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Abstract: In recent years, soil erosion caused by water erosion has gradually increased due to the
increase of extreme precipitation. In order to reduce soil erosion caused by extreme precipitation, it
is necessary to monitor soil erosion and found out the factors that affect soil erosion under extreme
precipitation. The objective of this study was to assess the amount of soil erosion, the damage degree
of soil and water conservation measures and benefit evaluation under extreme precipitation in Henan
Province. The results indicated that the ridges of terraces in two small watersheds had been damaged
to varying degrees. Terraces, as one of soil and water conservation measures, can better preserve soil
and water erosion under extreme precipitation. The amount of soil preserved in two small watersheds
were 744.50t and 1121.01t. The amount of soil loss in two small watersheds were reduced by 67.67%
and 78.63% when terraces existed. The soil conservation amount of vegetation restoration measures
in two small watersheds were 2960.23t and 3320.36t. The amount of soil loss in two small watersheds
were reduced by 89.27% and 90.98%, when vegetation restoration measures exist. Compared with soil
and water conservation engineering measures, vegetation restoration measures can better reduce soil
erosion caused by water erosion under extreme precipitation. In addition to the amount of rainfall,
the soil and water conservation benefits of terraces were also affected by the width of the terrace, the
slope of the terrace, and whether there were vegetation restoration measures in the terrace.

Keywords: terraces; extreme precipitation; CLSE model; benefits of soil and water conservation

1. Introduction

Rain-induced soil erosion threatens world food production, global ecological security,
ecosystem services and biodiversity [1–4]. For example, due to extreme precipitation,
Kerala was hit by flooding in 2018, causing economic losses of over USD 3 billion and more
than 440 deaths [5]. From 14 to 15 July 2021, more than 180 lives were claimed by floods
caused by heavy rain in Germany, and more than 40,000 people were affected [6]. Under
extreme precipitation, the surface of the soil will generate a large amount of runoff and
cause severe soil erosion. It will carry a large amount of sediment, which will not only
cause the loss of soil nutrients and reduce soil productivity, but also silt up the downstream
river channels [7–9]. In recent decades, due to global warming, many countries in the world
have been threatened by extreme rainfall [10,11]. The Sixth Assessment Report (AR6) of the
Intergovernmental Panel on Climate Change (IPCC) noted that the intensity and frequency
of extreme precipitation will continue to increase in many regions of the world. It will cause
serious soil degradation, damage to soil and water conservation measures, and threaten the
safety of local people’s lives and property [12–14]. Many scholars have gradually begun to
study soil erosion caused by extreme precipitation, for example, in a typical Mediterranean
ecosystem of Northern Greece, the rate of soil erosion is stable at the present stage, but
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without protection measures, it will increase by 9% in the future [15]. By 2050, mean soil
loss rates due to water erosion may increase by 13—22.5% in agricultural areas of the
EU and the UK compared to the 2016 baseline [16]. Therefore, in order to reduce the soil
erosion caused by extreme precipitation in the future, monitoring the extreme precipitation
events and their consequences is essential.

Methods for measuring and quantifying soil erosion mainly include runoff plots,
suspended sediment measurement, remote sensing assessment, model simulation, etc.
Runoff plots are a commonly used field measurement method for soil erosion in different
ecoregions [17–20]. Because of the scale on sit experiments, runoff plots are used to
measure sheet and rill erosion, rather than gully erosion. The collection and determination
of suspended sediment samples in rivers is applied to monitoring soil erosion and sediment
transported to rivers at the watershed scale [21–24]. Sediment delivery ratio reflects the
relationship between erosion and sediment transport, which is a difficult problem to
solve at present, and the influencing factors are extremely complex. Remote sensing data
provide a significant information source on surface landscape characteristics for mapping,
monitoring and predicting of soil erosion [25–28]. The combination of erosion models and
remote sensing data is currently a hot spot in soil erosion assessment and mapping. There
are numerous empirical erosion models, such as USLE, RUSLE, CSLE, InVEST, MUSLE
in SWAT [29–32], that rely on factors such as topography, land use and cover, soil, and
characteristics of rainfall events. Through the use of GIS model construction simulator
for model construction, remote sensing data required by the model is input, so as to
output soil erosion estimation [15,33–35]. These models can be applied at both watershed
and regional scales and are widely used in the world. The time and location of extreme
precipitation events are contingent and random, which makes it difficult to monitor soil
erosion caused by them. Therefore, the measurement and quantification of soil erosion in
extreme precipitation need further research.

In China, the changes in precipitation extremes have been distinct in recent decades.
Generally, a decrease in extreme precipitation events has been reported in northern, and
central China, while extreme precipitation events have increased in northwest China, south-
ern China and near the Yangtze River [28,36–40]. The Yangtze River region experienced
more severe and extreme precipitation events, in the 1990s [41]. As the region with the
most serious soil erosion in China, the Loess Plateau has experienced increasing frequency
of extreme precipitation. More than one-third of the area (approximately 2.5 × 105 km2)
are subject to extremely severe soil erosion rate, typically exceeding 500 kg per km2 per
year [42]. However, most studies use long-term precipitation data for trend analysis. There
were few studies on soil erosion and damage caused by a single extreme precipitation
event, which cannot provide good theoretical support for ecological protection construction
under extreme precipitation conditions. From 18 to 23 July 2021, Henan Province was hit
by extremely heavy rain rarely seen in history. According to daily rainfall statistics from 18
to 23 July, 66% of the 113 meteorological stations in the province exceeded the precipitation
standard of 50 mm, half of the meteorological stations received more than 100 mm of precip-
itation. As of the afternoon of 29 July, the storm caused the crops affected area 10.485 km2,
disaster area 5.273 km2, resulting in a direct economic loss of CNY 90.981 billion.

In order to reduce the risks caused by extreme precipitation, improve the disaster
resistance of soil and water conservation measures, and clarify the practical application
of UAV remote sensing in soil erosion monitoring, the study analyzes soil erosion caused
by extreme precipitation event in Henan Province. The specific objectives of this study are
to: (i) quantify soil erosion in extreme precipitation conditions, and (ii) to assess the ability
of soil and water conservation measures to withstand extreme precipitations, and (iii) to
discuss the application of UAV in soil erosion assessment.
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2. Materials and Methods
2.1. Study Area

The study area consists of two small watersheds, one with an area of 0.2 km2 in
Xingquan (XQ) watershed (35.89◦ N, 113.90◦ E) and another with an area of 0.28 km2 in
Liyuan (LY) watershed (35.89◦ N, 113.78◦ E), which are located in Linzhou city, Northwest
Henan Province (Figure 1). The climate in Linzhou is a warm temperate sub-humid
continental monsoon, with an average annual temperature of 12.8 ◦C and an average annual
precipitation of 635.5 mm. The rainfall is unevenly distributed, and most of the rainfalls
fall between July and September and is dominated by precipitations. It is located in a rocky
mountainous area, which is prone to soil erosion under extreme precipitation. In order to
control the serious soil erosion in this area, a series of soil and water conservation measures
have been adopted, including conversion of farmland to forest and grass, terracing and
construction of check dams. The total area of soil and water conservation in Linzhou City
is 1198.64 km2, and the area of soil and water losses has been reduced from 1800 km2 to
601.36 km2.
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Figure 1. Location of the study area.

The area of soil erosion in Guilin town of XQ watershed accounts for 2.31% of the total
area, which is a key watershed for investigation. Soil and water conservation engineering
measures is terrace, while vegetation restoration measures are forest and grass land. The
land use situation of XQ watershed is as follows: the terrace area is 0.05 km2, accounting
for 25% of the total watershed area, the average width of terrace is 4.71 m, and the main
crop types are corn, sweet potato, etc. Forest and grass area accounted for 57.1% of the
watershed area, mainly for platycladus, Vitex, etc., and the rest for residential land and
ditch platform.
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The area of soil erosion in Yuankang Town of LY watershed accounts for 3.21% of
the total area. This watershed is the key prevention area of soil erosion in Linzhou City.
Soil and water conservation engineering measures is terrace, while vegetation restoration
measures are forest and grass land. The land use situation of LY watershed is as follows:
the terrace area is 0.12 km2, accounting for 43% of the total watershed area, and the average
width of terrace is 5.92 m. The land use type is mainly cultivated land, with a small amount
of forest and grass distribution, and the main crop types are corn and sweet potato, etc.
Forest and grass area accounted for 53.42% of the watershed area, mainly for platycladus,
vitex, etc., and the rest for ditch platform.

During the investigation, no drainage measures were taken for the terraces in both
small watersheds. Rill erosion, gully erosion and gravity erosion were not found in
both watersheds.

2.2. Data Collection

Individual rainfall data provided by the Haihe Water Conservancy Committee of the
Ministry of Water Resources were used to calculate the rainfall erosivity for the two small
watersheds from 18–23 July 2021.

Using two high-resolution (spatial resolution of 0.5m) satellite images before and
after the extreme precipitation in the two small watersheds and surrounding areas, the
distribution and situation of damage to soil and water conservation measures caused by
this extreme precipitation event were analyzed, and the damage rate was calculated.

Field data were collected between the 7th and 11th of September 2021, affected by the
COVID-19 in Henan Province. The field measurement of soil erosion is mainly divided into
two parts: 1. Using the UVA to take aerial photos of two small watersheds, DOM and DSM
data with a resolution of 0.05 m were obtained, and ArcGIS software was used to interpret
the data captured. The content to be interpreted were the width of the terrace, the height of
the ridge, the type of ridge (earth ridge, rocky ridge), the length of damage, the location
of damage, the form of damage, and the type of land use. 2. Manual field measurement.
The accuracy of UAV remote sensing image measurement was calculated by manual field
measurement. The slope of the terrace and the slope of the ridge were measured by a laser
range finder (Figure 2).
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2.3. Soil Erosion Modelling

The Chinese Soil Loss Equation (CSLE) was used to quantitatively assess soil erosion
under extreme precipitation. The CSLE was developed based on the USLE model according
to the actual situation of soil erosion and soil and water conservation in China [43–47]. The
equation is as follows:

A = R × K × L × S × B × E × T (1)

where A is the average soil erosion amount t/(hm2·a), R is rainfall erosivity,
(MJ·mm/(hm2·h·a)), K is the factor of soil erodibility (t·hm2·h/(hm2·MJ·mm)), L is the
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slope length factor, S is slope steepness factor, B is the dimensionless factor of biomass-
control in water and soil conservation, E is the dimensionless factor of engineering-control
in water and soil conservation, T is the dimensionless factor of tillage practices in water
and soil conservation. The parameterization of the CSLE model was described as follows.

2.3.1. Rainfall Erosivity Factor R

R: This study calculates the rainfall erosivity of this extreme precipitation event in
Henan Province, not the annual rainfall erosivity of the entire Henan Province. Therefore,
based on the individual precipitation data of the two small watersheds from 17 to 22 July
2021, combined with the method proposed by Wischmeier [48], rainfall erosivity (Rt) in
individual event had been used in CSLE to calculate individual soil erosion in two small
watersheds. The equations are as follows:

Rt = EI30 (2)

E =
j

∑
i

e·P (3)

e = 11.897 + 8.73lgi (4)

where Rt is individual rainfall erosivity, (MJ·mm/(hm2·h·a)), E is individual rainfall energy,
(MJ/m2), I30 is maximum 30-min extreme rain intensity, (mm/h), e is the energy of unit
rainfall during the period, (MJ/(m2·mm)), P is the rainfall during the period, (mm), i is the
rainfall intensity of a period of relatively average rainfall intensity, (mm/h).

2.3.2. Soil Erodibility Factor K

K: On the basis of the first national water survey and dynamic monitoring of soil and
water loss in Henan Province, relevant revisions and improvements were made.

2.3.3. Slope Length Factor L and Slope Gradient Factor S

LS: This factor was calculated by “topographic Factor calculation Tool for soil erosion
Model” developed by Beijing Normal University. The slope steepness factor needs to
be revised in combination with the field situation. The specific revision method is as
follows: The land use types are forest land, shrub land, other forest land and grassland, the
critical value of S of these land types was 0.97. When S value was greater than 0.97, it was
calculated as 0.97.

2.3.4. Vegetation Cover and Biological-Practices Factor B

B: The vegetation cover and vegetation restoration measures factors of gardens, forest-
land and grassland were calculated by using the following formula according to canopy
density/coverage:

B =
24

∑
i=1

SLRi·WRi (5)

where, WRi is the ratio of rainfall erosivity of the i-th half-month to the annual erosivity
calculated previously, and the value range from 0 to 1. SLRi is the soil loss ratio of garden
plots, woodlands and grasslands in the i-th half-month, the value ranges from 0 to 1.

Tea Gardens and Shrublands SLRi:

SLRi =
1

1.17647 + 0.86242 × 1.05905100×FVC (6)

Orchards, other garden lands, wooded lands and other wooded lands SLRi:

SLRi = 0.44468 × e(−3.20096×GD) − 0.04099 × e(FVC−FVC×GD) + 0.025 (7)
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Grassland SLRi:

SLRi =
1

1.25 + 0.78845 × 1.05968100×FVC (8)

where, FVC is the vegetation coverage calculated based on NDVI, and the value range
from 0 to 1, GD is the understory coverage of arbor forest, and the value range from 0 to 1,
including all vegetation (shrubs, the understory coverage composed of herbs and litter)
is determined according to the observed seasonal variation curve of typical understory
vegetation coverage, supplemented by the understory coverage of field investigations.

2.3.5. Engineering-Control in Water and Soil Conservation Factor E and Tillage Practices in
Water and Soil Conservation Factor T

E: The engineering-control in water and soil conservation factor E reflects the effects
of engineering-control practices on soil loss. Engineering-control refer to the construction
of terraces, dams, and other projects to change the topography in order to reduce runoff
and soil erosion. The E factor was determined by the Table 1.

Table 1. Assignment table of engineering control (E) and tillage practices (T) in water and soil
conservation.

The Primary
Classification The Secondary Classification The Three-Level

Classification
Factor
Value

Engineering
Measures

Terrace
Earth Ridge Terrace 0.084
Stone Ridge Terrace 0.121

Slope Terrace 0.414
Broad-Base Terrace 0.414

Rverse Slope Terrace 0.151
Parallel Ditch 0.335
Fish Scale Pits 0.249

Tillage Measures

Contour Tillage 0.431
Ridge Tillage and Pitting Field 0.152

Contour Furrow 0.425
Lea Farming 0.225
Intercropping 0.225
Green Manure 0.225

Minimum Tillage 0.212
No-Tillage 0.136

Crop Rotation 0.392

T: The tillage practices in water and soil conservation factor T represents the ratio of
the soil loss of certain tillage measures to the soil loss under the same conditions without
tillage practices [49–52]. Tillage practices are measures to conserve water and prevent soil
erosion through tillage to alter micro-topography and increase surface cover. The T factor
was determined by the Table 1.

3. Results
3.1. The Damaged of Terraces under Extreme Precipitation

The distribution of terraces interpreted using UAV imagery with a 0.5m spatial resolu-
tion is shown in Figure 3. The terraced areas in XQ watershed are 0.05 km2, accounting for
25% of the total watershed. The terraces marked 1, 2, 9 and 10 were damaged in extreme
precipitation, with an average damage rate of 2.44%. Among them, the terrace marked
1 suffered the most damage, with a damage rate of 8.45% (Figure 3e). In the comparison
watershed of LY, the area of terraces is 0.12 km2, accounting for 43% of the total area of the
watershed. The damage rate of terraces caused by extreme precipitations in LY watershed
was 0.43%, which was much lighter than that in XQ. The most damaged terraces marked 4
in LY watershed were less than 2% (Figure 3f).
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3.2. Soil Erosion under Extreme Precipitation

The soil erosion intensities of these two small watersheds were calculated using the
CSLE model with high-resolution UAV images. The results of soil erosion intensity are in
Table 2. And the spatial distributions of soil erosion are shown in Figure 4.

Table 2. The precipitation soil erosion intensity.

Watershed
Name

Proportion of Soil Erosion Intensity in Each Area Average Soil Loss
Modulus (t/km2)0–200 200–1000 1000–2500 2500–5000 5000–8000 8000–15,000 >15,000

XQ Watershed 8.74 40.53 24.31 20.41 4.58 1.43 0.00 1778.2
LY Watershed 20.90 41.07 23.52 12.90 1.44 0.09 0.07 1175.4
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The area of soil and water loss (>200 t/km2) in XQ watershed caused by the pre-
cipitation was 91.3%, much higher than in LY watershed (79.1%). The difference in soil
erosion between two small watersheds is more than 2500 t/km2. The area of more than
moderate soil erosion (>2500 t/km2) in XQ watershed was 26.4%, higher than that (14.5%)
in LY watershed.

The average soil erosion modulus of XQ watershed was 1778.2 t/km2, which was
51.3% higher than that of LY watershed (1175.4 t/km2). The areas with high soil erosion
intensity are mainly distributed on the steep slopes on both sides of the small watershed.
Strong soil erosion (>5000 t/km2) marked in light and dark red can be clearly seen in XQ
watershed, which is less distributed in LY watershed (Figure 4).

3.3. Benefits of Soil and Water Conservation Measures against Extreme Precipitations

The distribution of soil and water conservation measures in the two watersheds is
interpreted using UAV images combined with field investigation (Figure 5). It includes
engineering measures for terraces and vegetation restoration measures for forest and grass.
The area of terraces on hillslopes in LY watershed accounts for 43%, which is 18% higher
than that in XQ watershed. The area of terraces distributed along the gullies in LY watershed
accounts for 21%, which is 16% higher than that in XQ watershed. The proportion of forest
and grass in LY watershed is 53.42%, which is similar in XQ watershed (57.1%).
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Figure 5. Distribution of terrace and terrace measures: (a) XQ watershed and (b) LY watershed.

The amount of soil retention in terraces was calculated against extreme precipitations
using the comparative method, with and without distribution of terraces. The amount of
soil retention of terraces in XQ watershed was 744.50t, and 1121.01t in LY watershed under
the precipitation conditions. Soil erosion was reduced by 67.67% in XQ watershed and
78.63% in LY watershed with the existence of terrace measures, respectively.

The soil retention of forest and grass under the precipitation conditions is calculated
by the comparison method based on the distribution of forest and grass versus sloping
farmland. The amount of soil retention by forest and grass was 2960.23t in XQ watershed
and 3320.36t in LY watershed, respectively. Forests and grasslands can greatly reduce soil
erosion. The soil erosion decreased by 89.27% in XQ watershed and 90.98% in LY watershed,
respectively, when the sloping farmland was transformed into forest and grassland.

4. Discussion
4.1. Application of UAV Remote Sensing Image in Gully Erosion Field Investigation

This study investigated the structural damage to soil and water conservation measures
by UAV remote sensing image and manual field measurement. Taking the No. 1 block in XQ
watershed as an example, the UAV images of the damage of terrace ridges were compared
with the field investigation results (Figure 6 and Table 3). There were 9 terraces in block 1
of XQ watershed, and the length of terrace was 687m in total through UVA image. Among
them, the length of damaged terrace was 58.1m, and the damage rate is 8.5%. According
to field investigation and statistics, the terrace had a total length of 695 m, of which the
damaged terrace had a total length of 46.4 m, with a damage rate of 6.7%. Therefore,
UVA images overestimate terrace damage to a certain extent, but the spatial pattern of
damaged locations was basically consistent with that of the field, and the main damaged
locations were T0105 and T0109 terraces. The results showed that although there was some
error in the UAV remote sensing image compared with the manual field measurement,
the overall error was not large, which was suitable for soil erosion investigation in small
watershed. This conclusion was the same as that of many scholars [48–51]. Therefore, field
investigation combined with UAV monitoring was adopted to assess soil erosion under
extreme precipitation.
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Table 3. Field survey results of typical terraces.

Number Width (m) Height (m) The Slope of
Terrace (◦)

Land
Utilization The Type of Terrace The Length of

Damaged (m)
The Length of
the Terrace (m)

T0101 7.5 1.2 3.2 Grassland Horizontal Terraces 4.9 64.3
T0102 6.9 2.7 2.1 Grassland Horizontal Terraces 5.7 70.5
T0103 5.1 1.68 1.9 Grassland Horizontal Terraces 4 75.5
T0104 6.6 2.7 2.3 Grassland Horizontal Terraces 6.6 70.2
T0105 16 2.65 2.4 Farmland Horizontal Terraces 6.1 80.1

T0106 12 2.4 2.7 Farmland and
Grassland Horizontal Terraces 2.7 107.9

T0107 5.6 1.58 1.9 Farmland Horizontal Terraces 0 50.1
T0108 6.1 1.2 3.0 Farmland Horizontal Terraces 4.1 70
T0109 12.1 1.85 2.0 Farmland Horizontal Terraces 6.9 106.6

4.2. Influencing Factors of Terrace Damage in Two Small Watersheds

Terraces play an important role in soil and water conservation and improving land
productivity. But when extreme precipitation hits, the terraces can be damaged by many
factors. In contrast to similar articles, Zhao et al. [53] used UAV remote sensing images
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to obtain land use and DSM data, and explored the impact of extreme precipitation on
the rill and gully erosion of unpaved roads in the Loess Plateau of China. Santo et al. [54]
used UAV remote sensing imagery and satellite imagery to analyze flooding caused by
extreme precipitation in the Paupisi-Solopaca area (Southern Italy). Although the research
areas and research methods are different, the factors that affect soil erosion are analyzed. In
this study, by analyzing two comparative watersheds with approximately equal areas, the
influencing factors of soil erosion in rocky mountainous areas were found out. The specific
analysis process and influencing factors were as follows:

(a) Type of terrace
Terrace ridges in both basins are dry masonry ridges. The structure of Stone Ridge

Terrace was different from that of earth Ridge Terrace. The stone ridge and field surface of
terrace were not a whole, but a retaining wall added outside the field surface. Compared
with earth sill, stone sill had many advantages, such as good stability, can be used as road
and easy to walk.

(b) Topographic relief of terrace
Topographic relief was an important topographic factor to evaluate soil and water loss.

The place with large topographic relief had serious soil and water loss, while the place with
small topographic relief had slight soil and water loss. The average topographic relief of XQ
watershed was 10.7 m, and that of LY watershed was 9.8m. The average topographic relief
of XQ watershed was larger than that of LY watershed (Figure 7). The average damage rate
of terrace fields was 2.44%, higher than that of LY watershed (0.43%).
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(c) The width of terrace
The average width of terraces in XQ watershed was 4.71m, and it was 5.92 m in LY

watershed. According to b, the average damage rate of terraces in XQ watershed and LY
watershed were 2.44% and 0.43% respectively. The failure rate of terrace decreased with
increasing field width.

(d) The slope of terrace
The larger the overall slope of terraces, the higher the average damage rate and

proportion of terraces. The average slope of terraces in XQ watershed was greater than
that in LY watershed (Figure 8). The slope of terraces in XQ watershed was 8–20 degrees.
The average damage rate of terraces was 2.44%, and the proportion of damage was 19.19%.
The slope of the terraces in LY watershed was 6.89 degrees, mainly 5–10 degrees and
10–15 degrees. The average damage rate of terraces was 0.43%, and the proportion of
damage was 6.69%. The average slope of damaged terraces in LY watershed ranged
from 5.29–10.29 degrees. The average slope of damaged terraces in XQ watershed is
7.11–12.11 degrees.
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(e) Vegetation restoration measures
LY watershed was the key prevention area of water and soil loss in Linzhou city. A

large area of artificial forest was planted at the top of the mountain area, mainly Platycladus
orientalis and twigs of the chaste tree. It had strong water conservation capacity, peak
cutting and flood dissipation capacity, and plays a certain role in protecting the terrace in
the middle and bottom of the slope.

5. Conclusions

In this study, CSLE model was used to calculate and evaluate the soil conservation
amount and soil and water conservation benefit of terraces and vegetation restoration
measures under extreme precipitation in Henan Province. First, the amount of soil erosion
in LY watershed (1175.4 t/km2) is lower than that in XQ watershed (1778.2 t/km2) because
the terraces in LY watershed (0.12 km2) are higher than that in XQ watershed (0.05 km2),
and the amount of soil conservation in LY watershed (1121.01 t) is 1.5 times that in XQ wa-
tershed (744.50 t). In the same watershed, the soil conservation amount of XQ watershed’s
vegetation restoration (2960.23 t) is much higher than that of terraces (744.50 t), the soil con-
servation amount of LY watershed’s vegetation restoration (3320.36 t) is much higher than
that of terraces (1121.01 t). Second, Terrace can change the topography of sloping farmland,
slow down the slope, shorten the slope length, increase the time of rainfall infiltration, store
runoff and sediment, and reduce the loss of soil nutrients. Therefore, when analyzing the
soil erosion of terraces under extreme precipitation, the width of the terraces, the slope
of the terraces and whether there are drainage measures in the terraces should also be
considered. Finally, compared with manual field measurement, UAV remote sensing image
recognition had smaller error, but it had advantages of convenience, ignoring topography
and saving time and labor cost, so it could be used as a field investigation of soil erosion
under extreme precipitation.
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