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Abstract: Agriculture is important for economic development in most poverty-stricken areas in
China, but cropland use is facing challenges due to rapid industrialization and urbanization, causing
serious issues for poverty alleviation and sustainable socioeconomic development. Cropland Use
Transition (CUT) is one way to alleviate poverty and develop the economy in poverty-stricken areas.
This paper chose 16 typical poverty-stricken counties in Western Hubei province as the case area.
A morphology index system was established to evaluate CUT, and geographic information system
software was used to analyze the temporal-spatial variations in CUT. Using the Radial Basis Function
Neural Network (RBFNN) model, contributions of driving factors of population, economy, and
industrial structure to CUT were analyzed. The results show that: (1) cropland use morphology
can be divided into functional morphology and spatial morphology; (2) the spatial distribution of
CUT was high in the north and low in the south, the temporal variation of CUT from 1995 to 2013
showed fluctuations, and the coefficient of CUT changed from 0.460 to 0.649 with a growth rate of
41%; (3) for the driving factors, population factors most significantly contributed to CUT, followed
by industrial structure and economic factors. The results obtained in this study are in line with the
findings of previous studies. The RBFNN model is suitable for evaluating the contributions of driving
factors, which can solve the deficiency in previous studies caused by ignoring the internal relationship
and target orientation of driving factors. This study suggests that poverty-stricken counties should
narrow the urban–rural divide, encourage balanced labor and investment flow into cropland by
formulating relevant economic policies, motivate farmers’ agricultural engagement, and use science
and technology to promote CUT and the growth of the agricultural economy, poverty alleviation,
and to coordinate urban–rural development.

Keywords: land use transition; socio-economic factors; poverty alleviation; RBFNN model;
sustainable use of cropland

1. Introduction

The social-economic level in poverty-stricken areas of China has significantly improved with the
rapid development of industrialization, urbanization, and socioeconomic transition. However, a series
of problems have arisen in poverty-stricken areas, such as large areas of cropland being abandoned,
occupied by non-agricultural construction, and degraded due to the emigration of a large number of
young laborers to modern cities [1,2]. Due to sterile soil and complex topographic and geographic
conditions, the use of cropland is relevant for poverty alleviation and sustainable socioeconomic
development [3], which promote the rapid transition of cropland use.
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Extant related research of cropland use has focused on changes in quantity [4], quality [5], and
productivity [6]. In terms of research scale, most studies have concentrated on the macro [7] and
middle scale [8]. Previously, 3S (geographic information system (GIS), global positioning system (GPS),
remote sensing (RS)) technology, mathematical models [9], multivariate statistical index [10], and other
related methods [11] have been used to study these changes. The driving factors of cropland use
change mainly include resident population [12], environmental factors [13], regional biodiversity [14],
and technological [15] and socioeconomic [16] factors. The methods of regression analysis [17],
neural network [18], and panel data [19] have been used to calculate the impact of driving factors
on cropland use change. For the spatial-temporal evolution of cropland, three-dimensional (3D)
kernel density [20], spatial auto correlation [21], and land use dynamic degree [22] have been used to
analyze the temporal evolution and regional spatial distribution of cultivated land use. Scholars have
conducted considerable research on the change of cropland use, providing many results, with various
research methods, content, and scale, contributing to the sustainable and effective use of cropland.
Cropland use change is also related to food security [23], farmland productivity [24], socioeconomic
development [25,26], urbanization [27], and ecosystem services [28]. Due to the practical connection
with poverty alleviation and sustainable socioeconomic development, the study of Cropland Use
Transition (CUT) is receiving more attention, being widely practiced to meet the demands of the
social economy.

CUT has been inspired by the forest transition hypothesis and land use transition theory, mainly
focusing on pathways of development [29], transition mechanisms [30], driving forces [31], spatial
characteristics and influencing factors [32], spatial and temporal coupling characteristics [33], and
functional transition [34]. At the core of CUT research, its definition has received extensive attention
and been discussed. CUT has been defined as the change in cropland use morphology over the
years [35], or the process of the changing trend in cropland use morphology [29], or the change of
cropland use from morphology to another [36]. Regardless of the connotation of CUT, cropland use
morphology is the key concept. The change in cropland morphology is directly related with the
production, living, and ecological functions of cropland affecting economic and social stability.

No consensus, however, has been reached on the meaning of cropland use morphology in
poverty-stricken areas, where it is difficult to measure the transition and sustainable use of cropland.
Research on cropland use in poverty-stricken areas has mainly focused on cropland abandonment [37],
which is an important factor that affects cropland use morphology change. Many studies have
examined the relationship between marginalization and abandonment [38], drivers of cropland
abandonment [39], the spatial distribution of abandoned land [40], influencing factors [41], and
related policy designs [42]. The existing studies mainly focused on developed areas, such as the United
States [43], Japan [44], Latin America [45], and especially Europe [40], where cropland abandonment is
widespread. The causes of cropland abandonment have been revealed from the plot level [46] and
farmer level [47]; cropland marginalization is thought to be the root cause [48], rising labor costs and
transfer of agricultural labor are the main causes [47], and urbanization and industrialization are
the main driving forces [49] of CUT. These studies provided valuable references for the research of
cropland morphology and CUT in poverty-stricken areas from the perspectives of mechanism, causes,
and policy.

China is a developing country, but cropland use is facing similar problems as developed countries
have faced in recent years, especially in poverty-stricken areas and mountainous areas, presenting
a huge obstacle to the Chinese strategy of rural vitalization and building a moderately prosperous
society. Combined with the analysis above, the contents of cropland use morphology, temporal-spatial
variations, and the contributions of driving factors that affect CUT need to be analyzed to clearly
define the specific content of cropland use morphology in poverty-stricken areas, and scientifically
measure the contributions of driving factors. These studies would not only provide scientific reference
for cropland use, but also provide a partial solution for poverty alleviation, which is a major global
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social problem affecting the economic prosperity in China and around the world, and social harmony
and stability.

This paper chose the poverty-stricken counties in Western Hubei province as a case study, as it is
a typical poverty-stricken and underdeveloped area in China, which is experiencing problems with
cropland use, including poor endowment of land resources, lack of application of technology, and a
significant wasteland, which seriously threaten poverty alleviation and impede the sustainability of
agriculture. Thus, there is an urgent need to resolve the challenges in cropland use while facilitating
economic development and poverty alleviation. The aims of our study were to (1) identify the
morphology of cropland in poverty-stricken counties and analyze the temporal-spatial characteristics
of CUT of Western Hubei province and (2) identify the driving factors of CUT and analyze the
contributions of each factor. The results of this research were used to provide suggestions for cropland
and agricultural sustainability in poverty-stricken counties, serving as a scientific reference point for
poverty alleviation.

2. Materials and Methods

2.1. Study Area

The study area in this paper includes 16 poverty-stricken counties in Western Hubei province
of China (108◦21′–111◦21′ E, 29◦06′–33◦16′ N) (Figure 1), accounting for 68% of the poverty-stricken
counties in Hubei province, with a total land area of 52,453 km2. In 2017, the average gross regional
product of the 16 poverty-stricken counties was 10.79 billion RMB, accounting for only 38.8% of the
average gross regional product in Hubei province [50], and 37.2% in China [51]. The economy in the
areas is underdeveloped. The region is bordered by Shanxi province and Chongqing city to the west,
Henan province to the north, Hunan province to the south, and Yichang city, Xiangyang city, and
Hubei province to the east. The study area is a typical poverty-stricken area; its land cover situation
in 2013 and digital elevation model are shown in Figure 1. The area is characterized by two land
types: forest and cropland. The forest is widely distributed, while the cropland is concentrated in the
northwest, including Danjiangkou, Yun, Fang, and Zhuxi counties. Water bodies are mainly located in
Danjiangkou, which hosts the important headwater region of China’s south-to-north water diversion
project. The other land types, such as residential and pasture land, are relatively scattered. For the
digital elevation model, the higher altitude areas are situated in the central and southern regions, and
lower altitude areas are concentrated in the north.
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2.2. Data Source and Processing

This paper compared data from five time stamps: 1995, 2000, 2005, 2010, and 2013. Statistical and
vector data were considered. The statistical data were collected from Hubei Statistical Yearbook [50],
China County Statistical Yearbook [51], and Hubei Rural Statistical Yearbook [52]. The vector data
for 1995, 2000, 2005, and 2010 included the fragmentation index of cropland patches, aggregation
index of cropland patches, and distribution density of sloping land. The digital elevation model data
were collected from the Resources and Environmental Data Cloud Platform of Chinese Academy of
Sciences [53]. The 2013 data were derived from 2010 grid data, combined with land change data for
2010–2013 collected from the Department of Land and Resources of Hubei Province [54], and using
ArcGIS for data processing. In calculating the ecological service value, the ecological value equivalent
factor and price were revised from the Xie et al. [55].

2.3. Methods

2.3.1. Research Framework

This paper developed a framework for this study, as shown in Figure 2. First, by comparing the
definition of CUT, the morphology of cropland was confirmed; based on this, a CUT morphology
evaluation index system was constructed. After testing the scientific practicality of the index system,
the CUT situation was evaluated. Second, this paper analyzed the driving factors of CUT from the
aspects of economy, population, society, and ecology. Through examining the practicality, scientific
analysis, and correlation testing, the final driving factors can be determined. Third, this paper took
the driving factors as the input layer, and the index of cropland morphology as the output layer, then
calculated the contributions of various factors to CUT using the Radial Basis Function Neural Networks
(RBFNN) model. Finally, based on the analysis above, this paper formulated several suggestions for
the sustainable use of cultivated land and the sustainable development of the economy. The details of
these steps are outlined next.

2.3.2. CUT Evaluation Index System

Morphology Analysis of Cropland Use

CUT can be interpreted as the temporal variation in cropland use morphology [34,36]. The
morphology comprises two main viewpoints: (1) dominant and recessive morphology [36], and (2)
functional and spatial morphology [32]. For the former, dominant morphology mainly refers to land use
structure, such as quantitative structure and spatial structure, whereas recessive morphology mainly
refers to morphology that is attached to the dominant morphology and is difficult to identify (such as
quality, property rights, mode of operation, inherent input, and output capacity), and thus needs to be
understood via analysis, testing, and investigation. For the latter, spatial morphology mainly includes
quantity and structural aspects, whereas functional morphology mainly comprises empirical or supply
aspects, and norm or demand aspects [36]. Both dominant morphology and spatial morphology
emphasize the spatial and temporal changes in cropland quantity. In contrast, the focus of recessive
morphology and functional morphology are not identical. The former emphasizes property rights
transition and management modes, which may cause obvious changes in land type. For cropland,
although property rights can be transferred, the operation mode is generally difficult to change
given perennial farming patterns and limitations to resource provisions in poverty-stricken areas.
Therefore, for CUT, recessive morphology emphasizes quality or output capacity—the productivity of
cropland—which reflects the functional morphology. Thus, it is appropriate to define the morphology
of cropland use from the perspective of function, which can be expanded to ecological function, life
function, and other multidimensional directions. Consequently, CUT can be studied from the dual
perspective of functional morphology and spatial morphology.
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On the one hand, during land use and agriculture development, the function of cropland is
expanded from basic food production to aspects including employment security, ecological services,
and landscaping. In terms of human needs and social development, the range of functions for
cropland is expanding. First, cropland must meet people’s basic food needs and ensure food security,
which are related to the function of crop production. Second, the use of cropland requires a certain
number of farmers, which provides basic employment opportunities and qualifies them for subsistence
allowances provided to poverty-stricken areas, reflecting the living security function. Third, as living
conditions are improving, people are beginning to seek spiritual satisfaction, and functions related to
landscaping and ecological protection are required. In summary, three functions pertain to morphology
in poverty-stricken areas in China: crop production, living security, and ecological protection.

On the other hand, after analyzing the influence of social and economic development on the
use of cropland, the spatial variation in cropland can be divided into quantity change and pattern
change. Firstly, a reasonable quantity of cropland is required to facilitate agricultural production, and
the quantity of land directly impacts crop yield, which can be measured by the index of cropland
change rate and per capita cropland area in rural regions. Secondly, cropland pattern can be divided
into quantity management and landscape patterns—the latter mainly reflects changes in cropland
areas, density, spatial aggregation degree, and spatial fragmentation degree, which affects the use
of arable land and the convenience of cultivation; the former reflects the concentration degree of the
cropland and human factors, making it more suitable for analyzing pattern changes from a demand
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perspective. Therefore, this paper aimed to measure spatial morphology using two aspects: spatial
landscape and quantitative.

Establishment of an Evaluation Index System

According to the analysis above, after repeated selection and verification, 15 indicators were
identified from five dimensions [56]: crop production, living security, ecological protection, landscape
patterns, and quantitative changes (Table 1). To measure the change in cropland use morphology,
this paper first evaluated the morphological characteristics of cropland use, and then compared the
morphological changes of adjacent periods. Subsequently, the degree of morphology change, which is
the coefficient of CUT, was calculated.

2.3.3. Driving Factors Analysis

Exploring the driving factors of spatial differentiation of CUT is important. Considering the
significance and correlation with the CUT evaluation index, this paper analyzed the driving factors
from three aspects [32]: population, economy, and industrial structure (Table 2).

First, the conflict between human need and cropland use has always been a serious problem due
to the large population and lack of arable land in China. As one of the most important land types,
cropland can be used to alleviate the conflict between this human demand and land shortage. People
directly impact changes to the functional and spatial morphology of cropland, and people are the
direct service object of cropland, so population is an important factor affecting cropland use. This
paper used population density to measure the impact of population on the differentiation of CUT.

Second, as an important part of land use transition in rural areas, CUT always corresponds to
the regional socioeconomic development stage. Changes in the economic form or industrial structure
of socioeconomic development promotes CUT, and CUT affects the socioeconomic development in
turn by changing the cropland quality, quantity, and spatial pattern, which have a strong mutual
influence. Therefore, economic factors are also important in the spatial differentiation of CUT. To avoid
correlation with evaluation indicators of cropland use morphology, this paper choses urbanization rate
indicator to represent the economic factor.

Third, for the poverty-stricken counties in Western Hubei, agricultural production accounts for a
considerable proportion of the gross domestic product (GDP), remaining at about 50% [32]. In recent
years, along with the development of industrialization, urbanization, and effective construction of
ecological-cultural tourism in Western Hubei, the economic and industrial structures have gradually
changed, and the proportions of secondary and tertiary industries have increased cropland use
efficiency. Therefore, the industrial structure is also an important factor affecting the spatial
differentiation of CUT. This paper chose the primary industry proportion to represent this factor.
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Table 1. Evaluation index system of cropland use morphology.

Criterion Layer Factor Layer Index Layer Index Calculation Index Connotation Symbol

Functional morphology

Crop production

Main crop yields per
cropland

The yield of major crops/quantity
of cropland

Crop production capacity
of cropland y1

Added value of
agriculture

Added value of agricultural
production and related activities

Status of agricultural
production and operation y2

Multiple cropping index Quantity of planting area of
crops/quantity of cropland

Investment and use of
cropland y3

Living security

Per capita agriculture
income of rural

households

Agricultural output/number of
rural residents

Economic function and
basic allowances of

cropland
y4

Ratio of planting industry
population

The number of crop
practitioners/number of rural

workers

Employment guarantee
from cropland y5

Per capita grain guarantee
rate

Grain yield/(resident population ×
400 kg)

Grain security from
cropland y6

Ecological protection

Nitrogen and phosphorus
index of cropland

Agricultural fertilizer use/quantity
of cropland

Damage to the ecological
environment y7

Ratio of chemical
controlled area

Chemically controlled
area/quantity of cropland

Damage to the ecological
environment y8

Ecological service value
index of cropland

Revised from the work by Xie et al.
[55]

Ecological service value of
cropland y9

Spatial morphology

Landscape pattern

Fragmentation index of
cropland patch

Cropland patches/total landscape
area

Landscape fragmentation
of cropland y10

Aggregation index of
cropland patch

Number of adjacent patches/total
number of cropland patches

Reflection of landscape
polymerization of

cropland
y11

Distribution density of
sloping cropland

Amount of sloping
cropland/quantity of cropland

Distribution of sloped
cropland y12

Quantitative change

Newly increased cropland Quantity of newly increased
cropland for the year Newly cropland y13

Per capita cropland Quantity of cropland/number of
resident population

Per capita quantity of
cropland y14

The ratio of cropland in
plains areas versus
mountainous areas

Amount of cropland in plains
areas/amount of cropland in

mountainous areas

Internal structure of
cropland y15
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Table 2. Index of driving factors to CUT.

Driving Factor Index Index Calculation Symbol

Population Population density Total population/total quantity
of land x1

Economy Urbanization rate
indicator

Number of urban
population/number of total

population
x2

Industrial structure Primary industry
proportion

Output value of primary
industry/gross domestic

product
x3

2.3.4. CUT Analysis Methods

For the calculation of the weight of the indexes, this paper first used the entropy method [57]
to calculate the objective weight, the AHP (Analytic Hierarchy Process) [58] method to calculate the
subjective weight, and then took the arithmetic mean of both as the final weight. As such, the subjective
and objective weights were considered comprehensively. Using the linear weighting method [59] to
calculate the final morphology of cropland use, and comparing the morphological changes in adjacent
periods, the corresponding degree of CUT was analyzed. The method is summarized in the following
equation [59]:

S =
n

∑
p=1

WpRp (1)

where S is the comprehensive score of cropland use morphology, W is the index weight (both of which
are assigned a value of 0.5 in this paper), R is the standardized value of the index, n denotes the index
number, and p is the index itself.

2.3.5. Analysis of Driving Factor Contribution

This paper used the Radial Basis Function Neural Networks (RBFNN) [60,61] model, which
has three structural layers, including the input layer, hidden layer, and output layer, to measure the
contributions of the driving factors to CUT (Figure 2). The input layer node passes the input signal to
the hidden layer first, and then to the output layer, which entails a distinct process and target [62,63].
According to the principles, this paper used the driving factors as the input layer and indices of CUT,
cropland functional transition and cropland spatial transition as the output layer, and calculated
the contributions of various factors to CUT. The detailed calculation steps of the RBFNN model can
be found in the literature [32,62,63]. The effects of the input layer on the output layer, which is the
contributions of various factors to CUT, were calculated according to the following steps [32]:

First, calculate the normalized value of the input layer to the hidden layer aij:

aij = Wij/
n

∑
i=1

Wij (2)

Second, calculate the normalized value of the hidden layer to the output layer bkj:

bkj = Pkj/
m

∑
j=1

Pkj (3)

Third, calculate the normalized value of the input layer to the output layer vik:

vik = aij × bkj (4)
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where i and j refer to the input layer node and hidden layer node, respectively; n is the total number of
input layer nodes; k is the output layers node; and m is the total number of hidden layer nodes.

3. Results

3.1. Temporal and Spatial Variation in CUT

3.1.1. Temporal Variation of CUT

The temporal variation in CUT from 1995 to 2013 is shown in Figure 3. Either the functional
transition, spatial transition, or CUT was characterized by fluctuation, but the specific fluctuating
characteristics are different. The coefficient of CUT showed an increasing trend year by year, increasing
from 0.460 to 0.649 with a growth rate of 41%. The functional transition increased first and then
decreased, with a trend of growth overall. The maximum value in 2005–2010 was 0.359, and the
minimum value in 1995–2000 was 0.178. The spatial transition fluctuated obviously in different
periods, especially with a marked downward trend from 0.480 to 0.393 in 2000–2010.
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In contrast, for the special period of 2005–2010, cropland spatial transition showed an opposite
development of functional and cropland use transition. By comparative analysis of the factors
(Figure 4), the possible reason for this finding was that the quantity of cropland in 2005–2010 markedly
decreased, the change in landscape pattern had a slight downward trend, and the joint action of the
two caused the reduction in cropland spatial transition.
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By comparing the transition and morphology change with time, there was a strong correlation
between quantitative change and spatial transition was observed, indicating that the change in cropland
quantity is the main factor affecting the spatial transition of the cropland. The function of living security
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had a strong correlation with functional transition, indicating that living security function is the main
factor affecting functional transition.

Notably, a significant change in landscape pattern occurred from 1995 to 2005 with a variation
coefficient of 0.408. The main reason may be that in this period, Chinese rural land policy focused on
adhering to the household contract management system and standardizing the circulation of land use
rights. A series of government documents were issued to promote and standardize the management
of the circulation of land contractual management rights, promote the rational flow and optimal
allocation of agricultural production factors, improve the efficiency and function of cultivated land
use, and promote the degree of CUT.

3.1.2. Spatial Variation in CUT

Using the spatial analysis function in ArcGIS, a spatial distribution diagram (Figure 5) was drawn
to analyze the spatial variation in CUT during 1995–2013 in Western Hubei province. Spatial variation
of functional transition, spatial transition, and CUT all showed an unbalanced distribution between
north and south over time, indicating that different areas had different development statuses, and
the main reasons for this could be the differentiation in economy, policy, population mobility, and
topography in each county.
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Specifically, the functional transition experienced development from south low-north high to
north-south balanced, and then back to south low-north high. The Zhuxi county had the most obvious
transition coefficient, followed by Zhushan county, Yun county, Zigui county, and Changyang county,
which are mainly distributed in the middle of the study area. Lichuan county, Badong county, and
Xuanen county had the least significant transition coefficients, being mainly distributed over the south
of the study area.

For spatial transition, the coefficient developed from south high-north low to north high-south
low. Changyang county, Zigui county, and Zhuxi county had the most obvious transition coefficients,
being mainly distributed in the central and northern part of the study area. Danjiangkou county, Yunxi
county, and Zhushan county had the least significant transition coefficient, being mainly distributed in
the north of the study area.

The overall spatial differentiation of CUT changed from the balanced development of north and
south to the pattern of south low-north high. Zhuxi county had the highest transition coefficient,
followed by Changyang and Zigui counties, which are mainly distributed in the central and northern
parts of the study area. Enshi, Hefeng, and Xuanen counties had the least significant transition
coefficient, and are mainly distributed in the south of the study area.

To clarify the specific causes of this situation, this paper further analyzed the contributions of
driving factors to CUT.

3.2. Analysis of Contribution of Driving Factors

3.2.1. Contribution of Driving Factors to CUT

Using the RBFNN model explained above, this paper found that the population factor contributed
the most to CUT in general, followed by industrial structure, while the economic factor was
relatively weaker (Figure 6). For this reason, on the one hand, with the recent rapid development
of industrialization and urbanization in China, young laborers in the poverty-stricken counties of
Western Hubei province are gradually migrating to cities, which has led to a massive loss of labor and
large areas of abandoned cropland. This indicates an urgent need to transition cropland to sustainable
agricultural development. Therefore, population is the most important factor affecting CUT. On
the other hand, the change in industrial structure reflects the transfer of the economic development
center. Although the economy is underdeveloped in poverty-stricken counties of Western Hubei,
these counties have excellent ecological endowment because of positive landscape conditions that
facilitate the development of tourism and ecological services to promote the social economy. Moreover,
economic development is beneficial for the effective use of the cropland, which provides adequate
financial support and introduces more science and technology to increase land cultivation. Thus,
economic factors are relatively less important to CUT.
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3.2.2. Contribution of Driving Factors to CUT in Each County

This paper graphically divided the counties of Yun, Yunxi, Zhushan, Zhuxi, Fang, and
Danjiangkou into the northern region, and the counties of Zigui, Changyang, Enshi, Badong, Jianshi,
Hefeng, Xuanen, Lichuan, Xianfeng, and Laifeng into the southern region to analyze the difference in
geographical regionalization.

The contribution of factors driving the CUT in each county is shown in Figure 7. For the
contribution of each specific county to CUT, the population density index was the highest in Fang
and Yunxi counties, and lowest in Zhushan and Danjiangkou counties. In general, the coefficient
ranged from 0.091 to 0.705, and the average coefficient in the northern region was 0.331, whereas in the
southern region it was 0.366, indicating that population density in the southern region contributed
more to CUT than in the northern region. For urbanization rate, Hefeng and Zhushan had the
strongest contribution with coefficients of 0.371 and 0.297, whereas Lichuan and Enshi had the weakest
contribution with coefficients of 0.003 and 0.002, respectively. The average coefficients of the northern
and southern regions were 0.132 and 0.071, respectively, indicating that urbanization rate in the
northern region had a greater contribution to CUT than in the southern region. The primary industry
proportion had the strongest contribution to CUT in Jianshi and Enshi, and the lowest in Changyang
and Lichuan. The coefficient of contribution ranged from 0.023 to 0.391, and the average coefficient
for the northern region was 0.191, and that in the southern region was 0.237, which had a similar
geographical distribution to population density.

The contribution of driving factors to functional transition of cropland is shown in Figure 8. For
functional transition, the population density index had the greatest contribution to CUT in Yunxi
and Zigui counties with coefficients of 0.514 and 0.510, and the lowest in Danjiangkou and Zhushan
counties with coefficients of 0.050 and 0.008, respectively. The average coefficients in the north and
south regions were 0.298 and 0.325, respectively, showing the index has a slightly stronger contribution
to functional transition of cropland in the north region. The contribution of the urbanization rate
was the highest in Fangxian and Danjiangkou, and lowest in Hefeng and Lichuan. The maximum
and minimum values were 0.368 and 0.005, respectively. Regarding the primary industry proportion,
Zhushan and Enshi counties had the maximum contribution to cropland functional transition with
coefficients of 0.504 and 0.377, whereas Fangxian and Lichuan had the lowest coefficients of 0.022 and
0.003, respectively.
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The contribution of driving factors to spatial transition of cropland is shown in Figure 9.
Population density had the greatest contribution to spatial transition of cropland in Fangxian and Zigui
counties, and the lowest in Yunxi and Danjiangkou, with the coefficients ranging from 0.121 to 0.567.
The urbanization rate was the highest in Zhushan and Hefeng with coefficients of 0.277 and 0.198,
and the lowest in Zigui and Xuanen with coefficients of 0.028 and 0.034, respectively. For industrial
structure, the contribution of primary industry proportion to CUT was the strongest in Badong and
Jianshi, and the weakest in Changyang and Danjiankou; the maximum and minimum coefficients were
0.366 and 0.060, respectively. In terms of geographical location, the indexes of population density and
urbanization rate showed a stronger contribution in the north, whereas the contribution of the primary
industry proportion showed the opposite.
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Regarding the reason, compared with the original status of the driving factors, this paper found
that, although the counties have similar landforms and cropland resources, differences exist in
population flow, industrial structure, and economic policies in each county, which affect the transition
and sustainable development of cropland. For example, as an important source of the south-to-north
water diversion project in China, Danjiangkou received relatively stronger economic development
support; the tourism industry in Changyang County, headed by the Qingjiang Gallery in recent years,
has gradually changed its economic structure; Zigui is the immigration county in the Three Gorges
Area, receiving considerable state support; and Enshi, the capital of Enshi prefecture, possesses better
tourism and services.

4. Discussion

4.1. Comparison with Previous Studies

Viewpoints on the composition of cropland use morphology have been reported in previous
studies [32,36]. On the basis of previous studies, this paper analyzed the cropland use morphology
from functional and spatial aspects, which can directly reflect the internal quality characteristics and
external morphological development characteristics of cropland, and provide a more effective reference
for policy creation for the protection and sustainable use of cropland. The result is consistent with the
findings of Song et al. [32], providing a scientific reference for the sustainable use of cropland.

For the contribution of driving factors to CUT, this paper found that population factors contributed
the most to CUT, followed by industrial structure and economic factors. Li et al. [37] and other scholars
have shown that marginalization or abandonment of cropland directly influences CUT, mainly caused
by the rising labor cost and the transfer of agricultural labor [47]. Urbanization and industrialization
are important driving forces [49], indicating that the population factor has a greater impact on CUT,
which is consistent with the findings of this paper.

4.2. Suitability of RBFNN Model

Previous studies explored a variety of methods to evaluate the contribution of driving factors
to cropland use. For example, Guo et al. evaluated the effects of land consolidation on the
multifunctionality of the cropland production system in China using the SPA (Set Pair Analysis)-fuzzy
assessment model [64]. Zhang et al. used a partial least squares regression (PLSR) model to determine
the main socioeconomic indicators of cropland change [65]. Handavu et al. [66] and Paudel et al. [67]
used a binary logistic regression model to examine the driving factors of land use and land cover
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change. Kundu et al. [68] evaluated the land use change impact on sub-watershed prioritization using
the analytical hierarchy process (AHP) method.

Although both subjective and objective methods have been applied, the underlying relationships
between original driving factors and evaluation targets have been ignored, which undermines the
analysis of the contributions of driving factors to CUT under different contexts. In comparison, the
utility of the driving factors calculated by the RBFNN model not only considers the original efficiency
of the index factors, but also the internal relationship and target orientation of CUT [61,62], which
ensures that our analysis and results are comprehensive and reliable. Each factor’s contribution differs
under different goals, which reflects the various driving forces of cropland spatial and functional
transition. In the CUT process, the size of the coefficient is positively related to the degree of transition.
The greater the effect of the various factors, the greater the regulation of the transition target, and vice
versa. The RBFNN model could be effectively used to measure the contributions of driving factors
and provide a scientific reference for the sustainable development of cropland in the poverty-stricken
counties of Western Hubei province. Different strategies should be adopted to achieve optimal control
of CUT in the future. Therefore, RBFNN is a suitable model to evaluate the contributions of driving
factors that can solve the deficiency in previous studies of ignoring the internal relationship and target
orientation of driving factors.

4.3. Applications and Suggestions

According to the analysis above, population contributed the most to CUT in the poverty-stricken
counties in Western Hubei province, followed by industrial structure and economic factors. In
the future, the sustainability of cropland use and agriculture in Western Hubei province should be
promoted via the following initiatives. Firstly, encourage coordinated development between urban and
rural areas, formulate related policies and measures, and encourage a balanced flow of labor in urban
versus rural areas to avoid the waste of cropland caused by a shortage of labor in poverty-stricken
areas. Secondly, on the basis of objective laws pertaining to economic development, promote CUT by
reducing the rent on cropland, increasing cropland use subsidies, providing bank credit, stimulating
investment in cropland, and improving the agricultural production and use efficiency, as well as the
functional benefits, of cropland. Thirdly, motivate farmers in poverty-stricken areas to engage in
agricultural production, and improve the use efficiency and functional benefits of cropland. Finally,
science and technology are the important driving force for economic development, which is much
more significant in poverty-stricken areas. Therefore, Western Hubei province should fully utilize
science and technology. Because of the special nature of resource endowments in poverty-stricken
areas, cropland use faces many problems, such as scattered distribution and large areas of sloping
land. Advanced science and technology can be applicable to land renovation, land reclamation and
restoration, and other engineering techniques to improve the quality and output efficiency of cropland
to improve the cropland spatial transition and promote the sustainable development of cropland use.

4.4. Limitations

This paper has several shortcomings. First, with the development of society and economy, more
functions will be derived; thus, further efforts should be applied to explore how CUT develops in light
of other functions not considered here. Second, this paper mainly focused on the driving factors of
population, industrial structure, and economic factors; however, other driving factors should not be
ignored, particularly the policy factor, which is difficult to quantitatively analyze. Further efforts are
needed to promote cropland use and socioeconomic sustainability. Third, the RBFNN model was only
applied to poverty-stricken counties in Western Hubei province, and further studies are needed to
reveal whether it is suitable for other areas, and to provide more universal suggestions for poverty
alleviation in China.
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5. Conclusions

This paper considered 16 poverty-stricken counties in Western Hubei province in China as the
study area and analyzed CUT from the perspectives of functional morphology and spatial morphology,
along with driving factors, including population, economy, and industrial structure. This paper applied
the RBFNN model to measure the contributions of each factor, and provided several suggestions for
CUT. Several conclusions were derived.

First, cropland use morphology can be divided into two aspects: functional morphology and
spatial morphology. The former includes three aspects—crop production, living security, and ecological
protection—whereas the latter includes landscape pattern and quantitative change.

Second, in the study period, regarding spatial distribution, the CUT was high in the north and
low in the south. The most significant area of transition was mainly concentrated on the north, with
only two counties—Zigui and Changyang—distributed in the south. The temporal variation in CUT
from 1995 to 2013 was characterized by fluctuation.

Third, in general, population factors contributed the most to CUT, followed by industrial structure
and economic factors. This is aligns with the current situation of rapid development of industrialization
and urbanization in China in terms of factors such as labor outflow and the increasing popularity of
the tourism and service industry in poverty-stricken areas. For the counties in the study area, various
driving factors contributed differently to CUT, related to differences in the population, economy,
industrial structure, and the social factors in each county. Related policies and measures should be
introduced and implemented to promote the sustainable use of the cropland and the sustainable
development of the economy.

In the future, several improvements should be undertaken in this field. First, the accuracy of
cropland use data needs to be improved, and the time stamp should be extended beyond 2013. Second,
studies on cropland use morphology should be enriched, which may be published over time. Third,
studies on the impact of land use policy on CUT in poverty-stricken areas should be completed to
provide richer scientific references for poverty alleviation.
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