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Understanding the complex influencing factors of soil erosion is critical for
maintaining regional ecological security. The revised wind erosion equation
(RWEQ) and partial least squares regression (PLSR) model were used to reveal
the primary factors affecting soil erosion. Based on the results of the RWEQ
model, the wind erosion area was 8,439.3 km2 in 2018, accounting for 54.3% of
the total planning area, and mild erosion, moderate erosion, intense erosion, very
intense erosion, and fierce erosion accounted for 18.22%, 11.43%, 11.78%, 10.16%,
and 2.74% of the total planning area, respectively. Based on the results of the PLSR
model, the results indicate that the proportion of mining land, meteorological
indicators, and mean square deviation of slope difference were positively
correlated with the soil erosion area, intensity, and severity, respectively. The
proportion of grassland and forest land was negatively correlated with the soil
erosion area, intensity, and severity. The mean square deviation of slope
difference, the mean square deviation of difference in elevation, and the
proportion of urban land use contributed the most to the soil erosion severity
index, with variable importance in projection (VIP) scores of 1.55, 1.44 and 1.43,
respectively. The mean square deviation of slope difference, the proportion of
urban land, and the mean square deviation of difference in elevation contributed
the most to the soil erosion area, with VIP scores of 1.53, 1.26 and 1.24,
respectively. The results provide new insights into wind erosion and the
influences of weather conditions and human influences, which can guide
regional soil and water conservation planning in wind erosion regions.
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1 Introduction

Topography, precipitation, wind speed, and the soil type affect soil
erosion in wind erosion regions (Luo et al., 2023). The slope degree
and length are considered to be the direct factors affecting the
intensity of soil erosion, and the relief height is considered to be a
necessary condition (Peng and Quan, 2023). A positive correlation
exists between the threshold of the slope gradient and steepness,
which decreases or stays constant as the value increases to the critical
threshold (Zhao et al., 2015). As the proportion of meteorological
factors affecting soil erosion has increased, the spatial and temporal
heterogeneity of rainfall erosion has also increased, and rainfall has
become an important indicator of erosion risk (Ma et al., 2012). The
soil type, parent material, and vegetation cover influence soil
erodibility, which is commonly assessed using the K-factor
(Battista et al., 2022). Vegetation reduces the soil erosion level
because the roots anchor the soil (Wang, 2023).

The topography, land ownership, non-agricultural activities,
and inefficient water conservation measures can negatively affect
soil and water conservation. The education level of farmers and soil
and water conservation extension personnel positively influences
soil and water conservation (Huang X. et al., 2020). Farmers use soil
and water conservation measures to protect cultivated land and
increase food production. As a result, the rate of soil erosion has
decreased in cultivated land areas (Udayakumara et al., 2012). A
significant positive correlation exists between population density
and soil and water erosion intensity (Istanbuly et al., 2022). Many
studies have shown that population density and economic density
are indicators of soil erosion (Yang and Tian, 2024).

Most studies focused on the temporal and spatial variations in soil
erosion in water erosion areas and their influencing factors. However,
soil erosion is more complex in wind erosion than in water erosion
regions. Traditional methods for evaluating soil erosion and its
influencing factors include models, such as the Markov model,
statistical methods, and the gray system theory. These methods
have been used to clarify the influences of various factors on soil
erosion. However, they did not consider the multicollinearity of the
influencing factors, and it is difficult to identify the main controlling
factors of soil erosion in the areas where wind erosion are intertwined
(Lin et al., 2022). Partial least squares regression (PLSR) is an advanced
method for solvingmultivariate linear problems. It minimizes the error
between the true and predicted values and is used in many fields of
academic research. This method is suitable for assessing the factors
influencing soil erosion (Huang et al., 2016; Huang X. D. et al., 2020).

In order to study the wind erosion area more accurately, the study
area is chosen to be a part of the Xinjiang Zhundong Economic and
Technological Development Region, where extensive wind erosion
occurs, and many industrial and mining enterprises are located
(ZDR). The ZDR pertains to typical areas of wind erosion, and the
areas resulting in soil erosion are characterized by their diversity and
greatly affected by human activities, which brings great difficulties to soil
and water conservation programs and ecological environmental
protection (Yang et al., 2016). Taking ZDR as an example, the PLSR
model is used to analyze the spatial heterogeneity and influencing factors
of soil erosion in a wind erosion region affected by anthropogenic and
natural factors. The results can guide soil andwater conservation projects
in wind erosion regions to ensure normal human life in the face of
variable weather factors and better ecological restoration of eroded areas.

2 Study area and date collection

2.1 Study area

The ZDR extends from the western border of Jimusaer County,
the eastern border of the Kalamaili Mountain Ungulate Nature
Reserve, the northern border of Changji Prefecture, and the
southern border of the Kalamaili Mountain Ungulate Nature
Reserve. The geographical center coordinates are 90°15′19″E and
44°42′46″N. The east–west length is 220 km, and the average
north–south width is 60 km. It covers an area of 15,500 km2.
The schematic diagram of the planning scope of the ZDR is
shown in Figure 1.

It has a semi-arid climate with extensive wind in spring and
summer. The mean annual temperature is 3°C, the average annual
precipitation is 106 mm, most of which falls from June to July, and
the total annual solar radiation is 565 kJ/cm2.

In the delineated area of interest, the dominant soil type is calcareous
brown soil (Figure 2). The area has sparse vegetation and a thin topsoil.
The dry, windy conditions coupledwith scarce precipitation have resulted
in few surface water sources. The vegetation status in the ZDR is shown in
Figure 3. The average wind speed is 3.4 m/s, the maximumwind speed is
28.4 m/s, and the number of windy days annually is 28 days. These
conditions have resulted in extensive wind erosion and soil degradation.
Various climatic factors contribute to soil erosion, including wind
velocity, temperature, rainfall intensity, solar exposure, and snowfall.

2.2 Data collection

A 1:50,000 digital elevation model (DEM) with a Xi’an
80 coordinate system, 1985 National Elevation Datum (NED),
and Gauss–Krüger projection was used to assess the topography
of the region. The elevation contour distance was 5 m in flat areas
and 10 m in mountainous areas.

The ZDR has no meteorological stations. Thus, meteorological data
from 1990 to 2018were obtained from eight surroundingmeteorological
stations (Fuhai, Fuyun, Changji, Miquan, Fukang, Jimusaer,
Dabancheng, and Mulei). The data included wind direction, daily
precipitation, snowfall amount, monthly average temperature, and
monthly average relative humidity. Other meteorological data were
obtained from the China Meteorological Data Network.

Landsat series images data from 1990, 2000, 2015, and 2018 were
downloaded from the Geospatial Data Cloud. The resolution was
30 m for Landsat 5 TM and 15 m for Landsat 8 OLI data.

This study selected 42 sampling points to investigate and analyze
the elevation, slope, land use types and proportions, soil types, soil
texture, vegetation types, and vegetation coverage. The distribution
of sampling points is shown in Figure 1.

3 Method

3.1 Evaluation indicators of driving factors of
soil erosion

The Soil ErosionClassification andGrading Standard (SL190-2007)
defines the soil erosion areas as the sum of the water erosion areas with

Frontiers in Environmental Science frontiersin.org02

Huang et al. 10.3389/fenvs.2024.1425044

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1425044


levels above low erosion. We used the soil erosion severity index to
quantify soil erosion at the county level administrative district.

In order to reflect the contribution of a certain level of erosion
intensity to the soil erosion severity index, the median value of the
erosion modulus for different intensity levels in the Soil Erosion

Classification and Grading Standard (SL190-2007) was used to
determine the weight of Mi. To expand the difference and
highlight the severity of erosion of different intensities, the
proportional series was used to determine the Mi of the
corresponding erosion intensity grade. Since the erosion modulus

FIGURE 1
Schematic diagram of the planning scope of the ZDR.

FIGURE 2
Soil and surface constituents of ZDR.
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of micro-erosion areas is relatively small and the effect on soil
degradation is minimal, the weight was set to 0 for these areas. The
weights of erosion intensity grades at each level are determined, as
shown in Table 1.

Three dependent variables were used:
Soil erosion severity index (SECI, Y1)—It is a comprehensive

indicator of soil erosion, which comprehensively measures the
severity of soil erosion.

Soil erosion area (SEArea, Y2)—It represents the rate of the sum
of wind erosion areas above the mild erosion level to the total area.

Average soil erosion modulus (SEIndens, Y3)—It represents the
area of the median value of the erosion modulus above the low
erosion level. It was summed to obtain the soil erosion modulus in
the region, use the total soil erosion modulus to divide it by the total
area of the mild or above level of soil erosion, and get the average soil
erosion modulus for the eroded area in the region.

Mavg � ∑n
i�2Mi × Ai

A
2≤ i≤ 6( ), (1)

where Ai is the area of class i, Mi is the median soil erosion intensity
for class i, and Mi ×Ai is the total erosion area for class i (i ranges
from 2 to 6). The total erosion area for five classes was obtained by
summing; A � ∑6

i�2, where A is the total erosion area with levels
above low erosion.

3.2 Determination of explanatory variables
of the soil erosion evaluation index

The standard deviation of the elevation and slope differences in
the counties (districts) was calculated to reflect the complexity of
topography and geomorphology in the study areas. The daily rainfall

FIGURE 3
Status of vegetation in the ZDR.

TABLE 1 Classification of degrees of soil erosion, modulus mid-value, and weight.

Average erosion modulus [t/(km2·a)] Median modulus [t/(km2·a)] Weight metrics
Mi

Minority <200, <500, <1,000 250 0

Mild 200, 500, 1,000–2,500 1,250 1.5

Moderate 2,500–5,000 3,750 3

Intense 5,000–8,000 6,500 6

Very intense 8,000–15,000 11,500 12

Fierce >15,000 22,500 24
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and average wind speed of the ZDR from 2022 to 2023 were selected
as natural factors. The soil erodibility K-factor was assumed to be
stable because it does not change significantly over time.

Due to great complexity, there are a large number of variables, and
there are even problems such as repeated selection of variables in terms
of human factors, but land use factors, including cultivated land, forest
land, mining land, and urban land, are the most active factors affecting
soil erosion in the short term (Tilahun et al., 2022). Therefore, only land
use was used as the social drivers affecting soil erosion. The index
implication and calculation method was shown in Table 2.

3.3 Research on wind erosion methods

The revised wind erosion equation (RWEQ) was used to
quantify wind erosion in the ZDR, and the RWEQ model is the
soil transfer caused by a combination of multiple factors such as
weather factors, soil crust factor, vegetation cover factor, surface
roughness, and other factors. The maximum transfer capacity is
defined in Eq. 2. The amount of the transferred volume reaching
63.2% of transfer capacity is called the key plot length (S) in Eq. 3,
and the total amount of all soil transfers in the study area is the
amount of soil loss (SL) in Eq. 4. The calculations were performed in
the ArcGIS map algebra module.

Qmax � WF · EF · SCF · K′ · C[ ], (2)
S � 150.17 WF · EF · SCF · K′ · C( )-0.3711, (3)

SL � 2z
S2
Q- z/s( )2max, (4)

where Qmax is the maximum transfer capacity (kg/m); S is the length
of the key plots (m); SL is the amount of soil loss (kg/m2); z is the
downwind distance, which is 50 m in this calculation; EF is the soil
erodibility factor [(t·hm2·h)/(hm2·MJ·mm)]; WF is the

meteorological factor; SCF is the soil crust factor; K′ is the soil
roughness; and C is the vegetation cover.

(1) Weather factor (WF)

The weather factor (WF), i.e., the response of various types of
meteorological factors to the combined effects of wind erosion, is
expressed in Eq. 5.

WF � Wf .
ρ
g
.SW.SD, (5)

ρ � 348.0
1.013-0.1183EL + 0.0048EL2

T
( ), (6)

SW � ETp- R + I( ) Rd
Nd

ETp
, (7)

ETp � 0.0162 ×
SR
58.5

( ) × DT + 17.8( ), (8)
SD � 1-P, (9)

whereWF is the weather factor (kg/m); Wf is the wind speed (m/s) 3;
ρ is the air density (kg/m3), which is derived from the elevation (EL)
(km) and absolute temperature T (degrees Kelvin); g is the gravity
acceleration (m/s2); SW is the soil moisture factor, dimensionless; R
is the rainfall amount (mm); I is the irrigation volume (mm); Rd is
the number of rainfall events;Nd is the number of observation days;
SR is the total solar radiation (cal/cm2); DT is the mean temperature
(°C); P is the probability of snow depth greater than 25.4 mm; and SD
is the snow cover factor, dimensionless.

(2) Soil erodibility factor (EF)

Soil erodibility refers to the soil’s vulnerability and the resistance
of the surface soil to wind erosion. The RWEQ model was used to
establish a relationship between the physicochemical properties of

TABLE 2 Index implication and calculation method.

Number Code Factor Unit Calculation method Description

X1 Slope Mean square deviation of slope
difference

Slope mean square difference Indicators of geomorphological complexity of
geographical environments

X2 DEM Mean square deviation of
difference in elevation

Relative mean square deviation of
difference in elevation

Indicators of topographic elevation differences in
the geographical environment

X3 WF Weather indicators mm Indicators of annual rainfall in the climate

X4 PGA Proportion of the grassland area
(48.47%)

Percentage Degree of grass cover

X5 PFLA Proportion of the forested land
area (48.37%)

Percentage Degree of afforestation

X6 PUL Proportion of urban land (1.24%) Percentage Degree of development of urban land

X7

ML

CE

Mining
land (1.92%)

Coal and
electricity

Percentage

Extent of mining land development

X8 CCI Coal chemical
industry

Percentage

X9 NEI New energy
industry

Percentage

X10 NMI New material
Industry

Percentage
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soil samples by analyzing their physical and chemical properties and
the soil erodibility factors:

EF � 29.09 + 0.31sa + 0.17si + 0.33 sa
cl( )-2.59OM-0.95CaCo3

100
, (10)

where Sa is the sand content (%), Si is the silt content (%), Cl is the
clay content (%), OM is the organic matter content (%), and CaCO3

is the calcium carbonate content (%).

(3) Soil crust factor (SCF)

A soil crust can reduce soil erosion due to fewer erodible
particles on the surface. It can reduce the abrasive effect of soil
particles, which is conducive to the fixation of sand dunes and
significantly impacts the soil’s physical and chemical characteristics,
wind erosion resistance, and soil stability (Nosrati, 2013). We
established an equation to quantity the soil crust factor using
wind tunnel tests on soils with different clay and organic
matter contents:

SCF � 1

1 + 0.0066cl2 + 0.021OM2( ), (11)

where cl is the soil clay content (%) andOM is the organic matter
content (%).

(4) Vegetation cover factor (C)

The amount of vegetation has a significant effect on wind
erosion. It increases surface roughness, reduces wind speed, and
slows the movement of particles (Li and Bo, 2019). The vegetation
cover, denoted as C, is defined as follows:

C � e-0.0438SC, (12)

where SC is the vegetation cover (%).

(5) Surface roughness factor (K′)

The RWEQ model describes the effect of surface roughness on
wind erosion. In agricultural settings, roughness refers to soil ridges
due to plowing (Li et al., 2019). It distinguishes between random
roughness, Crr, and ridge roughness, Kr. The surface roughness
factor K′ is defined as

K′ � e 1.86Kr-2.41Kr
0.934-0.127Crr( ). (13)

It is difficult to determine the random roughness Crr in the
cultivated areas at the regional scale, and no cultivated areas occur in
the study area. Thus, the ridge roughness Kr is replaced by
calculating the topographic roughness as

Kr � 0.2 ×
Δ H( )2

L
, (14)

where Kr is the topographic roughness (cm); Crr is a random
roughness factor (cm), which is 0 here; K′ is the topographic
roughness factor (cm); L is the topographic relief parameter; and
△H is the difference in elevation within the distance L (cm). The
ArcGIS neighborhood tool was used to calculate the terrain relief in
adjacent DEM pixels within the distance L.

(6) Wind erosion modulus

Using the database management function and raster spatial
analysis function of ArcGIS, a total of five factor thematic maps
of WF, EF, SCF, K′, and C of the generated model (Figure 4) were
used to generate wind erosion class distribution maps through Eqs.
1–3 based on the same projection method and accuracy in the
ArcGIS platform. According to the Soil Erosion Classification
Standard (Ministry of Water Resources, SL190-2007) (Table 3),
the erosion raster map was classified into six categories, namely,
minor, mild, moderate, intense, very intense, and fierce, and the soil
erosion class map was obtained.

3.4 Partial least squares regressionmodeling

We used PLSR to analyze the influence of the factors on soil
erosion. The predictive variables included topographical and
meteorological factors and land use (grassland, forest land,
urban land, and mining areas). PLSR is not significantly
affected by multicollinearity. We created a data matrix X with
n samples and p features and an outcome matrix Y with the same
number of samples and q outcomes. PLSR can handle multiple
responses and predict outcomes beyond the range of Y. The
model coefficients describe the degree of influence and
directionality between predictors and responses. The variable
importance in projection (VIP) score reflects the relative
importance of the effect of the variables on the outcome,
providing insights into the influence of various factors on soil
erosion in this study.

4 Results

4.1 Wind erosion results

4.1.1 Wind erosion impact factors
The meteorological factors (wind speed, air density, soil

moisture, and other factors) had a high impact of 523.07 in
the northeastern part of the ZDR, with a decreasing trend in the
southeastern lower mountainous areas and a minimum of
206.3 in the southeastern part of the region (Figure 4A). The
soil erodibility factors had higher scores in the southwestern to
southeastern regions and lower values in the northern than in
the southern part of the eastern region. The oil crust factor had
higher values in the southeastern to southwestern regions and
lower values in the northwest and northeast regions. The
vegetation cover was high in the ZDR, with higher values in
the northwest and northeast and lower values in the
southcentral part of the ZDR (Figure 4B). The roughness
coefficients were low, with higher values in the central part
and the highest value of 0.68 in the northwestern part of the
region (Figure 4C).

The erosion raster map was categorized into six categories of
erosion, and Table 3 shows a large proportion of low-erosion areas.
The northcentral zone has low vegetation cover and a large
proportion of areas with moderate and severe wind
erosion (Figure 4D).
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4.1.2 Soil erosion areas and intensity
In the RWEQ model calculations, meteorological elements

include daily average wind speed, wind direction data, daily
precipitation, snow accumulation, monthly average temperature,
and monthly average relative humidity, and all meteorological data
are from the China Meteorological Data Network. Soil texture
spatial distribution data were obtained from the Chinese
Academy of Sciences Resources and Environment Data Cloud
Platform, and soil organic matter content data were obtained
from the National Science and Technology Basic Condition
Platform. The final formula from the RWEQ model yields the
following data.

The wind erosion area of the ZDR was 8,439.3 km2 in 2018,
accounting for 54.3% of the total area of the planning area; the area
of mild erosion was 2,830.0 km2, accounting for 33.5% of the total
wind erosion area; the moderate erosion area was 1776.3 km2,
accounting for 21.0% of the total wind erosion area; the intense
erosion area was 1829.7 km2, accounting for 21.7% of the wind
erosion area; the very intense erosion area was 1,578.2 km2,
accounting for 18.7% of the wind erosion area; and the area of
fierce erosion was 425.1 km2, and the percentage of the wind erosion
area is 5.0%. The erosion area in the planning area is shown in
Table 4, and the percentage of the total erosion area caused by wind
erosion of different intensities is shown in Figure 5.

4.2 Soil erosion drivers

The symbol R2X in Table 5 indicates the explanatory power of
component th to X, R2 (X; th), h = 1, 2. R2Y indicates the
explanatory power of the component th to Y, R2(Y; th), h = 1, 2.
Q2 indicates the cross-validated residuals. Q2Y (cum) of all PLS
principal components was extracted, i.e., the precision with which
the dependent variable can be explained. The results are listed
in Table 5.

The regression coefficients and variables important in projection
importance values of the three dependent variables of the main

FIGURE 4
Wind erosion impact factors. (A) weather factor (B) Vegetation cover factor (C) Surface roughness factor (D) Wind erosion intensity.

TABLE 3 Wind erosion intensity classification.

Erosion classification Modulus of erosion (t·km−2·a−1)
Minor erosion <500

Mild erosion 500–2,500

Moderate erosion 2,500–5,000

Intense erosion 5,000–8,000

Very intense erosion 8,000–15,000

Fierce erosion >15,000
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correlation factors and soil erosion are shown in Figure 6. For the
three variables, the proportion of the soil erosion area (SEArea) had
the greatest amount of explanation for Y, and with two components
extracted, it was more stable for modeling the soil erosion composite
index (SECI). Therefore, VIP1 and VIP2 refer to the amount of
explanation of SEArea and SECI by the dependent variable,
respectively. The mean square deviation of the slope difference,
the mean square deviation of difference in elevation, and the
proportion of the urban land contributed the most to the first
component, with variables important in projection values of 1.55,
1.44 and 1.43, respectively. The mean square deviation of slope
difference, the proportion of urban land, and the mean square
deviation of differences in elevation contributed the most to the
second component, with variables important in projection values of
1.53, 1.26 and 1.24, respectively. The coefficient of variation
indicated the high importance of these variables. Although
variables important in projection values of the proportion of
Energy Industry and new Material Industry did not exceed 1, the
values of R2Y (cum) and Q2 (cum) were reduced after removing
these factors. The regression coefficients of the explanatory variables
and the dependent variables are both large, as shown in Figure 7,
indicating a high correlation between these factors and the
dependent variables.

Figure 7 shows that the mean square deviation of slope
difference, weather indicators, and the proportions of the urban
land and mining land were positively correlated with the amount of
soil erosion. In contrast, the proportion of the grassland and forest
land was negatively correlated. The area of soil erosion in each
county (district), which shows a stronger correlation between its
mining land and urban land, shows a positive correlation. The
correlation between the topographical factors and the second
component was relatively high, indicating that the topographic
has a certain correlation with the distribution of soil erosion. The
third dependent variable, soil erosion intensity, describes the
distribution of the average degree of soil erosion across counties
(districts) and is more highly and positively correlated with the
proportion of mining land.

Figure 8 shows that the explanatory variable of the mean square
deviation of the slope differenced error was positively correlated
with both the soil erosion area and soil erosion intensity, i.e., as the
slope difference decreased from mountains to hills to plains, the soil
erosion area and intensity also decreased.

The mining areas were positively correlated with the degree of
soil erosion. The same was observed for the urban population
density, which reflects urbanization in 2018. The severity of soil
erosion in these regions was not as high as in the northwestern part
of the ZDR and the southeastern part, where the proportion of urban
population is lower.

5 Discussion

In addition to climatic factors (wind, rainfall, air temperature,
etc.,) and subsurface factors (vegetation cover, soil texture,
topography, etc.,), there are also unscientific and irrational
production and construction, indiscriminate logging, and
anthropogenic factors, which are specifically manifested in the
following two aspects.

5.1 Natural factors

(1) Wind factor: The study area is located in the Gobi Desert,
which is extremely windy. The average number of windy days
is 25, and there are fewmountains acting as barriers. The wind
speed is typically at a level of 4 to 5, and northwesterly winds
prevail, resulting in extensive wind erosion.

TABLE 4 Basic information on the area and intensity of soil erosion in the planning area.

Project Area without
obvious

erosion (km2)

Soil and water erosion area (km2) Total
area (km2)

Mild
erosion

Moderate
erosion

Intense
erosion

Very intense
erosion

Fierce
erosion

Area 7,094.7 2,830.0 1776.3 1829.7 1,578.2 425.1 15,534

Total planning
area (%)

45.67 18.22 11.43 11.78 10.16 2.74

Wind erosion
area (%)

— 33.5 21.0 21.7 18.7 5.0

FIGURE 5
Proportion of erosion areas of different intensities in the
planning area.
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(2) Vegetation factor: Soil and water conservation in this area has
focused on increasing vegetation cover and creating a hierarchical
vegetation structure. The vegetation cover in the study area is
relatively low, the vegetation height is uniform, and exposed soil is
common, resulting in moderate or higher soil erosion.

5.2 Anthropogenic factors

Soil erosion is closely related to human socioeconomic activities.
With the development of society and the continuous increase in
population, the intensity of human utilization of natural resources
has strengthened, leading to increased awareness of resource
environmental protection. Inappropriate land use has caused soil
and water erosion.

(1) Resource exploitation is the main reason for soil erosion and
environmental degradation. In September 2012, the State
Council approved the establishment of the state-level ZDR. In
December 2012, the People’s Republic approved the “ZDR
(2012–2030)”. The ZDR is a national-level energy
construction demonstration. The construction of coal power
plants and coal-based chemical plants, coupled with the
population increase, has resulted in environmental
degradation, reducing the carrying capacity of the land and
increasing soil erosion.

TABLE 5 Accuracy comparison of PLS models.

Dependent variable Principal component R2Y R2Y (cum) Q2Y Q2 limit Q2Y (cum)

SECI Comp 1 0.421 0.421 0.371 0.05 0.371

Comp 2 0.019 0.440 0.001 0.05 0.377

SEArea Comp 1 0.299 0.299 0.269 0.05 0.269

Comp 2 0.175 0.474 0.090 0.05 0.365

SEIndens Comp 1 0.220 0.220 0.201 0.05 0.201

Comp 2 0.084 0.284 0.041 0.05 0.239

FIGURE 6
Variables important in the projection value of the PLS model of
the ZDR.

FIGURE 7
Coefficient values of the PLS model of the ZDR.

FIGURE 8
Loading plots of the PLS of the ZDR.
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(2) Significant construction has occurred in the ZDR due to
extensive development. Highway, oil, hydropower, thermal
power, natural gas, coal and coal chemical industries, and
other construction projects have been started. These activities
have increased the areas of disturbance due to slag piles,
breaking the region’s original soil erosion law, resulting in
original soil erosion which is not too serious areas but
produced intense soil erosion. Soil erosion has also
increased in sandy soil. Thus, construction activities have
exacerbated soil erosion.

(3) The awareness of soil and water conservation is not strong in
this area. The focus has been on development and
construction but not on protection and conservation. Thus,
soil and water erosion and environmental damage due to
human activities are crucial problems. Therefore, the focus
should be changed to consider ecological protection to reduce
soil erosion and create a sustainable, virtuous cycle.

6 Conclusion

The area of the ZDR without erosion was 7,094.7 km2,
accounting for 45.67% of the total area. The area of wind erosion
was 8,439.3 km2, accounting for 54.33% of the total area of the
planning area, and the area of mild erosion was 18.22%. These
results indicate that the ZDR is dominated by areas with mild
erosion, showing a step in the right direction. The proportions of
areas with moderate and higher soil erosion levels indicate that the
risk of soil erosion in this area is high.

We used the RWEQ and PLSR model to determine factors
affecting soil erosion. The mean square deviation of slope difference,
the mean square deviation of difference in elevation, and the
proportion of urban land use contributed the most to the soil
erosion severity index, with VIP scores of 1.55, 1.44 and 1.43,
respectively. The mean square deviation of slope difference, the
proportion of urban land, and the mean square deviation of
difference in elevation contributed the most to the soil erosion
area, with VIP scores of 1.53, 1.26 and 1.24, respectively. Mining
land, weather indicators, the mean square deviation of difference in
elevation, and the mean square deviation of slope difference were
positively correlated with the soil erosion area, soil erosion intensity,
and soil erosion severity index. Areas with the elevation exceeding
1,000 m or a slope greater than 20° had the highest soil erosion risk.
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