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Agricultural spatial division and suggestions for the optimization of the partition
space were obtained by constructing a recognition system of the dominant
agriculturalspace. The prerequisite was to master naturaleconomic development
in agriculture. It was vital to maintain national food security and promote healthy
and sustainable agriculture. The suitability evaluation of agricultural production
and the dominance evaluation of agricultural development were incorporated
to recognize the dominant agricultural space in Cangzhou, Hebei, China in
2020. Besides, priority scenarios were set, e.g., economic development, low-
carbon protection, and coordinated development of a low-carbon economy.
The NSGA-II genetic algorithm model was used to optimize the quantitative
structure of cultivated lands in the agricultural space of Cangzhou in three
scenarios in 2030. The research results are as follows: (1) Cangzhou had the
largest number of general suitable areas for agricultural production in 2020,
accounting for 27.04%; suitable areas were the least, accounting for 10.99%.
The proportion of current cultivated lands in unsuitable agricultural production
areas still stood at 11.26%; (2) The dominance of agricultural development in
2020 in Cangzhou was mainly at Tier Ill, accounting for 33.60% with the general
dominance of agricultural development; (3) The total area of the dominant
agricultural space in Cangzhou was 238208.75 hm?, accounting for 16.72%
of the national territorial area of Cangzhou. It included 35 villages and towns
beyond ecological red lines, mainly distributed in the western part of Cangzhou;
(4) The agricultural space of Cangzhou in 2030, optimized by the multi-objective
NSGA-II genetic algorithm model, exhibited decreased cultivated lands across
three scenarios. The total amount of cultivated lands was the largest under the
priority scenario of economic development, and that was the smallest under
the priority scenario of coordinated development of a low-carbon economy.
Meanwhile, agricultural economic benefits and carbon emission density were
reduced under three scenarios. The benefits and density were moderate under
the coordinated development of low carbon and economy. The work provides
a reference for further formulating and improving the policies of the agricultural
space in various regions.
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suitability of agricultural production, dominance of agricultural development,
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1 Introduction

The national-land space is divided into the functional spaces of
cities and towns, agriculture, and ecology based on the requirements
of the main functional area (Wang et al., 2019). The food production
function in the dominant function of the national-land space
corresponding to the agricultural space is the basic demand for
human-society development. The 2030 Agenda for Sustainable
Development of the United Nations was officially launched on January
1, 2016, to ensure food security and improve the quality and
competitiveness of agriculture. The objective of eradicating hunger,
achieving food security, and improving nutrition and agriculture
ranks second among 17 sustainable development goals, which shows
the importance of food security. As a large agricultural country, China
is facing food security issues and a series of environmental challenges.
The economic contributions of agriculture are significant, yet it exerts
both carbon source and carbon sink impacts. On the one hand, the
carbon emissions caused by agricultural production account for about
25% of the global total (Federici et al., 2015; Le Quéré et al., 2018); on
the other hand, agriculture has great potential for emission reduction.
Reducing carbon emissions has become a common goal pursued by
people around the world with the improvement of low-carbon
awareness. The rapid development of China’s urbanization leads to the
decreased resources of cultivated lands and the non-grain cultivation
of cultivated lands. Related to food security, the issue has a dynamic
and nonlinear coupling relationship with resource and ecological and
livelihood security (Cao et al., 2022). The demand for agricultural
lands in certain regions has expanded beyond traditional food
production, encompassing the needs for food and clothing. Various
new formats represented by profitable agriculture and ecological
agriculture are emerging (Ma and Yan, 2016). Therefore, optimizing
the spatial arrangement of agricultural production has become an
important measure closely related to the national food security
strategy and spatial multi-functional planning. Then, agricultural
development and national food security can be guaranteed, with the
dominant agricultural space recognized. Ecological agriculture,
reflecting the space for innovation in the business model, has great
potential for innovation in technology and methods. In terms of
technical methods, reducing carbon emissions in arable land is closely
related to the carbon emission density.

There are fewer studies on the dominant agricultural space. Gu
and Cao (2019) proposed permanent rural areas, focusing on
determining the most suitable areas with high yield and stable
production potential for agricultural development. Besides, the
concept of the superior agricultural space is expanded. Su et al. (2020)
introduced the evaluation of agricultural infrastructure and village
protection areas based on the suitability evaluation of agricultural
production. The dominant agricultural space is divided into protection
zones for farmland production, village, and agricultural infrastructure.
It emphasizes the assessment of farming style, agricultural facilities,
and agricultural production level. The agricultural production space
is expanded, with the elements of agroecological environmental
protection included.

Most research complies with the Guide for Resource and
Environmental Carrying Capacity and the Suitability Evaluation of
National Land Space Development (hereinafter referred to as the Dual
Evaluation Guide). The suitability of production is evaluated based on
the resource endowment of the land. However, the economic and
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ecological functions of land are ignored. The evaluation system
constructed based on natural factors is one-sided and lacks further
subdivision of the agricultural space. The recognition of the dominant
agricultural space aims to optimize resource allocation, rural economy;,
and ecological environment. Important support is provided for food
security and rural revitalization. Therefore, the construction of a
complete, unified, and comprehensive evaluation system has gradually
become the research focus.

Existing research focuses on single-target space optimization
based on the optimization of the national land space. They ignore that
the national land space is an extremely complex system covering
various elements (e.g., capital, labor, and land). The optimized
allocation of the national land space is to coordinate the contradictions
of multiple parties and realize the rational allocation of resources.
Intelligent algorithms for solving multi-objective problems have
become a hot research topic with the rapid development of computer
technology. Some researchers used optimization algorithms (e.g., the
multi-objective particle swarm) to study the optimal configuration of
land use structures from multi-objective trade-offs and synergy
(Ghoseiri and Ghannadpour, 2010).

The suitability evaluation of agricultural production is an
important part of the suitability evaluation of the national land space
in the Dual Evaluation Guide. It underwent multiple rounds of
evolution from January 2019 to January 2020. The continuous
improvement of its index system is of great significance to the layout
optimization of the national land space. Researchers divided the
construction of its evaluation system into two parts. One part includes
topography, climate, soil, water sources, and meteorological disasters
(Pan et al,, 2022). The other part is to add socioeconomic indicators
based on natural resources (Akpoti et al., 2019). The indicator system
is enhanced; however, the selection of socioeconomic indicators
remains incomplete. Evaluation methods evolve from subjective
judgments (e.g., the fuzzy analytical method (Budak et al., 2024) and
AHP method (Budalk et al., 2024)) to 3S technology (remote sensing,
geographic information system, and GPS) (Amini et al., 2020; Hossen
et al,, 2021) The suitability evaluation is more scientific, accurate,
and objective.

A dominant evaluation of agricultural development based on the
evaluation of economic, social, and ecological factors is introduced
due to the imperfect selection of socioeconomic indicators. The
dominance of agricultural development is considered to be the
comprehensive embodiment of various advantages such as location
(Branco et al.,, 2021), production (Rana et al., 2023), resources (Fu
et al,, 2022), and market (Herndndez-Cruz et al,, 2023). On the one
hand, agricultural dominance is reflected in the selection and planting
of dominant crops (Konefal et al., 2023) because of previous research
on the dominance of agricultural development. Increased output of
agricultural products promotes agricultural production and
agriculture. On the other hand, it is reflected in the external
environment as influencing factors such as location (Branco et al,,
2021), agricultural economy (Ngwira et al., 2012), and agroecology
(Pradeleix et al., 2022). The former conducts a more micro-evaluation
of the dominant agriculture development, which is suitable for the
precise analysis and improvement of certain major crops. The latter
focuses on evaluating economic and ecological factors, filling the
shortcomings of the Dual Evaluation Guide. The use of mathematical
analysis and intelligent algorithms (Nguyen et al., 2020; Ayoub Shaikh
etal,, 2022) in the evaluation method enhances the evaluation process.

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1434214
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Jing et al.

Located in the heart of circum-Bohai-Sea, Cangzhou is an open
first-tier area of the two circles (Beijing-Tianjin Circle and circum-
Bohai-Sea) determined by Hebei Province. Meanwhile, it is also the
main cotton grain-grain-producing area in Hebei Province (Song
etal., 2018). The continuous economic development has made it the
largest salinized soil area with the poorest land production
conditions in Hebei Province, caused by both natural and human
factors. President Xi Jinping proposed to implement the strategy of
cultivated land protection and using technology in agriculture when
he visited the saline-alkali fields of Cangzhou on May 11, 2023. It is
crucial to strengthen cultivated land protection, make every effort to
improve cultivated land quality and fully tap the potential of
comprehensive utilization of saline and alkaline lands. Then, the
agricultural production space can be expanded, and the
comprehensive agricultural production capacity can be improved. A
definitive path is provided for agricultural developments in
the future.

The dominant agricultural space is recognized, and the
agricultural space pattern is optimized based on the natural economic
development in agriculture in Cangzhou. It holds great guiding
significance for the sustainable and healthy development of agriculture
and coordinates food security and socioeconomic and ecological
development in the future. Therefore, the suitability evaluation of
agricultural production is incorporated into the dominant evaluation
of agricultural development. The multi-element comprehensive
evaluation matrix is used to recognize the dominant agricultural space
in Cangzhou in 2020 beyond ecological red lines. Agricultural
economic benefits and carbon emission density are calculated with the
multi-objective NSGA-II genetic algorithm model. Then, the
optimized quantitative structure of cultivated lands in each village and
town will be obtained in Cangzhou in 2030.

2 Data sources and methods
2.1 Overview of the research area

Located in the southeast of Hebei Province, Cangzhou borders the
Bohai Sea to the east, Beijing and Tianjin to the north, and Shandong
to the south (Figure 1). It is located between north latitude 37°29"-
38°57" and east longitude 115°42"-117°50". It lies in the eastern part
of the vast and expansive Central Hebei Plain, characterized by a
relatively flat topography with minimal undulations. The predominant
soil types are moisture soil and salinized moisture soil. The organic
matter content in the soil is low, which leads to insufficient fertility.
The climate is manifested as warm temperate continental monsoon,
with four distinct seasons and abundant sunshine. The annual average
temperature is 12.5°C, and the mean annual precipitation is 581 mm.
The permanent population of Cangzhou reached 7.3148 million, with
a rural permanent population of 3.4496 million by the end of 2022.
Besides, the per capita disposable income for rural residents amounted
to 18,617 CNY.

2.2 Data sources

The land use data and soil erosion data for 2000, 2010, and 2020
were derived from the Resource and Environment Data Center of the
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Chinese Academy of Sciences (CAS)."' Lands were categorized as
cultivated land, woodland, grassland, water, construction land, and
unused land, with a spatial resolution of 30 x 30 m. The categorization
referred to the remote sensing monitoring and classification system of
the CAS and the actual situation. Soil texture data were obtained from
the World Soil Database.” DEM data were derived from the geospatial
data cloud platform,’ and the slope database was obtained through
ArcGIS processing. Soil salinization data were obtained from the
global salinity data set under GEE pretreatment.” Precipitation data
were derived from the National Earth System Science Data Center.”
Data on agricultural socioeconomic development were obtained from
the Cangzhou County-level statistical yearbook.

2.3 Methods

This research framework is mainly divided into the following four
steps (Figure 2). Step 1 is to construct an agricultural-production
suitability evaluation system through field research and obtain the
results of the suitability evaluation of agricultural production in
Cangzhou City in 2020. In step 2, an agricultural development
advantage evaluation system is constructed based on a large number
of township’s agricultural data to obtain the dominant evaluation of
agricultural development in Cangzhou City in 2020. In step 3, the
evaluation results of steps 1 and 2 are used to identify the dominant
agricultural space that is suitable for agricultural production and has
great development potential. Step 4 is to calculate the carbon emission
density and agricultural economic benefits, which is used as a future
optimization goal. The multi-objective genetic algorithm model is
used to obtain the quantitative structure of cultivated land in
Cangzhou City in 2030 under the priority scenarios of economic
development and low-carbon protection as well as the coordinated
development scenario of low-carbon and economy.

2.3.1 Construction of suitability evaluation system
for agricultural production

The work evaluated the suitability of agricultural production from
the perspective of natural resource endowment with the Dual
Evaluation Guide as the main basis for selecting evaluation factors. The
selection of evaluation indicators fails to adequately consider numerous
socioeconomic factors (Author, 2022). Therefore, the evaluation of land
resources (slope, soil texture), water resources (mean annual
precipitation), land environment (soil conservation), and meteorological
disasters (drought, flood) were carried out, respectively, by considering
the reality and pertinence of agricultural production. Figure 3 shows
evaluation indices. The preliminary results of Cangzhous 2020
suitability evaluation of agricultural production were obtained. There
were most of the saline-alkaline lands in the eastern part of Cangzhou
according to field research, which accounted for a large proportion of
cultivated lands. It caused waste and destruction of cultivated land
resources. Therefore, the corresponding weight of each index was

http://www.resdc.cn

http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/

1

2

3 http://www.gscloud.cn/

4 https://earthengine.google.com
5

http://www.geodata.cn/
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FIGURE 1
Location plan of the research area.

obtained using the analytic hierarchy process by correcting the first step
result through the correction index (soil salinization). Finally, the
suitability evaluation of agricultural production was obtained.

2.3.2 Construction of the dominant evaluation
system of agricultural development

In terms of the allocation and input of the basic elements of
agricultural production, agricultural development dominance aims
to pursue the high quality and high efficiency of the agricultural
economy. This concept covers Cangzhou’s multiple advantages
such as natural resource endowment, economic and industrial
foundation, agricultural production input, and modernization
level, reflecting comprehensive advantages in the agricultural
production process. Based on agricultural modernization (Zapata
et al., 2023), sustainable agricultural development (Ren et al.,
2022), high-quality agricultural development (Cui et al., 2022),
agricultural competitiveness (Schaller et al., 2018), and agricultural
suitability (Budak et al., 2024), the work adheres to typicality,
scientificity, systematicness, and operability.

Ten indicators (Figure 4) were selected from agricultural
production conditions (effective irrigation rate, agricultural
mechanization level, and concentrated contiguous degree),
agricultural quality and benefits (average agricultural output per land
and average agricultural output per worker), benefits of operating
organization (farmers’ per capita disposable income, agricultural
industrialization rate, and the proportion of employees in the primary
industry), and ecological coordination ability (agricultural plastic film
load, fertilizer, and pesticide load). A comprehensive evaluation index
system was constructed for agricultural development dominance.
Data for each index of villages and towns were extracted into a table.
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The entropy weight method was then applied in SPSS to calculate
index weight within the evaluation system of agricultural development
dominance. Finally, the evaluation index system of agricultural
development dominance for Cangzhou was obtained.

2.3.3 Recognition of the dominant agricultural
space

The work defined the dominant agricultural space as a specific
regional area with suitability for agricultural production and high
agricultural development dominance. It was recognized through a
comprehensive assessment of natural conditions, agricultural
production potential, and ecological environment. These areas were
suitable for specific crop cultivation, livestock breeding, or other
agricultural activities under natural conditions. Meanwhile, these
specific regional areas boasted favorable market prospects, policy
support, and resource conditions under socioeconomic conditions,
with the potential to prioritize agricultural industries.

Based on the comprehensive analysis of the suitability evaluation
of agricultural production and the evaluation of the superiority of
agricultural development, the multi-element comprehensive
evaluation matrix is used outside the red line of ecological protection
to make qualitative decisions and delineate the dominant agricultural
space. Single-element evaluation levels I-V for agricultural production
suitability and agricultural development dominance were classified
into weak, medium, and strong based on levels I-IL, III, and IV-V. A
2D matrix of 3x3 was constituted and theoretically offered 9
combinations for elements.

The dominant agricultural space includes the following aspects:
(1) units with level-V agricultural development dominance in a

suitable area for agricultural production; (2) units with a level-V
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agricultural development dominance in a relatively suitable area for
agricultural production; (3) units with level-IV agricultural
development dominance in a relatively suitable area for agricultural
production. Besides, the agricultural space units other than the
dominant agricultural space are divided into the potential area and
unfavorable development area for agriculture.

2.3.4 Construction of multi-objective NSGA-II
genetic algorithm model

Considering the agricultural economic benefit target and the
low-carbon target, the work used a multi-objective NSGA-II genetic
algorithm for optimization. The genetic algorithm evolves the entire
population based on natural selection and genetic mechanisms in the
biological world through large-scale calculations and parallel searches.
Traditional genetic algorithms transform the multi-objective
optimization problem into a single-objective problem by the fitness
function. The selection of the fitness function affects the convergence
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speed of the algorithm and whether the optimal solution can
be obtained. Improper selection of the fitness function will cause local
optimization during the solving process.

An improved genetic algorithm (NSGA-II) is used in the work.
The algorithm can solve nonlinear optimization. Traditional multi-
objective optimization methods (the weight-adding summation
method, linear programming method, and e-constraining method)
are ineffective or even counterproductive without experience (Bu
etal,, 2021). Three major advantages of the algorithm in solving multi-
objective problems include fast non-dominated sorting, individual
congestion degree, and elitist strategy. The purpose of genetic
algorithms is to find the individual with the highest fitness value, that
is, the optimal solution to the fitness function. According to the
objective function for solving the problems, the fitness function is
designed under normal circumstances to reflect the merits of the
individual. The fitness function only needs to accurately reflect the
merits of the individual. Its crossover probability is 0.9; the
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crossover-distribution index is 20; mutation probability is 0.1; the
variation-distribution index is 20; the population quantity is 100; the
iteration number is 200. Matlab programming is used to obtain the
Pareto-optimal solution set (Figure 5).

2.3.5 Setting of optimized decision variables

The work recognizes the dominant agricultural space by taking
cultivated lands as the research object. The decision variable in the
multi-objective NSGA-II genetic algorithm model is set to be the
cultivated land area across 176 villages and towns within Cangzhou
(X1, X2, X3, X4...... , and x| 7¢).

2.3.6 Construction of the optimized objective
function

2.3.6.1 The objective of agricultural economic benefits

The dominant agricultural space aims to maximize the agricultural
economic output on cultivated lands under the premise of food
security. Therefore, agricultural economic benefits are maximized for
economic benefits.

Frontiers in Sustainable Food Systems

f(Xl):MAXZCkx,- (1)
i=1

m
Ck = D Sk X Pk (2)
k=1

Pk = (actual value of single index / standard value)x100%  (3)

where f' (X 1) is the economic benefit of the research area; ¢y is the
comprehensive index of agricultural economic benefits; x; is the
cultivated land area in different villages and towns; s, is the weight of
indices for various agricultural achievements; py is the target index for
various agricultural achievements.

The selection of agricultural achievement indicators and the
comprehensive indicator of agricultural economic benefits refer to the
selection of some indicators proposed by Liu et al. (2003). Land
productivity is measured by the average output and income per acre.
Labor productivity is measured by the average output value and
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income of labor. The entropy value method is employed to determine
the weight of each index based on the construction of an index system.
Finally, the comprehensive index of agricultural economic benefits is
calculated according to Equation 2.

2.3.6.2 The objective of carbon emissions

Enhanced economic benefits in agriculture inevitably lead to
carbon emissions during agricultural production in the pursuit of
food security. Therefore, reducing carbon emissions per unit area of
cultivated land in the agricultural process has become the optimization
goal of the dominant agricultural space under low carbon.

n
f(X2)=MNZkijqj /x,-

i=1

where f(X2) is the carbon emission density of agriculture; k;; is the
usage amount of fertilizers, pesticides, agricultural films, and
agricultural diesel in each village and town (t) and the effective
irrigation area (hm?); ¢ ; is the carbon emission factor of the emission
source from the jth category of agricultural production activities
(Table 1); x; is the cultivated area in different villages and towns.
Among them, the usage amount of fertilizers, pesticides, agricultural
films, agricultural diesel fuel (t) and effective irrigated area (hm?) in
each village and town were predicted by the GM model to get the
corresponding data of each village and town in 2030, and combined
with the known carbon emission factors of each type of emission
source as shown in Table 1.
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Establishment of the optimized constraint equation

1. The total cultivated area in Cangzhou does not exceed the
predicted value of 1,070,319.96 hectares by the Markov Chain
model for 2030. The tested kappa coeflicient is 0.86, which
meets the consistency test. The prediction result is reliable.
Besides, it is not lower than the cultivated land quantity of
633,473.33 hectares.

2. The cultivated land area in each village and town is not higher
than that in 2020.

3 Results

3.1 Suitability evaluation and analysis of
agricultural production

The suitability evaluation of agricultural production for Cangzhou
in 2020 is categorized into five levels (from unsuitable to suitable)
(Figure 6). The ArcGIS software analysis and the natural breakpoint
method are bused based on the suitability evaluation index system of
agricultural production (Table 2). The total number of unsuitable and
less suitable areas for agricultural production reached 39.47% of the
national territorial area (Table 3), with the most generally suitable
areas and the least suitable areas. 11.26% of current cultivated lands in
Cangzhou are still unsuitable for agricultural production by
comparing the suitability evaluation of agricultural production with
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FIGURE 5
Optimization process of the NSGA-II genetic algorithm.
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the current cultivated lands in Cangzhou. However, there are more
cultivated lands in suitable and relatively suitable areas, which account
for 28.16 and 25.87%, respectively (Table 3).

Affected by the dual influence of sea tide and seawater-type
groundwater, the soil type in Cangzhou City is mainly coastal saline-
alkaline soil. Therefore, unsuitable and less suitable areas for agricultural
production are mainly distributed in Huanghua City, Haixing County,
and most towns in Qing County in the east of Cangzhou, which are not
conducive to agricultural cultivation and development.

3.2 Analysis of the dominant evaluation of
agricultural development

Level grading (I-V) of agricultural development dominance in
Cangzhou in 2020 is obtained by ArcGIS software based on the

Frontiers in Sustainable Food Systems

natural breakpoint method (Figure 7) and dominant evaluation
system of agricultural development (Table 4). Construction-land
planning is preferred in the future due to limited agricultural
lands or cultivated lands in the sub-districts of Cangzhou.
Therefore, sub-districts are categorized as non-agricultural spaces.
Table 5 lists the division area of agricultural development
dominance. The majority of areas in Cangzhou in 2020 are
classified as Level-III, with general agricultural development
dominance. Level-III areas are mainly distributed in the central
part of Cangzhou from spatial distribution. Dominant areas of
agricultural development are primarily concentrated in Huanghua
City in the east of Cangzhou, Qing County in the north, Hejian
City in the west, and some towns in Botou City in the southwest.
Level-I areas are mainly distributed in Mengcun Hui Autonomous
County, Haixing County, and some villages and towns in
Yanshan County.
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TABLE 1 Carbon emission factors of emission sources in agricultural production activities.

Emission factor References

0.8956 g(C)/kg

Emission source

Fertilizers

Oak Ridge National Laboratory (ORNL)

Pesticides 4.9341kg(C)/kg

Oak Ridge National Laboratory (ORNL)

Agricultural films 5.18kg(C)/kg

Institute of Agricultural Resources and Ecological Environment, Nanjing Agricultural University (IREEA)

Agricultural diesel 0.5927kg(C)/kg Zaman et al. (2012)

Effective irrigation area 20.48kg(C)/hm? Liu et al. (2021)

FIGURE 6

Spatial distribution of the suitability evaluation of agricultural production in Cangzhou in 2020.
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3.3 Recognition of the dominant
agricultural space

The total area of dominant agricultural space in Cangzhou in
2020 is 238208.75 hm?, accounting for 16.72% of the national
territorial area of Cangzhou. The area includes 35 village-and-town
units (Figure 8). They are mainly distributed in most villages and
towns in Suning County and Hejian City in the western part of
Cangzhou as well as some villages and towns in Botou City in the
southwest. Non-agricultural area, agricultural unfavorable
development area, agricultural potential development area, and
ecological protection area proportions are 2.32, 8.80, 70.31, and
1.85%, respectively (Table 6). The agricultural unfavorable
development areas in Cangzhou are limited, primarily concentrated
within certain villages and towns located in the eastern part of
Haixing County. The majority of Cangzhou is agricultural potential

Frontiers in Sustainable Food Systems

development areas, with great potential for agricultural
development.

Natural resources and economic and social benefits should be fully
utilized based on dominant agricultural spaces. The formulation of
agricultural development plans tailored to local conditions is essential to
maximize the potential for agricultural industries. The act helps to clarify
the core spatial layout of future agricultural production. Then, the safety
of food production and the modernization of rural areas can
be guaranteed. Meanwhile, rural ecological environment and regional
characteristics can be protected and inherited by combining ecological
red lines. The upgrading and transformation of agricultural potential
development areas are the focus of future agricultural work. An
agricultural potential development area can be transformed into an
agricultural dominant development area. The transformation is based on
the gradual improvement of production conditions with the goal of food
efficiency and sustainable development.
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TABLE 2 Suitability evaluation system of agricultural production.

Destination = Criterion Weight Indices Weight Grading
layer layer
3
Level 3
Evaluation of land Slope 0.134 >11.78° 624-11.78° | 3.23-6.24° 1.15-3.23° <1.15°
0.560
resources Soil texture 0.336 <20% 20-40% 40-60% 60-80% >80%
Evaluation of Mean annual 400.95- 475.95- 538.14- 600.38- 658.81-
0.188 0.188
water resources precipitation 475.90 mm 538.14mm 600.38 mm 658.81 mm 724.87 mm
Suitability
. Evaluation of the soil 61.57- 114.81- 181.37- 281.20-
valuation of 0.236 0.236 1.67-61.57 t/hm?*
. land environment conservation 114.81t/hm* = 181.37t/hm* | 281.20t/hm? | 1705.48t/hm?
agricultural
production Evaluation of Drought 0.043 <20% 20-40% 40-60% 60-80% >80%
meteorological 0.107
. Flood 0.064 <20% 20-40% 40-60% 60-80% >80%
disasters
Soil
Correction >10.0g/kg 5.0-10.0g/kg = 3.0-5.0g/kg | 1.0-3.0g/kg <1.0g/kg
salinization

TABLE 3 Areas of agricultural production suitability in Cangzhou in 2020.

Total land area

Suitability evaluation of
agricultural production

Current cultivated land

Grading area Area (hm?) Proportion (%) Area (hm?) Proportion (%)
Unsuitable area 214680.15 15.07 123494.13 11.26
Less suitable area 347483.61 24.40 266057.10 24.27
Generally suitable area 385129.89 27.04 308653.29 28.16
Relatively suitable area 320509.80 22.50 283646.34 25.87
Suitable area 156787.95 10.99 114511.95 10.44
Total 1424591.40 100 1096362.81 100
3.4 Optimized analysis of the 1. Promote agricultural high-tech technologies and agricultural
multl-objectlve NSGA-II genetic algorlthm modernization as well as cooperation among governments,
enterprises, and farmers. Constructure extension service
The multi-objective NSGA-II genetic algorithm can be used to institutions for agricultural high-tech technologies. Enhance
coordinate contradictions between goals during optimization. The policy support for the promotion and application of
solution set of objective functions includes 100 Pareto-optimal agricultural high-tech technologies, and encourage farmers
solutions (Figure 9) under the coordinated development of low carbon to participate in the promotion and application of
and economy. Solutions with maximum economic benefits, minimal these technologies;
carbon emission density, and the intermediate of both are selected, . Adjust the structure and layout of agricultural production
respectively (Table 7). should be adjusted. Transform the industrial structure and
train new agricultural industries. Optimize the production
3.4.1 Priority scenario of economic development model, with the market as the guiding principle and
The agricultural economic benefits of cultivated lands in technology as the support. Guide farmers through planting
Cangzhou were maximized under the priority scenario of economic technology, product sales, and services to transform
development. The total cultivated land area was reduced by 331,123.96 production from decentralized to regionally large-scale
hm2 compared with that in the basis period (2020). The benefits and professional;
decreased by 45,181.95 w compared to that in 2020 due to the . Land transfer and scale operation are the basis for modern
decreased cultivated land area. However, it increased by 14,955.46 w agriculture under the integration of urban and rural
and 7,905.14 wan yuan, respectively, compared with the other two development. The management rights can be transferred
scenarios. Prioritized economic interests can reduce the negative widely through the independent exercise of land management
impact of carbon emissions on sustainable economic development rights. It is conducive to optimizing the allocation of land
according to the sustainable development principle of resources and resources, land productivity, labor productivity, and resource
the environment. Besides, farmers income and rural industrial utilization rate under the market mechanism. Various business
structure can be upgraded. entities, large-scale agriculture, and intensive agricultural
The following measures can be adopted for the above goal. operations can be improved.
Frontiers in Sustainable Food Systems 10 frontiersin.org
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FIGURE 7

Spatial distribution of dominant evaluation for agricultural development in Cangzhou in 2020.
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3.4.2 Priority scenario of low-carbon protection
The carbon emission density of cultivated lands in Cangzhou was
minimized under the priority scenario of low-carbon protection. The
total cultivated land area was reduced by 331,238.40 hm? compared with
that in the basis period (Year 2020). However, the carbon emission
reduction was ideal, and the carbon emission density was reduced by
194,535.81 g/hm’* compared to that in 2020. The carbon sequestration
of the cultivated land system is important to regulate carbon emissions
from land use and achieve the “dual carbon” target. Specifically,
increased food production in China mainly depends on the large-scale
investment of fertilizers, pesticides, and other agricultural means of
production. The application of fertilizers in the cultivated land system
is a significant contributor to carbon emissions. Therefore, optimizing
the quantitative structure of cultivated lands can promote low-carbon
agriculture under the premise of food security based on the priority
principle of low-carbon protection. Besides, it is of great significance for
the sustainable development of cultivated land resources in the future.
The following measures can be adopted for the above goal

1. Promote new low-carbon agricultural production technologies.
Use agricultural production machinery with clean energy.
Update water-saving agriculture and irrigation systems to
increase crop yields and reduce carbon emissions;

. Reduce fertilizer inputs and increase the amount of organic
fertilizers to reduce pollution and waste of resources in
agricultural production. Promote conservation tillage, straw
turnover, and farmland shelterbelt construction for the carbon
sequestration capacity of agricultural lands;
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3. Strengthen the environmental consciousness of farmers, their
education on environmental awareness, and their knowledge
and motivation toward carbon sequestration. Establish relevant
policies and regulations to encourage farmers to adopt
environmentally friendly production methods and behaviors.

3.4.3 Scenario of coordinated development of
low carbon and economy

Agricultural economic benefit and carbon-emission-density level
are in a medium position under the scenario of coordinated
development of low carbon and economy. The benefit and density level
were reduced by 79.0514 million CNY and 16454.99 g/ hm?, respectively,
compared with the agricultural economic benefits in the priority
scenario of agricultural development and the carbon emission density
in the priority scenario of low-carbon protection. The cultivated land
area of each village and town in Cangzhou is the optimal quantitative
structure of cultivated land in the future under the coordinated
development of a low-carbon economy. A low-carbon economy mainly
emphasizes the importance and necessity of environmental protection
and energy saving based on low energy consumption and low emissions.
It is urgent to transform agricultural economic growth from the model
of high consumption and low output to that of low consumption and
high output. The green and low-carbon development of agriculture is
required in the city, and the symbiotic relationship between the
economy and the environment should be coordinated. Finally, a
low-carbon economic growth model characterized by green-cycle
development can be achieved (Zeng and Deng, 2023).
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TABLE 4 Index system of dominant evaluation for agricultural development.

10.3389/fsufs.2024.1434214

Destination Criterion = Weight Index level Factor grading assignment
layer layer
P 3 4
Level2 Level3 Level4
Effective irrigation rate 73.72-
9.978 1.45-20.00 20.00-40.10 | 40.10-57.49 | 57.49-73.72
(%) 100.00
Agricultural
Mechanization level of 80.20- 285.17- 641.63- 1122.86-
production 31.425 12.071 0-80.20
agriculture (t/hm?) 285.17 641.63 1122.86 2272.45
conditions
Concentrated 98.67-
9.376 90.35-92.37 | 92.37-97.40 | 97.40-98.21 98.21-98.67
connectivity (%) 100.00
Average agricultural
output per land (wanyun 10.197 0.26-0.94 0.94-1.27 1.27-2.45 2.45-4.06 4.06-5.90
Agricultural
/hm?)
quality and 20.919
benefit Average agricultural
Dominant output per worker (ten 10.722 0.16-1.24 1.24-2.18 2.18-3.59 3.59-6.41 6.41-10.05
evaluation of thousand yuan/person)
agricultural Farmers’ per capita
10528.79- 10597.74- 14390.06- 16286.22— 17665.24—
development disposable income 9.871
10597.74 14390.06 16286.22 17665.24 19320.07
(yuan)
Operating
Agricultural
organization 28.992 9.692 25.09-26.60 | 26.60-49.81 | 49.81-63.28 | 63.28-76.51 76.51-95.38
industrialization rate (%)
benefit
The proportion of
employees in the primary 9.429 3.88-45.64 45.64-56.80 | 56.80-64.72 | 64.72-74.09 | 74.09-95.69
industry (%)
Agricultural plastic film 94.30—
Ecological 9.371 0-5.89 5.89-20.63 | 20.63-51.08 = 51.08-94.30
load (t/hm?) 250.48
coordination 18.764
. Fertilizer and pesticide 285.95- 685.29- 1141.68- 2016.42—
ability 9.393 0.71-285.95
film load (t/hm?) 685.29 1141.68 2016.42 4849.83

The following measures can be adopted for the above goal.

1. Promote clean production technologies for circular agriculture
based on the principles of recycling, reduction, and reuse.
Besides, resource recycling mechanisms should be formulated
for the reuse of resources. Increase the benefits of rural
production and management to reduce carbon emissions for
the sustainable development of the rural low-carbon economy;

2. A suitable ecological development model is required to develop
ecological agriculture. Then, land resources should be fully
used to improve production and land utilization;

3. The agricultural landscape construction and the ecological
value assessment of agricultural products should be carried
out. The incentive mechanisms of ecological compensation
should be explored to promote the comprehensive management
of agricultural ecosystems and the extension of value chains of
agricultural products.

4 Discussion
4.1 Existing conclusions

The objective corresponded to the improved quality of
cultivated lands in Cangzhou and sustainable agricultural
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development. Based on the suitability evaluation of agricultural
production, the work explored the suitability of agricultural
production under natural resources and the agricultural-
development dominance hierarchy under economic, social, and
ecological factors. The dominant agricultural space was
determined by constructing a 2D judgment matrix. The
quantitative structure of cultivated lands within each village and
town in Cangzhou in 2030 was obtained under different scenarios
in terms of the multi-objective NSGA-II genetic algorithm model.
It is of certain significance to improve regional agricultural
policies as well as the green and high-quality agricultural space in
the new era.

The basis for building a recognition system of the dominant
agricultural space is to explore the natural economic development of
agriculture in the research area. Generally, the suitability evaluation
of agricultural production is used to reflect the natural development
of agriculture. Zhu et al. (2022) found that most existing ALSE
studies consider soil conditions and climate. However, there is less
research on socioeconomic factors, which aligns with the
development of a recognition system of the dominant agricultural
space in the work. The dominant evaluation of agricultural
development is combined with the suitability evaluation of
agricultural production to make up for the lack of socioeconomic
factors in the evaluation. The two encompass natural and
socioeconomic ecological elements, which reflect the versatility of the
agricultural space.
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Agricultural versatility and agricultural policies have always been
the research focus. The quantitative expression of agricultural versatility
has been widely recognized based on the index quantitative system.
Studies have proved that the level of development of multifunctionality
in regional agriculture depends on the regions agricultural resource
endowment and stage of socioeconomic development (Wilson, 2008).
A recognition system of the dominant agricultural space is constructed.
Guo et al. built an evaluation system for agricultural modernization
development to analyze agricultural modernization development,
regional differences, and obstacles in Hebei Province. They used

TABLE 5 Area of agricultural development dominance in Cangzhou in
2020.

Total land area

Dominant evaluation
of agricultural

development

10.3389/fsufs.2024.1434214

comprehensive production capacity, industrial management capacity,
and high-quality and high-efficiency capabilities. Cangzhou ranks
second among 11 cities with a favorable trend of agricultural
modernization, which is similar to the dominant evaluation of
agricultural development in the work.

4.2 Limitations
However, the work still exhibits certain deficiencies.

(1) The division theory and methods of the dominant agriculture
space still need to be explored. The combination of traditional
suitability evaluation of agricultural production and dominant
evaluation of agricultural development has yet to be further
clarified. The dominant evaluation of agricultural development
and suitability evaluation of agricultural production provide

Graded area Area (hm?)  Proportion (%) the basis for national land space planning and high-quality
Non-agricultural area 33132.47 232 agricultural development, respectively. The evaluation results
are still inconsistent due to large differences in the indices and
Level-T area 125584.83 8.80 . .
evaluation methods of the evaluation system of the two
Level-II 188030.97 13.17 . .
evel-1area i evaluation methods. Therefore, we should fit with the research
Level-Il area 479636.46 33.61 content and have certain innovative significance under the
Level-TV area 358908.3 2514 more comprehensive and practical selection of the evaluation
Level-V area 24214707 16.96 index system. However, more attention should be paid to the
adaptability between evaluation systems in the future to ensure
Total 1424591.40 100 . . . .
innovation and meet rigor requirements.
N
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FIGURE 8
Distribution of the dominant agricultural space in Cangzhou in 2020.
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TABLE 6 Area of agricultural advantage development in Cangzhou in
2020.

Total land area

Recognition of the dominant
agricultural space

Graded area Area Proportion
(hm?) (%)
Non-agricultural area 33,132.47 2.32
Agricultural unfavorable development area 125,409.70 8.80
Agricultural potential development area 1,001,547.12 70.31
Agricultural advantage development area 238,208.75 16.72
Ecological protection area 26,293.36 1.85
Total 1,424,591.40 100
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FIGURE 9
Pareto-optimal solution of the multi-objective scheme in the last
iteration.

TABLE 7 Comparison of optimized schemes of the multi-objective NSGA-
llgenetic algorithm.

Scenario Cultivated Agricultural Carbon

land area  economic emission

(hm?) benefit (w)  density (g/hm?)

Basis period

1,088,098.84 979,288.96 522,360.74
(Year 2020)
Priority for
economic 756,974.88 934,107.01 434,195.98
development
Priority for the 756,860.44 919,151.55 327,824.93
Coordinated
development of

750,568.78 926,201.87 417,740.90

low carbon and
economy

(2) The work studied the actual situation of Cangzhou empirically
and selected the evaluation indicators and grading thresholds
mainly based on the Dual Evaluation Guide. Further systematic
research on threshold division and evaluation indices is needed
from the research scale and popularization and application.
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The data of certain indicators need to be enhanced due to the
challenges in data acquisition and the demand for heightened
accuracy. For example, soil texture and soil conservation
quantity have not been systematically measured in relevant
areas because of Cangzhou’s subsequent policy of marine
reclamation land. Therefore, relevant evaluation work in the
future will require close cooperation from multiple
departments to fill the data gaps in certain regions and ensure
the timeliness of data. This is of great significance for the future
evaluation of the suitability of agricultural production.

(3) The objective function of the multi-objective NSGA-II genetic
algorithm has yet to be further improved. The optimized
dominant agricultural space requires multiple factors. The
objective functions of the work are set to maximize agricultural
economic benefits and minimize the carbon emission density,
with the goal of a low-carbon economy. Conflicts among
objective functions are found in the previous research, and the
influence of objective functions on optimized results needs to
be considered, respectively. Future research can explore more
optimization conditions to improve the objective function and
the multi-objective planning model for agricultural

space optimization.

5 Conclusion

The work constructed the suitability evaluation system of
agricultural production and the dominant evaluation system of
agricultural development. Then, a novel evaluation system of the
dominant agricultural space was proposed with an evaluation zoning
hierarchy from natural and agricultural development potential based
on the suitability evaluation of agricultural production. The dominant
agricultural space in Cangzhou in 2020 was recognized, and the
NSGA-II genetic algorithm was used to obtain the optimization
results of agricultural space under different scenarios.

The results are as follows.

(1) Most of Cangzhou were generally suitable areas for agricultural
production. The unsuitable and less unsuitable areas for
agricultural production were located in the saline-alkali areas in
the eastern part of Cangzhou. There were still many unsuitable
areas for agricultural production in current cultivated lands.

(2) Level-I areas with agricultural development dominance were
mainly distributed in some villages and towns with poor
agricultural industrialization in the southeast of Cangzhou.
Most of Cangzhou were level-III areas, mainly distributed in
Huanghua City in the east and some villages and towns in Qing
County in the north with vigorously developed agricultural-
economy industrial parks. These areas exhibited great potential
for agricultural economic and ecological development.

(3) The recognition of 35 villages and towns in Cangzhou’s
dominant agricultural areas in 2020 was based on a
comprehensive assessment using a 2D judgment matrix. The
majority of Cangzhou consisted of areas with potential for
agricultural development, and there were fewer areas
characterized by dominant agricultural development. The
research focus will be on transforming areas with potential for
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agricultural development into regions characterized by

predominant agricultural development.
(4) The total cultivated land area under three scenarios exhibited
a decreased tendency in the agricultural space of Cangzhou
optimized by the multi-objective NSGA-II genetic algorithm
model. The total amount of cultivated lands was the largest
under the priority scenario of economic development, and that
was the least under the scenario of coordinated development
of low carbon and economy. The agricultural economic benefits
and carbon emission density were reduced under three
scenarios. The benefit and density were moderate under the
scenario of coordinated development of a low-carbon economy.
Therefore, the quantitative structure of cultivated lands in
various villages and towns was optimized under different
scenarios in the agricultural space of Cangzhou in 2030.
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