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Abstract22

Slope length is an important topographic factor for controlling soil erosion and pivotal23

parameters in the soil erosion model. The impact of slope length on soil erosion was24

studied under different grassland and different rainfall intensity through simulated25

rainfall experiments. The experiment included five rainfall intensity treatments (1, 1.5,26

2, 2.5 and 3 mm h−1), four grass cover treatments (0, 30%, 60% and 90%) and five27

slope length treatments (2, 4, 6, 8 and 10 m). The results show that the rate of soil loss28

increased exponentially with increasing slope length under 0 and 30% grass cover.29

Under high grass covers (60% and 90%), the slope length increased sedimentation30
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from runoff and reduced slope erosion.The increase of slope length led to31

enhancement of soil loss as rainfall intensity increased. At 1 mm min−1 rainfall32

intensity, natural grass slopes (60%) controlled soil loss very well and were not33

affected by slope length. At 1.5–2 mm min−1rainfall intensity, the soil erosion34

increased with slope length, but the overall soil erosion amount was small. This35

indicates that grass cover at 10 m slope length had a good impact on soil erosion.36

When the rainfall intensity exceeded 2 mm min−1, soil loss increased with slope37

length. Regression analysis showed that soil erosion was more strongly related to38

grass cover and rainfall intensity than to slope length.39

Keywords: slope length, grass cover, rainfall intensity, soil loss, Loess Plateau40

1. Introduction41

Soil erosion is a worldwide form of soil degradation that seriously threatens the42

sustainable development of ecosystems. It destroys the soil structure and causes soil43

fertility decline and ground surface fragmentation, which is closely related to water44

pollution and sedimentation of rivers and reservoirs (Fang et al., 2016). Soil erosion is45

affected by many factors, such as rainfall characteristics, ground cover, ground46

morphology, soil characteristics, etc. (Zhang et al, 2018), It is essential to research on47

the mechanism and control factors of soil erosion process under multi-factor48

interaction for improving erosion management, mitigating land degradation and49

promoting the sustainability of land-water ecosystems.50

Slope is an important source of sediment for erosion. The contribution of erosion51

in sloping farmland to soil loss could reach 60% in the heavily eroded Loess Plateau,52

(Zheng et al., 1989).The Chinese government encourages the conversion of sloped53

arable land into grassland, bush or forest through the implementation of the Project of54

Returning Farmland to Forest and Grass(Jia et al., 2017) to protect soil and water55

resources and restore the damaged environment (Sidle et al., 2007). The role of56

vegetation in controlling soil erosion has received widespread attention from57

researchers (Wang et al., 2019 ). The interception of the vegetation canopy reduces58

the final velocity of the raindrops and the number of raindrops that reach the soil59

surface (Marques et al., 2007). The vegetation litter increases the slope surface60
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roughness and delays the flow velocity (Leighton-Boyce et al., 2007). The vegetation61

roots could improve soil parameters, such as soil porosity, bulk density and organic62

matter content (Zhao et al., 2017), thereby increasing the soil infiltration volume and63

infiltration depth (Zhang et al., 2016). The roots could also enhance the water-stable64

aggregate content and the network bonding of the root system increases erosion65

resistance of the soil (Wang et al., 2016). However, the increase in vegetation66

coverage (especially for artificial forests and grasslands that were previously farmland)67

has increased the use of soil moisture and triggered the appearance of dry soil layers68

(Jia et al., 2020). Feng et al.(2016) evaluated the threshold of vegetation capacity on69

the Loess Plateau (China) and found that the vegetation was approaching sustainable70

water resource limits. Breshears et al. (2005) indicated that long-term drying of soil71

profiles may lead to land degradation and drought. In addition, the severe dry layer of72

soil will weaken the exchange of surface soil water and groundwater, thereby73

affecting the sustainability of the regional water cycle and ecosystem (Turkeltaub et74

al., 2018). Therefore, it is essential to analyze the ecological environmental impacts75

under different vegetation coverage.76

The main motive force for soil erosion comes from rainfall, and the soil erosion77

across large areas of the world is caused by strong or extreme rainfall events (Wang et78

al., 2019). The impact of rainfall on soil erosion is mainly manifested in four aspects.79

The first is the splashing of soil particles by rainfall, which promotes soil erosion80

(Ziadat et al., 2013). The second is that rainfall characteristics control the generation81

and amount of runoff on slopes (Serrano-Muel et al., 2013). Thirdly, the impact of82

raindrops increases the turbulence of runoff and enhances the sediment transport83

capacity of runoff (Shen et al., 2016). Fourth, rainfall intensity has an impact on the84

surface soil structure, which in turn affects slope infiltration and runoff (Feng et al.,85

2012). Rachman et al. (2003) believed that rainfall intensity seriously affected runoff86

and soil erosion processes. Studies in arid environments have shown that little rainfall87

intensity (1–2 mm min−1) could occur runoff, while rainfall intensity above 2 mm88

min−1 occurs floods (Salameh et al., 1991). Wu et al. (2017) reported soil erosion89

under four erosion degrees, and found that soil properties and rainfall intensity and90
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duration control the erosion process and sediment delivery.91

Slope length is an important topographic factor affecting erosion and sediment92

transport (Cook, 1937; Qin et al., 2018). It determines the changes along the slope93

water flow energy by changing the rain-receiving area, which affects the movement of94

water and sediment. There are currently three different views on the effect of slope95

length on erosion. One view is that the sand content in the runoff increases with the96

slope length, and the flow energy is mostly consumed by carrying sediment, resulting97

in weaker erosion (Xu et al., 2009). The second view is that as the water depth98

gradually increases from uphill to downhill, erosion correspondingly increases ( Kara99

et al., 2010). The third view is that the amount of erosion changes as a wave with the100

increase of the slope length (Zheng et al., 1989). Bagarello and Ferro (2010) analyzed101

the natural rainfall data in the wild plots and showed that in the range of 11–33 m in102

slope length, the erosion modulus of the inter rill erosion was proportional to the103

power of the slope length. Cai (1989) reported that the amount of soil erosion initially104

increased with the length of the slope; however, when the slope length exceeded a105

certain value, it gradually decreased with the extension of the slope length. Liu et al.106

(2019) showed that the soil loss of forest, shrub and grass-covered slopes weakened107

with slope length, and short slopes responded more quickly to this change. Due to the108

influence of topography, vegetation coverage, rainfall intensity and other factors, the109

results of different experiments are not the same, all of which complicate the110

relationship between slope length and erosion intensity.111

In the context of ecological restoration, the effect of slope length on soil erosion112

of grass slopes with different coverage and rainfall intensity is discussed. The specific113

objectives were to: (1) investigate the impact of slope length on soil loss, (2)114

determine the change of these effects with grass cover and rainfall intensity, and (3)115

quantify the relationship of soil loss with slope length, grass cover and rainfall116

intensity.117

2. Materials and methods118

2.1. Experimental site119

The experiment was in the Luoyugou watershed (34° 34′ - 34° 40′N, 105° 30′ -120
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105° 40′E; 1199.8–1896.9 m elevation),which is a typical region in western China(Fig.121

1). The density of the gully was 3.54 km/km2 and the average slope was 18°. Annual122

average temperature in this region ranges between 7-11 °C. Annual average123

precipitation is about 533.7 mm, with about 80% occurring between May and October124

(Qin et al., 2018). Precipitation in this area, predominantly classified as heavy rain,125

occurs over a small area, characterized by a short duration and high intensity. The126

main types of soil in the study area are cinnamon soil, black loess soil and red clay.127

Soil in the study area has a poor resistance to soil erosion and it is readily broken. The128

average annual erosion modulus in the study area is 5510 t/(km2.a)(Chen et al., 2011).129

After an in-situ investigation and comparison, 10 experimental plots were130

selected on the slope of a natural wasteland (tillage had been abandoned for around 20131

years) in the lower reaches of the Luoyugou watershed. The slope of the plots was 15°132

and the elevation was 1500 m. The plots were 10 m long and 2 m wide. The natural133

vegetation is mainly grasses, mainly Coronilla varia and Poa sphondylodes. Two sites134

were treated as bare slopes, three were designated as high-cover grass slopes through135

usual protection (multiple watering), and three were designated as low-cover grass136

slopes through usual protection (trimming), and the other two are not treatment, they137

are all natural grassland. The experiment was conducted from June to September 2019.138

Table 1 describes the vegetation status of the experiment site.139

2.2.Experimental set-up140

The rainfall device is the QYJY-501(Qing yuan, Xi'an, China). Five groups of141

rainfall nozzles were established, each having three different aperture sizes. During142

rainfall simulation, different rainfall intensities were achieved using different nozzle143

combinations and pressures. Rainfall intensity was controlled using real-time rain144

gauge data feedback. With respect to raindrop velocity and raindrop size, rainfall145

generated by the simulation device had more than 80% similarity with natural rainfall.146

At the same time, a Thies LAM Laser Raindrop Spectrometer was used to record the147

velocity and size of raindrops during the rainfall experiments.148

2.3. Experimental treatments149

In accordance with local seasonal rainfall (Qin et al., 2018) and temporal150
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distribution of extreme rainfall in the Loess Plateau (Zhang et al., 2020), five rainfall151

intensities were replicated (1, 1.5, 2, 2.5 and 3 mm/h) on four slope types: bare slope,152

lowly covered grass slope (30%), natural grass slope (60%) and highly covered grass153

slope (90%). Regarding the design of the slope length, the first 10m slope length test154

was carried out, and then the 8m, 6m, 4m and 2m slope length experiments were155

carried out in sequence.Use marble slabs to divided the slope in turn along the slope156

to obtain runoff plots of different lengths. The day before the experiment, a WET soil157

moisture meter was used to measure the soil moisture content. According to the158

measured value, the water spray method was used to ensure the same soil moisture159

content. According to the method used by Zhao et al. (2016), the eroded surface was160

repaired with equivalent sand. In the rain experiment, the use of a wind net could161

reduce any impact caused by wind.162

Time required for runoff to be generated was recorded and all flow discharge163

from each plot was collected at the outlet every 2 minutes, including all suspended164

and bed sediments. Once rainfall had been simulated for 60 min, runoff samples were165

measured volumetrically and allowed to stand for 12 h, after which most of the clean166

water was poured out. Then, the drying method is used to obtain the weight of the167

sediment.168

2.4. Data analysis169

The slope length effect of soil erosion (ELI) at a given grass cover and rainfall170

intensity is defined as the ratio of the soil erosion rate to the reduction rate at the 2 m171

slope length. The ELI was calculated by:172

22 /)( SLRSLRSLRELI i  (7)173

where iSLR is the soil loss rate of the ith slope length (g m−2 min−1) and 2SLR is the174

soil loss rate at the length of the 2 m slope (g m−2 min−1).175

The relationship between soil loss rate and grass cover, rainfall intensity and176

slope was analyzed with multiple regression analysis.177
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3. Results178

3.1. Soil erosion process179

The soil erosion process responded differently to different treatments(Figure 2).180

The soil loss process was divided into two stages: rapid increase and stable181

fluctuation.Grass cover reduced the rate of increase and duration in the first stage and182

the fluctuation range in the second stage, The higher the coverage rate, the greater the183

effect. Rainfall intensity had the opposite effect. Under different slope lengths,184

compared with bare slopes, the average soil loss of grass slopes reduced by 47%–90%,185

and the average reduction was 70%. Compared with the rainfall intensity of 1 mm186

min−1, the average soil erosion of other rainfall intensity increased by 2–13 times, and187

the average increased by 7 times.188

3.2. Changes in the impact of slope length on soil loss with grass cover189

The effects of grass cover and slope length on soil loss rate were analyzed under190

the 1.5 mm min−1 rainfall intensity. the average soil loss rate increased with slope191

length (Table 2). However, this trend was altered by changes in grass cover. When192

the grass cover was 0 or 30%, the soil loss rate power function increased with slope193

length , and the increase of slope length promoted soil loss. However, at 60% grass194

cover, the soil erosion rate peaked at a slope length of 8 m, and at 90% grass cover,195

the soil erosion rate peaked at a slope length of 6 m.Under bare slope, 30%, 60% and196

90% grass cover, compared with 2m slope length, the maximum increase rate of soil197

loss rate was 775% (10 m), 930% (8 m) and 225% (6 m) and 475% (4 m) .198

3.3. Changes in the impact of slope length on soil loss with rainfall intensity199

The impacts of rainfall intensity and slope length on soil loss rate were analyzed200

under natural restoration of grass slopes (60% coverage). At 1 mm min−1 rainfall201

intensity, the average soil loss rate showed an increasing–decreasing–increasing202

fluctuation with slope length . With the increase of rainfall intensity, the average soil203

loss rate gradually changed to increasing with slope length (Figure 4). Under the204

rainfall intensity of 1, 1.5, 2, 2.5 and 3 mm min−1, compared with the slope length of 2205

m, the maximum increase rate of soil loss rate was 3% (10 m), 225% (8 m), 237% (10206

m), 373% (8 m) and 497% (10 m), and the maximum decrease rate of soil erosion rate207
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was 56% (4 m) under 1 mm min−1 rainfall intensity (Table 3).208

3.4. The relationship between grass cover, rainfall intensity and slope length and soil209

loss rate210

The impact of slope length on soil erosion varied with grass cover and rainfall211

intensity. In order to further analyze the effect of slope length, grass cover and rainfall212

intensity on soil erosion, a nonlinear regression analysis of the relationship between213

soil loss rate and slope length, grass cover and rainfall intensity was performed. The214

fitting equations were:215

yexZ 1917.02124.01836.19  (R2 = 0.8416, n = 20) (8)216

yeIZ 1436.05912.28327.2 (R2 = 0.8651, n = 25） (9)217

where Z is the soil loss rate (g m−2 min−1), x is the grass cover (%), y is the slope218

length (m), and I is the rainfall intensity (mm min−1). Comparison of the standard219

regression coefficients of slope length with grass cover and rainfall intensity reveals220

that compared with slope length, the relationship between soil loss and grass cover221

and rainfall intensity is stronger.222

4. Discussion223

4.1. Influence of the slope length on the effect of grass cover on soil loss224

Slope length is an important topographic factor affecting erosion. The average225

soil loss rate increased with slope length. The effect of slope length on soil loss was226

attributed to the increased rain area and the increase in water flow (Cai, 1989; An et227

al., 2019).On the one hand, the large rain area and the long flow path corresponding to228

the long slope increase the chance of raindrop splash and water flow erosion, and229

enhance confluence of slope runoff and intensity of runoff erosion. On the other hand,230

long slopes could increase the infiltration of slope runoff and thus reduce the amount231

of slope runoff (Panagos et al., 2015; Schmidt et al., 2019). The longer slope also is232

associated with a longer runoff carrying distance for sediment, and thus more energy233

is consumed (Xu et al., 2009). In this study, the slope runoff rate, runoff depth and234

slope flow velocity increased with the slope length (Table 2), indicating that as the235

slope length increases, the sediment delivery capacity increases. However, the rate of236
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increase gradually slowed, indicating that the effect of increasing infiltration and237

energy consumption on the long slope gradually increased.238

Ecological restoration of vegetation is an important measure to prevent and239

control soil erosion on slope (Vannoppen et al., 2015). In the study, grass slopes240

reduced soil loss by about 70%. Grass cover also changed the trend of soil loss with241

slope length (Figure 3，Table 2). On bare slopes and under low grass cover, long242

slopes promote erosion. However, high grass cover increases slope roughness (Zhao243

et al., 2017), promotes runoff infiltration (Wu et al., 2016) and retards the244

development of slope hydrological connectivity (Durán et al., 2008). Thus, a short245

slope is insufficient for runoff to converge into a larger runoff and for velocity to246

increase (Table 2). A long slope has not yet played a role in the process of erosion.247

Therefore, at 1.5mm / min rainfall intensity, the soil erosion of 60% grass slope in the248

range of 10m slope length showed a downward trend (Figure 3c), indicating that 60%249

grass slope have a good control effect on soil loss with a slope length of 10 m. The250

90% grass-covered slopes have better control effect on soil erosion, because there is251

no significant difference in the amount of soil erosion in plots with different slope252

lengths (Figure 3d). Quantifying the impact of slope length and grass cover on soil253

erosion revealed that the impact of grass cover on soil loss was greater than the slope254

length, which is similar to the results of Bircher et al. (2019). The interception of255

grass canopy and the change of root system on soil properties also have positive256

significance for the control of soil erosion (Biddoccu et al., 2016). Grass and its roots257

effectively reduce soil erodibility and increase the critical shear force (Table 4).258

4.2. Influence of the slope length on the impact of rainfall intensity on soil loss259

The effect of slope length on soil loss on ecologically restored grassland slopes260

varied with rainfall intensity. The greater the rainfall intensity, the greater the increase261

in soil loss with slope length (Figure 4,Table 3). This result was similar to the reports262

of Wu et al. (2017). The impact of rainfall on slope erosion is mainly due to the effect263

of raindrops on the loose topsoil and the potential erosive force of runoff (Liu, et al.,264

2016). In this study, the relationship between rainfall erosivity and soil erosion rate265

was not significant, because grass cover responded differently to rainfall erosion at266
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different rainfall intensities (Figure 5a). However, the soil loss rate increased267

significantly with the increase of water flow power, following a power function (R2 =268

0.8095, P < 0.01) (Figure 5b). Reichert and Norton (2013) and Wang et al. (2019)269

showed that the flow power is the best hydrodynamic parameter to characterize the270

dynamic mechanism of slope erosion. However, rainfall intensity also has an271

important effect on soil properties (soil compaction and sealing) (Shen et al., 2016). In272

the current study, it was found that the critical runoff shear force decreases as the273

rainfall intensity increases (Table 4). Vaezi et al. (2017) showed that heavy rainfall274

intensity promoted soil compaction and sealing, which is consistent with our research275

results.276

The impact of rainfall intensity on soil erosion was greater than the slope length,277

which is consistent with the reports of Fu et al. (2019). The presence of grass cover278

could intercept rainfall (Yang et al., 2017), increase soil infiltration (Mei et al., 2018),279

and block the direct effect of rainfall on soil (Bracken et al., 2013), thereby delaying280

the intensity of rainfall the impact of slope length erosion. Some previous studies have281

shown that there is a critical rainfall intensity for soil erosion. When the rainfall282

intensity is greater than the critical rainfall intensity, the erosion is further intensified283

under the influence of the slope length factor ( (Diodato, 2004; Fu et al., 2013). In the284

current study, the correlation between runoff speed, soil loss and slope length was not285

significant under the 1 mm min−1 rainfall intensity (Table 3 and Figure 4a). This286

indicates that the ecologically restored grass cover could control soil loss very well287

without affecting by slope length. At 1.5 - 2 mm min−1 rainfall intensity, the total288

amount of soil erosion was small, indicating that the grass recovered ecologically289

within this rainfall intensity range has a good control effect on soil loss within a slope290

length of 10m. However, the amount of soil loss increased drastically with slope291

length when the rainfall intensity is greater than 2 mm min−1. Chen et al. (2011)]292

pointed out that the slope length effects of soil loss were different with different I30293

(maximum 30 min rain intensity). When I30> 0.21 mm min-1, as the slope length294

increases in the range of 20-60m, the amount of soil erosion first increased and then295

stabilized. Xing et al. (2016) showed that soil loss increased with slope length. The296
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increase of rainfall intensity would increase the amount of soil loss, but did not affect297

the relationship between soil loss and slope length. It could be seen that the rainfall298

erosion responds differently to the slope length under different factors such as299

different study areas and different rain intensities. In combination with the300

conclusions of previous research, the slope length of the experimental design runoff301

plot in this study was small (the longest was only 10 m). Therefore, the effect of slope302

length on erosion on sloping farmland under the background of ecological restoration303

needs to be further explored in subsequent experiments.304

5. Conclusions305

Study of the influence of slope length on the process of runoff and erosion306

can provide an important theoretical basis for the deployment of soil erosion307

prevention measures on slopes. Under different treatments, the soil loss process was308

divided into two stages: rapid increase and stable fluctuation. The average soil loss309

rate increased with slope length. Grass cover changed the trend of soil loss with slope310

length; at 0 and 30% grass cover, long slopes promoted erosion. When the grass311

coverage reaches 60% and above, the change of slope length has little impact on the312

erosion process. The increase of rainfall intensity led to the enhancement of soil loss313

due to the increase of slope length. At 1 mm min−1 rainfall intensity, natural grass314

slopes (60%) were able to control soil loss very well and were not affected by slope315

length. At 1.5 - 2 mm min−1 rainfall intensities, the overall soil erosion amount was316

small. This indicates that grass cover within 10 m slope length had a good control on317

soil erosion. the soil loss increased drastically with slope length when the rainfall318

intensity is greater than 2 mm min−1. Regression analysis showed that the relationship319

between soil loss, grass cover and rainfall intensity was stronger than that between320

soil loss and slope length.321

322
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Table 1 Stratification of the soil physical properties for the different soil layers507

Plot Canopy characteristics
Root characteristics at the soil depth of

0-100 cm

0

30
EN:12.5cm;CV:20.3cm；

14.23g/m2

EN:26.6cm,dia<0.5mm;

CV:72.5cm,dia4-10mm;28.74g/m2

60
EN:12.2cm;CV:21.5cm；

87.26g/m2

EN:32.5cm,dia<0.5mm;

CV:69.3cm,dia4-10mm; 170.43g/m2

90
EN:12.8cm;CV:19.6cm；

165.68g/m2

EN:35.5cm,dia<0.5mm;

CV:80.3cm,dia4-10mm; 325.43g/m2

EN: Eriophorum comosum Nees, CV: Coronilla varia Linn,508
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Table 2 Runoff erosion characteristics under different grass cover509

Grass-cover

（%）

Slope length

（m）

RR

(mm min-1)

RRD

(mm)

U

(m s-1)

SLR

(g m-2 min-1)

SC

(g L-1)

0

2 0.96 1.46 0.13 19.19 13.37

4 0.97 2.33 0.24 47.28 53.39

6 0.99 3.04 0.27 103.52 101.06

8 1.04 3.26 0.30 102.41 92.95

10 1.08 3.94 0.41 167.95 224.41

30

2 0.87 1.69 0.12 8.05 9.69

4 0.89 2.70 0.19 30.26 30.20

6 0.92 3.39 0.23 52.89 49.57

8 0.95 3.81 0.27 61.51 58.15

10 0.99 4.83 0.31 82.89 142.36

60

2 0.59 1.66 0.12 8.83 9.03

4 0.64 3.25 0.16 14.27 14.67

6 0.71 3.82 0.22 18.81 18.81

8 0.76 3.82 0.28 28.70 24.87

10 0.75 4.34 0.27 24.87 15.32

90

2 0.35 1.73 0.10 2.42 3.30

4 0.39 2.68 0.15 5.18 5.50

6 0.46 3.41 0.17 10.71 12.31

8 0.53 3.41 0.17 7.34 8.37

10 0.51 3.88 0.20 13.91 14.44

Notes: U, flow velocity; RR,runoff rate; RRD, Runoff depth; SC, sediment concentration; SLR,

soil loss rate; SR, the efficiency of reducing soil loss.
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Table 3 Runoff erosion characteristics under different rainfall intensity510

Rainfall intensity

（mm/min）

Slope length

(mm)

RR

(mm min-1)

RRD

(mm)

U

(m s-1)

SLR

(g m-2 min-1)

SC

(g L-1)

1

2 0.4 1.61 0.12 13.21 10.10

4 0.45 2.44 0.15 5.86 4.00

6 0.51 3.08 0.20 8.39 6.50

8 0.58 3.45 0.17 6.13 4.07

10 0.63 4.05 0.25 13.61 11.01

1.5

2 0.59 1.66 0.12 8.83 9.03

4 0.64 3.25 0.16 14.27 14.67

6 0.71 3.82 0.22 18.81 18.81

8 0.76 3.82 0.28 28.70 24.87

10 0.75 4.34 0.27 24.87 15.32

2

2 0.93 2.29 0.10 10.74 12.25

4 0.97 3.11 0.17 20.62 19.98

6 1.02 3.45 0.18 18.57 28.61

8 1.08 3.86 0.22 28.10 31.25

10 1.14 4.31 0.25 36.23 26.98

2.5

2 1.43 2.03 0.11 28.10 35.45

4 1.47 2.85 0.16 70.08 91.66

6 1.51 3.49 0.18 87.18 88.72

8 1.56 3.60 0.24 132.80 86.56

10 1.62 3.75 0.25 122.15 88.22

3

2 1.85 1.65 0.11 27.69 32.44

4 1.89 3.30 0.18 83.82 74.49

6 1.93 4.20 0.23 90.99 31.75

8 1.98 4.43 0.25 147.21 147.65

10 2.03 4.61 0.29 160.36 165.39

Notes: U, flow velocity; RR,runoff rate; RRD, Runoff depth; SC, sediment concentration; SLR,
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soil loss rate; SR, the efficiency of reducing soil loss.

511
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512

Table 4 Fitting of runoff shear and soil loss rate513

Influencing factors Factor conditions Fitting equation R2
Critical runoff shear

stress(N*m-2)

grass-cover（%）

0 y=31.874 -27.289 0.717 0.856

30 y=12.108 -16.848 0.719 1.388

60 y=2.333 -4.861 0.740 2.130

90 y=0.726 -1.928 0.708 2.714

rainfall intensity

（mm/min）

1 y=1.156 -3.510 0.649 2.917

1.5 y=2.333 -4.861 0.740 2.130

2 y=2.286 -4.733 0.772 2.070

2.5 y=6.424 -11.280 0.672 1.756

3 y=6.875 -11.545 0.814 1.678

514

515
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