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Abstract: Green development is a concept of sustainable development, aiming to protect the environ-
ment and ecosystems while meeting economic development needs. In the field of agriculture, green
development has emerged as a crucial pathway for reconciling the conflicts between agricultural
development and ecological conservation. To investigate the level of green development in Chinese
agriculture, regional variations, and the evolutionary patterns, this paper is based on the framework
of sustainable development theory. This study establishes a comprehensive evaluation system for
agricultural green development and applies methods such as entropy-weighted TOPSIS, Dagum’s
Gini coefficient, kernel density estimation, Moran’s I index, and Markov chains to analyze the level of
agricultural green development, regional disparities, and dynamic evolution in China. The findings
of this study reveal that: (1) The overall level of agricultural green development in China is steadily
improving, with notable differences in the level of agricultural green development among different
regions and provinces. There are significant disparities in agricultural green development between
regions, and the overall disparities exhibit a fluctuating downward trend characterized by periods
of increase followed by decrease. The regional disparities are identified as the primary cause of
the overall disparities in agricultural green development in China. (2) The eight major economic
regions in China are experiencing steady development in agricultural green practices, but there are
varying degrees of polarization due to different development speeds. (3) This study also highlights a
clear spatial positive correlation in the level of agricultural green development in China, with most
provinces showing clustering in the first and third quadrants, indicating a “high—high” (H-H) and
“low-low” (L-L) agglomeration pattern. (4) The study reveals that the level of agricultural green
development in China exhibits a certain degree of stability. Over time, the probability of transitioning
from lower-level regions to neighboring higher-level regions increases, and the agricultural green
development level in neighboring regions can influence the spatial transfer probability within a given
region. Therefore, agricultural green development demonstrates significant spatial dependence.

Keywords: agricultural green development; evaluation framework; regional disparities; spatial
dynamics; evolutionary trends

1. Introduction

In recent decades, with the continuous growth in the global population and the rapid
development of the economy and society, human activities have had a tremendous impact
on the Earth’s environment and ecosystems. The conventional economic development
model has focused solely on maximizing current benefits and short-term economic growth,
leading to the excessive consumption of natural resources and the emission of waste, while
neglecting the importance of environmental protection and resource conservation. This has
resulted in global-scale climate change and frequent natural disasters, posing increasingly
severe ecological challenges to human survival and development [1]. In the face of the
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escalating environmental problems and the challenges of sustainable development, the con-
cept of green development, which emphasizes the coordinated development of economic
growth and environmental protection, has garnered growing attention and recognition.
The United Nations” Sustainable Development Goals (SDGs) have incorporated green
development into the global development agenda, with 56 out of 169 specific goals directly
related to the green economy [2]. The International Energy Agency (IEA) is dedicated to
promoting green economic growth through initiatives such as publishing global reports
on green economic growth, providing policy recommendations, and supporting techno-
logical cooperation to strengthen international collaboration and foster green economic
development [3]. Currently, as the global ecological environment continues to deteriorate,
global agricultural development faces a series of challenges related to land degradation,
water scarcity and pollution, as well as food insecurity. These challenges have a significant
impact on global food security and pose a major threat to the sustainable development
of agriculture.

China, as a major agricultural nation, continues to hold a significant position in the
national economy. Since the introduction of economic reforms and opening up, China’s
agricultural economy has experienced rapid growth. The agricultural gross value added
has increased from CNY 102.75 billion in 1978 to CNY 7.834 trillion in 2021, while grain
production has risen from 609.5 billion jin in 1978 to 1.3657 trillion jin in 2021. With
just 7% of the world’s arable land, China manages to feed 21% of the global population,
achieving remarkable accomplishments in agricultural development [4]. However, the
rapid development of Chinese agriculture has also led to increasingly prominent ecological
issues, such as land degradation, the eutrophication of water bodies, and excessive carbon
emissions [5]. The traditional extensive development model, which relied on input-driven
agricultural growth, is no longer sustainable. To address the challenges of sustainable
agricultural development, China considers green development in agriculture as a cru-
cial pathway to ensure food security and protect the ecological environment [6]. In July
2018, the Ministry of Agriculture and Rural Affairs published the “Technical Guidelines
for agricultural green development. (2018-2030),” which promotes the application of
green production technologies throughout the agricultural production process, including
green inputs, green production techniques, and post-production value-added technologies.
Since 2017, the central government of China has consistently emphasized the acceleration
of green agricultural prevention and control technologies, the promotion of agricultural
input reduction and efficiency improvement technologies, and the establishment of agri-
cultural green development pilot zones and experimental bases. These measures aim to
conserve agricultural resources, protect the ecological environment, and shift agricultural
production from quantity-oriented to quality- and efficiency-oriented production. The 19th
National Congress of the Communist Party of China highlighted the need to transition
from traditional agricultural development models to ecologically oriented agricultural
production models and elevated the importance of agricultural green development to a
national strategic level.

Agricultural green development embodies a conceptual and practical approach that
seeks to achieve agricultural production through a sustainable, resource-efficient, and
environmentally harmonious paradigm. The essence of agricultural green development lies
in its emphasis on minimizing the depletion of natural resources and mitigating the adverse
environmental impacts to the utmost extent during the agricultural production process.
Simultaneously, it aims to enhance the quality of agricultural products and optimize the
efficiency of agricultural production, leading to increased benefits and prosperity. As a
comprehensive and systematic endeavor, agricultural green development encompasses a
wide range of areas. Gaining a comprehensive and systematic understanding of the state of
agricultural green development, is an important prerequisite and foundation for promoting
its progress [7]. Measuring and analyzing the level of agricultural green development aids
in monitoring and evaluating the environmental impact of agricultural activities while en-
suring the sustainability of agricultural systems. It helps achieve goals related to ecosystem
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protection, efficient resource utilization, and future development. Additionally, measuring
and analyzing the level of agricultural green development provides scientific evidence
and guidance for policymakers. The application of evaluation frameworks can provide
relevant information for agricultural policy formulation and decision-making, facilitating
the harmonization of agricultural development with environmental sustainability, social
equity, and economic growth. Therefore, research on measuring the level of agricultural
green development is highly necessary.

Currently, within the academic community, there are three main approaches to mea-
suring and analyzing the level of agricultural green development: calculating green total
factor productivity [8-10], estimating agricultural carbon emissions [11-13], and calculating
the comprehensive indices of agricultural green development [14-16]. Existing research
outcomes in this field are significant for exploring green development, offering valuable
insights for the direction of this study. However, the existing measures and analyses of
agricultural green development. in the academic community also have certain limitations
and shortcomings. Agricultural green development encompasses various aspects such as
the ecological environment, resource utilization efficiency, economic benefits, and social
benefits. Some scholars have adopted one-dimensional measurement indicators, such as
green total factor productivity and agricultural carbon emission efficiency, which may
have certain biases. The construction of comprehensive evaluation frameworks for agri-
cultural green development by some researchers lacks theoretical framework support and
may have inadequate theoretical basis. Furthermore, some scholars have only conducted
the measurement and evaluation of the level of agricultural green development through
their evaluation frameworks, without conducting systematic research and analysis on the
regional disparities, spatial dynamics, and state transitions of agricultural green develop-
ment in China. As a result, the comprehensive regional disparities, spatial differentiation,
and evolutionary characteristics of agricultural green development in China cannot be
fully reflected.

Considering these factors, this paper constructs a research framework for agricultural
green development based on the perspective of sustainable development. The framework
encompasses five dimensions: resource conservation, ecological stability, clean production,
supply security, and efficiency enhancement, forming an evaluation system for agricultural
green development. This paper measures the level of agricultural green development in
31 provinces of China from 2003 to 2020 and analyzes the current state of agricultural
green development at the national level, focusing on eight major economic regions and
provincial levels. The Dagum Gini coefficient and its decomposition method are utilized
to measure and analyze regional disparities in agricultural green development across the
country, with an examination of their spatial variations. Kernel density estimation, Moran’s
I index, and Markov chains are employed to investigate the distribution dynamics and
evolutionary trends of agricultural green development in China from temporal, spatial,
and transitional probability perspectives, offering a comprehensive understanding of the
status of agricultural green development in the country.

2. Literature Review

Agriculture, as the foundation of human socio-economic development, holds
paramount importance in maintaining social stability and achieving economic growth.
Emphasizing sustainable agricultural production methods, agricultural green devel-
opment aims to protect and enhance the agricultural ecosystem, while promoting im-
provements in the quality of agricultural products and production efficiency. The core
objective of agricultural green development lies in achieving sustainable agriculture,
ensuring that agricultural production meets human needs while safeguarding natural
resources and the environment. Moreover, as a comprehensive undertaking, agricul-
tural green development encompasses a wide range of aspects, including the conceptual
framework, connotation, influencing factors, evaluation measures, and developmental
pathways. Academic circles have extensively explored agricultural green development
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from various perspectives, providing valuable insights and theoretical references for
this study. By synthesizing existing literature on agricultural green development at
both the domestic and international levels, this paper categorizes the relevant research
into the following aspects:

2.1. Research on the Connotation of Agricultural Green Development

From the perspective of academic research, there is currently no unified understanding
of the connotation of agricultural green development. It is widely recognized as a profound
transformation in the agricultural development perspective and a long-term systematic
endeavor. At present, the definition of the connotation of agricultural green development re-
mains diverse in academia. Kansanga et al. (2019) defined agricultural green development
as a process that respects natural laws, utilizes advanced scientific and technological means,
explores sustainable agricultural development, and achieves the harmonious integration
of economic, social, and ecological benefits to mitigate the adverse impacts of climate
change [17]. Alsanius et al. (2019) suggested that agricultural green development involves
the use of innovative technologies to address agricultural environmental issues and maxi-
mizes the utilization of local sustainable resources. It encompasses not only climate change
and greenhouse gas reduction but also broader environmental sustainability concerns [18].
Gargano et al. (2021) viewed agricultural green development as the application of various
professional skills to promote cleaner production in the agricultural sector and facilitate
the ecological transformation of agriculture [19]. Huang et al. (2022) regarded agricultural
green development as an extension and practice of the green development concept in
the agricultural field. Its primary objectives are to deepen and sustain the development
of sustainable agriculture, affirm and integrate ecological and green agricultural models,
and embody features such as a low carbon footprint, economic viability, and safety [20].
Liu et al. (2022) described agricultural green development as a comprehensive undertaking
that encompasses six aspects: the greenization of the entire process, including agricultural
production layout, resource utilization, technological means, industrial systems, agricul-
tural product supply, and consumption [21]. Zhang et al. (2021) defined agricultural
green development as a process that respects natural laws, utilizes advanced scientific
and technological means, explores sustainable agricultural development, and achieves
the harmonious integration of economic, social, and ecological benefits [22]. Wang et al.
(2021) perceived agricultural green development as a new development concept that aims
to undertake sustainable development, relies on the establishment of green institutions and
innovative mechanisms, and realizes the greenization of the entire process and all aspects of
agricultural production [23]. Hou et al. (2022) consider agricultural green development as
an extension and practice of the green development concept in the agricultural field, with
the primary objectives of deepening and sustaining the development of sustainable agricul-
ture, affirming and integrating ecological and green agricultural models, and embodying
features such as a low carbon footprint, economic viability, and safety [24]. Huang et al.
(2022) portrayed agricultural green development as a comprehensive undertaking that
involves the greenization of the entire process, including the agricultural production layout,
resource utilization, technological means, industrial systems, agricultural product supply,
and consumption [20].

2.2. Research on Factors Influencing Agricultural Green Development

By means of a literature review, the factors influencing agricultural green development
can be categorized into economic, policy, technological, and other factors. In terms of
economic factors, Luo et al. (2023) assessed the green total factor productivity of agriculture
using a non-radial and non-angular super-efficiency measurement model. Their study
examined the impact of agricultural production agglomeration on green total factor pro-
ductivity in agriculture and found an inverted U-shaped relationship between agricultural
production agglomeration and green total factor productivity [25]. Saghaian (2022) em-
ployed panel data from 23 developed countries and 43 developing countries to empirically
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analyze the impact of agricultural product exports on environmental quality. This study
revealed that the expansion of agricultural product export trade had adverse effects on
the environmental quality of developing countries but reduced environmental pollution,
such as N20 emissions, in developed countries [26]. Xu et al. (2021) investigated the
relationship between trade openness, agricultural trade, and agricultural carbon emissions
using a panel threshold model. The study found a significant single threshold effect of
agricultural trade openness on agricultural carbon emissions [27]. Ge et al. (2023) measured
China’s green total factor productivity (AGTFP) and agricultural labor surplus using the
SBM-DDF-Luenberger method. They empirically examined the heterogeneous effects of
urbanization on the efficiency of agricultural green development. The results showed
that both household registration urbanization and permanent population urbanization
significantly promoted the efficiency of agricultural green development, although the
former had a smaller effect [28]. Ben Jebli M (2017) studied the relationship between
agricultural product trade and agricultural sustainability using a vector error correction
model (VECM) and Granger causality. The research concluded that international trade
can optimize the allocation of development resources in the agricultural sector and reduce
agricultural resource and environmental pollution [29]. Meanwhile, Wein Z] (2018) used a
mixed multi-regional input-output (MRIO) approach to examine the relationship between
agricultural product trade and agricultural ecological environment. The findings indicated
that agricultural product trade had a negative impact on agricultural green development to
a certain extent [30].

In terms of policy factors influencing agricultural green development, Du et al. (2023)
conducted an empirical study using panel data from Chinese prefecture-level cities be-
tween 2011 and 2020. They employed a difference-in-differences model to construct a
quasi-natural experiment and investigated the impact of policies on agricultural carbon
emissions. The research found that environmental protection policies significantly reduced
agricultural carbon emissions by reducing emission sources [31]. Sun et al. (2022) measured
the impact of environmental regulations on green total factor productivity in agriculture
across 30 provinces and cities in China using a partially linear coefficient panel model.
This study revealed that the impact of environmental regulations on green total factor
productivity in agriculture was limited when the regional economic development level
was low. However, as the regional economic development level gradually increased, the
influence of environmental regulations on green total factor productivity in agriculture be-
came more significant [32]. Wang et al. (2022) simulated the impact of various government
policies on agricultural green development using a system dynamics model. They found
that government policies for green development played a significant role in improving
ecological benefits in agriculture [33]. Xu et al. (2022) investigated the interactive effects of
environmental regulation and fiscal support for agriculture on agricultural green develop-
ment using provincial panel data from China. Their study concluded that the interaction
between environmental regulation and fiscal support for agriculture had a positive spatial
spillover effect on agricultural green development [34].

In terms of technological factors influencing agricultural green development,
Lin et al. (2023) conducted a study using interprovincial data from China. They employed
the entropy method and SBM-GML index to investigate the impact of digital technology on
green total factor productivity in agriculture. The research found that digital technology in
agriculture can effectively promote green growth through green technological innovation,
agricultural scale management, and the optimization of agricultural planting structures [35].
Zhu et al. (2022) analyzed the impact of agricultural mechanization on green total factor
productivity (GTFP) in crop production using panel data from 30 provinces in China. They
employed a stochastic frontier analysis based on the output-oriented distance function and
found that agricultural mechanization significantly promoted green total factor productiv-
ity in crop production. As the level of mechanization increases, the promotion effect on
green total factor productivity becomes more evident [36]. Zhang et al. (2022) studied the
influence of agricultural technological innovation on agricultural green development from
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the perspectives of factor spillover pathways and product spillover pathways. The research
revealed that the level of agricultural technological innovation not only improves the level
of agricultural green development within a region but also promotes the agricultural green
development of neighboring areas through positive spillover effects [37].

In terms of financial service factors influencing agricultural green development,
Gao et al. (2022) used the GML model to measure the green total factor productivity
(GTFP) in 30 provinces in China. They explored the impact of digital inclusive finance on
GTEFP in agriculture and its mechanisms. The research found that digital inclusive finance
can indirectly help improve GTFP in agriculture by promoting agricultural technological
innovation and optimizing industrial structure [38]. Hou et al. (2022) studied the role
and effects of agricultural insurance on agricultural green development from an insurance
perspective. The results indicated that agricultural insurance had a restraining effect on
agricultural green development in China, and the impact of agricultural insurance on
agricultural green development varied across different regions [39]. In contrast, Fang et al.
(2021) used the SBM-GML index model based on provincial panel data from China to mea-
sure green total factor productivity in agriculture and analyzed the impact and mechanisms
of agricultural insurance on GTFP. The study found that agricultural insurance significantly
improved GTFP by expanding the scale of agricultural business [40]. Mei et al. (2020)
conducted a sample survey to examine the constraining role of finance in agricultural green
development. The research revealed that finance had a certain degree of inhibition on
agricultural green development, necessitating financial reform to alleviate its inhibitory
effects on agricultural green development [41].

2.3. Research on the Pathways to Achieve Agricultural Green Development

Existing research in academia suggests that, under the traditional agricultural de-
velopment model, excessive resource consumption and severe environmental pollution
have rendered agriculture unsustainable. It is essential to comprehensively explore paths
to agricultural green development, encompassing agricultural technological innovation,
institutional reforms, and management models, in order to promote sustainable agricul-
tural development goals. Jiang et al. (2022) proposed the use of organic fertilizers and
biological pest control methods to protect crop health and reduce environmental pollution
in agricultural production [42]. Xiu et al. (2023) suggested assisting farmers in adopting
agricultural water-saving irrigation technologies such as drip irrigation, sprinkler irrigation,
and rainwater harvesting to reduce water wastage and improve water use efficiency in agri-
culture [43]. Tan et al. (2023) proposed integrating crop cultivation and livestock farming,
utilizing crop straw as feed or organic fertilizer and utilizing livestock manure as fertilizer
for crops to achieve agricultural ecological recycling [44]. Luo et al. (2023) proposed es-
tablishing a tripartite cooperation model among agricultural enterprises, universities, and
governments to promote agricultural technological innovation, develop new agricultural
production techniques and management models, and enhance agricultural productivity
and reduce the negative environmental impacts of agricultural production [45]. Qian et al.
(2021) suggested implementing ecological engineering measures such as vegetation restora-
tion, soil improvement, and soil and water conservation to restore the ecological functions
of farmland, improve the quality of arable land resources, and enhance the ecological
environment [46]. Zou et al. (2022) emphasized the promotion of the resource utilization of
agricultural waste, such as utilizing crop straw and livestock manure for the production of
biomass energy to reduce the emission of agricultural waste [47].

Lei et al. (2023) proposed the formulation of policies to address agricultural devel-
opment issues such as the misallocation of agricultural capital, labor, and land with low
efficiency. The government should prioritize the regional allocation of agricultural pro-
duction factors and adopt a green production-oriented agricultural production concept
to promote the transformation and upgrading of the agricultural industry structure and
the application of green agricultural technologies, thereby facilitating agricultural green
development [48]. Liu, D. et al. (2021) suggest accelerating the implementation of clean
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agricultural production, increasing investment in agricultural science and technology re-
search and development, establishing a more open platform for foreign trade, expanding
the level of agricultural openness, and formulating policies to promote the deep integra-
tion of industry and agriculture, all aimed at enhancing green total factor productivity
in agriculture [49]. Jiang et al. (2022) propose leveraging the development of the digital
economy to achieve the integration of digital technology and agricultural production. The
government should fully leverage the radiating role of the digital economy, share its divi-
dends, and vigorously implement the digital economy development strategy to bridge the
digital divide between regions. Policies should be implemented to drive the construction of
rural digital infrastructure and empower agricultural green development through digital
economic development [50]. Mo et al. (2023) suggested actively developing green finance
to achieve goals such as optimizing the agricultural industry structure and promoting agri-
cultural technological progress, thus promoting the sustainable development of Chinese
agriculture [51].

2.4. Research on the Measurement of Agricultural Green Development Level

Constructing evaluation indicators for agricultural green development is an important
method for quantitatively assessing and evaluating the level of agricultural green develop-
ment. The construction of an evaluation system for agricultural green development is also
a prerequisite for exploring paths and designing institutions to promote agricultural green
development. Currently, there are two main approaches in academia for measuring the
level of agricultural green development. The first approach involves measuring with single
indicators, primarily including the green total factor productivity in agriculture and agri-
cultural carbon intensity. Green total factor productivity in agriculture measures the level
of greening in the agricultural production process based on productivity improvement and
reduced resource consumption. A higher value of green total factor productivity indicates
a higher level of agricultural green development. Measurement models such as non-radial
directional distance function models with global benchmarks and Luenberger productivity
indices are used to assess the level of agricultural green development [25,38,40,52-56]. On
the other hand, agricultural carbon intensity measures the degree of greening in agriculture
from the perspective of reducing emissions from agricultural non-point source pollution.
A smaller agricultural carbon emissions value represents a higher level of agricultural
green development. The carbon emissions from agriculture are examined based on a broad
agricultural scope, reflecting the level of agricultural green development [57-64].

The second approach involves measuring the level of agricultural green develop-
ment from multiple dimensions. As agricultural green development is a comprehensive
system, involving complex content, constructing a comprehensive evaluation indicator
system for agricultural green development can encompass richer information. Chen et al.
(2023) constructed 15 evaluation indicators for the agricultural green development from
three dimensions: socio-economic, technological progress, and resource environment. They
used the entropy weight comprehensive evaluation method to measure the level of agricul-
tural green development [65]. Liu et al. (2020) constructed an evaluation indicator system
for green agricultural production from five dimensions: agricultural supply capacity, re-
source utilization, environmental quality, ecosystem maintenance, and farmers’ livelihoods.
They used data from the Chinese Agricultural Census and statistical data from the National
Statistical Yearbook to assess and analyze the level of green agricultural production. They
provided suggestions for optimizing paths and upgrading green agricultural production in
China [66]. Wan et al. (2023) measured the level of agricultural green development in China
from four dimensions: policy greenness, industry greenness, technological greenness, and
awareness greenness. They combined the Gini coefficient with the hesitant fuzzy multi-
attribute decision-making method to analyze the state of agricultural green development
in China [16]. Wang et al. (2021) adopted a new perspective based on the symbiosis of
agricultural ecosystems to construct an evaluation indicator system for agricultural green
development, including green production, green innovation, green ecological protection,
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and green economy. They measured and analyzed the level of agricultural green develop-
ment in the Ili River Basin in China [23]. Liu, Y. et al. (2019) used panel data on agricultural
production in China and constructed a five-dimensional indicator system for sustainable
agricultural green development based on the population, social, economic, environmental,
and resource dimensions. They used the entropy value method and coordination degree
method to study the spatiotemporal dynamics and coordination of China’s agricultural
green development index [67].

In summary, it can be seen that the academic community has made rich research
achievements in the field of agricultural green development, and some important research
findings have been obtained, which provide valuable references for this study. However,
there are still some limitations. Firstly, there is no unified definition of the concept of agricul-
tural green development in the academic community. Some scholars lack theoretical basis
in defining agricultural green development, and the distinction and connection between
agricultural green development and sustainable agricultural development are not clearly
addressed. Furthermore, as agricultural green development is a comprehensive system,
involving a wide range of content, measuring the level of agricultural green development
solely through green total factor productivity and agricultural carbon intensity has certain
limitations. Some scholars constructing comprehensive evaluation indicator systems for
agricultural green development lack theoretical frameworks, and the selection of indicators
may be subjective. Moreover, some scholars only conduct the simple measurement and
evaluation of agricultural green development in China using indicator systems, without
conducting systematic research and analysis on the regional differences, spatial evolution,
and state transitions of agricultural green development in China, thus failing to fully reflect
the level, regional differences, spatial variations, and evolutionary characteristics of agricul-
tural green development in China. Finally, in terms of regional division and comparison,
some scholars only divide China into simple categories such as “east, central, and west”
or “grain-producing and non-grain-producing areas,” neglecting the vast territory and
diverse ecological environments in China, which leads to a lack of consideration of the
differential impacts of ecological environmental differences on the level of agricultural
green development in different regions.

Based on these considerations, this study aims to construct a comprehensive evaluation
system for agricultural green development based on the theory of sustainable agricultural
development. In accordance with the standards of the eight comprehensive economic
regions published by the Development Research Center of the State Council of China, which
are more aligned with regional economic and social development as well as geographical
and environmental characteristics, this study adopts these eight economic regions as
the basis for regional division. This division is considered to be more reasonable. This
study will employ various methods, including entropy value and the TOPSIS weighting
method, Dagum Gini coefficient and its decomposition method, kernel density estimation
method, Moran’s I index method, and Markov chain method to analyze the regional
differences, their sources, and the spatiotemporal dynamic evolution trends of agricultural
green development in China. By systematically studying and analyzing the situation of
agricultural green development in China, this study aims to further enrich the research
framework and content of agricultural green development, and provide references for
relevant stakeholders in formulating decisions on agricultural green development.

3. Theoretical Analysis
3.1. Theoretical Analytical Framework Based on Sustainable Development Theory

The concept of sustainable development emerged in the 1960s [68]. In 1972, the in-
ternational academic organization “Club of Rome” published the report “The Limits to
Growth,” which provided an in-depth analysis of the significance of natural resources and
the environment in economic development, as well as the complex relationship between
population and resources. It raised an alarm about the limits of economic growth due to
limited resources and sparked a worldwide wave of environmental protection [69]. In 1980,
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the International Union for Conservation of Nature (IUCN) published the report “World
Conservation Strategy”, which provided a more systematic explanation of the theory of
sustainable development. The connotation and definition of sustainable development lie in
achieving development that meets the needs of the present generation without compromis-
ing the ability of future generations to meet their own needs. It mainly encompasses three
aspects: sustainable development at the economic level, the social level, and the resource
and environmental level [70]. The ultimate goal of sustainable development theory is to
achieve common, coordinated, fair, efficient, and multidimensional development, fostering
the harmonious development between humans and the natural environment [71]. Sus-
tainable development theory is a theoretical framework that aims to achieve sustainable
development in three dimensions: society, economy, and the environment. It emphasizes
meeting current needs while not compromising the ability of future generations to meet
their own needs. Based on an understanding of resource limitations, environmental pres-
sures, and social equity, sustainable development theory seeks to strike a balance between
social and economic development and environmental protection [72]. The scope of sus-
tainable development theory includes the coordination of economic development and
environmental protection, rational resource utilization and renewable resources, social
equity, and inclusiveness, and the protection of ecosystems and biodiversity.

The theory of sustainable development incorporates economic, social, and environ-
mental factors, which is crucial when studying issues related to the green development of
agriculture. By constructing an evaluation framework for Agricultural Green Development
based on the theory of sustainable development, we can systematically consider economic,
social, and environmental factors, ensuring comprehensive and systematic assessments.
Furthermore, sustainable development theory emphasizes a long-term perspective and
the impact of current actions on future generations. It advocates for efficiency in economic
development, which is an important consideration in researching agricultural green devel-
opment. Moreover, sustainable development theory emphasizes social justice and inclusive-
ness, which are also crucial in the evaluation of agricultural green development. It requires
the harmonization of agricultural production with the environment, reducing pollution
and resource consumption, and preserving the sustainability of the ecological environment.
Therefore, employing a sustainable development-based evaluation framework for assessing
the level of agricultural green development allows for a more comprehensive and inte-
grated consideration of economic, social, and environmental factors, promoting agriculture
towards sustainability. Such an evaluation framework contributes to the formulation of
agricultural policies and management measures, enhancing the efficiency and sustainability
of agriculture to achieve the objectives of sustainable agricultural development.

In the evaluation framework for agricultural green development based on the theory
of sustainable development (Figure 1), the achievement of sustainable agricultural devel-
opment objectives requires a focus on resource conservation in the process of agricultural
green development. Assessing the conservation of agricultural resources involves eval-
uating the efficiency and optimization levels of resources such as land, water, fertilizers,
and pesticides. Effectively conserving agricultural resources contributes to improved pro-
duction efficiency, reduced production costs, as well as decreased resource consumption
and environmental pressure [73]. The objective of sustainable agricultural development
necessitates a stable ecological environment. The stability of the ecological environment is
a crucial prerequisite for agricultural green development, and emphasis should be placed
on the protection and enhancement of the ecological environment. By adjusting green
production practices, we can reduce the negative impacts of agriculture on ecosystems,
thereby maintaining ecological balance and ecological security [74]. The achievement of sus-
tainable agricultural development objectives requires clean agricultural production. Clean
production is also an inherent requirement for agricultural green development. Achieving
clean agricultural production involves reducing the usage of chemical fertilizers, pesticides,
and agricultural films, thus minimizing the adverse effects of agricultural pollutants on the
environment and ecosystems [75]. The achievement of sustainable agricultural develop-
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ment objectives requires attention to resource conservation in the process of agricultural
green development. Clean agricultural production necessitates agricultural product supply
security, which includes aspects such as grain supply, food safety, and agricultural product
quality. Ensuring the stability and quality safety of agricultural product supply is crucial for
maintaining social stability and meeting people’s livelihood needs [76]. The achievement of
sustainable agricultural development objectives requires a focus on enhancing agricultural
efficiency in the process of agricultural green development. By improving agricultural pro-
ductivity, optimizing agricultural industry structure, and increasing farmers’ income levels,
we can achieve the sustainable development of the agricultural economy and enhance the
quality of farmers’ lives [77].
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| Quality and safety

Implementation path
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dimension gricultura)
production
and supply

are stable
ITTTTTTT Taintain opan\. N\ TTT————
| Ecological i Ecological stable E Land resources |
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| | system effectively
Achieve a \
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farmers environment |
| Energy factor
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| Chemical factor |

> consumption |

| Fconomic benefit
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|
|

Figure 1. The evaluation framework for agricultural green development.

3.2. Construction of Agricultural Green Development Indicator System

Drawing upon the principles of scientific rigor, representativeness, and comparability,
we constructed an evaluation framework for agricultural green development based on the
theory of sustainable development. This framework encompasses five dimensions, namely
resource conservation, ecological stability, clean production, supply security, and efficiency
enhancement, comprising a total of 26 specific indicators (Figure 2). The selection process
and rationale for these specific indicators are outlined below.

(1) Selection of Resource Conservation Evaluation Indicators: The conservation of
land and water resources constitutes the core elements influencing agricultural develop-
ment. These resources play a crucial role in agricultural production and directly impact
the sustainability of agriculture and food security. Among them, arable land serves as
the foundation of agricultural production, playing a vital role in ensuring food security
and the supply of agricultural products. Sufficient arable land can support agricultural
expansion and development, providing ample land for farmers to cultivate [78]. However,
global arable land resources face challenges such as continual reduction, degradation,
and urbanization. Therefore, it is of paramount importance to protect, efficiently utilize,
and scientifically manage arable land resources. Water is an indispensable element in
agricultural production, exerting a significant influence on plant growth and crop yield.
Currently, the world is confronted with issues of water scarcity and water pollution, posing
challenges to agricultural green development. Thus, the scientific and efficient utilization of
water resources, improvement in irrigation efficiency, protection of water sources and water
quality, are key measures for achieving sustainable agricultural development and food
security [79]. The rational utilization and protection of arable land and water resources
hold crucial significance in realizing sustainable agricultural development. Based on the
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aforementioned analysis, this study selects two indicators, namely arable land retention
rate and per capita arable land area, to measure the conservation of arable land resources.
A higher proportion of water-saving irrigation area implies greater efficiency in utilizing
agricultural irrigation water, enabling the reduction in water consumption while ensuring
crop growth and yield [80]. Conversely, a higher proportion of agricultural water usage
indicates lower efficiency in water resource utilization, necessitating a greater amount
of water to meet agricultural production needs, which is detrimental to sustainable agri-
cultural development [81]. Based on the aforementioned analysis, this study adopts the
indicators of water-saving irrigation area proportion and the ratio of agricultural water
usage to total water usage to measure the conservation of water resources in agriculture.

cultivated land
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Figure 2. Evaluation indicator system for agricultural green development.

(2) Selection of Ecological Stability Evaluation Indicators: There exists a close and intri-
cate relationship between agricultural development and the natural ecological environment.
Agricultural production relies on the natural environment, while agricultural activities
also impact the natural environment. The precondition for promoting agricultural green
development is to maintain a stable and balanced ecological environment. Forests, through
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the water absorption of trees and the water-holding capacity of soil, can effectively store
and release water, maintaining a stable supply of groundwater and rivers [82]. Wetland
systems, encompassing lakes, rivers, marshes, and coastal wetlands have the ability to
absorb and store a significant amount of water, reducing the occurrence of floods and
regulating the water supply for agricultural use during drought periods [83]. Forests
and wetland systems, as the main components of terrestrial ecosystems, possess multiple
ecological functions such as water conservation, climate regulation, soil preservation, and
natural disaster prevention. Considering their fundamental strategic roles in maintaining
global ecological security, promoting sustainable development, and safeguarding human
well-being, this study selects the forest coverage rate and the proportion of wetland area as
indicators to measure the preservation of ecosystems. Additionally, a higher proportion
of ecological afforestation area signifies more land dedicated to ecological restoration and
forest conservation, contributing to the improvement of the ecological environment [84].
A higher average annual growth rate indicates the widespread adoption and significant
effectiveness of governance measures, capable of reducing soil erosion and protecting soil
and water resources [85]. Hence, this study selects the proportion of ecological afforestation
area and the average annual growth rate of the soil erosion control area as indicators to
assess ecological restoration.

(3) Selection of Clean Production Evaluation Indicators: Agricultural green develop-
ment emphasizes environmental friendliness, efficient resource utilization, and ecosystem
protection in the agricultural production process. Clean production requires minimizing
the negative impact of agriculture on the environment, including reducing the use of pesti-
cides and fertilizers, and controlling agricultural non-point source pollution. The goal of
clean production is to minimize the environmental impact of agricultural activities while
maximizing resource efficiency and sustainability. Adopting clean production practices can
reduce pollution, protect biodiversity, and safeguard human health [86]. Clean agricultural
production involves two aspects: reducing the use of chemical inputs and improving the
efficiency of energy resources. Reducing the use of chemical inputs requires scientific means
to minimize the use of pesticides, fertilizers, and agricultural films, thereby addressing
ecological issues such as excessive pesticide and fertilizer use leading to pesticide residues
exceeding standards, soil compaction, and water pollution [87]. In this study, indicators
such as fertilizer use intensity, pesticide use intensity, and agricultural film use intensity
are selected to measure the utilization of chemical resources [88]. Electricity resources and
diesel fuel resources have significant impacts on agricultural production. Currently, in
China, the dominant source of electricity generation is coal-fired power plants, accounting
for over 70% of the total electricity generation, which requires a substantial consumption of
coal resources and leads to severe air pollution and ecological issues [89]. Diesel fuel is an
important energy resource in agricultural production, but excessive diesel use can cause
serious soil and air pollution [90]. Therefore, this study selects indicators such as diesel fuel
consumption intensity per unit of agricultural output value and electricity consumption
intensity per unit of agricultural output value to measure the utilization of energy resources
in agriculture.

(4) Selection of Supply Security Evaluation Indicators: Food supply security issues
impact national security and social stability, and ensuring food security is a fundamental
strategic goal of agricultural development in China [91]. Among these indicators, per
capita grain production reflects the relationship between agricultural production capac-
ity and population demand and is an important indicator for assessing food supply. A
higher per capita grain production indicates that each individual can access sufficient food
supply, contributing to ensuring food security and meeting basic living needs [92]. Grain
production serves as a critical indicator for evaluating food supply capacity and agricul-
tural production levels. Higher grain production signifies strong agricultural production
capacity and sufficient food supply, beneficial for meeting national grain demands and
ensuring food security for the population [93]. The per capita production of pork, beef, and
mutton reflects the relationship between meat supply and population demand. A higher
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per capita meat production indicates that each individual can access sufficient meat supply,
helping to meet the population’s demand for animal protein and ensuring dietary balance
and nutritional security [94]. Meat production reflects meat supply capacity and livestock
production levels. Higher meat production implies a well-developed livestock industry that
can meet people’s demand for meat, ensuring dietary diversity and nutritional balance [95].
Therefore, this study selects indicators such as per capita grain production, per capita
production of pork, beef, and mutton, grain production, and meat production to measure
the quantity and security of agricultural product supply.

China is committed to improving the quality and safety of agricultural products to
ensure food security and the health of its people. Achieving a high-quality supply of
agricultural products is of significant importance for promoting agricultural green develop-
ment, enhancing the competitiveness of agricultural products, and meeting the demand
for high-quality food from the population. Green certification assesses whether agricul-
tural products meet environmentally friendly and pollution-free standards during the
production process. A higher number of certified green food products indicates that more
agricultural products meet the criteria for green certification, demonstrating higher levels
of environmental friendliness and safety [96]. A higher number of green food enterprises
implies that more enterprises in the agricultural supply chain adhere to green produc-
tion and business principles, providing consumers with a greater selection of green food
choices [97]. The qualification rate of routine inspections for agricultural product quality
and safety refers to the proportion of qualified products in routine inspections conducted
on agricultural products. This inspection typically includes testing for pesticide residues,
heavy metal content, microbial contamination, and other factors to ensure that agricultural
products meet quality and safety standards. A higher qualification rate indicates the good
quality control of agricultural products and the ability to guarantee food safety [98]. This
study selects indicators such as the number of certified green food products, the number of
green food enterprises, and the qualification rate of routine inspections for the agricultural
product quality to measure the quality of agricultural products.

(5) Selection of Efficiency Enhancement Evaluation Indicators: The benefits of agri-
cultural green development include both economic and social aspects. Agricultural labor
productivity efficiency reflects the level of labor utilization efficiency in agricultural produc-
tion. A higher agricultural labor productivity efficiency means higher agricultural output
with the same labor input, resulting in improved labor productivity for farmers [99]. This
is an important economic benefit indicator of agricultural green development. Agricultural
land output efficiency reflects the utilization efficiency of land resources in agricultural
production. A higher agricultural land output efficiency means higher agricultural output
with limited land resources [100]. This is of significant importance for achieving agri-
cultural green development. Rural per capita disposable income reflects the economic
living standards and purchasing power of rural residents. A higher rural per capita dis-
posable income signifies an increase in farmers’ income levels, allowing them to achieve
a better quality of life and higher consumption capacity [101]. This is also an important
economic benefit indicator of agricultural green development, demonstrating the impact of
agricultural green development on farmers’ economic well-being. This study selects indica-
tors such as agricultural labor productivity efficiency, agricultural land output efficiency,
and rural per capita disposable income to measure the economic benefits of agricultural
green development.

Agricultural green development aims to maximize social benefits by adopting sustain-
able agricultural production methods and technologies that prioritize ecological environ-
ment protection, efficient resource utilization, and social equity. Furthermore, it emphasizes
the protection of rural social equity and farmers’ rights, promoting rural social stability and
harmony. Additionally, agricultural green development focuses on promoting environmen-
tally friendly agricultural production methods to reduce the negative impact of agriculture
on the environment. In the process of selecting evaluation indicators, a narrowing urban—
rural income gap indicates a relatively higher income level for rural residents, leading to a
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more balanced urban-rural income distribution. This reflects the social benefits of agricul-
tural green development in terms of reducing urban-rural economic disparities, promoting
social equity, and improving farmers’ living conditions [102]. The rural Engel coefficient is
an indicator that measures the consumption structure of rural households. A lower rural
Engel coefficient means that the proportion of food expenditure in total consumption for
rural residents is relatively low, indicating a shift in their consumption structure towards
non-food items and an improvement in living standards [103] A lower agricultural carbon
emission intensity means that, under the same agricultural output, agriculture generates
fewer carbon emissions, thereby reducing its impact on climate change [104]. Therefore,
this study selects indicators such as the urban—rural income gap, rural Engel coefficient,
and agricultural carbon emission intensity to measure the social benefits of agricultural
green development.

4. Materials and Methods
4.1. Research Methods
4.1.1. Entropy Method and Weighted TOPSIS Method

The entropy method and weighted TOPSIS approach are statistical analysis methods
based on mathematical models, known for their high objectivity. They utilize the actual nu-
merical data of indicators for calculations and analysis, remaining unaffected by subjective
factors. Consequently, these methods can provide relatively objective indicator weights and
scores. Additionally, the utilization of the entropy method and weighted TOPSIS model
for measuring indicator weights and scores offers advantages such as comprehensiveness,
flexibility, interpretability, and wide applicability. They can provide effective decision
support and evaluation outcomes, enabling decision makers to better understand and
analyze issues, facilitating informed decision making. Therefore, this study adopts the
entropy method and weighted TOPSIS approach to assess the level of agricultural green
development in China [105]. The specific procedural steps involved: initially, determining
the weights of each indicator based on the degree of variation among their values within the
indicator system; subsequently, evaluating the proximity of the targets to the “positive ideal
solution” and “negative ideal solution” using the approximation principle of the TOPSIS
method; ultimately, selecting the solution that is closest to the positive ideal solution. The
specific steps are as follows:

The data matrix is constructed using the raw data of the indicators

Xij = (Xii) M)
The raw data undergo dimensionless quantification
Xi~—min(Xl~) P . .
o m +0.0001 Xj; positive indicators
Yl] - max(Xz-j)fX,vj . . . (2)
max (X)) —min(X;) +0.0001 X;j negative indicators
The weight matrix of the indicators is calculated:
Y;i
Py = - 3)
L Yij
i=1
The entropy values of each indicator are computed
i 1
e]' = —kzl Pij In Pij k= m (4)
1=

The coefficients of the differentiation items are calculated:

gi=1—¢ ©)
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The weights of the indicators are determined.

&

Wi (6)
! 7:1 8i
The weighted normalization matrix is constructed.
R:(rij)mxn T’i]‘ZWjXYi]‘ (1§i§m,1§j§n) (7)
The optimal solution and worst solution are determined.
Z;’ = max(rj;), VARES min(r;;) 8)

The distance between each evaluation object and the optimal solution as well as the
worst solution is calculated.

Dt = ©)
The relative closeness of each evaluation object is computed.
D.—
Nj : <N; <1 1
1 (D1++D1_)/O_ 1 = ( 0)

Among them, a higher value indicates a higher level of agricultural green development
in the region.

4.1.2. Gini Coefficient and Decomposition Method

The Gini coefficient method is an intuitive statistical approach, known for its simplicity,
high sensitivity, comparative nature, wide applicability, and minimal data requirements.
It provides a visual representation of the level of inequality in regional development.
The Gini coefficient values range from 0 to 1, with values closer to 1 indicating higher
levels of inequality and values closer to 0 indicating lower levels of inequality. This
characteristic allows for direct comparisons between different regions. In this study, the Gini
coefficient and decomposition method are employed to analyze and assess the disparities
in agricultural green development across various regions in China [106]. The overall
differences (G) include within-region differences (G,), between-region differences (G,),
and over-density differences (G¢). The relationship between these three factors can be
calculated using the following specific formula:

E X Sl S [y — e

G= 0% (11)
n; n;
2;1 Zr]:1 ‘in — Yir
j = e (12)
217y
nj -y
Zizl 27:1 ‘in — Ynur
Gjh = B (13)
niny (Y + n)
k
Gw = Y1 GiiPjsi (14)

ki1
Gnp = ijz Y —1 Gin(pjsn + pusj) Dj (15)
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G = Z;-;z B:l Gin(pjsn + pusj) (1 — Djy) (16)
di= [ dF) [ (- x)aRx) 17)
pp= [ 4R ) [ - %K) (18)

G = Gw + Gy + Gt (19)

4.1.3. Kernel Density Estimation Method

The Kernel density estimation (KDE) method is a non-parametric approach that
does not require any assumptions about the data distribution. This makes it suitable
for various types of data, including continuous, discrete, and mixed data, and it has
found wide application in academic research. Furthermore, the KDE method can capture
both global and local patterns in the data. It provides information about the overall
distribution within a region, aiding in the identification of overall trends and clustering
phenomena. Simultaneously, it can also capture local spatial variations and anomalies,
enabling researchers to gain a comprehensive understanding of the dynamic characteristics
of a region [107]. Lastly, the KDE method allows for parameter settings and analysis plan
selection based on research requirements. It also produces intuitive visualizations, such
as heatmaps or contour plots, to illustrate the patterns and trends in regional dynamics,
making the results more accessible for interpretation and understanding. Therefore, in
this study, the KDE method is employed to dynamically fit and analyze the evolving
characteristics of agricultural green development in the eight major economic regions of
China. The specific calculation formula is as follows:

£6) = gD KE) 0
1 x2

where N represents the number of provinces in the region, X; represents the independently
and identically distributed observed values, x represents the mean value, K(.) represents
the kernel density function, and h represents the bandwidth.

4.1.4. Spatial Auto Correlation Analysis Method

Moran’s I index is a method used to analyze spatial auto correlation and distribution
characteristics in geographic spatial data. It combines techniques from spatial statistics
and econometrics and can reveal spatial dependence and heterogeneity in geographic
phenomena. It helps determine whether there is spatial auto correlation, which refers to
the similarity or dissimilarity of neighboring areas in terms of a geographic phenomenon.
By measuring the spatial correlation between variables, it can identify whether there is
clustering or dispersion in the geographic phenomenon. This aids in understanding the
spatial distribution patterns of geographic phenomena and the underlying spatial influ-
encing factors [108]. The calculation formula for the global Moran’s I index is as follows:

ny it g Wij(x; — x) (xj — X)
-2
im1 i Wikl (xi — X)
where x; and x; represent the agricultural green development levels of the provinces, x
represents the average level of agricultural green development, Wj; is the spatial weight

matrix, and 7 is the number of sample provinces. The global Moran’s I index ranges from
—1to 1, where the absolute value indicates the strength of spatial correlation. The larger the

Moran’s [ = (22)
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absolute value, the stronger the spatial correlation. To further study the spatial distribution
characteristics of agricultural green development levels among the 31 provinces in China,
this study utilizes the local Moran’s I index to explore the clustering degree and categories
of individual samples. The specific calculation formula for the local Moran’s I index is

as follows: en e B
n? (xi — X)X Zj:1 Wij(xj —X)
Y (%) Yit X Wi

Moran’s [; = (23)

4.1.5. Markov Chain Method

The Markov chain method is a mathematical model used to describe stochastic pro-
cesses as well as simulate and describe changes in space. By defining a state space and
transition probabilities, a Markov chain model can be established to simulate the spatial
evolution of geographic phenomena, revealing their spatial dynamic characteristics. By
observing the transition probabilities of states in the Markov chain model, we can under-
stand the trends and probabilities of a geographic phenomenon transitioning from one
spatial state to another. This helps us comprehend the spatial evolution patterns, trends,
and transformation rules of the geographic phenomenon. In this study, the Markov chain
method is employed, incorporating a transition probability matrix, to analyze the dynamic
evolution process of agricultural green development in China. This analysis reflects the
probabilities of future upward or downward transitions in the agricultural green develop-
ment levels across different regions in China [109]. The specific formula for the Markov
chain is as follows:

P{X(t)/Xt1 =11, Xp2 =1t-2,... Xo =10} = P{X(t) =j/Xs-1 =111} =PF; (24)

Among them, t corresponds to the different periods of the study. The value of X(#)
depends on the number of states in the state space. Pj; represents the probability of
transition from state i in period ¢ to state j in period t + 1 for a specific province in terms of
agricultural green development evaluation values. Pjj is calculated as ni]-/nl-, where n;; is the
number of transitions from state i to state j in period t + 1, and #; is the number of provinces
in state i. The agricultural green development level in China is divided into four state types
using the quartile method, and the Markov transition probability matrix M is constructed
(Table 1). Considering the spatial lag effect, temporal lag effect, and spatial interaction
between regions to compensate for the traditional Markov chain’s lack of consideration
for geographic neighbors’ spatial interaction, this study further decomposes the k x k
Markov matrix into k conditional transition probability matrices using the spatial Markov
chain. The spatial lag values involved in this analysis are spatially weighted averages of
agricultural green development in neighboring areas, with the spatial matrix represented
by the spatial weight matrix.

Table 1. Markov transition probability matrix.

tt+1 1 2 3 4
1 P11 P12 P13 P14
2 P21 p22 P23 P24
3 P31 P32 P33 P34
4 P41 P42 P43 P44

4.2. Data Sources

The data used in this study were sourced from various publications, including the
“China Statistical Yearbook”, “China Rural Statistical Yearbook”, “China Environmental
Statistical Yearbook”, and Green Food Network. Additionally, the provincial and municipal
statistical yearbooks and statistical bulletins of China were consulted. The sample data
covers the time span from 2003 to 2020. In cases where there were missing data points for
certain regions, interpolation methods were employed to fill in the gaps.
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4.3. Regional Division

Based on the regional division criteria outlined in the report “Strategies and Policies
for Regional Coordinated Development” by the Development Research Center of the State
Council of China, the research subjects in this study are divided into eight major economic
development regions. Due to data availability, this study does not include Taiwan Province,
Hong Kong, and Macau in the research scope. The specific coverage of the eight major
economic regions is shown in Table 2 and Figure 3.

Table 2. Division of China’s eight major economic regions.

Economic Region Coverage (Province Numbers)
Northeast Comprehensive Liaoning (6), Jilin (7)
Economic Region (NCER) Heilongjiang (8)
Northern Coastal Beijing (1), Tianjin (2)
Comprehensive Economic Region (NCCER) Hebei (3), Shandong (15)
Eastern Coastal Comprehensive Shanghai (9), Jiangsu (10)
Economic Region (ECCER) Zhejiang (11)
Southern Coastal Economic Fujian (13), Guangdong (19)
Region (SCER) Hainan (21)
Yellow River Basin Shaanxi (27), Shanxi (4)
Comprehensive Economic Region (YRCER) Henan (16), Inner Mongolia (5)
Yangtze River Basin . . . .
Comprehensive Economic Region (YRBCE) Hubei (17), Hunan (18), Jiangxi (14), Anhui (12)
Great Southwest Comprehensive Yunnan (25), Guizhou (24), Sichuan (23),
Economic Region (GSCER) Chonggqing (22) Guangxi (20)
Great Northwest Comprehensive Gansu (28), Qinghai (29), Ningxia (30),
Economic Region (GNCER) Tibet (26), Xinjiang (31)
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Figure 3. Geographical spatial distribution of China’s eight major economic zones.
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5. Results and Analysis
5.1. Measurement and Analysis of China’s Agricultural Green Development Level
5.1.1. Analysis of the Overall Level of Agricultural Green Development in China

This article is based on the theory of sustainable development to construct an evalua-
tion index system for agricultural green development. The entropy method and TOPSIS
method are utilized to calculate the weights of the evaluation indicators for agricultural
green development, as shown in Table 3. This study will employ the constructed evalua-
tion system for agricultural green development to measure the level of agricultural green
development in China from three dimensions: the overall perspective, the eight major
economic regions, and the provinces. Furthermore, it will analyze the trends in the resource
conservation index, ecological stability index, production cleanliness index, supply security
index, efficiency improvement index, and overall development index for agricultural green
development in China.

Table 3. Evaluation system for agricultural green development.

Criterion Value Sub-Criteria Value Scheme Layer Value
Layer Layer
Conservation of cultivated 0.0761 Cultivated land retention rate (%) 0.0370
land resources ’ Per capita cultivated area (hm?) 0.0391
Resourc.e 0.1540 Prop.or.tlon. of water—osavmg 0.0382
conservation Water resources 0.0779 irrigation area (%)
conservation ’ Agricultural water accounted for the proportion of 0.0397
total water use (%) ’
The proportion of forest 0.0417
Ecological conservation 0.0811 in the land area (%) ’
Ecological Proportion of wetland in land area (%) 0.0394
stability 0.1568 Ecological afforestation country 0.0371
Ecological restoration 0.0758 area proportion (%) ’
Annual growth rate of soil erosion control area (%)  0.0386
Energy factor 0.0782 Diesel oil application rate (kg/CNY 10,000) 0.0377
Clean consumption ) Energy efficiency (kW-h/CNY 10,000) 0.0405
roduction 0.1995 Chemical factor Fertilizer application rate (kg/CNY 10,000) 0.0395
P consumption 0.1213  Agricultural film application rate (kg/CNY 10,000)  0.0410
P Rate of pesticide application (kg/CNY 10,000) 0.0408
Per capita grain production (kg) 0.0377
- . Meat production per capita (kg) 0.0387
Quantitative security 0.1545 Total grain production (10,000 t) 0.0388
Secure Total meat production (10,000 t) 0.0393
supply 0.2668 Number of certified green food products 0.0381
. Number of green food enterprises 0.0371
Quality and safety 0.1123 Quality and safety of agricultural products routine 0.0371
inspection pass rate (%) ’
Labor productivity (CNY 10,000) 0.0372
Economic benefit 0.1115 Land yield rate (CNY 10,000/ hm?) 0.0370
Benefit Disposable income of rural residents (CNY) 0.0373
enhancement ~ 0-2229 Urban-rural income gap 0.0371
. . Engel coefficient of rural household (%) 0.0372
Social benefit 0.1114 Aeri L .
gricultural carbon emission intensity 0.0370

(t/CNY 10,000)

According to Table 4, it is evident that the comprehensive index of agricultural
green development in China has steadily increased from 0.3236 in 2003 to 0.5004 in
2020, indicating an overall improvement in the level of agricultural green development.
By examining the index values across the five dimensions of evaluation, it can be ob-
served that the indicators for resource conservation, ecological stability, and production
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cleanliness have relatively low scores, while the dimensions of supply security and
efficiency improvement have higher scores. This suggests that China’s agricultural
green development is still at a relatively low level overall, with significant potential for
improvement in the future.

Table 4. Changes in the agricultural green development index in China.

Year Resource Ecological Clean Security Benefit En-  Composite
Conservation  Stability =~ Production Supply hancement Index
2003 0.0423 0.0243 0.0356 0.0772 0.1442 0.3236
2004 0.0426 0.0193 0.0392 0.0817 0.1466 0.3294
2005 0.0430 0.0166 0.0444 0.0936 0.1486 0.3462
2006 0.0450 0.0159 0.0466 0.0913 0.1491 0.3479
2007 0.0451 0.0164 0.0431 0.0958 0.1518 0.3523
2008 0.0456 0.0185 0.0436 0.1021 0.1552 0.3649
2009 0.0496 0.0194 0.0459 0.1125 0.1580 0.3854
2010 0.0481 0.0196 0.0477 0.1216 0.1616 0.3985
2011 0.0483 0.0205 0.0484 0.1265 0.1657 0.4094
2012 0.0488 0.0204 0.0510 0.1277 0.1681 0.4161
2013 0.0499 0.0239 0.0527 0.1369 0.1712 0.4346
2014 0.0502 0.0222 0.0555 0.1382 0.1764 0.4425
2015 0.0506 0.0251 0.0540 0.1383 0.1777 0.4457
2016 0.0521 0.0240 0.0544 0.1453 0.1776 0.4535
2017 0.0524 0.0253 0.0575 0.1486 0.1800 0.4637
2018 0.0525 0.0249 0.0621 0.1517 0.1836 0.4748
2019 0.0519 0.0254 0.0612 0.1567 0.1865 0.4818
2020 0.0556 0.0253 0.0645 0.1679 0.1871 0.5004

Furthermore, by analyzing the trend chart (Figure 4) for the agricultural green de-
velopment index in China, the resource conservation index shows a fluctuating upward
trend, with minor decreases observed during the periods 2009-2010 and 2018-2019.
The ecological stability index exhibits a U-shaped pattern, which can be attributed to
the frequent natural disasters that occurred in China from 2003 to 2006, resulting in
significant losses to economic and agricultural production. In 2003, China experienced
an unusually severe year for natural disasters, including serious floods in some regions,
as well as a rainfall deficit of 50-80% in parts of north China, northeast China, and
southwest China, accompanied by prolonged high temperatures and severe drought
conditions. Other regions also experienced severe disasters such as hailstorms, land-
slides, and mudslides. As a result, the total affected area of crops in China reached
60.02 million hectares, with 9.14 million hectares experiencing complete crop failure.
Similarly, 2006 was the most severe year for natural disasters in China since 1998, with
the frequent occurrences of typhoons, floods, and droughts, posing a significant threat
to the stability of China’s agricultural and ecological environment.

On the other hand, the indexes for production economy, supply security, and efficiency
improvement show a steady upward trend. Supply security and efficiency improvement
are identified as the main factors influencing the changes in the comprehensive index of
agricultural green development. As the government attaches increasing importance to food
security and implements various measures, the supply security index for agricultural green
development in China has improved rapidly, and the dimension of agricultural production
efficiency has also shown significant and steady improvement.
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Figure 4. Trend chart of the agricultural green development index in China.

5.1.2. Analysis of Agricultural Green Development in Eight Major Economic Regions

In terms of the comprehensive index of agricultural green development in the eight
major economic regions, there were significant differences and changes in rankings from
2003 to 2020. The specific changes in the agricultural green development index for each of
the eight major economic regions are presented in Table 5. The Northern Coastal Economic
Region refers to the economic development region located in the northern coastal areas
of China, including provinces such as Beijing, Hebei, Tianjin, and Shandong. This region
possesses abundant water resources, including marine resources and river water sources.
This provides important water sources for agricultural green development, benefiting crop
growth and irrigation. The Northern Coastal Economic Region also benefits from fertile
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land and high-quality arable land, providing favorable conditions for crop cultivation.
Moreover, compared to the inland regions of China, the Northern Coastal Economic
Region has a relatively developed agricultural infrastructure. It has modern irrigation
systems, agricultural machinery, and agro-processing facilities, which contribute to higher
efficiency and yields in agricultural production. However, challenges such as limited
land resources, water resource utilization and management, geographical constraints, and
market competition pressure pose certain constraints on agricultural green development
in the Northern Coastal Economic Region. From 2003 to 2020, the comprehensive index
of agricultural green development in the Northern Coastal Economic Region increased
from 0.3850 in 2003 to 0.5048 in 2020. The ranking changed from the second position to the
fourth position.

Table 5. Agricultural green development in eight major economic region.

Year NCCER NCER ECCER SCER YRBCER CYRBCE GSCER GNCER

2003 0.3850 0.3755 0.3863  0.3782 0.3545 0.3602 0.3630 0.3256
2004 0.3843 0.3860 03917  0.3791 0.3641 0.3690 0.3646 0.3264
2005 0.3941 0.4055 0.4024 0.3894 0.3705 0.3814 0.3789 0.3381
2006 0.3932 0.4056 0.4037  0.3927 0.3764 0.3824 0.3772 0.3380
2007 0.3930 0.4078 0.4080  0.3863 0.3778 0.3921 0.3862 0.3432
2008 0.4041 0.4207 0.4143  0.3955 0.3918 0.4027 0.3931 0.3484
2009 0.4191 0.4413 0.4314  0.4037 0.4072 0.4162 0.4113 0.3639
2010 0.4343 0.4458 0.4424  0.4154 0.4144 0.4263 0.4207 0.3751
2011 0.4459 0.4577 0.4486  0.4246 0.4216 0.4357 0.4264 0.3787
2012 0.4514 0.4630 0.4540  0.4282 0.4256 0.4417 0.4296 0.3843
2013 0.4643 0.4769 0.4707  0.4414 0.4361 0.4556 0.4443 0.3999
2014 0.4698 0.4836 0.4810  0.4493 0.4407 0.4651 0.4498 0.3963
2015 0.4692 0.4903 0.4764  0.4541 0.4413 0.4703 0.4555 0.3976
2016 0.4772 0.4895 0.4855  0.4607 0.4441 0.4753 0.4615 0.4047
2017 0.4852 0.4976 0.4916  0.4643 0.4517 0.4871 0.4674 0.4136
2018 0.4949 0.5021 0.5018  0.4699 0.4608 0.4963 0.4761 0.4223
2019 0.4929 0.5067 0.5153  0.4750 0.4675 0.4987 0.4809 0.4278
2020 0.5048 0.5232 0.5214  0.4891 0.4842 0.5167 0.4909 0.4386

The Northeast Comprehensive Economic Region of China refers to the economic de-
velopment region located in the northeastern part of the country, including provinces such
as Liaoning, Jilin, and Heilongjiang. This region possesses vast arable land and abundant
agricultural resources, providing a solid foundation for agricultural green development. It
is conducive to diversified crop cultivation and the development of the livestock industry.
The Northeast Comprehensive Economic Region is also abundant in lakes, rivers, and
reservoirs, ensuring ample water resources. This reliable water source benefits the stability
and expansion of agricultural green production. Due to the cold climate conditions and
rich agricultural resources, the Northeast Comprehensive Economic Region has nurtured a
range of high-quality green agricultural products that enjoy a good reputation in domestic
and international markets. From 2003 to 2020, the comprehensive index of agricultural
green development in the Northeast Comprehensive Economic Region increased from
0.3755 in 2003 to 0.5232 in 2020. The ranking changed from the fourth position to the
first position.

The Eastern Coastal Economic Region of China refers to the economic development
region located along the eastern coast of the country, including provinces such as Jiangsu,
Shanghai, and Zhejiang. This region is endowed with abundant water resources and
high-quality soil conditions. The Eastern Coastal Economic Region is relatively advanced
in agricultural technology and management, benefiting from advanced agricultural tech-
nologies and management practices. It has favorable social and economic conditions for
agricultural green development. Additionally, the Eastern Coastal Economic Region has
a well-established market and supply chain system, ensuring close integration between
agricultural production and sales processes. This facilitates the market promotion and sales
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of green agricultural products, contributing to higher overall income levels for farmers in
the region. From 2003 to 2020, the comprehensive index of agricultural green development
in the Eastern Coastal Economic Region was 0.3863, with the index reaching 0.521 in 2020.
The ranking changed from the first position to the second position.

The Southern Coastal Economic Region of China refers to the economic develop-
ment region located along the southern coast of the country, including provinces such as
Guangdong, Hainan, and Fujian. The Southern Coastal Economic Region is endowed with
abundant water resources, including marine resources and river water sources. Due to
suitable climate conditions and rich land resources, the region can cultivate a variety of
crops, including rice, fruits, and vegetables. This diversified crop cultivation contributes to
agricultural green development. However, the Southern Coastal Economic Region faces
limitations in land resources. Rapid urbanization has led to a significant reduction in
agricultural land area, resulting in a large urban-rural income gap, which severely restricts
the foundation for agricultural green development. The region is also prone to natural
disasters such as typhoons, floods, and wind disasters throughout the year, posing risks
and challenges to agricultural green development in the area. Additionally, issues such
as the excessive use of pesticides and fertilizers, soil erosion, and water pollution exert
pressure on agricultural production and ecological environment in the region. From 2003 to
2020, the comprehensive index of agricultural green development in the Southern Coastal
Economic Region was 0.3782 in 2003 and 0.4891 in 2020. The overall development progress
has been relatively slow, and the ranking for agricultural green development has dropped
from the third position to the sixth position.

The Yellow River Basin Economic Region refers to the economic development region
located in the middle reaches of the Yellow River in China, including provinces such as
Henan, Shaanxi, Shanxi, and Inner Mongolia. The Yellow River Basin Economic Region is
mainly characterized by plains, with vast and fertile land, providing favorable conditions
for large-scale agricultural production. The region has diverse climate conditions suitable
for growing a variety of crops. For example, crops such as wheat, corn, soybeans, and
cotton are widely cultivated in the area, providing a solid foundation for agricultural green
development. Additionally, the Yellow River Basin Economic Region has relatively well-
developed agricultural infrastructure, including irrigation systems, agricultural machinery,
and processing facilities. This contributes to improving the efficiency and quality of
agricultural production. However, the region faces challenges due to its dry climate
and relatively low precipitation, resulting in water scarcity. This poses limitations on
agricultural green development, especially during periods of water shortage when crop
growth and irrigation face significant difficulties. Moreover, due to its geographical location,
the Yellow River Basin Economic Region faces issues of land desertification and soil erosion,
which significantly impact agricultural green development. With the advancement of
economic development and urbanization processes, the region faces pressure to adjust its
agricultural structure. The traditional agricultural model needs to undergo transformation
and upgrading, requiring an accelerated pace of agricultural green development. From
2003 to 2020, the comprehensive index of agricultural green development in the Yellow
River Basin Economic Region was 0.3545 in 2003 and 0.4842 in 2020, with the ranking
remaining at the seventh position. Overall, agricultural green development in the region is
still at a relatively low level.

The Yangtze River Basin Economic Region refers to the economic development region
located in the middle reaches of the Yangtze River in China, including provinces such as
Hubei, Hunan, Jiangxi, and Anhui. The Yangtze River Basin Economic Region is situated in
the Yangtze River Basin, with abundant water resources. This provides a reliable irrigation
water source for agricultural production, benefiting crop growth and development. The
region has fertile land and high soil quality. In particular, the sediment brought by the
Yangtze River and its tributaries provides rich nutrients for agriculture, contributing to
higher crop yields and quality. The Yangtze River Basin Economic Region has diverse
climate conditions suitable for growing various crops. For example, crops such as rice,
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wheat, rapeseed, and tea are widely cultivated in the area, establishing a solid founda-
tion for agricultural green development. The region also boasts abundant agricultural
resources and ecological environments. Natural resources such as lakes, wetlands, and
mountains provide certain support and guarantees for agricultural green development.
However, the Yangtze River Basin Economic Region also faces some environmental and
sustainable development issues in agricultural production. The excessive use of pesticides
and fertilizers, as well as soil erosion, exert pressure on the ecological environment. With
rapid progress in agricultural production technology and management levels, the overall
agricultural productivity and quality in the Yangtze River Basin Economic Region have
improved significantly. From 2003 to 2020, the comprehensive index of agricultural green
development in the region was 0.3602 in 2003 and 0.5167 in 2020, with the ranking rising
from the sixth position to the third position.

The Southwest Economic Region refers to the economic development region located
in the southwestern mainland of China, including provinces such as Sichuan, Yunnan,
Guizhou, Chonggqing, and Guangxi. The region boasts abundant water resources, including
numerous rivers and lakes. This provides a reliable irrigation water source for agricultural
production, benefiting crop growth and development. The region encompasses various
topographical features such as high mountains, basins, and plains, with diverse climate
conditions that provide favorable conditions for the production of different crops. Addi-
tionally, the Southwest Economic Region is home to many natural reserves and ecological
landscapes, boasting a favorable natural ecological environment. This is conducive to
the development of ecological agriculture and organic farming, making the agricultural
products in the region characterized by their green and organic qualities, meeting the
market demand for green agricultural products. However, although the region has a vast
land area, arable land resources are limited. The utilization rate of land is relatively low,
and the rational utilization and protection of land resources become important consid-
erations for agricultural green development in the region. Furthermore, The Southwest
Economic Region faces the risk of natural disasters such as floods, landslides, and earth-
quakes throughout the year, which also pose risks and uncertainties to agricultural green
development in the region. From 2003 to 2020, the comprehensive index of agricultural
green development in the region was 0.3630 in 2003 and 0.4909 in 2020, with the ranking
remaining unchanged at the fifth position. The level of agricultural green development in
the region still requires improvement.

The Northwest Economic Region refers to the economic development region located
in the northwestern mainland of China, including provinces such as Tibet, Gansu, Qinghai,
Ningxia, and Xinjiang. The Northwest Economic Region boasts abundant natural resources,
including vast grasslands, rich mineral resources, and unique geographical environments.
The region has an arid and cold climate, with suitable agricultural production conditions in
certain areas. It possesses extensive grasslands and mountainous areas, with relatively good
ecological environments, providing a solid foundation for agricultural green development.
However, the Northwest Economic Region is located in an arid region with relatively
scarce water resources. The lack of reliable irrigation water sources imposes limitations
on agricultural production, posing challenges to agricultural green development due to
water scarcity. The region also suffers from poor soil fertility and low soil nutrient content.
Additionally, due to the arid climate and human activities, desertification is a serious
issue in the region. Agricultural technology and management levels are relatively lagging,
lacking advanced agricultural techniques and modern agricultural management experience,
which restricts the improvement of agricultural production efficiency and quality. As a
result, the level of agricultural green development in the region remains relatively low.
From 2003 to 2020, the comprehensive index of agricultural green development in the
Northwest Economic Region was 0.3256 in 2003 and 0.4386 in 2020, consistently ranking at
the lowest position among the eight major economic regions.
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5.1.3. Analysis of Agricultural Green Development at the Provincial Level

From the perspective of provincial measurements in China, steady progress has been
made in the agricultural green development of all 31 provinces. According to Table 6,
the composite index of agricultural green development in 2020 reveals that the top five
provinces in terms of agricultural green development are Heilongjiang, Shandong, Hunan,
Jiangsu, and Anhui, respectively. Among them, Heilongjiang province possesses vast
expanses of arable land with fertile soil, providing an excellent foundation for agricultural
green development. This advantageous soil base facilitates the implementation of efficient
agricultural practices and the promotion of organic and ecological farming methods. As a
result, Heilongjiang province excels in key indicators such as per capita arable land area,
agricultural land preservation, proportion of water-saving irrigation area, per capita grain
production, and the number of certified green food products. Consequently, the province
ranks at the forefront of agricultural green development nationwide. Similarly, Shandong
province boasts extensive arable land and fertile soil, making it highly suitable for crop cul-
tivation. The province also possesses a strong advantage in agricultural product processing
and logistics. It is home to numerous large-scale agricultural processing enterprises and
food factories capable of processing, packaging, and selling agricultural products. Addi-
tionally, Shandong province is enriched with multiple agricultural universities, research
institutions, and agricultural technology demonstration parks, providing robust technical
and talent support for agricultural green development. Consequently, the province achieves
high scores in indicators such as pesticide, fertilizer, and plastic film application intensity;,
positioning itself as a leader in the dimension of clean production. Furthermore, Shandong
province ranks prominently in terms of supply security and efficiency improvement indices,
solidifying its comprehensive level of agricultural green development as second only to
Heilongjiang province.

Table 6. Measurement results of the province for selected years.

Region 2003 2005 2007 2009 2011 2013 2015 2017 2020

Beijing 0.4060 0.4087 0.4112 04330 04448 04667 04673 04851 0.5013
Tianjin 0.3814 0.3853 0.3744 0.3908 0.4140 04330 0.4455 0.4548 0.4760
Hebei 03772 03800 0.3740 0.4061 0.4461 04520 04572 04714 0.4949

Shandong 03754 0.4026 04122 0.4465 04787 0.5056 0.5066 0.5296 0.5467
Liaoning 0.3804 0.4157 04154 04369 04552 04730 04821 04777 0.4951
Jilin 0.3809 0.4041 0.4068 0.4338 0.4480 04637 04734 04744 0.4960
Heilongjiang ~ 0.3651 0.3968 0.4013 0.4532 0.4699 0.4941 05154 0.5407 0.5786
Shanghai 0.4082 0.3994 0.4022 04220 04388 0.4580 0.4632 0.4745 0.5043

Jiangsu 03786 04138 04182 04412 04562 04848 04921 05125 0.5345
Zhejiang 03720 03940 0.4036 04309 04508 04692 04739 0.4879 0.5254
Fujian 03763 03923 03973 04141 04399 0459 04719 04826 0.5095
Guangdong 03779 03930 03922 04096 04294 04408 04576 04622 04925
Hainan 03803 03830 03693 03875 04046 04239 04327 04481 0.4652
Shanxi 03358 03290 03353 03748 03889 04046 04071 04153 0.4480
Inner 03579 03905 03990 04241 04386 04558 0.4556 04726 0.5188
Mongolia
Henan 03719 04077 04071 04404 0.4484 04630 04743 04810 05147
Shaanxi 03523 03547 03697 03893 04104 04208 04282 0.4381 0.4553
Anhui 03463 03655 03778 04041 04216 04454 04609 04893 05297
Jiangxi 03625 03795 03913 04144 04248 04405 04537 04680 0.4945
Hubei 03512 03821 03957 04163 04413 04667 04807 04990 0.5058
Hunan 03810 03986 0.4035 04301 04551 04700 04858 0.4921 0.5368
Guangxi 03484 03710 03827 04083 0.4265 04402 0.4460 04572 0.4780
Chongqing 03822 03857 03821 04124 04395 04521 04575 04703 05150
Sichuan 03926 0.4169 04301 04465 04541 04734 04819 04910 0.5038
Guizhou 03552 03632 03650 03894 03988 04254 04425 04635 0.4695
Yunan 03368 03579 03713 03999 04133 04306 04497 0.4550 0.4885

Tibet 0.3385 0.3432 03576 03772 03841 04145 03926 04166 0.4370
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Table 6. Cont.
Region 2003 2005 2007 2009 2011 2013 2015 2017 2020
Gansu 0.3043 0.3250 0.3143 0.3465 0.3518 0.3711 0.3782 0.3913 0.4297
Qinghai 0.3158 0.3402 0.3533 0.3700 0.3866 0.4047 0.4068 0.4173 0.4382
Ningxia 0.3454 0.3348 0.3393 0.3579 0.3798 0.3962 0.4029 0.4182 0.4380

Xinjiang 0.3240 0.3475 03514 0.3678 0.3915 04130 04074 04245 0.4502

As one of China’s 13 major grain-producing regions, Hunan province boasts abundant
forests, lakes, and natural reserves within its borders. The stable ecological environment
provides invaluable support for agricultural green development in Hunan province. The
region is home to several agricultural universities and research institutions dedicated to
agricultural technology innovation and dissemination. Hunan province holds a certain
advantage in terms of per capita grain yield, energy consumption per unit of output value,
and exhibits a relatively small urban-rural income gap. As a result, its comprehensive index
for agricultural green development ranks third. Jiangsu province possesses fertile land
resources and favorable climatic conditions. It has a well-developed system for agricultural
product processing and marketing, including food processing enterprises, agricultural
wholesale markets, and e-commerce platforms, which contribute to the enhancement of
the added value and market expansion of agricultural products. The agricultural indus-
try chain is relatively complete, encompassing various sectors such as crop cultivation,
livestock farming, and aquaculture. Thanks to the diversification of agricultural devel-
opment and the refinement of the industry chain in Jiangsu province, adjustments to the
rural economic structure and the extension of the agricultural industry chain enable rural
residents to participate in more agricultural value-added processes, thereby increasing
their sources of income. Jiangsu province exhibits comparative advantages in terms of
labor productivity, land output rate, and rural residents” disposable income, highlighting
its economic benefits in agricultural green development. Consequently, the province ranks
fourth in the comprehensive index of agricultural green development.

Anhui province, as a major agricultural province in central China, possesses vast
farmland and abundant agricultural resources. Its primary agricultural products include
rice, wheat, corn, vegetables, fruits, and tea, forming a solid foundation for agricultural
green development. Moreover, Anhui province places great importance on local ecological
environment protection and actively promotes the ecological development of agriculture.
Through the promotion of organic farming, ecological agriculture, and circular agriculture
models, as well as the strengthening of construction efforts for farmland water conservancy
facilities and the prevention of agricultural non-point source pollution, the province strives
to protect the ecological environment of farmland and enhance the quality and safety of
agricultural products. Anhui province has made significant progress in reducing the use of
chemical substances such as fertilizers and pesticides, as well as improving the efficiency
of energy sources like diesel fuel. It also demonstrates comparative advantages in terms
of per capita grain and meat production and total output. With relatively high values for
clean agricultural production and supply security indices, Anhui province stands at the
forefront of national agricultural green development.

In accordance with the comprehensive index of agricultural green development in
2020, the bottom five provinces are Shanxi, Qinghai, Ningxia, Tibet, and Gansu. Shanxi
province, being the largest coal mining and deep processing base in China, is located
inland with relatively limited water resources. The ecological environment for agricultural
development is fragile, and the agricultural production model still heavily relies on high
input factors. The intensive use of pesticides and fertilizers has led to land degradation
and soil pollution in certain areas of Shanxi province. Long-term irrational agricultural
practices and excessive use of agrochemicals have resulted in soil quality decline and
contamination, thereby affecting agricultural production and the quality of agricultural
products. Additionally, with low rates of arable land retention and per capita arable land,
Shanxi province ranks 27th in the comprehensive index of agricultural green development
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nationwide. Qinghai, Ningxia, Tibet, and Gansu are all located in the inland arid regions
of China, where water resources are relatively scarce. The arid climate and water scarcity
have severely impacted agricultural irrigation and crop growth, limiting agricultural green
development in these provinces. Furthermore, long-term irrational agricultural practices,
excessive grazing, and the overexploitation of land resources have led to soil degradation,
land desertification, and the expansion of desert areas, posing challenges to agricultural
production. These regions face serious ecological issues in agriculture due to long-standing
irrational agricultural practices, excessive grazing, soil quality decline, land degradation,
and desert expansion. Qinghai, Ningxia, Tibet, and Gansu provinces lag behind in terms
of agricultural technology and technical levels. The lack of advanced agricultural tech-
nology and support from research institutions constrains the improvement of agricultural
productivity and product quality in these provinces. Moreover, the completeness of the
local agricultural industry chain is relatively low, with a relatively incomplete agricultural
product processing and marketing system, resulting in low added value of agricultural
products, limited income growth for farmers, and low scores in the indicators of agricul-
tural green development benefits. Shanxi, Qinghai, Ningxia, Tibet, and Gansu provinces
represent the most vulnerable regions in terms of agricultural development in China.

5.2. Spatial Differences and Sources of China’s Agricultural Green Development Level
5.2.1. Decomposition of Sources of Disparities in Agricultural Green Development

The changes in China’s overall and regional agricultural green development indices
from 2003 to 2020 were calculated using the Gini coefficient decomposition method, as
shown in Table 7 and Figure 5. From the perspective of China as a whole, the average Gini
coefficient for the total population was 0.0577, the average between-group Gini coefficient
was 0.0447, and the average within-group Gini coefficient was 0.0037 during this period. In
terms of the contribution of disparity sources, the between-group disparity contribution rate
was 77.45%, the super-variable density contribution rate was 16%, and the within-group
disparity contribution rate was 6.45%. This indicates that the main sources of disparities in
China’s agricultural green development are regional differences and super-variable density,
while within-group disparities contribute the least. The main reason for this is that the
provinces within China’s eight comprehensive economic regions have a certain degree of
similarity in terms of natural geographical environment, agricultural resource endowment,
and socio-economic conditions, with relatively small differences in economic and social
development levels and natural resource environments. However, there are significant dif-
ferences in the economic and social development levels and natural resource environments
among the eight comprehensive economic regions. Therefore, the relative disparities in
China’s agricultural green development mainly stem from inter-regional differences.

Table 7. Decomposition of spatial sources of overall disparities.

Gini- Within- Between- Super- Within- Between- Super-

Year Coefficient Group Gini Group Gini Variation Group Group Variation
Coefficient Coefficient Density Differences (%)  Differences (%)  Density (%)

2003 0.0587 0.0034 0.0488 0.0065 5.7460 83.1418 11.1124
2004 0.0608 0.0037 0.0481 0.0089 6.0533 79.2435 14.7034
2005 0.0605 0.0038 0.0472 0.0095 6.2004 78.0549 15.7459
2006 0.0605 0.0037 0.0468 0.0100 6.0796 77.4162 16.5038
2007 0.0603 0.0042 0.0439 0.0122 7.0415 72.7918 20.1654
2008 0.0579 0.0035 0.0439 0.0104 6.0973 75.8762 18.0281
2009 0.0585 0.0037 0.0444 0.0104 6.3949 75.8733 17.7317
2010 0.0550 0.0037 0.0422 0.0090 6.7792 76.8700 16.3511
2011 0.0577 0.0040 0.0444 0.0093 6.9183 76.9235 16.1586
2012 0.0575 0.0040 0.0443 0.0092 6.9451 76.9901 16.0650
2013 0.0551 0.0039 0.0425 0.0086 7.1262 77.1857 15.6887
2014 0.0588 0.0038 0.0469 0.0081 6.4466 79.8299 13.7231
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Table 7. Cont.

Gini- Within- Between- Super- Within- Between- Super-
Year Coefficient Group Gini Group Gini Variation Group Group Variation
Coefficient Coefficient Density Differences (%)  Differences (%)  Density (%)
2015 0.0584 0.0036 0.0468 0.0080 6.2014 80.0915 13.7068
2016 0.0559 0.0036 0.0449 0.0074 6.4919 80.3138 13.1951
2017 0.0565 0.0036 0.0442 0.0086 6.4147 78.3254 15.2601
2018 0.0557 0.0036 0.0425 0.0096 6.4372 76.3864 17.1769
2019 0.0557 0.0037 0.0425 0.0095 6.6663 76.2600 17.0726
2020 0.0556 0.0037 0.0407 0.0112 6.6223 73.2294 20.1485
Mean 0.0577 0.0037 0.0447 0.0092 6.4812 77.4891 16.0298
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Figure 5. Trend of sources of overall disparities in agricultural green development.

In terms of the trend of disparity sources, the largest variation in inter-regional disparities
during the study period was 0.0081, followed by super-variable density with a variation of
0.0056, and the smallest variation was within-group disparities with 0.0009. Furthermore,
inter-regional disparities showed a fluctuating downward trend, while super-variable density
exhibited a fluctuating upward trend. The overall contributions of inter-regional disparities
and super-variable density demonstrated a counter-fluctuation trend, while within-group
disparities remained relatively stable. This reflects that the relative disparities in China’s
agricultural green development among regions are gradually narrowing. Additionally, during
the observation period, the contribution rate of inter-regional disparities reached its highest
value of 83% in 2003, while the contribution rate of super-variable density reached its lowest
value of 11%. In 2007, the contribution rate of the inter-regional disparities reached its lowest
value of 72.80%, while the contribution rate of super-variable density reached its highest value
of 20%. These two factors exhibited a reverse relationship in terms of their changing patterns.

5.2.2. Analysis of Overall Agricultural Green Development and Regional Disparities

From Table 8, it can be observed that the Gini coefficients of agricultural green develop-
ment levels within China’s eight economic regions exhibit a distinct hierarchical pattern, and
the variations in agricultural green development disparities within each region show significant
heterogeneity. Among them, the northern coastal economic region experiences the largest
variation in disparities, with the regional disparity value reaching its minimum of 0.0068 in
2006 and rising to 0.0479 in 2020, indicating a variation amplitude of 0.0411. On the other
hand, the variation in disparities is the smallest in the northwest economic region, decreasing
from its maximum value of 0.0306 in 2016 to 0.0116 in 2020, with a variation amplitude of only
0.0190. The main reason for this disparity is the significantly higher pace of agricultural green
development in Shandong province within the northern coastal economic region compared
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to Hebei province, leading to an increasing development gap within the region. In the north-
west economic region, the provinces share similar natural environments and socio-economic
development conditions, facing challenges such as water scarcity and poor soil fertility. The
agricultural green transformation in Ningxia within the region is constrained by resource
and environmental limitations, narrowing the disparities in agricultural green development
compared to other provinces within the same region. From the perspective of mean values, the
Gini coefficients of agricultural green development within the Yellow River middle economic
region, Yangtze River middle economic region, and the southwest economic region are all
higher than the national average. This is mainly attributed to the significantly higher levels of
agricultural green development in Inner Mongolia and Henan province in the Yellow River
middle economic region, Hunan province, and Anhui province in the Yangtze River middle
economic region, and Chongging and Sichuan province in the southwest economic region,
resulting in large disparities in agricultural green development within these regions.

Table 8. Disparities in Gini coefficients across China’s eight major economic regions.

Year China NCCER NCER ECCER SCER YRBCER CYRBCE GSCER GNCER
2003 0.0235 0.0177 0.0286 0.0131 0.0041 0.0420 0.0225 0.0317 0.0286
2004 0.0257 0.0174 0.0110 0.0249 0.0135 0.0231 0.0478 0.0438 0.0241
2005 0.0269 0.0143 0.0193 0.0217 0.0135 0.0204 0.0425 0.0644 0.0188
2006 0.0252 0.0068 0.0176 0.0275 0.0030 0.0211 0.0620 0.0422 0.0214
2007 0.0306 0.0118 0.0204 0.0163 0.0374 0.0453 0.0276 0.0572 0.0283
2008 0.0256 0.0082 0.0185 0.0347 0.0069 0.0246 0.0394 0.0549 0.0175
2009 0.0277 0.0128 0.0199 0.0412 0.0154 0.0363 0.0530 0.0261 0.0167
2010 0.0268 0.0074 0.0171 0.0397 0.0184 0.0364 0.0459 0.0256 0.0240
2011 0.0292 0.0138 0.0163 0.0407 0.0230 0.0379 0.0306 0.0453 0.0259
2012 0.0291 0.0167 0.0206 0.0435 0.0220 0.0355 0.0218 0.0456 0.0275
2013 0.0294 0.0185 0.0212 0.0427 0.0212 0.0315 0.0288 0.0438 0.0277
2014 0.0292 0.0236 0.0273 0.0426 0.0179 0.0272 0.0261 0.0432 0.0260
2015 0.0282 0.0242 0.0215 0.0210 0.0353 0.0293 0.0261 0.0473 0.0210
2016 0.0280 0.0279 0.0193 0.0156 0.0380 0.0230 0.0252 0.0443 0.0306
2017 0.0293 0.0388 0.0251 0.0168 0.0417 0.0209 0.0258 0.0456 0.0197
2018 0.0292 0.0406 0.0228 0.0156 0.0402 0.0247 0.0300 0.0475 0.0126
2019 0.0298 0.0247 0.0420 0.0173 0.0364 0.0253 0.0247 0.0488 0.0194
2020 0.0300 0.0479 0.0168 0.0227 0.0364 0.0262 0.0310 0.0474 0.0116
Mean 0.0280 0.0207 0.0214 0.0276 0.0236 0.0295 0.0339 0.0447 0.0223

5.2.3. Analysis of Regional Disparities in Agricultural Green Development

From Table 9, during the period from 2003 to 2020, the mean values of the disparity coeffi-
cients for agricultural green development in China’s eight economic regions ranged from 0.0271
to 0.1414. Among them, the northern coastal economic region and the northeast comprehensive
economic region, as regions with relatively high levels of agricultural green development in
China, both had a mean disparity value of 0.0271, indicating a high degree of coordination in
agricultural green development. The northern coastal economic region is rich in agricultural
development resources and exhibits a higher level of agricultural green development, placing
it among the regions with high levels of agricultural green development in China. On the other
hand, the northwest economic region has limited agricultural green development resources and
a lower level of agricultural green development, making it one of the regions with lower levels
of agricultural green development in China. Both of these regions had mean disparity values
of agricultural green development of 0.1414, indicating the poorest coordination in agricultural
green development between the two regions. Regions with Gini coefficients ranging from
0.01 to 0.05 can be considered regions with high coordination in terms of agricultural green
development, including the Northeast Comprehensive Economic Region, Northern Coastal
Economic Region, Eastern Coastal Economic Region, Southern Coastal Economic Region, and
the Yangtze River Middle Economic Region. These regions are also the most developed agricul-
tural and economic regions in China, characterized by abundant resource endowments, good
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agricultural ecological environments, and socio-economic development. Regions with Gini
coefficients ranging from 0.05 to 0.1 can be considered regions with relatively lower coordina-
tion in terms of agricultural green development, including the Yellow River Middle Economic
Region and the Southwest Economic Region in relation to the Eastern Coastal Economic Region
and the Northern Coastal Economic Region. Among these, the Southwest Economic Region has
advantages such as geographical diversity, superior ecological environment, abundant species
resources, and unique advantages in specialty agricultural products. However, it also faces
challenges such as limited land resources, lagging infrastructure, frequent natural disasters,
and inconvenient transportation, which pose constraints on agricultural green development.

Table 9. (a) Disparities in Gini coefficients among China’s eight major economic regions. (b) Dis-

parities in Gini coefficients among China’s eight major economic regions. (c) Disparities in Gini

coefficients among China’s eight major economic regions.

(a)

Year NCCER/ NCCER/ NCCER/ NCCER/ NCCER/ NCCE/ NCCER/ NCER/ NCER/

NCER ECCER SCER YRCER YRBCE GSCER GNCER ECCER SCER
2003 0.0265 0.0212 0.0237 0.0541 0.0475 0.0637 0.1473 0.0253 0.0283
2004 0.0178 0.0256 0.0335 0.0450 0.0570 0.0639 0.1509 0.0234 0.0300
2005 0.0248 0.0303 0.0460 0.0479 0.0651 0.0726 0.1531 0.0281 0.0316
2006 0.0193 0.0305 0.0376 0.0456 0.0628 0.0681 0.1510 0.0307 0.0281
2007 0.0193 0.0307 0.0379 0.0615 0.0516 0.0616 0.1427 0.0274 0.0393
2008 0.0201 0.0342 0.0318 0.0527 0.0594 0.0580 0.1491 0.0311 0.0194
2009 0.0248 0.0441 0.0412 0.0595 0.0622 0.0735 0.1493 0.0366 0.0254
2010 0.0157 0.0362 0.0327 0.0487 0.0555 0.0591 0.1347 0.0342 0.0269
2011 0.0209 0.0360 0.0360 0.0552 0.0591 0.0611 0.1444 0.0336 0.0263
2012 0.0242 0.0384 0.0348 0.0574 0.0602 0.0623 0.1415 0.0376 0.0267
2013 0.0241 0.0397 0.0330 0.0539 0.0582 0.0640 0.1317 0.0372 0.0267
2014 0.0279 0.0442 0.0300 0.0536 0.0546 0.0665 0.1465 0.0420 0.0282
2015 0.0307 0.0327 0.0446 0.0555 0.0574 0.0744 0.1522 0.0235 0.0335
2016 0.0264 0.0277 0.0388 0.0460 0.0479 0.0693 0.1386 0.0206 0.0350
2017 0.0384 0.0374 0.0455 0.0495 0.0541 0.0694 0.1335 0.0237 0.0378
2018 0.0375 0.0382 0.0435 0.0455 0.0530 0.0674 0.1239 0.0245 0.0363
2019 0.0422 0.0278 0.0447 0.0469 0.0565 0.0665 0.1305 0.0398 0.0448
2020 0.0465 0.0451 0.0499 0.0537 0.0569 0.0717 0.1243 0.0214 0.0370
Mean 0.0271 0.0344 0.0381 0.0518 0.0566 0.0663 0.1414 0.0300 0.0312

(b)
Year NCER/ NCER/ NCER/ NCER/ ECCER/ ECCER/ ECCER/ ECCER/ ECCER/
YRCER  YRBCE GSCER GNCER SCER YRCER  YRBCE GSCER GNCER

2003 0.0562 0.0500 0.0644 0.1467 0.0177 0.0474 0.0402 0.0545 0.1373
2004 0.0418 0.0539 0.0628 0.1491 0.0285 0.0373 0.0505 0.0572 0.1393
2005 0.0361 0.0563 0.0649 0.1389 0.0265 0.0285 0.0480 0.0594 0.1258
2006 0.0395 0.0601 0.0635 0.1417 0.0248 0.0287 0.0566 0.0519 0.1230
2007 0.0580 0.0454 0.0594 0.1366 0.0341 0.0443 0.0285 0.0484 0.1128
2008 0.0382 0.0506 0.0523 0.1345 0.0280 0.0381 0.0459 0.0516 0.1191
2009 0.0458 0.0523 0.0530 0.1291 0.0338 0.0439 0.0532 0.0471 0.1117
2010 0.0432 0.0499 0.0490 0.1248 0.0352 0.0455 0.0520 0.0488 0.1138
2011 0.0424 0.0433 0.0490 0.1272 0.0377 0.0492 0.0501 0.0545 0.1236
2012 0.0450 0.0442 0.0519 0.1249 0.0389 0.0514 0.0507 0.0569 0.1214
2013 0.0445 0.0477 0.0552 0.1192 0.0368 0.0464 0.0484 0.0570 0.1114
2014 0.0481 0.0486 0.0616 0.1392 0.0363 0.0432 0.0434 0.0570 0.1246
2015 0.0373 0.0398 0.0558 0.1301 0.0327 0.0353 0.0360 0.0533 0.1252
2016 0.0383 0.0397 0.0610 0.1303 0.0321 0.0301 0.0311 0.0512 0.1192
2017 0.0377 0.0435 0.0597 0.1225 0.0360 0.0333 0.0395 0.0561 0.1189
2018 0.0381 0.0472 0.0593 0.1209 0.0363 0.0335 0.0433 0.0562 0.1150
2019 0.0468 0.0530 0.0683 0.1214 0.0358 0.0317 0.0391 0.0515 0.1091
2020 0.0423 0.0462 0.0553 0.1201 0.0351 0.0380 0.0415 0.0531 0.1130
Mean 0.0433 0.0484 0.0581 0.1310 0.0326 0.0392 0.0443 0.0537 0.1202
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Table 9. Cont.

(c)

Year SCER/ SCER/ SCER/ SCER/ YRCER/ YRCER/ YRCER/ YRBCE/ YRBCE/ GSCER/
YRCER YRBCE GSCER GNCER YRBCE GSCER GNCER GSCER GNCR GNCER
2003 0.0403 0.0301 0.0408 0.1241 0.0373 0.0412 0.1011 0.0317 0.1010 0.0845
2004 0.0248 0.0407 0.0461 0.1196 0.0414 0.0426 0.1104 0.0504 0.0992 0.0950
2005 0.0194 0.0396 0.0536 0.1078 0.0393 0.0553 0.1059 0.0604 0.0936 0.0864
2006 0.0213 0.0521 0.0467 0.1141 0.0540 0.0424 0.1061 0.0591 0.0925 0.0876
2007 0.0479 0.0426 0.0563 0.1124 0.0438 0.0597 0.0945 0.0496 0.0918 0.0876
2008 0.0223 0.0410 0.0460 0.1178 0.0392 0.0473 0.0971 0.0528 0.0940 0.0939
2009 0.0343 0.0469 0.0334 0.1088 0.0512 0.0359 0.0942 0.0497 0.0894 0.0766
2010 0.0332 0.0418 0.0314 0.1029 0.0447 0.0363 0.0884 0.0426 0.0809 0.0762
2011 0.0358 0.0353 0.0441 0.1106 0.0367 0.0444 0.0907 0.0420 0.0860 0.0846
2012 0.0365 0.0320 0.0450 0.1093 0.0317 0.0439 0.0854 0.0404 0.0819 0.0811
2013 0.0340 0.0352 0.0458 0.1015 0.0325 0.0435 0.0801 0.0399 0.0741 0.0703
2014 0.0334 0.0333 0.0471 0.1208 0.0298 0.0408 0.0947 0.0389 0.0926 0.0812
2015 0.0388 0.0380 0.0553 0.1207 0.0319 0.0430 0.0976 0.0443 0.0971 0.0793
2016 0.0381 0.0394 0.0573 0.1190 0.0277 0.0441 0.0971 0.0422 0.0936 0.0732
2017 0.0392 0.0437 0.0595 0.1149 0.0263 0.0435 0.0900 0.0418 0.0829 0.0684
2018 0.0395 0.0470 0.0595 0.1126 0.0308 0.0454 0.0868 0.0434 0.0752 0.0660
2019 0.0353 0.0391 0.0566 0.1004 0.0278 0.0461 0.0845 0.0456 0.0745 0.0689
2020 0.0359 0.0400 0.0540 0.0990 0.0310 0.0453 0.0805 0.0453 0.0765 0.0715
Mean  0.0339 0.0399 0.0488 0.1120 0.0365 0.0445 0.0936 0.0456 0.0876 0.0796

The Yellow River Middle Economic Region benefits from favorable natural irrigation
conditions and a wide variety of agricultural products, but it also faces challenges such as
water scarcity, soil erosion, land degradation, and pollution, resulting in an overall lower
level of agricultural green development. Both regions exhibit significantly greater Gini
coefficient differences compared to the developed regions in terms of green development,
indicating lower levels of coordination in agricultural green development. Regions with
Gini coefficients exceeding 0.1 can be considered regions with the poorest coordination in
terms of agricultural green development, including the Northwest Economic Region in
relation to the Northeast Comprehensive Economic Region, Northern Coastal Economic
Region, and Eastern Coastal Economic Region. The Northwest Economic Region is mainly
located in inland arid areas with relatively limited water resources. The arid climate and
water scarcity severely affect agricultural irrigation and crop growth, limiting agricultural
development and production scale. Additionally, the region faces issues of soil degradation
and desertification. Long-term unsustainable agricultural practices, excessive grazing,
and the excessive utilization of land resources have led to a decline in soil quality, land
degradation, and desert expansion, posing challenges to agricultural green development
in the Northwest Economic Region. Therefore, the disparities between the Northwest
Economic Region and regions with high levels of agricultural green development such
as the Northern Coastal Economic Region and the Eastern Coastal Economic Region are
significant, resulting in the lowest level of coordination in agricultural green development
compared to other regions.

5.3. Distribution and Dynamic Evolution of Agricultural Green Development in China
5.3.1. Temporal Evolution Trends Based on Kernel Density Estimation

The temporal evolution trends of agricultural green development in China can be
effectively analyzed using kernel density estimation. This method provides insights into
the changing distribution characteristics over time. By examining the position, number,
morphology, and extension of density curves, we can gain a deeper understanding of the
dynamic evolution of agricultural green development in China.
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1. Overall Dynamic Evolution of Agricultural Green Development in China

From Figure 6, we can observe the evolving trends of agricultural green development
in China from 2003 to 2020. In terms of distribution position, the curve shifts towards the
right, indicating a continuous improvement in agricultural green development in China.
Regarding the number of peaks, the transition from a bimodal distribution to a multi-modal
distribution suggests an increased polarization in agricultural green development across the
country, with significant disparities between secondary peaks and the main peak. In relation
to the distribution shape, the height of the main peak gradually increases, and the width
exhibits a widening trend, reflecting the expanding absolute disparities in agricultural
green development across China. In terms of distribution extension, the distribution of
agricultural green development shows a right-skewed tail, with an elongation of the tail
over time. This indicates an expansion of the absolute disparities in agricultural green
development among the different provinces. These changes can be attributed, in part, to
the heterogeneous environmental resources and socio-economic conditions for agricultural
green development across provinces and regions. While agricultural green development
has progressed to varying degrees nationwide, the absolute disparities between leading
and lagging regions have somewhat widened due to these heterogeneities.

N
o

Kernel density
)

03 0.35 04
(year) Agricultural green development index

Figure 6. Dynamic evolution of agricultural green development distribution in China.

2. The spatial evolution of agricultural green development disparities in China’s eight
major economic regions.

Based on Figure 7, the analysis of regional disparities and dynamic trends in the
agricultural green development of China’s eight major economic regions is as follows:
the changing distribution patterns revealed by the shifting positions in the kernel density
estimation curves of the eight economic regions indicate varying degrees of rightward
shifts. This reflects an overall upward trend in the agricultural green development levels
across these regions. In other words, progress has been made in the agricultural green
development of all eight economic regions, with the Northeast Comprehensive Economic
Region showing the greatest magnitude of rightward shift. This suggests that, over time, the
Northeast Comprehensive Economic Region has experienced the most significant improve-
ment in its agricultural green development level. From the perspectives of distribution
patterns and the number of peaks, the distribution curve in the northern coastal region
demonstrates a transition from a unimodal to a bimodal pattern. The distance between the
primary peak and the secondary peak is not significant, and the fluctuation of the primary
peak’s height exhibits a decreasing-then-increasing trend. Furthermore, the curve width
gradually widens, indicating an overall trend of contraction and expansion in the absolute
differences of agricultural green development within the northern coastal region. This
implies the existence of a certain degree of spatial polarization in the agricultural green
development within this region, which is related to the strengthening polarization between
Shandong Province and Beijing.
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Figure 7. The dynamic evolution of distribution in China’s eight major economic regions. (a) Northern
Coastal Comprehensive Economic Region (NCCER); (b) Northeast Comprehensive Economic Region
(NCER); (c) Eastern Coastal Comprehensive Economic Region (ECCER); (d) Southern Coastal Eco-
nomic Region (SCER); (e) Yellow River Basin Comprehensive Economic Region (YRCER); (f) Yangtze
River Basin Comprehensive Economic Region (YRBCE); (g) Great Southwest Comprehensive Eco-
nomic Region (GSCER); (h) Great Northwest Comprehensive Economic Region (GNCER).
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In the distribution curve of the Northeast Comprehensive Economic Region, there is an
increasing trend in the fluctuation of the primary peak’s height, a widening trend in curve
width, and a gradual evolution from a unimodal to a bimodal state. The distance between
the primary peak and the secondary peak gradually increases. These observations indicate a
pronounced spatial polarization in the agricultural green development within the Northeast
Comprehensive Economic Region, with an expanding trend in the absolute differences
of agricultural green development within the region. This phenomenon is related to the
strengthened status of Heilongjiang Province within the region. The distribution curve in
the Eastern Coastal Region exhibits a stable number of peaks, a relatively short distance
and diminishing height difference between the primary peak and the secondary peak, and
a gradual narrowing of the curve width. This suggests an overall trend of reduction in the
absolute differences of agricultural green development within the Eastern Coastal Region
and a weakening of the spatial polarization phenomenon in the internal agricultural green
development. In the Southern Coastal Economic Region, the distribution curve shows a
transition from a unimodal to a bimodal state, with an increasing distance between the
primary peak and the secondary peak. The height of the primary peak demonstrates a
downward trend, and the curve width gradually widens. These observations indicate a
gradual emergence of spatial polarization in the agricultural green development within
the Southern Coastal Economic Region, with a weak expanding trend in the absolute
differences of agricultural green development within the region.

The distribution curve in the middle reaches of the Yellow River Economic Region
demonstrates a gradual transition from unimodal to bimodal state, with an increasing
distance between the primary and secondary peaks. The height of the primary peak exhibits
a slow downward trend, while the curve width significantly widens. These observations
indicate a gradual spatial polarization phenomenon in the agricultural green development
within the middle reaches of the Yellow River Economic Region, accompanied by an overall
expanding trend in the absolute differences of agricultural green development. This is
further correlated with the intensified polarization status of Inner Mongolia within the
region. In the distribution curve of the middle reaches of the Yangtze River Economic
Region, there is a gradual transition from bimodal to unimodal state. The height of
the primary peak demonstrates an ascending-then-descending trend, while the curve
width varies between widening and narrowing. This suggests a weakening of the spatial
polarization phenomenon in the agricultural green development within the middle reaches
of the Yangtze River Economic Region, along with an overall trend of reduction in the
absolute differences of the agricultural green development.

The distribution curve in the Southwestern Economic Region shows a gradual transi-
tion from bimodal to unimodal state. The height of the primary peak exhibits an ascending
trend, while the curve width also varies between widening and narrowing. This indicates a
weakening of the spatial polarization phenomenon in the agricultural green development
within the Southwestern Economic Region, accompanied by an overall trend of reduction
in the absolute differences of agricultural green development. This is correlated with
the weakened polarization status of Sichuan and Chongqing within the region. In the
distribution curve of the Northwestern Economic Region, there is a gradual transition from
multimodal to unimodal state. The height of the primary peak demonstrates an ascending
trend, while the curve width also varies between widening and narrowing. This signifies a
weakening of the spatial polarization phenomenon in the agricultural green development
within the northwestern economic region, along with an overall trend of reduction in
the absolute differences of agricultural green development. This is correlated with the
weakened polarization status of Ning xia within the region.

Overall, the agricultural green development levels in the eight regions exhibit a
widespread phenomenon of polarization. Therefore, relevant departments in the future
need to take measures to promote the balanced agricultural green development among
provinces in different regions.
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5.3.2. Spatial Evolution Trends Based on Moran’s I Index
1.  Global Spatial Correlation Analysis

To further investigate the spatial correlation of agricultural green development in
China, a spatial adjacency matrix was used to analyze the regional spatial correlation
degree of agricultural green development levels among 31 provinces from 2003 to 2020
(Table 10). It can be observed that the global Moran’s I index values for agricultural
green development levels are all greater than 0.25, with p-values less than 0.01. This
indicates a significant positive spatial correlation feature among provincial agricultural
green development in China.

Table 10. Moran’s I index for the level of agricultural green development in China.

Year I Value Z Value p Value
2003 0.368 3.386 0.000
2004 0.381 3.479 0.000
2005 0.330 3.030 0.001
2006 0.371 3.386 0.000
2007 0.293 2.754 0.003
2008 0.373 3.418 0.000
2009 0.346 3.171 0.001
2010 0.338 3.120 0.001
2011 0.356 3.281 0.001
2012 0.331 3.070 0.001
2013 0.346 3.200 0.001
2014 0.343 3.178 0.001
2015 0.347 3.197 0.001
2016 0.345 3.210 0.001
2017 0.324 3.020 0.001
2018 0.279 2.619 0.004
2019 0.273 2.570 0.005
2020 0.252 2401 0.008

2. Local Spatial Correlation Analysis

By utilizing the global Moran’s I index, we can obtain research results on the spatial cor-
relation of agricultural green development. However, it fails to reflect the spatial correlation
and its variations among provinces. Therefore, this study further employs the local Moran’s
Iindex to investigate the spatial correlation of agricultural green development among the
31 provinces in China and presents a scatter plot of Moran’s I index for provincial-level
agricultural green development (Figure 8). Additionally, to better illustrate the spatial clus-
tering and distribution of agricultural green development levels across Chinese provinces,
this study utilizes the spatial distribution maps of agricultural green development levels for
the selected years (Figure 9). From Figures 8 and 9, it is evident that the majority of Chinese
provinces exhibit agglomeration in the first and third quadrants, indicating a “high-high”
(H-H) and “low—-low” (L-L) agglomeration pattern. Provinces such as Heilongjiang, Zhe-
jlang, Shandong, and Shanghai are clustered in the first quadrant, primarily located in
the Eastern Coastal and Northeastern Economic Regions, where the level of agricultural
green development is relatively high. Simultaneously, Qinghai, Gansu, Ningxia, Xinjiang,
and Tibet are clustered in the third quadrant, representing provinces with a low level of
agricultural green development, mainly situated in the Northwestern Economic Region.
As time progresses, the spatial clustering of provinces in China’s Eastern Coastal Economic
Region and Northeastern Comprehensive Economic Region, characterized by high-level
agricultural green development (H-H), becomes increasingly conspicuous.
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Figure 8. Scatter plot of local Moran’s I index for agricultural green development levels at selected
time points.
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Figure 9. The inter—provincial spatial distribution of agricultural green development levels in China.

5.4. State Evolution Trends Based on Markov Chain Analysis

To further analyze the dynamic evolution and steady-state distribution characteristics
of agricultural green development in China, this study employs Markov chain analysis
to investigate the direction and transition probabilities of agricultural green development.
Firstly, the agricultural green development level is classified into four categories using
the graded ratio method. Within these categories, the first 25% represents a low level, the
range of 26%-50% represents a medium-low level, 51%—75% represents a medium-high
level, and anything above 75% represents a high level. Matlab software was utilized to
simulate the transition probability matrix for agricultural green development in China
during different periods, ranging from 1 year to 4 years (Table 11). The diagonal values in
the matrix represent the probability of agricultural green development in China remaining
unchanged after t + 1 years, while the off-diagonal values represent the probability of
transition in agricultural green development.

Table 11. Transition probability matrix for traditional Markov chain analysis.

Medium-Low Medium-High

Period Status Low Level Level Level High Level
1 year Low level 0.7929 0.2071 0 0

1 year Medium-low 0.0072 0.7698 0.2230 0

1 year Medium-high 0 0 0.8195 0.1805
1 year High level 0 0 0 1

2 year Low level 0.6143 0.3857 0 0

2 year Medium-low 0.0073 0.5547 0.4307 0.0073
2 year Medium-high 0 0 0.6480 0.3520
2 year High level 0 0 0 1

3 year Low level 0.4929 0.4857 0.0214 0

3 year Medium-low 0.0075 0.3609 0.6165 0.0150
3 year Medium-high 0 0 0.4661 0.5339
3 year High level 0 0 0 1

4 year Low level 0.3857 0.5429 0.0714 0

4 year Medium-low 0 0.1953 0.7578 0.0469
4 year Medium-high 0 0 0.3 0.7
4 year High level 0 0 0 1

5.4.1. Traditional Markov Chain Analysis

From Table 11, it can be observed that, during periods ranging from 1 year to
2 years, the values on the diagonal are higher than the off-diagonal elements. Specifi-
cally, the lowest probability value on the diagonal for a 1-year period is 0.7698, while
for a 2-year period, it is 0.5547. This indicates that during a 2-year period, agricultural
green development in China exhibits a certain path dependence and steady-state charac-
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teristics. Furthermore, as the time period increases, the values on the diagonal become
smaller than the elements in the upper triangle. When the period extends to 3—4 years,
the diagonal elements become smaller than the upper triangular elements, suggesting
that regions with different levels of agricultural green development can progress and
ascend, but the time span for different regions to cross over varies. Specifically, the
medium-high level-regions can achieve upward advancement within a 3-year period,
while the medium-low and low-level regions require 4 years to accomplish the same.
Additionally, within the next 1-4 years, except for the high-level regions, the stable
probabilities of agricultural green development in the four categorized levels gradually
decrease. The low-level region declines from 0.7929 to 0.3857, the medium-low-level
region declines from 0.7698 to 0.1953, and the medium-high-level region declines from
0.8195 to 0.3. Meanwhile, the probabilities of upward advancement in agricultural green
development gradually increase. The probability of transitioning from the low-level
region to the medium-low-level rises from 0.2071 to 0.5429, the probability of transi-
tioning from the medium-low-level to the medium-high-level increases from 0.2230
to 0.7578, and the probability of transitioning from the medium-high level to the high
level rises from 0.1805 to 0.7. The high-level region remains stable. This indicates that,
over time, the probability of transitioning from lower-level regions to adjacent higher-
level regions increases significantly. There is no occurrence of transitions between
non-adjacent states.

5.4.2. Spatial Markov Chain Analysis

Although traditional Markov chain analysis can reflect the transition probabilities of
agricultural green development in China, it overlooks the spatial correlation effects to some
extent. Given that the agricultural green development levels of different provinces and
regions in China exhibit spatial correlation, a spatial Markov chain model is constructed by
incorporating a spatial adjacency matrix to obtain the spatial transition probability matrix
for agricultural green development during time periods of 1-4 years (Table 12). This allows
for a deeper investigation of the spatial impact of neighboring regions’ agricultural green
development levels on the focal region’s agricultural green development.

Firstly, during the same time period but within different spatial lag environments, the
probabilities of maintenance, upward transition, and downward transition of agricultural
green development levels exhibit variations within the same type of region, indicating clear
spatial dependence. For example, taking the low-level agricultural green development
region as an example, when the neighboring environments are low level, medium-low
level, and medium-high level, the probabilities of maintenance in the low-level region are
0.8298, 0.75, and 0.6, respectively, while the probabilities of upward transition are 0.1702,
0.25, and 0.4, respectively. This suggests that, in the presence of neighboring environments
with low level and medium-high levels, the agricultural green development status of the
low-level region can be improved through spatial diffusion effects. However, when the
neighboring environment is also low level, it further reinforces the path dependence of
agricultural green development in the low-level region.

Secondly, during the same time period, different peripheral environments have distinct
influences on the transition probabilities of different level regions. Using the 1-year period
as an example, the probabilities of maintenance for the medium-low-level region under
four different peripheral environmental conditions are 0.9444, 0.6731, 0.8049, and 0.5,
respectively, while the probabilities of maintenance for the medium-high-level region are
1,0.95,0.8171, and 0.7333, respectively. From the perspective of probability variance, the
medium-low-level region exhibits larger variations.
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Table 12. (a) Spatial Markov chain transition probability matrix. (b) Spatial Markov chain transition

probability matrix.
@
Ligpf‘rt::n State t=1 t=2
Low level 0.8298 0.1702 0 0 0.6809 0.3191 0 0
Low Medium-low level 0.0278 0.9444 0.0278 0 0.0278 0.7778 0.1944 0
level Medium-high level 0 0 1 0 0 0 1 0
High level 0 0 0 0 0 0 0 0
Low level 0.75 0.25 0 0 0.5278 0.4722 0 0
Medium-low  Medium-low level 0 0.6731  0.3269 0 0 04038 05769  0.0192
level Medium-high level 0 0 0.95 0.05 0 0 0.85 0.15
High level 0 0 0 1 0 0 0 1
Low level 0.6 0.4 0 0 0.3 0.7 0 0
Medium-high ~ Medium-low level 0 0.8049 0.1951 0 0 0.6098 0.3902 0
level Medium-high level 0 0 0.8171 0.1829 0 0 0.6341 0.3659
High level 0 0 0 1 0 0 0 1
Low level 0 0 0 0 0 0 0 0
Highlevel Medium-low level 0 0.5 0.5 0 0 0.25 0.75 0
Medium-high level 0 0 0.7333 0.2667 0 0 0.5 0.5
High-level 0 0 0 1 0 0 0 1
(b)
t=3 t=4
Low level 0.5957 0.3936 0.0106 0 0.4894 0.4574 0.0532 0
Medium-low level ~ 0.0278 0.5556 0.3889 0.0278 0 0.3056 0.6389 0.0556
Low level Medium-high level 0 0 1 0 0 0 1 0
High level 0 0 0 0 0 0 0 0
Low level 0.3056 0.6389 0.0556 0 0.1944 0.6944 0.1111 0
Medium-low Medium-low level 0 0.1923 0.7885 0.0192 0 0.0385 0.8846 0.0769
level Medium-high level 0 0 05 05 0 0 0.15 0.85
High level 0 0 0 1 0 0 0 1
Low level 0.2 0.8 0 0 0.1 0.8 0.1 0
Medium-high Medium-low level 0 0.4390 0.5610 0 0 0.3077 0.6923 0
level Medium-high level 0 0 0.4878 0.5122 0 0 0.3537 0.6463
High level 0 0 0 1 0 0 1
Low level 0 0 0 0 0 0 0
High level Medium-low level 0 0 1 0 0 0 1 0
Medium-high level 0 0 0.2667 0.7333 0 0 0 1
High level 0 0 0 1 0 0 0 1

Lastly, under the same peripheral environmental conditions, as the time period in-
creases, except for the high-level- and medium-high-level regions, the probabilities of
maintaining the agricultural green development status for other regions gradually decrease,
while the probabilities of upward transition show an increasing trend. Taking the low-level
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peripheral environment as an example, as the time period increases, the probabilities of
maintenance for the low-level region are 0.8298, 0.6809, 0.5957, and 0.4894, respectively,
while the probabilities of upward transition are 0.1702, 0.3191, 0.3936, and 0.4574, respec-
tively. For the medium-low-level region, the probabilities of maintenance are 0.9444, 0.7778,
0.5556, and 0.3056, respectively, while the probabilities of upward transition are 0.0278,
0.1944, 0.3889, and 0.6389, respectively. The magnitude of the decline in maintenance rates
and the increase in upward transition probabilities varies across different regions, and the
conclusions are consistent with the results of traditional Markov chain analysis.

6. Discussion

To study the level of agricultural green development in China, regional disparities,
and their evolution, this study constructs an evaluation framework for agricultural green
development based on the theory of sustainable development. The evaluation system
includes five dimensions: resource conservation, ecological stability, clean production,
supply security, and efficiency improvement. The entropy-TOPSIS method is used to
measure the level of agricultural green development in China from 2003 to 2020. The
analysis is conducted at the national level, including eight economic regions, and provincial
levels to examine the situation of agricultural green development in China. The Dagum
Gini coefficient and its decomposition method are employed to measure and analyze the
regional disparities in agricultural green development in China. The sources of regional
disparities in agricultural green development are identified. This study also utilizes kernel
density estimation, Moran’s I index, and Markov chains to explore the temporal, spatial,
and transition probability aspects of agricultural green development distribution dynamics
and evolution.

Firstly, the overall agricultural green development level in China, as well as in the
8 economic regions and 31 provinces, is steadily improving. The indicators of resource
conservation, ecological stability, and clean production in agricultural green development
generally have lower scores, while the dimensions of supply security and efficiency im-
provement have higher scores. However, the comprehensive index of agricultural green
development is still relatively low, indicating room for improvement. From a regional
perspective, there are significant differences in agricultural green development among
the eight economic regions. The Northeast Comprehensive Economic Region, the Eastern
Coastal Economic Region, the Yangtze River Middle Economic Region, and the Northern
Coastal Economic Region are relatively advanced in agricultural green development, while
the Northwest Economic Region has the lowest level of agricultural green development.
At the provincial level, all 31 provinces in China have made steady progress in agricultural
green development. The top-ranking provinces in terms of agricultural green development
in 2020 are Heilongjiang, Shandong, Hunan, and Jiangsu, while the provinces ranking
lower include Shanxi, Qinghai, Ningxia, Tibet, and Gansu.

Moreover, in relation to the disparities in China’s agricultural green development,
the period from 2003 to 2020 witnessed a fluctuating downward trend characterized by
an initial ascent, followed by a descent, and then another ascent and descent. When ex-
amining the sources of these disparities, it becomes evident that inter-regional differences
and the density of exceptional variations play a significant role in shaping the discrep-
ancies in agricultural green development. Particularly, inter-regional differences emerge
as the central factor contributing to the overall disparities, exerting the highest influence
on the total differences. Furthermore, while inter-regional disparities exhibit a decline in
volatility, the density of exceptional variations experiences an upward fluctuation, thereby
displaying an inverse relationship between the two. The Gini coefficients of agricultural
green development within China’s eight major economic regions demonstrate distinct
stratification, although the Gini coefficients within each region undergo substantial changes
during the observation period. Notably, the Northern Coastal Economic Region displays
the most substantial magnitude of variations, whereas the Northwestern Economic Re-
gion exhibits the smallest magnitude of variations. In terms of inter-regional disparities,
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significant differences exist between the Northwestern Economic Region and the North-
eastern Comprehensive Economic Region, as well as the Northern Coastal and Eastern
Coastal Economic Regions, which are regions characterized by advanced agricultural
green development.

Furthermore, in terms of the temporal dynamics of agricultural green development
in China, the period from 2003 to 2020 witnessed an extension towards the right and
an increase in the width of the kernel density estimation curve, indicating a continuous
enhancement in the level of agricultural green development in China. Simultaneously,
this extension highlights the widening absolute disparities among different provinces
within each economic region. Additionally, the central positions and variation ranges of
the kernel density estimation curves within China’s eight major economic regions exhibit
varying degrees of rightward shift, reflecting an overall upward trend in agricultural green
development across these regions. Particularly, the Northeastern Comprehensive Economic
Region demonstrates the most significant magnitude of rightward shift, indicating the
largest improvement in agricultural green development within this region over time.
Moreover, the distribution patterns, extent of distribution spread, and the number of peaks
in the kernel density estimation curves vary across the eight major economic regions,
indicating different degrees of polarization in terms of agricultural green development.

Lastly, in terms of the spatial dynamics of agricultural green development in China,
from 2003 to 2020, there is a clear spatial positive correlation in the level of agricultural
green development. The majority of provinces exhibit clustering in the first and third
quadrants, indicating a pattern of “high—high” (H-H) and “low-low” (L-L) agglomera-
tion. Provinces with relatively high levels of agricultural green development, such as
Heilongjiang, Zhejiang, Shandong, and Shanghai, are clustered in the first quadrant, repre-
senting regions with high levels of agricultural green development primarily located in the
Eastern Coastal and Northeastern Economic Regions. Meanwhile, provinces like Qinghai,
Gansu, Ningxia, Xinjiang, and Tibet are clustered in the third quadrant, indicating a pattern
of low agricultural green development concentration in the provinces of the Northwest
Economic Region. The Markov chain analysis reveals that the level of agricultural green
development in China exhibits a certain degree of stability. Over time, the probability of
transition from lower-level regions to neighboring higher-level regions increases. However,
there is no occurrence of cross-state transitions. Notably, the probability and magnitude of
upward transitions from the medium-low level to the medium-high level are the highest.
This indicates that the surrounding environment influences the spatial transition proba-
bility of agricultural green development, highlighting the evident spatial dependence of
agricultural green development in China.

In this study, a comprehensive analysis of the level of agricultural green development,
regional disparities, and dynamic evolution in China was conducted by constructing an
evaluation framework based on the perspective of sustainable development. Due to the
close economic connections and the flow of agricultural products between different regions
in China, agricultural production and supply are often transregional. The state of agricul-
tural green development in one region may have an impact on other regions. Therefore,
it is necessary to study the spatial correlation of agricultural green development between
the different regions in future research. On one hand, studying the spatial correlation of
agricultural green development can contribute to optimizing the circulation and supply
chain of agricultural products, thereby improving the overall level of agricultural green
development. On the other hand, different regions may have variations in agricultural
green development policies and development goals. By studying the spatial correlation of
agricultural green development between different regions, policymakers can gain insights
into promoting policy coordination and cooperation among regions, leading to synergistic
effects in overall agricultural green development. Therefore, investigating the spatial corre-
lation of agricultural green development is a key direction for future research, enabling a
better understanding of the interdependence and interaction among regions.
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Furthermore, due to limitations in data availability, this study examines the levels
of agricultural green development, spatial disparities, and dynamic evolution in China
from three dimensions: national, eight major economic regions, and provincial. China’s
prefecture-level cities and counties serve as the specific implementing units for agricultural
policies. Conducting research at the level of prefecture-level cities or counties can provide
decision-making support and policy recommendations to local governments, facilitating
the transition of agriculture towards green and sustainable development. Exploring agri-
cultural green development from the perspective of prefecture-level cities and counties
enables a better adaptation to local agricultural production conditions and environmen-
tal characteristics, leading to the formulation of practical and actionable strategies and
measures for green development. Thus, focusing on prefecture-level cities and counties
becomes a key direction and content for future research on agricultural green development.

7. Conclusions and Policy Recommendations

This study develops a comprehensive evaluation framework for agricultural green
development in China based on the principles of sustainable development. Findings of this
study include the following: the overall level of green development in Chinese agriculture
has steadily improved. There are significant differences in the level of agricultural green
development among the eight major economic regions, showing a fluctuating downward
trend characterized by an initial rise, subsequent decline, and subsequent rise again. The
regional variations are the main cause of the overall differences in agricultural green
development in China. The eight major economic regions in China have experienced steady
development in terms of agricultural green development. However, there are disparities
in the speed of agricultural green development among these regions, indicating varying
degrees of polarization. There is a noticeable spatial positive correlation in the level of
agricultural green development in China. Most provinces are concentrated in the first
and third quadrants, demonstrating a pattern of “high-high” (H-H) agglomeration and
“low-low” (L-L) agglomeration. The level of agricultural green development in China
exhibits a certain degree of stability. Over time, the probability of transitioning from lower-
level regions to adjacent higher-level regions increases. However, there is no phenomenon
of transitioning across states. The level of agricultural green development in neighboring
regions can affect the spatial transition probability of agricultural green development in a
given region, indicating a significant spatial dependency in agricultural green development.

Based on the conclusions of this study, the following measures can be taken to further
promote agricultural green development in China: firstly, it is crucial to strengthen top-level
design and enhance the governance system for agricultural green development. As the
promotion of agricultural green development in China requires a systematic approach, rele-
vant government departments should undertake effective top-level design and formulate
feasible plans for agricultural green development. Tailored policies and measures should
be developed based on local conditions to enhance policy implementation and relevance.
By improving the mechanism of interest coordination and establishing paired assistance
mechanisms, synergistic development can be strengthened. Exploring the establishment
of paired assistance mechanisms can facilitate overall improvements in China’s agricul-
tural green development by leveraging the expertise of advanced regions to support the
development of less advanced regions.

Secondly, it is important to strengthen the protection of water and land resources
to ensure supply security. Arable land resources are the foundation and prerequisite
for food security, as the quantity and quality of arable land fundamentally determine
agricultural production. Similarly, water resources directly affect agricultural production
capacity. Therefore, water and land resources, as fundamental resources for agricultural
green development, have a direct impact on the level of agricultural green development.
Establishing mechanisms for the protection and restoration of soil fertility, improving fallow
and crop rotation systems, and achieving a balance between land use and conservation are
crucial for preserving the quantity and quality of arable land. It is important to expedite
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the construction of high-standard farmland and establish and strengthen water-saving
irrigation projects for farmland. This includes increasing investments in the construction
and upgrading of agricultural water conservancy infrastructure. Gradually transitioning
from canal irrigation to pipeline water supply can significantly improve agricultural water
use efficiency.

Thirdly, technological innovation must be strengthened to enhance the intrinsic driving
force of agricultural green development. Technological innovation in agriculture is the core
driving force for promoting agricultural green development and a key element supporting
sustainable agricultural development. Under the influence of the law of diminishing
returns, the marginal output of agricultural labor and land, among other production factors,
will decrease. Agricultural technological innovation and progress not only effectively offset
the negative impact of the law of diminishing returns on agricultural economic growth but
also contribute to the effective management of agricultural ecological environmental issues,
promoting agricultural green and sustainable development.
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