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Abstract: The security of cultivated land resources is closely related to a country’s food security,
economic security and social security, and as such is always the top priority of those responsible
for the governance and administration of state affairs. The study area is 13 prefecture-level cities
in Hubei Province. An entropy weight method, comprehensive index method, spatial analysis and
obstacle degree model are employed to explore the spatio-temporal characteristics and obstacle
factors of cultivated land resources in quantity, quality and ecological security. The study shows
that (1) the security level of cultivated land resources in Hubei Province showed an upward trend
between 2010 and 2019. The land resources” quality and ecological security showed an upward trend,
while quantity security showed a downward trend. (2) The security of cultivated land resources
presents obvious spatial differences, generally showing a decreasing trend from west to east. Among
them, quantity security presents a spatial pattern of being high in the central, low in the east and
lower in the west of Hubei Province. Quality security presents a spatial pattern of being high in the
central region and low in the east and west. Ecological security presents a spatial pattern of being
high in the west and low in the east. (3) The main obstacles to its security in quantity, in quality
and in ecology are obviously different. Finally, some countermeasures are put forward to ensure the
security of cultivated land resources from the perspectives of quantity, quality and ecological security,
and to assist with the implementation of different protection policies in the western, central and
eastern areas of Hubei. This study expands the content and perspective of cultivated land resources
security and has a certain novelty in the selection of the index of water resources per unit of land
area, and the application of the obstacle degree model expands the research on the influencing factors
of cultivated land resource security.

Keywords: security of cultivated land resources; entropy weight method; comprehensive index method;
obstacle degree model; sustainable development; spatio-temporal characteristics; Hubei Province

1. Introduction

Food security is the basis of national security, and the most basic condition for achiev-
ing food security is guaranteeing basic self-sufficiency in food. Cultivated land resources
are the foundation of self-sufficiency in food [1,2]. Xi Jinping, the General Secretary of the
Communist Party of China’s Central Committee, stressed that China’s rice bowls should
mainly contain Chinese grain, and cultivated land is the lifeblood of food production. As
such, cultivated land should be protected in the same way that pandas are protected, and
the country should strictly guard and defend the red line of the 1.8 billion mu of cultivated
land. That land provides the basic requirements of cultivated land resources. The state has
already issued a series of policies to protect the cultivated land, in view of the cultivated
land loss problem in the urbanization process. However, the implementation effect of
these policies has not had the expected effects. In particular, the rapid development of
China’s economy, the acceleration of urbanization, the decrease in the amount and quality
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of cultivated land, the ecological deterioration [3-5] and the problem of food security have
aroused extensive attention, both at home and abroad [6-8]. L Brown even posed the
question “Who will feed China?” It was in this context that the idea of the security of
cultivated land resources was put forward [9], a topic that gradually became the focus
of the government and academia [10]. Very few studies directly examine the security of
cultivated land resources (SCLR) in foreign countries. Similar studies have mainly focused
on food security [11-13], sustainable agricultural development in developing countries
and regions [14], as well as the changing amount of cultivated land under the background
of land-use and land-cover change [15-17]. Other studies have analyzed the driving forces
of land use change and cultivated land change [18-20], sustainable soil management [21],
as well as the protection of agricultural land [22-24]. These studies have shown that land
occupation is an important threat to food security in the EU. In India, the mismatch be-
tween water supply and agricultural water demand is the real cause of food insecurity.
The security of cultivated land quantity all over the world has been affected by war, the
economy and policies. Biophysical and socio-economic proximity have been the main
influencing factors of cultivated land change, and population density has been negatively
correlated with cultivated land expansion. Zoning and differential taxes are commonly
used to regulate the loss of farmland in urban development. However, zoning by itself
does not seem to be sufficient to protect cultivated land; zoning needs to be implemented
in conjunction with other policies, such as improving land prices. At the same time, there
is a necessity to study land quality, the ecological sustainable development of land use and
the growing problem of environmental degradation in agricultural areas [25]. The Euro-
pean Commission has taken a number of measures and actions to protect soil including
a 50% reduction in the use of chemical pesticides, a 20% reduction in fertilizer use plus
a decrease of nutrient losses by at least 50%, a minimum of 30% of the EU’s land area as
protected areas, a limit on urban sprawl, a reduction in the pesticides risk, 25% of the EU’s
agricultural land put forward as organically farmed and a reduction in land degradation
and planting [21]. These ambitious measures and targets can provide a reference for the
selection of quality and quantity security indicators of cultivated land resources. Such
studies would help to formulate more effective sustainable development policies.

With the declining amount of cultivated land in the urbanization process and the
emergence of food security issues, domestic scholars’ research has focused on the evaluation
of the SCLR and the influencing factors. The main contents of such studies are as follows:
(1) The concept of SCLR. At present, no unified standard of the concept of SCLR has been
formed. Most of SCLR is explained from the perspectives of natural attributes, such as the
quantity, quality and ecology of cultivated land, as well as the social attributes, such as the
guarantee of social and economic development. For example, Zhu Hongbo maintained that
SCLR is the expansion and extension of the concept of cultivated land protection; SCLR is
also a state in which the cultivated land resources owned by a region can guarantee the
security of the regional cultivated land itself, as well as the region’s social and economic
security, food security and ecological security [3]. Song Wei et al. believed that SCLR
refers to the state and ability of cultivated land resources to guarantee the survival and
development of human society and to promote the harmony and balance of an ecological
system. This can only happen when a country’s or region’s cultivated land resources are
effectively protected. That protection can be divided into the three aspects of quantity
safety, quality safety and ecological safety [10]. (2) Regarding the evaluation of SCLR,
previous research has focused on the two aspects of index system building and evaluation
methods. The former mainly constructs theoretical frameworks from the connotation of
SCLR, or establishes an evaluation index system reference to some model framework. The
latter mainly includes an index system of quantity—quality—ecological security, resources—
environment—economy-society, nature—economy-society—ecology, an evaluation system of
pressure-status-response (PSR), etc. For example, Wang Fang et al. [26], Liu Shenghuan
etal. [27] and Wu Yanfei et al. [28], respectively, established index systems to evaluate SCLR
in suburban Guangzhou, Hubei and Anhui provinces from the perspectives of the quantity,
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quality and ecology of cultivated land. Kuang Lihua et al. constructed a cultivated land
system security index system from the systematic perspective of the “trinity” of cultivated
land quantity, quality and ecology [29]. Li Nan et al. evaluated the SCLR in Liaoning
Province from a spatio-temporal scale perspective. The study selected the four major
indexes of resource, environment, economy and society [30]. Song Ge et al. extended
resources and environment into nature and ecology and constructed an SCLR evaluation
index system from the four aspects of nature, economy, society and ecology [31]. Liu Xue
et al. used a PSR framework to construct an evaluation index system of land resources
security in Chongging [32]. Ren Jiagiang et al. used a PSR model to construct an evaluation
index system for the SCLR in Liaoyang County, Liaoning Province [33]. Cai Yinying et al.
used hidden danger, state and immunity models to construct an evaluation index system
of cultivated land ecological security to analyze the ecological security of cultivated land
resources in Jianghan Plain [34]. The evaluation methods of SCLR mainly include an
analytic hierarchy process [4], an improved TOPSIS model [29], a comprehensive index
method [10], an abrupt progression method [30], and a weighted comprehensive evaluation
method [35]. Among the above, the comprehensive index method is the most widely used
and the most mature. (3) Regarding the driving force of cultivated land resource security;,
the main driving factors behind quantity security are policy, economic development, non-
agricultural construction and population growth [36-39]. The main factors that influence
quantity security are the unused land area per capita, the area of supplementary cultivated
land per capita, the area of cultivated land per capita, the protection awareness of cultivated
land, etc. The factors that influence ecological security are obviously different, due to
different levels of economic development [40,41].

In conclusion, scholars have conducted numerous studies on SCLR from different
perspectives, and they have achieved fruitful results. This provides a foundation for further
research on SCLR. However, the academic circle has not yet reached a consensus on the
definition of SCLR, and the current SCLR evaluation index system does not have any broad
and unified recognition standard. Most existing studies have evaluated SCLR based on the
PSR model; many studies analyze single factors, such as quantity security [36,42], quality
security [43,44] or ecology security [34,41]. Secondly, SCLR evaluation methods show a
trend of diversification. The entropy weight method and analytic hierarchy process are
more extensive in the weight calculation, but the entropy weight method is more objective.
In terms of numerical calculation, the most widely used and mature method employed is
the composite index method. In addition, China’s cultivated land resources have obvious
differences in time and space. Therefore, it is necessary to explore the dynamic changes
of SCLR from the perspectives of time and space, so as to provide a basis for the further
improvement of cultivated land protection policies. China’s total grain output in 2019
was 6.64 x 108 t, the highest output level in the country’s history. The proportion of grain
output in the main food producing areas rose to 78.89%, and the contribution rate of grain
increased to 93.91% [45]. Based on historical changes and growth trends, increasing China’s
grain yield in the future will mainly depend on the main food producing areas [46]. As one
of the main food-producing areas in China, Hubei Province has a reputation of “when two
Hu (Hunan and Hubei) are ripe, China is sufficient”. SCLR is particularly important in
Hubei. Therefore, the entropy weight method, the composite index method, the obstacle
degree model and the spatial analysis method are employed to probe the spatio-temporal
characteristics and obstacle factors of SCLR. The objective is to provide a certain reference
in the choice of evaluation method. Meanwhile, with regard to the SCLR evaluation index
system, this article added a “water resources per unit land area” indicator, according to the
actual situation in Hubei Province, to construct a comprehensive evaluation index system
that can provide a reference for further study of SCLR. This will also provide theoretical
reference for differentiated policies that ensure SCLR in Hubei Province.
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2. Study Area

Hubei Province, referred to as “E”, is run through by the Yangtze River and the Han
River. Hubei is known as the “province of a thousand lakes” and “the land of fish and
rice”. The provincial capital is Wuhan. Hubei is located in central China, adjacent to Anhui
in the east, Chongqing in the west, Shaanxi in the northwest, Jiangxi and Hunan in the
south and Henan in the north. Hubei is about 740 km long from east to west, and 470 km
wide from north to south, with a total area of 185,900 square kilometers, or 1.94 percent
of China’s total area. Within the province, mountains account for 56% of the total area,
hills account for 24% and plains and lakes account for 20%. At present, the province has
jurisdiction over 13 prefecture-level administrative regions, including 12 prefecture-level
cities and one autonomous prefecture: Shiyan City, Yichang City, Enshi Tujia and Miao
Minority Autonomous Prefecture (Enshi City), Xiangyang City, Jingmen City, Jingzhou
City, Suizhou City, Wuhan City, Huangshi City, Ezhou City, Xiaogan City, Huanggang
City and Xianning City (Figure 1). In addition, four county-level administrative units are
directly under the province’s jurisdiction.
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Figure 1. The map of the study area.

By the end of 2018, the total cultivated land area was 5235 square kilometers, account-
ing for 3.66 percent of the total cultivated land in China. The province has designated
58.88 million mu of permanent basic farmland and 31.64 million mu of high-quality culti-
vated land; the latter accounts for 40 percent of the total cultivated land. Cultivated land
per capita is 1.3 mu, which is lower than the national average level of 1.52 mu. Hubei is
rich in water resources; lakes are mainly distributed in the Jianghan Plain. Currently, there
are more than 700 lakes, with a total surface area of 2706.851 square kilometers. Lakes with
a total surface area of more than 100 square kilometers include Honghu Lake, Changhu
Lake, Liangzi Lake and Futou Lake. In 2019, the total population of Hubei Province
was 59.27 million, of which 36.1547 million were urban residents, and 23.1553 million
were rural. Hubei’s GDP was 4.582831 trillion yuan, up by 7.5% from the previous year.
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Urban residents” and rural residents’ per capita disposable income were 37,601.3 yuan
and 16,390.9 yuan, respectively. Hubei Province is one of the 13 main food-producing
areas in China. The province’s grain output was 27.25 million tons in 2019, or 4.1% of the
national grain output. Clearly, Hubei plays an important role in ensuring China’s national
food security.

3. Data Sources and Methods
3.1. Data Source and the Data’s Standardized Processing

The data used in this paper are mainly from the Hubei Provincial Statistics Yearbook
and the Regional Economic Statistics Yearbook in Hubei Province, 2011-2020, and from the
China Urban Statistics Yearbook, 2011-2020. Partial data were obtained by sorting out the
above data, while some missing data were filled by the mean method commonly used in the
interpolation method. At the same time, considering that different indexes have different
units of measurement, maximum difference normalization is used to conduct dimensionless
processing of the data, since direct use of the maximum difference normalization method
will produce zero data. The following adjustment coefficient is adopted to map the data
into [0,1] in order to avoid zero data [47]:

xp = W —min) ) (1)
(max — min)
. —X;

XZ?* = M +0.1 ()

(max — min)

where X} is the standardized data and X; is the original data; max is the maximum value of
the data set and min is the minimum value in the data set. If the index value of the original
data is larger, the better this is, and then Formula (1) is selected. If the index value of the
original data is smaller, the better this is, and Formula (2) is selected.

3.2. Methods
3.2.1. Evaluation Index System

Referring to relevant research [5,26-29] and combining experts’ suggestions, this paper
follows the principles of comprehensiveness, dominance, scientific nature, accessibility and
operability in the selection of evaluation indexes. In addition, the SCLR evaluation system
in Hubei Province was constructed according to the connotation of SCLR, from three
dimensions of quantity security, quality security and ecological security of cultivated land
(Table 1). In the system, the index weight was determined by the entropy weight method.

Quantity security refers to the effective implementation of cultivated land and the basic
farmland ownership goals set to meet human society’s basic survival and development
needs, as well as the number of effective control policies related to cultivated land and
basic farmland loss. In this study, the area of cultivated land per capita, urbanization level,
natural growth rate of the population, food production per capita, population density
and the reduction ratio of cultivated land are chosen to express quantity security. The
larger the area of cultivated land is, the safer are the cultivated resources. The higher the
urbanization is, the greater the area of cultivated land that will be occupied and the less safe
the cultivated land resources will be. The higher the natural growth rate of the population
is, the less safe the cultivated land resources will be. The higher the amount of per capita
grain there is, the safer the cultivated land resources will be. The smaller the population
density is, the more the SCLR rate will increase. The smaller the area of cultivated land is,
the safer the cultivated resources will be.
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Table 1. Evaluation system of SCLR.

Target Layer System Layer Index Layer Weight Index Significance
X1 Cultivated land per capita The area of cultivated land per capita in
> 0.046 .
(hm~/person) the region
X2 Urbanization level (%) 0.034 Ratio of regional urban populah.on to total
urban and rural population
X3 Natural growth rate of The' rat‘lo of t'he natur'al increase in
) ) opulation (%) 0.008  population in a given period to the average
Quantity security Pop total population in the same period
X4 Food production per capita 0.066 The amount of food available to each
(kg/person) ’ person in an area
X5 Density of population . .
(persons/km?) 0.025 Population per unit land area
X6 Reduction rate of cultivated 0.055 The ratio by which the cultivated land area
land (%) ' decreased, compared with the previous year
X7 Rural residents’ per capita 0.076 Income after deduction of
net income (yuan) ' expenses incurred
X8 food production per unit of 0.053 The average amount of food produced per
land area (kg/ hm?) ’ hectare in the area
X9 Ratio of effective irrigated 0.068 Proportion of effectively irrigated cultivated
area (%) ) land out of total arable cultivated land
X10 Total power of agricultural 0.089 The total power of various machinery used
machinery (kw) ’ in agriculture
Quality security X11 High d :
ghway density . .
(km/km?) 0.028 Total mileage of roads per square kilometer
SCLR . The ratio of the gross domestic product to
X1(2 Sir; ps:sf)?;lta 0.096 the total population realized within a
y p certain period of time
X13 The multiple cropping 0.021 The ratio of sown crop area to cultivated
index (%) ’ area in a given period
X14 Water resource per unit of 0.104 The amount of water resources per unit of
land (ten thousand m3/km?) ) cultivated land area
X15 Fertilizer load per unit area The ra.t © of the a.mount of chemical
of cultivated land (kg /km?) 0.016 fertilizer applied to the area of
cultivated land
X16 Pesticide load per unit area 0.037 The ratio of regional pesticide applied to the
of cultivated land (kg/ km?) ’ cultivated land area
X17 Forest coverage (%) 0.075 The ratio of forest area to total land area
X18 Centralized treatment rate The propgrtlon Qf treated dgmestlc sewage
. ‘ ¢ (%) 0.015 and industrial sewage in the total
ECOloglcal securlty o sewage ° sewage discharge
. . . The amount of industrial wastewater
X19 Discharge of industrial 0.027 discharged to the outside through all the
waste water (ten thousand (t)) . . .,
discharges in the enterprises’ factory area
X20 Output of industrial solid The total amount of solid and s.em1jsohd
0.035 waste produced by the enterprises in the
waste (ten thousand (t)) .
production process
The amount of SO, released into the
X21 Industrial SO, emissions (t) 0.026 atmosphere during fuel combustion and

production processes
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Quality safety refers to the state in which the productive capacity of cultivated land is
effectively protected and the quality of cultivated land is improved. Rural residents’ per
capita net income, food production per unit area of cultivated land, the ratio of effective
irrigated area, the total power of agricultural machinery, highway density, GDP per capita,
the multiple cropping index of cultivated land and average land water resources are chosen
in this study to express quality security. The higher the rural residents’ per capita net
income is, the better the quality of cultivated land resources will be. The higher the food
production per unit area of cultivated land is, the safer the cultivated land resources will
be. The higher the ratio of the effective irrigated area is, the safer the cultivated land
resources will be. The total power of agricultural machinery reflects the improvements
in mechanization as related to the security of cultivated land resources. The greater the
highway density is, the greater the pressure on cultivated land resources will be. Next, GDP
per capita reflects the economic strength of a region, so the higher the economic strength is,
the greater the input to improve SCLR will be. The higher the multiple cropping index of
cultivated land is, the higher the efficiency of cultivated land use will be and the higher the
SCLR. Water resources per unit of land reflect the quality of the cultivated land environment
in a region. The higher the total water resources per land are, the better the quality of the
cultivated land and the safer the cultivated land resources will be.

Ecological security refers to a state of sustainable utilization with a small negative
impact on the ecological environment in the development and utilization of cultivated
land [10]. Fertilizer load per unit area of cultivated land, pesticide load per unit area of
cultivated land, forest coverage, the centralized treatment rate of sewage, the discharge of
industrial wastewater, the output of industrial solid waste, and industrial SO, emissions
are selected in this study to represent ecological security. Both fertilizer load and pesticide
load per unit area of cultivated land reflect the degree of influence of chemical fertilizer
and pesticide pollution on cultivated land resources. The higher the value is, the lower the
security is. The forest coverage reflects the degree of ecological environment, so the higher
the rate of forest coverage is, the safer the cultivated land resources will be. The higher the
centralized treatment rate of sewage is, the less sewage will be discharged and the higher
the security will be. The discharge of industrial wastewater, the output of industrial solid
waste and the discharge of industrial SO, all reflect the impact of industrial pollution on
cultivated land. This indicates that the lower the discharge level is, the safer the cultivated
land resources will be.

3.2.2. Entropy Weight Method

The entropy weight method is an objective weighting method, which carries out the
statistical calculation on sample data and determines weights based on the information
contained within the data [48]. Entropy is a measure of the disorder degree of a system,
which can in turn judge the amount of information. As can be seen from the definition of
entropy, the dispersion degree of an index can be judged by the entropy value, which is
negatively correlated with the degree of dispersion. The smaller the entropy value is, the
greater the dispersion degree of the index is, the greater the amount of information in the
index is and the greater the weight of the index will be. Conversely, the larger the entropy
value is, the smaller the degree of dispersion is, the smaller the amount of information
contained in the index is and the smaller the weight of the index will be. According to the
variation degree of each index, the index entropy weight is calculated by using information
entropy, and the objective index weight is obtained. The formula is as follows:

1 n

Hi = 7@21 YI] lnXi]- (3)
]:

W= @

m
m— Y H;
i=1
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where H; is information entropy of the ith index, W; is the entropy weight of the ith index,
Xij is the value of range normalization, m is the number of indicators and 7 is the number
of research units.

3.2.3. Comprehensive Index Method

The comprehensive index method is the most mature method used in security evalua-
tion research [49]. The index is converted into standardized values of the same scale, and
then multiplied by corresponding weights. Finally, the indexes are integrated. This method
evaluates SCLR according to the value size of the evaluation index and the corresponding
weight. The formula is as follows:

m
j=1
where §; is the level of SCLR in the i city, W; is the entropy weight of the jth index, and X;;
is the standardized value of the jth item in the ith city.

3.2.4. Classification of Evaluation Criteria

According to evaluation results in the middle of time series and natural breakpoint
method, this paper divides evaluation results into five categories: Safety, relative safety,
critical safety, lesser safety and unsafe (Table 2), based on previous studies [49,50]. Analysis
results of quantity security, quality security and ecological security are also divided from
high to low, into five levels: I, II, III, IV and V (Table 3).

Table 2. Evaluation standard of comprehensive safety degree.

Degree of Safety Interval of Safety
Safety >0.575
Relative safety 0.538-0.575
Critical safety 0.489-0.538
Lesser safety 0.460-0.489
Unsafe 0.000-0.460

Table 3. Evaluation standard of safety level.

Safety Level Quantity Safety Interval Quality Safety Interval Ecological Safety Interval
I >0.131 >0.264 >0.195
II 0.101-0.131 0.240-0.264 0.174-0.195
I 0.071-0.101 0.227-0.240 0.143-0.174
v 0.036-0.071 0.176-0.227 0.135-0.143
v 0.000-0.036 0.000-0.176 0.000-0.135

3.2.5. Obstacle Degree Model

An obstacle degree model can diagnose obstacle factors that influence SCLR and
the magnitude of the degree of influence [29]. By introducing Y, (contribution degree of
factor), I, (deviation degree of the index) and O, (obstacle degree), this study constructs a
diagnosis model of obstacle factors to clarify the obstacles of the research object, and to
determine the primary and secondary relationship of obstacle factors and their degrees of
influence by ranking them [51]. The formula is as follows:

I X Y,
onzziiﬁligﬂgfxlow% 6)

Y (I xY;)

i=1

I,=1-X, )
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where Oy, is the obstacle degree, which represents the impact of index n on SCLR; Yy, is
the contribution degree of factor, which represents the contribution degree of the factor to
target (that is, the weight of factor W,). Furthermore, I, is the degree of deviation of the
index, which represents the difference between the index’s actual value and the optimal
value, which in turn can be represented by the difference between I and the standardized
value of the index (X'n).

4. Results and Discussion
4.1. Spatial-Tmporal Characteristics of SCLR
4.1.1. Temporal Characteristics of SCLR

In general, the degree of security of cultivated land resources in Hubei Province
showed an upward trend between 2010 and 2018 (Figure 2). The comprehensive safety
value increased from 0.460 in 2010, to 0.538 in 2018, with an average annual growth rate
of 1.9%. Among the various values, the value of quality safety increased from 0.203 to
0.263, and the value of ecological safety increased from 0.151 to 0.173, both showing an
upward trend. Meanwhile, quantity safety showed a slight downward trend, with its value
decreasing from 0.106 to 0.102; quality safety value showed a slightly decreasing trend
from 2017 to 2018.

—&— Comprehensive safety —— Quantity safety Quality safety —#— Ecological safety
0600
0500 [ M
g
k=
g 0400 |
L
5)
2 o300
G
-
0200
. —o 7S S ——4— ¢
0100

0.000

2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

Figure 2. The changing trend of SCLR in Hubei Province between 2010 and 2018.

The number of cities in the ‘safety’ and ‘relative safety’ levels of cultivated land
resource showed an increasing trend between 2010 and 2019; the number of cities in
the ‘unsafe’, ‘lesser safety” and ‘critical safety” levels of SCLR showed a decreasing trend
(Figure 3). In 2010, the number of ‘safety’ and ‘relative safety’ cities was 0; the number of
‘critical safety” and ‘lesser safety’ cities was four, and the number of “unsafe cities” was
five. In 2019 (excluding Ezhou), the number of ‘safety” and ‘relatively safety’ cities had
reached three and four, respectively, while the number of ‘critical safety” and ‘lesser safety’
cities were both two. The number of ‘unsafe cities’ also decreased to one. Between 2013
and 2018, the number of ‘lesser safety’ cities increased slightly, but the overall trend was
good. The comprehensive safety level in all cities showed an overall upward trend.
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Figure 3. The changing trend by number of cities for SCLR between 2010 and 2019.

4.1.2. Spatial Characteristics of Cultivated Land Resources Security

In order to reflect the spatial characteristics of SCLR in the Hubei Province more
intuitively, ArcGIS software was used to analyze the spatial distribution of comprehensive
security, quantity security, quality security and ecological security (Figure 4).
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[0 Relative safety (0.538 —0575) [ Nodata N
[ ] Critical safety (0.489 — 0.538) A
0 200 400
s safety (0.461 —0.489) 1 1 ] km

Figure 4. Spatio-temporal pattern of SCLR in the Hubei Province between 2010 and 2019.

The comprehensive security level of cultivated land resources increased significantly
from 2010 to 2019, but the spatial distribution characteristics showed little change, remain-
ing high in the west and low in the east of Hubei Province. In particular, the security
levels of Wuhan, Ezhou, Huangshi and Xiaogan were low in the east, showing a generally
decreasing trend from west to east. In 2010, the “critical safety’ areas were Jingmen, Suizhou,
and Jingzhou in central Hubei, and Xianning in eastern Hubei; the ‘lesser safety” areas
were Xiangyang, Shiyan, Enshi and Huanggang in eastern Hubei; Xiaogan, Wuhan, Ezhou
and Huangshi in eastern Hubei and Yichang in western Hubei were the “unsafe” cities.
This shows spatial distribution characteristics of a decreasing trend from west to east. The
‘safety’ areas were mainly concentrated in Jingmen and Jingzhou in central Hubei, and
Enshi in western Hubei; the ‘relative safety’ areas were Suizhou, Xiangyang, Yichang and
Xianning. The ‘lesser safety” areas were Xiaogan and Huanggang, the “critical safety” areas
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2019

were Shiyan and Wuhan, and the least safe area was Huangshi. The ‘lesser safety’ areas
were distributed in a circular pattern in 2019, centered around Wuhan.

(1) Spatial characteristics of cultivated land quantity security

The safety level of cultivated land resources in Hubei Province decreased gradually
from 2010 to 2019 (Figure 5).

B 1evell (50131 Bl vV C0.000—0.036)
[ Levelll (0.101 —0.131) [ Nodaa N
[ | LevelIll (0.071 —0.101) A
B ovel 1V (0.036—0.071) ? 2?0 4??(

Figure 5. Spatial pattern of cultivated land quantity security in Hubei Province between 2010 and 2019.

The only city with a quantity safety level that continued to maintain a high level was
Jingmen. The safety level of Wuhan has been relatively low. Xiangyang and Jingmen had
the highest safety level in terms of quantity safety; Enshi, Suizhou and Jingzhou had a
higher level of quantity safety; Shiyan, Yichang, Xiaogan, Huanggang and Xianning had
a medium level of quantity safety, and Huangshi and Wuhan had a low level of quantity
safety level. In 2010, Ezhou and Huangshi in eastern Hubei, along with the other nine areas,
were safe or relatively safe, with the exception of Wuhan. The security level in Xianning,
Xiaogan and Shiyan reduced from level II in 2010, to level Il in 2013. The security level
in Yichang and Huanggang also reduced, from level II in 2010, to level IIT in 2016. On the
whole, the degree of quantity security showed a spatial pattern of being high in the central,
low in the east and low in the west in 2019.

(2) Spatial characteristics of cultivated land quality security

The quality safety level of cultivated land resources in the Hubei Province showed
an upward trend between 2010 and 2019 (Figure 6). Most of the cities in central Hubei
were at a low grade in 2010, but there would be a significant increase in the number of
cities with a high quality safety level. Although the security level of eastern and western
Hubei has improved, these areas are still at a lower level. The safety level in Wuhan and
Jingzhou was higher, while Jingmen was in the middle level, and the rest were at a lower
safety level in 2010. The safety degree of quality showed a spatial pattern of high in central
Hubei and low in eastern and western Hubei. Except for Wuhan and Enshi, the areas with
higher security levels were in central Hubei and Jingmen, along with Jingzhou, Yichang
and Suizhou near central Hubei. Safety levels were at the medium level for Huanggang,
with lower-level areas being Xiaogan, Huanggang and Huangshi in the east, and Shiyan in
the west of Hubei. The city with a medium safety level was Huanggang, while the cities
with low safety levels were Xiaogan, Huanggang and Huangshi in eastern Hubei, and
Shiyan in western Hubei.



Sustainability 2021, 13, 8498 12 of 19

2010
T.egend
B iovell 0264 B Lol V (0.000—0.176)
I tovel 1 €0.240 — 0.264) T Nodata N
[ Levellll (0227 —0.240) A
B revel TV (0.176—0.227) i 0 s

2019

Figure 6. Spatial pattern of cultivated land quality security in Hubei Province between 2010 and 2019.

(3) Spatial characteristics of cultivated land ecological security

From 2010 to 2019, the ecological security level of cultivated land resources increased
slightly, while the number of cities with lower ecological security levels in eastern and
central Hubei decreased gradually during that period (Figure 7). Wuhan, Ezhou, Xiao-
gan and Huangshi had the lowest safety levels; Jingzhou had a low safety grade, while
Shiyan, Enshi and Xianning had the highest safety grade. The ecological security degree of
cultivated land resources in 2019 showed a spatial pattern of high in the west and low in
the east. Enshi, Shiyan and Xianning had the highest level of cultivated land ecological
security; Suizhou, Yichang, Xiangyang and Huanggang had the highest level of cultivated
land ecological security, and the rest of the cities were at the middle level. In general, the
ecological security level of Shiyan, Enshi and Xianning has always been high, while Wuhan
has always been at a low level.

Legend
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Figure 7. Spatial pattern of cultivated land ecological security in Hubei Province between 2010 and 2019.

4.2. Obstacle Factors of SCLR

The top three indicators with the highest obstacle degree were screened from the
system level (quantity, quality and ecology, respectively). Then, the frequency of their
occurrences in the two periods of 2010-2014 and 2015-2019, respectively, were counted [52].
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These were the main obstacles to the quantity, quality and ecological security of these areas
(Tables 4-6).

Table 4. Frequency of obstacles degree to index of cultivated land quantity security in each region

from 2010 to 2019.

City 2010-2014 (Index/Frequency) 2015-2019 (Index/Frequency)
Wuhan X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Huangshi X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Shiyan X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Yichang X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Xiangyang X1/5 X2/4 X6/5 X1/5 X2/5 X6/5
Ezhou X1/5 X4/5 X6/5 X1/4 X4/4 X6/4
Jingmen X1/5 X2/4 X6/5 X1/3 X2/5 X6/5
Xiaogan X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Jingzhou X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Huanggang X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Xianning X1/5 X4/5 X6/5 X1/5 X4/5 X6/5
Suizhou X1/5 X4/5 X6/5 X1/5 X4/5 X6/4
Enshi X1/5 X4/5 X6/5 X1/5 X4/5 X6/5

Table 5. Frequency of obstacles degree to index of cultivated land quality security in each region

from 2010 to 2019.
City 2010-2014 (Index/Frequency) 2015-2019 (Index/Frequency)

Wuhan X10/5 X12/4 X14/5 X10/5 X9/3 X14/5
Huangshi X10/5 X12/5 X14/4 X10/5 X12/5 X14/5
Shiyan X7/5 X10/5 X12/5 X9/5 X10/4 X14/4
Yichang X7/4 X12/4 X14/5 X9/5 X10/5 X14/5
Xiangyang X7/3 X10/5 X12/5 X9/3 X12/5 X14/5
Ezhou X10/5 X12/5 X14/4 X10/4 X12/3 X14/4
Jingmen X7/5 X12/5 X14/5 X7/3 X12/5 X14/5
Xiaogan X10/4 X12/5 X14/5 X10/5 X12/5 X14/5
Jingzhou X7/5 X12/5 X14/5 X7/5 X12/5 X14/5
Huanggang X7/4 X12/5 X10,X14/3 X10/4 X12/5 X14/4
Xianning X10/5 X12/5 X14/3 X10/5 X12/5 X14/4
Suizhou X10/5 X12/5 X14/5 X10/5 X12/5 X14/5
Enshi X7/5 X10/5 X12/5 X7/4 X10/5 X12/5

Table 6. Frequency of obstacles degree to index of cultivated land ecological security in each region

from 2010 to 2019.
City 2010-2014 (Index/Frequency) 2015-2019 (Index/Frequency)

Wuhan X17/5 X19/5 X21/5 X17/5 X19/5 X20/4
Huangshi X16/4 X17/5 X21/5 X16/5 X17/5 X20/4
Shiyan X16/5 X21/4 X15,X17/2 X15/5 X16/5 X17/3
Yichang X16/5 X19/5 X21/4 X16/5 X19/3 X20/4
Xiangyang X16/5 X17/5 X21/3 X16/5 X17/5 X20/3
Ezhou X15/4 X16/5 X17/4 X15/4 X16/3 X17/4
Jingmen X16/4 X17/5 X21/5 X16/5 X17/5 X20/4
Xiaogan X16/5 X17/5 X21/4 X16/5 X17/5 X20/4
Jingzhou X16/5 X17/4 X19,X21/3 X16/5 X17/5 X19/3
Huanggang X16/5 X17/5 X18,X20/2 X16/5 X17/5 X20/5
Xianning X16/5 X17/5 X21/4 X16/5 X17/5 X20/3
Suizhou X15/5 X16/5 X17/5 X16/5 X17/5 X20/5

Enshi X15/5 X17/5 X18/4 X15/5 X17/5 X18/5
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4.2.1. Obstacle Factors of Cultivated Land Quantity Security

As can be seen from Table 4, the top obstacles to quantity security index in all regions
were basically unchanged, but their frequency has a variation trend of increase and de-
crease between 2010 and 2019. The main obstacle factors in Xiangyang and Jingmen were
cultivated land area per capita, urbanization level and decreasing rate of cultivated land
area. The main obstacle factors in the other 11 cities were the decreasing rate of cultivated
land area, food production per capita and cultivated land area per capita. Among the above,
the most influential obstacle factor was cultivated land area per capita, which occurred five
times in each region during study periods of 2010-2014 and 2015-2019, with a frequency
of 100%.

4.2.2. Obstacle Factors of Cultivated Land Quality Security

There were differences in the main obstacles to the quality security of eastern Hubei,
central Hubei and western Hubei (Table 5).

The main barriers to quality safety were the total power of agricultural machinery,
GDP per capita and water resource per capita land in eastern Hubei. Among the above,
the main obstacles in Wuhan were the total power of agricultural machinery and the ratio
of effective irrigation area and water resource per capita of land during 2015-2019. From
2010 to 2014, the main obstacle factors in western Hubei were rural residents’ per capita
net income, the total power of agricultural machinery and GDP per capita. The obstacle
factors changed from rural residents’ per capita net income and GDP per capita to the ratio
of effective irrigated area and water resource per unit of land in Shiyan. Meanwhile, in
Xiangyang, the obstacle factors changed from rural residents’ per capita net income and
the total power of agricultural machinery to the ratio of effective irrigated area and water
resource per unit of land from 2015 to 2019. The main obstacle factors in central Hubei
were rural residents’ per capita net income, GDP per capita and water resources per unit of
land. Among the above, from 2015 to 2019, the main obstacle factors in Yichang changed
from rural residents” per capita net income and GDP per capita to the ratio of effective
irrigation area and the total power of agricultural machinery. As can be seen, the main
obstacle factors changed in frequency from 2015 to 2019, among which the frequency of the
total power of agricultural machinery changed the most.

4.2.3. Obstacle Factors of Cultivated Land Ecological Security

The obstacles to ecological security in eastern Hubei and central Hubei shared certain
similarities (Table 6). The main obstacle factors in 2015-2019 were pesticide load per unit
area of cultivated land, forest coverage and the discharge of industrial solid waste in
Xiaogan, Huangshi, Huanggang and Xianning in east Hubei and Xiangyang, Jingmen
and Suizhou in central Hubei. Among the above factors, industrial SO, emissions were
one of the main obstacle factors from 2010 to 2014 in Huangshi, Xiangyang, Jingmen and
Xianning. The main obstacle factors in Enshi and Shiyan, in western Hubei, were fertilizer
load per unit area of cultivated land, pesticide load per unit area of cultivated land and the
centralized treatment rate of sewage. The major obstacles in Wuhan were forest coverage,
the discharge of industrial wastewater and the output of industrial solid waste. From the
perspective of the obstacle factors in each city, forest coverage and pesticide load per unit
area of cultivated land appeared the most frequently.

4.3. Discussion

Taking 13 prefecture-level cities in Hubei Province as a research unit, this article
constructs an evaluation system of SCLR from the perspective of ecology, quality and
quantity security. On this basis, the comprehensive index method and the entropy method
are employed to evaluate the evolution characteristics of SCLR. Then, the obstacle degree
model is used to explore the obstacle factors of the cultivated land resource in ecology,
quantity and quality security. This study came up with some significative results, which
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can provide a theoretical basis for the formulation of policies related to the sustainable use
of regional cultivated land resources.

(1) The security level of cultivated land resources in Hubei Province showed an
upward trend between 2010 and 2019. The land resources’ quality and ecological security
showed an upward trend, while quantity security showed a downward trend. The results
are consistent with those of neighboring Anhui Province [28], which shows that the index
system and evaluation method is reasonable. However, there are some differences from
previous studies on the Hubei Province from 2005 to 2014 [27], because the occupation and
protection of cultivated land was in an unstable period between 2005 and 2009. However,
since 2010, the Hubei province has attached great importance to agricultural resources and
strengthened governance, which has improved the quality and security of cultivated land
resources. At the same time, it also shows that since economic development became the
new normal in 2010, China’s cultivated land protection policy has achieved certain results.

(2) The main obstacles to its security in quantity, quality and ecology are obviously
different. The obstacles to quantity security are the reduction rate of cultivated land area,
food production per capita and cultivated land per capita. Among them, the most widely
affected obstacle factor is the cultivated land per capita, indicating that the human factor has
an increasingly obvious influence on the area of cultivated land resources. The obstacles
to quality security are the total power of agricultural machinery, GDP per capita and
water resource per unit of land between 2010-2014. It changes in frequency in 2015-2019,
among which the frequency of the total power of agricultural machinery changed the most,
which shows that agricultural mechanization is the main indicator of quality security, and
economic development and water resources are an important influencing factor. Among
obstacle factors of ecological security, pesticide load per unit area of cultivated land and
forest coverage appears most frequently. The extensive use of pesticides has caused the
hardening of cultivated land and the destruction of cultivated land ecology. Therefore, it is
necessary to further strengthen forest protection and strictly prevent man-made destruction.

5. Conclusions and Policy Implications
5.1. Conclusions

(1) The SCLR in the Hubei Province presents obvious spatial-temporal differences.
The security degree of cultivated land resources showed an upward trend from 2010 to
2019; the security degree gradually improved throughout this period. Quality security
and ecological security both showed an upward trend, while quantity security showed a
downward trend. The security of cultivated land resources decreased from west to east.
The spatial pattern of quantity security was high in central Hubei, low in eastern Hubei and
lower in western Hubei. The spatial pattern of quality safety was high in central Hubei, low
in eastern and western Hubei. On the whole, the spatial pattern of ecological security was
higher in the west and lower in the east; overall, the level of ecological security increased
slightly; the areas with higher security levels continued to maintain higher levels, while
the areas with lower security levels gradually declined.

(2) The main obstacles to quantity security are the reduction rate of cultivated land
area, food production per capita, cultivated land area per capita and urbanization level.
The main barriers to quality security are water resources per unit area of land, GDP per
capita, the total power of agricultural machinery and the per capita net income of rural
residents. In addition, obstacle factors had certain differences in different regions. The
main obstacle to quality security in Shiyan, Enshi and Yichang in western Hubei is the total
power of agricultural machinery. The centralized treatment rate of sewage is also one of the
main obstacles to ecological security. The main obstacles to quality security in central Hubei
are the per capita net income of rural residents and the ratio of effective irrigated area.
Pesticide load per unit area was the main obstacle to ecological security. The main obstacle
to quality security was water resource per unit area of land; forest coverage was the main
obstacle to ecological security in the east of Hubei. The main obstacles to quantity security
showed little difference in western, central and eastern Hubei. This study’s conclusion is
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that the main factors that affect SCLR are natural factors, such as cultivated land area and
water resources, as well as urban development, the perfection of agricultural infrastructure,
the application of pesticides and chemical fertilizers and other human factors.

5.2. Policy Implications

(1) Policies and measures should be formulated to ensure SCLR on the bases of
quantity, quality and ecological security. In terms of quantity, cultivated land protection
policies should be further strengthened to ensure the area of cultivated land per capita,
Also, cultivated land conversion should also be strictly controlled; the rate of decrease in
the cultivated land area must be reduced and the protection of high-quality cultivated land
around cities and towns must be strengthened. In terms of quality, appropriately scaled
farming should be encouraged, to increase the overall productivity of cultivated land, as
well as improving the soil condition and the fertility of cultivated land, strengthening the
investigation and monitoring of cultivated land quality, as well as increasing farmers’ per
capita income and GDP per capita. Ecologically, green agriculture should be developed.
The Hubei Province should rationally adjust the production structure of agriculture, reduce
the load of pesticides per unit area, reduce industrial SO, and solid waste output, and
reasonably delimit cultivated land ecological protection areas, according to the ecological
suitability of cultivated land. Finally, the investment in ecological and environmental
governance should be increased appropriately.

(2) Differentiated policies should be formulated for the protection of cultivated land in
different regions. Western Hubei should strengthen its protection of quantity security and
strictly control cultivated land conversion. Central Hubei should focus on strengthening
ecological security protection. For example, crop rotation and fallow could be implemented
in Xiangyang, Jingzhou and other regions with large areas of cultivated land, as a means
to protect the cultivated land ecosystem. Eastern Hubei should strengthen its protection
quality and ecological security of cultivated land. Measures should be formulated to protect
the quality of cultivated land, and to improve and restore degraded cultivated land. In
the meantime, these measures should encompass protecting and rationally utilizing water
resources and improving farmland irrigation areas. In regions where the quality security
of cultivated land is not high and where the economy is relatively developed, such as
Wuhan and Ezhou, farmers should be encouraged to engage in socialized agricultural
production services. Finally, large-scale, mechanized and digital operations should be
promoted, and priority should be given to the protection of land fertility and appropriately
scaled operations.

5.3. Study Limitations

According to the reality of abundant water resources in the Hubei Province, in this
study, the index of water resources per unit area of land is selected in the construction
of an evaluation index system. This approach, using the comprehensive index method
and the obstacle degree model, has a certain novelty compared with other related studies.
As can also be seen from the results, water resources per unit of land have an important
impact on SCLR. The proposed policy suggestions have certain reference significance for
the sustainable utilization of cultivated land resources. However, this study only took
13 prefecture-level cities in the Hubei Province as research objects and only conducted
research from the provincial and municipal perspectives. The study fails to study SCLR at
the county scale, and policy suggestions have not yet been refined, due to restrictions on
the availability of data. In addition, this study only collected statistical data from 2010 to
2019; the authors will continue to collect data with longer time series in the future, in order
to better reveal the dynamic changes of SCLR using longer time series. Finally, due to data
and technology limitations, only ArcGIS is used for spatial analysis and the visualization
of results. Remote sensing data will be used for further research in the future.

In summary, this article aimed to probe the spatio-temporal characteristics and obstacle
factors of SCLR in the Hubei Province, including from the perspective of quantity, quality
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and ecology. However, SCLR is also affected by factors such as cultivated land culture, and
in the future, we will conduct further studies on the selection of indicators to improve the
index system, and improve the security degree of the cultivated land resource.
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