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Abstract: The coordination of sustainable agricultural development is essential for optimizing agricul-
tural policies and ensuring food security. However, only a few studies have examined the temporal
and spatial aspects of the coordination of sustainable agricultural development systems in North-
east China. This study proposed a theoretical framework based on the dissipative structure theory,
which suggests that the coordination among the four subsystems of economy, society, resources,
and technology plays a crucial role in determining the level of sustainable agricultural development
in Northeast China (SADINC). Then, the present study took socioeconomic statistical data as data
sources and integrated administrative division data using the ArcGIS platform, forming spatial
data for municipal-level units of SADINC from 2000 to 2020. The entropy weight method was
applied to analyze the change in sustainable agricultural development, while the coordination degree
model was used to analyze the coordination among different subsystems. The main results showed
a general increase in the index of SADINC. The central part of the study area generally exhibits
higher urban economic and resource indices, while the southern region exhibits higher urban social
and technological indices. The average coordination degree of SADINC decreased from 1.736 to
1.639, representing a decline of 0.097. Moreover, the spatial polarization in most cities’ coordination
degrees and subsystem indicators is not pronounced. However, there are characteristics of high-high
agglomeration and low-low agglomeration. The high-high aggregation of the coordination degree
shows a dispersal pattern from the large-scale agglomeration in the south-east to the central part.
The distribution of low-low agglomeration transforms from large-scale agglomeration in the west
to small-scale agglomeration in the northeast. The implementation of agricultural policies has dra-
matically impacted the increase in the index of each subsystem in Northeast China from 2000 to
2022. However, it is crucial to ensure coordination among the subsystems. Therefore, future policies
should focus on strengthening the coordination among the economic, social, resource, and technology
subsystems to achieve sustainable agricultural development.

Keywords: coordination; dissipative structure theory; Northeast China; spatiotemporal; sustainable
agricultural development

1. Introduction

Agricultural sustainability is an increasingly important topic for the global commu-
nity [1,2], which aims to meet the stable food supply needs of both current and future
generations [3]. The coordination of all aspects of agricultural sustainability is essential
for the four pillars of food security: availability, accessibility, utilization, and stability [4].
Nevertheless, the initial agricultural development model of high economic growth influ-
ences the coordination [5]. This has led to numerous issues, such as water scarcity, soil
degradation, loss of biodiversity, and high greenhouse gas emissions [6]. In recent years,
the COVID-19 pandemic, armed conflicts, and climate change have further hindered the
global production potential [7]. According to the FAO “2023 Food and Agriculture-Related
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Sustainable Development Goal Indicator Progress Tracking” report, the number of hungry
people in the world is projected to reach 6.91–7.83 million in 2022, accounting for 9.2% of
the global population. Additionally, at least 100 million hectares of land were degraded
annually from 2015 to 2019 [8]. The global food system faces numerous unpredictable
and volatile risks both presently and in the future. This is further compounded by the
variations in agricultural policies and levels of development across different countries,
making the pursuit of sustainable agricultural development challenging yet crucial [9,10].
Consequently, quantifying the degree of sustainable agricultural development in each
region based on country-specific characteristics and coordinating the relationships between
various agricultural systems will facilitate the adjustment and optimization of agricultural
policies to achieve long-term sustainable agricultural development [11,12].

China, as a densely populated developing country, has implemented the “National
Plan for Sustainable Agricultural Development (2015–2030)” to effectively steer the coordi-
nated development of the agricultural sustainability system [13]. Remarkably, China has
made significant progress in ensuring global food security. China uses 9% of the world’s
cultivated land and 6% of its freshwater resources, effectively supporting the livelihoods
of nearly 20% of the world’s population [14]. Regional environmental issues have gained
increasing prominence, such as the intensive utilization of agricultural resources, exces-
sive reliance on pesticides and fertilizers, the overexploitation of groundwater, and the
prevalence of agricultural pollution [15,16]. Meanwhile, the variations in economic devel-
opment levels, natural resource endowments, and agricultural development conditions
across different regions further exacerbated regional imbalance [17–19]. The northeastern
region of China, commonly referred to as the breadbasket, holds significant importance in
ensuring China’s food security. Thus, exploring the development of sustainable agricultural
coordination in this region is crucial.

Northeast China boasts favorable agricultural production conditions and tremendous
potential [20]. The region, with approximately 621 million acres of cultivated land and
296 million acres of black soil cultivated land, serves as a crucial production and processing
base for agricultural products in China [21,22]. It has achieved significant reductions in
pesticide and fertilizer usage since 2015, and contributed over one-fourth of China’s total
grain output, with one-fourth in terms of commodity volume and one-third in terms of
transfer volume by 2022. The region has made remarkable advancements in adopting
advanced technologies, implementing efficient agricultural practices, and promoting agri-
cultural innovation, positioning itself at the forefront of agricultural modernization [23].
However, variations in regional agricultural development conditions and socioeconomic
changes may impact the stability of the sustainable agricultural development system, sub-
sequently affecting China’s present and future food security [10,11]. This underscores
the importance of the coordinated development of sustainable agricultural systems in the
Northeast. Nevertheless, the coordinated development of agricultural sustainability in
Northeast China is dealt with in only a few studies, in which the analysis of the changes
and the coordination of sustainable agricultural development are rarely addressed from
the perspective of long-term series in this region. Hence, evaluating the long-term changes
and coordination of sustainable agricultural development in Northeast China (SADINC)
will facilitate the optimization of regional agricultural policies and ensure the stability of
the sustainable agricultural development system.

Scholars have researched agricultural sustainable development from various perspec-
tives [21,22]. Most scholars adhere to sustainability, operability, and systematicness when
establishing a sustainable agricultural development system. Mollayosefi et al. emphasized
the critical role of the environment in sustainable development. The study evaluated the
sustainability of agriculture and natural resources in East Azerbaijan Province, Iran, con-
sidering three dimensions: economic, social, and environmental [23]. Guo et al. developed
an evaluation system comprising four dimensions: social development, economic benefits,
resource investment, and ecological environment. Their study revealed that urbanization
level, agricultural mechanization level, investment in scientific and technological develop-
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ment, and cultivated land area are key factors influencing the spatial variations in China’s
agricultural green development [24]. Fallah-Alipour et al. aimed to address poverty re-
duction in developing countries and developed an indicator system encompassing six
key aspects: economic, social, environmental, political, institutional, and population [25].
Sulewski et al. assessed the coordination of farm development across three dimensions:
economic, social, and environmental. The findings indicated that simultaneously achieving
a high level of performance in all three dimensions is challenging [26].

In summary, variations in agricultural productivity across different regions lead to
diverse perspectives on sustainable agricultural development, resulting in systematic dis-
parities in sustainable agricultural development. Indeed, when examining sustainable
agricultural development, it is crucial to consider a holistic perspective encompassing the
economy, society, environment, and resources. In the context of the Northeast region, tech-
nology plays a vital role in promoting sustainable agricultural development. Furthermore,
the sustainable agricultural development principles emphasize “protecting and enhancing
natural resources”. Technology undoubtedly plays a significant role in ensuring sustainable
agricultural development [27]. Therefore, the changes of SADINC are influenced by the
level of mutual coordination among various subsystems, including the economy, society,
resources, and technology. The coordination function plays a crucial role in assessing the
level of coordination within the system, considering the distance and degree of dispersion
between systems [28,29].

Regarding indicators for sustainable agricultural development, there are two main
approaches: objective weighting and subjective empowerment. The objective weighting
method is primarily based on the entropy weight method or the improved entropy weight
method [30–35]. On the other hand, the subjective empowerment method mainly involves
using the analytic hierarchy process (AHP) [36–42]. However, it is essential to note that
the experts’ subjectivity can influence the AHP and may introduce randomness into the
evaluation process. Therefore, this study asserts that adopting the objective weighting
method to assess the significance of agricultural sustainability indicators can effectively
address subjective uncertainties. Consequently, the evaluation outcomes of sustainable
agricultural development will be more accurate and rational. Regarding coordination
degree analysis, scholars have employed the coordination degree model to conduct research.
Feng et al. took Zhejiang Province as their research area and analyzed the balance degree
of intensive urban land use by assessing the coordination degree of the urban land use PSR
system [43]. Gao et al. established China’s ecological construction effectiveness evaluation
system and employed the coordination degree model to analyze the coordination between
each subsystem and internal factors [44]. Li et al. established a coordination degree
evaluation model for cultivated land management based on the coordination degree model.
They used exploratory spatial data analysis methods to reveal the evolution characteristics
of the cultivated land management pattern in Hunan Province [45]. These research methods
provide a solid foundation for this article.

This study examines the changes in the degree of sustainable agricultural development
and coordination in Northeast China from 2000 to 2020. The objectives of this study are
as follows: (1) establish a theoretical framework for sustainable agricultural development;
(2) analyze the spatiotemporal characteristics of regional sustainable agricultural develop-
ment; and (3) evaluate the coordination of regional sustainable agricultural development
systems. To address these objectives, we first established a theoretical framework and
evaluation index system based on the dissipative structure theory. Then, we introduced the
study area and described the data sources and processing. Furthermore, the study used
the evaluation results of sustainable agricultural development to conduct a quantitative
analysis of the spatial and temporal characteristics of changes in each system. Additionally,
the study employed a coordination degree model to evaluate the spatiotemporal changes
in the coordination degree of sustainable agricultural development systems. Following this,
the study revealed the spatiotemporal aggregation characteristics of various systems and
coordination degrees in Northeast China and suggested optimizing regional sustainable
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agricultural development policies. Finally, we proposed conclusions and suggestions for
future study.

2. Materials and Methods
2.1. Research Methods
2.1.1. Framework of Sustainable Agricultural Development

The sustainable agricultural development system is an integral part of the overall
agricultural system. It aims to achieve orderly and integrated continuous operation between
various elements within the system and with the external environment [46–48]. It operates
at multiple levels, encompassing individual farmers, farms, regional entities, and global
considerations. Each level within the system possesses unique characteristics [49–52]. The
core of this system lies in the interaction between natural ecosystems and socio-economic
systems [53]. The natural ecosystem belongs to the agricultural ontology system and
supplies fundamental societal support. The socio-economic system belongs to the leading
agricultural body and exerts pressure on the natural ecosystem. Both of them determine
the stability of the agriculture system.

This study establishes a theoretical framework for SADINC by applying the principles
of agricultural sustainability and dissipative structure theory (Figure 1). The interaction
between human activities and nature leads to an increase in entropy within the sustainable
agricultural development system as the two develop at different speeds. This imbalance
results in an unstable state within the agricultural system. The study identifies the coor-
dination among subsystems such as economy, society, resources, and technology as the
most critical factor influencing the SADIC. Sustainable agricultural development requires
coordinating the relationships among these subsystems, enhancing system stability, and
achieving the objective of entropy reduction. This will lead to the re-establishment of
equilibrium within natural ecosystems and socio-economic systems.
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2.1.2. Evaluation Index System Construction and Comprehensive Index Calculation

This study established an indicator system for sustainable agricultural development
based on the aforementioned theoretical analysis. The indicator system comprises three
layers: target layers, criterion layers, and indicator layers. The target layer encompasses
sustainable agricultural development, while the criterion layer consists of four levels:
economic, social, resource, and technology. Building upon previous research, a set of
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13 indicators has been formulated for the indicator layer in Table 1. To be specific, (1) the
agricultural output value reflects agricultural activities’ overall scale and results. The
growth of gross agricultural production signifies an increase in agricultural output [54].
(2) The average per capita net income of farmers is a crucial indicator for measuring ru-
ral economic development and farmers’ living standards. Farmers are the main body
of agricultural production [55]. Increasing their per capita net income can enhance their
enthusiasm and investment in agricultural activities, directly impacting economic devel-
opment [56]. (3) The land productivity reflects the agricultural output value per unit of
land area. Increased land productivity implies that higher agricultural output and eco-
nomic benefits can be achieved under the same land resource conditions, thus promoting
rural economic development [57]. (4) The total food production reflects the agricultural
production’s overall scale and output level, measuring a region’s agricultural production
capacity [58]. Increasing grain production can lead to a higher agricultural output value and
facilitate economic growth. (5) The urbanization rate reflects the proportion of permanent
residents in urban regions to the total population. This indicator is crucial for assessing
an area’s economic and social development [59,60]. An increase in urbanization signifies
more people migrating from rural to urban areas, which helps narrow the gap between
urban and rural and promotes social equality [61]. (6) The average housing area per capita
in rural areas reflects the rural residents’ living conditions and environment. This indicator
is closely related to the rural residents’ quality of life, living comfort, and environmental
sanitation [62]. An increase in the per capita housing area in rural areas indicates improved
living conditions and can enhance confidence in agricultural production. (7) The rural
per capita electricity consumption reflects the level of rural electricity consumption and
the availability of electricity facilities. Increased per capita electricity consumption in
rural areas means that rural residents can improve their living conditions and increase
agricultural production efficiency through a stable electricity supply [63]. (8) The land
area for cultivation reflects the land size and agricultural production capacity. It is an
essential resource for sustainable agricultural development. The stability of arable land
resources determines the scale and potential of agricultural production [64]. (9) Effective
irrigation reflects the condition of cultivated land with irrigation facilities that can carry out
regular irrigation [65,66]. This indicator is crucial for measuring the sustainable utilization
of agricultural water resources. Reasonable water resource management and the mainte-
nance of irrigation facilities can improve water resource utilization efficiency and ensure
the sustainable development of agricultural production. (10) The number of individuals
employed in the agricultural sector reflects the number of people engaged in agricultural
production activities. The quantity and quality of agricultural workers affect the utilization
and management of agricultural resources [67]. (11) The intensity of fertilizer applica-
tion reflects the amount and utilization efficiency of chemical fertilizers in agricultural
production. An excessive use of chemical fertilizers may indicate poor or unreasonable
agricultural production technology [68]. (12) The efficiency level of agricultural machinery
reflects the efficiency in the agricultural mechanization production process. Improving the
efficiency level of agricultural machinery can further enhance the degree of mechanization
in the entire agricultural production process [69]. (13) The intensity of pesticide applica-
tion reflects the amount and frequency of pesticide application in agricultural production.
High-intensity pesticide use may indicate inadequate pest control techniques or imprecise
application techniques [70].

This study adopted the entropy method [30] to determine the weight of each indicator.
The entropy increase method objectively measures the significance of each indicator in the
evaluation system by quantifying the degree of dispersion for each indicator. A higher
dispersion indicates a more significant impact on the overall evaluation score, while a lower
dispersion suggests a minor influence. Although the entropy weight method has certain
limitations, such as its dependence on data quality and its inability to consider subjective
feelings and value judgments, this approach ensures that the calculation results are more
objective and accurate [71]. Additionally, the process of using the entropy weight method
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is relatively straightforward and allows for easy repeatability and verification. Then, this
study employs the weighted summation method to compute the indices of the individual
subsystems of agricultural sustainable development. Furthermore, the equal-weighted
arithmetic average method calculates the comprehensive score for agricultural sustainable
development. Finally, using the natural breakpoint method, we classified the agricultural
sustainable development systems into four levels (Level I to Level IV) based on their
indicator values, ranging from low to high. The calculation formula is as follows [72]:

Xi = Σm
j=1wij pij (1)

F =
Σn

i=1Xi

4
(2)

where Xi is the evaluation index of each subsystem of sustainable agricultural development;
F is the comprehensive index of the sustainable agricultural development system; wij
represents the weight of the j indicator in the i subsystem; pij represents the standard
value of the j indicator in the i subsystem; and n is the number of sustainable agricultural
development subsystems.

Table 1. Indicator system of sustainable agricultural development.

Target Layers Criterion
Layers Index Layers Target

Directions
Formulae and
Units

Index
Weights Connotation

Sustainable
Agricultural
Development

economic
subsystem

Agricultural
output value + (billion yuan

RMB) 0.1283 This index reflects the state
of the agricultural economy.

Average per capita
net income of
farmers

+ (yuan
RMB/person) 0.0829

This index reflects the
average income level of
rural residents.

Land productivity +
Agricultural
output/crop
sowing area (%)

0.0823
This index comprehensively
reflects the level of land
productivity.

Total food
production + (ton) 0.1323 This index reflects the level

of food supply.

social
subsystem

Urbanization rate + (%) 0.0649
This index reflects the
degree of regional
urbanization.

Average housing
area per capita in
rural areas

+ (m2) 0.0287
This index reflects the living
security situation of rural
residents.

Rural per capita
electricity
consumption

+

Electricity
consumption in
rural areas/rural
population
(kwh/person)

0.1384 This index reflects the living
standards of rural residents.

resource
subsystem

Land area for
cultivation + (1000 ha) 0.1413

This index reflects the
abundance of regional
cultivated land resources.

Effective irrigation
area + (1000 ha) 0.1202

This index reflects the
ability of agriculture to
resist natural disasters.

Number of
individuals
employed in the
agricultural sector

− (million person) 0.0160
This index reflects the
intensification of cultivated
land use.
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Table 1. Cont.

Target Layers Criterion
Layers Index Layers Target

Directions
Formulae and
Units

Index
Weights Connotation

Sustainable
Agricultural
Development

technology
subsystem

Intensity of
fertilizer
application

−

Fertilizer
application
rate/crop sowing
area (kg/ha)

0.0155 This index reflects the level
of fertilizer application.

Efficiency level of
agricultural
machinery

+

Total power of
agricultural
machinery/crop
sowing area
(kwh/ha)

0.0457
This index reflects the
degree of rural
mechanization.

Intensity of
pesticide
application.

−

Pesticide
application
rate/crop sowing
area (kg/ha)

0.0035 This index reflects the level
of pesticide application.

2.1.3. Coupling Coordination Degree Analysis

This study adopted the coordination degree function to quantitatively assess the
coordination status among different subsystems of sustainable agricultural development.
The coordination degree function evaluates the level of coordination between various
subsystems based on the distance and dispersion degree between them. The calculation
formula is as follows:

C =
Σn

i=1Xi√
Σn

i=1Xi
2

(3)

where C is the coordination degree; Xi is the evaluation index of each subsystem of sustain-
able agricultural development; and n is the number of sustainable agricultural development
subsystems. A higher C value, closer to 2, indicates higher coordination among the four
subsystems, and vice versa. This study also utilizes the natural breakpoint method to
classify the degree of coordination for sustainable agricultural development into four levels:
level I, level II, level III, and level IV, ranging from low to high.

2.1.4. Exploratory Spatial Data Analysis Methods

Exploratory spatial data analysis (ESDA) is a vital tool for examining the correlation be-
tween attribute values of elements and their adjacent spatial attributes by revealing regional
structural characteristics of spatial variables. A positive correlation indicates similar trends
among adjacent research units, while a negative correlation indicates opposite trends.

This study focuses on the northeastern region as the research unit, combining ESDA
theory with GIS technology to investigate the spatiotemporal evolution characteristics of
sustainable agricultural development. The study utilizes Moran’s I index (Global Moran’s I
and Local Moran’s I) statistics of the subsystem to analyze spatial differences in the pattern
of sustainable agricultural development. Global Moran’s I index measures the overall
spatial dependence of a region. In contrast, Local Moran’s I index measures the degree of
spatial agglomeration between each region and its surrounding regions. The Z-test method
was employed in this study to perform a statistical test on Moran’s I index. The calculation
formula is as follows [73]:

Global Moran′s I =
nΣn

i=1Σm
j=1wij(xi − x)

(
xj − x

)
Σn

i=1Σm
j=1wijΣn

i=1(xi − x)2 (4)

Local Moran′s I =
xi − x

S2 Σm
j=1wij

(
xj − x

)
= ZiΣm

j=1wijZj (5)
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S =

√
Σm

j=1

(
xj − x

)2

n− 1
(6)

Global Moran’s I ∈ [−1, 1], Global Moran’s I > 0 indicates that the area is aggregated.
Global Moran’s I < 0 indicates that the area is discretely distributed. Global Moran’s I = 0
means that the area is randomly distributed. A larger absolute value of Local Moran’s
I indicates a higher spatial correlation in sub-region i. In the above equations, n is the
number of research subjects, and wij is the spatial connection matrix between research
objects i and j. Zi and Zj represent the standardized values of a specific attribute for the
research unit and adjacent units, respectively.

2.2. Research Area

Northeast China (Figure 2) is located at the confluence of the Northeast China Plain, the
Changbai Mountains, the Greater Khingan Mountains, and the Lesser Khingan Mountains,
comprising the five league cities in China’s Inner Mongolia Autonomous Region and the
36 municipalities in Liaoning Province, Jilin Province, and Heilongjiang Province. A diverse
and complex environment, with a mixture of mountains, plains, plateaus, and river valleys,
characterizes the natural geography of Northeast China. These landforms create a unique
landscape, with mountains surrounding the region in the east, west, and north, while the
central area is relatively low and flat.
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Northeast China experiences a climate characterized by long and frigid winters, hot
and rainy summers, and relatively short spring and autumn seasons. Precipitation in
this region ranges from 400 mm to 800 mm, with rainfall predominantly occurring from
July to September. The unique climate, characterized by rain and heat during this period,
has given rise to one of the world’s four black soil belts in Northeast China. Due to its
favorable climate and soil conditions, this region holds significant agricultural production
potential and is considered an ideal area for sustainable agricultural development in China.
The predominant planting system in Northeast China is field planting, with a single
crop cultivated yearly. The main crops in this region include corn, rice, soybeans, and
others [74]. As of 2020, the agricultural sector in Northeast China employed 30.6 million
individuals, with a total agricultural output value of 821.3 billion yuan, representing 10% of
the national agricultural output value. Furthermore, grain production in Northeast China
reached 164 million tons, accounting for approximately 24.6% of the country’s total output.
Northeast China plays a crucial role in ensuring the country’s food security.

2.3. Data Sources

This study focuses on the comprehensive assessment of SADINC from 2000 to 2020,
utilizing 13 specific indicators. These indicators include the comprehensive sustainable
agricultural development index, four subsystem indexes, and the coordination index. The
primary data sources for the indicator system are “Longjiang Sixty Years (1949–2009)”,
“Take-off Inner Mongolia (1949–2009)”, “Ningcheng Statistical Yearbook”, “China Regional
Economic Development Statistical Yearbook”, “Nanning Statistical Yearbook”, “China
Cities Statistical Yearbook”, as well as the provincial (municipal and autonomous region)
“National Economic and Social Development Statistical Bulletin” and respective statistical
yearbooks. The China Economic and Social Big Data Research Platform (https://data.
cnki.net/home, accessed on 2 October 2023) was also used as a data source. Spatial data,
including administrative division and DEM data, were obtained from the geospatial data
cloud platform (https://www.gscloud.cn/home, accessed on 4 September 2023). The
following process was conducted to attain data harmonization and ensure comparability
across diverse data sources.

Firstly, the linear interpolation method was utilized to fill in missing values. The
descriptive statistics are presented in Table 2. Secondly, this study integrated the statistical
yearbook data with the administrative division data using the ArcGIS platform, assigning
spatial attributes to each municipal administrative unit. Figure 3 illustrates the fluctuations
of indicators in SADINC at five-year intervals from 2000 to 2020. The use of pesticides and
chemical fertilizers in Northeast China is declining. The number of individuals employed in
the agricultural sector has little change, and other economic, social, resource, and technical
indicators show an upward trend. This is in line with the characteristics of agricultural
sustainability [75].

Table 2. Descriptive statistics.

Data Type Obs Mean Max Min Std. Dev.

Agricultural output value (billion yuan RMB) 205 114.050 745.500 5.000 120.320
Average per capita net income of farmers(yuan RMB/person)) 205 8354.220 21,729.000 1008.000 5665.020
Land productivity (%) 205 22.310 110.260 2.230 17.070
Total food production (ton) 205 293.520 1449.390 8.190 310.720
Urbanization rate (%) 205 14.280 73.880 2.720 9.150
Average housing area per capita in rural areas (m2) 205 25.610 40.600 13.800 5.340
Rural per capita electricity consumption (kwh/person) 205 0.070 0.540 0.003 0.080
Land area for cultivation (1000 ha) 205 738.340 10,990.000 48.000 939.822
Effective irrigation area (1000 ha) 205 178.570 955.500 0.810 180.648
Number of individuals employed in the agricultural sector
(million person) 205 69.150 223.620 1.760 48.93

Intensity of fertilizer application (kg/ha) 205 558.560 1688.060 45.000 351.32
Efficiency level of agricultural machinery (kwh/ha) 205 4.330 12.110 0.757 2.11
Intensity of pesticide application (kg/ha) 205 10.530 80.460 0.890 9.82

https://data.cnki.net/home
https://data.cnki.net/home
https://www.gscloud.cn/home
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Figure 3. Changes in indicators of SADINC from 2000 to 2020. (a) Agricultural output value; (b) aver-
age per capita net income of farmers; (c) land productivity; (d) total food production; (e) urbanization
rate; (f) average housing area per capita in rural areas; (g) rural per capita electricity consumption;
(h) land area for cultivation; (i) effective irrigation area; (j) number of individuals employed in the
agricultural sector; (k) intensity of fertilizer application; (l) efficiency level of agricultural machinery;
(m) intensity of pesticide application.

3. Results
3.1. Evolutionary Characteristics of Agricultural Sustainable Pattern
3.1.1. Agricultural Sustainable Development System

From 2000 to 2020, the urban sustainable agricultural development index varied
between 0.001 and 0.016 in Northeast China. The average values were 0.002, 0.004, 0.004,
0.006, and 0.008 for 2000, 2005, 2010, 2015, and 2020, respectively. Over the past two decades,
the sustainable agricultural development index of 41 cities in Northeast China has exhibited
a general upward trend. Specifically, the sustainable agricultural development index of
37 cities has been consistently increasing. Four cities, mainly in Liaoning Province and some
in the western part of Jilin Province, have shown a fluctuating trend characterized by initial
decline followed by subsequent growth. On the whole, Northeast China demonstrates a
relatively high level of sustainable agricultural development.

Figure 4 shows the notable regional differentiation characteristics of SADINC. Level
III and Level IV are primarily concentrated in regions with high agricultural sustainability,
such as the Northeast Plain and the black soil belt in Northeast China. The agricultural
sustainability level in the Eastern Five Leagues, namely, Xilinguole League, Xingan League,
Hulunbeier City, Chifeng City, and Tongliao City in the Inner Mongolia Autonomous
Region, has significantly improved since 2010. The increased cultivated land area and
grain production in these regions have greatly improved the sustainable agricultural devel-
opment index. On the other hand, Level I and II areas with low sustainable agricultural
development are mainly found in the Greater and Lesser Khingan Mountains in the north-
west and the Changbai Mountains in the east. Mountainous and hilly terrains characterize
these regions.
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Over the past two decades, Level III and IV cities have increased by 7 and 28, re-
spectively. In contrast, the number of cities in Level I and II has decreased by 31 and 4,
respectively. Overall, there has been a shift from an agglomeration of low-level sustainable
agricultural development to high-level sustainable agricultural development. Generally,
areas with favorable geographical conditions, well-developed agricultural infrastructure,
and a robust implementation of cultivated land protection systems have demonstrated
higher agricultural production efficiency, resource utilization rate, social equity, and tech-
nology utilization rate during sustainable agricultural development. These areas exhibit a
relatively high level of sustainable agricultural development.

3.1.2. Economic Subsystem

From 2000 to 2020, the urban sustainable agricultural development economic index
ranged from 0.000 to 0.009 in Northeast China. The average index was highest in 2020
and lowest in 2005. The sustainable agricultural development economic index was 0.004
and 0.001, respectively. Over the past 20 years, the sustainable agricultural development
economic index of 41 cities has shown an upward trend. However, ten cities experienced
a decline in the index in 2005, 2015, and 2020, with the most significant number of cities
declining in 2020. More than half of the cities with a declining sustainable agricultural
development economic index were in Jilin Province. Overall, the economy of SADINC has
generally increased.

Figure 5 shows that the urban sustainable agricultural development economic index
at level IV is primarily concentrated in the black soil region of the Northeast Plain. The
number of urban areas with sustainable agricultural development economic index was 0, 0,
3, 11, and 16 in 2000, 2005, 2010, 2015 and 2020, respectively. In 2020, there was a noteworthy
rise in the number of level II and level III cities compared to 2000, with an increase of 6
and 14, respectively. However, there was a significant decline in the number of level I
cities, dropping from 37 in 2000 to just 1. Overall, grain output in the northeastern black
soil area has significantly increased thanks to favorable farming conditions, which have
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played a crucial role in promoting the advancement of sustainable agricultural economic
development.
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3.1.3. Social Subsystem

From 2000 to 2020, the urban sustainable agricultural development social index ranged
from 0.000 to 0.007 in Northeast China. The average index was highest in 2020 and low-
est in 2000. The sustainable agricultural development social index was 0.002 and 0.001,
respectively. Over the past two decades, the sustainable agricultural development social
index of 41 cities in Northeast China has shown a consistent upward trend. However, there
were significant changes between 2005 and 2010. Some cities experienced a decline in the
eastern part of Northeast China. Nevertheless, these cities have experienced varying de-
grees of recovery in the following ten years. Overall, the society of sustainable agricultural
development in Northeast China has been generally improving despite some fluctuations.

Figure 6 shows apparent variations in the spatial distribution of changes in agricultural
social sustainability. Specifically, the number of cities in Level IV has increased by 37 from
2000 to 2020. The sustainable agricultural development social index has experienced a
significant enhancement in the east and south regions. In contrast, the number of cities
in Level I has decreased by 15 during the same period. Overall, social and economic
development has dramatically improved rural social welfare equity in Northeast China,
resulting in a higher level of sustainable development in rural society.
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3.1.4. Resource Subsystem

From 2000 to 2020, the urban sustainable agricultural development resource index
ranged from 0.000 to 0.011 in Northeast China. The average index was highest in 2020 and
lowest in 2000. The sustainable agricultural development resource index was 0.006 and
0.001, respectively. Over the past two decades, the sustainable agricultural development
resource index has increased among 38 cities. Specifically, 13 cities witnessed a significant
increase of more than 0.001. However, three cities experienced negative growth in Liaoning
Province: Benxi City, Yingkou City, and Liaoyang City. The expansion of urbanization and
soil erosion have significantly impacted the cultivated land area and effective irrigation
area in these three cities. As a result, there has been a decrease in these areas, while the
number of agricultural employees has continued to rise. This situation has resulted in a
low level of resource utilization efficiency in these areas and a decline in the sustainable
agricultural development resource index. Overall, the resource of SADINC has generally
been improving.

Figure 7 shows that the sustainable agricultural development resource index in level
IV cities primarily concentrated in the central and western regions of the study area,
indicating an agglomeration distribution from 2000 to 2020. The sustainable agricultural
development resource index in the urban areas of Level IV was 2, 5, 7, 8, and 14 in 2000,
2005, 2010, 2015, and 2020, respectively. Over the past 20 years, there has been a significant
increase in the number of cities in Level IV, with a growth of 12. The number of cities
in Levels I, II, and III decreased by 6, 2, and 4, respectively. Overall, the construction of
high-standard farmland has positively impacted the utilization efficiency of cultivated land
and population resources in the Northeast Plains and the western region of the Greater
Khingan Mountains, resulting in a significant enhancement of the sustainable level of
agricultural resources.
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3.1.5. Technology Subsystem

From 2000 to 2020, the urban sustainable agricultural development technology index
ranged from 0.000 to 0.001 in Northeast China. The average index was highest in 2020 and
lowest in 2000. The sustainable agricultural development technology index was 0.0004
and 0.0002, respectively. Over the past 20 years, the sustainable agricultural development
technology index of 40 cities has increased, with 28 cities experiencing an increase more
significant than 0.0001. However, Huludao City in Liaoning Province has experienced
negative growth. The negative trend can be attributed to the planting structure adjustment,
particularly the shift towards the large-scale cultivation of vegetables and other cash
crops. This change has led to a decrease in the utilization of agricultural machinery power,
resulting in a decline in the sustainable agricultural development technology index. Despite
this, it is essential to note that the overall technology of SADINC has been generally on
the rise.

Figure 8 shows the significant differentiation in sustainable agricultural technology
development from 2000 to 2020. In comparison to 2000, there was a decrease of 25 in the
number of level I cities in 2020, while the number of level II cities remained unchanged.
Additionally, there was an increase of 13 in the level III cities and 12 in the level IV cities.
Notably, some cities in Jilin Province and Liaoning Province in the southeast, as well as
Xilinguole League and Tongliao City in the west, have significantly improved their tech-
nological sustainability capabilities. Overall, implementing the black soil conservation
farming action has indeed led to an enhancement in the overall level of agricultural mecha-
nization in Northeast China, a reduction in the use of chemical fertilizers and pesticides,
and an improvement in the sustainability of agricultural technology. The southeastern and
western regions have particularly shown prominent advancements in this regard.
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3.2. Coordination Degree of Sustainable Agricultural Development System

From 2000 to 2020, the average coordination degree decreased from 1.736 to 1.639,
indicating an overall downward trend (Figure 9). The coordination degree in the urban of
level I and II was 12, 14, 14, 20, and 22 in 2000, 2005, 2010, 2015, and 2020, respectively. The
coordination degree in the urban areas of level III was 3, 0, 8, 9, and 11 in 2000, 2005, 2010,
2015, and 2020, respectively. The coordination degree in the urban areas of level IV was 26,
27, 19, 12, and 8 in 2000, 2005, 2010, 2015, and 2020, respectively. Overall, the coordination
degree has remained mainly at a high level from 2000 to 2020. However, the number of
cities in level IV decreased by 18, while that number in levels I and II increased by 10.

The distribution of coordination degree shows that cities in level III and level IV have
transitioned from a concentrated distribution in the east to a dispersed distribution in the
central and western regions. The cities in level I and II are concentrated from the southwest
to the southeast. These changes may be attributed to the relatively low-performance
index of the four subsystems (economy, technology, resources, and technology) in the
eastern region 20 years ago, which exhibited a high level of coordination degree. With
the advancement of social technology and the implementation of black land protection
measures, the index of the four subsystems in the central region increases simultaneously,
enabling the efficient transfer of the urban area to the central region with a high coordination
degree. Additionally, over the past 20 years, the rigorous implementation of the cultivated
land protection system in Northeast China has significantly enhanced grain production,
resulting in a rapid increase in the economic and resource index compared to the social and
technical index. This led to the cities exhibiting low spatial coordination in the northeast
region. Hence, while the sustainable agricultural development index in Northeast China is
high, there is still a need to enhance the coordination degree among subsystems.
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3.3. Spatiotemporal Agglomeration Characteristics of Sustainable Agricultural Development
3.3.1. Global Autocorrelation Analysis

Moran’s I value of the global autocorrelation coefficient was calculated to analyze
the spatiotemporal evolution trend of SADINC. Table 3 indicates the presence of spatial
agglomeration among the subsystems of sustainable agricultural development. However,
the overall spatial correlation of sustainable agricultural development is weak, showing no
clear patterns of aggregation or dispersion.

In the economic subsystem, Moran’s I values range from 0.065 to 0.120 from 2000 to
2020, all passing the Z value significance test. There is a gradual increasing trend in Moran’s
I values over time, indicating an increasing spatial correlation in the economic subsystem.
The value suggests that economic activities are becoming more spatially clustered.

In the social subsystem, Moran’s I values ranged from 0.218 to 0.317 from 2000 to 2020,
all passing the Z value significance test. Moran’s I values in the social subsystem are larger
compared to the economic subsystem. The value indicates a stronger spatial correlation
in the social subsystem than in the economic subsystem, suggesting an agglomeration
tendency.

In the resource subsystem, Moran’s I values ranged from 0.045 to 0.300 between 2000
and 2020, all passing the Z value significance test. Despite fluctuations at different time
points, the overall trend of Moran’s I value is positive. The value suggests a certain degree
of spatial correlation aggregation in the resource subsystem.

In the technology subsystem, Moran’s I values ranged from 0.101 to 0.268 between
2000 and 2020, all passing the Z value significance test. Positive Moran’s I values were
observed at all time points, indicating a gradual increase in the spatial correlation of the
technology subsystem. The value suggests a tendency for technology to cluster in spatial
distribution.
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In the overall system of sustainable agricultural development, Moran’s I values from
2000 to 2020 are consistently small and close to 0. The Z values in 2000, 2005, and 2020
indicate low significance. The value suggests that the spatial correlation within the sus-
tainable agricultural development system is weak, and there is no apparent aggregation or
discrete trend.

Table 3. Moran’s I values of SADINC from 2000 to 2020.

Time Type Economic
Subsystem

Social
Subsystem

Resource
Subsystem

Technology
Subsystem

Sustainable Agricultural
Development System

2000

Moran’s I 0.065 0.317 0.173 0.101 0.030

P 0.069 0.000 0.000 0.012 0.278

Z 1.818 6.773 3.862 2.510 1.085

2005

Moran’s I 0.109 0.284 0.045 0.220 0.030

P 0.008 0.000 0.070 0.000 0.229

Z 2.655 6.105 1.809 4.840 0.030

2010

Moran’s I 0.100 0.218 0.283 0.190 0.147

P 0.061 0.000 0.000 0.000 0.001

Z 1.870 4.930 5.962 4.220 3.377

2015

Moran’s I 0.108 0.296 0.249 0.205 0.076

P 0.008 0.000 0.000 0.000 0.044

Z 2.671 6.321 5.328 4.546 2.014

2020

Moran’s I 0.120 0.306 0.300 0.268 0.004

P 0.004 0.000 0.000 0.000 0.569

Z 2.847 6.557 6.323 5.685 0.569

3.3.2. Local Autocorrelation Analysis

The LISA (local indicators of spatial association) agglomeration diagram reveals the
similarity (positive correlation) or dissimilarity (negative correlation) significance between
the attributes of the research unit and the surrounding units. Based on this diagram, it is
evident that the subsystems of sustainable agricultural development exhibit distinct spatial
agglomeration characteristics in terms of coordination degree, economic index, social index,
resource index, and technology index from 2000 to 2020 (Figure 10).

Figure 10(a1)–(a5) show notable variations in the spatial agglomeration patterns of the
coordination degree among different subsystems. The high-high agglomeration is shifting
from a large-scale agglomeration distribution in the southeast to a more dispersed distribu-
tion in the central region. Specifically, the high-high agglomeration cities are transitioning
from “Dalian–Anshan–Dandong–Yingkou–Liaoyang–Tonghua” to Baicheng. On the other
hand, the low-low agglomeration cities are shifting from a large-scale agglomeration in the
west to a small-scale agglomeration in the northeast, specifically “Chifeng–Hulunbeier–
Xingan League–Baicheng–Qiqihar–Xilinguole” to “Harbin–Qiqihar–Suihua”. As of 2020,
there is no significant spatial polarization in the coordination degree among the subsystems
of sustainable agricultural development, indicating a state of balance.

Figure 10(b1)–(b5) show a decrease in the number of high-high agglomeration units
for the economic index. The high-high agglomeration characteristics have shifted from the
central region to the northern part of the central region. The high-high agglomeration city
has also changed from “Changchun–Jilin–Songyuan–Harbin–Qiqihar–Suihua” to “Harbin–
Qiqihar–Heihe–Suihua”.

Figure 10(c1)–(c5) show a decrease in the number of high-high agglomeration units
of the social index, while the number of low-low agglomeration units of the social index
remains unchanged. However, the high-high agglomeration characteristics are still con-
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centrated in the southern part of Northeast China, specifically in cities such as “Shenyang–
Dalian–Anshan–Fushun–Benxi–Dandong–Panjin”. On the other hand, the low-low agglom-
eration characteristics shift from the west to the central region. The low-low agglomeration
city has transformed from “Hulunbeier–Xingan League” to “Xingan League–Qiqihar”.

Figure 10(d1)–(d5) show an increase in the resource index’s high-high agglomeration
and low-low agglomeration units. The high-high agglomeration characteristics are still
concentrated in the central part of Northeast China, specifically in the three cities of
“Baicheng–Qiqihar–Suihua” and their surrounding areas. On the other hand, the low-low
agglomeration characteristics have shifted from a single distribution to an agglomeration
in “Dalian–Anshan–Fushun–Benxi–Dandong–Yingkou–Liaoyang–Panjin–Tonghua”.

Figure 10(e1)–(e5) show an increase in the number of high-high agglomeration and
low-low agglomeration units of the technology index. The high-high agglomeration charac-
teristics shift from the southern region to the central and southern parts of Northeast China.
The high-high-agglomeration city transforms from “Dalian–Benxi–Dandong–Yingkou” to
“Shenyang–Dalian–Fushun–Benxi–Dandong–Yingkou”. On the other hand, the low-low
agglomeration characteristics are not spatially evident in the eastern part of the northeast
region, specifically in the “Jixi–Hegang–Shuangyashan–Yichun–Jiamusi” area.
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Figure 10. Local spatiotemporal correlation LISA map of SADINC from 2000 to 2020. (a1–a5) Agglom-
eration characteristics of coordination 2000–2020; (b1–b5) aggregation characteristics of economic
subsystems 2000–2020; (c1–c5) aggregation characteristics of social subsystems 2000–2020; (d1–d5) ag-
gregation characteristics of resource subsystems 2000–2020; (e1–e5) aggregation characteristics of
technology subsystems 2000–2020.
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4. Discussion
4.1. Interpretation of the Findings of Sustainable Agricultural Development

This study incorporated the dissipative structure theory into the theoretical framework
of SADINC to analyze the evolution process of the sustainable agricultural development
system (Figure 1). The variation of parameters in the economic subsystem, social subsystem,
resource subsystem, and technology subsystem affects the coordination degree among the
subsystems. When the level of variation exceeds a certain threshold, it leads to changes in
the dissipative structure function of the sustainable agricultural development system [76,77].
Consequently, the system undergoes optimization during this dynamic change.

This paper found that changes in the level of SADINC mainly depend on differences in
the resource subsystem driven by changes in cultivated land area. The growth of cultivated
land area promotes the benefit output of the economic subsystem, indirectly affecting
rural social welfare fairness. Additionally, increased cultivated land prompts agricultural
operators to adopt more efficient machinery and advanced technologies. Therefore, the
expansion of cultivated land acts as a mutation factor, gradually evolving the sustainable
agricultural development system away from the equilibrium state in 2000. However, the
expansion of cultivated land resources is limited. When the growth rate of the resource sub-
system slows down, the exponential growth of other subsystems promotes the coordination
of sustainable agricultural development until the next system mutation occurs.

Currently, the spatial heterogeneity of the coordination degree of SADINC is evident.
Regions with a high degree of coordination are typically areas where all systems are si-
multaneously high or low—economy, society, resources, and technology [78]. However,
this study found that between 2000 and 2020, each subsystem’s index increased to vary-
ing degrees in every region. Although the overall coordination index in 2020 decreased
compared to 2000, a high degree of coordination in 2020 was achieved when all systems
simultaneously reached a high index. The economic, social, resource, and technological
development of various regions in 2020 was improved compared to 2000. Black soil areas
with excellent cultivated land resources usually experience rapid economic, social, and
technological development [79]. The characteristics of coordination degree agglomeration
from 2000 to 2020 are that the high-high aggregation area of the coordination degree trans-
forms from the south to the middle. This change indicates that cities in the central black
soil belt will reach a state of system equilibrium earlier, with each system growing at the
same rate. On the other hand, the low-low aggregation area of the coordination degree has
shifted eastward. This indicates that although the Sanjiang Plain cities experience rapid
economic growth, other systems are still developing slowly. The region is still in the early
stages of instability.

4.2. Comparison with Previous Studies

Achieving sustainable agriculture is crucial for ensuring global food security and
alleviating hunger [80]. However, the focus of sustainable agricultural development varies
depending on the specific circumstances of each country. Ahmad Bathaei et al. discovered
that surveys on sustainable agricultural development in developed countries primarily
concentrate on environmental concerns [81]. S. Ajibade et al. found that most developing
regions, including Africa, place a greater emphasis on research regarding sustainable
intensification of agriculture [82]. Typically, residents prioritize food safety and nutrition
due to high agricultural productivity and the abundant supply of agricultural products
in developed countries. The primary focus of sustainable agricultural development in
these countries revolves around resource and environmental protection. Conversely, for
many developing countries, the primary objective of agricultural development is to meet
the basic food requirements of the population. Consequently, agricultural development
in these countries focuses on increasing food production and environmental preservation.
As the largest developing country in the world, China faces challenges stemming from a
weak agricultural foundation and outdated science and technology [83,84]. These factors
have hindered improvements in agricultural productivity and profitability. This study
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further proves this point from a regional perspective. Investment in infrastructure and
technology input in Northeast China is the focus of sustainable agricultural development
in the region. The core of sustainable agricultural development is to improve efficiency and
increase benefits.

Judging from the evaluation index and coordination degree, the agricultural develop-
ment among cities is unbalanced. Studies have shown that an agricultural development
model solely pursuing economic growth is unsustainable [85–87]. This model often causes
social and environmental damage, resulting in uncoordinated development among various
urban sustainable agricultural development subsystems [88–90]. The implementation of
the black soil protection policy has had a positive impact on improving the indices of
the various subsystems of SADINC [91,92]. However, according to our study, in the past
20 years, though the economic index, social index, resource index, and technology index
have been growing, the growth rate of the economic index and resource index has been
higher than that of the social index and technology index. As a result, the average coor-
dination degree of sustainable agricultural development has decreased, aligning with the
findings of Jikun Huang et al. [93]. Furthermore, the economic index, social index, resource
index, and technology index of various cities in Northeast China have transitioned from
low-index coordination in 2000 to high-index coordination in 2020. This transformation
is still in progress, resulting in the 2020 coordination degree being lower than 2000. This
finding is consistent with the research study conducted by Qingqing Zhang et al. [94].

4.3. Agricultural Policy Optimization

Agricultural policies are crucial in promoting sustainable agricultural development [95–97].
The SADINC has been divided into three regions: western, central, and eastern [13]. Key
optimization policies have been implemented in each region. The western region focuses
on protecting black soil, utilizing water resources effectively, and promoting agriculture
and animal husbandry integration. The central black soil belt prioritizes soil erosion control
and protective farming. The eastern region emphasizes controlling the area of paddy
fields and limiting groundwater exploitation, focusing on increasing the proportion of
canal irrigation. These regional policies have significantly enhanced the comprehensive
agricultural production capacity and progressively improved the level of sustainable
agricultural development. However, providing key optimization policies for areas with
uncoordinated sustainable agricultural development is crucial.

According to our study, the lessons from policies of SADINC indicate that the technol-
ogy index is the primary constraint in cities experiencing low coordinated development,
although deviations exist across different regions. This finding aligns with the research
study conducted by Liang Cheng [98]. This study proposes specific agricultural optimiza-
tion policies that are based on the development goals and specific constraints of different
regions in order to achieve sustainable agricultural development. In the western region,
represented by cities like Tongliao and Hulunbeier in the Inner Mongolia Autonomous Re-
gion, technological constraints and social welfare fairness are critical factors influencing the
coordination degree of sustainable agricultural development. To address these challenges,
future efforts should focus on ecological management in agriculture and animal husbandry.
This includes implementing soil-based formula fertilization, integrated water and fertilizer
management, and other environmental protection technologies to enhance the technical
system. Additionally, housing renovation in agricultural and pastoral areas should be
promoted, and equal social welfare should be realized in rural areas. The central region,
represented by cities like Harbin and Shenyang, faces constraints related to technology,
society, and resources. To address these issues, it is important to strictly implement the cul-
tivated land protection system to ensure an adequate quantity of cultivated land resources.
Furthermore, the construction of high-standard farmland and effective soil erosion control
measures are crucial for ensuring the quality of cultivated land resources. In the eastern
regions, such as Benxi, Yingkou, and Liaoyang, technological and resource challenges are
present. To overcome these challenges, the focus should be on controlling soil erosion,
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the strict control of non-grain land conversion, and the appropriate adjustment of grain
planting structure. In these areas, agricultural intensification should be accelerated while
ensuring the maintenance of cultivated land.

5. Conclusions

This study presents a theoretical framework and evaluation index system for sustain-
able agricultural development based on the dissipative structure theory. It analyzes the
changes and coordination degree of each subsystem in SADINC from 2000 to 2020, using
the evaluation results. The findings indicate a generally high level of SADINC during this
period. The economic, social, resource, and technology indices have shown continuous
growth. Specifically, in 2020, the economic, social, resource, and technology indices of
sustainable agricultural development increased by 16, 37, 12, and 12, respectively, in the
cities of Level IV districts. The central part of the study area generally exhibits higher urban
economic and resource indices, while the southern region exhibits higher urban social
and technological indices. The implementation of policies is identified as a critical factor
influencing changes in each subsystem’s index.

During the study period, noticeable disparities were observed in the coordination de-
gree among different subsystems of SADINC. While some cities maintained a high degree
of coordination, the number of cities with coordinated agricultural subsystems decreased.
By 2020, the number of cities in Northeast China with level III and level IV coordination
levels had been reduced by 10 compared to 2000. The average coordination degree also
decreased by 0.097. The regression results suggest that the spatial polarization in most cities’
coordination degrees and subsystem indicators is not pronounced. However, there are
characteristics of high-high agglomeration and low-low agglomeration. The high-high ag-
gregation of the coordination shows a dispersal pattern from the large-scale agglomeration
in the southeast to the central part. The distribution of low-low agglomeration transforms
from large-scale agglomeration in the west to small-scale agglomeration in the northeast.
Specifically, the low-low agglomeration city has shifted from “Chifeng–Hulunbeier–Xingan
League–Baicheng–Qiqihar–Xilinguole” to “Harbin–Qiqihar–Suihua”. Regarding the spatial
aggregation characteristics of economic, social, resource, and technological subsystems,
cities in high-high areas are predominantly located in the central or southeastern part of
Northeast China. In contrast, cities in low-low areas are mainly distributed in the northwest
and northeast regions. This demonstrates that even though the indices of each subsystem
in Northeast China continued to grow from 2000 to 2022, the interrelationships between
the subsystems should also be coordinated.

This study can serve as a valuable source of policy and data support for SADINC.
However, the research still has some limitations. Most of the data utilized are from statistical
yearbooks, which may be subject to statistical errors and discrepancies between yearbooks.
Additionally, this study focuses on cross-sectional data from 2000, 2005, 2010, 2015, and
2020 for spatial comparison instead of using panel data for overall regression analysis to
determine the constraints to sustainable agricultural development. Future research should
examine the long-term spatiotemporal changes in coordination of sustainable agricultural
development and employ appropriate spatial regression models to explore the influencing
mechanisms of SADINC.
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