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The period from 2010 to 2020 is a period of rapid economic development in China, with the
increasing population and the urbanization level reaching 63.89%. Cultivated land plays an
extremely important role in China’s food security. In order to grasp the spatial and temporal
distribution and change of cultivated land use in China in time, based on GlobeLand30
data in 2010 and 2020, this study studied the spatial and temporal change characteristics
of total cultivated land resources, cultivated land development and utilization degree,
dynamic change degree of cultivated land utilization rate, and cultivated land use center
and direction by using GIS technology, reclamation index, cultivated land utilization rate
dynamic change degree model, cultivated land center shift model and standard deviation
ellipse model. The results show that: ①The cultivated land area in China has changed
greatly during 2010–2020, with the largest increase in cultivated land area in Inner
Mongolia and Xinjiang, while the largest decrease in cultivated land area in Shandong,
Jiangsu, Hebei, Guangdong, Henan and Zhejiang;②The areas with the highest degree of
cultivated land development and utilization are mainly concentrated in Shandong, Jiangsu,
Henan, Anhui and other provinces in the east, while Qinghai, Tibet and Xinjiang have the
lowest degree of cultivated land development and utilization; ③The regions with the
highest dynamic change degree index of cultivated land utilization rate are mainly
concentrated in Inner Mongolia, Xinjiang, Tibet and Qinghai, while the dynamic change
degree index of cultivated land utilization rate in Liaoning, Hebei, Shandong, Jiangsu,
Shanghai, Zhejiang and Guangdong shows obvious negative changes; ④The spatial and
temporal migration of the center of gravity of cultivated land use in China shows the trend of
“moving westward to northward”, and the spatial distribution direction of cultivated land
use roughly presents the overall characteristics of northeast-southwest direction. This
study can effectively reveal the temporal and spatial variation characteristics of cultivated
land use at provincial level in China based on GlobeLand30, and provide a scientific
reference for further rational development, utilization and protection of cultivated land
resources in China.
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1 INTRODUCTION

According to the data of China’s seventh national population
census in 2020, China’s current population exceeds 1.41
billion, an increase of 5.38% over the total population in
2010, ranking first in the world population. Food security is
the top priority of China’s economic and social sustainable
development, and food self-sufficiency needs sufficient
cultivated land resources as a guarantee (Huang et al.,
2021). Under the background of increasing population,
decreasing per capita cultivated land and great challenges to
food security in China, it has an important practical
significance to study the overall distribution and temporal
and spatial changes of cultivated land resources in China
(Deng et al., 2015). As a mountainous country, China’s
terrain is high in the west and low in the east, with
complex and diverse terrain, mainly mountainous areas,
with plain areas accounting for only about 12%. Cultivated
land resources in China have great spatial distribution
differences and temporal and spatial variation
characteristics both in quantity and quality. Therefore, it is
of great practical significance to study the spatial distribution
and temporal and spatial variation characteristics of cultivated
land use in China for coordinating the overall utilization of
cultivated land resources and land management policies in
China.

In the previous studies on cultivated land use in China,
most of the research data come from the statistical data of the
country and provinces and cities, but the statistical data are
limited by the statistical caliber and statistical methods. With
the increase of research time span and the continuous
adjustment of administrative divisions at all levels, the
comparability of statistical data in temporal and spatial
analysis is very poor (Liu et al., 2009). Remote sensing
satellite image data can solve this problem well. With the
continuous development of Earth observation technology,
remote sensing technology has become an important
means to investigate and monitor land cover change with
its advantages of strong timeliness, wide coverage area and
low cost (See et al., 2015). High-precision remote sensing
satellite data can objectively record the real situation of land
cover, and at the same time, it is convenient to obtain long-
time series historical image data for comparative analysis.
GlobeLand30 is a mainstream data source for land cover
research at present. Scholars such as Qiong Hu (Hu Q.
et al., 2018), Di Chen (Chen et al., 2018), Mingtao Xiang
(Xiang et al., 2018), Yuqiao Long (Long et al., 2018), Li Zhang
(Zhang et al., 2018) and Juanjuan Cao (Cao et al., 2018) used
this data to study the global and continental cultivated land
use change characteristics from 2000 to 2010 from the
perspectives of the world, Asia, Europe, America, Africa
and Oceania. Jun Chen (Chen et al., 2015) Carried out
statistical analysis of spatial distribution changes of urban
and rural construction land on a global scale based on
GlobeLand30. The research on cultivated land in China
based on GlobeLand30 mostly focuses on the period from
2000 to 2010 (Hu J. et al., 2018). Yang Yang studied the loss

process of cultivated land based on GlobeLand30 taking Bohai
Rim for instance from 2000 to 2010 (Yang et al., 2016). Jiayue
Wang analyzed the spatial-temporal variations of
cultivated land and grain production in China based on
GlobeLand30 from 2000 to 2010 (Wang and Xin, 2017).
With the generation of the latest GlobeLand30 data, the
research on the new characteristics of cultivated land
use change in China in recent 10 years has a strong
research trend.

Therefore, based on the GlobeLand30 land cover data in
2010 and 2020, this study studies the spatial distribution
pattern of cultivated land use, the degree of cultivated land
development and utilization, the dynamic change degree of
cultivated land utilization rate, and the spatial and temporal
variation characteristics of the center of gravity and direction
of cultivated land use in China, in order to reveal the overall
spatial and temporal variation characteristics of cultivated
land use in China, and provide scientific reference for further
rational development, utilization and protection of cultivated
land resources in China.

2 MATERIALS AND METHODS

2.1 The Fundamental Geographic Data
The basic geographic administrative division data of China in
the scale of one-millionth with vector format (ESRI shapefiles)
comes from National Catalog Service for Geographical
Information (http://www.webmap.cn), and this data is re-
projected to Albers Equal-area Conic Projection using
ArcGIS 10.2.

2.2 Land Cover Data
GlobeLand30 is the world’s first global land cover data
product with a resolution of 30 m independently developed
by China. It was presented to the United Nations by the
Chinese government in September 2014 for sharing by the
international community (Chen, 2018). In this paper, the
global land cover data of GlobeLand30 with 30 m resolution
in 2010 and 2020 is used as the data source of cultivated land
information (http://www.globallandcover.cn). The global
land cover data of GlobeLand30 with 30 m resolution is
developed by China. The GlobeLand30 2000 and 2010
editions were released in 2014 (Pesaresi et al., 2015). The
Ministry of Natural Resources started updating this data in
2017, and the GlobeLand30 2020 version has been completed.
The classified images used in the development of
GlobeLand30 data are mainly 30-m multispectral images,
including TM5, ETM +, OLI multispectral images of
Landsat and HJ-1 multispectral images of China
Environmental Disaster Reduction Satellite. The 2020
edition of data also uses 16-meter resolution Gaofen-1
(GF-1) multispectral images (Yimuranjiang et al., 2021).
The GlobeLand30 data includes 10 first-class types,
namely: cultivated land, woodland, grassland, shrub land,
wetland, water body, tundra, artificial surface, bare land,
glacier and permanent snow. The overall accuracy of
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GlobeLand30 V2010 data is 83.50%, and the overall accuracy
of GlobeLand30 V2020 data is 85.72% (Pesaresi et al., 2015).
This data is a global land cover data set with the highest
spatial resolution and accuracy, which is open to the public.
The GlobeLand30 data in the WGS-84 coordinate system was
re-projected to the Albers Equal-area Conic Project using
ArcGIS 10.2.

2.3 Methods
2.3.1 Reclamation Index
Reclamation index is the proportion of cultivated land in a certain
area, which measures the degree of development and utilization of
land resources in a region. The higher the reclamation index, the
higher the degree of development and utilization of cultivated land in
this region. The reclamation index used in this paper is (Xiang et al.,
2018):

I � CA
LA

× 100% (1)

In Eq. 1, I is the cultivated land reclamation index of a certain
area. CA is the cultivated land area of a certain area, and LA is the
total land area of a certain area. The greater the I value, the higher
the degree of development and utilization of cultivated land
resources in this area; the smaller the I value, the lower the
development and utilization degree of cultivated land resources in
this area.

2.3.2 Dynamic Change Degree Model of Cultivated
Land Utilization Rate
In the past study of cultivated land use change, most scholars
used reclamation index and other indicators to measure the
degree of land resources development and utilization in a
region, that is, the higher the reclamation index, the higher
the degree of cultivated land development and utilization in
this region. However, the reclamation index in a single year can
not reflect the dynamic change degree of land use in a certain
period. This study draws lessons from the research results of
Mingtao Xiang (Xiang et al., 2018) and others, and constructs a
dynamic change degree model of cultivated land utilization
rate:

I � ((CA2020/LA2020) − (CA2010/LA2010))/(CA2010/LA2010) (2)
In Eq. 2, I is the dynamic change degree index of cultivated

land utilization rate in the statistical unit, which reflects the
intensity of dynamic change of cultivated land utilization rate
in a period. CA2010 and CA2020 are the cultivated land area in
2010 and 2020 respectively, and LA2010 and LA2020 are the total
land area in 2010 and 2020 respectively.

2.3.3 Transfer Model of Cultivated Land Center of
Gravity
The overall characteristics of cultivated land use change can be
characterized by the shift of cultivated land use center of gravity,
which can reflect the overall change trend of cultivated land spatial
distribution pattern (Wang and Xin, 2017). The essence of cultivated
land center of gravity is the point where the moment of regional

cultivated land area reaches balance on the spatial plane in a certain
period of time (Zhu and Li, 2003), and the characteristics of center of
gravity movement such as direction and speed can well reflect the
spatial changes of cultivated land elements. The calculation formula
of cultivated land center of gravity is expressed as (Huang et al.,
2021):

X �
∑n
i�1
SiXi∑n

i�1
Si

(3)

Y �
∑n
i�1
SiYi∑n

i�1
Si

(4)

Where: X and Y respectively represent the abscissa and ordinate
of the center of gravity of cultivated land distribution in China. N
is the number of provincial administrative regions in China, Si
represents the cultivated land area of provincial administrative
region I, and Xi and Yi represent the abscissa and ordinate of the
geographical center of gravity of provincial administrative region
I respectively.

2.3.4 Standard Deviation Elliptic Model
The Standard deviation ellipse (SDE) spatial statistical method
was first proposed by Lefever in 1926, which is used to measure
the global characteristics of spatial distribution of geographical
elements from multiple angles. It can accurately reveal the
various characteristics of spatial distribution of research
objects, including the concentration, dispersion trend and
distribution direction of objects, and can quantitatively
study the distribution information of research objects in
various aspects of spatial distribution (Zuo et al., 2022). In
this study, the standard deviation ellipse model was used to
explore the spatial evolution trend and development direction
of cultivated land use in China during the decade from 2010 to
2020. The relevant calculation formula of the standard
deviation ellipse model is expressed as (Ren et al., 2016;
Zuo et al., 2022):

X �

����������∑n
i�1
(xi − �X)2

n

√√
, Y �

����������∑n
i�1
(yi − �Y)2

n

√√
(5)

tanθ �
(∑n

i�1
~x2
i − ∑n

i�1
~y2
i) +

�������������������������(∑n
i�1
~x2
i − ∑n

i�1
~y2
i)2

+ 4(∑n
i�1
~xi ~yi)2

√
2∑n
i�1
~xi ~yi

(6)

σx �
�
2

√
�����������������∑n
i�1
(~xi cosθ− ~yi sinθ)2

n

√√
,σy �

�
2

√
�����������������∑n
i�1
(~xi sinθ+ ~yi cosθ)2

n

√√
(7)

Where:X and Y denote the abscissa and ordinate of the center of
the standard deviation ellipse respectively. xi and yi represent the
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abscissa and ordinate of geographic objects, respectively. �X and �Y
are the arithmetic mean center of the geographic objects, n is the
number of the geographic objects, θ is the azimuth angle of the
standard deviation ellipse; ~xi and ~yi are the average center
deviation respectively; σx and σy are x axis and y axis
standard deviation respectively.

3 RESULTS

3.1 The Distribution of Cultivated Land
Resources of 31 Regions in China During
2010–2020
By processing the data of GlobeLand30 in 2010 and 2020, the
distribution data of cultivated land resources in 31 regions in
Chinese mainland was obtained in Table 1. It can be seen from
the table that the cultivated land resources in China are

unevenly distributed in 31 provinces and cities, among
which Heilongjiang, Inner Mongolia, Sichuan, Shandong,
Yunnan and other provinces are rich in cultivated land
resources, while Hainan, Tianjin, Tibet, Beijing and
Shanghai rank lower in the country. From 2010 to 2020, the
total amount of cultivated land resources decreased from
2012708 km2 in 2010–1981488 km2 in 2020, with an average
annual decrease of 3121.95 km2 and an average annual
decrease of 0.16%.

3.2 The Reclamation Index of 31 Regions in
China During 2010–2020
According to the cultivated land utilization data extracted
from GlobeLand30 data in 2010 and 2020, the cultivated land
reclamation index data in Table 2 of 31 regions in Chinese
mainland is calculated. According to the definition of

TABLE 1 | The area of cultivated land resources of 31 regions in China during 2010–2020 (km2).

Province Area 2010 Area 2020 Difference Province Area 2010 Area 2020 Difference

Heilongjiang 185,465.9 186,871.1 1,405.232 Hunan 65,334.72 64,036.16 −1,298.56
Inner Mongolia 136,407.3 151,596.1 15,188.83 Shaanxi 62,784.9 62,287.97 −496.931
Sichuan 117,098.8 113,698.3 −3,400.48 Guizhou 58,878.71 59,246.52 367.8089
Shandong 122,679.2 112,357 −10,322.2 Jiangxi 46,430.95 44,155.88 −2,275.06
Yunnan 105,463.6 105,869.7 406.0594 Guangdong 46,960.76 41,928.86 −5,031.89
Xinjiang 88,212.95 102,424.1 14,211.12 Chongqing 40,179.03 38,138.18 −2,040.85
Henan 106,367.4 101,789.4 −4,578.09 Zhejiang 31,614.93 27,060.84 −4,554.08
Hebei 99,151.14 92,782.77 −6,368.37 Fujian 24,074.54 23,462.37 −612.166
Jilin 88,074.6 86,063.24 −2,011.36 Ningxia 21,600.46 21,668.36 67.90284
Gansu 84,274.52 82,724.94 −1,549.58 Qinghai 11,535.23 12,948.72 1,413.489
Anhui 82,496.87 80,005.03 −2,491.84 Hainan 7,736.042 8,219.756 483.7141
Hubei 81,057.7 79,361.19 −1,696.52 Tianjin 7,667.61 7,410.445 −257.165
Liaoning 70,430.5 66,140.98 −4,289.52 Tibet 4,629.956 7,363.832 2,733.876
Shanxi 69,144.42 66,077.68 −3,066.75 Beijing 5,551.126 4,065.968 −1,485.16
Jiangsu 72,204.16 64,655.9 −7,548.26 Shanghai 3,191.949 2,598.499 −593.45
Guangxi 66,007.59 64,478.38 −1,529.21 — — — —

TABLE 2 | The reclamation index of 31 regions in China during 2010–2020.

Province 2010 (%) 2020 (%) Difference Province 2010 (%) 2020 (%) Difference

Shandong 79.70 73.00 −6.70% Shaanxi 30.50 30.30 −0.20%
Jiangsu 72.10 64.60 −7.50% Yunnan 27.50 27.60 0.10%
Tianjin 65.90 63.70 −2.20% Guangxi 28.10 27.50 −0.70%
Henan 64.60 61.80 −2.80% Zhejiang 31.40 26.90 −4.50%
Anhui 58.60 56.90 −1.80% Jiangxi 27.90 26.50 −1.40%
Hebei 53.10 49.70 −3.40% Beijing 34.00 24.90 −9.10%
Chongqing 49.50 47.00 −2.50% Hainan 22.90 24.30 1.40%
Liaoning 48.70 45.70 −3.00% Guangdong 26.70 23.90 −2.90%
Jilin 46.00 45.00 −1.10% Sichuan 24.30 23.60 −0.70%
Ningxia 42.90 43.00 0.10% Gansu 20.90 20.50 −0.40%
Hubei 43.50 42.60 −0.90% Fujian 19.70 19.20 −0.50%
Shanxi 44.00 42.10 −2.00% Inner Mongolia 11.90 13.20 1.30%
Shanghai 51.30 41.80 −9.50% Xinjiang 5.40 6.30 0.90%
Heilongjiang 41.30 41.60 0.30% Qinghai 1.60 1.80 0.20%
Guizhou 33.60 33.80 0.20% Tibet 0.40 0.60 0.20%
Hunan 30.90 30.30 −0.60% — — — —
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reclamation index, it can be seen that the reclamation index
measures the degree of land resources development and
utilization in a region, and it can be seen that the
reclamation index in Shandong, Jiangsu, Tianjin, Henan,
Anhui and other regions is higher in 2020, all exceeding
50%, indicating that the higher the degree of cultivated
land development and utilization in these regions;
However, the reclamation index of Inner Mongolia,
Xinjiang, Qinghai, Tibet and other regions in 2020 is low,
all below 15%, and the degree of cultivated land development
and utilization in these regions is low.

3.3 The Dynamic Change Degree Index of
Cultivated Land Utilization Rate of 31
Regions in China During 2010–2020
According to the dynamic change degree model of cultivated land
utilization rate, the dynamic change degree index of cultivated land
utilization rate in 31 regions in Chinese mainland was calculated, in
Table 3 and the intensity of dynamic change of cultivated land
utilization rate in 2010–2020 was studied by this index. It can be seen
that the dynamic change degree index of cultivated land utilization
rate in Tibet, Xinjiang, Qinghai, Inner Mongolia, Hainan and other
regions is relatively high, which shows that the dynamic change of

TABLE 3 | The dynamic change degree Index of cultivated land utilization rate of 31 regions in China.

Province Dynamic
change degree index

Province Dynamic
change degree index

Tibet 59.00% Sichuan −2.90%
Xinjiang 16.10% Anhui −3.00%
Qinghai 12.30% Tianjin −3.40%
Inner Mongolia 11.10% Henan −4.30%
Hainan 6.30% Shanxi −4.40%
Heilongjiang 0.80% Jiangxi −4.90%
Guizhou 0.60% Chongqing −5.10%
Yunnan 0.40% Liaoning −6.10%
Ningxia 0.30% Hebei −6.40%
Shaanxi −0.80% Shandong −8.40%
Gansu −1.80% Jiangsu −10.50%
Hunan −2.00% Guangdong −10.70%
Hubei −2.10% Zhejiang −14.40%
Guangxi −2.30% Shanghai −18.60%
Jilin −2.30% Beijing −26.80%
Fujian −2.50%

FIGURE 1 | The distribution of cultivated land center of gravity in China during 2010–2020.
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cultivated land development and utilization in these regions in the
past ten years is more drastic, showing a greater growth trend;
However, in Jiangsu, Guangdong, Zhejiang, Shanghai, Beijing and
other regions, the dynamic change degree index of cultivated land
utilization rate is low, showing a great decreasing trend.

3.4 The Model of Cultivated Land Gravity
Center Shift of 31 Regions in China During
2010–2020
According to the cultivated land data extracted from
GlobeLand30 images in 2010 and 2020, the distribution of
cultivated land center of gravity in 31 regions in China is
calculated, as shown in Figure 1. In 2010, the barycentric
coordinates of cultivated land in China were (650273,
3840938), located in Qinshui County, Shanxi Province; In
2020, the barycentric coordinates of cultivated land in China
were (619846, 3859611), located in Fushan County, Shanxi
Province. During the 10 years from 2010 to 2020, the
migration distance of cultivated land use center of gravity to
the northwest reached 35.7 km. The spatial and temporal
migration of the center of gravity of cultivated land use in
China presents a development trend of “moving westward and
northward”.

3.5 The Standard Deviation Ellipse Model of
China During 2010–2020
According to the cultivated land data extracted from
GlobeLand30 images in 2010 and 2020, the standard
deviation ellipses of 31 regions in China are made, as
shown in Figure 2. Among them, the yellow contour line is

the standard deviation ellipse of cultivated land of 31 regions
in China in 2010, and its ellipse center is completely consistent
with the center of gravity of cultivated land in 2010; The red
contour line is the standard deviation ellipse of cultivated land
of 31 regions in China in 2020, and its ellipse center is
completely consistent with the center of gravity of
cultivated land in 2020. Ellipse is the main area of
cultivated land resources distribution. During the 10 years
from 2010 to 2020, there are some differences in the main
scope of cultivated land use, the spatial distribution direction
and spatial dispersion of cultivated land use.

4 DISCUSSION

4.1 Temporal and Spatial Variation
Characteristics of Total Cultivated Land
Resources in China
According to the natural breaks classification, the national cultivated
land use data of GlobeLand30 of 31 regions in China in 2020 are
divided into five grades, as shown in Figure 3. It can be seen that the
areas rich in cultivated land resources in China are mainly
concentrated in Heilongjiang in Northeast China, Xinjiang in
Northwest China, Inner Mongolia, Hebei, Henan and Shandong
inNorth China, Sichuan andYunnan provinces in Southwest China.
However, Qinghai, Tibet in the plateau area, Hainan, and
Tianjin, Beijing, Shanghai are relatively short of cultivated land
resources.

The change difference of cultivated land use area of
GlobeLand30 of 31 regions in China in 2010 and 2020 is
shown in Figure 4. It can be seen that Inner Mongolia and

FIGURE 2 | The standard deviation ellipse of China during 2010–2020.
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Xinjiang have the largest increase in cultivated land area,
increasing by 15,188 square kilometers and 14,211 square
kilometers respectively, far ahead of other provinces and
cities. However, it is worth noting that although the amount
of cultivated land has increased, the overall quality of cultivated
land is not high, the amount of unstable cultivated land is large,
and the demand for land for ecological construction and
economic and social development is large, so we must
unswervingly adhere to the strictest cultivated land
protection system. Hainan, Yunnan, Guizhou, Ningxia,
Tianjin, Shaanxi have a small change in cultivated land area.
Shandong, Jiangsu, Hebei, Guangdong, Henan, Zhejiang have
the largest decline in cultivated land area. Due to the rapid
economic development in these areas, the scale of urban land is
expanding, and a large number of agricultural land is converted

into urban construction land, resulting in a large reduction in
cultivated land area.

4.2 Analysis of Spatial-Temporal Variation
Characteristics of Cultivated Land
Development and Utilization Degree in
China
The cultivated land reclamation index data of 31 regions in
Chinese mainland are divided into five grades according to
natural breaks classification, as shown in Figure 5. It can be
seen that the areas with the highest degree of cultivated
land development and utilization in China are mainly
concentrated in Shandong, Jiangsu, Henan, Anhui and
other provinces in the east. The reasons are that these

FIGURE 3 | The classification map of cultivated land area of China in 2020.

FIGURE 4 | The difference of cultivated land area of 31 regions in China during 2010–2020.
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provinces have relatively flat terrain, high degree of
agricultural mechanization and high reclamation efficiency,
and a large amount of high-quality land is suitable for
agricultural planting. In addition, Heilongjiang, Jilin and
Liaoning in Northeast China, Hebei and Shanxi in North
China, Hubei and Chongqing in Central China have high
reclamation indexes. These areas are also major grain
producing areas in China, with fertile land and suitable
climate and other planting conditions. However, Qinghai,
Tibet, Xinjiang and other provinces in plateau areas have
the lowest degree of cultivated land development and
utilization. The reason is that a large amount of land in
these provinces is unsuitable for agricultural planting, such
as plateau, mountain and desert, with small population, dry
climate, less precipitation and less land suitable for
agricultural planting.

The change difference of GlobeLand30 cultivated land
reclamation index of 31 regions in China in 2010 and 2020
is shown in Figure 6. It can be seen that Hainan, Inner
Mongolia, Xinjiang have the largest increase in cultivated
land reclamation index, increasing by 1.4, 1.3 and 0.9%
respectively, far ahead of other provinces and cities with
positive increase in reclamation index, indicating that
although the overall quality of cultivated land in these areas
is not good, they still insist on the development of cultivated
land. Hainan Province strictly requires that construction land
should not occupy high-quality cultivated land by
implementing the subsidy project of cultivated land fertility
protection, and vigorously carries out land remediation
activities. The newly increased cultivated land area is
obvious, giving full play to the important function of land
remediation in improving the ecological environment of rural

FIGURE 5 | The classification map of reclamation index of China in 2020.

FIGURE 6 | The difference of reclamation index of 31 regions in China during 2010–2020.
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areas and mining areas. Inner Mongolia is one of the 13 major
grain producing provinces in China, and it is also one of the
eight major grain transferring provinces, with more than 20
billion kilograms of grain transferred all the year round. It is
one of the four provinces with the highest amount of cultivated
land in China, and the total grain output of Inner Mongolia
ranks eighth in China in 2020. The main sources of cultivated
land increase in Xinjiang are land development and
improvement and agricultural structure adjustment.
Although the amount of cultivated land has increased, the
overall quality of cultivated land in Xinjiang is not high, the
amount of unstable cultivated land is large, and the demand for
land for ecological construction and economic and social
development is large. The decline of cultivated land
reclamation index in Shanghai, Beijing, Jiangsu, Shandong,
Zhejiang is the largest. These provinces are in the stage of rapid
economic development. In order to build roads, cities,
industrial mines and villages occupy a large amount of
cultivated land, and the high-quality cultivated land in the
suburbs is reduced a lot. Moreover, the industrial land exceeds
the reasonable limit, and the scale of industrial land is too large
and occupies the original high-quality agricultural areas, which
not only leads to the rapid reduction of cultivated land area,
but also leads to the low output rate of existing
agricultural land.

4.3 Analysis of Spatial-Temporal Variation
Characteristics of Dynamic Change Degree
of Cultivated Land Utilization Rate in China
According to the natural breaks classification, the index data of
dynamic change degree of cultivated land utilization rate of 31

regions in Chinese mainland are divided into five grades, as
shown in Figure 7. It can be seen that the areas with the highest
dynamic change degree index of cultivated land utilization rate in
China are mainly concentrated in Inner Mongolia in North
China, Xinjiang in Northwest China, Tibet and Qinghai in
Qinghai-Tibet Plateau. These provinces have a vast territory
and rich land resources. With the continuous progress of
agricultural technology, more cultivated land can be
continuously reclaimed to meet the needs of food security and
modern agricultural development, so the dynamic changes of
cultivated land development and utilization are quite drastic. At
the same time, it can be seen from Figure 7 that the dynamic
change degree index of cultivated land utilization rate in
Heilongjiang and Jilin in Northeast China and most provinces
and cities in Central China has a small change range. As high-
quality agricultural planting areas in China, these areas have
unique advantages such as topography and climate. With the
proposal and implementation of the strictest cultivated land
protection system of the Chinese government’s “the red line of

FIGURE 7 | The classification map of dynamic change degree Index of cultivated land utilization rate.

TABLE 4 | The parameters of standard deviation ellipse in China during
2010–2020.

Standard deviation ellipse
parameters

2010 2020

Ellipse perimeter (km) 7,302.20 7,458.93
Elliptical area (km2) 4,060,146.39 4265,413.08
Center Point X Coordinate (km) 650.27 619.85
Center point Y coordinate (km) 3,840.94 3,859.61
Ellipse x-axis length (km) 956.90 994.70
Ellipse y-axis length (km) 1,350.67 1,365.04
Azimuth angle (°) 40.04 42.15

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 9297609

Cheng et al. Spatial-Temporal Variations of Cultivated Land

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


1.8 billion mu of arable land ", these provinces with high-quality
agricultural land distribution minimize the encroachment on
cultivated land from the policy level, and the dynamic change
degree of all cultivated land development and utilization will not
appear obvious. However, the dynamic change degree index of
cultivated land utilization rate in Liaoning, Hebei, Shandong,
Jiangsu, Shanghai, Zhejiang, Guangdong and other provinces and
cities along the eastern coast shows obvious negative changes,
which is consistent with the development characteristics of the
decrease of cultivated land area in Section 4.1 and the decrease of
reclamation index in Section 4.2. Therefore, in the process of
rapid industrialization development in these economically
developed eastern provinces, how to balance economic
development with the red line protection of cultivated land
and food security has become an unavoidable problem in
these areas, and more attention should be paid to improving
the quality and efficiency of existing land in the future utilization
of cultivated land.

4.4 Analysis of Spatial-Temporal Variation
Characteristics of Gravity Center and
Direction of Cultivated Land Use in China
As shown in Table 4, the area of standard deviation ellipse of
cultivated land use in China increased by 205,266.69 km2 from
2010 to 2020, indicating that cultivated land use in 2020 is
more dispersed and covers a larger area than that in 2010. The
center of the standard deviation ellipse shifted from (650.27,
3840.94) to the northwest (619.85, 3859.61), with an offset of
about 35.7 km, which was completely consistent with the
temporal and spatial change of the center of gravity of
cultivated land use. As shown in Figure 4, in the past ten
years, the provinces with the largest growth in cultivated land
area are provinces in northwestern such as Inner Mongolia,
Xinjiang, Tibet. At the same time, the provinces with the
greatest decrease in cultivated land area are provinces in
southeast such as Shandong, Jiangsu, Hebei, Guangdong,
Henan, Zhejiang. The long axis of standard deviation ellipse
increased from 956.90 km in 2010 to 994.70 km in 2020, an
increase of 37.8 km. The short axis of standard deviation ellipse
increased from 1350.67 km in 2010 to 1365.04 km in 2020, an
increase of 14.37 km. According to the definition of long and
short axes of standard deviation ellipse, the long axis of ellipse
indicates the direction of data distribution, and the increase of
long axis value indicates that China has further extended the
direction of cultivated land use in the past 10 years. The short
axis of the ellipse represents the distribution of data dispersion,
and the increase of the short axis value represents that the
dispersion of cultivated land use in China has a further
expanding trend in the past 10 years. The angle of the
ellipse is slightly inclined from 40.04° in 2010 to 42.15° in
2020, showing the overall characteristics of northeast-
southwest direction, and the axis of the ellipse shows a
clockwise rotation trend. This is basically consistent with
the spatial distribution characteristics of the total cultivated
land resources in Section 4.1.

5 CONCLUSION

From the perspective of remote sensing information technology,
this study extracts the cultivated land use data of China in 2010
and 2020 by using GlobeLand30 data, and obtains the spatial
distribution pattern of cultivated land use, the degree of
cultivated land development and utilization, the dynamic
change degree of cultivated land utilization, and the spatial
and temporal change characteristics of the center of gravity and
direction of cultivated land use in China:① During the 10 years
from 2010 to 2020, the largest increase in cultivated land area in
China was in Inner Mongolia and Xinjiang, while the largest
decrease was in Shandong, Jiangsu, Hebei, Guangdong, Henan,
Zhejiang;②The areas with the highest degree of cultivated land
development and utilization in China are mainly Shandong,
Jiangsu, Henan, Anhui, while the provinces with the lowest
degree of development and utilization are Qinghai, Tibet and
Xinjiang; ③ The regions with the highest dynamic change
degree index of cultivated land utilization rate in China are
mainly Inner Mongolia, Xinjiang, Tibet and Qinghai, while the
provinces with the largest negative change are Liaoning, Hebei,
Shandong, Jiangsu, Shanghai, Zhejiang and Guangdong;④ The
spatial and temporal migration of the center of gravity of
cultivated land use in China shows the trend of “moving
westward to northward”, and the spatial distribution
direction of cultivated land use roughly presents the overall
characteristics of northeast-southwest direction.

At present, there are few studies on the cultivated land use
in China from the scale of provincial administrative regions
based on the GlobeLand30 data, in particular, there are fewer
related studies during 2010–2020. In order to study the overall
change characteristics of cultivated land use in China in the
latest period from 2010 to 2020, this study uses the latest
released 2020 edition data to improve the timeliness of this
research field. This study focuses on the spatial and temporal
changes of cultivated land use at the provincial level in China,
but there are objective differences in the spatial and
temporal distribution of cultivated land use within each
province. Therefore, on the basis of clear analysis of the
overall law of spatial and temporal variation of cultivated
land use at provincial levels in China, we can combine
other higher-resolution satellite images, topographic and
meteorological data to do a more in-depth study on the
spatial and temporal variation law of cultivated land use
within each province in the future. In addition, it is also
very important for food security to study the correlation
between grain production and the cultivated land area
change, it is necessary to analyze the output efficiency of
cultivated land and its security for cities and population in
future research.
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