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Abstract: A systematic understanding of the spatial-temporal evolution patterns of cultivated land
fragmentation (CLF), its driving factors, and its relationship with the expansion of urban and rural
construction land is essential for identifying strategies to mitigate CLF in rapidly urbanizing regions.
This study combined landscape fragmentation with ownership fragmentation, analyzing CLF through
three dimensions: resource endowment, spatial concentration, and convenience of utilization, with
eight selected indicators. By comparing village-level data from 2013 to 2022, we explored the key
drivers of CLF and its conflicts with urban and rural construction land expansion. The findings
indicate a clear spatial variation in village-level CLF in Ezhou, characterized by low fragmentation
in the northwest and northeast, and high fragmentation in the southwest and central regions. This
pattern is in contrast to Ezhou’s economic development, which decreased progressively from east to
north and south. Over the study period, village-level CLF in Ezhou evolved from being primarily
moderately and relatively severely fragmented to predominantly severely and relatively severely
fragmented, with an overall declining trend and more pronounced polarization. At the same time,
the CLF within the village region demonstrated notable spatial clustering features, with a rapid
increase observed between 2013 and 2022. It was also discovered that CLF is driven by various
factors, with the main influences being the proportion of construction land, land use intensity, and
population density. Cultivated land is the main source of both urban construction land (UCL) and
rural construction land (RCL), with average contribution rates of 46.47% and 62.62%, respectively.
This research offers empirical evidence for rapid urbanization and serves as a critical reference for
rural revitalization and coordinated urban–rural development, with potential guidance for future
policy formulation and implementation.

Keywords: cultivated land fragmentation; expansion of urban and rural construction land; driving
factors; random forests

1. Introduction

Cultivated land fragmentation (CLF), as a global land use phenomenon, has garnered
significant attention, particularly in transitional economies and developing countries due
to its prevalence and complexity [1,2]. Studies in the Central Asian republics indicate that
urban expansion has resulted in a significant loss of carbon sequestration, particularly
because the development of agricultural land into construction land has led to substantial
carbon loss, thereby intensifying the fragmentation of cultivated land [3]. Evidence from
the Central Plain urban cluster in China similarly shows that urban expansion has caused a
large portion of cultivated land to be repurposed for new urban developments, causing
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regional cultivated land fragmentation to rise and ecosystem service functions to signif-
icantly deteriorate [4]. Nationally, the loss of cultivated land in traditional agricultural
areas is also seen to be largely caused by the growth of construction land [5]. The continual
expansion of urban boundaries into rural areas during this urbanization process not only
reflects the trend of urban sprawl, but also presents serious obstacles to food security and
the sustainable use of land [6–8]. As high-quality cultivated land in China often overlaps
with urban land, the excessive expansion of non-agricultural land has further exacerbated
the CLF issue [9]. Food security, the sustainable development of the rural economy, and the
improvement in farmers’ incomes are all adversely affected by this situation. It not only
challenges the optimal allocation of land resources, but also significantly undermines the
economies of scale in agricultural production by reducing the output efficiency per unit
of land [10,11]. Therefore, in order to investigate solutions to mitigate CLF, a methodical
examination of the spatial features and contributing causes of CLF under the effect of urban
and rural development land is essential [12,13]. This study not only provides scientific
evidence of the adverse impact of urbanization on cultivated land resource utilization, but
also offers empirical support for local governments in formulating land use planning and
policy, thereby promoting a more rational allocation of land resources.

Traditional CLF research focuses on the micro level, analyzing from the perspective of
farm household economics. In this context, the primary contributing factors are identified
as the number of plots, average plot size, and average household cultivated land [14–17].
A case study conducted in Poland indicates that the documentation of cadastral data,
especially the allocation of ownership shares for cultivated land, is essential for assessing
cultivated land fragmentation [18]. Furthermore, the fragmentation of household cultivated
land results in a disordered and scattered allocation of land resources, hindering the synergy
between plots and economies of scale, thus affecting agricultural production efficiency
and the overall effectiveness of land use [19]. However, such studies typically rely on
costly surveys and interviews, limiting the feasibility of large-scale CLF measurements.
Effective data support and technical tools have been made available with the development
of medium-to-high-resolution remote sensing technology, enabling the precise evaluation
of problems like insufficient operational scale, spatial fragmentation, and inconvenient
farming conditions at the national or regional level [20,21]. Advances in landscape ecology
have also promoted the widespread application of multi-dimensional structural indicators
such as patch density, shape index, and spatial aggregation, which are often used to
measure the degree of cultivated land refinement [22–24]. Research on CLF at the regional
level and a thorough evaluation system are progressively taking shape [25]. A study on
CLF in 25 Central and Eastern European countries through multiple dimensions such as
property rights, resource availability, and fragmentation of farming activities suggests that
highly fragmented land ownership and usage rights tend to constrain agricultural and
rural economic development [26]. By creating a thorough fragmentation index employing
landscape indices and principal component analysis, researchers have started to investigate
the spatiotemporal variations in agricultural landscape fragmentation in China at the
urban level [27]. Numerous previous studies have demonstrated that although the total
area of cultivated land in China is relatively large, the per capita cultivated land area is
comparatively small, and its spatial distribution exhibits significant unevenness. This
fragmentation pattern of the agricultural landscape has led to issues such as an unclear
distribution of land rights among farmers and difficulties in land use at the regional
level [28]. Thus, future studies should not only keep concentrating on the multifaceted
effects of CLF, but also incorporate the latest developments in remote sensing technology
and landscape ecology to build a more comprehensive and integrated CLF evaluation
framework, better addressing the challenges of cultivated land resource management and
agricultural sustainability.

The demand for construction land and its conflict with cultivated land during ur-
banization remains a major challenge for countries and regions worldwide [29]. Research
conducted in Inciralti, Turkey, revealed that urban expansion significantly affects agri-
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cultural land, leading to the gradual transformation of substantial areas of permanent
irrigation, dryland farming, and berry plantations into urban land [30]. Meanwhile, the
Thrace region has determined the optimal spatial locations for urban and industrial devel-
opment areas by analyzing land cover changes and cultivated land fragmentation, thereby
safeguarding the integrity of cultivated land [31]. In order to maintain ecological balance
and guarantee national food security, the Chinese government has implemented a number
of strict regulations to protect cultivated land [32] including the Basic Cultivated Land
Protection System, the Cultivated Land Occupation-Compensation Balance Policy, land-use
regulation, and the “Cultivated land Red Line” Protection System, aimed at ensuring food
security and ecological balance, but these measures still face significant challenges in coping
with the tension over cultivated land resources caused by rapid urbanization [33]. The
horizontal growth of cities in plain areas and its impact on landscape ecological risks are
the primary subjects of current study on the relationship between urban expansion and
CLF [34]. By utilizing elevation and slope indices to depict gradients, studies have looked
into how urbanization affects land use patterns and the environment as well as how it may
jeopardize food security by reducing the amount of cultivated agricultural area [35,36].
However, studies focusing on landscape changes in rural areas during urbanization re-
main relatively scarce [37–39]. This is especially true for villages surrounding key urban
development areas, which are often the main regions where agricultural land is turned
into land for construction. Furthermore, the majority of previous research has failed to
consider the impact of urban growth from both urban and rural construction land—known
as the “Rural–Urban Conversion Landscape”, on CLF. It is generally believed that urban
construction land exerts a stronger erosive effect on cultivated land compared to rural
construction land. Evidence from Hangzhou suggests that the moderate expansion of
urban construction land has facilitated the improvement in intensive land use in townships,
whereas the excessive expansion of rural residential land has resulted in substantial losses
of cultivated land in rural areas [40]. Other studies have pointed out that rural construction
occupies a land area that is 22.4% larger than urban construction; however, urban construc-
tion land is superior to rural construction land in terms of the efficiency of cultivated land
usage. Particularly in regions with substantial differences in urban–rural development, the
influence of rural construction land on CLF could be more extensive and significant [41,42].
This is because expansion in urban fringe areas tends to exacerbate the fragmentation of
cultivated land, while intensive development in central areas tends to mitigate this trend.
Therefore, further research on the combined impacts of rural and urban construction land
on CLF during urbanization will help optimize land use policies.

To summarize, considering Ezhou City as a key commercial grain base in Hubei
Province with a rapidly developing urban economy, this study comprehensively examined
landscape fragmentation and ownership fragmentation. It selected eight locally representa-
tive indicators based on three dimensions—resource endowment, spatial concentration,
and convenience of utilization—an as evaluation framework. Through spatial autocorre-
lation analysis, the research investigated the spatial aggregation characteristics of CLFI
at the village level, identifying spatial hotspots of high and low aggregation, while also
validating driving factors and exploring the impact mechanisms between urban and rural
construction land and cultivated land. The results will contribute empirical insights for
identifying pathways to alleviate CLF and facilitate coordinated urban–rural development.

2. Material and Methods
2.1. Study Area

Ezhou City is situated next to the southern bank of the middle Yangtze River in the eastern
portion of Hubei Province, between longitudes 114◦32′–115◦05′ and latitudes 30◦00′–30◦06′

(Figure 1). To the west, Ezhou City borders Wuhan; to the east, it adjoins Huangshi; and to
the north, it is near the Yangtze River. As a member of the Wuhan-Ezhou-Huangshi urban
agglomeration, Ezhou City is an essential part of Wuhan’s new city development and is a major
node in the center of the Yangtze River urban cluster. Ezhou is recognized as one of Hubei
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Province’s key grain-producing areas, significantly contributing to the production of crops like
rice and wheat. Nevertheless, Ezhou’s cultivated land area declined from 61,572.03 hectares
in 2013 to 45,722.89 hectares in 2022, a total decrease of 15,849.14 hectares. As urbanization
and industrialization progress rapidly, the phenomenon of cultivated land loss has intensified,
exacerbating cultivated land fragmentation and highlighting the growing conflict between
urban and rural land use.

Figure 1. Current land use status of Ezhou City.

The year 2013 marked a pivotal year for substantial changes in China’s land use
policies. That year, significant amendments were made to the Land Administration Law, en-
hancing the protection measures for cultivated land, especially regarding its conversion and
occupation, thus markedly raising the awareness of land loss. Simultaneously, associated
policies specified the requirements for balancing occupied and restored cultivated land,
highlighting how important it is to carry out appropriate restoration in addition to any
occupation in order to preserve the amount and caliber of cultivated land. The preservation
and sensible use of cultivated land have been greatly impacted by the implementation of
these regulations.

The fragmentation of cultivated land in Ezhou City not only reflects local features, but
also serves as a representative case of the rapid urbanization process occurring in small-
and medium-sized cities. This example highlights the shared challenges encountered by
many regions, especially in the context of balancing urban expansion with agricultural
preservation. Consequently, a detailed investigation into the fragmentation of cultivated
land in Ezhou City will not only enhance our understanding of the local land management
challenges, but also offer critical references and insights for land management practices
throughout China in the context of fast urbanization.

2.2. Data Sources

This study examined 24 townships and 313 administrative villages in Ezhou City.
The data employed comprised land use change survey data, administrative boundary
vector data, and household population data, as detailed in Table 1. According to the
classification procedures, the data from the Third National Land Survey were used to
merge the categorization data for the current land use status. To ensure uniformity in data
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magnitude, an extreme value normalization technique was used to standardize all data,
scaling each to the range [0, 1] for ease of further research.

Table 1. Data sources of this study.

Data Types Data Names Data Sources

Land use data Ezhou City land use changing
investigation data (2013, 2022)

Ezhou City land use changing
investigation database

Socioeconomic data Ezhou YearbookEzhou Statistical
Yearbook Ezhou Bureau of Statistics

Administrative division
Administrative division data for China

and for Ezhou City’s administrative
structure.

Resource and environment data cloud
platform (http://www.resdc.cn; accessed

on 27 June 2024)
Topographic data DEM

2.3. Selection of Evaluation Indicators

This research integrated traditional landscape fragmentation metrics with property
fragmentation-related metrics to develop a CLF assessment framework [43,44]. Specifically,
eight key indicators were chosen: patch density, per household cultivated land area,
aggregation index, mean nearest neighbor distance, shape index, land patch accessibility,
production convenience, and per household cultivated land patch number.

2.3.1. Resource Endowment

(1) Patch density (PD) represents the number of patches per unit area. Patch density
provides an intuitive measure of the degree of cultivated land fragmentation; as
the density decreases, the relative area of patches increases, facilitating large-scale
agricultural production and advanced mechanization, thus functioning as a negative
indicator.

PD = N/A (1)

(2) Per household cultivated land patch number (PCN) represents the quantity of cul-
tivated land patches managed by each household; a larger PCN indicates a higher
degree of fragmentation, serving as a negative indicator.

PCN = N/F (2)

(3) Per household cultivated land area (PCA) represents the area of cultivated land
patches managed by each household. A larger PCA indicates a lower degree of
cultivated land fragmentation in the area, while a smaller PCA signifies a higher
degree of fragmentation, serving as a positive indicator.

PCA = A/F (3)

2.3.2. Spatial Concentration

(1) The aggregation index (AI) indicates the spatial concentration of cultivated land
patches within the boundaries of the administrative village. A higher aggregation
index indicates a greater concentration of cultivated land resources in the area and a
lower degree of cultivated land fragmentation, serving as a positive indicator.

AI = [1 + ∑N
i=1

Piln(Pi)

2ln(N)
]× 100 (4)

http://www.resdc.cn


Land 2024, 13, 1905 6 of 24

(2) The mean nearest neighbor distance (MNN) reflects the distribution of cultivated land
patches across different topographical regions. A larger mean nearest neighbor dis-
tance indicates a greater average distance between cultivated land patches, resulting
in a more dispersed distribution of patches and a higher degree of fragmentation,
while a smaller value reflects a more concentrated distribution and a lower degree of
fragmentation, serving as a negative indicator.

MNN = ∑N
i=1

wi

N
(5)

2.3.3. Convenience of Utilization

(1) The shape index (SI) is employed to assess the regularity of the shapes of cultivated
land patches. A shape index that approaches 1 signifies that the cultivated land
patches have a more regular shape, resembling squares or circles, thus increasing their
usability; conversely, as the shape index moves further away from 1, it indicates that
the shapes of the cultivated land patches become increasingly irregular, potentially
taking on more complex forms, which is considered a negative indicator.

SI =∑n
i=1

[(
0.25Pi√

Ai

)
×

(
Ai

A

)]
(6)

(2) Land patch accessibility (LPA) represents the distance from cultivated land to roads
within a defined region. An increasing LPA signifies a greater degree of cultivated
land fragmentation in the village, which is considered a negative indicator.

LPA = ∑N
i=1

fi

N
(7)

(3) Production convenience (PC) represents the distance from cultivated land to the
closest residential area within a defined region. An increased PC signifies a higher
level of cultivated land fragmentation in the village, which is considered a negative
indicator.

PC = ∑N
i=1

di

N
(8)

The indicator results for all cultivated land patches in Ezhou City were derived from
Formulas (1) to (8). While the patch density, per household cultivated land patch number,
per household cultivated land area, and land patch accessibility results are associated
with administrative villages, and the mean nearest neighbor distance, aggregation index,
production convenience, and shape index correspond to cultivated land patches, in order
to maintain consistency in the evaluation results, an area-weighted approach was utilized
to calculate the weighted averages of mean nearest neighbor distance, aggregation index,
production convenience, and shape index indicators for the administrative villages, using
the area of cultivated land patches within each village administrative region, yielding the
village-level fragmentation indicators for the mean nearest neighbor distance, aggrega-
tion index, production convenience, and shape index. The formulas for calculating the
fragmentation indicators under area weighting are as follows:

Ia =
Iab · Sab

∑n
b=1 Sab

(9)

Note: N stands for the number of cultivated land patches within an administrative
village, A refers to the area of cultivated land in the village, F indicates the total number of
farmers’ households in various administrative villages, wi represents the distance between
cultivated land patches, P is the total perimeter of the cultivated land patches, fi indicates the
distance from a cultivated land patch to the nearest road, and di denotes the distance from
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the i-th cultivated land patch to the nearest residential area, Ia denotes the fragmentation
index for administrative village a, and Iab refers to the fragmentation index of patch b. In
this context, a indicates the administrative village unit, b signifies the cultivated land patch,
n represents the number of cultivated land patches within village a, and Sab is the area of
patch b.

2.4. Analytical Methods
2.4.1. Weight Calculation for Indicators

In order to guarantee the reliability and impartiality of the assessment findings, this
study performed a collinearity test following the standardization of the evaluation indica-
tors to confirm the scientific rigor and accuracy of the assessment results. Ultimately, by
combining the entropy method with the CRITIC approach, weights were allocated to each
indicator to ensure a rational distribution of weights (Table 2), improving the reliability
and applicability of the evaluation framework.

Table 2. Weight table of the evaluation indicators for cultivated land fragmentation in Ezhou City.

Standard Level Index Level Quantitative Method Weight Coefficient VIF

Resource endowment
Patch density PD = N/A 0.0722 1.578
Per household

cultivated land patch
number

PCN = N/F 0.0846 2.906

Per household
cultivated land area PCA = A/F 0.2581 2.203

Spatial concentration
Mean nearest neighbor

distance MNN =
N
∑

i=1

wi
N

0.0625 1.433

Aggregation index

AI =[
1 +

N
∑

i=1

Piln(Pi)

2ln(N)

]
×

100

0.2561 2.873

Convenience of
utilization

Shape index SI =
n
∑

i=1

[(
0.25Pi√

Ai

)
×

(
Ai
A

)]
0.0888 1.173

Land patch accessibility LPA =
N
∑

i=1

fi
N

0.0978 1.303

Production
convenience PC =

N
∑

i=1

di
N

0.0799 1.949

(1) Entropy weighting method

One common objective weighing technique is the entropy weight method. Its funda-
mental idea is to measure each indicator’s uncertainty or information content by computing
its information entropy, which establishes the indicators’ relative relevance. The following
are the precise steps:

Determine the i-th evaluation unit’s percentage of the j-th indicator value:

Yij =
X′

ij

∑n
i=1 X′

ij
(10)

Determine the indicator’s information entropy:

ej = −k ∑n
i=l

(
Yij × ln

(
Yij

))
(11)

K =
1

ln(n)
(12)
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Determine each indicator’s coefficient of variation:

dj = 1 − ej (13)

Determine the indicator’s weight value:

wj = dj/ ∑m
i=1 dj (14)

In the formula, Yij denotes the weight of the j-th indicator value for the i-th evaluation
unit, X′

ij denotes the value of the j-th metric in the i-th evaluation unit, ej represents the
information entropy of the indicator, dj signifies the coefficient of variation for the indicator,
wj indicates the weight of the indicator, n denotes the total number of evaluation units, and
m represents the total number of evaluation indicators.

(2) CRITIC

The CRITIC approach scientifically determines the weight values by utilizing the
correlation between the data and the standard deviation. It effectively demonstrates the
objective characteristics of the CLF quantification process [45]. The precise steps are as
follows:

Calculate the data variability:

xj =
1
n

n

∑
i=1

xij (15)

Sj =

√
∑n

i=1
(
xij − xj)2

n − 1
(16)

Calculate the conflict between indicators:

Rj = ∑p
i=1

(
1 − rij

)
(17)

Calculate the amount of information:

Cj = Sj ∑p
i=1

(
1 − rij

)
= Sj × Rj (18)

Calculate the weights of the indicators:

Wj =
Cj

∑
p
j=1 Cj

(19)

In the formula, Sj represents the standard deviation of the j-th indicator, xij denotes
the value of the j-th metric in the i-th evaluation unit, Rj denotes the correlation coefficient
between indicators i and j, rij indicates the conflict of the j-th indicator with other indicators,
Cj represents the amount of information contained in the j-th indicator, and Wj is the weight
of the evaluation indicator.

2.4.2. Calculation of CLFI

Considering that individual methods may be affected by the data characteristics,
averaging helps to mitigate biases from method selection, resulting in more stable outcomes
and improving the adaptability of the evaluation model to various data types. This study
averaged the entropy weights and CRITIC values for each evaluation indicator, multiplied
these averages by the standardized values of the original data, and summed the resulting
products to derive the comprehensive evaluation value of cultivated land fragmentation
for each administrative village in Ezhou City.

CLFI = ∑M
i=1 W′j × rij (20)
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In the formula, CLFI represents the comprehensive evaluation value of cultivated
land fragmentation for the i-th evaluation unit, W′j is the weight of the j-th indicator, rij
denotes the value of the i-th indicator in the i-th evaluation unit, and M is the total number
of evaluation units. Using the above method, the cultivated land fragmentation index
for different administrative villages can be calculated, with values ranging from [0, 1]. A
higher index value indicates a lower degree of cultivated land fragmentation.

2.4.3. Spatial Autocorrelation Analysis

Spatial autocorrelation analysis is a crucial statistical technique commonly utilized
in geography, spatial science, and environmental science to measure the correlation and
spatial structure of variables within geographic space. This method detects the clustering,
dispersion, and potential distribution patterns of geographic phenomena by analyzing
the distribution patterns of spatial data, thereby uncovering the spatial heterogeneity
of variables in particular regions. This approach not only elucidates the distribution
characteristics of geographic phenomena, but also establishes a scientific foundation for a
deeper understanding of complex spatial interactions.

In this study, spatial autocorrelation analysis was employed to assess the spatial
clustering characteristics of CLFI at the village level in Ezhou City for 2013 and 2022,
aiming to reveal the evolution patterns of CLFI in the region and its impact on regional land
use patterns. This analysis not only aids in identifying spatial hotspots of high and low
clustering, but also provides empirical evidence for optimizing land use and formulating
cultivated land protection strategies, contributing to theoretical support for decision-makers
in land management amidst rapid urbanization.

2.4.4. Random Forest

The random forest model, introduced by Leo Breiman and Adele Cutler in 2001, is
an ensemble learning technique [46]. The model aims to improve the overall predictive
accuracy by constructing multiple decision trees, and training and predicting on selected
samples. The core concept involves aggregating the prediction results of several weak
learners (specifically, decision trees) to form a strong learner. This integration method not
only boosts the performance of the model, but also increases its stability and robustness.

Leveraging these advantages, this study thoroughly examined the driving forces be-
hind the geographic differences in CLF using the random forest model. The study will
explore how social and natural factors influence CLF, utilizing the feature importance rat-
ings to quantify the relative contributions of each element. Such analysis not only supports
the understanding of the spatial characteristics of CLF with data, but also establishes a
scientific basis for the development and optimization of land management policies.

2.4.5. Urban–Rural Land Use Transfer

In order to present a more complete assessment of how construction land development
impacts cultivated land resources, this study computed the expansion rates and intensities
of urban construction land (UCL) and rural construction land (RCL), accounting for the de-
velopment status of both urban and rural construction land. Furthermore, by assessing the
rate and intensity of the cultivated land loss, the study quantified the degree of cultivated
land degradation, offering data support for developing effective land management and
conservation policies. The equations are as follows:

RBui lt−up = (N1 − N2)/N2 × 1/T × 100% (21)

IBuiilt−up = (N1 − N2)/A × 1/T × 100% (22)

In the formula, RBuilt−up represents the rate of expansion of construction land in urban
and rural areas; IBuilt−up denotes the expansion intensity of urban and rural construction
land; N1 is the construction land area in urban and rural areas at the conclusion of the
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study; N2 is the construction land area in urban and rural areas at the outset of the study;
and A is the overall area of the research region.

RCultivated land = (N1 − N2)/N2 × 1/T × 100% (23)

ICultivated land = (N1 − N2)/A × 1/T × 100% (24)

In the formula, RCultivated land represents the loss rate of cultivated land; ICultivated land
denotes the loss intensity of cultivated land; N1 is the cultivated land area at the end of the
study; N2 is the cultivated land area at the baseline of the study; and A is the overall area
of the research region.

3. Results and Analysis
3.1. Temporal and Spatial Distribution Characteristics of CLF

According to the CLF evaluation index system for Ezhou City, the cultivated land
fragmentation index (CLFI) for villages was derived by assessing the cultivated land
resource endowment (RE), spatial concentration (SC), and convenience of utilization (CU).
The index was classified into five categories using equal intervals: lowest (≤0.4091), Lower
(0.4091–0.4917), medium (0.4917–0.5743), higher (0.5743–0.6568), and highest (≥0.6568). A
higher CLFI indicates a lower degree of cultivated land fragmentation, while a lower CLFI
signifies a more severe degree of fragmentation (Table 3).

Table 3. Comprehensive statistics of indicators for 2013.

Contents RE SC CU CLFI

Maximum value 0.3618 0.2984 0.2461 0.7394
Minimum value 0.0841 0.0130 0.0782 0.3265

Mean value 0.1654 0.1081 0.1935 0.4671
Share of villages at the lowest level 21.41% 21.73% 2.24% 9.27%
Share of villages at the lower level 63.90% 51.76% 4.15% 66.13%

Share of villages at the medium level 11.18% 17.57% 15.02% 20.13%
Share of villages at the higher level 1.60% 6.71% 54.31% 4.15%
Share of villages at the highest level 1.92% 2.24% 24.28% 0.32%

The results for 2013 are presented in Figure 2. From the perspective of resource endow-
ment, differences in cultivated land across villages in Ezhou City were relatively minor, with
poor quality cultivated land and no distinct distribution characteristics. Regarding spatial
agglomeration, significant differences were observed, with a general pattern of higher values
in the west and lower values in the east. Mild and moderate fragmentation areas were concen-
trated in Tujianao Town, Donggou Town, and Changgang Town, while severe fragmentation
was mainly found at the city’s edges. The majority of villages in Ezhou City were classified
in high usage convenience zones, with only Tujianao Town showing some low-value zones.
In summary, the CLFI for Ezhou City in 2013 ranged from a maximum value of 0.7394 to a
minimum of 0.3265, with an average of 0.467. The fragmentation of cultivated land in villages
was mainly characterized by severe and moderate fragmentation.

The results for 2022 are depicted in Figure 3. In terms of cultivated land resource
endowment, there were pronounced spatial differences among villages in Ezhou City. High-
value zones were predominantly located in the central-western and southwestern regions,
whereas low-value areas were concentrated around the development zones. The spatial
distribution of villages in Ezhou City mirrorred the resource endowment pattern, with high-
value areas concentrated in Donggou Town and Changgang Town, while low-value areas were
sporadically distributed at the city’s edges. Concerning usage convenience, the majority of
villages in Ezhou City exhibited good cultivated land usage conditions, with overall minimal
spatial variation. In summary, the CLFI for Ezhou City in 2022 ranged from a maximum of
0.7221 to a minimum of 0.2807, with an average of 0.4536 (Table 4). The fragmentation of
cultivated land in villages was primarily classified as severe and moderate.
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Figure 2. Evaluation map of Ezhou City for resource endowment (a), spatial concentration (b),
convenience of utilization (c), and CLFI (d) in 2013.

Figure 3. Evaluation map of Ezhou City for resource endowment (a), spatial concentration (b),
convenience of utilization (c), and CLFI (d) in 2022.
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Table 4. Comprehensive statistics of indicators for 2022.

Contents RE SC CU CLFI

Maximum value 0.3222 0.3073 0.2248 0.7221
Minimum value 0.0798 0.0037 0.0865 0.2807

Mean value 0.1836 0.1105 0.1596 0.4536
Share of villages at the lowest level 6.39% 11.82% 1.60% 27.48%
Share of villages at the lower level 39.30% 58.15% 20.13% 43.13%

Share of villages at the medium level 41.53% 22.04% 44.09% 14.06%
Share of villages at the higher level 9.27% 7.03% 29.07% 14.38%
Share of villages at the highest level 3.51% 0.96% 5.11% 0.96%

The following conclusions were derived from calculating the annual average change
rates of CLFI for each village in Ezhou City (Figure 4). Between 2013 and 2022, significant
changes in the CLFI were observed across villages in Ezhou City. The change rates for
villages were concentrated between −1.5% and 1.5%, with an average annual change rate of
−0.3%. Data indicated that 65.81% of villages had an annual average CLFI change rate less
than 0, whereas 34.19% had an annual average CLFI change rate greater than 0. Villages
with a substantial increase in CLFI were found in Changgang Town in Echeng District,
Tujianao Town and Liangzi Town in Liangzi Lake District, and certain villages in Duandian
Town in Huarong District. Villages with a notable decrease in CLFI were situated in Gedian
Town and Miaoling Town in Huarong District, and some villages in Huahu Town and
Tingzu Town in Echeng District.

Data from Ezhou City’s cultivated land fragmentation index (CLFI) revealed that
overall fragmentation has intensified in recent years, and the polarization trend has become
more pronounced. This observation indicates that the spatial distribution and utilization
structure of cultivated land resources have experienced profound changes due to the dual
drivers of urbanization and industrial development. Specifically, the proportions of both
mildly and severely fragmented areas have increased, emphasizing spatial differences in
land use across regions during urban and rural development.

Regarding spatial distribution, low-CLFI zones were primarily clustered around the
development area and Liangzi Town, while high-CLFI zones were concentrated near
state-owned farms in Changgang and Donggou Towns. This pattern of differentiated
distribution illustrates the diversity and complexity in land use changes accompanying
urbanization. As an economic growth hub, the development area has seen intensified pop-
ulation and industrial clustering effects, spurring numerous infrastructure and real estate
developments, leading to a reduction in cultivated land and heightened fragmentation.
Concurrently, Ezhou’s economic development and industrial restructuring policies are
typically implemented preferentially in these high-demand zones to support industrial
layout and urban growth. Driven by policy, former agricultural land has gradually been
converted to industrial, commercial, or residential uses, thus creating low CLFI values
(indicating high fragmentation) in the development zones. This trend not only highlights
the increased pressure on cultivated land protection in economically developing areas, but
also the potential for policy biases to have a lasting impact on the spatial characteristics of
cultivated land.

In 2018, to promote ecological civilization, Ezhou City enacted the “Ezhou Lake Pro-
tection Ordinance” to enhance the protection of ecologically sensitive areas. This ordinance
specifies that in the administrative zones around Liangzi Lake, no further industrial enter-
prises will be permitted, except for innovative and high-tech firms, while also broadening
the restrictions on livestock and expanding mountain protection zones. These ecological
policies, by imposing strict development limitations, have mitigated excessive land devel-
opment and cultivated land conversion around Liangzi Lake, markedly raising its CLFI
since 2013, suggesting lower fragmentation, although it is still relatively low on a citywide
scale. This outcome suggests that robust ecological protection measures have led to a more
stable and sustainable land use pattern around Liangzi Lake. Despite an increase in CLFI
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to a relatively high level, ecological protection policies have not fully mitigated cultivated
land fragmentation in the urbanization process. The stabilized fragmentation trend offers
valuable insights for land management and ecological policies in other comparable ecologi-
cally sensitive areas. In contrast, state-owned cultivated land serves to safeguard national
food security, maintain agricultural production stability, and drive the development of
state-owned farms or agricultural projects. Due to its defined ownership, legal protection,
and regulatory policies, the land use remains stable. In the face of urbanization pressures,
the land in these areas has not been extensively converted or developed, keeping the frag-
mentation index relatively stable. The stability of state-owned cultivated land suggests that
government control and protective policies for state-owned land can effectively minimize
fragmentation fluctuations, maintaining a relatively manageable land use condition, which
positively contributes to optimizing land use structures and preserving agricultural land.

Figure 4. Annual average change rates of CLFI from 2013 to 2022 and their spatial distribution.

Overall, the fragmentation of cultivated land in Ezhou City exhibited a spatial distri-
bution pattern with lower values in the northwest and northeast regions, and higher values
in the southwest and central areas. This characteristic stands in stark contrast to Ezhou’s
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economic development pattern, which declined from east to north and south, highlighting
the complex interplay between economic development and cultivated land fragmenta-
tion. Urban expansion and land redistribution often accompany economic development,
with cultivated land fragmentation reflecting land resource impacts during this process.
This reverse spatial distribution highlights urbanization’s uneven effects across different
regions of Ezhou, especially notable between central urban areas and ecological zones,
underscoring the lasting influence of urbanization on land use structures. In summary, this
study elucidates trends, spatial characteristics, and driving mechanisms of cultivated land
fragmentation in Ezhou under the dual policies of urbanization and ecological protection,
offering critical scientific evidence for land resource optimization and ecological policy
development in similar regions.

3.2. Spatial Clustering Characteristics of CLF

In order to gain a deeper understanding of the spatiotemporal changes of CLF in
Ezhou City between 2013 and 2022, this study employed both global and local spatial
autocorrelation analyses. Based on the data presented in Table 5, the global Moran’s I
values for CLFI at the village level in Ezhou City for 2013 and 2022 demonstrated significant
positive correlations at the 1% significance level. This implies that the CLF in rural areas of
Ezhou City exhibits distinct spatial clustering characteristics, with a pronounced upward
trend between 2013 and 2022.

Table 5. Global Moran’s I analysis of single factors for CLF in 2013 and 2022.

Year Type Moran’s I Z-Value p-Value

2013

RE 0.090 2.624 0.001
SC 0.395 10.517 0.001
CU 0.623 16.880 0.001

CLFI 0.324 9.076 0.001

2022

RE 0.708 18.844 0.001
SC 0.400 10.897 0.001
CU 0.250 6.739 0.001

CLFI 0.639 17.091 0.001

The outcomes of the local spatial autocorrelation analysis are depicted through LISA
maps (Figures 5 and 6). From 2013 to 2022, the clustering and random distribution patterns
of CLFI at the village scale in Ezhou City generally remained relatively stable. In 2013,
high-high clustering areas, indicative of high value concentrations, were primarily located
in Putuan Township, Changgang Town, Donggou Town, and Tujianao Town in the central
and western regions; low-low clustering areas, indicative of low value concentrations,
were mainly found in parts of Tingzu Town, Xinyao Town, Zelin Town, and Gedian Town.
High-low aggregation zones and low-high aggregation zones encompassed fewer villages,
leading to more fragmented spatial characteristics. In 2022, high-high clustering areas were
primarily located in Putuan Township, Changgang Town, Donggou Town, Tujianao Town,
and Dushan Town; low-low clustering areas were mainly concentrated in Gedian Town,
Fenghuang Sub-District, and Xinyao Town; low-high clustering areas were predominantly
found in Liangzi Town.

These results suggest that between 2013 and 2022, the CLFI exhibited a generally
stable spatial distribution pattern at the village level. The distribution characteristics of
the clustering types in most villages and towns (namely high-high and low-low clusters)
were consistent, suggesting that the spatial aggregation pattern of CLFI is temporally
stable. Additionally, the concentrated spatial distribution of clustered areas may indicate
the polarization effect resulting from urban expansion, especially driven by development
zones and central urban districts, leading to a greater concentration of low-low clusters.
Concurrently, as a result of policies aimed at ensuring food security and promoting compre-
hensive tourism development, the CLFI in the villages around southern Putuan Township
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and state-owned farms exhibited stable growth, leading to the gradual formation of a more
concentrated high-high cluster.

Figure 5. The local Moran’s I map for Ezhou City in 2013, resource endowment (a), spatial concentra-
tion (b), convenience of utilization (c), and CLFI (d).

Figure 6. The local Moran’s I map for Ezhou City in 2022: resource endowment (a), spatial concentra-
tion (b), convenience of utilization (c), and CLFI (d).

3.3. Actors Driving Spatial Variation in CLF

This research combined data accessibility with the representativeness of indicators,
selecting seven potential indicators as independent variables from both natural and social
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perspectives, which were validated using a random forest model (Table 6). As illustrated in
Figure 7, the importance ranking of the factors influencing CLF in Ezhou City is as follows:
proportion of construction land > land use intensity > population density > average patch area
> slope > water network density > elevation. Among these, the proportion of construction
land, land use intensity, and population density were identified as critical factors.

Table 6. Driving factors of CLF.

Type Driving Factors Hypotheses on the Relationship with CLF Mean Value Standard Error

Natural factors

Slope Slope may affect the utilization of cultivated land. 1.7806 2.1076

Elev Elevation may influence the distribution of
cultivated land. 33.98 24.61

Water network density Water network density may influence the
usability conditions of cultivated land. 0.0571 0.0857

Average patch size
Could influence the mechanization of

agricultural practices and the scale of operations
on cultivated land.

2.4880 1.8300

Social factors
Population density Population density may influence the

management of cultivated land at scale. 7.0395 3.6642

Proportion of built up
land

Proportion of built up land may influence land
conversion and segmentation. 0.2366 0.1833

Land use intensity Land use intensity may potentially affect the
availability of cultivated land. 2.8267 0.4194

Figure 7. Significance of the driving factors for cultivated land fragmentation in Ezhou City.

Ezhou City has a flat terrain with minimal topographical variation, and the eastern and
southern regions consist of vast plains, covering approximately 45% of the city’s total area.
According to topographical analysis, the elevation differences among the villages in the city
are minimal, with a maximum height of 188.54 m, a minimum of 15.6 m, and an average
elevation of 33.9 m. This topographical feature provides a relatively stable foundation for
cultivated land use; however, it also implies that the variations in elevation among different
villages have no significant impact on cultivated land fragmentation. Furthermore, Ezhou
City is endowed with abundant and evenly distributed water resources, with a water area
of 51,193.02 hectares, which accounts for approximately one-third of the city’s total area.
This uniform distribution of water resources provides favorable conditions for agricultural
irrigation; however, it also indicates that natural factors such as elevation, water network
density, and slope have relatively minor driving effects on cultivated land fragmentation.
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The ongoing rise in the share of construction land throughout the urbanization process
signifies that a significant portion of land previously allocated for agricultural purposes is
being repurposed for residential, commercial, and industrial functions. This transformation
not only undermines the continuity of cultivated land, but also divides formerly contiguous
agricultural fields into smaller plots to meet the new construction requirements. In the de-
velopment areas of Ezhou City, the need for large-scale industries has led to the occupation
of extensive organized cultivated land, with only a limited number of fragmented plots
being restored as cultivated land, thereby exacerbating the fragmentation of cultivated
land in the surrounding areas. Areas characterized by intensive land use frequently require
the partitioning of large agricultural parcels to satisfy diverse functional and usage needs.
This fragmentation results in a greater disaggregation of cultivated land, hindering the
scaling of agricultural enterprises, increasing the farmers’ operational costs, and perhaps
having an effect on the sustainability and efficiency of agricultural production. Additionally,
with the progression of urbanization, there is a gradual concentration of population in
development zones and core urban areas, resulting in a significant surge in land demand.
This trend forces cities to consistently expand construction land and enhance the land
utilization intensity to meet the escalating demands of population growth and economic
activities. Consequently, in the context of cultivated land fragmentation in Ezhou City,
the proportion of built-up areas, land use intensity, and population density have exerted
considerable influence. Figure 8 demonstrates that between 2013 and 2022, regions with
high values for construction land proportion, land use intensity, and population density
were predominantly located in the development zone, whereas low-value areas were found
in the southern and fringe areas of the city, characterized by lower levels of urbanization
and weaker economic development. Comparisons revealed that socio-economic factors
had a markedly greater impact on the fragmentation of cultivated land in the villages of
Ezhou City during the urbanization process than natural factors. This discovery highlights
the complex interrelationship between land use and urbanization, underscoring the need
to take socioeconomic development considerations into account when developing policies
for urban planning and land management.

Figure 8. Spatial characteristics of key driving factors of CLF for 2013 and 2022: population density
(a,d), land use intensity (b,e), and proportion of built-up land (c,f).
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In conclusion, the fragmentation of cultivated land in Ezhou City is influenced not
only by natural conditions, but also directly results from urbanization and socio-economic
transformations. Future studies should investigate ways to reconcile land development
with the preservation of cultivated land during the urbanization process, thereby promoting
sustainable land use and ecological equilibrium.

3.4. Trends in the Transfer of Urban–Rural Construction Land and Cultivated Land

The analysis of land use change (Figure 9) showed that from 2013 to 2022, the propor-
tion of UCL in the total area of the study area rose from 5.72% to 8.36%, with cultivated land
contributing an average of 46.47% to this expansion. This high conversion rate indicates
that a large area of contiguous high-quality cultivated land has been occupied, leading to
the formation of fragmented small plots. Urban expansion typically focuses on flat, acces-
sible cultivated land, which leads to the division of areas that are suitable for large-scale
cultivation into isolated and scattered plots. The subsequent infrastructure development
further disrupts the connectivity of cultivated land, limiting the application of agricultural
mechanization, increasing the difficulty of land utilization, and intensifying the fragmenta-
tion of cultivated land. While the proportion of RCL in the total area has decreased (from
7.85% to 6.92%), cultivated land still constitutes the main source of RCL, accounting for
62.62% of the inflow to RCL. The manner of rural construction land expansion is quite
scattered and widespread, which has further intensified the fragmentation of cultivated
land. The expansion of RCL not only directly influences the spatial structure of cultivated
land, causing it to be divided into smaller plots, but also changes the micro-pattern of land
use in rural areas, resulting in cultivated land being increasingly surrounded or intermixed
with irregular built-up areas, which restricts the possibilities for land consolidation.

Figure 9. Chord diagram of land use changes in Ezhou from 2013 to 2022.

Figure 10 shows that between 2013 and 2022, Ezhou City experienced an expansion
rate of 162.94% for UCL with an expansion intensity of 19.42%; an expansion rate of −2.05%
for RCL with an expansion intensity of −0.16%; and an expansion rate of −2.86% for
cultivated land with an expansion intensity of −1.13%. The slower expansion rate of RCL
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relative to UCL was due to land transfer and the rapid urbanization-driven industrial
adjustments in Ezhou City. The primary contributor to UCL expansion was cultivated land,
followed by RCL.

Figure 10. Expansion changes in UCL, RCL, and cultivated land from 2013 to 2022.

In general, UCL has been a key factor in the fragmentation of cultivated land in
Ezhou City. The growth of UCL exacerbates the trend of land fragmentation by directly
converting extensive cultivated land into high-intensity urban development. With the rapid
urbanization in Ezhou City, the growing demand for infrastructure, housing, and public
services has resulted in the spatial fragmentation of cultivated land into smaller parcels to
meet the space requirements of these new developments. For instance, the laying of roads
and other infrastructure has disrupted previously consolidated cultivated land parcels,
further undermining the conditions for agricultural mechanization and intensification,
increasing the costs of agricultural operations and decreasing the production efficiency,
thus exacerbating land fragmentation. Despite a slower expansion rate compared to UCL,
the influence of RCL on the fragmentation of cultivated land should not be underestimated.
During the urban–rural integration process, a dynamic transformation relationship exists
between RCL and UCL, especially with the increasing trend of RCL converting to UCL,
suggesting that under urban expansion pressures, the demand for rural construction
land is increasingly shifting toward urban areas. The expansion of RCL in rural areas
is often characterized by discontinuous and irregular scattered patterns, which directly
influence the spatial distribution of cultivated land, leading to the greater fragmentation
of agricultural land. The expansion of RCL not only disrupts the integrity of cultivated
land, but also renders the original agricultural landscape structure more complex and
fragmented, further impacting the efficiency of agricultural management and the feasibility
of resource integration.

4. Discussion
4.1. Analysis of Spatial Variability of CLF and Comparison

Evidence from the Wuhan metropolitan region shows that the average level of CLF
is greater in mountainous and hilly areas compared to plains. In the low hill and plain
regions, socio-economic factors serve as the primary determinants of CLF [47], consistent
with the results observed in Ezhou City. Being part of the Wuhan metropolitan area, Ezhou
City’s land management can derive important lessons from the experiences of Wuhan.
Furthermore, this study’s findings concur with those of Xiaoran and Li Wenbo [48]. Stud-
ies have shown that the expansion of urban areas in China, especially in central regions,
leads to the extensive transformation of adjacent cultivated land into non-agricultural
land, especially pronounced in eastern counties. Furthermore, cultivated land in the urban
outskirts frequently worsens during land use changes, making urban fringe hotspots for
cultivated land fragmentation. The study revealed different impact patterns of urban and
rural construction land on CLF, further confirming the substantial influence of construc-
tion land expansion on cultivated land fragmentation. Specifically, the fragmentation of



Land 2024, 13, 1905 20 of 24

cultivated land in the urban periphery was exacerbated by pressures from non-agricultural
uses. As urban expansion progresses, cultivated land in these areas is increasingly trans-
formed into construction land for commercial, industrial, and other purposes, intensifying
the problem of cultivated land fragmentation. In comparison, rural areas, while also im-
pacted by construction land expansion, exhibit different fragmentation patterns and extents
than those observed in urban peripheries. In rural regions, extensive construction land
is redirected to urban development and other uses, absorbing adjacent cultivated land to
accommodate rural housing demands. According to these distinct spatial impact features,
the irrational expansion of urban and rural construction land in Ezhou City has markedly
intensified the fragmentation of cultivated land within villages, with regionally distinc-
tive impacts. Additionally, a comparative analysis of models revealed that researchers
employed a geographically weighted regression model to investigate CLF factors, yielding
an R2 of 0.606 [49], which is notably lower than the R2 of 0.922 achieved with the random
forest model used in this study. The random forest model, in contrast to the geograph-
ically weighted regression model, offers more accurate and robust analytical outcomes,
showcasing superior predictive power. The high R2 value demonstrates that the random
forest model excels in capturing and interpreting the complex factors affecting CLF, thereby
providing a more dependable foundation for predicting and analyzing CLF issues in the
research area.

4.2. Integrated Effects of CLF During Urban Expansion

The study findings suggest that between 2013 and 2022, the CLF in Ezhou City overall
intensified, and the polarization phenomenon has become increasingly significant. Areas
exhibiting a greater average annual growth rate of the CLFI were situated near the state-
owned farms in the central region and around Tujianao Town in the south, and these
regions also demonstrated the highest land quality and lowest levels of cultivated land
fragmentation. This observation may be associated with the crucial function of state-
owned cultivated land in safeguarding national food security, leading to its relatively lower
susceptibility to encroachment by construction land amid urban expansion. Furthermore,
because of its clearly defined land ownership and legal protection, the CLFI has shown a
consistent increase. As the hub of comprehensive tourism in the Liangzi Lake area, Tujianao
Town actively consolidates parcels and organizes land, improves the infrastructure levels
and has achieved the least degree of cultivated land fragmentation. Relatively speaking, the
Gedian Development Zone and the central urban area, as key regions for economic growth
in Ezhou City, demonstrate notable effects of population and industrial concentration. In
order to satisfy the needs of economic development and urban expansion, substantial
high-quality cultivated land has been allocated for non-agricultural construction, resulting
in the severe fragmentation of cultivated land. The study of driving factors has shown
that during the urban expansion process in Ezhou City, the proportion of construction
land, land use intensity, and population density were the primary influences on the level
of cultivated land fragmentation in the area; that is, areas with higher construction land
proportions, increased land use intensity, and greater population density experience more
severe levels of cultivated land fragmentation.

A significant number of studies have indicated that the rapid advancement of urban-
ization has resulted in serious cultivated land fragmentation and obstructed the progress
of mechanized agriculture. However, cultivated land fragmentation does not only have
negative impacts [50–52]. Previous studies have indicated that CLF within manageable
limits can indirectly improve the stability of agricultural production, enhance crop pro-
duction diversity, and also bolster the resilience of agricultural systems against climate
change and natural disasters [53]. Moreover, fragmented land patterns can, to some extent,
alleviate potential conflicts between land ownership and usage rights, providing greater
flexibility and maneuverability for cultivated land transfer [54]. Therefore, when assessing
the impact of land fragmentation, it is essential to go beyond a single perspective of eco-
nomic benefits and conduct a comprehensive analysis from multiple dimensions including
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agricultural production, landscape ecology, and land management, in order to weigh its
pros and cons and develop more effective land management strategies that achieve the
goal of coordinated agricultural and urban–rural development.

4.3. Policies and Recommendations for Controlling CLF

Against the backdrop of Ezhou City’s rapid economic growth, it is crucial to simul-
taneously achieve sustainable agricultural development and mitigate the fragmentation
of cultivated land. To effectively tackle the challenges brought about by cultivated land
fragmentation, increase land use efficiency, and strengthen agricultural productivity, this
research presents three policy recommendations. These suggestions are intended to pro-
vide a theoretical basis for the formulation of land management and agricultural policies,
thereby facilitating regional sustainable development.

(1) Optimize the spatial configuration of cultivated land. In regions experiencing se-
vere fragmentation around the development zone and Liangzi Town, it is essential
to scientifically consolidate the scattered small plots of cultivated land into appro-
priately sized units to enhance agricultural production efficiency. Furthermore, for
the development zone, compensation mechanisms may be developed according to
the actual ecological circumstances of the region and businesses to retain or restore
cultivated land within their development projects, minimizing the encroachment on
agricultural resources. In regions of slight fragmentation in state-owned farms and
less economically developed areas in the south, attention should be directed toward
expanding the scale of cultivated land and enhancing the production capacity of the
consolidated land, thereby facilitating spatial intensification. Facilitating the balanced
development of regional economies can be undertaken by ensuring the sustainable
development of cultivated land resources.

(2) Establishment of permanent basic cultivated land and population redistribution. The
Gedian Development Zone and the central urban area represent regions with the
highest proportion of construction land, the greatest land use intensity, and the highest
population density. It is suggested that the overall land use plan explicitly delineate a
protection zone for permanent basic cultivated land. Furthermore, the development
of new urbanization in neighboring towns should be advanced, effectively directing
the population and industries to transfer in an orderly manner to small and medium-
sized towns and industrial parks, thereby relieving population pressure in the central
urban area and promoting the transfer and employment of surplus rural labor. This
comprehensive strategy not only helps to relieve the socio-economic pressures in
development areas, but also aids in achieving sustainable regional development.

(3) Optimizing the urban–rural development framework. In the economically developed
eastern and northern regions where the average annual change rate of CLFI is nega-
tive, it is advisable to designate ecological protection areas or integrated development
zones to foster a compact urban growth pattern while preventing the excessive out-
ward expansion of urban boundaries. In the southern regions with poorer economic
conditions but continuous improvement in CLFI, we suggest that the development
of green infrastructure is advanced including ecological roads and green space sys-
tems. These initiatives should be implemented with the aim of fostering sustainable
regional economic development while safeguarding the integrity of cultivated land.
By means of strategic planning and construction, it is possible to optimize the spatial
arrangement of urban and rural areas, thereby improving the efficiency of land use
and the quality of the ecological environment.

4.4. Constraints and Future Directions

Although this study offers significant empirical evidence, it still has several limita-
tions. First, the analysis centered on Ezhou City as a singular case, which may partially
restrict the applicability of the findings to other areas with varying socio-economic and
environmental contexts. Furthermore, although the random forest model demonstrated sig-



Land 2024, 13, 1905 22 of 24

nificant effectiveness in identifying key factors, it did not adequately capture the complex
dynamic relationships among these factors over time. Future studies may investigate the
spatiotemporal variations of CLF under varying urbanization pressures by incorporating
longitudinal data across multiple regions.

5. Conclusions

This research provides a systematic assessment of the levels of CLF in Ezhou City for
the years 2013 and 2022. It analyzed the spatial clustering characteristics and employed a
random forest model to investigate the key factors and mechanisms by which urban and
rural land expansion impacts CLF. The results demonstrated notable spatial disparities
in the fragmentation of cultivated land across Ezhou City, with lower levels observed in
the northwest and northeast regions and higher levels in the southwest and central areas,
providing a stark contrast to the decreasing trend of economic development from east to
north and south within Ezhou City. Throughout the study period, CLF evolved from being
primarily characterized by moderate and severe fragmentation to being predominantly
classified as severely and extremely fragmented, exhibiting an overall decline but with a
more pronounced trend of polarization. The research further highlights the pivotal role
of social factors in influencing CLF in Ezhou City, demonstrating that construction land
proportion, land use intensity, and population density exert a significantly greater impact
on CLF compared to natural factors such as slope and elevation. Numerically, the total
area of cultivated land converted to UCL exceeded that converted to RCL. However, the
average contribution of cultivated land within RCL was proportionately greater than in
the UCL, highlighting the significant role of RCL in fulfilling basic rural demands through
cultivated land conversion. Especially in rural areas, the appropriation and transformation
of cultivated land have intensified the fragmentation phenomenon. Through the case
study of Ezhou City, this research highlights the significance of urban–rural coordinated
development and cultivated land protection in the context of urban expansion, offering
empirical evidence.
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