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Agricultural green development (AGD) plays an important role in achieving a
sustainable society. This paper evaluates the AGD level of Beijing from 1978 to
2022 by means of a comprehensive evaluation method, coupling coordination
degree (CCD), and grey relational degree model (GRA) with the purpose of
exploring relevant stages and characteristics, as well as analyzing the
characteristics of different stages and the coupling relationship of various
factors and quantitatively calculating the driving factors for AGD change. The
results showed that: 1) the AGD level of Beijing generally improved from 1978 to
2022, mainly involving four stages of steady rising, fluctuating, oscillating
decreasing, and rapid upgrading; 2) the CCD of the development subsystems
of AGD, agricultural resource utilization, agricultural environment conditions,
agricultural industry development, and farmers’ living standard, all rose and the
coordination type of each subsystem gradually went through a verge imbalance
stage, reluctantly coordinated stage, and primary coordinated stage to an
intermediate coordinated stage, and then reached a well-coordinated stage in
2019; 3) the AGD level of Beijing is influenced by economic development, the
industrial structure, urbanization, technological progress, and agricultural
structure. Finally, some policy suggestions to promote AGD in Beijing are put
forward. This paper is of great significance to promoting the green and
sustainable development of agriculture in Beijing and provides technical
support and policy guidance for AGD in other regions.

KEYWORDS

agricultural green development, evaluation, driving factors, coupling coordination
degree, Beijing

1 Introduction

Agriculture is not only the foundation of China’s national economy, but also an
important barrier of ecology, and the key to the problems of Three Rural Problems (Chen
et al, 2021). Since China’s reform and opening up, agriculture has developed rapidly,
especially since 1978, when China generally implemented the household contract

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fevo.2023.1233388/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1233388/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1233388/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1233388/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2023.1233388&domain=pdf&date_stamp=2023-08-23
mailto:huaihj@nercita.org.cn
mailto:xiumeitang6@126.com
https://doi.org/10.3389/fevo.2023.1233388
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/science#editorial-board
https://www.frontiersin.org/journals/science#editorial-board
https://doi.org/10.3389/fevo.2023.1233388
https://www.frontiersin.org/journals/science

Liang et al.

responsibility system, which greatly promoted the all-round
development of rural economy. After years of development,
China’s agriculture witnessed rapid growth from extensive
agricultural production to green agriculture and smart agriculture
(Cui et al, 2019). China’s agriculture has undergone a major
transformation from collectivization to marketization and from
the small-scale peasant economy to scale management and achieved
remarkable results, feeding 18% of the world’s population with 8%
of the world’s cultivated land. However, accompanied by economic
development are many issues faced by traditional agriculture, such
as the low utilization efficiency of natural resources and soil
pollution. With ecological civilization and green development put
on the agenda, regional development is no longer in the traditional
single economy-oriented model, but emphasizes green
development, coordination, and sustainability (Zhou and Liu,
2021). The 19th and 20th National Congress of China
respectively proposed to revitalize rural areas and promote green
development. As clearly stated in China’s “14th Five-Year Plan and
the Outline of Long-term Goals in 20357, it is necessary to
accelerate AGD and continuously improve the rural ecological
environment. The Strategic Plan for Rural Revitalization (2018-
2022) clearly leads rural revitalization with green development. In
the context of the rural revitalization strategy, it is urgent to solve
how to guide rural agriculture from extensive agricultural
production to efficient modern agricultural sustainable
development and achieve the green transformation of agricultural
development (Li and Gong, 2020). AGD is characterized by
attaching great importance to agricultural economic growth,
ecological environment friendliness, and social progress. It is a
new agricultural development paradigm, which profoundly
interprets the connotation of high-quality agricultural
development. Green agriculture is essentially a new industrial
revolution and technological revolution and is also an important
symbol for mankind to enter the era of green civilization (Jin et al.,
2020; Yin et al,, 2021). Developing green agriculture is a way to
achieve sustainable development and environmental protection.
Actively developing green agriculture has become a strategic
measure to meet international challenges.

In recent years, AGD has gradually become a research hotspot,
which serves as an important way to explore the high-quality
development of agriculture (Su et al., 2021). The research on
green agriculture originated from ecological agriculture proposed
in 1970 by W Albrech, a professor in soil science at the University of
Missouri. In 1981, the American agricultural scientist Lester R
Brown laid the theoretical foundation for the sustainable
development of agriculture (Ma et al., 2022). In November 1996,
the World Food Summit emphasized green revolution technologies
such as improving new varieties (Zhang et al., 2020; Pan et al., 2021;
Wang et al., 2021). In recent years, research on green agriculture has
been gradually carried out in Japan, Germany, and other regions.
The research has been mainly carried out from the following
perspectives: Firstly, some researchers have concentrated on the
concept connotations of green agriculture, including interpreting
the definition of green agriculture and analyzing development
trends and research priorities (XXu, 2000; Shi and Gill, 2005; Guo
et al., 2020; Liu et al., 2020a). Secondly, some have focused on the
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evaluation indices and methods of green agriculture, of which the
evaluation index system consists of resource utilization, ecological
environment, social conditions, human settlements, etc. (Bastan
et al., 2018; Ruan et al., 2019; Benabderrazik et al., 2021; Su et al.,
2021; Hou and Wang, 2022), and evaluation methods include the
comprehensive evaluation method, analytic hierarchy process, and
entropy weight method (Clark et al, 1970; Cheng et al, 2018;
Contesse et al, 2018; Xiao et al,, 2020). Thirdly, the spatial
distribution characteristics of AGD are mainly analyzed through
spatial autocorrelation and hot spot analysis methods (Feng, 2019;
Liu et al., 2020b; Zha et al., 2022). Fourthly, some scholars use grey
relational analysis, the spatial weight matrix, and other methods to
analyze the driving factors and spatial and temporal changes of
AGD (Pham and Smith, 2014; Wu et al., 2017; Pigford et al., 2018).
Generally speaking, scholars have carried out research on the
definition of green agriculture, index system construction,
temporal and spatial changes, and the coupling relationship with
other related factors. At present, most of the existing studies focus
on regional and provincial large-scale research objects (Wu et al,
2013; Cao, 2012), and cross-sectional data are mainly used (Zhang
and Wang, 2018; Shafaei et al., 2020). Therefore, currently there is
little research on the development stage of regional green
agriculture (Mahmud et al., 2019; Pan et al., 2019; Sun et al., 2020).

Beijing is the capital of China, and its agricultural development
stage is ahead of many other regions. It is also one of the first
regions to try out green development. Drawing on lessons from
existing research results, this paper constructs an index system for
green agriculture development in Beijing, evaluates the changes and
stages of the rural green agriculture development level over more
than 40 years from 1978 to 2022, and analyzes the driving factors
for its changes. The research reveals the development stages and
characteristics of green agriculture and clarifies the driving factors
of AGD in Beijing. The research results can not only support the
sustainable development of agricultural green in Beijing, but also
provide experience and program guidance for AGD in
other regions.

2 Methods and materials
2.1 Research area

Beijing is located in the northwest of the North China Plain. It is
about 176 km long from north to south and 160 km wide from east
to west, with a total area of 1,641,054 hm?. Beijing is surrounded by
mountains and seas, with a vast hinterland and excellent natural
conditions. Beijing is the capital of China and the political,
economic, and cultural center of China, and it is also the first
region in China to implement AGD. Therefore, it is of great
significance to analyze the characteristics and driving factors of
AGD in Beijing, so as to provide guidance for agricultural
development in Beijing and similar regions. Beijing has released
an action plan to basically realize the modernization of agriculture
and rural areas. In the future, it will implement the “three major
projects”, namely, the project to improve the ability to ensure stable
production and supply, the project to build a modern agricultural
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development carrier, and the project to cultivate business entities
and service entities. It will develop the “five major industries” of the
modern seed industry, green organic agriculture, construction
agriculture, characteristic agriculture, hobby farms, and rural
tourism, and comprehensively improve the quality, efficiency, and
competitiveness of agriculture (Figure 1).

2.2 Research framework

This paper is structured as follows: Section 1 is the introduction;
Section 2 introduces the general situation and research ideas of
Beijing and introduces the data sources and research methods,
including the data processing methods, index system construction,
green development level evaluation, CCD model, and driving force
analysis; Section 3 provides the analysis results associated with the
change of AGD level, CCD change, and driving forces in Beijing
from 1978 to 2022; Section 4 analyzes and discusses the results; and
Section 5 summarizes the main conclusions Figure 2.

2.3 Data sources and processing

The data used in this study originated from the Beijing
Statistical Yearbooks (1978-2022), China Population and
Employment Statistical Yearbooks, Beijing District Statistical
Yearbooks, and Beijing Municipal Government Work Reports.
Referring to the latest version of economic data, the data were
officially revised to make the data of different years comparable. In
addition, for statistical caliber and other reasons, some data were
missing, so the data trend line fitting method was adopted for
data acquisition.
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2.4 Methods

2.4.1 Index system

In order to effectively explore the AGD level and driving factors
in Beijing, it is of great importance to scientifically and
systematically construct an evaluation index system (Guo et al,
2023). AGD level has obvious regional differences. According to the
principles of scientific, systematic, and accessible properties and
drawing lessons from existing research results, this paper constructs
an evaluation index system of AGD consisting of four subsystems,
namely agricultural resource utilization, agricultural environment
conditions, agricultural industry development, and farmers’ living
standard. 1) Agricultural resource utilization mainly reflects the
level of agricultural resource conservation, and resource
conservation is the basic feature of AGD, which emphasizes the
improvement of the utilization rate of cultivated land, water
resources, agricultural machinery power, and labor productivity.
This study mainly selected the number of the labor force per unit of
agricultural land, land multiple cropping index, yield of cultivated
land per unit area, and total power of agricultural machinery per
unit sown area as evaluation indexes. 2) Agricultural environment
conditions refers to the production mode that is beneficial to
environmental safety and sustainable development. This study
selected indicators based on the impact of agricultural
development on the regional natural environment, which mainly
reflects the impact of agricultural non-point source pollution on an
environmental level, including fertilizer application intensity,
pesticide use intensity, agricultural film application intensity, and
sewage treatment rate. Sewage treatment rate is a positive indicator
and the rest are negative indicators. 3) AGD also includes
agricultural industry development. Only by improving regional
agricultural production level and agricultural economic
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FIGURE 1
Study area.
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Research framework.

development can AGD be better promoted. This study mainly
selected the output brought by agricultural development as
indicators, including the proportion of output value of
agriculture, forestry, animal husbandry, and fishery to GDP and
the rural per capita output value of agriculture, forestry, animal
husbandry, and fishery, all of which are positive indicators. (4) The
last subsystem is farmers’ living standard. The ultimate goal of the
green development of agriculture is to promote human well-being,
and living standards reflect both economic and social benefits.
Therefore, indicators were selected from farmers’ employment
and living standards, including the proportion of township
employees, the per capita disposable income of rural residents,
and the rural Engel’s coefficient, all of which are positive indicators.
The constructed index system is displayed in Table 1.

2.4.2 Evaluation of agricultural
green development

As the selected indices vary in property and measurement degree,
index data standardization is essential to comprehensive evaluation.
Index data are standardized by means of the range standardization
method, expert scoring method, order standardization method, and
other methods. According to the existing research results (He et al,
2020), the range standardization method was employed in this paper to
standardize the original index data. There are subjective weighting
methods to determine the weight of evaluation indicators, such as the
expert scoring method and analytic hierarchy process. The subjective
weighting methods are simple and easy, but sometimes the results are
far from objective. The objective weighting methods include the
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entropy weight method, deviation maximization method, and
principal component analysis method, whose results are significantly
affected by data. In this study, the weights calculated by the subjective
weighting method (AHP) and objective weighting method (entropy
method) were combined, and the Lagrange multiplier method was used
to calculate the combined weights, W; , as shown in Table 1.

VP o
Si/oB

In the formula, ¢ represents the index weight calculated by
analytic hierarchy process and 3; is the index weight calculated by
the entropy method.

According to the calculated standardized value and weight of
each index, this study uses the multifactor comprehensive
evaluation model to calculate the comprehensive index of the
two. The calculation formula is:

U= = 2aXW, )

where U represents the j index, X; represents the standardized
value of the j index, and W; represents the weight of the j index.

2.4.3 Coupling coordination degree model
2.4.3.1 Coupling degree model

Coupling is actually a physical concept, which represents the
interaction and influence between two or more subsystems (Wang
and Tang, 2018). With the help of capacity coupling model in
physics, the internal synergy mechanism of interaction and mutual

frontiersin.org


https://doi.org/10.3389/fevo.2023.1233388
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Liang et al.

10.3389/fevo.2023.1233388

TABLE 1 Index system and weight of agricultural green development from 1978 to 2022 in Beijing.

Criterion layer Indicator layer Unit Property = Weight
Number of labor force per unit of agricultural land person/hm” + 0.0720
Land multiple cropping index - + 0.0720
Agricultural resource utilization
Yield of cultivated land per unit area kg//hm* + 0.0900
Total power of agricultural machinery per unit sown area kW//hm? + 0.0795
Fertilizer application intensity kg//hm* - 0.1130
.. . . 2
Agricultural environment Pesticide use intensity kg//hm - 0.0813
condition Agricultural film application intensity kg//hm* - 0.0863
Sewage treatment rate % + 0.0760
Proportion of output value of agriculture, forestry, animal husbandry, and fishery to o 0.0715
Agricultural industry GDP ° +
development
Rural per capita output value of agriculture, forestry, animal husbandry, and fishery CNY/person + 0.0735
Proportion of township employees % + 0.0550
10'CNY, 0.0750
Farmers’ living standard Per capita disposable income of rural residents ! +
person
Rural Engel’s coefficient - - 0.0550

"+" means positive;"-" means negative; "%" means percentage.

influence between systems can be revealed. The coupling degree
calculation model is:

c:qﬂmx@xmmeM+w+%+mm4(a

In the formula, C represents the coupling degree and the value
range is 0 < C < 1. When C = 0, the systems are in state of disorde;
When C=1, benign resonance is achieved among the systems, and
they develop in an orderly and stable way. U;, U,, Us, and U, are the
comprehensive evaluation indexes of four subsystems, namely,
agricultural resource utilization, agricultural environment
conditions, agricultural industry development, and farmers’
living standard.

2.4.3.2 Coupling coordination degree model

The coupling degree model can only reflect the close
relationship between systems, but cannot well reflect the level and
direction of interaction between systems. Therefore, it is necessary
to introduce the CCD model to comprehensively reflect the
coupling and coordination level between the ecological product
supply and economic development in ecological conservation areas
(Liu et al,, 2005). The CCD calculation model is:

D=VCxT (4)

T:a1U1+a2U2+a3U3+a4U4 (5)

In the formula, D is the CCD and the value range is 0 < D < 1.
The closer the D value is to 1, the better the coordinated
development level, and the closer the D value is to 0, the worse
the coordinated development level. T is the comprehensive
coordination index between the ecological product supply and
economic development; a;, a,, as, and a, are parameters, a;+a,
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+az+ay - 1. In this study, the values of a;, a,, a3, and a, are all 0.25.
Considering its characteristics and based on existing research (Liu
and Cui, 2008) Which are divided into the following types: Table 2.

2.4.4 Driving force analysis model

In order to quantitatively evaluate the driving factors of green
development in Beijing, the correlation degree of each evaluation
index was calculated by constructing the GRA model. The greater
the correlation degree, the higher the influence degree of this index
on AGD. The calculation steps are as follows:

(1) This paper adopted the initial value processing method and
carried on the dimensionless processing to the variable. The
processing method is dividing each number of each
sequence by the first one of each sequence;

(2) The correlation coefficient is calculated to get the grey
correlation coefficient matrix:

minminA; (i) + ominminA;(i)

e (6)
(1) + (Smjmmiln (1)

Yj(i) =

where ¢ is the resolution function with a value of 0-1.
According to common experience, the value of this study is 0.5.
(3) The correlation degree R(i) is calculated:

R =S 500 )

The closer the GRA is to 1, the greater the influence of driving
factors on AGD level. On the contrary, if the GRA of an industry is
closer to 0, the smaller the influence of driving factors on AGD level.
Combined with the actual situation of Beijing, this study selected
indicators from five aspects, economic development, industrial
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TABLE 2 Coupling coordination degree and types.

10.3389/fevo.2023.1233388

[0.10, 0.20]

Type Extreme maladjustment Severe imbalance ‘
CCD [0.50, 0.60] [0.60, 0.70] ‘
Type Reluctantly coordinated

Primary coordinated

[0.20, 0.30]

[0.30, 0.40] [0.40, 0.50]

Moderate maladjustment Mild maladjustment Verge imbalance

[0.70, 0.80] [0.80, 0.90] [0.90, 1.00]
Intermediate coordinated Well-coordinated Perfectly
coordinated

structure, urbanization, technological progress, and agricultural
structure, and analyzed the driving factors of AGD and forestry
in Beijing. The specific factors are as follows: Table 3.

3 Results

3.1 Evaluation of agricultural green
development in Beijing

Using the index system constructed in Section 3.2.1 and the
research method adopted in Section 3.2.2, the AGD level in Beijing
was evaluated, as shown in Figure 3. As can be seen from the figure,
from 1978 to 2022, the AGD level in Beijing showed a fluctuating
upward trend, and the comprehensive evaluation index greatly
increased from 0.4156 in 1978 to 0.6104 in 2022. The AGD index
increased steadily with an average growth rate from 1978 to 1998
except a decrease in 1995. The AGD index fluctuated horizontally
from 1998 to 2010, during which the level of AGD varied, showing a
weak upward trend as a whole. The AGD level demonstrated a
fluctuating downward trend from 2010 to 2016 but then a rapid
upward trend after 2016. In terms of types, the resource utilization
level slightly increased as a whole. To be specific, the resource
utilization level increased from 1978 to 2000, greatly fluctuated
from 2000 to 2020, and then gradually began to rise after 2020. In
general, the industrial development level showed an upward trend
year by year, especially from 1990 to 2015, when it increased
rapidly, then declined to a certain extent after 2015, and finally
gradually stabilized. The environmental conditions were generally
stable from 1978 to 1995 without any significant changes, but
decreased to varying degrees and then gradually increased after
2020. The farmers’ living standard basically increased on a yearly
basis except a decline in 2006.

3.2 Coordination degree of agricultural
green development and coordination types

The CCD model mentioned in Section 3.2.3 was used to analyze
the subsystems of AGD in Beijing, that is, the CCD situation of
agricultural resources utilization, agricultural environmental

conditions, agricultural industry development, and farmers’ living
standards, as shown in Figure 4. It can be seen from the figure that
the CCD among various evaluation factors increased year by year
from 0.4557 in 1978 to 0.8482 in 2022. The CCD level underwent
five stages, namely a verge imbalance stage from 1978 to 1979, a
reluctantly coordinated stage from 1980 to 1991, a primary
coordinated stage from 1992 to 1996, an intermediate
coordinated stage from 1997 to 2018, and a well-coordinated
stage after 2019. As a whole, the coupled and coordinated
development level was gradually improved.

3.3 Influencing factors

The GRA model was used to analyze the driving factors of AGD
level in Beijing, as exhibited in Table 4. The analysis results showed
that the correlation coefficients between the five factors and AGD
level in Beijing were all greater than 0.8, indicating that the AGD
level in Beijing was affected by all the five driving factors. The
driving forces from large to small were: per capita GDP > the
proportion of urban population > the proportion of tertiary
industry > the proportion of food crops > the number of granted
patents. The correlation coefficients of per capita GDP, the
proportion of urban population, and the proportion of tertiary
industry were all greater than 0.95, and that of the number of
granted patents was the lowest, being only 0.8114.

4 Discussion

4.1 Agricultural green development stages
and characteristics in Beijing

According to the evaluation results of the AGD level in Beijing,
the AGD in Beijing could be divided into the following stages, and
the characteristics of the different stages and the changes of each
index were also analyzed.

The AGD in Beijing was in a steady rising stage from 1978 to
1998, when agriculture rapidly developed before and after China’s
reform and opening up. Especially after the household contract
responsibility system was implemented in Beijing, the agricultural

TABLE 3 Factors affecting the agricultural green development and indicators from 1978 to 2022 in Beijing.

Factor Economic Industrial structure

Urbanization

Technological progress  Agricultural structure

development

Indicators Per capita GDP Proportion of tertiary industry

Frontiers in Ecology and Evolution

Proportion of urban population

Number of granted patents Proportion of food crops
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FIGURE 3
Evaluation results of agricultural green development in Beijing from 1978
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FIGURE 4
CCD of agricultural green development from 1978 to 2022 in Beijing.

TABLE 4 Correlation coefficients of influencing factors.

I:l Well- coordinated

Factor Per capita Proportion of Proportion of tertiary Proportion of food Number of granted
GDP urban industry crops patents
population
Rank ‘ 1 2 3 ‘ 4 5
Coefficient ‘ 0.9984 0.9874 09527 ‘ 0.9245 0.8114

productivity level was greatly improved, agricultural resource
utilization was steadily increased, agricultural environmental
conditions were gradually enhanced, agricultural industry rapidly
developed, and the farmers’ living standard were also significantly
raised. Therefore, the AGD level index quickly increased.

The AGD in Beijing was in a fluctuating stage from 1998 to
2010, when agriculture developed to a certain stage. The agricultural
resource utilization gradually stabilized and rural industrial
development and rural living standards also showed an upward
trend year by year, but this was accompanied by fluctuations in
rural resource utilization. In order to improve agricultural
productivity, the utilization level of chemical fertilizers, pesticides,

Frontiers in Ecology and Evolution

and agricultural films in this stage was higher. As a result, the
agricultural environmental conditions declined to a certain degree.
The AGD level horizontally fluctuated, with insignificant changes
for each year.

The AGD in Beijing was in an oscillating decreasing stage from
2010 to 2016, when agriculture began to transform in Beijing. In the
context of the developing metropolitan agriculture, the planting
mode of small farmers and small households had certain limitations
and could no longer adapt to the agricultural development level in
the new stage. Agricultural resource utilization and the agricultural
environment conditions witnessed a downward trend. The main
reason was that with the increase of agricultural input, the scale
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benefits of resource utilization was affected, and the utilization of
agricultural fertilizers, pesticides, and agricultural films was
excessively high, which further affected the environmental
conditions and sewage treatment rate. However, the development
level of the agricultural industry reached a certain height, which was
difficult to increase in the later period, while farmers’ living
standard in rural areas was improved to some extent.

The AGD in Beijing was in a rapid upgrading stage from 2016 to
2022, during which agriculture in Beijing started a new stage of
development. In this stage, agricultural development gradually
entered a new stage of green development, agricultural land
management gradually changed to large-scale, the cultivated land
utilization capacity increased, and agricultural resources utilization
increased. The government began to attach great importance to green
agriculture, and the consumption of chemical fertilizers, pesticides,
and agricultural films decreased year by year, while the sewage
treatment rate increased. The agricultural industry development
gradually stabilized and farmers’ living standard was steadily
improved. The AGD level index showed a rapid upward trend.

4.2 Coordinated development stage
division of agricultural green development

From 1978 to 2022, the CCD among the evaluation factors of AGD
in Beijing increased year by year, involving five stages from an extreme
maladjustment stage in 1978, severe imbalance stage in 1980, moderate
maladjustment stage in 1992, mild maladjustment stage in 1997, and
well-coordinated stage in 2019. The development trend in the CCD
and AGD levels in Beijing was consistent, that is, the level of AGD was
improved and the CCD, among its various factors, gradually changed
from uncoordinated development to coordinated development,
implying that the promotion of the AGD level was closely related to
the coordinated development among its various factors. In order to
promote the level of regional AGD, it is necessary to simultaneously
improve agricultural resource utilization, agricultural environment
conditions, agricultural industry development, and farmers’ living
standard, and promote the coordinated level among various factors.
At the same time, different factors also promote each other. An
improved agricultural resource utilization level also leads to an
upward trend in production efficiency, agricultural development, and
improves the regional ecological environment conditions. Agricultural
development also mirrors agricultural resource utilization. The
improved resource utilization, environmental conditions, and
industry will be accompanied by raised farmers’ living standards.
The improvement of farmers’ living standards and awareness of
environmental protection will also promote agricultural resources
utilization and the agricultural environment conditions. To sum up,
several factors promote each other and work together.

4.3 Influencing factors and
policy implications

According to the CCD analysis of the changes and factors of
AGD in Beijing, the AGD level in Beijing was intimately related to
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national policies and urban development. The main factors affecting
AGD were analyzed using the GRA analysis model. Economic
development, industrial structure, urbanization, technological
progress, and agricultural structure all played an important role
in promoting AGD. Economic development and industrial
development were the driving forces of AGD, and provided the
economic foundation for AGD. Urbanization reduced the rural
population in Beijing, thus forcing Beijing’s agriculture to abandon
the mode of concentrated labor forces, improve production
efficiency, and embark on a road to more efficient and large-scale
agricultural development. Consequently, the agricultural structure
in Beijing was adjusted. Technical progress is also an important
factor affecting AGD. New agricultural technology can promote the
technical level of AGD and enhance the pace of AGD.

According to the above analysis, this paper puts forward some
policy suggestions to promote AGD in Beijing: firstly, Beijing’s
economy is developing rapidly, which lays a good economic and
environmental foundation for AGD. It is necessary to seize current
opportunity, improve agricultural capital investment, transform
agricultural development mode, and promote the AGD level.
Secondly, AGD in Beijing is mainly limited by industrial
development and the environmental conditions. Therefore, we
should further optimize the industrial structure, develop
advantageous and characteristic industries, reduce the use of
pesticides, fertilizers, and agricultural films, and improve the
agricultural environmental level. Thirdly, the impact of science
and technology investment on AGD cannot be ignored. With the
advent of the digital information age, agricultural informal
ionization has become the main driving force to promote
agricultural total factor productivity. Beijing should further
increase science and technology investment, especially
strengthening the research on AGD-applied science and
technology. Fourth, the joint development of all aspects is required
to promote the AGD level. The agricultural resource utilization,
agricultural environment conditions, agricultural industry
development, and farmers’ living standard are indispensable, so we
should pay attention to the coordinated promotion in these four
aspects. Beijing should adhere to the principle of “big cities driving
big suburbs and big suburbs serving big cities”, consolidate the
foundation of agriculture, rural areas, and farmers, improve the level
of AGD, and strive to promote high-quality and efficient agriculture,
livable and suitable rural areas, and prosperous farmers.

4.4 Contributions and limitations

Based on the analysis of the existing AGD evaluation and the
actual situation of Beijing, this paper constructed an index system of
the AGD level in Beijing, which consisted of the agricultural
resource utilization, agricultural environment conditions,
agricultural industry development, and farmers’ living standard,
and put forward a method of determining the index weight and
evaluation scheme. Based on the AGD level in Beijing, the CCD of
each factor was evaluated, and the driving factors of the AGD level
in Beijing were analyzed by grey relational analysis. The research
results can provide policy recommendations for AGD in Beijing

frontiersin.org


https://doi.org/10.3389/fevo.2023.1233388
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Liang et al.

and other regions. The evaluation timespan selected in this study
was long, from 1978 to 2022, a total of 45 years, which is longer than
that in most existing studies. This paper also analyzed the different
stages and corresponding characteristics of AGD in Beijing, which
is helpful to fully understand the status of AGD in Beijing.

There are some limitations to this study. Firstly, the evaluation
index can be further improved. Because of the long timespan of this
study, most of the data used are statistical data, so some natural
geospatial data were not included in the evaluation index system,
such as land use structure and forest coverage rate. With the
progress of technology, relevant indicators can be included in
future index systems. Secondly, this study mainly focused on the
changes of the AGD level in different years in Beijing, and the AGD
level in different regions of Beijing is quite different, so it is advisable
to analyze the spatial difference of different districts, counties, and
towns in the future, and the influencing factors and driving
mechanism should be analyzed by region. Lastly, this study
conducted an evaluation of the AGD of the Beijing from 1978 to
2022, and the comparative analysis with other regions is insufficient.
In the future, relevant measures should be strengthened.

5 Conclusion

Using the period from 1978 to 2022 as the timespan and the
comprehensive evaluation method of the CCD analysis model and
GRA model as the research methods, this paper explored the
evaluation methods of the AGD level and CCD among different
factors, analyzed the driving factors of AGD level, and proposed
policy enlightenment to promote AGD in Beijing. The main
conclusions are as follows: firstly, the AGD level in Beijing
gradually increased from 1978 to 2022 and can be divided into
four different stages, namely, a steady rising stage from 1978 to
1998, a fluctuating stage from 1998 to 2010, an oscillating
decreasing stage from 2010 to 2016, and a rapid upgrading stage
from 2016 to 2022. Secondly, the CCD of agricultural resource
utilization, agricultural environment conditions, agricultural
industry development, and farmers’ living standard showed an
upward trend during the research period, and its coordination
type gradually changed from a verge imbalance stage in 1978 to
1979 to a reluctantly coordinated stage in 1980 to 1991, a primary
coordinated stage in 1992 to 1996, an intermediate coordinated
stage in 1997 to 2018, and then reached a well-coordinated stage in
2019. Thirdly, the coefficients between AGD and per capita GDP,
the proportion of urban population, the proportion of tertiary
industry, the proportion of food crops, and the number of
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