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Abstract

There is a complex and dynamic interaction among new industrialization, new urbanization,
and cultivated land protection. It is of great significance to explore the changing charac-
teristics and influencing factors of the coupling and coordination relationship among the
three to promote the high-quality and coordinated development of new industrialization,
new urbanization, and cultivated land protection. Based on the theoretical analysis of the
coupling and coordination mechanism of new urbanization, new industrialization, and
cultivated land protection, the coupling and coordination degree model, spatial correla-
tion analysis, panel Tobit model, and other methods were used to explore the spatial and
temporal evolution characteristics and influencing factors of the coupling and coordination
of the 31 provinces in China from 2010 to 2023. Results indicated that (1) from 2010 to
2023, China’s new urbanization level and new industrialization level showed an overall
upward trend, and the overall level of cultivated land protection showed a fluctuating
upward trend. (2) The coupling coordination degree of the three showed a fluctuating
upward change, and most areas were in the stage of primary coordination. The spatial
and temporal development of coupling coordination degree was unbalanced, showing a
“northeast-southwest” pattern. The coupling coordination types mainly shifted from the
ZCG-lag type to the industrialization—urbanization-lag type, the urbanization—cultivated-
land-protection-lag type, and the cultivated-land-protection-lag type. (3) There was a
significant positive spatial autocorrelation in the coupling coordination degree, and the
spatial agglomeration was differentiated. The spatial connection strength of the coupling
coordination degree presented a pattern of “eastern—central prominence, western—northeast
collapse”. (4) The proportion of added value of secondary and tertiary industries to GDP,
per capita disposable income of rural residents, registered population density, road den-
sity, and proportion of agriculture-related expenditure to total fiscal expenditure had a
significant positive impact on the coupling coordination degree of the three, while average
annual temperature and per capita water resources had a significant negative impact. The
research results can provide a decision-making basis for reasonably guiding the coordinated
development of the three systems.

Keywords: new industrialization; new urbanization; cultivated land protection; coupling
and coordinated development; spatial-temporal evolution; influencing factors
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1. Introduction

Cultivated land has multiple functions, such as production function, carrying function,
and social security. It is an important resource for human survival, a key guarantee for food
security, and a basic condition for the sustainable development of cities and industries [1,2].
The protection of cultivated land is determined by China’s basic national condition of “more
people and less land” [3]. Effective protection of cultivated land safeguards food production
and plays an important role in preventing inflation [4,5], ensuring people’s livelihoods,
maintaining social stability, and protecting the ecological environment. It creates favorable
conditions for achieving high-quality economic and social development and for cultivating
new productive forces. Since the reform and opening-up, China’s industrialization and
urbanization have experienced rapid advancement and high-speed development. Urbaniza-
tion and industrialization create positive external effects through technological innovation
and information sharing but also bring negative effects to cultivated land protection. During
the traditional urbanization and industrialization process, urbanization generates substan-
tial demand for residential and industrial construction land, accelerating the conversion of
cultivated land to non-agricultural uses [6-8], and urban spatial expansion further intensi-
fies the occupation of cultivated land, resulting in its loss [9]. The growth of non-agricultural
employment driven by traditional industrialization leads to rural population migration,
thereby intensifying the risk of farmland abandonment [10]. During industrialization,
the establishment and expansion of various industrial parks occupy cultivated land more
significantly, and some industrial parks also have the problem of land resource waste [11].
Pollution sources, such as industrial “three wastes” and urban household garbage, cause
land degradation to varying degrees [12]. At the same time, due to the differences in urban-
ization and industrialization development patterns in different regions, there is regional
heterogeneity in the impact of urbanization and industrialization on cultivated land [9].
Currently, we also face the real dilemma of less cultivated land per capita, insufficient
reserve resources of cultivated land, generally low quality of cultivated land, and increasing
pressure on cultivated land protection [13]. To break away from the high-energy-consuming
and high-polluting model of traditional industrialization and the capital-expansion model
of traditional urbanization, the 16th National Congress of the Communist Party of China
in 2002 first proposed the strategic deployment of taking a new path of industrialization.
In 2007, the Yangtze River Delta Economic and Social Development Symposium proposed
taking a new path of urbanization. Since then, the coordinated promotion of new indus-
trialization and new urbanization has become an important direction for economic and
social development [14]. At present, China has become the world’s largest manufacturing
country, with the permanent resident urbanization rate reaching 67%. It is transitioning
from the late stage of industrialization to the post-industrialization stage. Urbanization is no
longer merely an expansion of quantity and scale. It has entered a critical period of shifting
growth drivers and improving quality, and has begun transitioning into a high-quality,
quality-oriented, and efficiency-oriented stage of urbanization [15]. In 2025, the Central
Committee of the Communist Party of China and the State Council issued the “Comprehen-
sive Rural Revitalization Plan (2024-2027)”, which clearly stated that new industrialization,
new urbanization, and comprehensive rural revitalization should be coordinated to promote
shared prosperity and common development in urban and rural areas. How to achieve co-
ordinated progress in high-quality new urbanization, new industrialization, and cultivated
land protection, resolve the practical difficulties of cultivated land protection, and promote
the high-quality development of Chinese-style modernization are pressing questions. It
is urgent to reveal the coupling and coordination relationships among the three and their
influencing mechanisms, and to explore a path of coupled and coordinated development
for new urbanization, new industrialization, and cultivated land protection.
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The coupled and coordinated development of new urbanization, new industrializa-
tion, and cultivated land protection means that the three influence and interact with each
other during the development process [16], forming a dynamic balance and collaborative
progress, and forming a positive interaction in spatial layout, resource allocation, and policy
goals. New industrialization is an industrialization model characterized by an optimized
industrial structure, strong scientific and technological innovation capacity, sound economic
benefits, green and low-carbon environmental protection, a high degree of informatization,
and full utilization of human resources [17,18], covering industrial structure optimization
and upgrading, scientific and technological level, industrial economic benefits, energy
consumption and environmental protection, information technology level, human capital,
and land conservation and intensive use [19-21]. New urbanization is a new urbanization
path with Chinese characteristics, which centers on the urbanization of people, optimizes
urban spatial layout, coordinates the development of large, medium, and small cities as well
as small towns, and integrates urban-rural development, ecological civilization, and social
and cultural inheritance [22-24], covering population urbanization, economic urbanization,
spatial urbanization, social urbanization, and ecological urbanization [25-28]. The trinity
protection of the quantity, quality, and ecology of cultivated land is a hierarchical and
systematic concept whose general goal is to comprehensively maintain and improve the
production, ecology, and life functions of farmland ecosystems [29,30]. Cultivated land
quantity protection refers to ensuring that the amount of cultivated land can sustainably
meet the survival and health needs of regional populations at different scales and guaran-
teeing the scale of cultivated land quantity [31]. The protection of cultivated land quality is
to guide local governments and cultivated land users to make sustainable use of cultivated
land resources by means of administrative, economic, and legal means to ensure the overall
quality stability and improvement of cultivated land [5]. Cultivated land ecological pro-
tection is to maintain ecological balance, maintain and restore the health of the farmland
ecosystem with cultivated land as the main body, and improve the ecological function and
landscape function of the system, including preventing the occurrence of cultivated land
degradation phenomena such as cultivated land pollution and soil erosion [32].

Current research on industrialization, urbanization, and cultivated land protection
mainly focuses on the relationship between industrialization, urbanization, and the quantity
change of cultivated land. Industrialization and urbanization are important causes of the
quantity change of cultivated land, and urbanization has a more lasting impact on cultivated
land [33,34]. The development of industrialization has greatly increased productivity, pro-
moted economic and social prosperity and progress, and advanced urbanization. However,
it has also been accompanied by the over-exploitation and utilization of natural resources,
especially the occupation and destruction of land resources [11,35]. A large amount of
cultivated land is converted to industrial land, leading to a reduction in cultivated land
area, which in turn affects food security and sustainable agricultural development [36].
Urbanization is the process of gradual agglomeration of population, non-agricultural indus-
tries, and land into cities and towns [37]. During the transition period of the urbanization
process, the population moves from rural areas to cities, cities expand in scale, and the
demand for land increases. At the same time, rural areas also witness large amounts of
cultivated land being abandoned as workers migrate to cities, which increases the pressure
on cultivated land protection [24,38]. Nevertheless, the interplay among urbanization,
industrialization, and cultivated land protection does not follow a straightforward linear
trajectory [39]. At present, less attention has been paid to the impacts on cultivated land
quality and ecology. In different development periods of industrialization and urbanization,
changes in cultivated land resources exhibit different stage characteristics. At the same
time, a coupling relationship of mutual influence and interaction also exists among the
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three [40,41]. Existing research focuses on theoretical discussions of the relationship among
the three, or on empirical research on the relationship between any two of them [42-45].
Few empirical studies have examined the coupling and coordination relationship among
the three. Although some scholars have noted that the impact of industrialization and
urbanization on cultivated land area is influenced by multiple factors, such as the abundance
of land resources, industrialization stage, industrialization model, political system [46],
and economic development [47], the mechanism of the coupling and coordination impact
among the three has not been fully revealed, and research on the characteristics of their
coupling and coordination relationship at different development stages remains insufficient.
The current stage of high-quality transformation in industrialization and urbanization pro-
vides a window of opportunity to break the resource curse, in which rapid industrialization
and urbanization have caused large-scale reductions in cultivated land, and to relieve the
pressure on cultivated land imposed by traditional urban and industrial development paths.
A comprehensive exploration of the coupling and coordination relationship among the three
and their influencing mechanisms can provide a scientific basis for exploring a coordinated
development path that promotes industrial transformation, high-quality urbanization, and
cultivated land protection. Compared with the existing research, the analytical framework
of this study can provide a new perspective: look at the relationship among urban devel-
opment, industrial development, and cultivated land from the perspective of man-land
relationship theory, and re-examine the long-standing traditional view that urban and
industrial development imposes stress on cultivated land, and shift from passive protection
of cultivated land to the active pursuit of coordinated progress among urban development,
industrial development, and cultivated land. The core issue of this study is whether new
urbanization, new industrialization, and cultivated land protection have achieved coupled
and coordinated development, and what factors have influenced this.

To address this issue, on the basis of clarifying the coupling and coordination mecha-
nism of new industrialization, new urbanization, and cultivated land protection, and taking
into account the emergence stage of new industrialization and new urbanization strategies,
this study selected 2010-2023 as the research period, used statistical data from 31 provinces
of China, and measured the development levels of new industrialization, new urbanization,
and cultivated land protection, as well as the coupling coordination degree among the three.
On this basis, this study classified the coupling coordination types, analyzed the coupling
coordination characteristics across different regions, and further applied spatial correlation
analysis and a panel Tobit model to explore the correlation between coupling coordination
degree and natural, economic, social, government, technology, and other factors. This will
improve the scientific understanding of the dynamic interactions among new industrial-
ization, new urbanization, and cultivated land protection, and provide decision-making
support and theoretical reference for formulating policies related to their coordinated de-
velopment in China, as well as for comprehensive rural revitalization and urban-rural
integrated development.

2. Theoretical Explanation of Coupling and Coordination Mechanism

2.1. Influence Mechanism of New Industrialization on New Urbanization and Cultivated
Land Protection

Through the optimization of industrial structure, job creation, intensive land use, and
industry supporting agriculture, new industrialization drives urban and rural economic
development and improves the quality of new urbanization and cultivated land protection
(Figure 1). The development of new industrialization creates employment opportunities
and attracts people to cities, helping to address the current lag in population urbanization
in some areas. It also alleviates the human-land contradiction in rural areas and creates
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conditions for moderate-scale cultivated land management, agricultural modernization,
and the reclamation of rural construction land [48]. The model of moderate enterprise
aggregation in urban industrial parks can save land, improve the level of intensive land use,
promote the protection of cultivated land, and enhance the scale and economic benefits
of urban economic development [49]. The optimization of industrial structure and the
development of green, low-carbon, and environmentally friendly industries can improve
urban environmental quality and reduce environmental pollution [50], thereby lowering
cultivated land pollution, safeguarding cultivated land quality and ecological functions, and
enhancing the quality of urbanization development as well as the levels of cultivated land
quality protection and ecological protection. As new industrialization deepens, it brings
increased funding and technological progress. Through industry feeding back agriculture,
it drives the reclamation of reserve land resources and wasteland, the transformation of
medium-yield and low-yield fields, and the promotion and application of new agricultural
technologies, thereby improving the protection of cultivated land quantity and quality,
increasing food production capacity, and promoting urbanization development. However,
during industrial development, spatial occupation, ecological stress, and factor constraints
restrict cultivated land protection and affect the ecology of cultivated land. Labor loss and
insufficient infrastructure construction restrict the efficiency of cultivated land utilization,
resulting in a reduction in the rigid amount of cultivated land and hidden loss of cultivated
land. Excessively rapid industrialization can easily lead to a lag in population urbanization
and affect the quality of urbanization [24].
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Figure 1. Coupling and coordinated development mechanism of new industrialization, new urban-
ization, and cultivated land protection.

2.2. Influence Mechanism of New Urbanization on New Industrialization and Cultivated
Land Protection

New urbanization affects cultivated land protection and new industrialization through
population, economic, social, land, and space urbanization. In the process of population
urbanization, the transfer of rural surplus labor to urban areas can alleviate the scarcity
constraints of cultivated land, facilitate the internal excavation of cultivated land, improve
the level of intensive land use and the quality of cultivated land, reduce the pressure on

https://doi.org/10.3390/1and15112073


https://doi.org/10.3390/land15112073

Land 2026, 15, 2073

6 0f 33

cultivated land protection, and also provide corresponding labor force for the development
of new industrialization [51,52]. Under economic urbanization, capital, technology, and
other factors spread to rural areas, causing changes in the input factor structure of culti-
vated land utilization, enhancing cultivated land utilization functions, and promoting the
quality and ecological protection of cultivated land. The transformation of factor inputs
also provides opportunities for optimizing the industrial structure and promoting the green
development of new industrialization [37]. In the process of social urbanization, urban
supporting infrastructure and public services have been improved to meet the demand for
supporting services, such as water, electricity, and communications required for industrial-
ization. The upgrading of consumption patterns and concepts, along with changes in the
employment structure, have led to shifts in production methods, lifestyles, and land use
behaviors, driving the green transformation of agriculture. Under land urbanization, land
factors are marketized, spatial layout is optimized, and allocation efficiency is improved,
thereby promoting industrial agglomeration and the scale effect of intensive land use while
relieving the pressure on cultivated land occupation. The development of spatial urbaniza-
tion, along with the excavation of existing urban land and the revitalization of inefficient
land, can reduce the occupation of cultivated land by non-agricultural construction, im-
prove the quantity and form of cultivated land, and ease the pressure on its quantitative
protection, while also promoting more efficient use of land for new industrialization and
green, low-carbon development [53]. However, the rapid transfer of the rural population,
the reduction of the agricultural labor force, insufficient agricultural mechanization, and
diminishing marginal returns of land can also easily lead to the abandonment of cultivated
land [10,54]. At the same time, the demand for urban construction land has increased,
while land supply is constrained by the rigid limits of cultivated land protection red lines
and ecological space control, resulting in a contradiction between the total available land
and the demand for urban development [55]. Affected by the household registration system
and cultural attachment to land, population outflow and the expansion of urban and rural
construction land have brought new challenges to cultivated land protection.

2.3. Influence Mechanism of Cultivated Land Protection on New Industrialization and
New Urbanization

The current cultivated land protection follows a “trinity” approach that safeguards
the quantity, quality, and ecology of cultivated land, reflecting a harmonious coexistence
between humans and nature. Cultivated land protection provides the foundation and con-
ditions for the development of new industrialization and new urbanization by safeguarding
cultivated land quantity, reshaping the spatial pattern of cultivated land, and improving
the functions of cultivated land. In terms of cultivated land quantity protection, the imple-
mentation of policies and measures, such as the cultivated land requisition—-compensation
balance, the dynamic balance of total cultivated land, cultivated land protection red lines,
and land reclamation, ensures the amount of cultivated land, thereby providing guarantees
of low-cost raw materials, sufficient agricultural and sideline products, and food supply for
the development of new industrialization and new urbanization [16]. At the same time,
the substitution of capital, technology, and other factors for labor in large-scale agricul-
tural operations further provides a demographic dividend for the development of new
urbanization and industrialization. Economic and intensive land use, land use control,
higher compensation standards for land expropriation, paid usage fees for newly added
construction land, and land consolidation addressing cultivated land fragmentation are
reshaping the spatial utilization pattern of cultivated land. These measures can limit the
disorderly expansion of cities, facilitate the revitalization of existing land, force industrial
upgrading, improve the quality of urban development, and drive improvements in the
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quality of new industrialization and new urbanization [56,57]. The quality and ecological
protection of cultivated land will expand and improve the functions of cultivated land,
provide conditions for the development of new forms of business, such as entertainment,
recreation, and agricultural experience in new urbanization and new industrialization, and
promote the integrated development of urban and rural industries.

3. Materials and Methods
3.1. Data Source and Preprocessing

This study selected 31 provinces in China from 2010 to 2023 as samples. Considering
the unavailability of data, the Taiwan Province of China, HKSAR, and Macao SAR were
not included in the scope of this study [58]. The boundary vector data of provincial
administrative divisions in China come from the resource and environment science data
platform of China Academy of Sciences (https://www.resdc.cn). The topographic relief
index is based on DEM data and extracted by ArcGIS10.8. The specific datasets and their
respective sources are detailed in Table 1.

Table 1. Descriptions of data.

Category Data Year Data Type Data Resource
Chinese Academy of
Sciences Resource and
Digital elevation model (DEM) 2010-2023 Raster:30 Environmental Science
Natural. Data Platform
geographic (https://www.resdc.cn)
data
Average annual precipitation; Average annual China Meteorolf)gi.cal
temperature; Per capita water resources 2010-2023 text Yearbook; Provincial
’ Statistical Yearbooks
Added value of secondary and tertiary industries;
GDP; Fixed asset investment; Per capita
disposable income of rural residents; Registered
population density; Road density;
Agriculture-related expenditure; Fiscal
expenditure; Technology-intensive enterprise China Statistical Yearbook;
output value; Manufacturing output value; R&D China City Statistical
expenditure of industrial enterprises above Yearbook; China
Socioeconomic designated size; Industrial output value; Total Agricultural Yearbook;
data industrial profits above designated size; Number 2010-2023 text China City Construction
of industrial employees; Energy consumption; Statistical Yearbook; China
Added value of information transmission Industrial Statistics
software and information technology services; Yearbook; Provincial
Full-time equivalent of R&D personnel in Statistical Yearbooks
industrial enterprises above designated size;
Gross industrial production; Urban population;
Total population; Per capita food consumption
expenditure of urban residents; Consumption
expenditure of urban residents
Soil erosion control area; Total power of
agricultural machinery; Total industrial land area; China Rural Statistical
Green coverage area of the built-up area; Urban Yearbook; China
Land use data  built-up areas; Cultivated land area; Agricultural 2010-2023 text Agricultural Yearbook;
land area; Grain output; Grain sown area; China Natural Resources
Consumption of chemical fertilizers and Statistical Yearbook

pesticides

Multi-source data were merged into panel data using province and year as key fields.
Missing values for indicators related to the proportion of technology-intensive industries and
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energy consumption per unit of GDP were filled using linear interpolation. All monetary
variables in Table 1 are constant-price values. All monetary value indicators were converted
to constant prices using the corresponding price index with 2010 as the base year. GDP
indicators were deflated using a chain recursive method through the GDP index. Per capita
GDP was calculated by dividing the deflated GDP by the average annual resident population.
The industrial output value was calculated using the Producer Price Index (PPI) based on
the methods of Zhihua Jiang [59]. Due to the difficulty in obtaining provincial industrial cost
breakdown data, the methods of Chunyan Yang and Chuanwang Sun were referenced to
reduce the total profit of provincial-level industrial enterprises above designated size using
the PPI of each province [60,61]. Fixed asset investment was deflated using the fixed asset
investment price index. Since the fixed asset investment price index for each province after
2020 is not publicly available, the methods of Wu Ge and An Qi were used to replace the fixed
asset investment price index for 2020 and subsequent years with the average of the previous
five years [62,63]. Rural per capita disposable income was flattened to constant price using
the rural residents’ consumption index. Based on the positive and negative attributes of the
indicators, range standardization was used to eliminate dimensional differences.

3.2. Method
3.2.1. Construction of Evaluation Index System

Referring to previous studies and combining with the actual development of China,
we constructed an evaluation index system of the ZCG (Z refers to new industrialization, C
refers to new urbanization, and G refers to cultivated land protection) system (Table 2),
which includes a subsystem layer, factor layer, and index layer and was used to comprehen-
sively evaluate these three subsystems.

Table 2. ZCG system index system.

System Layer Criterion Layer Indicator Layer Indicator Calculation Impact
Structure of industry Proportlpn of . Technology-intensive egterprlse
technology-intensive output value/manufacturing output +
(21) . . o
industries (%) value
Technological R&D investment intensity of R&D exPendlture of 1r}dustr1a1
. . . ) . S enterprises above designated +
innovation (Z2) industrial enterprises (%) . . .
size/total industrial output value
Economic benefits Per capita industrial profit .Total md.ustrlal profits z?bove )
designated size/number of industrial +
(Z3) (10,000 yuan/person)
employees
New Enerev environment Energy consumption per unit
industrialization 8y GDP (t standard Energy consumption/GDP -
(Z4)
(Z) coal/10,000 yuan)
PI:OpOI‘thI‘l. of added Yal}le of Added value of information
. information transmission, ..
Information and . . transmission, software, and
L, software, and information . ) . +
digital (Z5) . information technology services/total
technology services to total . )
. . o industrial output value
industrial output value (%)
. Equivalent of R&D Personnel Full—tlmg gqulvah.ent of R&D.
Human capital (Z6) personnel in industrial enterprises +
(man-year) . .
above designated size
Economical and Average land output Gross industrial production/total +

intensive (Z7)

(100 million yuan/km?)

industrial land area
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Table 2. Cont.
System Layer Criterion Layer Indicator Layer Indicator Calculation Impact
Population Population urbanization rate . .
urbanization (C1) (%) Urban population/total population +
Economic . ;
urbanization (C2) Per capita GDP (10,000 yuan) GDP/total population +
Per capita food consumption
New urbanization  Social urbanization Engel coefficient of urban expenditure of urban _
(©) (C3) residents (%) residents/consumption expenditure of
urban residents
Ecological Green coverage rate in built-up Green coverage area of the built-up +
urbanization (C4) areas (%) area/Urban built-up areas
Spatial urbanization = Proportion of tohe built-up area Built-up area/total area +
(C5) (%)
Per capita cuéﬁza)ted land area Cultivated land area/total population +
Quantity protection :
(G1) Cultivated land quantity Current cultivated land area—Base +
change (1000 hectares) cultivated land area
Per unit la;«dhifj;?e};leld (ton Grain output/grain sown area +
. Quality protection P
Cultivated land (G2) Grain production change Current grain output—Base grain
protection (G) +

(10,000 tons)

output

Ecological protection

Fertilizer application rate per
unit area of cultivated land
(t/ha)

Application amount of agricultural
chemical fertilizer/cultivated land area

(G3)

Pesticide application rate per
unit area of cultivated land

Pesticide application

(10,000 tons) amount/cultivated land area

Based on the connotation of new industrialization, in order to systematically evaluate
the development level of new industrialization, this study evaluated it from the dimensions
of structure of industry, technological innovation, economic benefits, energy environment,
information and digital, human capital, and economical and intensive [18,21,27]. The pro-
portion of technology-intensive industries is an important index to measure the advanced
level of industrial structure, which can reflect the transformation of industrial structure.
The R&D investment intensity of industrial enterprises is regarded as the investment index
of industrial innovation, which provides technical support and innovation power for in-
dustrial development and promotes industrial upgrading. The per capita industrial profit
is an important index reflecting the industrial economic benefits. Energy consumption
per unit GDP is an important index to measure energy utilization efficiency, which can
reflect the environmental protection of industrial production. The proportion of added
value of information transmission, software, and information technology service to the
total industrial output value is an important indicator to measure the level of industrial
informatization, reflecting the level of industrial informatization and digitization. Scientific
and technological research and development personnel are an important human resource
for industrial innovation and development. The full-time equivalent of R&D personnel
in industrial enterprises above designated size is an important indicator for measuring
industrial human capital. Average land output is an important indicator for measuring the
efficiency of industrial land use, and it can reflect the level of conservation and intensive
use of industrial land.
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Based on the connotation of China’s new urbanization, in order to systematically
evaluate the level of new urbanization, this study explored five typical forms of urbanization,
including population urbanization, economic urbanization, social urbanization, ecological
urbanization, and spatial urbanization [25-28]. The population urbanization rate is the
quality measure of population urbanization. Per capita GDP is an important indicator
to measure the level of regional economic development and an important indicator of
economic urbanization. The Engel coefficient of urban residents is an important indicator
for measuring the quality of life of urban residents, which can reflect the level of social
urbanization. The proportion of built-up area reflects the scale of urban space. The green
coverage rate in built-up areas reflects the level of urban ecological environment. It is the
main evaluation index of ecological urbanization.

The trinity of cultivated land protection emphasizes the protection of cultivated land
quantity, quality, and ecology. The important task is to ensure the quantity and scale of
cultivated land, ensure the stability of the overall quality of cultivated land, prevent the
pollution of cultivated land, and improve the ecological function of cultivated land. Based
on this, this study evaluated the level of cultivated land protection from the three dimensions
of cultivated land quantity, quality, and ecology [29,30,32,38]. The per capita cultivated
land area and the change of cultivated land quantity are important indicators to measure
the scale and change of cultivated land. The per unit land grain yield and grain production
change are important indicators to measure the grain production capacity of cultivated
land and its change, and the quality of cultivated land. The meaning of cultivated land
ecological protection includes the prevention and control of cultivated land pollution and
other issues to enhance the protection of ecological functions. The unreasonable use of
chemical fertilizers and pesticides is an important cause of cultivated land pollution. The
two indicators of fertilizer application rate per unit area of cultivated land and pesticide
application rate per unit area of cultivated land were selected to measure the ecological
protection of cultivated land.

3.2.2. Selection of Influencing Factors

The coordinated development of new industrialization, new urbanization, and culti-
vated land protection is influenced by natural, economic, social, government, and techno-
logical factors [42,47,51,64]. Based on the existing research results [51], this study selects
12 influencing factors from natural, economic, social, government, and technological aspects
according to the availability of data to explore the influencing factors of coupling and coor-
dination of the three, as shown in Table 3. Natural factors and economic and environmental
conditions are the basis for the coordinated development of the three. Topography is an
important natural factor affecting industrial, urban site selection, and agricultural zoning.
Climatic conditions, such as average annual precipitation, average annual temperature,
and per capita water resources, are important natural factors affecting industrial produc-
tion, urban life, and cultivated land agricultural production. The proportion of the added
value of the secondary and tertiary industries in GDP is an important indicator to measure
the regional industrial structure, and it is also an important indicator affecting industrial
economic development, urban employment, and agricultural economy. The amount of
fixed assets investment is an important indicator reflecting the input of economic and social
factors, and provides important financial support for industrial, urban, and agricultural
development. The per capita disposable income of rural residents is an important indicator
to measure the income level of rural residents, which can reflect the rural income situation.
Farmers’ income is the main factor affecting farmers’ willingness to protect cultivated land.
Social factors affect the stability of the supporting system. Registered population density is
an important index to measure the distribution of population, and population quantity is an
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important factor affecting the protection of cultivated land, the development of cities, and
industries. Road density is an important indicator to measure the level of infrastructure,
which can reflect the traffic accessibility. Traffic accessibility is an important indicator that
affects the flow of urban and rural factors and industrial development. Government factor
is an important factor to ensure the stability and coordination of the system. The proportion
of agriculture-related expenditure to total fiscal expenditure is an important indicator to
measure the government’s support for agricultural development, which has an important
impact on the protection of cultivated land. The progress and development of technology
provide a technical driving force for industrial innovation and development, high-quality
urban development, and high-efficiency protection of cultivated land. The area of soil ero-
sion control is an important index to measure the ecological management of cultivated land,
which can reflect the status of agricultural ecological management and affect the ecological
protection of cultivated land. The total power of agricultural machinery is an important
technology to measure the application of agricultural science and technology. The use
of modern high-tech agricultural machinery is an important factor affecting agricultural
production, cultivated land quality protection, and industrial development [10].

Table 3. Influencing factors for coupling coordination.

System Layer

System Layer Indicator Layer

Natural factors

Topography Topographic undulation

Average annual precipitation

Climatic conditions Average annual temperature

Per capita water resources

Economic factors

Proportion of added value of secondary and

E ic struct . . .
conomic structure tertiary industries to GDP

Investment in fixed assets The amount of fixed asset investment
Rural income level Per capita disposable income of rural residents
Population situation Registered population density
Social factors
Infrastructure construction Road density
Government factors Financial mvestment in supporting Proportion of agriQulture—relat§d expenditure
agriculture to total fiscal expenditure
Agricultural ecological management Soil erosion control area

Technical factors

Agricultural science technology

applications Total power of agricultural machinery

3.2.3. Index Measurement Model

The evaluation indexes of the three subsystems—mnew industrialization, new urbaniza-
tion, and cultivated land protection—are represented by Zit, Cit, and Git, respectively. The
index weight is determined using the CRITIC weighting method [58]. The range method is
used for data standardization. The calculation formula is as follows:

1. Index standardization:

4

. max(Z,;) —min(Z,;) (1)
gt _— max(Zyi) =Zyit -) ’
max(znit)_min<znit)

{ — Zrlit_mm<znit) (+)

2. Index standard deviation calculation:

=y L) @

https://doi.org/10.3390/1and15112073


https://doi.org/10.3390/land15112073

Land 2026, 15, 2073

12 of 33

3. Correlation coefficient calculation:

R; = cos(zg.,z;, )/(E, E)). (3)

4. Index information calculation:
S=E.,(1-Ry) (4)
5. Objective weight calculation:
W, =S, /Z:’:1 ;. (5)
6. New industrialization evaluates index computation:
Zy = Z].n:l Z;lit'wj' (6)

C;; and G;; can be obtained in the same way.

In Formulas (1)—(6), i represents the region, t represents the year, Z ; is the nth
indicator value of new industrialization in t year in region i, and Z ;" is the standardization
of Z,;;,. Because the three subsystems need to evaluate the score separately, the index weight
is calculated for each subsystem separately, and the index weight is calculated based on the
observed values of the index across all province-years.

3.2.4. Coupling Coordination Model

A coupling coordination degree measurement model of new industrialization, new ur-
banization, and cultivated land protection is constructed. The specific formula is as follows:

ZyCitGy 1
R= [ﬁ} )
T = (YZl't + 8Cit + SGZ‘[, (8)

D = JRT. 9)

In Formulas (7)—(9), i represents the region and t represents the year, R is the coupling
degree, D is the coupling coordination degree, T is the comprehensive index, and v, 3,
and ¢ are the weights of each subsystem. Cultivated land is an important material carrier.
Cultivated land protection builds a solid resource base and provides various guarantees
for industrial production, social life, and ecological benefits [58]. New industrialization
provides development momentum and is an important driving force for new urbanization
and agricultural modernization [64]. New urbanization reshapes the spatial pattern and
promotes the development of new industrialization and cultivated land protection. Related
research also found that cultivated land protection and new urbanization have the same
important role in economic and social development [16,28,65]. New industrialization and
cultivated land protection are equally important for industrial development and economic
growth [66]. New urbanization is as important to the development of national economy as
new industrialization [27,67,68]. Therefore, this study holds that the three subsystems have
the same criticality and importance and contribute equally to the coordinated development
of the system, so vy = & = ¢ = 1/3. Referring to the existing research on the classification
of the reference coupling coordination degree [27,69-71], this study divided the coupling
coordination level, coordination degree, and coordination type, as shown in Table 4.
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Table 4. Evaluation criteria of coupling coordination degree grade.
Coupling Coordination = Coordination s
Degree Level Coordination Type Stage Interval Stage
[0,0.09] X Extreme imbalance
(0.09, 0.19] IX Severe imbalance Imbalance
(0.19, 0.29] VIII Moderate imbalance 0=D=<039 recession
(0.29,0.39] VII Mild imbalance
(0.39, 0.49] VI Approaching imbalance o
(0.49, 0.59] A% Barely coordination 039<D <059 Transitional
(0.59, 0.69] v Primary coordination
(0.69, 0.79] It Intermediate coordination 059 <D <1 Coordinated
(0.79, 0.89] I Good coordination ’ - enhancement
(0.89,1.00] I High-quality coordination

3.2.5. Spatial Correlation Model

Moran’s I and local Moran’s I index were used to analyze the global spatial correlation
and local agglomeration degree of coupling coordination across regions. The gravity model
was used to analyze the intensity of interactions between different regions and reveal the
connection characteristics of the spatial evolution of coupling coordination degrees. The
formulas for the global Moran’s I and local Moran’s I index are as follows:

Y.y Ly W(D;=D)(D; = D)
n n n — 27
(Zizl Z]‘:1 wz’j)zl'zl (Di - D)

Global Moran’s 1 = (10)

(D; — 5>27=1 w;(D; — D)

Z:'l:l (Dz - 5)2

In Formulas (10) and (11), n is the number of provinces, D; and D; are the coupling

Local Moran’s I =

(11)

coordination degree values of region i and region j, respectively, D is the mean value of
coupling coordination degree, and wy is the element of the geographical adjacency spatial
weight matrix, which represents the degree of spatial correlation of units i and j.

Due to the influence of spatial spillover and superposition of factors, such as indus-
try, population, and resources, there is a spatial relationship between the coupling and
coordination of new urbanization, new industrialization, and cultivated land protection.
Cross-regional gradient transfer of industry and industrial chain division of labor drive the
coordinated development of the three systems. Cross-regional population flow affects the
process of regional urbanization and industrialization and the change of cultivated land use.
The main producing areas and the main selling areas promote the cross-regional linkage of
cultivated land protection through grain circulation and cultivated land compensation. The
expression of gravity model is expressed as [72]:

7

(12)

In Equation (12), Uj represents the spatial connection strength between regions i
and j; the larger the value, the stronger the connection. D; and D; represent the coupling
coordination degree, T; represents the spherical distance (km) between the government
seats of province (city) i and province (city) j, calculated using ArcGIS based on the
latitude and longitude of the administrative centers of each location. The latitude and
longitude of each government seat were obtained through Baidu’s coordinate picking
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system (https://Ibs.baidu.com/maptool/getpoint (accessed on 10 September 2026)). K
represents the gravitational constant, and the value is usually 1.

Spatial weight matrix data: In this study, a geographical adjacency weight matrix
was used to characterize the spatial association structure of China’s provincial units. The
spatial adjacency matrix based on the Rook adjacency rule was constructed for 31 provincial-
level administrative regions in China. Whether the provincial administrative regions are
contiguous or not is taken as the critical criterion. If there is a common land boundary
between provinces, the spatial weight is assigned to 1, and if there is no common land
boundary, the spatial weight is assigned to 0. Hainan Province, as an independent island
unit, has no land-neighboring provinces. Following the definition of geographical adjacency,
all the row and column elements of the weight matrix corresponding to Hainan Province
were uniformly assigned to 0. All spatial weight matrices undergo row standardization to
eliminate dimensional differences and ensure the interpretability of the weight coefficients.

3.2.6. Panel Tobit Model

The coupling coordination degree is calculated by the system coupling model, and
the value is strictly limited in the range of [0, 1], which belongs to the typical two-sided
restricted merged data, and fully conforms to the applicable premise of the Tobit model with
limited dependent variables. If OLS is directly used to estimate the restricted dependent
variable, the disturbance term will be related to the explanatory variable due to the data
merging characteristics, resulting in biased and inconsistent parameter estimation [73]. The
Tobit model can effectively correct the merging deviation and obtain consistent estimation
results by constructing the latent variable equation and using both boundary and non-
boundary sample information based on maximum likelihood estimation [74,75]. The model
constructed in this study is as follows:

Yi = ay + Xy +u; + 7 + €4 (13)

In Formula (13), Y;, represents the coupling coordination degree of new industri-
alization, new urbanization, and cultivated land protection, X;; represents explanatory
variables, u; represents individual effects, and ¢; represents random interference terms,
where i represents provinces and t represents years.

4. Results
4.1. Spatiotemporal Evolution of the Development Level of the ZCG System

Using ArcGIS 10.8 combined with the natural breaks (Jenks) classification method, the
development level indices of new industrialization, new urbanization, and cultivated land
protection in 31 provincial-level regions of China were divided into 4 categories: high level,
relatively high level, relatively low level, and low level. Taking 2010, 2015, 2020, and 2023 as
research cross-sections, this study calculated the development levels of the three systems
and generated four maps illustrating their changes across the study area (Figures 2—4).
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Figure 2. Spatial pattern of new industrialization.
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Figure 3. Spatial pattern of new urbanization.
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Figure 4. Spatial pattern of cultivated land protection index.

4.1.1. Spatiotemporal Evolution of New Industrialization

From 2010 to 2023, the overall level of new industrialization showed an obvious up-
ward trend, and the industrialization process in various regions showed a diversified trend
(Figure 2). Ningxia, Guizhou, Qinghai, and Inner Mongolia are able to rise from a low
level to a relatively low level, thanks to the support of the national policy of developing
the western region, the improvement of infrastructure, and the development and utiliza-
tion of resources. Hunan, Sichuan, Hebei, Yunan, Shaanxi, Shanxi, Shandong, Hubei,
Anhui, Henan, and Jiangxi had progressed from low level, relatively low level, to relatively
high level, respectively. The interpretation is that these provinces continue to promote
the development of new industrialization through industrial restructuring, technological
innovation, and investment attraction. Fujian, Zhejiang, and Chongqing had progressed
from a relatively low level to a high level, and Beijing, Shanghai, Jiangsu, and Guangdong
had progressed from a relatively high level to a high level. They have been continuously
optimizing and upgrading in the field of industrialization and are at the forefront of the
country in high-end manufacturing, technological innovation, and intelligent manufactur-
ing. In 2023, the high-level areas of new industrialization were concentrated in the eastern
coast. The interpretation is that it is closely related to the superior geographical location,
open economic environment, developed transportation, and communication networks and
rich human resources. Relatively high-level areas are mainly distributed in the central and
western parts of the country, benefiting from the success of these areas in undertaking
industrial transfers and developing characteristic industries. Low-level areas are located
in the northeast and west, constrained by factors such as geographical location, economic
base, market size, and population outflow.

4.1.2. Spatiotemporal Evolution of New Urbanization

From 2010 to 2023, the level of new urbanization in various regions had improved
significantly (Figure 3). The new urbanization in the eastern coastal areas is obviously
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higher than that in the inland areas, while the speed of new urbanization in the inland
areas is obviously improved. Jilin, Hebei, Chongqing, Shanxi, Heilongjiang, Ningxia, and
Hainan had developed from relatively low level to relatively high level, while Liaoning,
Shandong, Inner Mongolia, Fujian, Jiangsu, Guangdong, and Zhejiang had developed
from relatively low level and relatively high level to high level, respectively. In 2023, the
number of high-level urbanization areas increased significantly, concentrated in the eastern
coastal areas, and relatively high level concentrated in the central region, and relatively low
level concentrated in the western. The interpretation is that the eastern coastal area has a
relatively high level of new urbanization due to its advantages such as a good economic
foundation, convenient transportation, and more employment opportunities. In recent years,
the rate of urbanization in inland areas has gradually increased through measures such as
increasing investment, promoting industrial upgrading, and strengthening infrastructure
construction. China continues to promote the new urbanization strategy, improve the
quality of urbanization, and strengthen the sustainable development capabilities of cities.
Urbanization places greater emphasis on improving urban quality, optimizing functions,
and innovating governance.

4.1.3. Spatiotemporal Evolution of Cultivated Land Protection

From 2010 to 2023, the level of cultivated land protection in most regions had shown
an overall fluctuating upward trend (Figure 4). The level of cultivated land protection
in the central and western regions and north of China had increased significantly, while
the level of cultivated land protection in the coastal areas of the southwest and south
of China was relatively low. In 2023, the areas with high and relatively high levels of
cultivated land protection were mainly concentrated in the northeast, north, and west of
China. Hebei, Anhui, Gansu, Tianjin, Hunan, Sichuan, Jiangxi, Shanxi, Yunnan, and Hubei
had progressed from a relatively low level to a relatively high level, while Inner Mongolia,
Liaoning, Xizang, and Shanghai had progressed from a relatively high level to a high
level. The level of cultivated land protection has been significantly improved, thanks to the
effective implementation of relevant local policies, reasonable planning of land resources,
and emphasis on farmland protection. The level of cultivated land protection in most areas
is at a relatively low or relatively high level. The interpretation is that this is caused by the
pressure of intensive regional economic activities, large occupation of cultivated land by
industry and urban expansion, and unreasonable agricultural production methods. The
level of cultivated land protection has declined in some areas. Henan had dropped from
a relatively high level to a relatively low level. The interpretation is that this is related to
factors such as regional economic development, accelerated urbanization, increased land
demand due to population agglomeration, and unreasonable land use methods. In order
to ensure national food security and ecological balance, it is necessary to strengthen the
protection and management of cultivated land, formulate and strictly implement scientific
and reasonable land use policies, improve land use efficiency, and effectively raise the level
of cultivated land protection.

4.2. Spatiotemporal Evolution of Coupling Coordination Degree
4.2.1. Time Series Evolution

The coupling coordination degree model was used to calculate the coupling coordina-
tion degree of new industrialization, new urbanization, and cultivated land protection in
31 provinces from 2010 to 2023 (Figure 5). Figure 5 shows that the coupling coordination
degree in each region exhibited a benign development trend of fluctuating increase. From
2010 to 2023, the average coupling coordination degree across the country increased from
0.529 to 0.644. Except for Heilongjiang and Guangxi, the coupling coordination degree
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in other regions increased slightly. The degree of coupling and coordination had shown
a clear upward trend. Coupling and coordination in Xizang, Guizhou, Yunnan, Gansu,
Ningxia, Sichuan, Shanxi, Xinjiang, Fujian, Hunan, Jiangxi, Anhui, Hubei, Zhejiang, and
Jiangsu had increased significantly, from 0.296, 0.434, 0.448, 0.448, 0.491, 0.495, 0.496, 0.501,
0.508, 0.513, 0.516, 0.523, 0.527, 0.564, and 0.612 to 0.569, 0.596, 0.621, 0.568, 0.609, 0.636,
0.630, 0.618, 0.635, 0.650, 0.640, 0.642, 0.649, 0.692, and 0.735, respectively. The growth
rates were all higher than the national average. The interpretation is that the socialist
market economy system is constantly improving, and economic development is gradually
transitioning toward high-quality growth. Industrialization has gone through the stage
of accelerated development and post-industrialization, with resource- and labor-intensive
industries gradually shifting toward technology- and knowledge-intensive industries. The
level of urbanization has also improved significantly, transitioning toward high-quality
urbanization. By adjusting policies, reforming land systems, and strengthening land use
control, the government has implemented strict cultivated land protection policies, such as
the cultivated land requisition—compensation balance, the construction of high-standard
farmland, the prevention of non-grain conversion of cultivated land, and cultivated land use
control, so as to protect cultivated land resources while promoting economic development.

= 2010 2015 2020 =202

| L L L .I L

Figure 5. Time trend of coupling coordination degree of new industrialization, new urbanization,
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and cultivated land protection.

4.2.2. Spatial Evolution

Based on ArcGIS10.8, the spatial pattern of coupling coordination degree in each
region from 2010 to 2023 was drawn (Figure 6). The coupling coordination degree showed
an obvious upward trend, and there was obvious spatial heterogeneity in the coupling
coordination degree of each province. The coupling coordination types are predominantly
primary coordination, followed by intermediate coordination, exhibiting a “northeast—
southwest” spatial pattern. The overall coordination level of each province has evolved
toward a higher level of coordination, but the overall coupling coordination level is not high.
In 2023, Shanghai was the only area at the good coordination level, and Beijing, Jiangsu,
Zhejiang, and Tianjin were the only areas at the intermediate coordination level, while
21 provinces were at the primary coordination level. Gansu, Guangxi, Qinghai, Hainan, and
Xizang were at the barely coordination level. Most regions were at the primary coordination
level. There remains significant room for improving the level of coupling coordination.
The spatial development of coupling coordination degree is uneven, with obvious regional
differences. In the future, the development of coupling coordination will enter a period
of transformation and adjustment, requiring a shift from single-system improvement to
interactive coupling and coordination with cross-influence.
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Figure 6. Spatial pattern of coupling coordination degree.

4.2.3. The Evolution of Coupling Coordination Types

Using the research methods of Jie Liu and Qingfang Liu [76,77] for reference, the
average evaluation index of each subsystem of the ZCG system was calculated, which rep-
resented the overall development level of the system. Then, the three subsystem evaluation
indexes in each region were compared with the average of the three subsystems to delineate
the coupling coordination type [78]. The coupling coordination degree types were divided
into eight types (Table 5).

Table 5. Development types and criteria of coupling coordination degree of the ZCG system.

e e Visualiza-
System Classification Criterion Type tion Symbol
Synchronous
development of the XZ > XZ,XC > XC, XG > XG ZCG-priority type GGG
ternary system
XZ < XZ,XC > XC, XG > XG Industrialization-lag type DGG
Single-system lag XZ >XZ, XC < XC, XG > XG Urbanization-lag type GDG
XZ > XZ, XC > XC, XG < XG Cultivated-land-protection-lag type GGD
XZ < XZ, XC < XC, XG > XG Industrialization—urbanization-lag type DDG
Dual-system lag XZ < XZ,XC > XC,XG < XG Industrialization—cultivated-land-protection-lag type DGD
XZ = XZ,XC < XC, XG < XG Urbanization—cultivated-land-protection-lag type GDD
Synchronous lag of the - 57 o -Xc xG <XG ZCG-lag type DDD

three systems

XZ, XC, and XG are, respectively, the average values of the new industrialization index, the new
urbanization index, and the cultivated land protection index.

From 2010 to 2023, the coupling coordination type of the ZCG system in each province

had changed greatly, mainly changing from the synchronous lag of the three systems (DDD)
to the dual-system lag and single-system lag, such as the industrialization—urbanization-lag
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Coupling Coordination Type

type (DDG), urbanization—cultivated-land-protection-lag type (GDD), and cultivated-land-
protection-lag type (GGD; Figure 7). The provinces where the coupling coordination level
had improved and the subsystem lag type had changed were Tianjin (III-GGG), Jilin (IV-
DDG), Jiangxi (IV-GDD), Henan (IV-GDD), Hunan (IV-GDD), Chongqing (IV-GDD),
Sichuan (IV-GDD), Yunnan (IV-GDD), and Gansu (V-DDG). Except for Tianjin, which
is the ZCG-priority type (GGG), and Jilin and Gansu, which are the industrialization—
urbanization-lag type (DDG), the coupling coordination types of the above provinces
are GDD. It indicates that although the coupling coordination grade has improved, the
cultivated land protection subsystem lags behind, with heterogeneity in both the coupling
coordination level and the degree of subsystem development.

2010 2015 2020 2023

Figure 7. Classification of coupling coordination types of new industrialization, new urbanization,
and cultivated land protection from 2010 to 2023.

4.3. Spatial Correlation of Coupling Coordination Degree
4.3.1. Global Spatial Correlation Analysis

The global Moran’s I index of the coupling coordination degree of new industrialization,
new urbanization, and cultivated land protection was calculated using Stata 17.0 to test its
spatial correlation. Table 6 shows that the Moran’s I index is all positive in 2010, 2015, and
2023, p < 0.01 and Z > 2.58, indicating that there is a significant positive spatial correlation
in the coupling coordination degree of the ZCG system between regions. The coupling
coordination degree exhibits a “high-high agglomeration, low—-low agglomeration” pattern
in geographical space (Figure 8). During the four-year periods, the Moran’s I index first
increased and then decreased. It indicates that the positive spatial autocorrelation among
provincial regions initially strengthened and then weakened, and the spatial correlation
effect of coupling coordination degree experienced a process of first strengthening and then
weakening in the four-year periods.

Table 6. Global Moran’s I index results.

Year Moran’s I E(I) sd(I) Z Value p-Value 95%CI

2010 0.439 —-0.033 0.110 4.273 0 [0.2234, 0.6546 ]
2015 0.458 —-0.033 0.115 4.274 0 [0.2326, 0.6834]
2020 0.450 —-0.033 0.113 4.257 0 [0.2285, 0.6715]
2023 0.433 —0.033 0.113 4.142 0 [0.2115, 0.6545]

https://doi.org/10.3390/1and15112073


https://doi.org/10.3390/land15112073

Land 2026, 15,2073 21 0f33
(a) 2010 [~ J A by 201
L
o 0 1000 2000 km
0 1000 2000 km _—
}’1 N
(¢) 2020 -~ A (d) 2023 '
g w7
0 1000 2000 kan 0 1000 2000 km
Local Moran I
No Data | | Not Significant  [Jll High-High Cluster | High-Low Outlier Low-High Outlier [Jll Low-Low Cluster

Figure 8. Local spatial autocorrelation aggregation map of coupling coordination degree.

4.3.2. Spatial Correlation Strength

The gravity model was introduced to measure the spatial connection strength of inter-
actions in the coupling coordination degree among 31 provinces, and ArcGIS10.8 was used
to map the changes in correlation strength of the coupling coordination degree (Figure 9),
showing the radiation capabilities and acceptance levels of each province. The spatial
connection intensity among regions exhibited an agglomeration pattern of “eastern—central
prominence, western—northeast collapse”, and the radiation ability gradually decreased with
increasing geographical distance. The gravitational intensity was high in North China and
parts of the middle and lower reaches of the Yangtze River. Among them, the interregional
linkages of Beijing-Tianjin-Shandong-Hebei-Shanxi, Shanghai-Jiangsu—Anhui-Zhejiang,
Jiangxi-Hubei-Hunan, Jilin-Heilongjiang-Liaoning, Gansu-Qinghai, and Chongqing-
Sichuan—-Guizhou had a relatively high total-volume advantage, stronger spatial direction-
ality, and closer spatial connections. In the north, the Beijing—Shanxi corridor formed the
upper axis, while in the south, the Shanghai-Hunan corridor formed the lower axis, giving
rise to a network framework radiating in a “trapezoid structure”. Due to their geographical
location and deep inland position, the western provinces have a weak foundation for indus-
trialization and urbanization, which affects the strength of their spatial connections. The
total amount of spatial connections in each province had steadily increased. In the process
of regional coordinated development, the intensity of spatial connections in the coupling
coordination degree of the ZCG system among provinces gradually increased.
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Figure 9. The change of spatial correlation strength of coupling coordination degree.

4.4. Influence Factors of Coupling Coordination Degree
4.4.1. Model Applicability Test

Taking the coupling coordination degree of each province as the explained variable
and the 12 influencing factors mentioned above as the explanatory variables, a Tobit regres-
sion model is constructed. Referring to Xinghong Zhao [79], Stata 17.0 was used for the
mixed Tobit and random effects regression analysis. Before the Tobit regression analysis, a
multicollinearity test and a likelihood ratio (LR) test were performed on the explanatory
variables. The test results showed that the variance expansion factor (VIF value) of all ex-
planatory variables was less than 10, and there was no multicollinearity among explanatory
variables. The LR test, p < 0.05, significantly rejected the original hypothesis, that there was
an individual random effect. Therefore, the random effects panel Tobit model was finally
selected for the empirical analysis. The results of the model are shown in Tables 7 and 8.

Table 7. Results of the random effects Tobit regression model.

. .. Cluster-Robust Marginal o
Explanatory Variable Coefficient SE z p Effocts 95% CI
Topographic undulation 0.003 0.023 0.120 0.908 0.003 [—0.042, 0.047]
Average annual precipitation —0.006 0.019 —-0.310 0.760 —0.006 [—0.042, 0.031]
Average annual temperature —0.070 ** 0.021 —3.390 0.001 —0.070 [-0.111, —0.029]
Per capita water resources —0.170 *** 0.023 —7.330 0.000 —0.170 [-0.215, —0.124]
Proportion of added value of
secondary and tertiary 0.092 *** 0.038 2.450 0.014 0.092 [0.018, 0.166]
industries to GDP
The amount of fixed asset 0.008 0.021 0390  0.698 0.008 [~0.033, 0.05]
investment
Per capita disposable income of 0.247 *** 0.026 9.440 0.000 0.247 [0.196, 0.299]

rural residents
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Table 7. Cont.

. . . Cluster-Robust Marginal o
Explanatory Variable Coefficient SE z p E ff%c ts 95% CI
Registered population density 0.0397 * 0.022 1.780 0.075 0.040 [—0.004, 0.083]
Road density 0.051 % 0.020 2.490 0.013 0.051 [0.011, 0.091]
Proportion of agriculture-related
expenditure to total fiscal 0.050 ** 0.023 2.190 0.029 0.050 [0.005, 0.095]
expenditure
Soil erosion control area 0.034 0.026 1.320 0.187 0.034 [—0.016, 0.084]
Total power of agricultural 0.013 0.024 0560 0574 0.013 [0.033, 0.059]
machinery
Wald chi2 (12) 828.990
Log likelihood 290.928
N 124
Prob > chi2 0.000
LR p = 0.00000026
(1) The marginal effect refers to the average marginal effect (AME), calculated based on the uncondi-
tional expectation E(y) of the coupled coordination degree of the dependent variable. (2) *, **, and
*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
Table 8. Results of the mixed effects Tobit regression model.
. . . Cluster-Robust Marginal o
Explanatory Variable Coefficient SE V4 p E ff%c ts 95% CI
Topographic undulation —0.003 0.017 —0.15 0.882 —0.003 [—0.036, 0.031]
Average annual precipitation —0.008 0.024 —-0.33 0.738 —0.008 [—0.055, 0.039]
Average annual temperature —0.096 *** 0.021 —4.67 0 —0.096 [-0.137, —0.055]
Per capita water resources —0.136 *** 0.016 —8.38 0 —-0.136 [—0.168, —0.104]
Proportion of added value of
secondary and tertiary 0.023 0.029 0.79 0.429 0.023 [—0.035, 0.082]
industries to GDP
The amount of fixed asset 0.026 0.023 1.14 0.258 0.026 [-0.019, 0.071]
investment
Per capita disposable income of 0.255 *** 0.028 8.99 0 0.255 [0.199, 0.312]
rural residents
Registered population density 0.037 0.022 1.64 0.103 0.037 [—0.008, 0.081]
Road density 0.068 *** 0.022 3.07 0.003 0.067 [0.024, 0.111]
Proportion of agriculture-related
expenditure to total fiscal 0.009 0.026 0.33 0.744 0.009 [—0.043, 0.060]
expenditure
Soil erosion control area 0.018 0.022 0.84 0.401 0.018 [—0.025, 0.061]
Total power of agricultural ~0.009 0.024 ~039 0701 ~0.009 [—0.056, 0.038]
machinery
F(12,112) 346.58
Log pseudolikelihood 279.868
N 124
Prob > chi2 0
LR p = 0.00000026

(1) The marginal effect refers to the average marginal effect (AME), calculated based on the uncondi-
tional expectation E(y) of the coupled coordination degree of the dependent variable. (2) *** indicate
statistical significance at the 1% levels.

4.4.2. Regression Results Analysis

Different factors, such as nature, economy, society, government, and technology, have
obvious differences in the influence on the coupling coordination degree of the three systems.
The regression coefficients of the proportion of added value of secondary and tertiary indus-
tries to GDP, per capita disposable income of rural residents, registered population density,
road density, and proportion of agriculture-related expenditure to total fiscal expenditure
were significantly positive. This indicates that industrial structure, income level of rural
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residents, population size, infrastructure construction, and government financial support
are conducive to the coupling and coordination of new industrialization, new urbanization,
and cultivated land protection. The optimization and transformation of industrial structure
can promote the green and low-carbon development of industries, reduce environmental
pollution, and conserve and intensively utilize land. It is conducive to improving urban
environmental quality, increasing the scale and economic benefits of urban economic devel-
opment, reducing the pressure on cultivated land quantity protection, ensuring the quality
and ecological functions of cultivated land, and forming a benign interactive pattern with
cities and cultivated land protection. To a certain extent, the improvement of income level
increases farmers’ willingness and ability to adopt green production methods and their
ability to adapt to the development of new agricultural formats driven by urbanization and
industrialization, which will help improve the function of cultivated land and the quality of
cultivated land ecological protection and promote the coordinated development of the three
systems. Population-scale agglomeration provides core development momentum for new
urbanization, promotes the improvement of the urban public service system, and enhances
the scale effect and comprehensive carrying capacity of urbanization. Moreover, an ade-
quate labor supply provides human capital support for the expansion, transformation, and
upgrading of new industrialized industries, thereby strengthening the endogenous power
of industrial development. The stable agricultural population size ensures the human input
for farmland protection and agricultural production, consolidates the demand foundation
of farmland protection, and facilitates the coordinated development. Road density is a key
variable for the optimization of regional spatial structure and the improvement of factor
flow efficiency. Improved traffic conditions can reduce the circulation costs of resource
factors in the process of industrialization and urbanization, improve the allocation efficiency
of resource factors, expand urban space, improve spatial accessibility, and promote the
improvement of urban-rural interconnectivity and the mutual flow of urban-rural fac-
tors. It is also conducive to the transportation of agricultural materials and the promotion
of agricultural technology, thereby fostering positive interaction between transportation
construction and cultivated land protection, optimizing spatial layout. The government'’s fi-
nancial support for agriculture has directly increased agricultural investment, promoted the
construction of cultivated land infrastructure, and improved the quality of high-standard
farmland, thereby effectively improving the level of cultivated land protection. Financial
support can guarantee the foundation of food security, optimize the supply structure of
land elements, improve the efficiency of agricultural production, and release the surplus
agricultural labor force. It injects the kinetic energy of population agglomeration into new
urbanization, while also providing stable labor resources for the transformation of new in-
dustrialization. In this way, it promotes the two-way adaptation of population and industry,
and advances the coordinated development of new urbanization, new industrialization,
and cultivated land protection.

The regression coefficients of average annual temperature and per capita water re-
sources were significantly negative. This indicates that in the process of rapid urbanization
and industrialization, temperature changes and water resource limitations restrict the
coordinated development of cultivated land protection, new urbanization, and new in-
dustrialization. Especially in recent years, rising temperatures have intensified regional
evaporation and drought risk. Combined with limited water resources, this has further
increased the risk of soil degradation and fertility decline in cultivated land, undermined the
dual objectives of quantity control and quality improvement, and heightened the pressure
on cultivated land protection. The continuous warming will aggravate the urban heat island
effect, raising the operation and maintenance costs of urban water supply, public cooling,
and municipal infrastructure, as well as temperature-control energy consumption and water

https://doi.org/10.3390/1and15112073


https://doi.org/10.3390/land15112073

Land 2026, 15, 2073

25 of 33

costs in industrial production. Meanwhile, urban water shortages will weaken the attractive-
ness of urban living environments and the carrying capacity of population agglomeration,
affecting the stable operation and transformation layout of the manufacturing industry.

The regression coefficients of topographic undulation, average annual precipitation, the
amount of fixed asset investment, soil erosion control area, and total power of agricultural
machinery were not significant. Topographic undulation is a long-term factor, which has a
certain influence on cultivated land fragmentation and abandonment in a short period of
time, but has a weak influence on urban and industrial development. The annual average
precipitation has indirect conductive effects on the coupling and coordination of the three.
The progress of agricultural technology and the improvement of agricultural facilities have
reduced the dependence on precipitation. Although there are differences in urban and rural
investment in some provinces, the investment directions are overlapping, there is insufficient
investment in improving the quality of cultivated land, and the matching of the synergistic
needs of the three is low. Water and soil erosion control can reflect the improvement of
regional ecological conditions, but the current natural ecological environment constraints
have a significant impact on the coupling coordination of the three, and ecological protection
and control measures still need to be further strengthened. Mechanization is suitable for
relatively flat, concentrated, and contiguous plots. With the development of social economy
and the improvement of urbanization level, the extensive construction of highways, railways,
and other transportation infrastructure fragment cultivated land and undermine its spatial
integrity. In addition, in some regions, the low level of agricultural machinery technology
and inefficient utilization of agricultural machinery produce an insignificant impact on the
coupling and coordination of the three subsystems.

4.4.3. Robustness Test

To verify the reliability of the Tobit regression results, this paper drew on existing
research and adopted the following two methods for robustness testing: One was to replace
the estimation method and re-estimate using the OLS model [80]. Second, outliers were
removed, and all continuous explanatory variables were truncated by 1% on both sides
to reduce the potential interference of extreme values in parameter estimation [81]. As
shown in Tables 9 and 10, the direction of the coefficients and the significance levels of the
explanatory variables are highly consistent with the regression results of the benchmark
random effects panel Tobit model, which fully demonstrates that the regression results of
the random effects panel Tobit model are robust.

Table 9. Robustness test 1 (OLS).

. .. Cluster-Robust Marginal o
Explanatory Variable Coefficient SE z p Effocts 95% CI
Topographic undulation 0.005 0.028 0.18 0.856 0.005 [—0.050, 0.060]
Average annual precipitation —0.006 0.019 -0.29 0.77 —0.006 [—0.043, 0.031]
Average annual temperature —0.065 *** 0.021 -3.08 0.002 —0.065 [—0.107, —0.024]
Per capita water resources —0.185 *** 0.03 —6.1 0 —0.185 [—0.244, —0.125]
Proportion of added value of
secondary and tertiary 0.106 ** 0.043 2.45 0.014 0.106 [0.021, 0.190]
industries to GDP
The amount of fixed asset 0.006 0.022 0.28 0.779 0.006 [—0.038, 0.050]
investment
Per capita disposable income 0.244 *** 0.026 9.48 0 0.244 [0.194, 0.294]

of rural residents
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Table 9. Cont.

. - Cluster-Robust Marginal o
Explanatory Variable Coefficient SE z p Effocts 95% CI
Registered population density 0.041* 0.024 1.68 0.093 0.041 [—0.007, 0.088]
Road density 0.045 * 0.027 1.68 0.094 0.045 [—0.008, 0.099]
Proportion of
agriculture-related 0.054 ** 0.022 251 0.012 0.054 [0.012, 0.096]
expenditure to total fiscal
expenditure
Soil erosion control area 0.043 0.028 1.53 0.127 0.043 [—0.012, 0.098]
Total power of agricultural 0.017 0.024 0.71 0.48 0.017 [~0.030, 0.064]
machinery
Wald chi2 (12) 7233.68
N 124
Prob > chi2 0
(1) The marginal effect refers to the average marginal effect (AME), calculated based on the uncondi-
tional expectation E(y) of the coupled coordination degree of the dependent variable. (2) *, **, and
*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
Table 10. Robustness test 2 (1% two-sided winsorized random effects Tobit regression model).
. - Cluster-Robust Marginal o
Explanatory Variable Coefficient SE z p Effocts 95% CI
Topographic undulation —0.007 0.021 —0.34 0.736 —0.007 [—0.048, 0.034]
Average annual precipitation —0.012 0.018 —0.63 0.529 —0.012 [—0.048, 0.025]
Average annual temperature —0.063 *** 0.023 -2.38 0.005 —0.063 [-0.107, —0.019]
Per capita water resources —0.136 *** 0.025 —5.56 0 —0.136 [-0.185, —0.088]
Proportion of added value of
secondary and tertiary 0.085 ** 0.034 2.51 0.012 0.085 [0.019, 0.152]
industries to GDP
The amount of fixed asset 0.006 0.022 0.3 0.765 0.006 [0.036, 0.049]
investment
Per capita disposable income 0.252 *** 0.027 9.35 0 0.252 [0.199, 0.305]
of rural residents
Registered population density 0.043 * 0.024 1.82 0.069 0.043 [—0.003, 0.089]
Road density 0.050 ** 0.021 2.43 0.015 0.05 [0.010, 0.091]
Proportion of
agriculture-related 0.044 % 0.024 182 0068 0.044 [—0.003, 0.092]
expenditure to total fiscal
expenditure
Soil erosion control area 0.037 0.026 1.44 0.149 0.037 [—0.013, 0.088]
Total power of agricultural 0.014 0.024 0.58 0.562 0.014 [~0.033, 0.060]
machinery
Wald chi2 (12) 5123.7
Log likelihood 284.82
N 124
Prob > chi2 0
LR p = 0.00004072

(1) The marginal effect refers to the average marginal effect (AME), calculated based on the uncondi-
tional expectation E(y) of the coupled coordination degree of the dependent variable. (2) *, **, and
*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

5. Discussion
5.1. Discussion of the Results
5.1.1. Analysis on the Characteristics of Coupling Coordination Degree

In recent years, the coupling and coordination degree of new industrialization, new
urbanization, and cultivated land protection has shown a fluctuating upward trend, and the
overall coordinated development trend has been continuously optimized. This is due to the
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improvement of quality and efficiency of new industrialization, the shift of new urbanization
from scale expansion to connotation development, and the gradual abandonment of the
extensive land-occupation development model. At the same time, rigid policies, such as
the cultivated land requisition—compensation balance, and the management and control
of permanent basic farmland have continued to be implemented, effectively restraining
the disorderly expansion of construction land and promoting economic development and
cultivated land protection from confrontation to preliminary synergy. However, overall, it is
still at the primary coordination level. The coupling coordination types of the ZCG system
mainly change from the synchronous lag of the three systems (DDD) to the dual-system
lag and single-system lag, such as the industrialization-urbanization-lag type (DDG),
urbanization—cultivated-land-protection-lag type (GDD), and cultivated-land-protection-
lag type (GGD). In some areas, the development level of industrialization and urbanization
is relatively high, but the low level of cultivated land protection restricts the coupling and
coordination of the three. The occupation of cultivated land resources by construction land
during industrialization and urbanization is an important factor restricting the coupling and
coordination of the three. The coupling coordination types in the western and northeastern
regions are mainly industrialization—urbanization-lag type (DDG). The lagging levels of
industrialization and urbanization restrict the coupling coordination level in the western
and northeastern regions. In the future, it is necessary to further improve the adaptation
mechanism between economic construction and cultivated land protection.

5.1.2. The Internal Mechanism of Influencing Factors

The influence mechanism of the coupling and coordination of the three systems is
essentially the comprehensive result of the difference in the allocation of urban and rural
factors, the change of industrial structure, and the adaptability of agricultural production
conditions. The proportion of added value of secondary and tertiary industries to GDP, per
capita disposable income of rural residents, registered population density, road density, and
proportion of agriculture-related expenditure to total fiscal expenditure had a significant
positive impact on the coupling coordination degree of the three systems. The optimization
of industrial structure, the increase in farmers’ income, population size, the improvement of
infrastructure, and financial support may form a positive driver. The core logic may be that
the upgrading of the secondary and tertiary industries can feed back agriculture and rural
areas. Through fiscal transfers, investment in farmland infrastructure, and improvement of
farming conditions, shortcomings in funds and facilities for cultivated land protection can
be solved, and agricultural income can be promoted. To some extent, the increase of farmers’
income will increase farmers” willingness to protect cultivated land, stabilize the scale of
agricultural population, and ensure the human input in cultivated land management and
agricultural production. Improvements in transportation and other infrastructure can lower
the circulation costs of resource factors, enhance the efficiency of resource factor allocation,
and promote urban—rural interconnection and the mutual flow of urban and rural factors.
Government financial support for agriculture provides a financial guarantee for farmland
protection, raises the efficiency of agricultural production, and frees up surplus agricultural
labor, supplying stable labor resources for the transformation of new urbanization and
new industrialization. At the same time, rising temperatures and water shortages may
affect industrial production, urban life, and agricultural production, thereby restricting the
coupled and coordinated development of new urbanization, new industrialization, and
cultivated land protection.
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5.2. Policy Implications

First, in view of the relatively low level of cultivated land protection in some areas
and the constraints of cultivated land protection lag on coupling and coordination, it is
necessary to improve the level of cultivated land protection according to local conditions.
In view of the fact that the income level of business entities may increase the willingness of
farmers to protect cultivated land, financial support may be conducive to the construction
of cultivated land infrastructure and improve the level of cultivated land protection. The
first is to establish a management income-oriented incentive mechanism for cultivated land
protection to activate the endogenous protection kinetic energy of farmers, and further,
improve the income guarantee mechanism for grain farmers, steadily increase the subsidy
standards for cultivated land fertility protection and grain production, deeply bind the
effectiveness of cultivated land protection with the increase of income of business entities,
and strengthen the willingness of farmers to actively manage and protect cultivated land
with stable income growth expectations. The second is to build a precise and efficient
agricultural financial investment mechanism, and continue to increase financial support
in the field of cultivated land protection, coordinate and integrate special funds, such as
high-standard farmland construction, farmland water conservancy transformation, and
cultivated land quality improvement, and accurately tilt to areas with weak basic conditions
of cultivated land; synchronously, establish a long-term financial security system for the
management and protection of cultivated land infrastructure, continuously improve the
cultivated land infrastructure system with financial investment, and steadily improve the
overall level of cultivated land protection.

Second, in view of the current regional differences in the level of coupling coordination
and the differences in the types of coupling coordination, it is necessary to give full play to the
comparative advantages of various regions and improve the level of coupling coordination
according to local conditions. The lagging level of industrialization and urbanization
restricts the coupling and coordination level of the western and northeastern regions. The
first is to continue to promote the development of the western region, the construction of
the “Belt and Road”, and other measures to provide new development opportunities for
infrastructure construction, industrial upgrading, opening up, and other aspects of the
western region. The central and western regions should adapt to local conditions, select
suitable industries in an orderly manner, build industrial parks with the eastern region,
deepen counterpart cooperation, promote the development of new industrialization and
new urbanization, and break the constraints of industrialization—urbanization lag. Secondly,
under the strategy of promoting the revitalization of northeast China, the northeast region is
driven by industrial transformation and upgrading and urban function upgrading to jointly
improve the development level of new industrialization and new urbanization, and further,
to accelerate the digital and green transformation of traditional pillar industries, such as
equipment manufacturing, petrochemicals, and automobiles, and promote the extension of
the industrial chain to high-end links. Taking the central city as the core to build a modern
metropolitan area, it is important to enhance the population agglomeration and resource
allocation level of the central city, promote public services in county towns to make up for
shortcomings and improve quality and efficiency, enhance the absorptive capacity of the
county towns to the agricultural transfer population, deepen the reform of the household
registration and public service, promote the full integration of the agricultural transfer
population into the town, and promote the development quality of the new urbanization.

Third, considering the phased and dynamic changes in the coupling coordination
degree of new industrialization, new urbanization, and cultivated land protection, regular
monitoring and evaluation of the coupling coordination degree are required to identify
existing problems in a timely manner and adjust development strategies according to local
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conditions. Accordingly, it is necessary to establish a regular monitoring, evaluation, policy
response, and decision support system for the ZCG system coupling coordination, so as to
realize dynamic monitoring of coupling coordination status, problem diagnosis, and the
provision of targeted adjustment measures.

5.3. Limitations and Research Prospects

This study enriches the relevant research on the relationship among new urbanization,
new industrialization, and cultivated land protection, and deepens the scientific under-
standing of their dynamic interaction. It provides theoretical reference and decision support
for promoting the high-quality development of new urbanization, new industrialization,
and sustainable utilization of cultivated land, as well as their coupling and coordination.
In addition, restricted by objective conditions, this study still has several limitations, and
prospects for future research are put forward accordingly:

(1) Limited by the existing public statistical data, the evaluation indexes of new urbaniza-
tion, new industrialization, and cultivated land protection level are not comprehensive
enough, and there is still room for refinement in the evaluation index system.

(2) This study attempts to construct a theoretical analysis framework of the coupling and
coordination mechanism of new urbanization, new industrialization, and cultivated
land protection, but due to the obvious regional heterogeneity of new urbanization,
new industrialization, and cultivated land protection, the optimization path of coupling
and coordination needs to be further explored according to local conditions.

(3) The research focuses on the macro-scale of provinces in China, and the applicability
of the research results to specific regions is limited to some extent. It is necessary to
expand the micro-scale research, enrich the research cases, carry out more detailed
research, and identify the key factors affecting the coupling and coordination of the
three, so as to provide a scientific basis for the government’s precise policy.

6. Conclusions

On the basis of clarifying the coupling and coordination mechanism of new indus-
trialization, new urbanization, and cultivated land protection, this study constructed the
evaluation index system of the ZCG system and explored the coupling and coordination
degree of new industrialization, new urbanization, and cultivated land protection and its
spatial differentiation characteristics and influencing factors in 31 provinces from 2010 to
2023 by using the coupling and coordination model and Tobit model. The main conclusions
are as follows:

(1) From 2010 to 2023, the level of new industrialization and new urbanization showed an
overall upward trend, and the level of industrialization in different regions showed
obvious stage differences. The new urbanization level in coastal areas is significantly
higher than that in inland areas, and the speed of new urbanization in inland areas
is significantly improved. The level of cultivated land protection in most parts of the
country generally shows a fluctuating upward trend, but there are obvious regional
differences. The level of cultivated land protection in the southwest and south is
relatively low, while that in the west and north of China has improved significantly.

(2) From 2010 to 2023, the coupling coordination degree of new industrialization, new
urbanization, and cultivated land protection showed a fluctuating upward trend. The
coupling coordination degree of most areas is in the primary coordination stage and has
not yet reached the intermediate coordination and good coordination. There is obvious
spatial heterogeneity in coupling coordination degree, and the spatial and temporal de-
velopment of coupling coordination degree is unbalanced. The coupling coordination
types mainly shift from the ZCG-lag type to the industrialization-urbanization-lag

https://doi.org/10.3390/1and15112073


https://doi.org/10.3390/land15112073

Land 2026, 15, 2073 30 of 33

type, the urbanization—cultivated-land-protection-lag type, and the cultivated-land-
protection-lag type, with heterogeneity in both the coupling coordination level and
the lag degree of subsystem development. The coupling coordination types in the
western and northeastern regions are mainly industrialization-urbanization-lag type
(DDG). The lagging levels of industrialization and urbanization restrict the coupling
coordination level in the western and northeastern regions.

(3) The coupling coordination degree shows significant spatial positive autocorrelation
in adjacent areas, and this positive autocorrelation first increases and then decreases.
The spatial agglomeration of the coupling coordination degree exhibits spatial hetero-
geneity, and the intensity of spatial connections presents an agglomeration pattern of
“east—central protrusion and west-northeast collapse”, forming a “trapezoidal struc-
ture” radiation network framework.

(4) The coupling coordination degree of new industrialization, new urbanization, and
cultivated land protection is comprehensively influenced by multi-dimensional factors,
such as nature, economy, society, government, and technology, and the influence of
each influencing factor is obviously different. The proportion of added value of sec-
ondary and tertiary industries to GDP, per capita disposable income of rural residents,
registered population density, road density, and proportion of agriculture-related
expenditure to total fiscal expenditure had a significant positive impact on the cou-
pling coordination degree of the three systems, while average annual temperature
and per capita water resources had a significant negative impact, and rising tempera-
tures and limited water resources might restrict the coordinated development of the
three systems.
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