impact on the optimization and upgrading of the agricultural industrial struc-
ture. Quantitatively, the influence of green finance on the optimization of the agricultural
industrial structure was significantly higher in the eastern region compared to the central
and western regions. This disparity may be attributed to the higher level of green finance
development and availability of green financial products in the eastern region. Addition-
ally, the higher level of marketization in eastern China facilitated a smoother connection
between green finance and industrial upgrading, thereby driving the advancement of the
agricultural industry. Furthermore, the overall level of financial development in the eastern
region was higher, leading to greater spillover effects that promoted the upgrading of the
agricultural industry.

Notable regional differences existed in the impact of green finance development on
the optimization of the agricultural industrial structure in the eastern, central, and western
regions of China, thus confirming Hypothesis 2.

5. Discussion

The findings presented in the previous sections provide important insights into the
relationship between green finance development and the optimization of the agricultural
industrial structure in China. Here, we discuss the findings and their significance in the
context of sustainable development and regional disparities.

Firstly, the descriptive statistics of the variables highlighted the diverse range and
distribution of the key factors influencing the agricultural industrial structure in differ-
ent regions of China. The wide variation in the values of variables such as agricultural
mechanization, rural human capital, and marketization level indicated the existence of an
unbalanced development and the need for optimization in the agricultural sector across
different regions [30–32]. These disparities emphasize the importance of targeted policies
and interventions to promote the upgrading and modernization of the agricultural industry
in specific areas [33].

Secondly, the VIF test results indicated that there was no significant multicollinearity
among the selected variables in the regression model. This ensured the reliability of the
regression analysis and suggested that each variable contributed independently to the
explanation of the agricultural industrial structure optimization [34]. Thirdly, the unit-root
tests confirmed the stationarity of the variables after the first-order difference, except for
the level of agricultural mechanization. This implied that the variables were suitable for a
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further regression analysis, and the first-order differencing helped eliminate any spurious
regression issues [35].

Next, the cointegration tests provided evidence of a long-term relationship among the
variables, indicating that they moved together in the long run. This finding supports the
idea that green finance development and the optimization of the agricultural industrial
structure are interconnected and mutually reinforcing [36].

Moving on to the baseline regression results, a fixed-effects model was chosen
based on the Hausman test, which confirmed the significant impact of green finance
development on the improvement of the agricultural industrial structure. The coef-
ficient estimate indicated that a 1% increase in green finance development led to a
0.599 increase in the upgrading level of the agricultural industrial structure. This find-
ing supports the hypothesis that green finance plays a crucial role in promoting the
optimization of the agricultural industry. Furthermore, the control variables in the re-
gression model revealed important insights. Rural human capital positively influenced
the agricultural industrial structure optimization, indicating the importance of skilled
labor and knowledge transfer in driving agricultural development. Urbanization level
showed a negative relationship, suggesting that the migration of rural populations
to urban areas may hinder the advancement of the agricultural industrial structure.
Marketization level, on the other hand, did not show a significant impact, due to the
specific conditions of agricultural sales and output in China.

The robustness tests further validated the results, as they yielded consistent findings
with the baseline regression. The Winsorizing test and the exclusion of municipalities
directly under the Central Government support the robustness of the relationship between
green finance development and the agricultural industrial structure optimization. Lastly,
the heterogeneity analysis revealed regional disparities in the impact of green finance
development on the agricultural industrial structure. The eastern region demonstrated
a significant positive relationship, suggesting that the well-developed green finance and
higher marketization level in the eastern region contributed to the effective promotion of
agricultural industrial structure optimization. However, the central and western regions
showed weaker effects, due to the lower development level of green finance and other
factors limiting the impact on agricultural development.

Overall, these findings provide empirical evidence of the importance of green
finance in driving the optimization of the agricultural industrial structure in China.
They highlight the need for targeted policies and support in different regions to promote
sustainable agricultural development and address regional disparities. The results
underscore the role of human capital, urbanization, and marketization in shaping the
agricultural sector and suggest the significance of technological innovation for the
modernization of agriculture.

6. Conclusions, Limitations, Recommendations for Future Studies, and
Policy Implications
6.1. Conclusions

This study utilized a fixed-effects model, a robust statistical technique that accounts
for unobserved time-invariant variation among provinces. This approach enhanced
the reliability and validity of the findings, providing credible information to support
sustainable agricultural practices. The empirical results demonstrated that at the na-
tional level, green finance significantly promoted the optimization of the agricultural
industrial structure with a 99% level of confidence. This confirmed Hypothesis 1, indi-
cating that the development of green finance has a substantial impact on optimizing the
agricultural industrial structure.

The strong support of green finance for agriculture enables the adjustment of the
agricultural industrial structure by providing adequate funding. It facilitates the large-
scale and professional development of agriculture, leading to the upgrading of production
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and operational modes. This, in turn, generates economies of scale and promotes the
optimization of the agricultural industrial structure.

Furthermore, through a heterogeneity analysis, the study revealed significant regional
disparities in the impact of green finance development on the optimization process of
the agricultural industrial structure, confirming Hypothesis 2. The research highlighted
the geographical distribution of green financing in eastern, central, and western China,
emphasizing the implications for sustainable agriculture. This knowledge can inform the
development of policies and programs that promote a more equitable allocation of green
funds across the country, thereby fostering sustainable agriculture.

The study underscores the importance of adopting a tailored approach to promote
sustainable agriculture, considering regional variations, and adapting development strate-
gies accordingly. By recognizing and addressing the unique needs and characteristics of
each region, sustainable agricultural practices can be enhanced.

6.2. Limitations of the Study and Recommendation for the Future Research

This paper has certain limitations that should be acknowledged. Firstly, while green
finance was identified as a significant factor in promoting the optimization of China’s
agricultural industrial structure, there may have been other influencing factors that were
not thoroughly explored in this study. Future research should delve deeper into these
factors to gain a comprehensive understanding of the drivers behind agricultural industrial
structure optimization.

Secondly, the calculation of the agricultural industrial structure optimization index
relied on approximate data due to a limited availability of agricultural statistics. Although
these approximations held representative significance, obtaining more accurate and com-
prehensive data on the labor productivity of various rural industries would enhance the
precision of the analysis.

To address these limitations and further advance our understanding of China’s
agricultural industrial structure optimization, several recommendations can be made.
Firstly, researchers should conduct in-depth investigations into other potential influ-
encing factors beyond green finance, thereby contributing to a more holistic under-
standing of the optimization process. Comparative studies across different regions or
provinces can also shed light on regional variations and verify the consistency of green
finance’s influence.

Efforts should be made to improve data collection methods by collaborating with
relevant agencies and employing advanced techniques to obtain more accurate and com-
prehensive data. Additionally, supplementing quantitative approaches with qualitative
research methods, such as interviews and case studies, can provide deeper insights into
stakeholders’ perspectives and motivations.

Longitudinal studies tracking the dynamics and changes in the agricultural in-
dustrial structure over time would be valuable in identifying patterns and assessing
the long-term impacts of green finance initiatives. Lastly, adopting a multidisciplinary
approach by collaborating with experts from diverse fields can provide a comprehensive
understanding of the complex interactions involved in agricultural industrial structure
optimization. Future research can overcome the limitations of this study and con-
tribute to a more robust and nuanced understanding of China’s agricultural industrial
structure optimization.

6.3. Policy Implications

To facilitate the growth of the green financing system and support the upgrading of the
agricultural industrial structure, this article proposes the following policy recommendations
based on the research findings:

• Enhance the development of green finance: To promote the ecological industrial
structure, all regions should focus on improving the development level of green
finance. This can be achieved by encouraging green credit innovation, incorporating
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green environmental protection concepts into credit policies, and introducing new
products such as allowing low-carbon enterprises to provide intellectual property
pledges. Furthermore, the promotion of green securities, green funds, and other
financial products should be emphasized. The establishment of environmental and
energy-saving evaluation criteria for enterprise listings and the enhancement of the
green financial derivatives market and green intermediary service market are also
important steps.

• Strengthen legal and institutional frameworks: To support the optimization of the
agricultural industrial structure, it is crucial to improve laws, regulations, and institu-
tional systems. Clear policies should be implemented to emphasize the importance of
the agricultural industrial structure optimization and differentiate agricultural green
finance from traditional finance. Providing preferential treatment to green credit
in terms of policy and establishing a robust agricultural insurance system are vital.
Expanding the coverage of rural social insurance and enhancing the level of secu-
rity for farmers will provide essential support for the adjustment of the agricultural
industrial structure.

• Develop tailored strategies: Considering the variations in the development level of
green finance and the agricultural industrial structure across different regions, it is
necessary to develop region-specific strategies. In the central and western regions,
governments should increase their support for green finance by encouraging non-
bank financial institutions to actively engage in green finance activities. Creating an
attractive business environment to attract investments, strictly adhering to environ-
mental standards, and preventing the relocation of heavily polluting industries to
these regions are critical for sustainable development.

By implementing these policy recommendations, China can foster the growth of
green finance and effectively support the optimization of the agricultural industrial
structure. This will contribute to sustainable agricultural development and environ-
mental protection.
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