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Abstract: Urbanization and regional geomorphological and agricultural conditions have caused
rural hollowing out and a large number of farms to be abandoned, which is a big obstacle to food
security and rural industrial development. Sichuan Province is representative of national major
grain producing areas and high-quality cultivated protected land in China. This paper reveals
the spatial heterogeneity of farmland abandonment in the Sichuan Province. In total, 455 random
sample plots were investigated to explore spatial heterogeneity of abandoned farmland in Sichuan
Province. In each sample plot, farmland and abandoned farmland patches were mapped. The rate
of paddy field abandonment (RPFA), the rate of non-irrigated farmland abandonment (RNFA), and
the rate of farmland abandonment (RFA) were calculated as indicators of farmland abandonment.
Our results reveal the spatial heterogeneity of abandoned farmland in Sichuan Province, and the
clustering characteristics of spatial cold- and hot spots of the RFA. The findings from this study may
have importance in rural infrastructure construction and the implementation of a rural revitalization
strategy, as well as in making policies to curb abandonment of farmland. The spatial heterogeneity
of farmland abandonment revealed in this study may contribute to sustaining food security and
farmland protection in China.

Keywords: farmland abandonment; spatial heterogeneity; sample plots; RPFA; RNFA; RFA;
Sichuan Province

1. Introduction

Since the second half of the twentieth century, farmland abandonment has occurred in many
developed countries [1]. The reasons for this phenomenon include migration of agriculturalists [2,3]
which has led to a reduction in the agricultural labor force [4-6], declining farmland use [7,8], low reward
from agriculture [9,10], and prevailing policies on agriculture [11-13]. Rural hollowing, which has
been accompanied by wide abandonment of farmland, has been evident in China since 2000. During
2014-2015, about 12.29% of cropland in Chinese mountainous areas was abandoned [14]. Farmland
abandonment is more prevalent in hilly or mountainous areas in China; e.g., in southwestern regions,
and less prevalent in eastern plains [15], where reward from agricultural industry is high. Of the 165
counties and cities with serious farmland abandonment in China, 23 counties are located in Sichuan
Province [16]. A number of studies have investigated the spatial pattern of cropland abandonment in
Poland [17], Europe [18,19], and China [16,20]. Mountainous areas, such as the Three Gorges Reservoir
Area in southwestern China, are considered hot spots of farmland abandonment [14,21,22]. To date,
there has been no study based on surveyed patches of abandoned farmland on a provincial scale,
especially in Sichuan Province.
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Sichuan Province is a national grain-producing area that encompasses areas of high-quality
protected farmland in China. In recent years, as farmers go out for work, the phenomenon of rural
hollowing and farmland abandoning is more and more prominent. However, up to this date, there
is still a lack of comprehensive survey on the farmland abandoning and its influencing factors in
Sichuan Province. Wang (2017) applied low-resolution remote sensing data to extract information about
abandoned farmland [23]. Shi (2016) extracted information on abandoned cropland by conducting a
superposition analysis of a two-stage land use status database [3]. Researchers mapped the extent of
abandoned farmland using MODIS NDVI time series satellite data [18,24]. However, these methods
have limited reference value for research in Sichuan Province, due to its complex landforms and greatly
fragmented farmland.

The objective of this article is to map the spatial heterogeneity of farmland abandonment in
Sichuan Province. Mapping of abandoned farmland patches based on 1 km-by-1 km plots and
high-resolution images was conducted to collect data. In total, 501 sample plots were selected
randomly for investigation. Then a statistical analysis was conducted to reveal the spatial heterogeneity
of farmland abandonment in Sichuan Province using accurate spatial information of abandoned
farmland patches.

The rate of paddy field abandonment (RPFA), the rate of non-irrigated farmland abandonment
(RNFA), and the rate of farmland abandonment (RFA) are employed indicators to quantify farmland
abandonment. RPFA is the ratio of abandoned paddy fields to the total area of paddy fields (including
abandoned paddy fields and cultivated paddy fields) in a surveyed sample plot. RNFA means the
proportion of non-irrigated abandoned farmland area to the total area of non-irrigated abandoned
farmland (including abandoned non-irrigated farmland and cultivated non-irrigated farmland) in
a surveyed sample plot. RFA denotes the proportion of abandoned farmland to the total area
of abandoned farmland (including abandoned paddy fields, cultivated paddy fields, abandoned
non-irrigated farmland and cultivated non-irrigated farmland) in a surveyed sample plot. Methods
including the semi-variogram, and cold- and hot-spot analysis of RPFA, RNFA, and RFA are applied
to explore the spatial heterogeneity of farmland abandonment in the Sichuan Province. We discuss
the results in Section 4, and present key conclusions in Section 5. The study clarifies the spatial
heterogeneity of farmland abandonment in rural Sichuan Province, and has important implications in
terms of Chinese food security and farmland protection.

2. Study Area, Data Collection, and Methods

2.1. Study Area

Sichuan Province is located in southwestern China, stretching across the upper reaches of the
Yangtze River between the latitudes of 26°03" and 34°19” N and the longitudes of 97°21" and 108°31"
E[25]. It covers an area of 486,000 km?2, about 5% of China’s terrestrial area [26,27]. Sichuan encompasses
several major geomorphic units, including the Qinghai-Tibet Plateau, the Hengduan Mountains,
the Yunnan-Kweichow Plateau, the Chengdu Plain, the Tsinling Mountains, and the Sichuan Basin.
The topography is high in the west and low in the east, with an incline extending from the northwestern
part of the province to the southeastern part [28]. It becomes increasingly complex and diverse from
the west to the east, evidenced by varying landforms, crisscrossing rivers, and significant differences
in elevation. The geomorphic types of Sichuan can be divided into Western Sichuan Alpine Plateau,
South West Sichuan Mountain Area, Basin Periphery Mountain Area, West Basin Plain, and Hilly Area
in Basin [29], as shown by Figure 1. The plateau and High Mountains are located in the western part of
the Sichuan Province, which are at an elevation of over 4000 m. The elevation of the West Basin Plain
is about 500 m. The eastern part mainly comprises the basin and hills with elevation of 250-1500 m.
Sichuan Province has a subtropical monsoon climate, and is rich in water systems, diverse flora and
fauna, and abundant resources [30]. There are 183 counties under its jurisdiction. At the end of 2018,
the resident population of Sichuan Province was 83.41 million, with an urbanization rate of 52.29%,
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and the gross domestic production of Sichuan Province was 4067.81 million CNY (586.58 million U.S.
dollars). The per capita disposable income of its residents was 22,461 CNY (3238.88 U.S. dollars), and
the total area of farmland was 6,725,935 ha [31].
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Figure 1. Distribution of surveyed sample plots in Sichuan Province, and the examples of sampled plots.

2.2. Data Collection

2.2.1. Farmland Abandonment Patches Survey

Farmland abandonment implies decreased utilization frequency of farmland [11]. It includes
two types: actual abandonment and semi-abandonment. Actual abandonment of farmland is defined
as total cessation of cultivation in any form. Farmland is considered to be semi-abandoned when
it is not used for agricultural production, but where there are certain signs of it being cultivated or
managed [32]. In this paper, patches of semi-abandoned farmland were investigated; actual abandoned
farmland was excluded. The term abandoned farmland refers to land which was previously planted
with vegetables and food crops but was abandoned at the time of the survey, especially farmland that
had been abandoned for more than one year. Farmland was divided into two categories: abandoned
farmland and cultivated farmland. There are two categories of abandoned farmland: abandoned
non-irrigated farmland and abandoned paddy fields. Correspondingly, cultivated farmland was
divided into two categories: cultivated non-irrigated farmland and cultivated paddy fields.

The survey was released to 867 undergraduate students majoring in geography and living in rural
areas of Sichuan Province, who were chosen to map patches of abandoned farmland and cultivated
farmland, and 501 students voluntarily participated in the survey. Therefore, the 501 sample plots
were randomly selected. Firstly, they found their own residential district in Google Earth, and selected
a 1 km-by-1 km plot located near their own residential sites. The plots of images were download
using BIGMAP tools from Google Earth (no offset data), and saved in the GeoTIFF format. The
World Geodetic System 1984 (WGS84) was applied to achieve the projected transformation. Since
the spatial range of each sample plot was 1 km?, the deformation caused by image projection was
disregarded. Secondly, the image of each plot from Google Earth was printed on waterproof paper
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for the convenience of survey mapping. The survey of patches was conducted by 501 students in
their hometowns during January and February in 2016, 2017, and 2018, and each student investigated
a sample plot independently. According to the technical regulations of the Ministry of Land and
Resources of the People’s Republic of China (TD/T1014-2007), the 501 students drew boundaries of
different land-use types in waterproof paper on the survey images. They focused on three categories
of land-use types: (1) abandoned non-irrigated farmland and abandoned paddy fields, (2) cultivated
non-irrigated farmland and cultivated paddy fields, and (3) land related to agricultural activities,
including drainage, pools, cemeteries, roads, ditches, residential districts, woodland, and other land.
The 501 sample plots were surveyed over the three years, 36 in 2016, 289 in 2017, and 176 in 2018.
The survey maps were taken back, and we obtained 455 valid sample plots (Figure 1), with 46 sample
plots excluded because the map contents did not reflect the actual situation, or the legend of the survey
map was not clear, or the areas were located in an urban zone. The 455 sample plots were mainly
concentrated in the West Basin Plain (73 plots), Hilly Area in Basin (148 plots), and Basin Periphery
Mountain Area (141 plots), where the primary grain-producing areas in Sichuan Province are. Of the
remaining sample plots, 52 sample plots were distributed in the South West Sichuan Mountain, and 41
sample plots were located in the Western Sichuan Alpine Plateau, which has limited land resources
and sparse population [33].

2.2.2. Database Construction

The land-use database of 455 survey maps was constructed by ArcGIS 10.3. In total, 57,625 patches
were identified, which encompassed 6016 abandoned non-irrigated farmland patches, 3881 abandoned
paddy field patches, 9173 cultivated non-irrigated farmland patches, and 6105 cultivated paddy field
patches. The land use of patches in sample plots is illustrated in Figure 1.

The digital elevation model (DEM, resolution 30 m) of the sampled plots was sourced from
ASTER GDEM V2 (Advanced Space-borne Thermal Emission and Reflection Radiometer Global Digital
Elevation Model Version 2), and the data set was provided by Geospatial Data Cloud site, Computer
Network Information Center, Chinese Academy of Sciences (http://www.gscloud.cn/).

2.3. Quantification of Spatial Heterogeneity
2.3.1. Calculation of RPFA, RNFA, RFA

RPFA, RNFA, and RFA were calculated using Formulas (1)—(3), respectively.
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where RPFAF, RNFA* and RFA* respectively denote RPFA, RNFA, and RFA in k sample plot. A

(RPFA)i
and A’(‘RNF A)i respectively denote the area of the i patch of abandoned paddy field and the abandoned

non-irrigated farmland in k sample plot. a’ERPF A)i and al(‘RNF A)i respectively denote the area of patch i of
k k
and S

cultivated paddy and cultivated non-irrigated farmland in sample plot k. Sp,p, ENEA
the total area of paddy fields and non-irrigated farmland in sample plot k. i denotes the number of
patches (i=1,2,3 ... n) and k denotes the sampled plot (1,2, 3, ... 455).

Then, the frequency of RPFA, RNFA, and RFA in sample plots was calculated in IBM SPSS
Statistics19. The results are given in Figure 2.
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Figure 2. Histogram of the rate of paddy field abandonment (RPFA), rate of non-irrigated farmland
abandonment (RNFA), and rate of farmland abandonment (RFA).

2.3.2. Identification of Abandonment Hot Spots

The hot-spot analysis was realized by local spatial autocorrelation based on a distance-weight
matrix. The Getis-Ord Gi* Index (G;") was used to analyze the locations where center points of elements
in the 455 sample plots with high or low values were spatially clustered. The computation formula of
Getis-Ord Gi* is as follows [34]:

X i, XY wixj

1
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(6)

where x; denotes the RPFA, RNFA, and RFA in j sample plot, w; ; denotes the spatial weight between i
sample center point and j sample center point, and n denotes the number of center points of patches in
the 455 sample plots.
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The significant and positive G;f indicates that RPFA, RNFA, and RFA of sample plot i and its
surroundings is high, which means it belongs to the hot-spot area. If G is significant and negative,
it is indicated that the abandonment rate of i sample plots and its surrounding area is low, which
means it belongs to the cold-spot area. When Glf is 0, it indicates that there is no statistical significance,
indicating that the random nature of the abandonment rate in sample plots i and its surroundings
is relatively large, which means it belongs to the abandonment random region. The optimization
hot-spot analysis tool in Arcgis10.3 has been used for the clustering process. The hot- and cold spots
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are classified according to the value of G}, expressed by probability Gi_Bin (- 3 <Gi_Bin < + 3). The
cold- and hot spots are classified as shown in Table 1.

Table 1. The confidence and criteria for cold-spot and hot-spot identification.

Gi_Bin Confidence Cold-Hot Spot
-3 99% Cold spots
-2 95% Cold spots
-1 90% Cold spots
0 No statistical significance Random distribution point
1 90% Hot spots
2 95% Hot spots
3 99% Hot spots

The optimized hot-spot analysis tool in ArcGIS10.3 was used to map cold- and hot spots showing
the farmland abandonment rate in Sichuan Province.

3. Results

3.1. Frequency of RPFA, RNFA, RFA of Sample Plots

The RPFA, RNFA, and RFA of the sampled plots showed a skewed distribution, with obvious
concentration on the left part of the histogram, as shown in Figure 2a—c.

The RPFA showed a skewed distribution, with obvious concentration on the left part of the
histogram, with skewedness of 2.5611 and kurtosis of 8.4373, which exceeds the normal distribution
value of 3 in Figure 2a. The mean RPFA was 0.1422. The RPFA in Sichuan Province has heterogeneity.
There were neither patches of abandoned paddy field nor patches of cultivated paddy field in 60 sample
plots. Of the 395 sample plots in which paddy fields appeared, 73 had no patches of abandoned paddy
field; i.e., RPFA of the 73 sample plots equaled 0. The RPFA of the 28 sample plots was 1. The frequency
of RPFA in the 395 sample plots in which paddy fields appeared is illustrated by Figure 2a.

The frequency of RNFA in the 446 sample plots is illustrated by Figure 2b. The RNFA of the
446 sampled plots had a skewed distribution, with a skewedness of 3.2037 and kurtosis of 13.467.
The mean RNFA was 0.1193. There were neither patches of abandoned non-irrigated farmland nor
patches of cultivated non-irrigated farmland in 9 sample plots. Of 446 sample plots where non-irrigated
farmland appeared, there were no patches of non-irrigated farmland abandoned in 42 plots; all patches
of non-irrigated farmland were abandoned in 15 plots. Therefore, the RNFA was 0 in 42 sample plots,
and equaled 1 in 15 sample plots.

RFA of the 454 sampled plots where farmland appeared showed a skewed distribution, with a
skewedness of 1.9705 and kurtosis of 7.3372, which exceeds the normal distribution value of 3 in
Figure 2c. The mean RFA was 0.0702 and the maximum RFA was 0.4464. There were neither paddy
fields nor non-irrigated farmland in 1 sample plot. There were no patches of abandoned farmland in
38 of 454 sample plots. The RFA of sample plots was 0. The frequency of RFA in the 454 sample plots
is illustrated by Figure 2c.

3.2. Variation of RPFA, RNFA, and RFA among Landform Zones

Farmland abandonment showed obvious variation among and within landform zones
(Figures 3 and 4). The variation of the RPFA among the sample plots was the largest in Hilly
Area in Basin, followed by that in Basin Periphery Mountain, West Basin Plain, and Western Sichuan
Alpine Plateau, and the smallest was in Southwest Sichuan Mountain. The median value of the RPFA
in Hilly Area in Basin was the highest, followed by that in Basin Periphery Mountain, West Basin Plain,
and Western Sichuan Alpine Plateau, and the lowest was in Southwest Sichuan Mountain (Figure 4a).
The difference in the RNFA among the sample plots was the largest in Hilly Area in Basin, followed by
that in the West Basin Plain, Basin Periphery Mountain, and Western Sichuan Alpine Plateau, and was
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the smallest in Southwest Sichuan Mountain. The median value of the RPFA was the largest in Hilly
Area in Basin, followed by that in the Basin Periphery Mountain, Western Sichuan Alpine Plateau,
and West Basin Plain, and was the lowest in Southwest Sichuan Mountain (Figure 4b). Among the
landform zones, the Hilly Area in Basin had the largest difference of RFA among the sample plots,
followed by that in the Basin Periphery Mountain, Western Sichuan Alpine Plateau, West Basin Plain,
and Southwest Sichuan Mountain. The median value of the RFA in Hilly Area in Basin was the highest,
followed by that in the Basin Periphery Mountain, Western Sichuan Alpine Plateau, and West Basin
Plain, and was the lowest in Southwest Sichuan Mountain (Figure 4c).

(a) Spatial distribution of the (b) Spatial distribution of (c) Spatial distribution of
RPFA of sample plots in the RNFA of sample plots the RFA of sample plots in
Sichuan Province in Sichuan Province Sichuan Province

Figure 3. Spatial distribution of the RPFA, RNFA, and RFA of sample plots in Sichuan Province.
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Figure 4. Statistical distribution of RPFA, RNFA, and RFA among landform zones.

3.3. Cold- and Hot Spots of Farmland Abandonment

The Getis-Ord G;* index value of the sample plots was calculated using Formulas (7)—(9). The
Gi_Bin interval was used to determine the spatial aggregation characteristics of cold- and hot spots.
The optimized hot-spot analysis tool in ArcMap10.3 was used to make Figure 5a—c according to Table 1.
There is obvious spatial variation in cold- and hot spots of the RPFA (Figure 5a), RNFA (Figure 5b),
and RFA (Figure 5c) in Sichuan Province.

There was no clustering of Gi_Bin values of - 3, - 2, - 1, and 1 in the spatial cold- and hot-spot
analysis of RPFA in Figure 5a. The following regions had Gi_Bin values of 2 and 3: Anyue, Zizhong,
Dongxing, Da’an, Fushun, and Longchang in Hilly Area in Basin; and Xichang and Puge in Western
Sichuan Alpine Plateau; with a cluster statistical significance of 99%, and these will be hot-spot areas
of paddy field abandonment in the future. Gi_Bin of the other counties was 0, with no statistical
significance in spatial clustering, where paddy field abandonment is random.
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There was no clustering of Gi_Bin of -3, -2, -1, 2, 3 in the spatial cold- and hot-spot analysis of
the RNFA (Figure 5). Gi_Bin of the following regions was 1: Xiaojin and Baoxing in Western Sichuan
Alpine Plateau; Anzhou, Youxian, Yanting, and Santai in Hilly Area in Basin; with cluster statistical
significance of 90% confidence, and these will be hot-spot areas of non-irrigated farmland abandonment
in the future. Like the rate of paddy field abandonment, the Gi_Bin values of the other counties were
0, with no statistical significance in spatial clustering, and the non-irrigated farmland abandonment
was random.

The cold- and hot spots of the RFA in Sichuan Province are shown in Figure 5. The clustering
characteristics of spatial cold- and hot spots of the RFA are obvious, including all regions with Gi_Bin
of-3,-2,-1,0,1,2 and 3. More than 30 counties in Hilly Area in Basin, and Huaying and Linshui in
Basin Periphery Mountain, had Gi_Bin of 1, 2, 3, and with a confidence score of 90%, 95%, and 99%,
which implies a clustering with statistical significance. These regions will be hot-spot areas of farmland
abandonment in the future. Eighteen counties in West Basin Plain and 20 counties in Southwest
Sichuan Mountain are cold-spot areas of RFA, with Gi_Bin of -1,-2,-3. Gi_Bin of the other counties was
0, with no statistical significance in spatial clustering, where the farmland abandonment was random.
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Figure 5. (a) Spatial pattern of cold- and hot spots of the RPFA in sample plots in Sichuan Province.
(b) Spatial pattern of cold- and hot spots of the RNFA in sample plots in Sichuan Province. (c) Spatial
pattern of cold- and hot spots of the RFA in sample plots in Sichuan Province.



Sustainability 2020, 12, 3356 10 of 14

4. Discussion

The distribution of farmland in Sichuan Province is highly varied due to various reasons.
The proportion of farmland is low in the Western Sichuan Alpine Plateau, where the main income of
farmers is sourced from grazing and picking Chinese caterpillar fungus. The rural residential district
in the Western Sichuan Alpine Plateau is distributed on the terraces along rivers. The distance of farms
to residential parcels affects not only the spatial pattern of rural residential districts [35,36], but also the
degree of farmland aggregation [37]. Farmland is mainly located around the rural residential areas
in Sichuan Province. The 455 sample plots surveyed in this study, each covering 1 km?, are mainly
concentrated in the West Basin Plain (73 sample plots), Hilly Area in Basin (148 sample plots), and Basin
Periphery Mountain (141 sample plots), which are the primary grain-producing areas in Sichuan
Province. Of the 455 sample plots, 52 plots are located in the South West Sichuan Mountain, and 41 are
located in the Western Sichuan Alpine Plateau, which has limited land resources and is sparsely
populated [32]. The abandonment rates of paddy field (RPFA) and non-irrigated farmland (RNFA)
have 0 and 1, suggesting that they are convergent. The rate of farmland abandonment (RFA) has no
void value and 1. The reason is that agriculture is affected by climate, water, soil, heat, light, and other
factors [38]. Sichuan Province is a very large area and is divided into five landform zones. There were
no paddy fields in some sample plots, and there was no non-irrigated farmland in some other sample
plots. RFA would well express the overall level of farmland abandonment in the Sichuan Province.

The spatial heterogeneity of farmland abandonment in Sichuan Province is significantly influenced
by regional geomorphological and agricultural conditions, such as elevation, relative relief, aspect,
slope, climate, water, soil, heat, light, farmland resource endowments, rural labor allocation [2,4,6],
and rural economic development [9,10].

The RPFA, RNFA, and RFA of sample plots in Southwest Sichuan Mountain with good light and
heat are lower than those of other areas, because farmland abandonment is affected by the climate of
the area. Light and heat affect the growth of crops, and the production of the plots with good light and
heat was higher than the plots with poor light and heat. The RPFA, RNFA, and RFA of Panzhihua
City, which is located in Southwest Sichuan Mountain Area, were comparatively low, because the
area has sufficient sunshine; specifically a total quantity of annual radiation of 5600-6300 MJ/m? [39].
Most farmland has been replanted with fruits that like light and heat, such as mangos, loquats,
pomegranates, lotuses, strawberries, and cherries in Panzhihua City.

The RPFA, RNFA, and RFA of sample plots in West Basin Plain with a flat terrain were lower
than those in both Western Sichuan Alpine Plateau and Basin Periphery Mountain, as flat land is
easier to cultivate with machines. Further, urbanization plays a critical role in farmland abandonment.
The Chengdu megalopolis has a great population, along with a sprawl of urbanized areas; as a result a
large number of high-quality patches of farmland have been converted into built-up areas [40], and the
per capita farmland area is gradually decreasing. Meanwhile, a large number of farmland plots have
been converted into orchards that produce high yields and economic benefits in West Basin Plain.

Economic development plays an important role in the farmland abandonment. The RPFA, RNFA,
and RFA are lower in both Basin Periphery Mountain Area and Western Sichuan Alpine Plateau than
Hilly Area in Basin. One reason is that the economic development level in those areas is lower than
that in Hilly Area in Basin. Both total and per capita amounts of GDP are lower than the provincial
average [41]. The impact of abandonment on family income is greater than in other areas. Most people
in these areas prefer to cultivate their farmland to gain family income. The other reason is that farmland
and rural residential districts in mountainous areas are distributed across flatter terrain, and cultivation
is easier in the mountains than in hilly areas [42].

However, spatial heterogeneity of the farmland abandonment in Sichuan Province is the result
of various forces. For instance, the RPFA, RNFA, and RFA in Hilly Area in Basin are higher than in
other areas. There are many reasons for this including: (1) fragmentation of farmland plots that limit
application of agricultural mechanization [43]; (2) large agricultural populations with low education
levels; (3) high loss of labor forces from rural areas to urban areas [44], and aged farmers, with some
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more than 64 years old [45]; (4) the weather in Hilly Area in Basin, which is often cloudy, and the
sunlight is reflected by cloud and mist. The areas have poor light and heat, which is not good for
cultivating high-quality fruits and grains.

In line with other studies, we found there is heterogeneity in the spatial distribution of regional
farmland abandonment [21] in Sichuan Province. Ding (2019) found that the regions with relatively
large cropland abandonment rates and size are mainly distributed in the west and south of China
(e.g., Sichuan Province, Chongqing Municipality), while the rate of cropland abandonment in the
north and northeast area of China is relatively low [46]. Farmland abandonment in Japan exhibits a
significantly uneven pattern. Most abandoned farmland is positively correlated with slope and is
highly clustered in the Kanto, Chubu, and Chugoku Shikoku regions, compared to other regions that
are suitable for agricultural production, such as the Hokkaido and Tohoku regions [47]. Townships
have widely different abandonment rates in Chongqing [21]. Farmland abandonment is significantly
more common in mountainous areas than in plains areas [1]. Farmland abandonment is also more
prone to occur on patches that are remote from the laborers’ residences [22,48].

In our study, the average RFA of sample plots in Sichuan Province was less than 0.2. It is lower
than that of other studies. The RFA reached 0.29 in Wushan, Chonggqing [49], the values were 0.37
and 0.25 in Gansu Province and Tianjin [1] respectively, while an estimation of the national RFA in
mountainous counties of China reached 0.28 [50], and the average RFA was 0.29 in Three Gorges
Reservoir Area [22]. There might be four reasons for this difference. Firstly, actual abandoned patches
of farmland were excluded from the investigation, which could result in a significant underestimation
of the abandoned farmland. Secondly, patches of farmland had been abandoned for more than three
years, and became like thickets of forestland in our investigation, which would give rise to a lower
RFA. Thirdly, the abandoned farmland was mainly distributed in areas with a distance of more than
500 m from villages [22]; the 455 random sample plots were near the residential districts, which would
give a lower RFA than for the other areas. Fourthly, the assessment of other studies was based on
MODIS data, low-resolution remote sensing data, and questionnaires, which would give a higher RFA
than methods used in this study.

Since Sichuan is vital in China for its agriculture, the results of this study have very important
implications. A number of regions with relatively large cropland abandonment rates are located in the
Sichuan Province of China [46]. The authors’ findings may prove to be useful in order to identify the
main areas of future farmland abandonment, which can provide ideas about study on the mechanisms
and factors of abandoned farmland in different regions in the future.

5. Conclusions

In this study, the heterogeneity of farmland abandonment in Sichuan Province is focused on.
Patches of abandoned paddy fields, abandoned non-irrigated farmland, cultivated paddy fields,
and cultivated non-irrigated farmland were investigated using 455 1km-by-1km sample plots in
Sichuan Province. The rate of paddy field abandonment (RPFA), the rate of non-irrigated farmland
abandonment (RNFA), and the rate of farmland abandonment (RFA) of sample plots were calculated
in this study, and are confirmed suitable indicators for revealing the spatial heterogeneity of farmland
abandonment in Sichuan Province. The proportion of paddy fields and non-irrigated farmland
is different among landform zones of Sichuan Province. This was the first attempt to divide the
abandoned farmland into abandoned paddy fields and abandoned non-irrigated farmland in a study
of Sichuan Province.

Farmland abandonment in the province showed great spatial heterogeneity. Variation of RPFA and
RNFA among the sample plots differed among landform zones. The rate of paddy field abandonment
(RPFA), the rate of non-irrigated farmland abandonment (RNFA), and the rate of farmland abandonment
(RFA) in the Hilly Area in Basin were high, but low in West Basin Plain and South West Sichuan
Mountainous Area, and intermediate in the Western Sichuan Alpine Plateau and the Basin Periphery
Mountain Area. RPFA, RNFA, and RFA of sample plots showed a high narrow peak and positive
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skewed distribution (F distribution). The rate of farmland abandonment (RFA) well expresses the
overall level of farmland abandonment in Sichuan Province.

The hot-spot areas of paddy field abandonment were mainly concentrated in the area where the
main stream of the Yangtze River flows through the Hilly Area in Basin, which is also the area where
paddy fields are concentrated. There was not a cold-spot area of paddy field abandonment in Sichuan
Province. There were 10 sample plots in hot-spot areas of non-irrigated farmland abandonment
located in the north of Hilly Area in Basin, which will be hot-spot areas for non-irrigated farmland
abandonment in the future. The clustering characteristics of spatial cold- and hot spots of the rate of
farmland abandonment (RFA) are obvious. The hot-spot areas of RFA are in Hilly Area in Basin, while
the cold-spot areas of RFA are in West Basin Plain and the south of Southwest Sichuan Mountain areas,
and farmland abandonment is random in the other areas.
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