
The spatial and temporal variability and influence factor analysis
of soil erosion in a grass farming area: a case study in central
China
Zijing XueA,B,# , Xiaohuang LiuC,D,# , Mamat SawutA,E,F,* , Jiufen LiuC,D, Xiaofeng ZhaoC,D,
Liyuan XingC,D, Ran WangC,D, Xinping LuoC,D, Chao WangD, Honghui ZhaoD and Ying WangB

ABSTRACT

Context. Analysing soil erosion has important research significance for the protection of the
ecological environment and the prevention and control measures of soil erosion. Methods. This
paper aims to discuss the soil erosion degree in the warm temperate grass farming subregion of the
southern Shanxi and Guanzhong Basin, China, based on Universal Soil Loss Model, RUSLE.Aims. The
soil erosion modulus from 1998 to 2020 of the study area was calculated and divided into five
periods: 2000, 2005, 2010, 2015, and 2020. Key results. We highlight two key findings: (1) the
average soil erosion modulus changed from 498.86 t km−2 a−1 in 2000 to 316.94 t km−2 a−1 in 2020,
and the proportion of soil area with an unchanged erosion degree is above 85%; (2) the average
annual erosion area is the largest when rainfall is greater than 550 mm and less than 620 mm. From
2000 to 2020, the area of cultivated land decreased by 3497.47 km2, and the area of grassland
increased by 1364.96 km2. The degree of erosion of grassland is the most severe, with soil erosion
is most intense when the Normalised Vegetation Index (NDVI) is greater than 0.55 and less than
0.75. Conclusions. The results show that the soil erosion in this area is slight on the whole and its
degree has been decreasing. Implications. The analysis in this paper can elucidate the seriousness
of the soil erosion problem so that the government can strengthen the key management of soil and
water conservation and achieve the purpose of reducing soil erosion.

Keywords: a case study in central China, influence factor analysis, RUSLE model, soil degradation,
soil erosion, Southern Shanxi and Guanzhong Basin, spatial analysis, temporal analysis.

Introduction

Soil erosion is a phenomenon described by a loss of surface soil by external forces (Nigel and
Rughooputh 2010). It is currently an important ecological issue of great concern in China
(Cheng 2019; Kong 2019; Mu et al. 2022) and worldwide (Mekuria 2022; Wedajo et al.
2022; Rao et al. 2023). For example, Mu et al. (2022) studied soil erosion on the Loess
Plateau in China, and Mekuria (2022) explored soil erosion in the Gojeb watershed in
Ethiopia. We learned from Shaanxi Provincial Soil and Water Conservation Ecological
Environment Monitoring Center (2022) that there was a total of 2 674 200 km2 of soil
erosion in China in that year, with hydraulic erosion accounting for 41.35% of all erosion
types, thereby constituting the second most important factor in soil erosion.

Soil erosion can cause ecological problems such as land degradation (Mirzabaev et al.
2023), soil loss (Jones et al. 2022), and soil salinisation (Zhang et al. 2022a). This combina-
tion of natural changes and human activities can pose a major threat to the development of
human society and the survival of the species. Soil erosion includes several types, such as
wind erosion (Merrill et al. 2022), hydraulic erosion (Podhrazska et al. 2022), gravitational
erosion (Guo et al. 2020), and freeze–thaw erosion (Zhang et al. 2021a). These erosion
types exert especially serious impacts on areas with complex topography (Suo 2021) and
fragile ecological environments (Sun et al. 2022). These erosional modes have become key
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constraints to regional ecological development, so this study
is important to regional sustainable development and
ecological security.

Current models used to study soil erosion include the
revised Universal Soil Loss Model, RUSLE, a modified version
of the USLE model (Renard et al. 1997), and the Chinese Soil
Loss Equation CSLE (Liu et al. 2001). Scholars have combined
soil loss equations with geoinformation and remote sensing
(Xu 2022; Yin et al. 2022) to analyse the extent of soil erosion
in a region by efficientlymanaging, analysing, processing, and
comparing large amounts of data. The soil erosion equation
(RUSLE) model (Nigel and Rughooputh 2012) is the most
widely used model in China and internationally. It is based
on the USLE and has the advantages of a rational structure,
a simple methodology, and wide applicability. The model
has been used in over a hundred countries and regions to
predict soil erosion (Zheng et al. 2001), prioritising the
earth’s soils and the ecological environment subject to soil
erosion. In the 1970s, the US Department of Agriculture
(USDA) developed the Universal Soil Loss Equation (USLE)
based on the five main factors of rainfall erosivity (R), soil
erodibility (K), topography (LS), vegetation cover (C) and soil
andwater conservationmanagement practices (P). Themodel
was revised in 1978 to address its problems (Wischmeier and
Smith 1978). Since then, the USLE model has shown some
limitations as scholars’ understanding of soil erosion has
gradually increased. Consequently, the US Soil Conservation
Service finally developed a modified version of the RUSLE
model in 1997 (Renard et al. 1997). Since the 1990s, Chinese
scholars have developed a few empirical erosion models
based on the USLE model. Among the more representative
are the soil forecasting model of Jiang et al. (1996) for
shallow gully and bare-ground slopes and the CSLE model
for Chinese soil erosion equations (Liu et al. 2001).

Soil erosion is currently studied in China and abroad
mainly by analysing its impact factors (Hu 2016; Gao et al.
2022; Xu 2022; Yin et al. 2022; Zhang et al. 2022b) and
spatial and temporal variability characteristics (Fang et al.
2015; Guo et al. 2021; Yao et al. 2021; Alsafadi et al. 2022;
Wang et al. 2022). Some scholars analyse soil erosion degree
by combining the influence factors and soil erosion (Hu 2016;
Gao et al. 2022; Xu 2022; Yin et al. 2022; Zhang et al. 2022b).
Hu (2016) used RUSLE to focus on the changes in R and C
factors as the analysis of soil erosion changes on the Loess
Plateau. Gao et al. (2022) quantified land use changes and soil
erosion characteristics in Chongqing based on RUSLE and GIS
spatial analysis. Other scholars used the spatial and temporal
changes of soil erosion to describe its erosion degree (Fang
et al. 2015; Guo et al. 2021; Yao et al. 2021; Alsafadi et al.
2022; Wang et al. 2023). Fang et al. (2015) combined
RUSLE with GIS and RS to analyse the spatial distribution
characteristics of soil erosion in the Lhasa River basin in
2010. Yao et al. (2021) analysed the spatial and temporal
variability of soil erosion degree based on RUSLE as well as
the spatial overlay function and linear regression equation.

The topography of the southern Shanxi and Guanzhong
Basin (hereafter referred to as SSGB) regions of China is
relatively flat, and its soil erosion is less influenced by
topography but more influenced by the monsoon climate
and precipitation. The area has also been subjected to many
years of intensive agricultural development, with a large
amount of forested and cultivated land; thus, erosion is
present in the area according to the land use type. Therefore,
the analysis of rainfall, land use types, and vegetation cover is
of great importance for soil control in the area. Zhao (2014)
has presented an overview of soil erosion, including the south-
western Shanxi region, in his ecological vulnerability
assessment; Zhao et al. (2022) have analysed the drivers of
soil erosion change in a sub-regional context, including the
Guanzhong region. Many scholars have analysed the spatial
and temporal characteristics and impact factors of soil erosion
on the Loess Plateau (Jiang et al. 1996; Hu 2016; Guo et al.
2020). Still, no scholars have yet done so by subdividing the
region into zones. Therefore, it is necessary to analyse the
spatial and temporal variability of soil erosion and the impact
factors in each regional area by dividing the area into zones.

In this study, ArcGIS is used to calculate six factors for the
study area based on RUSLE to estimate the area’s soil erosion
modulus in five periods from 1998 to 2020. The spatial and
temporal characteristics of soil erosion in the area are then
exploed by dividing it into secondary zones. Finally, the extent
to which rainfall, land use type, and Normalised Vegetation
Index (NDVI) affect soil erosion is discussed separately. Overall,
this paper explores the extent of soil erosion by analysing the
characteristics of its spatial and temporal variability and
influence factors. This study enables the reader to understand
the magnitude of the soil erosion problem. It also provides
support for soil erosion prevention and management, as well as
ecological regulation in the region. Ultimately, the government
should be able to strengthen the key management of soil and
water conservation to reduce soil erosion.

Overview of the study area

The warm temperate grassland sub-region of the SSGB
(34°8 0–37°72 0N, 106°7 0–112°86 0E) belongs to the second
level of the Loess Plateau Forestry and Grassland Resources
Region under the first level of natural resources zoning (Fig. 1)
(Zhang et al. 2020a). It is located in the south-central part of
the Loess Plateau, spanning four provinces and autonomous
regions including Gansu, Ningxia, Shaanxi, and Shanxi. It is
bounded to the south by the Qinling Mountains, to the
north by the Loess Plateau of northern Shaanxi, and to the east
by the Zhongtiao and Taiyue Mountains, through which the
Wei River passes. It covers a total area of about 96 500 km2

and has a warm temperate climate. The average annual
precipitation is 500–600 mm, mainly in July–September,
and the average annual temperature is 12–13.6°C. A line
running from north-east to south-west divides the region
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into dryland areas and grassland-covered dryland areas,
showing a topographic feature of high in the north-west
and low in the south-east. The north-western part of the
region is a dryland-covered grassland area, with natural
vegetation dominated by temperate deciduous broad-leaved
forests. The south-east is relatively flat and has been used
as arable land in recent years, with its crops mainly
consisting of cotton and wheat.

Materials and methods

Data sources

The data used in this study include a Digital Elevation Model
(DEM), the Normalised Vegetation Index (NDVI), Land
Use/Cover Change in China (CNLUCC) (Xu et al. 2018),
Precipitation and Soil Texture, and Soil Organic Carbon
(Wieder et al. 2014) (Table 1). The raster resampling tool of
ArcGIS was used to unify the spatial resolution of the data
to 1 km.

Data analysis methods

First, the soil erosion modulus, as calculated using the RUSLE
model, indicates the degree of soil erosion. Second, the soil
erosion modulus is divided into six different intensity
classes according to the latest Soil Erosion Classification and

Grading Standard (SL190–2007) issued by the Ministry of
Water Resources. The conversion between these six classes
was then used to obtain the conversion between the calculated
soil erosion intensities. Finally, this paper adds a field for
the conversion between the different intensities to show the
strengthening and weakening of the erosion levels. The spatial
and temporal variability of soil erosion is analysed by
integrating these data.

Combining Precipitation, LUCC (Moisa et al. 2023), and
NDVI with soil erosion reveals that as these parameters
change over time, so does the degree of soil erosion. The
effect of these factors on the degree of soil erosion is used
to analyse their relationship with the degree of soil erosion.

Research methodology

This study uses the soil erosion equation (RUSLE model),
which is currently used worldwide. The model is designed
to represent the extent of soil erosion in the area by fitting
six influence factors to calculate the soil erosion modulus.
The technical route of the study is shown in Fig. 2. The soil
erosion equation is calculated as follows:

A=R · K · L · S · C · P: (1)

where A denotes the annual average soil erosion modulus of
the area in t hm−2 a−1, R denotes the rainfall erosion force

Fig. 1. Geographical location of warm temperate grass subarea in the SSGB.
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factor in MJ mm hm−2 h−1 a−1, K denotes the soil erodibility
factor in t h MJ−1 mm−1, L denotes the slope length factor; S
denotes the slope factor, C denotes the vegetation cover and
management factor, and P denotes the soil and water
conservation measure factor.

Precipitation erosivity factor (R)
Precipitation erosivity is related to the amount, intensity,

and timing of rainfall as well as the climate and topography
of the study area. It is one of the most fundamental dynamical
factors in the RUSLEmodel, reflecting the influence of rainfall
on the degree of soil erosion. Consistent with the analysis in
this paper, precipitation erosivity is the most dominant and

obvious influence factor. According to Zhang and Fu (2003),
the precipitation erosivity factor R is calculated as follows:

R= 0.0668 · P1.6266 (2)

where P denotes the multi-year average precipitation and R is
the multi-year average rainfall erosion force factor.

Soil erodibility factor (K)
In addition to being a factor of RUSLE/USLE, the soil

erodibility factor is also a basic parameter of models such
as EPIC and AGNPS. The erodibility factor is necessary for
regional surveys and mapping using the RUSLE model. The

Table 1. Data sources and other information used in the study.

Data type Data description Spatial
resolution

Data source and Website

Topographic and
geomorphic data

Digital elevation model (DEM) 1 km The Data Center for Resources and Environmental Sciences, (RESDC)
(http://www.resdc.cn)

Land use data Annual land use Remote sensing monitoring data
sets for 2000, 2005, 2015 and 2020

1 km Resource and Environment Science and Data Center (http://www.resdc.
cn/DOI) (Xu et al. 2018)

Soil data Spatial distribution data of soil texture 1 km The Data Center for Resources and Environmental Sciences, (RESDC)
(http://www.resdc.cn)

Soil organic carbon 1 km National Tibetan Plateau/Third Pole Environment Data Center. (http://
data.tpdc.ac.cn) (Meng and Wang 2018)

Vegetation index
data

Monthly Normalised Vegetation Index (NDVI)
from 1998 to 2020

1 km National Earth System Science Data Center, National Science and
Technology Infrastructure of China (http://www.geodata.cn)

Precipitation data Monthly precipitation data from 1998 to 2020 1 km National Earth System Science Data Center, National Science and
Technology Infrastructure of China (http://www.geodata.cn)

Technical route of soil erosion 
research based on RUSLE model

Data collection and 
data preprocessing

Annual Land use 
Type (LUCC)

RUSLE model:
A=R·K·L·S·C·P

Slope length factor 
(L)Digital elevation 

model (DEM)

Precipitation 
data

Vegetation 
index data

Soil data

Land use data

Topographic and 
geomorphic data

Soil organic carbon

Monthly precipitation

Monthly normalised 
Vegetation Index 

(NDVI)

Soil texture

Soil and water 
conservation 

measures factor (P)

Precipitation 
erosivity factor (R)

Vegetation cover 
factor (C)

Soil erodibility 
factor (K)

Slope factor (S)

Impact factor 
analysis

Time variation

Spatial variation

Calculate the 
modulus of erosion

Analysis of spatio-temporal differentiation 
characteristics and influencing factors

Time variation of soil 
erosion modulus

Soil erosion changes in 
different land uses

Soil erosion changes 
with different rainfall

Soil erosion changes 
with different NDVI

Spatial grade variation 
of soil erosion 

intensity

Time variation of soil 
erosion intensity

Fig. 2. Technical route of soil erosion research.
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higher the K-value, the more susceptible the soil is to erosion.
This paper uses the calculation of the K-factor in the
evaluation of the EPIC model by Williams et al. (1996), which
combines data such as soil texture and organic carbon to
derive the K-factor, which is calculated as follows:

K = 0.1317 × 0.2 + 0.3 exp −0.0265SAN 1 −
SIL
100

� �� �� �

×
SIL

CLA + SIL

� �
0.3

× 1 −
0.25 C

C + expð3.72–2.95 CÞ
� �

× 1 −
0.75SN

SN + exp 22.9SN − 5.51ð Þ
� �

(3)

K = SN=1 −
SAN
100

(4)

where SAN is Sand (sandy soil), SIL is Silt (silty soil), CLA is
Clay (clayey soil), and C is soil organic carbon.

Slope length and slope factor (LS)
In this paper, the hydrological analysis module in ArcGIS

is used to extract the flow accumulation by creating a
depression-free DEM (Shan et al. 2019) to calculate the slope
length factor, which is an acceleration factor for erosion
dynamics. It refers to the ratio of soil loss from a slope of a
certain slope length to one of a standard slope length, given
consistent rainfall, soil, and slope gradient. A modified slope-
length factor algorithm (Wischmeier and Smith 1978;McCool
et al. 1987; Desmet and Govers 1996) was used, calculated as
follows:

L=
λ

22.1

� �
α

(5)

α=
β

1 + β
(6)

β=
sin θ=0.089

3.0 · sin θð Þ0.8 + 0.56
(7)

where λ is the horizontal projected slope length inmetres (m),
α is the slope length index, β is the ratio offine gully erosion to
fine inter-gully erosion, and θ is the slope degree (°).

Both the slope length index and slope factor are used to
reflect the effect of topography on soil erosion and are collec-
tively referred to as the topography factor. The slope factor is
the ratio of soil loss from a slope at an arbitrary value to that at
a standard slope while all other conditions are held constant.
In this paper, we apply the slope equation of Liu et al. (2001),
which is calculated as follows:

S=
10.8 sin θ + 0.03 θ < 5°
16.8 sin θ − 0.5 5° ≤ θ < 10°
21.9 sin θ − 0.96 θ ≥ 10°

8<
:

9=
; (8)

The RUSLEmodelwas used to calculate the slope length (L)
and slope (S) factors using a digital elevation model (DEM).

Vegetation cover and management factor (C)
The C factor represents the role of vegetation cover and

management practices on soil erosion. Among the six factors,
C is the most variable and most sensitive to soil erosion and is
an important factor for human control of soil. The C factor
includes the role of many factors related to vegetation cover,
including those above-ground, below-ground, and on the soil
surface. According to the algorithm of Tan et al. (2005), the C
factor is calculated as follows:

fc=
NDVI − NDVImin

NDVImax − NDVImin
(9)

C=
1, 0 ≤ fc < 0.1

0.6508 − 0.3436 log fc, 0.1 ≤ fc < 78.3
0, fc > 78.3

8<
:

9=
; (10)

where fc is the percentage of vegetation cover, NDVI is the
multi-year average value of normalised vegetation index,
and NDVImax and NDVImin are the maximum and minimum
values of NDVI in the SSGB, respectively.

The percentage of vegetation cover was first calculated by
Eqn 9, followed by the magnitude of the percentage using
conditional statements to obtain the vegetation cover and
management C factor.

Soil and water conservation measures factor (P)
The P-factor is the ratio of soil erosion under a specific soil

conservation measure to soil erosion when the plot is
ploughed downhill without the measure. The P-factor enables
the impact of various soil andwater conservationmeasures on
the amount of soil erosion to be effectively assessed. It is
considered the most uncertain factor and takes values from
0 to 1. The closer the value to 0, the better the effect, and vice
versa. P-values for various land cover types were determined
by assigning values to different land use types according to Bai
(2010); the corresponding situation is shown in Table 2.

Results and analysis

Temporal variation of soil erosion

Soil erosion modulus
Fig. 3 shows the change in soil erosionmodulus in the SSGB

from 1998 to 2020, as calculated using the RUSLE model. As
can be seen in the figure, the erosion level as a whole shows
a consistent reduction trend. In particular, slight erosion
increased from 78% in 2000 to 86.4% in 2020, reflecting an
increase of 8.6%. Light, moderate, strong, and very strong
erosion decreased by 7.93, 0.39, 0.06, and 0.007%, respec-
tively. From 2000 to 2015, slight erosion has been increasing,
and the other modes of erosion intensity are in states of
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relative reduction. However, from 2015 to 2020, the area of
slight erosion decreased, and light, moderate, and strong

erosion all demonstrated relative increases, ultimately
yielding a slight increase in the soil erosion intensity from
2015 to 2020. The increase in rainfall during this period and
the significant increase in grassland area is thought to be the
reason for this, resulting in a slight increase in soil erosion
compared to 2015. However, there is still a trend toward
less soil erosion in 2020 compared to other years.

From 1998 to 2020, the erosion of the three plots IV41-5,
IV41-2, and IV41-4 is relatively light overall and has been
showing a decreasing trend. This is because these three plots
are wooded or temperate scrub plots, while the others are
dryland plots; thus, they are prone to more erosion than these
three plots. From 2015 to 2020, the erosion has increased
mainly in plots IV41-1, IV41-2, and IV42-1, due to increased
rainfall in these three plots during this period. Although
erosion is more severe in several other plots, soil erosion has
also continued to decrease over this 23-year period. Compared
to the large area of moderate and intense erosion in 2000, the
2020s only feature minor patches.

Soil erosion intensity
The shift in soil erosion intensity area over time in the SSGB

is in Fig. 4, where it can be seen that in each of the four shifts
from 2000 to 2020, there is a shift in soil area from other
erosion intensities to slight erosion. It can also be seen that in
these four transfers from light, moderate, and strong erosion
to slight erosion, the associated percentage has been the
lowest from 2000 to 2005 with corresponding transferred
areas of 2212.28, 267.23, and 15.72 km2, respectively, while
the highest transferred area occurred in 2010–2015 with
5945.81, 1406.18, and 95.25 km2, respectively. The transfer
from very strong erosion to all other erosion intensities had its
highest transfer ratio from 2015 to 2020.

Table 2. P-values corresponding to different land use types.

First order type Secondary type P-value

Number Land use type Number Land use type

1 Cultivated land 11 Paddy field 0.01

12 Dry land 0.55

2 Forest land 21 Forest land 0.80

22 Shrubbery 0.80

23 Dredging land 0.80

24 Other forest land 1.00

3 Meadow 31 High cover
grassland

1.00

32 Medium coverage
grassland

1.00

33 Low cover
grassland

1.00

4 Water area 41 River channel 0.00

42 Lake 0.00

43 Permanent glacial
grassland

0.00

46 Beach land 0.00

5 Urban and rural,
industrial and mining,
residential land

51 Urban land 0.00

53 Other
construction land

0.00

6 Unused land 61 Sandy land 0.06

63 Saline–alkali land 0.06

64 Marshland 0.03

65 Bare land 1.00

Fig. 3. Changes in the soil erosion modulus in the SSGB during the period 1998–2020.
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The greatest reduction in soil erosion occurred from 2010
to 2015, and the soil control measures during this period
achieved good results. The shift in erosion intensity from
2015 to 2020 is more complex. More area was shifted to
light and moderate erosion than to slight erosion, and there
were many areas where there was a slight increase in soil
erosion. In addition, there was also a high percentage of
area shifting from very strong erosion to other erosion. The
above analysis indicates that there were also some areas
where the degree of soil erosion was significantly mitigated.

Horizontal spatial variation of soil erosion
intensity

The grade change and area occupation after grading the soil
erosion intensity is in Fig. 5. As can be seen from the figure,
most of the grade increases from 2000 to 2005 are distributed
in the upper-right corners of IV41-4 and IV41-3, which belong
to the land boundaries of Yan’an and Xianyang. From 2005 to
2010, the grade increases are more densely distributed in the
southern part of Jinan. From 2010 to 2015, the grade increases
are mainly distributed in IV42-1, where there is mainly
cultivated land. The grade increases from 2015 to 2020 are
more distributed along the boundaries of Jinan, Weinan, and
Xianyang. Although the increase in soil erosion intensity
grade from 2015 to 2020 is relatively obvious from the graph,
this is only a slight increase relative to 2015. As a whole, the
erosion level is still in a reduced state.

The proportion of soils with constant erosion (class = 0) is
above 85%, the proportion of soils with an increase of more
than two classes (class ≤ −2) from 2000 to 2015 is always
less than 0.2%, and the proportion of soils with a decrease

in class (class = 1 and class ≥ 2) is always greater than the
proportion of soils with an increase in class (class ≤ −2 and
class = −1). The proportion of the area with an increase in
rank reached 9.14%. However, as shown in Fig. 3, there is
still an overall reduction in the degree of erosion.

Influence factors of soil erosion

Precipitation
The average annual erosion intensity area, as well as the

total average annual erosion area changes at different
rainfall levels, are shown in Fig. 6. Themaximum erosion area
occurs when the rainfall is greater than 550 mm and less than
620 mm, and the minimum erosion area occurs when the
rainfall is less than 400mm. Very strong erosion does not occur
until the rainfall reaches 550 mm. Moreover, compared to
other levels of rainfall, the proportion of soil area with
either moderate and strong or very strong erosion was
largest at 3.42 and 3.37% for rainfall greater than 500 mm
and less than 620 mm and for rainfall greater than 620 mm,
respectively. While the rainfall was less than 400 mm, both
strong and very strong erosionwere absent, and the proportion
of soil area with light and moderate erosion was the smallest.
When the rainfall is greater than 620 mm, although the
erosion area is not at its largest, the proportion of soil area
with moderate and above erosion is also relatively large.
The reason for the small erosion area is that the area covered
by rainfall greater than 620 mm is small. This means that
when the rainfall increases, the degree of soil erosion is
likely to increase with it. Thus, it has been proved that the
influence of rainfall on the degree of soil erosion is of great
concern.

Fig. 4. Transfer of soil erosion intensity area over time.
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Fig. 5. Changes of soil erosion intensity levels (area proportion) in the SSGB during the period 1998–2020.

Fig. 6. Changes of annual average erosion intensity area and total annual average erosion area
with different rainfall.
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Land use/cover change
By comparing the land use types from 2000 to 2020, the

transfer matrix of soil erosion in the SSGB from 2000 to
2020 is shown in Table 3. From the table, we can see that the
area of cultivated land decreased by 3497.47 km2 from 2000
to 2020, and the area of grassland and urban–rural, industrial–
mining, and residential land increased by 1364.96 and
2166.35 km2, respectively. The area of forest land and
unused land increased to a lesser degree. The increased area
of urban–rural, industrial–mining, and residential land indi-
cates that in recent years, people have used much of the land
for economic development and construction. The decrease
in the area of cultivated land and the increase in the area of
grassland indicate that we are aware of the serious soil
erosion and the decrease in the yield of cultivated land, so
we have implemented the return of cultivated land to forest
land to protect and improve the ecological environment.

The area of erosion intensity for each year with different
land-use types was calculated to obtain the average annual
erosion area of each land use type and formed a cumulative

histogram (Fig. 7). It can be seen that the erosion area of
cultivated land is greatest, reaching 44959.49 km2, followed
by grassland and forest land, 26 333 and 19171.12 km2

respectively; however, the erosion degree of grassland is the
most serious, with the highest percentage of erosion area of
medium degree and above reaching 8.57%; the erosion area
of watershed and urban–rural, industrial–mining and residen-
tial land is smaller, indicating that their impact on soil erosion
has a smaller impact. Although the erosion area of unused
land is small, it also has moderate and above erosion, which
indicates that unused land also exerts a certain degree of
influence on the soil.

NDVI
The area share of soil erosion intensity in the study area at

different NDVI levels is in Fig. 8. There are no areas of severe
erosion in the area, and the area share of slight erosion ismore
than 60% for both. When the NDVI is between 0 and 0.3 or
when the NDVI is greater than 0.75, the percentage of
slight erosion is above 99%, and there is almost no light

Table 3. Transfer matrix of land-use type in the SSGB from 2000 to 2020.

Land use/cover change in 2000 (km2)

Cultivated land Forest land Meadow Water area Urban and rural,
industrial and mining,

residential land

Unused land

Land use/cover change
in 2020 (km2)

Cultivated land 28695.15 2919.40 8050.57 543.28 2503.72 58.97

Forest land 3356.34 10503.06 5088.64 47.37 120.84 8.70

Meadow 9346.90 5397.98 11908.62 196.24 360.57 13.53

Water area 585.81 62.83 142.10 226.20 69.60 1.93

Urban and rural, industrial
and mining, residential land

4238.92 221.70 638.01 122.77 921.25 14.50

Unused land 45.43 25.13 30.93 9.67 4.83 13.53

Fig. 7. Histogram of average annual erosion
area with different land use types.
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and above erosion. The most intense erosion occurs when the
NDVI is either between 0.55 and 0.65 or when the NDVI is
between 0.65 and 0.75, followed by NDVI greater than 0.3
and less than 0.55. The proportions of light and above erosion
areas for the three NDVI conditions mentioned above are
34.66%, 36.27% and 14.69% respectively. Among these,
there is only moderate erosion except for slight erosion for
NDVIs greater than 0.75, and there is an absence of very
strongly eroded soil for NDVI values greater than 0 and less
than 0.3 and for NDVI less than 0.65 and more than 0.75.

Discussion

The SSGB is an area of relatively light soil erosion. This paper
calculates six factors based on the RUSLE model using spatial
analysis tools in GIS. The soil erosion in the study area and the
spatial-temporal variation characteristics are then analysed.
On this basis, the impact of these factors on soil erosion is
also analysed by combining the modulus of soil erosion
with precipitation, land use, and NDVI.

The comparative analysis of the study data has led to the
reasons for the above results in the study area. The study
area has not experienced any severe soil erosion from 1998
to 2015, and its soil erosion level has been continuously in
a reduced state. However, there was a tendency for a slight
increase in erosion from 2015 to 2020. The main areas with
increasing tendencies are the three plots IV41-1, IV41-2, and
IV42-1. Through analysis, it is believed that there are two
main reasons for this: (1) precipitation in these plots has
increased from 2015 to 2020 compared to previous years,
with the average annual rainfall increasing by 25.6, 23.5,
and 11.5 mm, respectively, causing the erosion level of the

soil in this area to increase; and (2) shift in land use type
from 2015 to 2020 is relatively large, with the area of
grassland increasing by 1076.89 km2. Grassland has a larger
P-value and, therefore, may lead to a change in the degree of
soil erosion. Secondly, from the analysis of the impact factors,
it was found that NDVI in the range of 0–0.55 has less impact
on soil erosion than on landscapes with anNDVI between 0.55
and 0.75. The reason for this was that the land use types with
higher NDVI are mostly grassland, which experiences the most
severe soil erosion, thus, leading to a greater degree of impact.

Many scholars have researched areas, to varying degrees,
including natural resources, ecological environment, and
vegetation and land use (Zhang et al. 2020b, 2021b; Dou et al.
2021; Lai et al. 2021; Zheng et al. 2021, 2022; Fang et al.
2022; Fu et al. 2022; Gong et al. 2023). Among them, Fu
et al. (2022) pointed out that natural resource observation and
monitoring is an indispensable technical tool in studying
inter-resource and inter-environmental roles, resource asset
management, and ecological environment restoration; Dou
et al. (2021) analysed the application of observations in
ecological environmental protection and restoration work
based on the existing comprehensive observation work of
natural resource elements and proposed a rationalisation for
observational-based work to serve as ecological environ-
mental protection and restoration work; Lai et al. (2021)
and Zhang et al. (2021b) analysed the dynamic changes
of natural resources in south-west China and concluded that
the dominant resources were obvious within each zone and
that the change characteristics were different among zones.
Many scholars also have conducted very prominent studies
on soil erosion, such as Guo et al. (2020), Hu (2016),
Kong (2019) and Sun et al. (2022), who have done studies
on soil erosion on the Loess Plateau, including gravity and

Fig. 8. Area proportion accumulation map of different erosion intensification with the change
of NDVI.
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hydraulic erosion, and explored the spatial and temporal
changes of soil erosion by analysing the influence factors in
the paper. However, the study area of the previous authors
was limited to the Loess Plateau, and they did not divide it
finely for study. This paper differs from previous studies in
that it divides the SSGB into six finer four-level zones for
analysis and explores both the temporal and spatial variations
of the soil erosion modulus and intensity while also combining
the main influence factors with erosion results to analyse the
extent of their changes on soil erosion. The results of this
study differ from previous work in that soil erosion in the
SSGB is relatively mild. Ultimately, it was also determined
that the soil erosion area in this region is greatest when
annual rainfall is in the range of 550–620 mm and that the
erosion of grassland is most severe. Severe erosion also exists
when the NDVI is in the range of 0.3–0.75.

By describing and comparing the above results, this paper
discusses and analyses the spatial and temporal variation
characteristics of soil erosion degree and the associated
influence factors. However, this paper relies on previous
research to determine the P-factor assignments, noting that
these assignments have not been investigated and studied in
the field. Hence, there is likely to be some error in this regard.
However, according to the current study, their assignment is
empirical, so such errors are inevitable. This paper did not
analyse the effect of slope length and slope gradient on soil
erosion (i.e. the vertical spatial variation of soil erosion in
the area) because the terrain of the study area is relativelyflat.
Consequently, it is not very meaningful to analyse its slope.

Conclusions

This study analyses the degree of soil erosion in the warm,
temperate, grass farming subregion of the SSGB. Based on
the combination of the soil loss equation (RUSLE) model and
the spatial analysis tool in ArcGIS, the soil erosion modulus of
the SSGB was calculated for five periods from 1998 to 2020,
and its spatial and temporal variation characteristics and the
relationship between the influence factors and soil erosion
were analysed. The conclusions are as follows.

1. There is no soil with a soil erosion intensity rating of severe
erosion in the SSGB from 1998 to 2020, indicating the
degree of soil erosion was relatively mild. The soil erosion
modulus was in continuous decline from 1998 to 2020,
and although there was a slight increase from 2015 to
2020, the overall soil erosion level in the area was in a
reduced state over these 23 years.

2. The proportion of soil area with unchanged erosion in the
SSGB from 1998 to 2020 was over 85%, and the propor-
tion of soil area with decreasing grades from 2000 to
2015 was always larger than that with increasing

grades; the grades from 2015 to 2020 increased slightly,
but its erosion level was still in a reduced state overall.

3. The degree of soil erosion in the SSGB is correlated with
rainfall, land-use types, and NDVI, and the degree of soil
erosion generally tends to increase with increasing rainfall;
the area of cultivated land decreased by 3497.47 km2 from
2000 to 2020, while the area of grassland and the collective
area of urban-rural, industrial–mining and residential land
increased by 1364.96 and 2166.35 km2, respectively.
Among the six land use types, cultivated land and grassland
areas are the most eroded. Furthermore, soil erosion is
strongestwhen theNDVI ranges from0.55 to0.65, followed
by 0.3–0.55.

This paper explores the spatial and temporal variation
characteristics and influence factors of soil erosion in the
SSGB and provides the main basis for planning soil and water
conservation measures and soil erosion control in the region.
In doing so, it lays a good foundation for developing
integrated soil and water conservation control measures
according to the local conditions.
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