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Abstract: The problem of arable land abandonment has become increasingly prominent in China
as an important hidden danger of regional and national grain security. Therefore, it is necessary
to fully understand its developmental mechanism in order to improve land protection policies and
maintain the sustainable use of arable land. This study took Pingyang County in the Yangtze River
Delta Economic Zone as an example. Based on remote sensing image data in 2000, 2010, and 2018, the
landscape pattern index was used to reveal the changes in the landscape pattern of abandoned land
in the study area, and the FLUS model was used to simulate the spatial and temporal distribution
changes in abandoned land in the study area in 2028. The results showed that the abandoned areas
in the study area spread rapidly from 2000 to 2018, the area of abandoned land increased nearly
12 times in the past 18 years, and the areas with a high abandonment rate were concentrated in the
western and northwestern mountainous areas of the study area. In the view of the landscape pattern,
the areas with a high fragmentation degree of abandoned land gradually shifted to the western
mountainous areas from 2000 to 2018, and the areas with high landscape complexity of abandoned
land gradually shifted from the middle to the northern and western areas. The simulation results of
abandoned land showed that the high-value areas of abandoned land rate in the study area would be
more concentrated by 2028. Among them, the abandoned land rate of arable land in the northwest
would increase to 15.76~24.89%, while the landscape fragmentation and complexity of abandoned
land would be slightly lower than that in 2018. Finally, some countermeasures were proposed for the
protection and sustainable utilization of cultivated land resources.

Keywords: cultivated land abandonment; landscape pattern; prediction; Pingyang County; the
Yangtze River Delta Economic Zone

1. Introduction

The abandonment of arable land is one of the main manifestations of rural decline all
over the world [1-4] which has attracted the extensive attention of many scholars. Some
scholars focused on the analysis of the current situation of abandoned land, explored the
distribution differences of abandoned land in different income countries and regions [5],
and revealed the development status of different types of arable land in the same country.
For example, in Europe, the United States, Australia, Japan, and China [6], most of the
arable land is abandoned mainly in mountainous areas [7]. These areas are prone to arable
land abandonment due to large topographic fluctuation, high altitude, and large slope [8,9].
Some scholars also paid attention to the causes and influencing factors of abandonment.
They believed that economic factors such as the outflow of rural population [10], the reduc-
tion in the number of professional farmers [11], farmers’ indifference to local feelings [12],
the imbalance of farming costs and benefits, as well as natural factors such as complex
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terrain or distance accessibility have caused the abandonment of arable land [13,14]. In
addition, some scholars have carried out research on the social and environmental prob-
lems that may be brought about by large-scale continuous land abandonment, including
the vicious cycle between rural hollowing and arable land abandonment [15], forest fires
caused by the accumulation of vegetation and fuel in abandoned arable land [16], and
the reduction in the stress resistance of abandoned arable land exacerbating the degree
of vegetation destruction and the contradiction between human and land. These studies
found that the abandonment of arable land easily unbalances ecological environment [17]
and causes huge food loss and the loss of economic value [18].

Arable land is an important resource for human survival. The protection of arable land
resources is closely related to national food security and social stability [19,20]. It is partic-
ularly important for China, a large agricultural country with more people and less land.
However, in recent years, with the development of industrialization and urbanization, the
problems of arable land abandonment, non-grain production, and non-agriculturalization
have become increasingly prominent, which has posed a serious threat to the scale and
quality of arable land [11,21-23]. Li et al. [24] found that in 2017, the area of abandoned
arable land in China reached about 9.13 million hm?, and the abandonement rate was 6.75%.
The phenomenon of arable land abandonment exists in 95% of counties in China. With
the increasing downward pressure on the domestic economy and the complexity of the
international situation, if the trend of arable land abandonment is not effectively curbed, it
will seriously threaten national food security and political stability. Therefore, to solve the
problem of protecting arable land, it is important to deeply understand the law of spatial
and temporal evolution of the abandonment phenomenon, identify high-risk areas, and
take corresponding preventive measures.

At present, the identification and analysis of abandoned farmland are mostly based on
field investigation and remote sensing monitoring. The rapid development of remote sens-
ing technology makes it possible to accurately monitor the spatial and temporal dynamic
changes in arable land abandonment with high precision and a long-time sequence. Few
studies have revealed the spatial and temporal evolution law of arable land abandonment
on the land patch scale and predicted the expansion trend of arable land abandonment. At
the same time, the impact of abandoned land on the evolution of arable land landscape
structure and spatial allocation characteristics is not clear. Taking Pingyang County in
Zhejiang Province, which has a developed economy and prominent human and land con-
tradiction, as an example, this study revealed the spatial and temporal dynamic change
law and landscape pattern change characteristics of arable land abandonment, explored
the expansion mechanism of arable land abandonment, and predicted and identified the
high-risk areas of arable land abandonment in Pingyang County in the future. The specific
objectives of this paper were as follows: (1) based on remote sensing and GIS technology,
the spatial and temporal dynamic changes in abandoned arable land in Pingyang County
were quantitatively analyzed; (2) the dynamic change in the landscape pattern of aban-
doned arable land was revealed through the landscape pattern index; (3) the utilization
of arable land in 2028 was predicted by the FLUS model to identify the high-risk areas of
abandonment; (4) the relevant countermeasures and suggestions for arable land resource
protection were proposed. The research results of this paper could provide a scientific
basis for the formulation and improvement of arable land protection policies in Pingyang
County. This study has reference value for the management of arable land abandonment in
other areas and is of great significance to effectively maintain national food security.

2. Datasets and Methods
2.1. Study Area

This study selects Pingyang County, a typically developed county in the south of
China’s Yangtze River Delta Economic Zone, as the study area. It is a subordinate county of
Wenzhou City in the southeast region of Zhejiang Province. Pingyang County faces land on
three sides and sea on one side. The eastern part of the county is located at the boundary
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of the East China Sea. The land area of the county is about 1051 km?. It is located at
27°21'-27°46' N and 120°24/-121°08' E (Figure 1). It belongs to a tropical marine monsoon
climate area. The regional terrain presents the distribution law of high in the west and
low in the east. The terrain in the southeast of the county is flat and rich in arable land
resources. The planting industry in the study area has a long history and the grain output
ranks first around Zhejiang Province. Therefore, it is known as “Pingyang million granary”.
The agricultural planting structure is mainly grain crops, vegetables, tea, and other cash

crops.
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Figure 1. The location map of the study area.

2.2. Data Source and Processing

Combined with China’s current land management laws, policies, and regulations, this
study defined abandoned arable land as arable land that has not been cultivated in the
farming season and has been completely exposed or grown weeds under the influence of
many factors such as physical geography, social policies, and system. It includes seasonal
abandoned arable land and fallow land. To obtain accurate data on abandoned arable land,
this study comprehensively used the three phases of Landsat TM remote sensing images
(spatial resolution was 30 m) in the farming season (from May to September) of 2000, 2010,
and 2018 (https://www.gscloud.cn/, accessed on 27 May 2018), 1:10,000 land-use change
survey data of the Pingyang County Bureau of Land and Resources, Google Earth satellite
images (spatial resolution was 0.13 m), and multi-temporal aerial images (spatial resolution
was 1 m) to obtain the abandoned arable land map information on the scale of land patch.

2.3. Methodology
2.3.1. Landscape Pattern Index

The landscape pattern index is an important quantitative index in landscape pattern
research that can reflect the composition of landscape structure and spatial allocation char-
acteristics. To reveal the dynamic change process and spatio-temporal law of the landscape
pattern of abandoned arable land, this study selected patch density (PD), largest patch
index (LPI), average patch area (MPS), and landscape shape index (LSI) to quantitatively
evaluate the landscape fragmentation and complexity of abandoned arable land in the
county. In this study, Fragstats 4.2 software was used to calculate the landscape pattern
index of abandoned arable land in the study area from 2000 to 2018, and Kriging interpola-
tion was carried out for each grid landscape index in ArcGIS 10.3 software to analyze the
spatial change in the landscape index of abandoned arable land in the county.
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2.3.2. FLUS Model

FLUS (Future Land Use Simulation) is a model for simulating land use that can predict
the future land use by inputting human activities or natural geographical factors affecting
land use [25]. Based on the optimized Cellular Automata (CA), the FLUS model makes
a series of systematic calculations on the initial land use and various influencing factors
by using the artificial neural network model algorithm (ANN) and obtains the suitability
probability of land use types in the study area. Then, the competition mechanism is
introduced. The suitability probability obtained by the ANN algorithm is combined with
the neighborhood factor data and conversion cost data obtained from the evaluation
of the situation of the study area. The overall conversion probability and number of
excavated land use cells are calculated systematically, the optimized related parameters are
adjusted, and the land use map of the predicted year is obtained through the competition
mechanism [26]. The framework of the model is mainly composed of the following two
parts: the artificial neural network suitability probability calculation and the adaptive
inertial competition mechanism [27].

The construction process of the FLUS model for the prediction of the abandoned arable
land trend in this study refers to the existing literature of relevant researchers [28-30], and
will be not be repeated here. Combined with the characteristics of abandoned arable land
transformation in Pingyang County from 2000 to 2018, the parameters of the neighborhood
factor of land use type were finally determined after multiple preset simulations, specifically,
the abandoned arable land transformation parameter was 0.8 and the non-transformation
parameter was 0.3. The simulation map of the abandoned arable land distribution in
Pingyang County in 2018 was output. The calculation results of the overall accuracy
and Kappa coefficient showed that the values were close to “1”, which indicated that the
simulation accuracy is good [31]. Finally, based on the current situation map of abandoned
arable land in Pingyang County in 2018, the suitability probability was calculated again,
and the neural network training was carried out to obtain the prediction map of the arable
land abandonment trend in Pingyang County in 2028.

3. Results
3.1. Remote Sensing Monitoring and Spatio-Temporal Distribution Changes in Abandoned
Arable Land

According to the remote sensing extraction results of abandoned arable land patches
in Pingyang County in 2000, 2010, and 2018 (Figure 2), it could be observed that, spatially,
from 2000 to 2018, the distribution of abandoned arable land in the study area showed a
trend of increasing year by year. Among them, the abandoned arable land was sparsely
distributed in 2000. In 2010, it was generally spread in the western mountainous towns.
However, by 2018, except for the eastern coastal plain area, other hilly areas in the study
area had abandoned arable land to varying degrees. Among them, the abandoned arable
land in western mountainous areas continued to expand.

From the view of the abandoned area (Table 1), the overall abandoned arable land area
was 441.58 hm? in 2000, and the abandoned arable land rate was only 0.42%. By 2018, the
area of the abandoned arable land in Pingyang County increased to 5797.40 hm?, and the
abandoned arable land rate reached 5.46%. The area of abandoned arable land increased
nearly 12 times in eighteen years.
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Figure 2. Distribution of abandoned arable land in Pingyang County from 2000 to 2018.

Table 1. The area statistics of abandoned arable land of different towns in Pingyang County from
2000 to 2018 (unit: hm?).

Area Increased

Towns 2000 2010 2018 between 2000-2018
Aojiang 53.65 298.14 882.39 828.74
Tengjiao 83.5 285.51 745.29 661.79
Shuitou 76.44 322.79 555.38 478.94
Nanyan 8.84 350.59 447 .41 438.57

Shunxi 19.79 312.63 44957 429.78

Huaixi 11.63 326.81 416 404.37
Fengwo 48.17 252.79 419.47 371.3
Naocun 11.86 138.46 357.31 345.45
Kunyang 41.34 193.68 371.54 330.2

Shanmen 15.9 235.58 310.3 294 .4
Wanquan 48.99 176.34 246.7 197.71
Haixi 4.89 19.18 182.36 177.47

Mabu 13.51 62.52 181.71 168.2

Qingjie 0.33 30.11 137.73 1374

Xiaojiang 2.75 51.74 84.24 81.49
Total 441.58 3073.20 5797.40 5355.82

Abandoned arable 042 205 546

land rate (%)

From a subregional perspective, the abandoned arable land in 2000 was mainly dis-
tributed in villages and towns around mountains and hills. In the decade from 2000 to 2010,
the farming disadvantages of villages and towns around mountains gradually appeared
and the abandoned area increased. The area of abandoned arable land in the towns of
Nanyan, Huaixi, and Shunxi, which are located in Nanyandang Mountain, increased by
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about 300 hm?. The area of abandoned arable land in the towns of Aojiang and Tengjiao
remained high, and the phenomenon of arable land abandonment in these towns was
still serious. The terrain of these areas was complex. Most of the arable land had high
altitude, large slope, scattered patch, and a low degree of farming mechanization, which
led to the imbalance of farming costs and benefits for farmers and was very prone to arable
land abandonment.

From the spatio-temporal changes in abandoned arable land rate in the study area
from 2000 to 2018 (Figure 3), the regional distribution with the abandonment rate of more
than 1.60% in 2000 was relatively scattered, which was mainly distributed in the transition
zone between mountainous areas and plains in the northwest and southwest and near
the town of Wanquan in the northeast of the study area. Except for the above areas, the
abandonment rate in other areas was low and less than 0.41% (Figure 3a). In 2010, the
areas with a high abandonment rate in the study area expanded rapidly. Among them, the
abandonment rates in four regions, such as the towns of Fengwo, Shanmen, and Huaixi in
the northwest and some regions of the towns of Wanquan, Kunyang, and Aojiang in the
northeast, were higher than 4.53%. Compared with that in 2000, the distribution of regions
with a high abandonment rate in 2010 had high spatial aggregation. In 2018, the areas with
an abandonment rate of more than 4.05% accounted for about 3/5 of the total area of the
study area and were mainly distributed in the west of the town of Aojiang, of which the
areas with an abandonment rate of 9.82~12.70% were mainly concentrated in four towns in
the north.

Abandoned
(a) 2000 arable land /%

B 0.00-0.16
0.16~0.41
0.41~0.71
0.71~1.10
1.10~1.60
1.60~2.84

[ |
(b) 2010
B 0.00-1.05

1.05~2.23
2.23-3.35
3.35-4.53
4.53~5.86
Bl 536-7.51
B 0.00-2.06
2.06-4.05
4.05~5.94

5.94-7.78

7.78~9.82
B 5.32-12.70

Figure 3. The spatio-temporal changes in abandoned arable land rate in the study area from 2000 to 2018.

(c) 2018

3.2. Landscape Pattern Changes in Abandoned Arable Land

To further explore the landscape pattern changes in abandoned arable land in the
study area from 2000 to 2018, PD, LPI, and MPS indexes were selected to quantify the
fragmentation degree of abandoned areas, and the LSI index was selected to quantify the
landscape complexity of abandoned areas. Overall, the PD index of abandoned arable land
in the study area increased from 0.0038 in 2000 to 0.6013 in 2018, and the LPI index decreased
from 3.2051 in 2000 to 0.4649 in 2018, which indicated that the patches of abandoned arable
land in the study area showed a fragmentation trend from 2000 to 2018 (Table 2). From
2000 to 2010, the MPS value in the study area decreased, while in 2018, the MPS value
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(a) 2000

(b) 2010

(c) 2018

increased from 0.8808 to 0.9251, which indicated that while the abandoned arable land
in the study area experienced the trend of patch fragmentation, the average patch area
of the abandoned arable land had rebounded, and the abandonment of large arable land
patches gradually appeared. The LSI index of abandoned arable land from 2000 to 2018 in
the study area increased from 27.5642 to 109.4218, which showed that the patch shape of
abandoned land tended to be complex, and the abandonment behavior gradually developed
to irregular fields.

Table 2. Analysis of landscape index of abandoned land in the study area from 2000 to 2018.

PD (Patches Number/hm?) LPI (%) MPS (hm?) LSI (m/hm?)
2000 0.0038 3.2051 1.1208 27.5642
2010 0.0335 1.4706 0.8808 79.7755
2018 0.6013 0.4649 0.9251 109.4218

To evaluate the differences in spatio-temporal patterns of the landscape fragmentation
and complexity of abandoned arable land, this study used the Ordinary Kriging method in
the spatial analysis tool to analyze the spatio-temporal changes in four indexes (Figure 4).
The spatial interpolation results showed that the high-value areas of the PD index in 2000
were relatively scattered and mainly distributed in the northwest and northern towns,
while the high-value areas of the PD index expanded rapidly in 2010 and 2018 and were
mainly distributed in large areas in the west of the study area (Figure 4a—c). In the view of
spatio-temporal changes in the LPI index (Figure 4d—f), the low value areas of the LPI index
gradually shifted to the west from 2000 to 2018, and the LPI index in western mountainous
areas was generally low by 2018. Combined with the spatio-temporal changes in the PD
index, it could be observed that the fragmentation trend of abandoned arable land in the
western mountainous towns’ areas of the study area was obvious, and the change in land
form caused by land abandonment had a certain negative impact on regional water and
soil conservation.

PD value (d) 2000 LPI value
I 0.0000~0.0203 B 4.90~2031
[ 0.0203-0.0483 I 2031-32.00
0.0483~0.0793 32.00~-40.24
0.0793~0.1152 40.24~48.48
[ 0.1152-0.1582 _ [ 48.48-56.18
B 0.1582~0.2530 B 56.18-72.66
mm 0.0000-0.1581  (¢)2010 B 042959
[ 0.1581-0.3042 I 9.59-20.46
0.3042~0.4296 20.46~29.62
0.4296~0.5443 29.62~39.81
[ 0.5443~0.6728 [ 39.81~57.13
I 0.6728~0.8883 B 57.13-87.01
I 0-0000~0.2194 (f) 2018 B 653~1324
[ 0.2194-0.4339 I 1324-17.97
0.4339-0.6070 17.97~23.46
0.6070~0.8959 23.46-28.95

[ 0.8959~1.1104 [ 28.95-35.36
B 1110414074 B 35.36-45.43
(2) LPI

Figure 4. Spatio-temporal changes in PD and LPI indexes.

From 2000 to 2018, the high-value area of the MPS index experienced first shrinking
and then gradually spreading from the central region to the west and east, which showed
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(a) 2000

(b) 2010

(¢) 2018

the spatio-temporal changes in the distribution of large abandoned land (Figure 5a—c).
By 2018, the abandoned arable land with large patch area was mainly concentrated in
hills, plains, and coastal areas such as the towns of Shuitou, Xiaojiang, and Aojiang. The
analysis results of spatio-temporal changes in the LSI index showed that the areas with
high landscape complexity of abandoned land gradually shifted from the center and north
in 2000 to the west (Figure 5d—f), and the landscape complexity of abandoned land in the
central and western part of the study area was high by 2018, which showed that with the
increase in the abandonment rate and the fragmentation of abandoned land patches in
these areas, the shape of the abandoned land tended to be complex. This posed a challenge
to the management and the re-tillage and replanting of abandoned arable land in the future.

MPS value (d) 2000 LSI value

I 0032903136 B 1.000-8.757

[ 0.3136-0.6355 I 875717489
0.6355~0.9492 17.489--25.749

0.9492~1.2298 25.749-34.245

(1) MPS

[ 1.2298-1.6260
[ 1 65260-72.1378

I 0.0000-0.4232
B 0.4232-0.9123
0.9123~1.5165

1.5165~2.3795

I 2.3795~3.6454
B 3.6454~7.3278

I 0.3533~0.7586
[ 0.7586~0.9308
0.9308~1.0807
1.0807~1.2251

- [ 1.2251-1.3916

B 1 3916-1.7692

(e) 2010

(H 2018

(2) LSI

C P 34.245-43.213

B 43.213-59.733

I 1.000-21.682
B 21.682-44.215
44.215-64.500

64.500~84.335

I 84.335-101.92

B 101.92-136.54

| 47527500
I 27.500-53.182
53.182-73.156
73.156-93.702

© I 93.702-113.67

B 113.67-146.78

Figure 5. Spatio-temporal changes in MPS and LSI indexes.

3.3. Trend Prediction of Abandoned Arable Land
3.3.1. Model Performance Analysis

This study compared the simulation results of abandoned land by using the FLUS
model with the actual abandoned land situation in 2018. Overall, the simulation map highly
coincided with the actual abandoned land map in 2018 (Figure 6a,b), which showed that
the reliability of the prediction results was high. The accuracy evaluation results showed
that the overall accuracy of this verification was 0.875 and the Kappa coefficient was 0.71,
which indicated that the overall simulation accuracy was high and the applicability of the
FLUS model in this study was good.

However, although the roulette mechanism of the FLUS model increased flexibility, it
also brought uncertainty about land use change. There was a development illusion that a
cell expands into a region, which would produce a certain degree of error when the total
amount of simulation remained unchanged. By comparing some areas (Figure 6¢f), it was
found that the simulated abandonment results in some areas were different from the actual
situation to some extent. This was related to the reason that the FLUS model followed
the proximity diffusion effect in the simulation, resulting in the radial expansion of cells.
However, in the actual abandoned land, the proximity effect was not obvious due to the
influence of various artificial and unpredictable factors. Therefore, the simulation results
did not coincide with the current situation of abandoned land in some areas. However, this
study focused on the trend of abandoned arable land in the county. Although there were
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differences in local simulation results, it did not affect the analysis of the overall trend of
abandoned arable land in the county.

A e o
Pt
-~ L X
(M P
Ry .
¥ : 1S
0o 5 10 20 km No abandoned arable land
I Y

I B:ndoned arable land

Figure 6. Comparison between the prediction results of abandoned land and the actual results of
abandoned land in 2018 ((a) represents actual distribution map of abandoned land in 2018, (b) repre-
sents the predicted distribution map of abandoned land in 2018 by the FLUS model, (c—f) represents
the distribution of abandoned arable land after local area enlargement).

3.3.2. Simulation of Abandoned Arable Land Trend in 2028

Based on the current situation map of abandoned arable land in the study area in 2018,
the trend prediction map of abandoned arable land in the study area in 2028 was obtained
using the FLUS model (Figure 7). From the simulation prediction results, in the absence
of human intervention, the area of abandoned land in the study area would continue to
increase in 2028, and the area increased from 5797.40 hm? in 2018 to 7138.80 hm? in 2028,
with an increase of 23.14% over the decade. At the same time, the overall abandonment
rate in the study area also increased from 5.46% in 2018 to 6.93% in 2028. Compared
with the change in the abandonment rate from 2000 to 2018, it could be observed that the
abandonment rate of arable land in the study area increased slowly from 2018 to 2028, and
the trend of the large amount of abandonment of arable land had been curbed to a certain
extent. The spatial interpolation results of the abandoned arable land rate in 2028 showed
that compared with 2018, the areas of high-value of abandoned arable land rate in the
study area in 2028 would be more concentrated, in which the abandoned arable land rate
in the northwest increased from 9.82% ~ 12.70% to 15.76% ~ 24.89% in 2028. The change in
abandoned arable land rate in other areas was relatively gentle, and the overall evolution
law was consistent with that in 2018.

No abandoned arable land

0 5 10 20
T — T I Abandoned arable land

Figure 7. The predicted distribution map of abandoned arable land in study area in 2028.
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According to the superposition analysis of abandoned areas between 2028 and 2018
(Figure 8), the increased abandoned areas in 2028 would be mainly distributed in the north
of Tengjiao, Shuitou, Aojiang, and other towns in the study area, as well as the coastal hilly
area in the east. These areas were located in the transition area from the mountainous area
to the plain, low mountain and hilly area, and the landform changed greatly. It was difficult
to cultivate, thus, these areas would become the main occurrence areas of abandoned land
in the future.

I 0.00-2.82
2.82~5.96
5.96~8.80
8.80~11.84

11.84~15.76

B 15.76-24.89

Figure 8. Spatial distribution of abandoned arable land rate in the study area in 2028.

4. Discussion and Conclusions
4.1. Spatio-Temporal Pattern Differences of Abandoned Arable Land in a County of Economically
Developed Areas

As the sixth largest urban agglomeration in the world, the Yangtze River Delta Eco-
nomic Zone has developed rapidly. Thanks to China’s excellent regulation and control
in the field of macroeconomic policies, the region still maintains a high driving force of
economic growth. However, with the rapid development of the economy and the rapid
improvement of the urbanization rate, the contradiction among population, resources, and
environment has become increasingly prominent; especially with the job demands brought
by the rapid development of secondary and tertiary industries, a large number of rural
residents gave up farming, resulting in the phenomenon of arable abandonment [32,33]. By
comparing the spatio-temporal changes in arable abandonment rate in the county of the
Yangtze River Delta Economic Zone from 2000 to 2018 (Figure 3), we found that while the
overall abandonment rate in the study area increased year by year, some areas with a high
abandonment rate showed a trend of rapid outward spread and expansion. In particular,
the west of the study area was the main concentration area with high abandonment rates.
This study quantitatively evaluated the spatio-temporal pattern changes in abandoned
arable land in a county of economically developed areas through geographic informa-
tion technology, and revealed the local characteristics of the regional arable abandonment
phenomenon. Previous studies paid more attention to the behavior, causes, and current
situation analysis of arable abandonment [34-36], which struggled to reveal the local dif-
ferences of arable abandonment from the perspective of spatial and temporal dynamics,
especially the heterogeneity of the regional ecological environment, geographical elements,
economy, population, and resource endowment, resulting in strong local characteristics of
arable abandonment in a spatio-temporal pattern. This study analyzed the spatio-temporal
changes in the landscape index of abandoned arable land in the county from 2000 to 2018
(Figures 4 and 5). The results showed that there were great differences in the fragmentation
and complexity of abandoned arable land landscape in different places and years in the
study area. The fragmentation and complexity of abandoned land patches in the region
near the transition from mountainous area to plain in the west were generally high, which
was mainly related to the topographic and geomorphic characteristics of the region. Due to
the large topographic relief, less arable land resources and great difficulty in farming in the
transition zone from mountainous area to coastal plain, it was difficult to form large-scale
mechanical farming. Under the joint action of high labor cost, high field management
cost, and the difficulty and improved employment treatment of enterprises, the number of
abandoned land in these areas continued to increase. In the absence of field management,
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the fragmentation of abandoned arable patches increased and the landscape shape tended
to be complex.

In this study, the FLUS model was used to simulate the arable abandonment in a
county of economically developed areas in 2028. Through the calculation of landscape
index, it was found that the degree of fragmentation and the complexity of landscape
shape of abandoned land patches in the study area decreased slightly in 2028 compared
with 2018 (Table 3). From the view of spatio-temporal changes in the landscape pattern
(Figure 9), the range of high-value and low-value areas of landscape index in each region
changed slightly in 2028. The fragmentation and complexity of abandoned land patches
were consistent with the distribution trend in 2018, and the landscape pattern of abandoned
land in some regions was optimized to a certain extent. The reasons were mainly related to
the following two points: On the one hand, because the simulation mechanism of the FLUS
model followed the adjacent diffusion effect, the cell diffusion was radial, and the local
characteristics were the improvement of the aggregation degree of patches [27,37]. In the
absence of human behavior intervention, the simulation results of abandoned land showed
a central outward expansion trend, which reduced the fragmentation of regional abandoned
land patches. On the other hand, by 2028, the Yangtze River Delta Economic Zone will
enter a high-quality development stage, and the extensive economic development will
gradually change into development driven by scientific and technological innovation. The
integration process of the Yangtze River Delta Economics Zone will promote the balance
of regional resource endowments and the narrowing of the gap between urban and rural
areas. The counter feeding effect of secondary and tertiary industries on agriculture will
gradually appear, which will be conducive to the circulation of arable land in rural areas
and the expansion of large-scale planting [38,39]. The rehabilitation of abandoned land
and the development of agricultural industrialization will help to reduce the landscape
fragmentation of abandoned land.

Table 3. Analysis of landscape index of abandoned area in the study area from 2018 to 2028.

PD (Patches Number/hm?) LPI (%) MPS (hm?) LSI (m/hm?)
2018 0.6013 0.4649 0.9251 109.4218
2028 0.7624 1.6406 0.9093 80.5376
PD value MPS value

[ 0.0000~0.2786
0.2786~0.5302

I 0.1757-0.6280
0.6280~0.8471

0.5302~0.8003 0.8471~1.0308
0.8003~1.0519 1.0308~1.2358
1.0519~1.2852 1.2358~1.5184
I 1.2852~1.5726 B 15184~1.9778
LPI value LSI value
- 7.56~19.73 - 1.000~21.023
19.73~24 85 21.023~42 506
24.85~30.49 42.506~60.648
30.49~36.14 60.648~78.789
36.14~42.13 , 78.789~94.544
I 42.13-52.54 B 94.544~119.369

Figure 9. Spatial changes map of landscape index in abandoned arable land area in 2028. (a—d) repre-
sent PD, LPI, MPS and LSI, respectively.

4.2. Driving Mechanism of Abandoned Arable Land in a County of Economically Developed Areas

With the continuous expansion of the global population base, food security has be-
come the focus of all countries, especially developing countries, when formulating national
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development strategies [40]. As the world’s most populous country, China’s total eco-
nomic output also ranks among the top in the world. Population aging, high-quality
economic development, and food security have become the main hidden dangers affecting
the sustainable development of the country’s economy and society [41]. However, the
guarantee of food security is inseparable from the protection of arable land resources. This
study focuses on China’s Yangtze River Delta Economic Zone with the most active global
economic activities. At the same time, this region is also the most developed region of
county economy in China. Therefore, the contradiction between land demand and arable
land resource protection in economic development is very acute [42]. By analyzing the
history, current situation, and future spatio-temporal pattern of typical abandonment areas,
this study attempted to reveal the trend of arable land abandonment, explore the driving
mechanism of arable land abandonment, and provide data support for the protection of
arable land resources in economically developed areas.

Through spatial interpolation analysis, this study obtained the spatio-temporal changes
in the landscape pattern of abandoned land in the county from 2000 to 2028. The results
showed that the arable land abandonment rate in the western mountainous areas and the
transition area to the plain was high, and the landscape of abandoned land was fragmented
and complex. From the view of natural resource endowment, the limitation of natural
conditions was the main driving factor leading to the continuous spread of arable land
abandonment in these areas. However, from the view of macroeconomic and social de-
velopment, population and economic development were the deep-seated reasons driving
the continuous occurrence of arable land abandonment [43,44]. As we all know, economic
development will inevitably promote the improvement of the population education level,
income level, and the change in employment type [45]. The Yangtze River Delta Economic
Zone where the study area was located entered the stage of rapid economic development
in the 1990s. The large increase in township enterprises promoted the input of rural agricul-
tural population to cities and towns. At the same time, the development of the township
economy needed the support of a large number of land resources. Driven by the loss of
the agricultural population and the land demand of the township economy, the quantity
and quality of rural arable land had a downward trend in varying degrees [46]. However,
compared with the rural areas close to the township economic center, the arable land in
mountainous areas had inherent vulnerability. Relevant studies [27,47] showed that the
scale planting degree of rural arable land around cities and towns would be higher, the
utilization level of arable land would be higher, and the abandonment rate would be often
lower. The occurrence of the above phenomena was related to the geographical location
factors of arable land. These arable lands provided rich agricultural and sideline products
for cities and towns, with high economic output per unit area and close proximity to
the consumer market. Therefore, they have become the main production areas of fruits,
vegetables, and grain [13]. The quality of arable land in mountainous areas is poor and
far from cities and towns, so it is difficult to cultivate and the income is low. Under the
environment of gradual population transfer to cities and towns, mountainous areas and
their transition zones have become the hardest hit areas of arable land abandonment. In
addition to economic development and population loss, population aging is also an impor-
tant factor that cannot be ignored. By 2020, the 60-year-old population in Chinese society
accounted for 18.7% [48], while the 60-year-old population in Zhejiang Province [49], where
the study area was located, accounted for more than 19%. These people have a strong land
complex. With the gradual separation of young industrial workers from agriculture, the
phenomenon of the abandonment of rural arable land has been exacerbated.

4.3. Countermeasures and Suggestions on the Protection of Arable Land Resources in a County of
Economically Developed Areas

The arable land abandonment rate in the study area shows a gradual increasing
trend. To limit and curb the continuous rise of the abandonment rate, this study put
forward countermeasures and suggestions for the protection of arable land resources in the
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county according to the current situation of ecological environment and regional resource
endowment in the study area.

Specifically, a measure to strictly control the abandonment should be implemented
at first. Through government financial subsidies or incentives, farmers’ farming enthusi-
asm should be improved to ensure that arable land with appropriate soil fertility should
be planted as much as possible [50]. At the same time, relevant institutional measures
should be formulated to maintain food security to be used to stop the continuous spread
of the phenomenon of arable abandonment. The harm of arable land abandonment to
national food security should be widely publicized, and the disorderly spread of arable
land abandonment should be prevented by means of reward and punishment. Secondly,
the agricultural economy and related industries should be vigorously developed to im-
prove the output efficiency of arable land. The purchase of primary agricultural products
should be increased by developing food processing industries such as grain, fruits, and
vegetables so as to improve farmers’ farming enthusiasm. At the same time, the research
and development of related enterprises should be encouraged in order to improve the yield
and quality of crops and continue to expand the economic benefits of farmland output.
Among them, the urban suburbs should vigorously develop suburban agriculture and
expand the planting area of agricultural and sideline products by taking advantage of being
close to the consumer market. The forest and fruit economy should be vigorously devel-
oped in mountainous areas. In view of the current situation of difficult land cultivation
and low benefits in mountainous and hilly areas, local characteristic agriculture should be
developed according to local conditions. According to the differences of climate, terrain,
and soil in mountainous areas, the characteristic agricultural products should be developed
to improve the utilization rate of limited arable land resources. Thirdly, the transfer of
land rights should be encouraged to promote large-scale operation. Farmers should be
encouraged to incorporate abandoned arable land into large-scale or individual farms in
the form of circulation or shareholding, which would improve the farming efficiency of
arable land through enterprise management. While the above measures would improve
the utilization rate of arable land, farmers could also receive dividends or land rent on time
to revitalize idle arable land. In the western mountainous areas, through the development
of characteristic agriculture, relevant operating enterprises could be entrusted to renovate
the abandoned arable land and develop the characteristic forests, fruits, and crops in the
mountainous areas. While farmers take shares in the land, they can also join the field
management to obtain wages and remuneration. These measures would not only protect
arable land resources, but also promote the employment of the local population and reduce
the outflow of population and the abandonment of arable land caused by population aging.

Our suggestions on the protection of arable land resources in Pingyang county have
strong reference value and enlightenment for the governance of arable land abandonment
in the Yangtze River Delta Economic Zone and also provide reference for the guarantee of
national and even global food security.
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