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Abstract: To control soil erosion, the intensity, area, and distribution of regional soil erosion must be
determined to accurately plan and implement corresponding soil conservation measures. Therefore,
regional soil erosion assessment has received extensive attention worldwide. At present, a sampling
survey approach and full-coverage grid-based calculation are mainly applied in regional soil erosion
assessment. The quantitative evaluation of the entire region depends on the quality of the data source.
Furthermore, owing to the greatness of the evaluation object, the difficulty of data acquisition, the
high cost, and poor usability, the present approach is bound to be at the expense of data accuracy,
spatial resolution, time resolution, etc. The sampling survey approach can obtain high-precision data
of soil erosion factors. Therefore, it can accurately quantify soil erosion in a field investigation unit.
However, the sampling method, sampling density, and extrapolation methods have a significant
impact on regional soil erosion assessments. This study considers the case of Baiquan County in
the rolling hills of Northeast China as an example. Regional soil erosion evaluation using sampling
survey and grid computing were compared. The impact of the data source accuracy on the soil erosion
assessment was also quantitatively evaluated. The results of grid method showed a phenomenon
of large rates of soil erosion and the ratio of the soil erosion area (the share of areas above the mild
level), which were overestimated by 20% and 6%, respectively. A digital elevation model (DEM) with
a resolution of 30 m can be used for soil erosion evaluation in plain areas, but that with the same
resolution in hilly areas has insufficient calculation accuracy and provides large errors. The grid
method can be adopted when land use and soil conservation measures are accurate. Otherwise, the
sampling method is recommended. Interpolation of the ratio of the soil erosion area in the survey
unit based on land use can better evaluate regional soil erosion.

Keywords: regional soil erosion; sampling survey; CSLE; Northeast China

1. Introduction

The process of soil erosion is caused by external forces, such as hydraulic and wind
forces. This directly leads to a series of environmental and ecological problems, including
land degradation; siltation of rivers, reservoirs, and ponds; and eutrophication of water
bodies. This has become a global environmental concern [1–4]. To prevent and control soil
erosion of a region, the intensity, area, and distribution of soil erosion in the region should
first be clearly detected, and the corresponding soil and water conservation measures can
then be set up in a targeted manner. Therefore, regional soil erosion assessments are of great
concern to many countries and regions around the world [5,6]. At present, there are many
methods for regional soil erosion assessments, such as “full coverage grid computing”, used
by Australia and Europe, and “sampling surveys”, which are widely used in the United
States and China. Australia established the water and soil conservation bureaus in 1936 and

Land 2023, 12, 1703. https://doi.org/10.3390/land12091703 https://www.mdpi.com/journal/land

https://doi.org/10.3390/land12091703
https://doi.org/10.3390/land12091703
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0002-1127-5558
https://doi.org/10.3390/land12091703
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land12091703?type=check_update&version=1


Land 2023, 12, 1703 2 of 17

conducted a regional soil erosion survey in 1949. Since then, many soil erosion evaluations
have been conducted on the Australian mainland using the soil erosion model [7,8]. From
the 1990s to the beginning of the 21st century, to quantitatively evaluate the soil erosion
situation in Europe by applying modern digital calculations, the European Soil Data
Centre, Joint Research Centre of the European Commission, implemented a soil erosion risk
assessment project. It aimed to identify areas prone to soil erosion and provide information
for countries in the European Union (EU) to formulate soil protection and degradation
prevention policies. Erosion risk assessments have been successively conducted throughout
Europe and different regions or countries in Europe using different methods [9,10]. In
1934, the United States organized 115 soil erosion experts to conduct a two-month-long
field survey called the National Erosion Reconnaissance Survey [11,12]. This investigation
preliminarily determined the graded area of rates of soil erosion occurring on agricultural
land [13]. Subsequently, a method for the dynamic monitoring and evaluation of soil
erosion based on “sampling surveys” was established. Regional soil erosion evaluations in
China can be traced back to the 1940s, and four large-scale “national soil erosion surveys”
have been conducted successively. In particular, the sampling survey of the “First National
Water Conservancy Census” from 2010 to 2012 was used for the first time to evaluate
national soil erosion using the CSLE model. This laid a solid foundation for the future
dynamic monitoring and evaluation of regional soil erosion [14,15]. To detect soil erosion
in China in a timely manner, the Ministry of Water Resources has organized the nationwide
annual dynamic monitoring of soil erosion since 2018, which has evaluated soil erosion
occurring in all land areas for the first time.

The grid method is affected by the quality of the data source, such as its accuracy and
spatial and temporal resolutions. The evaluation results of this method have great uncer-
tainties. Therefore, the results from this type of full-coverage estimation have often been
criticized [16]. Topography, vegetation coverage, the coverage of understory vegetation in
arbor forests, and soil and water conservation measures affect the accuracy of the results. If
the accuracy of the data source can be effectively improved, future regional soil erosion
evaluations can be developed with full-coverage grid computing. Although researchers
have been trying to obtain data sources with high precision and a high spatiotemporal
resolution [17,18], the problem of evaluating soil erosion at the regional scale has not been
resolved well [19]. A sampling survey can obtain high-precision soil erosion factor data in
a survey unit, and thus, can accurately and quantitatively evaluate the soil erosion status
in the unit. However, the sampling methods, sampling density, and result extrapolation
methods have a significant impact on the regional soil erosion evaluation [20,21]. The
accuracy of soil erosion evaluation results based on coarse resolution requires quantitative
evaluation to explore whether they can provide decision-makers with good soil and water
conservation planning services [22]. Further research needs to be conducted to evaluate
whether the spatial distribution characteristics of the regional soil erosion assessment re-
sults are consistent between the grid method and sampling survey, and which of those
results are more feasible.

The black soil region of Northeast China, one of the three typical black soil regions
in the world, performs important roles in crop production and food security [23]. The
black soil in northeastern China has experienced severe soil erosion, and the soil depth has
reduced from 60 to 70 cm in the 1950s to 20 to 30 cm presently [24]. Soil erosion assessment
at multiple spatial scales, the effectiveness assessment of soil conservation measures, and
land cover changes have been studied by many researchers [25–28]. Baiquan County in
the rolling hilly region of Northeast China, which is more severely eroded and is a typical
region for the evaluation of soil erosion, was selected as the study area [29]. The purposes
of this study were to (1) compare the rationality of the two evaluation results of regional soil
erosion by using the full coverage grid method and a sampling survey, respectively; and (2)
quantitatively evaluate the difference between the two methods of soil erosion evaluation,
determine the source of errors, and provide reasonable suggestions for improving the
regional soil erosion evaluation methods.
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2. Material and Methods
2.1. Study Region

Baiquan County is in the middle–western part of Heilongjiang province and the
northeast of the city of Qiqihar. It is located in the transition zone from the small Xing’an
Mountains to the Songnen Plain and belongs to rolling hilly region of Northeast China.
Located in the middle and high latitudes, Baiquan County belongs to the typical mid-
temperate continental monsoon climate, with an average temperature of 1.2 ◦C and annual
precipitation of 490.1 mm. In contrast to the abundant water along the course of the river,
the surface water resources in the eastern, central and southwestern areas of the county are
very scarce, and the underground water is deeply buried. The soil types mainly include
phaeozems, chernozems, meadow soil, swamp soil, and saline soil. The original vegetation
in Baiquan County has long been destroyed, and as a whole, it has the characteristics of
interlaced distribution from forests and meadow grasslands or steppe meadows. Baiquan
County has been one of the counties in Heilongjiang Province most seriously affected by
soil erosion. Water erosion is the main soil erosion, followed by wind erosion. As early
as the 1980s, Baiquan County was listed as a key county for water and soil conservation
in the province. In the practice of water and soil conservation for more than 30 years, the
“Tongshuang small watershed management model” and the “small watershed economic
zone construction model” have been summarized. The “Contracting waste ditch and
waste slope management model” has made outstanding contributions to the water and soil
conservation work in Baiquan County.

2.2. Grid Method

The Chinese soil loss equation (CSLE), derived from universal soil loss equation
(USLE), was used to assess the full-coverage region of Baiquan County. The equation for
the CSLE is as follows (Liu et al., 2002):

A = R× K× L× S× B× E× T (1)

where A is rate of soil erosion in t·ha−1·a−1. R is rainfall erosivity in MJ·mm·ha−1·h−1·a−1.
K is soil erodibility in t·ha·h·ha−1·MJ−1·mm−1. L and S are dimensionless topographic
factors of the slope length and the slope steepness. B is the dimensionless vegetation cover
factor of biological practices for trees, shrubs, and grasslands. E is the dimensionless factor
of engineering practices, such as terraces. T is the dimensionless factor of tillage practices,
such as crop rotation, contour tillage, residue cover, and inter-cropping strips. Each of these
factors are discussed individually below.

2.2.1. Rainfall Erosivity Factor, R

The daily rainfall estimation model was applied to calculate R. The daily rainfall data from
1986 to 2015 of 46 meteorological stations in Heilongjiang Province and its surrounding areas
were collected. Through geostatistical interpolation, the raster layer of 24 half months of rainfall
erosivity and annual rainfall erosivity were obtained with a spatial resolution of 30 m. On this
basis, the annual rainfall erosivity raster layer and 24 ratios of half month rainfall erosivity were
obtained by using the vector layer of Baiquan County.

2.2.2. Soil Erodibility Factor, K

The K value estimation formula proposed by Wischmeier [30] and Williams [31] was
used to calculate the soil erodibility factor. The soil erodibility factor was from the results
of the soil erodibility factor in the First National Water Conservancy Census [15].
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2.2.3. Slope Length and Steepness Factor, LS

The slope length factor was calculated by using a slope segment length equation [32].
Equations (2) and (3) of McCool et al. [33] were used for the slope factor S of areas below
10◦. Equation (4) of Liu et al. [34] was used for slope areas above 10◦.

S = 10.8 sin θ + 0.03 θ < 5◦ (2)

S = 16.8 sin θ − 0.5 5◦ ≤ θ < 10◦ (3)

S = 21.91 sin θ − 0.96 θ ≥ 10◦ (4)

The DEM data covering Baiquan County were converted from a 1:50,000 digital
contour map and generated a raster layer with a spatial resolution of 30 m.

2.2.4. Vegetation and Biological Practice Factor, B

The assignment and calculation of the B value needed to be calculated according to
different land uses. The formula for calculating the B value of forest land and grassland is
as follows:

B =
24

∑
i=1

SLRi ·WRi (5)

SLRi = 0.44468× e(−3.20096×GD) − 0.04099× e(FVC−FVC×GD) + 0.025 (6)

SLRi =
1

1.17647 + 0.86242× 1.05905100×FVC (7)

SLRi =
1

1.25 + 0.78845× 1.05968100×FVC (8)

where FVC refers to the fractional vegetation coverage, calculated using NDVI based on
remote-sensing images, and its value ranged from 0 to 1. GD is the understory cover
of arbor forests; its value ranged from 0 to 1, including the understory cover composed
entirely of vegetation (shrubs, herbs, and litter), except for the tree canopy. The value was
obtained as follows, based on field investigations or experience.

The FVC was obtained by fusing 250 m resolution MODIS NDVI and the vegetation
coverage calculated based on a 30 m resolution Landsat-8 OLI image. Both the MODIS
NDVI and Landsat-8 OLI images were from 2015 to 2017.

VH(ti) = VM(ti) +

n
∑

j=1

[
ω
(
ti, tj

) (
VT

(
tj
)
−VM

(
tj
))]

n
∑

j=1
ω
(
ti, tj

) (9)

where VH(ti) is the NDVI fusion value for a high-resolution pixel. VM(ti) is the sequence
of MODIS annual mean value corresponding to a high-resolution pixel. VT

(
tj
)

is the high-
resolution NDVI data of the Landsat-8 OLI image corresponding to this pixel in a certain period.
ti is the Julian date of the MODIS-NDVI data acquisition (DOY = 16× time phase− 7). tj is the
Julian day corresponding to the acquisition of the high-resolution NDVI data. ω

(
ti, tj

)
is the

weight of the high-resolution NDVI of tj, expressed as ω
(
ti, tj

)
= 1
|ti−tj| .

The NDVI of 24 half months was obtained with a spatial resolution of 30 m and fused
into the above formula to obtain the corresponding FVC:

FVC =

(
NDVI − NDVImin

NDVImax − NDVImin

)k
(10)
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where FVC is the fractional vegetation coverage. NDVI is the NDVI value of the pixel.
NDVImax and NDVImin are the conversion coefficients of the pixel for certain land-use
types. K is the nonlinear coefficient. In the same climate type, the pixel where the maximum
NDVI of different vegetation and minimum value of bare soil NDVI in MODIS images
were determined, and the average value of Landsat-8 OLI NDVI in this pixel was taken as
the conversion coefficient.

Finally, the 3-year average of 24 months of vegetation coverage was calculated. The B
value was calculated by considering the average value of the vegetation coverage of the
24 months corresponding to the specified three years, which is the FVC in Equation (10).

The B values of non-forest land and grassland were directly assigned according to the
following table (Table 1).

Table 1. B factor value of land use except for forest land and grassland.

First Class Classification of
Land Use

Second Class Classification
of Land Use B Value Notes

Cultivated land
Paddy field 1 Water conservation benefits reflected by T factor

Dry land 1 Water conservation benefits reflected by T factor
Irrigable land 1 Water conservation benefits reflected by T factor

Settlements and mining sites
Urban settlements 0.01 Equivalent to 80% vegetation cover
Rural settlements 0.025 Equivalent to 60% vegetation cover

Independent industrial land 1 Equivalent to no vegetation cover

Transportation land Rural road 1 Equivalent to no vegetation cover
Other transportation land 0.01 Equivalent to 80% vegetation cover

Water area and water
conservancy facility land 0 The amount of erosion is 0

Other land 0 Bare land is 1, otherwise it is 0

2.2.5. Engineering Practice Factor (E) and Tillage Practice Factor (T)

Field investigations in the study area showed that engineering measures mainly
included terraces, ridges, and a few level steps. The assignment of the engineering measure
factor was based on the assignment table of factors of engineering measures for soil and
water conservation in the First National Water Conservancy Census (Table 2). The E value
was resampled to generate a grid with a spatial resolution of 30 m, corresponding to a
1:50,000 DEM.

Table 2. E value of engineering practices.

Second Class Classification Engineering Practices E Value

Terrace

Horizontal terraces with soil ridges 0.084
Horizontal terraces with rock ridges 0.121

Sloping terraces 0.414
Terraced fields with slope 0.347

Field bund 0.347
Level steps 0.151

The tillage measure factor reflects two effects: the crop coverage effect formed by the
crop rotation system, and the soil and water conservation tillage measures. According
to national crop rotation regionalization, the study area belongs to the first ripe region of
semi-humid warmth-loving crops in the hilly region of the Northeast Plain, as well as the
first ripe region of warm–cool crops in the mountainous region of Changbai in the Sanjiang
Plain. The T factor of the crop rotation measure, which reflects the impact of crop cover,
was 0.331. The tillage measures for soil and water conservation in the study area were
mainly contour ridges and furrow planting, and the corresponding T value was 0.251.
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2.3. Sampling Method
2.3.1. Design of Sampling Units

A multi-stage, unequal probability, systematic area sampling method was employed
for the selection of the sampling units [15]. The method was employed for the national
soil erosion survey of 2011 in China. First, each sheet of the 1:10,000 topographic map was
used as the control area, which was 5 by 5 km2 with a 1 by 1 km2 grid embedded in it,
and one sampling unit was selected at the center of the grid from each control area. The
sampling unit could be either a catchment (0.2–3 km2) or a square (1 by 1 km2). In most
hilly and mountainous areas, the sampling unit was a catchment. In flat areas, where it
would be a great challenge to locate a small catchment, the center 1 by 1 km2 square was
selected as the sampling unit instead. When a small catchment was used, it was selected
to intersect with the center grid. In this case, the sampling density was 1/25, i.e., 4%. A
sampling density of 1% means one sampling unit within each square of 100 km2. Based on
this method, Baiquan County had a total of 216 survey units with a sampling density of
4%, including 36 survey units with a sampling density of 1% (Figure 1).
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2.3.2. Field Survey

The land-use types, soil and water conservation measures, vegetation coverage, canopy
density, and understory coverage of tree forests were investigated in 216 sampling units.
The methods of investigation were based on the First National Water Conservancy Census
of China in 2011 [15]. Additionally, we recorded the DEM generated by 1:10,000 digital
contour maps of 1% density survey units (36 units) in the study area with a spatial resolution
of 10 m.

2.3.3. Soil Erosion Rate of Sampling Units

The soil erosion rate of each sampling unit was calculated using CSLE, which was used
in the grid method. The rainfall erosivity factor and soil erodibility factor were the same as
those applied in the grid method. The L and S factor of the 1% density survey units were
calculated using 1:10,000 digital contour maps. The rest of the units were calculated using
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1:50,000 digital contour maps. The vegetation and biological practice factor, engineering
practice factor, and tillage practice factor were based on the field survey.

2.4. Other Data Collection
2.4.1. Land-Use Data

The land-use types of Baiquan, applied in the grid method, were obtained by manual
visual interpretation based on ZY-3 satellite imagery. This was acquired on 19 September
2016 and 30 September 2016, with a WGS84 geocentric coordinate system and 1% cloud
cover. A panchromatic band of 2.1 m can guarantee the accuracy of interpretation. The
results were modified and verified through field investigation.

2.4.2. Remote-Sensing Image Products

MOD13Q1 NDVI image products synthesized over 16 days from 2015 to 2017, with a
spatial resolution of 250 m and row number h26V04, were used to retrieve the vegetation
coverage. The download address is http://glovis.usgs.gov/ (accessed on 15 September 2018).
The available image period of the Landsat-8 OLI was from April 2016 to October 2017, with
a total of eight images (path = 119, row = 26 and 27, lower than 10% cloud cover). Through
the fusion calculation method (shown in Section 2.2.4), NDVI products were obtained with a
spatial resolution of 250 m for 24 months for three years from 2015 to 2017.

The rates of soil erosion were evaluated according to the soil erosion model calculated
using the CSLE model, and the criterion for judgment was the classification standard in the
Technical Standard for Comprehensive Prevention and Control of Soil Erosion in Black Soil
Areas (SL446-2009) [35].

The tolerance of soil loss in the black soil region of Northeast China is 2 t·ha−1·a−1,
and the corresponding soil erosion classification standards are presented in Table 3.

Table 3. Classification standard for the rates of soil erosion.

Grade Slight Mild Moderate Intense Extremely
Intense Severe

Rates of soil erosion
(t·ha−1·a−1) ≤2 2~12 12~24 24~36 36~48 >48

The same data required by the grid method and sampling unit calculation of the
classification standard for the rates of soil erosion include the daily rainfall data used to
calculate the rainfall erosivity and soil erodibility data. The different data used in the
calculation included land-use, DEM, and soil and water conservation data. The land-use
data applied in the grid method were sourced from high-resolution image interpretation,
and the sampling unit was obtained from field surveys. The grid method uses a 1:50,000
scale to generate a DEM with a resolution of 30 m, whereas the survey unit (36) uses a
1:10,000 scale to generate a 10 m resolution DEM. For soil and water conservation measures,
it is difficult to interpret the precise type and scope of soil and water conservation measures
based on remote-sensing images. Therefore, engineering measures were not considered in
the grid method, and only crop rotation was considered for tillage measures. Moreover,
soil and water conservation measures were obtained through field investigation in the
sampling units.

3. Results
3.1. Comparison of the Rates of Soil Erosion

The statistical analysis of the rates of soil erosion of all sampling units in Baiquan
County based on the sampling survey showed that the rates of soil erosion varied from 0 to
369 t·ha−1·a−1, and the average rate of soil erosion was 7.32 t·ha−1·a−1. The proportion
of the soil erosion area in the survey unit was 40.6%, of which the proportions showing
mild and moderate erosion were 18.5 and 15.6%, respectively. The proportion of areas

http://glovis.usgs.gov/
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showing strong erosion and above was 6.5%, of which the proportions of very strong and
severe erosion were 1.7 and 1.5%, respectively. From the frequency distribution diagram
of rates of soil erosion (Figure 2), the proportion of the area with a rate of soil erosion
value less than 1 was the largest, at approximately 46.2%, followed by those at 1–2 and
4–8 t·ha−1·a−1, accounting for 13.2 and 7.7%, respectively. When the rates of soil erosion
were greater than 12 t·ha−1·a−1, the grades of each rate of soil erosion showed a decreasing
trend. Rates of soil erosion greater than 48 t·ha−1·a−1 also accounted for a considerable
proportion of 1.5%. Statistical analysis of the rates of soil erosion in the survey unit of the
grid method showed that the rates of soil erosion varied from 0 to 369 t·ha−1·a−1, and the
average was 8.80 t·ha−1·a−1. From the frequency distribution diagram of the rates of soil
erosion (Figure 2), the proportion of the area with rates of soil erosion less than 1 is the
largest, approximately 39.6%, followed by those at 1–2 and 12–16 t·ha−1·a−1, accounting for
17.3 and 7.9%, respectively. When the rates of soil erosion were greater than 12 t·ha−1·a−1,
the grades of each rate of soil erosion showed a decreasing trend. The rates of soil erosion
greater than 48 t·ha−1·a−1 also occupied a considerable proportion, about 2.5%. In general,
the results based on the grid method showed a higher rate of soil erosion and a larger
proportion of the soil erosion area.

Land 2023, 12, x FOR PEER REVIEW 9 of 18 
 

the grades of each rate of soil erosion showed a decreasing trend. The rates of soil erosion 
greater than 48 t·ha−1·a−1 also occupied a considerable proportion, about 2.5%. In general, 
the results based on the grid method showed a higher rate of soil erosion and a larger 
proportion of the soil erosion area. 

 
Figure 2. Frequency distribution of the rates of soil erosion in the units of the sampling survey and 
grid method. 

We counted and compared the average rates of soil erosion and ratio of soil erosion 
area within the survey units between the grid method and sampling survey. In particular, 
the assessment of soil erosion in the 1% sampling units is more reliable due to the precise 
data sources and field investigation (terrain, vegetation, and soil and water conservation 
measures). The results showed that the grid method overestimated the results, regardless 
of whether it measured the rates of soil erosion or ratio of the soil erosion area. However, 
the proportions of the soil erosion area from the two results were similar (Figure 3). 

 
Figure 3. (a) The rates of soil erosion and (b) soil erosion area ratio of the grid method and sam-
pling survey. 
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We counted and compared the average rates of soil erosion and ratio of soil erosion
area within the survey units between the grid method and sampling survey. In particular,
the assessment of soil erosion in the 1% sampling units is more reliable due to the precise
data sources and field investigation (terrain, vegetation, and soil and water conservation
measures). The results showed that the grid method overestimated the results, regardless
of whether it measured the rates of soil erosion or ratio of the soil erosion area. However,
the proportions of the soil erosion area from the two results were similar (Figure 3).

3.2. Comparison of the Rates of Soil Erosion of Different Land-Use Types

The soil erosion moduli of each land-use type in the survey unit calculated by the
sampling survey were compared and analyzed (Figure 4a). The range of the rates of
soil erosion of dry land was very large; the minimum was 0 and the maximum could
reach 369 t·ha−1·a−1. The results of the average rates of soil erosion showed that dry land
experienced moderate erosion. Notably, dry land is the main source of soil erosion in the
study area. The average soil erosion moduli of grassland and other woodland were 6.24
and 5.94 t·ha−1·a−1, respectively, and these values were the second highest in arid land.
The rates of soil erosion of other woodlands had a smaller variation range, ranging from 2
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to 13 t·ha−1·a−1, and the rates of soil erosion of other woodlands were closely related to the
smaller vegetation coverage. However, the rates of soil erosion of grassland varied greatly,
with minimum and maximum values of 2 and 145 t·ha−1·a−1, respectively. The average
rates of soil erosion were the smallest in woodland, at 3.79 t·ha−1·a−1, and varied from 2
to 9 t·ha−1·a−1. The average rates of soil erosion of shrubland were only 4.27 t·ha−1·a−1,
higher than that of forest land, and the maximum rate of soil erosion was 22 t·ha−1·a−1.
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The soil erosion moduli of each land-use type in the grid method survey unit were
compared and analyzed (Figure 4b). The average rates of soil erosion of dry land were the
largest, at 15.84 t·ha−1·a−1, which was higher than that calculated by the sampling survey.
The rates of soil erosion of dry land varied from 0 to 369 t·ha−1·a−1. From the average
rates of soil erosion, the erosion on arid land was still moderate, and arid land was the
key area for soil erosion control. Grassland and shrubland were second only to arid land
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in terms of the average rates of soil erosion, whose values were 6.44 and 4.68 t·ha−1·a−1,
respectively; their variations ranged from 0 to 106 and 0 to 47 t·ha−1·a−1, respectively. The
soil erosion of other woodland was severely underestimated and the average rates of soil
erosion were the smallest, at only 0.38 t·ha−1·a−1, which varied from 0.15 to 2 t·ha−1·a−1.
The rates of soil erosion of forested land were still small; the average rates of soil erosion
were 3.97 t·ha−1·a−1, and the minimum and maximum values were 0.3 and 152 t·ha−1·a−1;
the maximum rate of soil erosion was much larger than that of the sampling survey.

3.3. Comparison of Spatial Patterns between Grid Method and Sampling Method

Even though the CSLE model was used to calculate the rates of soil erosion, there
were differences in the specific calculation process. For example, in the calculation of the
B factor values of forested land, shrubland, and grassland, it was necessary to conduct
vegetation coverage inversion from remote-sensing images; however, the sampling survey
also considered vegetation coverage estimated by actual ground measurements. Therefore,
the B factor values obtained by the two were also different. At the regional scale, the grid
method was used to obtain the rates of soil erosion, through which the rates of soil erosion
map was graded (Figure 5a). The results of the sampling survey units were obtained by
combining the ratio of the soil erosion area of the unit with the spatial interpolation of land
use, and the final result presented in the area was the ratio of the soil erosion area. If the
interpolation results of the ratio of the soil erosion area based on the survey unit needed
to be directly compared with the results of the grid method, the regional ratio of the soil
erosion area would then need to be divided into several grades to be individually compared
with each grade of soil erosion. According to the classification statistics of the calculation
results of 216 survey units in Baiquan County, the area proportions of slight erosion, mild
erosion, moderate erosion, strong erosion, extremely strong, and severe erosion were 62.90,
17.11, 13.97, 3.04, 1.53, and 1.45%, respectively. Assuming that the results of our sampling
represent the soil erosion characteristics of the entire region, the proportion of each erosion
grade in Baiquan County would also be equal to the results of the survey unit. Accordingly,
the interpolation results of the ratio of the soil erosion area based on the survey units could
be classified into the corresponding erosion grades (Figure 5b).

We compared the rates of soil erosion results obtained by the grid method with the
results of the ratio of the soil erosion area obtained by the sampling survey on a small
watershed scale, which avoided direct comparison between the rates of soil erosion and
the ratio of the soil erosion area. First, we divided the small watersheds of Baiquan
County based on the DEM generated from a 1:50,000 contour line. The average area of the
small watersheds was approximately 11.7 km2, and the area was divided into 306 small
watersheds, among which the smallest and largest watershed areas were 2.1 and 45.5 km2,
respectively. The average ratio of the soil erosion area of the grid method and interpolation
results of the ratio of the soil erosion area of the survey units were calculated for 306 small
watersheds in Baiquan County. The results are shown in Figure 5c,d. When compared,
the results of the delineation of the northern and northwestern regions were relatively
consistent, and both areas showed severe erosion and were key areas for soil and water
conservation planning and governance. The southwestern plain area of Baiquan County
showed low erosion. In the results of the grid method, the proportion of area occupied by
the erosion area of the small watershed was greater than 50%, which was approximately
one-third of the total. The ratio of the soil erosion area of the point distribution in the
figure represents that of the field survey in the survey unit. In general, the results of the
grid method were in poor agreement, particularly in the eastern part of Baiquan County.
The results of the grid method showed that the eastern hilly area showed more serious
soil erosion.
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The investigation and evaluation of soil erosion could identify areas with severe soil
erosion, which could be the basis for the scientific and rational planning of soil and water
conservation. In the existing soil and water conservation planning schemes, both rates
of soil erosion and ratio of the soil erosion area can be used as an important basis for
planning [36]. The soil assessment method was more appropriate if it can be more suitable
for soil conservation planning. The results of this study showed that in regional water
and soil conservation planning, the region was divided into several small watersheds, the
proportion of the soil erosion area was counted in the small watershed, and the proportion
of the eroded area was ranked to determine the order and area of priority treatment.
Accordingly, soil and water conservation planning was conducted in combination with
natural, social, economic, and ecological factors, among others. The layout of soil and water
conservation measures and the evaluation of their benefits should pay attention to the rates
of soil erosion. The corresponding soil and water conservation measures were arranged
according to the distribution of the rates of soil erosion in the control area, and the benefits
of soil and water conservation measures were evaluated based on the change in the rates of
soil erosion before and after the layout of measures.
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4. Discussion
4.1. Influence of Topographic Data on the Calculation of Rates of Soil Erosion

Topography mainly affects soil erosion through the slope gradient and slope length
(LS) factor, which were extracted based on the DEM [37]. Topographic factors are basic
topographic elements affecting the area and distribution of soil erosion and are used as
input factors in many soil erosion models. At present, we can obtain free DEM data
worldwide at a 30 m resolution, mainly from Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) global DEM (GDEM), Shuttle Radar Topography Mission
(SRTM) DEM, ALOS Global Digital Surface Model “ALOS World 3D-30 m (AW3D30)”, and
other datasets. Additionally, some countries and regions have released high precision DEM
data. For example, some regions in the United States can freely download a DEM with a
high resolution of 3 m or even higher. Different DEM scales have significant differences in
the evaluation of the rates of soil erosion. Small scales make the terrain fluctuations flat
overall, and the slope decreases; this naturally underestimates the rates of soil erosion [38].
A large-scale DEM cannot directly reflect the real undulating slope value of the ground
surface, but can only calculate the slope morphologically [39]. Yin et al. [19] showed that
the L and S factor values obtained by DEM with different precisions and spatial resolutions
differed considerably. The LS factor obtained at a scale of 1:10,000 was more reliable for
regional soil erosion assessment, whereas a spatial evaluation with a resolution lower than
30 m was less effective. Even a 25 m resolution DEM would produce errors in calculating
the LS factor in mountainous areas, thus affecting the results of the regional soil erosion
assessment [18]. Currently, it is almost impossible to obtain high-precision terrain data
across counties. Additionally, the 1:10,000 contour line was classified as confidential data in
many areas of China, and it was impossible to obtain this contour line data over a large area.
This makes it difficult to accurately assess regional soil erosion. Therefore, the maximum
scale of the DEM that could be used by the grid method was 1:50,000, when the dynamic
monitoring of soil erosion was conducted on a regional scale.

In the southwestern plain area of Baiquan County, when comparing the terrain fac-
tors extracted from the DEM with two resolutions, the L factor differed considerably
in terms of the average value. Comparison between the L factors extracted from the
1:50,000- and 1:10,000-scale DEMs showed that the latter tended to overestimate the val-
ues by 11% (Figure 6(a1)). The extracted S factor tended to be underestimated by 25%
(Figure 6(b1)). Therefore, the mean values of the LS factors calculated using the DEM for
the two resolutions were very similar (approximately 0.18 (Figure 6(c1)). In the rolling
hilly region in the northeast of Baiquan County, the L factors extracted from the two res-
olutions were considerably different; the L and S factors extracted based on the 1:50,000
scale DEM tended to be underestimated (Figure 6(a2,b2)) by 20% and 16%, respectively.
Therefore, the average LS factor value extracted from the 1:50,000 scale DEM was lower
than that extracted from the 1:10,000 scale DEM, which had a total underestimation of 10%
(Figure 6(c2)). Therefore, in the regional soil erosion assessment, the DEM of the plain area
could be replaced by that with a spatial resolution of 30 m. In a rolling hilly region, this
replacement cannot be conducted. The northeastern region of this study was mainly plain,
and the overall terrain was low; however, the rolling hills and hilly areas were dominated
by low and gentle hills, and the error of the 1:50,000 scale DEM in extracting the LS was
very large. The error of the extracted LS from the 1:50,000 scale DEM was even greater in
the rugged southwestern region of China, where mountainous plateaus are widespread,
and in the Loess Plateau, with thousands of ravines and gullies. A DEM at a resolution of
30 m or lower should not be used to evaluate regional soil erosion.
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4.2. Influence of Soil and Water Conservation Measures on the Calculation of Rates of Soil Erosion

Soil and water conservation measures can effectively prevent soil erosion, and their
quantity and spatial distribution significantly impact the assessment of soil erosion [40].
Most soil and water conservation measures are distributed on farmland, and several types
exist; thus, it is difficult to accurately interpret these measures from remote-sensing im-
ages. Soil erosion models generally use water conservation measures based on image
interpretation, which is an important factor affecting the accuracy of soil erosion assess-
ments. In this study, after cropping the land-use map of the grid method in the survey unit,
we removed all the correctly interpreted cultivated land and cropped the soil and water
conservation measure layer, which was interpreted based on the high-resolution image.
We then compared the differences in soil erosion assessment caused by the interpretation
accuracy of soil and water conservation measures within this range. There are many un-
certainties in the interpretation of soil and water conservation measures from the satellite
image. Even if the image was clear enough (with sufficiently high spatial resolution), the
type and distribution of soil and water conservation measures could not be accurately
evaluated because of the experience of the interpreter. Therefore, in the grid method, the
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water conservation measures are ignored. Additionally, considering the interpretation
of soil and water conservation measures based on high-resolution images, its accuracy
would also cause errors in assessing the soil erosion. We subsequently compared the soil
erosion moduli calculated without considering water conservation measures: those based
on high-score image interpretation and those calculated based on field surveys (Figure 7).
The rates of soil erosion calculated without water conservation measures varied from 0 to
342 t·ha−1·a−1, and the average value was 18.8 t·ha−1·a−1. The rates of soil erosion
calculated based on the interpretation of the water conservation measures from the high-
resolution image varied from 0 to 141 t·ha−1·a−1, with an average of 7.8 t·ha−1·a−1. The
rates of soil erosion calculated based on the soil and water conservation measures in the
field survey varied from 0 to 342 t·ha−1·a−1, with an average of 15.2t·ha−1·a−1. In our study
area, the soil erosion assessment results obtained without considering the soil and water
conservation measures were closer to the actual erosion status. However, owing to the
influence of interpretation accuracy, water conservation measures based on high-resolution
image interpretation could lead to differences in assessing the soil erosion. In this study, the
rates of soil erosion were underestimated by approximately 50%. Therefore, the influence
of engineering measures was not considered in the grid method, implying that the E value
was 1. We only considered the influence of crop rotation measures on farming measures.
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The spatial distribution of the grid method showed that the eastern hilly area showed
more serious soil erosion. This was because soil and water conservation measures were
not fully considered in the calculation. During the field investigation, we found that the
vegetation coverage in the eastern hilly area was relatively high, and soil and water conser-
vation measures, such as ridges, slope terraces, and contours, were also more concentrated
in this region. Therefore, the effect of soil and water conservation measures would not be
considered in the grid method, thereby overestimating erosion. The interpolation results
based on the proportion of water erosion in the survey unit could better reflect the regional
variation characteristics of soil erosion. From this point of view, the sampling method was
more appropriate.

CSLE has been proven in its reliability in soil erosion assessment in Northeast China.
When comparing the results of the sampling and grid methods, it would be better if we
have the measurements of 137Cs techniques in the study area. Based on a 1:10,000 digital
contour map, the field measurement of vegetation coverage, the coverage of understory
vegetation in arbor forests, and soil and water conservation measures, we assumed that
the assessment of soil erosion sampling units is more reliable, which can be applied to
indicate the precision or error of the results of the grid method in sampling units. The grid
method and sampling method both have been applied in the assessment of soil erosion
in China. The sampling method, especially, has been used in American for a long time.
The two methods can be extrapolated; however, the reliability of each method needs more
in-depth study.
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At present, China is conducting the division of key soil erosion prevention and control
areas. The delineation work is in the exploratory stage and has not yet been completed. The
“landing” of key water and soil loss prevention and control areas needs to be scientifically
delimited at the county level, which is an important basis for the deployment of soil and
water conservation measures and the evaluation of soil and water conservation benefits.
In previous soil and water conservation practices, the planning and management of soil
and water conservation in small watersheds has achieved remarkable results, especially in
Baiquan County. Therefore, the spatial distribution of soil erosion with a small watershed
as the statistical unit is more conducive to soil and water conservation planning.

5. Conclusions

The main conclusions are as follows:
(1) The results of the grid method showed that the rates of soil erosion were extremely

large, and the ratio of the soil erosion area was too high, and these were overestimated
by 20 and 6%, respectively. In terms of the spatial distribution pattern, the results of the
grid method and sampling survey showed that the two had a high degree of agreement in
the plain area. The results of the grid method were relatively reliable, and the error of the
grid method in the hilly area was large. The error was larger, especially in the eastern hilly
areas, where vegetation coverage was high, and soil and water conservation measures such
as ridges, slope terraces, and contour farming were concentrated. In the grid method, the
effects of soil and water conservation measures were not considered, thus overestimating
the erosion. The interpolation results based on the proportion of water erosion in the survey
unit could also reflect the regional variation characteristics of soil erosion.

(2) In the regional soil erosion assessment, the DEM of the plain area could be replaced
by that with a spatial resolution of 30 m. In hilly areas with large terrain fluctuations, the
error of the DEM with a 30 m resolution would be larger in extracting LS; thus, it was
unreliable to use a DEM with a spatial resolution of 30 m or larger for evaluating regional
soil erosion.

(3) The soil and water conservation measures based on image interpretation exagger-
ated the actual area and scope, leading to an underestimation of the rates of soil erosion
by 50% when considering soil and water conservation measures in this study. When the
interpretation accuracy of soil and water conservation measures was low, the impact of
measures increased the difference in erosion assessment. Notably, the types of soil and
water conservation measures in this study area were relatively simple; the ground fea-
tures were more obvious and the interpretation was relatively easy. If the terrain was
broken and the soil and water conservation measures varied, the ground features would be
more difficult to interpret through images. Therefore, at present, field investigations for
identifying soil and water conservation measures in regional soil erosion assessments are
more credible.
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