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Abstract 22 

On the Chinese Loess Plateau, soil erosion models are often employed to 23 

predict erosion rates and responses to land use/cover changes (LUCCs). 24 

Previous Loess Plateau studies employed individual models with specific 25 

emphases but model comparisons have not been undertaken so the relative 26 

performance of different models is not known. In this study we employed two 27 

extensively applied models (RUSLE and PESERA) to investigate the impact of 28 

LUCCs during 1990-2000 and 2000-2011 on soil erosion rates for a typical 29 

Loess Plateau catchment (i.e. Huangfuchuan), and compared their modelling 30 

results. Land-cover patterns for 1990, 2000 and 2011 were derived from 31 

Landsat images. The catchment was dominated by grassland (over 70%) and 32 

experienced considerable LUCCs: vegetation coverage increased from 38.3 % 33 

in 1990 to 48.7% in 2011. Modelling results suggested that mean soil erosion 34 

rates of the catchment increased under the 1990-2000 LUCC and decreased 35 

under the 2000-2011 LUCC. Sandy land and scrubland were found to suffer 36 

from most severe soil erosion and thus should be the focus of future 37 

conservation work. Mean soil erosion rates on steep slopes (i.e. >25°) were 38 

predicted to increase under the 2000-2011 LUCC, implying that further work is 39 

still needed to study soil erosion processes and their conservation on steep 40 

slopes. Model comparisons showed that RUSLE predictions were higher than 41 

PESERA predictions for most area (particularly for steep slopes), and the 42 

former were generally closer than the latter to check-dam sediment yield 43 



measurements. RUSLE and PESERA results were not linearly correlated, 44 

possibly due to differences in their underlying principles and their sensitivity to 45 

crucial parameters - RUSLE is more sensitive to slope gradients while 46 

PESERA is more sensitive to vegetation coverage. PESERA needs 47 

improvement to better account for steep slope erosion processes on the Loess 48 

Plateau, while RUSLE needs improvement in the description of vegetation 49 

effects.  50 
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Introduction 66 

Soil erosion is globally widespread (Oldeman, 1994, Yang et al., 2003, Wu and 67 

Chen, 2012, Borelli et al., 2017), resulting in various environmental and 68 

socio-economic problems, including reduced soil depth and soil organic matter 69 

(Pimentel, 2006), non-point pollution and reduced agricultural production 70 

(Wang et al., 2006b, Wu and Liu, 2012), degradation of river channels and 71 

downstream riverbeds (Tian et al., 2015), and exacerbated rural poverty 72 

(Wang et al., 2015). The Chinese Loess Plateau has been recognized as the 73 

most severely eroded area in the world (Shi and Shao, 2000, Tsunekawa et al., 74 

2014, Sun et al., in press). Since the 1970s, large-scale soil and water 75 

conservation measures, including ecological restoration programs beginning in 76 

1999 (i.e. the ‘Grain-for-Green’ project), have been implemented on the 77 

Plateau (Jiao et al., 2016, Wang et al., 2011, Sun et al., 2020), greatly altering 78 

the land use/cover pattern (Zhou et al., 2016). It has therefore become 79 

important to assess the impact of land-use changes and land-cover changes 80 

(LUCCs) on Loess Plateau soil erosion rates for the optimization of 81 

spatially-targeted and sustainable land management and rehabilitation 82 

strategies. Soil erosion models are vital in fulfilling the above research need 83 

over large landscape systems because they provide analyses of different 84 

scenarios, including future land management or climate effects. These models 85 

also avoid unfeasible labour and economic inputs required by traditional 86 

experimental catchment manipulations or very detailed monitoring (Wainwright 87 



and Mulligan, 2013), although field data is usually extremely helpful for model 88 

validation. 89 

 90 

Over thirty soil erosion models have been employed in previous studies to 91 

assess soil erosion rates and/or their responses to LUCCs on the Loess 92 

Plateau (Li et al., 2017c). These studies employed individual soil erosion 93 

models (e.g. Li et al., 2010, Hessel et al., 2003, Wang et al., 2006a, Zuo et al., 94 

2016, Sun et al., 2014, Feng et al., 2010, Yu et al., 2006, Qin et al., 2018), 95 

while no studies employed multiple soil erosion models to compare modelling 96 

results for the same catchment and time period. A model comparison study is 97 

not only helpful for understanding the relative performance of different models 98 

but also beneficial for showing whether there is a broad agreement or 99 

disagreement between model predictions. The former is important for the 100 

selection of an appropriate model while the latter is crucial to reduce 101 

uncertainties in predictions provided by individual models. Li et al. (2017c), for 102 

the first time, compared eleven soil erosion models that were previously used 103 

on the Loess Plateau and assessed model prediction accuracy, process 104 

representation, data and calibration requirements and potential application in 105 

scenario studies, and suggested research questions that each of the models 106 

can address. However, the eleven models were not compared based on 107 

datasets from exactly the same environmental conditions but from published 108 

work conducted at either different study sites or over different study periods.  109 



 110 

Contemporary soil erosion models for the Loess Plateau are mainly catchment 111 

scale and event based, and few of them are capable of being applied over 112 

large areas (e.g. the whole of the Loess Plateau) on a long-term scale (e.g. 30 113 

years) (Li et al., 2017c). A comparison of models that can be used for 114 

regional-scale studies is thus particularly meaningful for the selection and 115 

development of models for the Loess Plateau. Revised Universal Soil Loss 116 

Equation (RUSLE) (Renard et al., 1991) and Pan-European Soil Erosion Risk 117 

Assessment (PESERA) (Kirkby et al., 2008) are two of the most extensively 118 

applied models capable of being applied at regional scales. They were both 119 

initially developed for estimating long-term soil erosion rates resulting from rill 120 

and interill soil erosion processes and can be applied over large scales 121 

through assuming the study site as a cascade of hillslopes. They are thus 122 

comparable in terms of spatial scale, temporal scale and spatial 123 

methodologies, making them suitable for a comparison (Panagos et al., 2014, 124 

Karydas et al., 2014). RUSLE and PESERA have previously been compared in 125 

studies investigating the impact of fires on soil erosion rates at a 126 

Mediterranean site (Karamesouti et al., 2016, Vieria et al., 2018) and 15 127 

recently burned areas in northwestern Spain (Fernández and Vega, 2016). 128 

However, RUSLE and PESERA have not been compared for the Loess 129 

Plateau environment. 130 

 131 



RUSLE is a systematic improvement of the classic empirical model USLE 132 

(Renard et al., 1991) and has been frequently applied over the Loess Plateau 133 

and widely considered as a robust model for erosion rate predictions through 134 

incorporating a steep slope factor calculation developed by Liu et al. (1994) 135 

(e.g. Tian et al., 2015, Fu et al., 2011, Sun et al., 2013, Sun et al., 2014, Zhao 136 

et al., 2015, Zhang et al., 2017). RUSLE erosion predictions have thus been 137 

used as a substitute for actual soil erosion rates at places without field 138 

measurements and regions where erosion data cannot be collected across the 139 

landscape (Fu et al., 2005, Tang et al., 2015, Zhao et al., 2015). PESERA, 140 

unlike RUSLE, is a process-based and spatially-distributed soil erosion model, 141 

which has not been applied to China yet (Li et al., 2016d). It explicitly describes 142 

the processes of hydrology, vegetation growth, erosion and their interactions 143 

(Li et al., 2016d), thus providing more detailed information than RUSLE on 144 

different components of soil erosion processes. PESERA has been widely 145 

applied and validated across Europe (e.g. Govers et al., 2003, Karamesouti et 146 

al., 2016, e.g. Licciardello et al., 2009, Tsara et al., 2005, Govers et al., 2003, 147 

Meusburger et al., 2010, Vieria et al., 2018). It has also been modified to take 148 

account of the impact of fires on erosion processes (Esteves et al., 2012) and 149 

freeze-thaw and desiccation sediment production processes in peatland soils 150 

(Li et al., 2017a, Li et al., 2017b, Li et al., 2016b, Li et al., 2016c).  151 

 152 

The Huangfuchuan catchment (110.3°-111.2° E, 39.2°-39.9° N), located in the 153 



northern Loess Plateau, is an important catchment in the area and one of the 154 

most severely eroded, characterized by fragmented terrain and complex 155 

geomorphological units resulting from intensive hillslope and gully erosion (Li 156 

et al., 2016a, Tian et al., 2013, Zhao et al., 2015). Since the 1970s, a series of 157 

soil and water conservation measures (including the ‘Grain-for-Green’ project 158 

beginning in 1999) have been implemented in the Huangfuchuan catchment 159 

(Zhou et al., 2016). Previous studies have investigated the impact of LUCC on 160 

soil erosion and sediment yield from the catchment (e.g.Yu et al., 2006, Mu 161 

and Zhang, 2013, Zhao et al., 2013, Yu et al., 2014, Wang et al., 2014, Tian et 162 

al., 2015, Zuo et al., 2016, Li et al., 2016a, Wei and Jiao, 2017). However, most 163 

of these studies either focused on the changes in sediment yield at the 164 

catchment outlet or did not investigate the hillslope erosion rates since the 165 

‘Grain-for-Green’ project (i.e. from 2000 onwards). The response of hillslope 166 

erosion rates to LUCCs before and after the ‘Grain-for-Green’ project has, to 167 

date, only been studied by Yu et al. (2014), in which USLE was employed to 168 

model soil erosion rates across the Huangfuchuan catchment under the land 169 

cover pattern of 1987, 1995, 2000 and 2007 through incorporating the steep 170 

slope factor developed by Liu et al. (1994). In fact, USLE and RUSLE have 171 

become the most commonly used models in the Huangfuchuan catchment (e.g. 172 

Yu et al., 2006, 2014, Tian et al., 2015). No studies have employed multiple 173 

spatial models to predict (and compare) soil erosion rates for the catchment. 174 

 175 



Our study aimed to: (i) evaluate the impact of LUCCs before and after the 176 

‘Grain-for-Green’ project on soil erosion rates for the Huangfuchuan catchment 177 

based on RUSLE and PESERA, and (ii) compare soil erosion rates modelled 178 

by PESERA and RUSLE. We firstly implemented RUSLE and PESERA to 179 

assess soil erosion rates for the Huangfuchuan catchment under land 180 

use/cover patterns for 1990, 2000 and 2011, then investigated the impact of 181 

LUCCs during 1990-2000 and 2000-2011 on soil erosion rates. Lastly, we 182 

compared RUSLE and PESERA predictions and compared them with 183 

sediment yield derived from two small check-dam-controlled catchments within 184 

the Huangfuchuan basin. 185 

Study site 186 

The Huangfuchuan catchment extends horizontally over 3,240 km2 (Yu et al., 187 

2006) and vertically between 824 and 1,474 m (Figure 1). The catchment 188 

belongs to the temperate semi-arid continental climate zone (Gao et al., 2005), 189 

with mean annual temperature and precipitation being approximately 7.5 °C 190 

and 400 mm respectively. Precipitation is seasonally uneven and mainly takes 191 

place in summer months (i.e. June-September) in the form of intensive and 192 

short-duration rainfall events (Tian et al., 2013). There are large areas of 193 

weathered bedrock (locally termed Pisha stone) where native vegetation has 194 

been destroyed by active hillslope and gully erosion (Yu et al., 2006). Soil 195 

types include chestnut soil, loessial soil, aeolian sandy soil, meadow soil and 196 

alluvial soil (Shi et al., 1999), most of which are prone to erosion (Yu et al., 197 



2006). The catchment is characterized by severe soil erosion, contributing 198 

0.5×108 t of sediment to the Yellow River each year (Yu et al., 2014). A large 199 

amount of conservation measures (e.g. check-dams, re-vegetation, the 200 

‘Grain-for-Green’ project) have been applied in the catchment to control soil 201 

erosion and restore the environment since the 1970s (Zuo et al., 2016), largely 202 

altering the land cover.  203 

Materials and Methodology 204 

Model description 205 

RUSLE 206 

RUSLE, developed by Renard et al. (1991), is an empirical, spatially lumped 207 

model, which predicts soil loss from hillslopes driven by interrill (sheet) and rill 208 

erosion (Equation 1). However, RUSLE has often been used as a spatially 209 

distributed model in estimating soil erosion rates over large areas (Sun et al., 210 

2014), through dividing the study area into small sub-units with uniform 211 

characteristics (i.e. grid cells), on which the model is implemented to calculate 212 

the soil loss. 213 

A=R K L S C P                        （1） 214 

where A is the estimated soil loss per unit area per unit time（t ha−1 yr−1); R is 215 

the rainfall-runoff erosivity factor (MJ mm ha−1 h−1 yr−1), and represents the 216 

driving force of erosion; K is the soil erodibility factor (t ha h ha−1 MJ−1 mm−1), 217 

reflecting the susceptibility of soil to erosion; LS is the slope length and slope 218 



gradient factors, reflecting the effect of slope length and slope gradient on 219 

erosion; C is the vegetation cover factor, accounting for the impact of 220 

vegetation coverage on soil erosion; and P is the erosion control practice factor, 221 

representing the benefit of a given conservation measure for soil loss.  222 

PESERA 223 

PESERA consists of three modules: hydrology, vegetation growth and erosion 224 

(Kirkby et al., 2008). The hydrological module is centered on a water balance, 225 

with precipitation divided into overland flow, evapotranspiration and soil water 226 

storage. TOPMODEL is employed to estimate monthly soil water storage, 227 

which is able to simulate runoff production in the infiltration-excess 228 

environments (e.g. Loess Plateau) (Beven and Kirkby, 1979). The vegetation 229 

growth model is based on a biomass carbon balance to update the vegetation 230 

cover, vegetation biomass and soil organic matter on a monthly basis. Total 231 

sediment yield is estimated as the transporting capacity of runoff flow, driven 232 

by erodibility, overland flow and local relief, weighted for fractional vegetation 233 

cover, assuming erodible materials are always ample for runoff wash (Kirkby et 234 

al., 2008, Li et al., 2016d). The sediment yield modelled by PESERA is 235 

interpreted as the erodible materials produced on hillslopes and delivered to 236 

the base of each hillslope. PESERA can be implemented in ‘point’ and ‘spatial’ 237 

modes. The point mode provides an estimate of soil erosion rates for an 238 

individual hillslope, while the spatial mode produces a spatially distributed 239 



estimate of soil erosion rates for hillslopes over a large area with the same 240 

algorithm being applied to each of the hillslopes. 241 

Model implementation 242 

In this study, RUSLE and PESERA were implemented at a spatial resolution of 243 

30 m to assess the impact of 1990-2000 LUCC and 2000-2011 LUCC on soil 244 

erosion rates of the Huangfuchuan catchment. RUSLE and PESERA require 245 

climate data, topographic data, soil data and land use/cover data to operate. In 246 

order to examine the LUCC effect, climate, topography and soil input 247 

parameters of the models were set to constant values, and average values of 248 

1990-2011 climate parameters were employed as climate inputs. The values of 249 

the corresponding input parameters for the two models were exactly the same 250 

to facilitate the comparison of their outputs.  251 

 252 

Climate data (i.e. daily meteorological data) were provided by China 253 

Meteorological Administration National Meteorological Science Data Sharing 254 

Service Platform (http://data.cma.cn/site/index.html). The 30-m SRTM DEM 255 

was provided by the International Scientific and Technical Data Mirror Site, 256 

Computer Network Information Center, Chinese Academy of Sciences 257 

(http://datamirror.csdb.cn). Soil type data were derived from the 1:500,000 soil 258 

map of the Loess Plateau, which were provided by the Ecological Environment 259 

Database of Loess Plateau. Seven soil types were identified including dark 260 

loessial soil, castanozems, cultivated loessial soil, alluvial soil, aeolian soil, 261 

http://data.cma.cn/site/index.html
http://datamirror.csdb.cn/


skeletol soil and litho soil. Most of the soils are easily erodible given their loose 262 

texture and low organic matter content (Yu et al., 2006). The land use/cover 263 

datasets (including vegetation cover expressed by the Normalized Difference 264 

Vegetation Index, NDVI) for 1990, 2000 and 2011 were derived from 30-m 265 

Landsat images downloaded from the Data Sharing Infrastructure of the 266 

United States Geological Survey (USGS) archive (http://glovis.usgs.gov/). The 267 

images were interpreted based on the unsupervised classification method 268 

(Mather and Tso, 2009), and seven land classification types were recognized 269 

including cropland, grassland, forest, residential land, sandy land (i.e. sand 270 

desert-like land), water body and scrubland (i.e. unmanaged garigue-like 271 

ecosystem with mixed shrubs, grass and bare land, with some trees). The land 272 

use/cover data were validated by Li (2016) based on field survey data and the 273 

accuracy was found to be over 85%. LUCCs were then examined through an 274 

overlay analysis of the resulting land classification maps for 1990, 2000 and 275 

2011 in ArcGIS 10.2. 276 

 277 

RUSLE 278 

Rainfall erosivity factor (R) 279 

A rainfall erosivity factor calculation method proposed by Zhang et al. (2002) 280 

was employed in this study (Equation 2). This method is based on daily rainfall 281 

data and has already been widely used over the Loess Plateau (Yu et al., 2006, 282 

Cheng et al., 2009). The R factor was firstly calculated based on the daily 283 

http://glovis.usgs.gov/


precipitation records from each of the nine precipitation stations within the 284 

catchment (Figure 1), and the average value was then derived using the 285 

Thiessen polygon weighting method. 286 𝑅ℎ𝑎𝑙𝑓 𝑚𝑜𝑛𝑡ℎ = 𝛼 ∑ (𝑃𝑘)𝛽𝑚𝑘=1                   （2） 287 

where, k (k = 1,2, ..., m) is the number of erosive rainy days in a half month; 𝑃𝑘 288 

is the daily rainfall on the kth day in half a month. 𝑃𝑘 is equal to the actual 289 

rainfall if the actual rainfall is greater than the threshold value of 12 mm, which 290 

is the standard for erosive rainfall in China (Sun et al., 2014). Otherwise, 𝑃𝑘 is 291 

equal to zero (Zhang et al., 2002). 292 𝛽 = 0.836 3 + (18.177/𝑃𝑑12) + (24.455/𝑃𝑦12)          （3） 293 𝛼 = 21.586𝛽−7.1891                    （4） 294 

where, 𝑃𝑑12 is the average daily rainfall that is over 12 mm and 𝑃𝑦12 is the 295 

yearly average rainfall for days with rainfall over 12 mm. 296 

Soil erodibility factor (K) 297 

The K factor was calculated by the method (Equation 5) employed in the EPIC 298 

model (Wischmeier and Smith, 1978), which has been widely used in K factor 299 

estimation on the Loess Plateau due to its low data requirement (Cheng et al., 300 

2009, Li and Zheng, 2012). 301 

k = {0.2 + 0.3 𝑒𝑥𝑝[−0.0256𝑆𝑎𝑛(1 − 𝑆𝑖𝑙/100)]}* 302 

        ( 𝑆𝑖𝑙𝐶𝑙𝑎+𝑆𝑖𝑙)0.3(1−-
0.25𝐶𝐶+𝑒𝑥𝑝 (3.72−2.95𝐶))*               （5） 303 



(1− 0.75𝑆𝑛Sn+𝑒𝑥𝑝 (−5.51+22.95𝑆𝑛)) 304 

where San, Sil and Cla are the sand fraction (%), silt fraction (%), and clay 305 

fraction (%), respectively; C represents soil organic carbon content (%); and 306 

Sn is equal to 1-San/ 100.  307 

Topographic factor (LS) 308 

Traditional algorithms for LS calculation are usually limited to the region with 309 

slopes of ≤18% (Mccool et al., 1989). Liu et al. (1994) found that soil loss was 310 

linearly related to the sine of the slope angle based on soil loss data from 311 

natural runoff plots ranging from 9% to 55% slopes. Liu et al. (2000) found that 312 

slope length index did not change as slope steepness increased from 20% to 313 

40% and 60%. In this study the formulas developed by McCool et al. (1989, 314 

1997) were used to calculate the S factor for < 18% area (Equations 7 and 8) 315 

and L factor (Equation 6), and the formula developed by Liu et al. (1994) was 316 

employed to calculate the S factor for > 18% slopes (Equation 9). 317 

 𝐿 = ( 𝛾22.13) 𝑚       { 𝑚 = 0.5        𝜃 ≥ 9%          𝑚 = 0.4        9% > 𝜃 ≥   3%𝑚 = 0.3        3% > 𝜃 ≥   1% 𝑚 = 0.2        1% > 𝜃 ≥   0             (6) 318 

𝑆 = 10.8 𝑠𝑖𝑛 𝜃 + 0.03，𝜃 < 9%;                       (7) 319 

𝑆 = 16.8 𝑠𝑖𝑛 𝜃 − 0.5，9% ≤ 𝜃 ≤ 18%;                   (8)  320 

𝑆 = 21.91 𝑠𝑖𝑛 𝜃 − 0.96，𝜃 > 18%                       (9) 321 

where  𝛾  is the slope length (m); and 𝑚  is a dimensionless constant 322 



depending on the percent slope (𝜃).  323 

Vegetation cover factor (C) 324 

The C factor was calculated using the method (Equation 10) which was 325 

developed by Cai et al. (2000), and has been applied over the Loess Plateau 326 

(Sun et al., 2014). In this method, the C factor is derived from vegetation 327 

coverage (𝑓), which can be expressed by the NDVI (Equation 11). The NDVI 328 

was derived based on Landsat images of 1990, 2000 and 2011 using ENVI 329 

5.1. 330 

𝑐 = { 1           𝑓 = 00.6508 − 0.3436𝑙𝑔𝑓 0        𝑓 > 78.3%     0 < 𝑓 ≤ 78.3%          (10) 331 

𝑓 = (𝑁𝐷𝑉𝐼−𝑁𝐷𝑉𝐼𝑠𝑜𝑖𝑙)(𝑁𝐷𝑉𝐼𝑚𝑎𝑥−𝑁𝐷𝑉𝐼𝑠𝑜𝑖𝑙)                     (11) 332 

Erosion control practice factor (P) 333 

The values of the P factor for different land use/cover types were determined 334 

with reference to those provided by previous USLE modelling work undertaken 335 

by Yu et al. (2006) for the Huangfuchuan catchment. 336 

PESERA 337 

PESERA requires six climate inputs: monthly total precipitation, mean 338 

precipitation per precipitation day, coefficient of variation of precipitation per 339 

precipitation day, monthly temperature range, monthly temperature and 340 

monthly potential evapotranspiration (PET). Precipitation-related parameters 341 

were derived as monthly statistics of the daily records of the nine precipitation 342 



stations, which were then averaged using the Thiessen polygon weighting 343 

method. Temperature-related parameters were calculated as monthly statistics 344 

of daily records collected at the Hequ weather station (Figure 1) while PET was 345 

derived using the Penman Monteith Equation (Allen et al., 1998). The 346 

topographic input of PESERA, local relief, was calculated as the standard 347 

deviation of elevation based on the 30-m DEM. Soil parameters were derived 348 

from soil properties based on the pedotransfer functions given in the PESERA 349 

manual (Irvine and Kosmas, 2003). Land use/cover parameters were set in 350 

terms of the PESERA manual. PESERA usually operates with vegetation 351 

cover updated by its vegetation growth module, while RUSLE implements 352 

based on actual vegetation coverage. In this study, the code of the vegetation 353 

growth module in PESERA was modified to ensure it operated based on the 354 

actual vegetation coverage used for RUSLE derived from the 355 

landsat-image-based NDVI (Equation 11). In addition, the adjustable 356 

parameters of PESERA, which mainly impact runoff production, were set to 357 

values suggested for infiltration-excess dominated environments (i.e. Loess 358 

Plateau). 359 

Model validation 360 

RUSLE and PESERA predict soil erosion rates on hillslopes, and do not 361 

consider sediment production and transport in gullies and river channels. They 362 

should thus be validated by soil erosion measurements on hillslopes or river 363 

sediment yield that well reflects hillslope erosion intensity. In the 364 



Huangfuchuan catchment, there are numerous check dams in the gully and 365 

river network (Li et al., 2016a, Tian et al., 2013), meaning that the connection 366 

between river sediment yield and hillslope erosion rates has been disturbed. 367 

These check dams and a lack of sediment yield sampling points for hillslope 368 

erosion (Tian et al., 2015) mean that formal model validation of spatial patterns 369 

of hillslope erosion across the whole catchment is not currently possible. 370 

However, sediment data from check dams enables local subcatchment 371 

validation which is useful. In the Huangfuchuan catchment, sediment yield 372 

from two small check-dam-controlled catchments, which are Huangjiagou 373 

(1.04 km2) and Yangjiagou (0.69 km2) (Figure 1), was available and 374 

determined by Li (2016) and Zhao et al. (2017) based on the sedimentation 375 

behind the dams. The specific sediment yield for Huangjiagou was found to be 376 

155.1 t ha-1 yr-1 during 2001-2012 while that for Yangjiagou was 106.1 t ha-1 377 

yr-1 during 2007-2011. These measurements were employed to assess the 378 

accuracy of RUSLE and PESERA predictions.  379 

Results 380 

LUCCs of the Huangfuchuan catchment 381 

Grassland accounted for 70-80% of the area while other land use/cover types 382 

each accounted for less than 10% of the Huangfuchuan catchment (Table 1). 383 

Grassland was widely distributed over the catchment (Figure 2); cropland was 384 

mainly concentrated on the flat area along the river channels; residential areas 385 

were typically located along the main river channel; scrubland, forest and 386 



sandy land were dispersed across the catchment. During 1990-2011, 387 

grassland and residential land expanded, cropland, forest and water bodies 388 

shrunk, and sandy land and scrubland expanded during 1990-2000 and 389 

shrunk during 2000-2011 (Table 1). Average vegetation coverage of the 390 

catchment only slightly increased between 1990 and 2000 (38.3%-38.9%) as 391 

vegetation cover increase in areas classified as grassland, cropland, forest 392 

and scrubland was largely offset by vegetation cover decrease in other areas. 393 

Vegetation cover considerably increased during 2000-2011 (i.e. 38.9%-48.7%) 394 

as a result of increased vegetation coverage for all land classification types 395 

except residential areas.  396 

Impacts of LUCCs on soil erosion rates modelled by RUSLE 397 

According to the RUSLE predictions (Figure 3a), the spatial pattern of soil 398 

erosion rates in the Huangfuchuan catchment was similar in 1990, 2000 and 399 

2011, for which average soil erosion rates were predicted to be 122.7 t ha-1 yr-1, 400 

130.5 t ha-1 yr-1 and 114.6  t ha-1 yr-1, respectively. Areas with erosion rates 401 

over 80 t ha-1 yr-1 were widely distributed on the hillslopes of the catchment, 402 

while those with erosion rates less than 25 t ha-1 yr-1 were mainly concentrated 403 

in the flat floodplain and the northern part of the catchment (Figures 2 and 3a). 404 

Erosion rate shifts induced by the LUCC during 1990-2000 and 2000-2011 405 

were mainly between -25 and 25 t ha-1 yr-1 (Figure 3b). Under the 1990-2000 406 

LUCC, decreased soil erosion rate was mainly found in the northern part of the 407 

catchment and the floodplain, while increased soil erosion rates was found in 408 



other areas (Figure 3b). Under the 2000-2011 LUCC, most areas of the 409 

catchment experienced a decreased soil erosion rate, and areas with 410 

increased erosion rates were only scattered in the steep scrubland and sandy 411 

land (Figure 3b). 412 

 413 

Mean soil erosion rates of different land classification types were generally in 414 

the sequence of scrubland > sandy land > cropland > grassland > forest (Table 415 

2). For each of the five types, the standard deviation of soil erosion rates 416 

varied in the same way with average values of soil erosion rates. Under the 417 

1990-2011 and 2000-2011 LUCC, mean erosion rates of grassland and 418 

cropland decreased, mean erosion rates of forest and scrubland increased first 419 

and then decreased, and that of sandy land decreased first and then 420 

increased.  421 

 422 

Under the land-use/cover patterns of 1990, 2000 and 2011, most area of forest 423 

(52.2%-59.1%) was predicted to suffer from weak to moderate erosion (using 424 

the Ministry of Water Resources of China classification; Sun et al., 2014), while 425 

grassland (54.2%-58.8%), cropland (59.1%-68.8%), scrubland (82.2%-86.4%) 426 

and sandy land (68.3%-80.5%) were found to mainly suffer from intensive to 427 

severe erosion (Table 3a). Under the 1990-2000 and 2000-2011 LUCC, the 428 

area with weak to moderate erosion increased in grassland and sandy land, 429 

decreased in cropland and forest, and first increased and then decreased in 430 



scrubland. Areas with intensive to severe erosion increased in grassland, 431 

decreased in cropland, forest and sandy land, and first increased and then 432 

decreased in scrubland. 433 

 434 

In terms of RUSLE, the direction (positive/negative) of mean predicted erosion 435 

changes induced by the land-use/cover transition was generally consistent 436 

with the sequence of mean erosion rates for different land classification types 437 

presented in Table 2. More specifically, most of the area was found to 438 

experience a negative erosion change when land use/cover changed from a 439 

less erosion-prone type (e.g. forest) to a greater erosion-prone type (e.g. 440 

sandy land) and vice versa (Table 2, Figure 4), eventually leading to overall 441 

erosion changes for the area in the same direction (Figure 5). However, this 442 

was not the case for the erosion change in the sandy land-scrubland transition, 443 

where the direction of predicted erosion change was opposite to the difference 444 

of mean erosion rates for sandy land and scrubland. 445 

 446 

Impacts of LUCCs modelled by PESERA 447 

PESERA predictions suggested that the spatial distribution of soil erosion rates 448 

in the catchment differed considerably (Figure 3c) between 1990, 2000 and 449 

2011, for which average soil erosion rates were predicted to be 50.9 t ha-1 yr-1, 450 

51.3 t ha-1 yr-1  and 37.6 t ha-1 yr-1 respectively. Under the 1990-2000 and 451 

2000-2011 LUCC, areas with erosion rates over 80 t ha-1 yr-1 were mostly 452 



distributed in steep sandy areas, while areas with erosion rates less than 25 t 453 

ha-1 yr-1 were concentrated in flat floodplain, central-eastern and 454 

central-western parts of the catchment (Figures 2 and Figure 3c). Under the 455 

1990-2000 LUCC, soil erosion rates decreased in the eastern and southern 456 

areas and increased in the western areas, particularly in the northwestern 457 

parts of catchment (Figure 3d). Under the 2000-2011 LUCC, soil erosion rates 458 

decreased over the majority of the catchment, and increased only in some 459 

southern areas (Figure 3d). 460 

 461 

Mean soil erosion rates for different land classification types were found to 462 

follow the order of sandy land > scrubland > grassland > cropland > forest. The 463 

standard deviation of soil erosion rates for each land-use type varied in the 464 

same way with its average soil erosion rates (Table 2). Under the 1990-2000 465 

and 2000-2011 LUCC, mean soil erosion rates of grassland, sandy land and 466 

scrubland decreased, while that of cropland and forest increased first and then 467 

decreased. 468 

 469 

Under the land use/cover patterns of 1990, 2000 and 2011, grassland 470 

(66.2%-78.8%), cropland (87.5%-95%) and forest (91.6%-97.4%) were found 471 

to mainly suffer from weak to moderate erosion (Table 3b), while most area of 472 

sandy land (74.7%-86.2%) was found to experience intensive to severe 473 

erosion. For the scrubland, areas with weak to moderate erosion and intensive 474 



to severe erosion were relatively balanced (47.5%-64.8% versus 475 

35.2%-52.5%). Under the 1990-2000 and 2000-2011 LUCC, areas with weak 476 

to moderate erosion increased in grassland and sandy land, decreased in 477 

cropland and forest and increased first and then decreased in scrubland. 478 

Areas with intensive to severe erosion decreased in grassland and sandy land, 479 

increased first and then decreased in cropland and forest, and increased first 480 

and then decreased in scrubland. 481 

 482 

Similar to RUSLE results, PESERA predicted erosion rates decreased over 483 

most of the area when converted to forest and increased for most of the area 484 

when converted to sandy land (Figure 4), leading to an overall erosion change 485 

of the corresponding land transition area following the above dominant 486 

changing direction (Figure 5). However, PESERA predicted erosion changes 487 

were complex for land use/cover transition among grassland, cropland and 488 

scrubland, and sometimes the changing directions altered between different 489 

periods. For example, in the cropland-grassland and cropland-scrubland area 490 

predicted erosion rates increased in over 68% of the area under the 491 

1990-2000 LUCC and decreased in over 88% of the area under the 2000-2011 492 

LUCC (Figure 4). In the scrubland-grassland area, predicted erosion rates 493 

increased in over 65% of the area under the 1990-2000 LUCC and decreased 494 

in over 61% of the area under the 2000-2011 LUCC.  495 



Comparison of RUSLE and PESERA predictions 496 

For the Yangjiagou and Huangjiagou catchment, mean erosion rates predicted 497 

by RUSLE (127.6 t ha-1 yr-1 – 159.6 t ha-1 yr-1, 163.6 t ha-1 yr-1 – 170.8 t ha-1 yr-1) 498 

were higher than the sediment yield measured behind the check-dams (106.1 t 499 

ha-1 yr-1, 155.1 t ha-1 yr-1), while PESERA predictions (51.8 ta ha-1 yr-1 – 60.0 t 500 

ha-1 yr-1, 28.4 t ha-1 yr-1 – 72.7 t ha-1 yr-1) were lower than the measured 501 

sediment yield (Table 4). The magnitude of difference between PESERA 502 

predictions and check-dam measurements was generally higher than that of 503 

difference between RUSLE predictions and measurements. For the 504 

Yangjiagou catchment the magnitude of the difference from the check dam 505 

value was closer between PESERA and RUSLE than at Huangjiagou and 506 

particularly for the 2011 land use/cover condition (Table 4). 507 

 508 

Mean erosion rates modelled by RUSLE for different land use/cover types are 509 

generally higher than that modelled by PESERA. In 1990 R/P values (defined 510 

as the ratio between RUSLE and PESERA predictions presented in Table 2) 511 

for cropland and forest are 9.0 and 13.4 respectively, which are much higher 512 

than those in 2000 and 2011. In the scrubland, R/P was 4.3 for 1990, 6.0 for 513 

2000 and 7.1 for 2011. R/P values for grassland and sandy land are generally 514 

no more than 2.4. 515 

 516 

Under the 1990, 2000 and 2011 land use/cover pattern, areas of R>P 517 

accounted for 66.6%, 67.2% and 71.3% of the catchment area (Table 4), while 518 



areas with R<P occupied other area of the catchment. The former was widely 519 

spread within the catchment, while the latter was concentrated on the flat 520 

areas along the river networks and northwestern part of the catchment where 521 

the slope is relatively low (Figures 1 and 6). Areas with small differences (i.e. 522 

15-50 t ha-1 yr-1) between RUSLE and PESERA predictions are greatest 523 

among the five different levels shown in Table 5, while areas of ‘very high 524 

difference’ (> 200 t ha-1 yr-1) are smallest. In the ‘no difference’ level, R>P 525 

accounts for less area than R<P. However, in ‘small difference’ to ‘very high 526 

difference’ levels, R>P accounts for more area than R<P, and ratios between 527 

areas of R>P and R<P increase from the ‘small difference’ level (1.9-3.0) to 528 

‘very high difference’ (50.8-136.4).  529 

 530 

Mean erosion rates predicted by RUSLE and PESERA increased with slope 531 

gradients. The former increased more rapidly with slope gradients (Figure 7a), 532 

while the latter decreased more rapidly with vegetation cover (Figure 7b). On < 533 

5° slopes, mean RUSLE predictions are similar to mean PESERA predictions, 534 

while the former are considerably higher than the latter for > 5° slopes. Mean 535 

RUSLE predictions were always higher than mean PESERA predictions for 536 

different vegetation coverage values (Figure 7b) For a selected 1-km2 area 537 

(Figure 1), the spatial pattern of RUSLE results corresponds well with that of 538 

slope gradient while the spatial pattern of PESERA results is well explained by 539 

that of vegetation cover (Figure 8 a-d). A point-based statistical analysis 540 



showed that the RUSLE predictions increased more rapidly with slope and 541 

PESERA predictions are better related to vegetation cover (Figure 8 e-f). 542 

 543 

A linear relationship was not found between erosion rate changes predicted by 544 

RUSLE and PESERA for different land classification transition zones (Figure 545 

4). Nevertheless, these two models did yield the same direction of erosion rate 546 

changes for certain areas. In the forest transition zone and sandy land 547 

transition zone, most of the area was predicted to experience an intensified 548 

erosion which eventually led to increased mean erosion rates (Figures 4 and 549 

5). In the grassland, cropland and scrubland transition zones, erosion rates in 550 

most of the area were predicted to increase by RUSLE and PESERA when 551 

they were converted to sandy land and to decrease when they were converted 552 

to forest. Mean erosion rate changes for these areas, as predicted by RUSLE 553 

and PESERA, also changed in the same way (Figure 5). PESERA predictions 554 

became more uncertain than RUSLE predictions (i.e. PESERA predicted 555 

erosion changes were not so dominated by an individual changing direction) 556 

when each of the above three land use/cover types was converted to the other 557 

two (Figure 4), and mean predicted erosion rate changes for these areas often 558 

switched between slight increase and slight decrease (Figure 5). As a result, 559 

there were disagreements in the direction of change of mean erosion rates 560 

predicted by RUSLE and PESERA for these areas. 561 

 562 



Discussion 563 

Model comparison 564 

To the authors’ knowledge, our study was the first to employ more than one 565 

model to assess soil erosion rates of the Loess Plateau and their reactions to 566 

LUCCs. Few of the contemporary Loess Plateau soil erosion models are 567 

suitable for regional-scale studies (Li et al., 2017c), while RUSLE and 568 

PESERA can be applied over large areas (e.g. the whole of the Loess Plateau). 569 

Our work is therefore meaningful for the selection and development of 570 

regional-scale soil erosion models for the Loess Plateau. RUSLE is an 571 

empirically statistical model, which was originally developed to estimate 572 

long-term average soil erosion rates for hillslopes. PESERA, as RUSLE, also 573 

assumes the study sites as a cascade of hillslopes (Li et al., 2016d), and its 574 

process-based nature allows it to simulate soil erosion related processes. 575 

RUSLE needs only six parameters to operate, while PESERA requires 128 576 

input layers for process-based modelling (Kirkby et al., 2008). Overall, RUSLE 577 

is suitable for a quick assessment of soil erosion rates over large areas, while 578 

the PESERA model is theoretically capable of reproducing different 579 

components of soil erosion processes, and provides model users with detailed 580 

information on soil erosion processes. PESERA may also be theoretically 581 

more suitable than RUSLE for assessing the impacts of climate change, 582 

land-use shifts and land management practices, given it simulates a water 583 

balance (Bathurst, 2011).  584 



 585 

We found that RUSLE results were generally closer than PESERA predictions 586 

to the check-dam-derived sediment yield, although the magnitude of difference 587 

from the Yangjiagou subcatchment was fairly close between the two models. 588 

Tian et al. (2015) also found that predicted average soil erosion rates for the 589 

Huangfuchuan catchment by RUSLE, were close to the average sediment 590 

yield measured for a different check-dam controlled small catchment, located 591 

in the vicinity of the Huangfuchuan catchment with similar environmental 592 

conditions. In addition, we also found that RUSLE results were higher than 593 

check-dam measurements while PESERA predictions were considerably lower 594 

than the measurements, possibly implying that RUSLE overestimated and 595 

PESERA underestimated soil erosion rates for the Huangfuchuan catchment. 596 

However, wider spatial validation across hillslopes was not undertaken since 597 

the hillslope erosion measurements were not available. In the future, effort 598 

should be made to enhance long-term hillslope soil erosion monitoring across 599 

selected different landscapes of the Huangfuchuan catchment and the Loess 600 

Plateau to accumulate data to support spatial model testing, comparison and 601 

development. 602 

 603 

PESERA predictions are similar to RUSLE predictions on gentle slopes, but 604 

considerably lower than the latter on steeper slopes.  The difference between 605 

RUSLE and PESERA predictions increases with slope gradient (Figures 7-8), 606 



demonstrating that RUSLE is more sensitive to topography than PESERA. 607 

This can be explained by the mechanisms of RUSLE and PESERA for 608 

steep-slope erosion modelling. RUSLE considers soil erosion characteristics 609 

on different slope gradients through incorporating the steep slope factor 610 

developed by Liu et al. (1994) and therefore responds well to slope increase. 611 

PESERA was originally developed to address soil erosion processes in Europe 612 

(Kirkby et al., 2008), where gentle-sloping topography is dominant. This means 613 

the algorithms of PESERA (particularly the soil erosion equation) were mainly 614 

established based on the data from gentle slopes and may result in 615 

underestimated erosion rates when applied to steep slopes. The above 616 

difference also demonstrates that PESERA may be suitable for erosion rate 617 

estimation on gentle areas rather than steep slopes of the Loess Plateau. 618 

However, steep slopes are the focus of the ‘Grain-for-Green’ program as soil 619 

erosion occurs frequently and vegetation has not recovered at these places 620 

(Xin et al., 2008).  621 

 622 

We found that soil erosion rates predicted by PESERA were negatively related 623 

to the proportion of the ground covered by vegetation, while RUSLE modelled 624 

erosion rates did not correspond well with vegetation coverage (Figures 7-8). 625 

This means that PESERA is more sensitive to vegetation coverage than 626 

RUSLE (Karamesouti et al., 2016). The process-based nature of PESERA 627 

implies that the coupling of vegetation with hydrological processes (e.g. runoff 628 



production, evapotranspiration) in the model is more physically feasible than 629 

an empirical model such as RUSLE. Furthermore, given slopes and vegetation 630 

coverage are crucial factors for soil erosion, PESERA needs to better account 631 

for steep slope conditions while RUSLE needs to improve the incorporation of 632 

vegetation effects, enhancing their capacity of addressing key soil 633 

erosion-related research questions on the Loess Plateau. 634 

 635 

Our results demonstrated that RUSLE erosion predictions for different land 636 

use/covers were considerably higher than PESERA predictions (Table 2). 637 

Similar results were also found for the RUSLE and PESERA comparison study 638 

conducted for Mediterranean areas (Karamesouti et al., 2016, Fernández and 639 

Vega, 2016). An overall R/P value (i.e. RUSLE predictions / PESERA 640 

predictions) of 2.7 is also consistent with the results of Karamesouti et al. 641 

(2016). The linear relationship was not found between RUSLE and PESERA 642 

predictions (Figure 4), demonstrating the spatial pattern of PESERA results 643 

and RUSLE results were not well correlated. This also confirms the finding of 644 

Karamesouti (2016) for the Mediterranean site. The difference may be partly 645 

attributed to the fact that RUSLE results depend more upon the topography 646 

while PESERA predictions are more related to vegetation coverage. 647 

Meanwhile, modelling mechanisms of RUSLE and PESERA may also be 648 

responsible for the difference. RUSLE predicts erosion rates directly based on 649 

the rainfall erosivity and does not explicitly consider runoff production 650 



processes (Renard et al., 1991), while PESERA explicitly simulates a water 651 

balance which is integrated with the growth of vegetation, and estimates soil 652 

erosion based on overland runoff (Kirkby et al., 2008). This means that the 653 

driving mechanism of erosion in these two models is actually different, 654 

although they were both developed to model rill and interrill erosion rates.  655 

 656 

Impacts of LUCCs on soil erosion rates (implication for future soil 657 

conservation) 658 

PESERA and RUSLE predicted that mean soil erosion rates for the 659 

Huangfuchan catchment increased under the 1990-2000 LUCC and 660 

decreased under the 2000-2011 LUCC. A modelling work conducted by Yu et 661 

al. (2014) also found that average soil erosion rates of the Huangfuchuan 662 

catchment have reduced while sediment yield of the catchment have also been 663 

found to reduce based on modelling work (Tian et al., 2015, Zuo et al., 2016) 664 

and catchment outlet sediment yield measurements (Zhao et al., 2013, Wang 665 

et al., 2011, Mu and Zhang, 2013) since the implementation of the 666 

‘Grain-for-Green’ program. This is partly attributed to the fact that in 2000 the 667 

area of sandy land and scrubland, which are most erosion prone, was higher 668 

than in 1990 and 2011 (Table 1). However, since 1999 the ‘Grain-for-Green’ 669 

program has been implemented and vegetation coverage increased by 2011 670 

and thus soil erosion was predicted to reduce. Meanwhile, climate change (i.e. 671 

precipitation reductions) and other conservation measures (e.g. check-dams, 672 



terraces) also play an important role in reducing runoff and sediment yield from 673 

the Huangfuchuan catchment (Zhao et al., 2013, Li et al., 2016a). This was not 674 

taken into account in our modelling work, and should thus be considered in 675 

future work. 676 

 677 

Modelling results suggested that mean erosion rates of different land 678 

use/cover followed scrubland and sandy land > cropland and grassland > 679 

forest. Scrubland and sandy land had highest mean soil erosion rates and 680 

considerable areas were subject to intensive to severe levels of erosion for 681 

both models (Table 3). This demonstrates that scrubland and sandy land 682 

should be the focus of future soil and water conservation work in the 683 

Huangfuchuan catchment. Severe erosion on these land classification types 684 

can be reduced through vegetation restoration as soil erosion rates were found 685 

to decrease when land was converted to forest under the 2000-2011 LUCC 686 

(Figures 4 and 5). However, re-vegetation may not always be suitable for 687 

erosion control in the catchment as erosion rate changes, as predicted by 688 

PESERA, are subject to considerable uncertainties and increased erosion may 689 

occur when scrubland is converted to grassland (Figures 4 and 5). This may 690 

be because severe water scarcity resulting from low precipitation and high 691 

evapotranspiration largely limits the growth of natural vegetation and thus its 692 

erosion control function (Sun et al., 2013, Feng et al., 2016, Jiao et al., 2016). 693 

Therefore, soil erosion conservation on the Loess Plateau should be carried 694 



out by various measures (e.g. check-dams, terraces, re-vegetation) rather than 695 

by vegetation restoration only. 696 

 697 

Our modelling results showed that mean soil erosion rates on < 25° slopes 698 

decreased while that on > 25° slopes increased under the 2000-2011 LUCC 699 

(Figure 7a), implying that the LUCC exacerbates erosion risk of steep 700 

hillslopes of the Huangfuchuan catchment. Soil moisture is one of the most 701 

important limiting factors for vegetation growth on the Chinese Loess Plateau 702 

(Gao et al., 2011, Feng et al., 2016). Jia et al. (2005) found that soil moisture 703 

content decreased with increased slope gradients in the catchment, meaning 704 

that > 25° is more likely to subject to soil moisture deficit than < 25°. Such a 705 

situation may be exacerbated by recently warmer and drier climate in the 706 

catchment (Zuo et al., 2016), eventually limiting the growth of vegetation on > 707 

25° slopes and resulting in increased soil erosion. Mass movements (e.g. 708 

landslides) occur frequently on steep hillslopes of the Loess Plateau 709 

particularly when vegetation cover is limited (Wang et al., 2005, Yu et al., 2009, 710 

Yu and Li, 2012, Yang  et al., 2017). Therefore, further work is urgently 711 

needed to improve our understanding of the processes and underlying 712 

mechanisms of soil erosion on steep slopes, and to conserve soil on these 713 

areas. 714 

 715 

Overall, our findings improved the understanding on the effect of LUCC on soil 716 



erosion and also the practical applicability of models in predicting soil erosion 717 

rates. The predicted spatial pattern of soil erosion change for the 718 

Huangfuchuan catchment was quantitatively assessed. This provides land 719 

managers with a spatially-distributed indicator of potential erosion risk or 720 

erosion mitigation potential through land management decisions. Our results 721 

also have implications for soil erosion conservation and eco-environment 722 

restoration on other areas of the Chinese Loess Plateau. Using our modelling 723 

results, land managers will be able to develop spatially-targeted erosion 724 

conservation and protection strategies, enabling limited funds and resources to 725 

be preferentially allocated to locations where management interventions might 726 

have the greatest impact.  727 

Conclusions 728 

In our study, two extensively applied models (RUSLE and PESERA) were 729 

employed to investigate the impact of LUCCs between 1990 and 2011 on soil 730 

erosion rates for the Huangfuchuan catchment, and their modelling results 731 

were compared. The Huangfuchuan catchment is dominated by grassland 732 

(over 70%), and vegetation coverage increased considerably since the 733 

implementation of the ‘Grain-for-Green’ program in 1999. Modelling results 734 

suggested that mean soil erosion rates of the Huangfuchuan catchment 735 

increased under the 1990-2000 LUCC and decreased under the 2000-2011 736 

LUCC. Sandy land and scrubland should be the focus of future soil and water 737 

conservation work given that soil erosion rates of different land cover types 738 



modelled by RUSLE and PESERA usually follow the sequence of sandy land 739 

and scrubland > cropland and grassland > forest. Modelling results also found 740 

that areas with slopes over 25° increased under the 2000-2011 LUCC possibly 741 

because of limited vegetation growth resulting from severe soil moisture deficit. 742 

Future research should focus on soil erosion processes and their conservation 743 

on steep slopes. A comparison of modelling results with sediment yield derived 744 

from two small check-dam controlled subcatchments demonstrated that 745 

RUSLE predictions were closer to field measurements than PESERA results, 746 

although for one subcatchment the magnitude of the difference from the check 747 

dam value was close between the two models. Model comparisons showed 748 

that RUSLE predicted higher erosion rates than PESERA for most area of the 749 

catchment, yielding considerably higher predicted mean erosion rates for 750 

different land uses/covers, particularly for those with steep slopes. RUSLE and 751 

PESERA predictions were not linearly correlated, possibly attributable to the 752 

difference in their underlying principles and their sensitivity to crucial 753 

parameters. The PESERA model will need further improvement to better 754 

account for soil erosion processes on steep slopes of the Loess Plateau, while 755 

RUSLE will need improvements to better incorporate vegetation effects.  756 
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Table 1 Area of different land-cover types and their vegetation coverage in the Huangfuchuan catchment for 1990, 2000 and 2011 

Land use 

1990  2000  2011 

Area Vegetation coverage  Area Vegetation coverage  Area Vegetation coverage 

km2 % Mean (%) Std.  km2 % Mean (%) Std  km2 % Mean (%) Std 

Grassland 2347.1  72.3% 38.6  15.5   2449.3  75.5% 39.1  13.2   2579.4  79.5% 49.7  13.7  

Cropland 321.4  9.9% 50.5  13.8   197.0  6.1% 52.8  11.8   157.5  4.9% 54.9  10.9  

Residential 5.7  0.2% 46.6  18.5   8.9  0.3% 43.9  21.3   29.0  0.9% 32.1  22.5  

Forest 71.3  2.2% 50.2  14.9   32.4  1.0% 53.2  14.0   26.2  0.8% 67.6  13.0  

Sandy land 145.8  4.5% 19.8  12.1   148.1  4.6% 17.6  12.3   130.2  4.0% 32.3  12.9  

Water 85.7  2.6% 26.6  21.1   22.6  0.7% 25.3  19.9   49.1  1.5% 28.6  19.7  

Scrubland 268.3  8.3% 31.2  16.4   387.2  11.9% 38.1  14.4   274.0  8.4% 48.0  15.5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2 Soil erosion rates and R/P (RUSLE predictions/PESERA predictions）modelled by RUSLE and PESERA for different land-cover types in the 
Huangfuchuan catchment with the 1990, 2000 and 2011 land cover. 

Period Land cover 
Soil erosion (RUSLE)/(t ha-1yr-1)  Soil erosion (PESERA)/(t ha-1yr-1)  

R/P 
Mean Std  Mean Std  

1990 

Grassland 91.6 95.9  50.1 57.2  1.8 

Cropland 146.5 188.0  16.2 29  9.0 

Forest 61.6 65.9  4.6 20.1  13.4 

Sandy land 278.6 290.7  143.5 99.3  1.9 

Scrubland 335.1 353.8  78.5 77.2  4.3 

2000 

Grassland 86.1 91.1  47.2 52.9  1.8 

Cropland 135.9 194.6  28.8 22.3  4.7 

Forest 84.1 79.5  22 23.7  3.8 

Sandy land 206.9 253.7  128 92.3  1.6 

Scrubland 392.3 368.1  65.7 65.4  6.0 

2011 

Grassland 83.3 88.5  34.1 40.9  2.4 

Cropland 109.8 160.2  27 20.9  4.1 

Forest 52.8 62.3  11.8 24.6  4.5 

Sandy land 234.8 269.5  111.8 87.3  2.1 

Scrubland 390.3 380.8  54.9 65.3  7.1 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3 Area of different erosion levels, derived based on the modelling results of RUSLE (a) and PESERA (b), for different land-cover types of the 
Huangfuchuan catchment with the 1990, 2000 and 2011 land cover. 
 

Erosion class 
Grassland  Cropland  Forest  Sandy land  Scrubland  

1990 2000 2011  1990 2000 2011  1990 2000 2011  1990 2000 2011  1990 2000 2011 

a. RUSLE model                    

Weak erosion 17.0% 17.6% 17.6%  30.7% 37.1% 39.9%  18.0% 19.1% 30.9%  18.8% 31.0% 23.7%  16.9% 12.9% 13.9% 

Slight erosion 0.5% 0.5% 1.4%  0.0% 0.0% 0.1%  13.6% 17.0% 9.2%  0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 

Moderate erosion  23.7% 25.8% 26.8%  0.6% 0.7% 0.9%  22.6% 16.1% 19.0%  0.7% 0.7% 0.9%  0.8% 0.8% 0.9% 

Intensive erosion  16.3% 16.1% 15.9%  17.9% 17.4% 19.3%  17.8% 19.2% 15.5%  0.6% 0.8% 0.9%  0.9% 0.8% 0.8% 

Very intensive erosion 23.2% 22.6% 22.0%  16.7% 13.9% 14.9%  18.6% 22.3% 18.0%  19.3% 20.0% 20.9%  16.0% 12.1% 13.9% 

Severe erosion 19.3% 17.5% 16.3%  34.0% 30.9% 24.9%  9.3% 6.4% 7.3%  60.6% 47.5% 53.6%  65.3% 73.5% 70.5% 

Total Area (km2) 2333.0  2438.9  2568.9   324.2  200.7  160.8   75.1  34.0  27.1   148.2  150.6  132.4   273.9  389.7  278.1  

b. PESERA model                    

Weak erosion 19.6% 17.8% 28.2%  54.7% 13.0% 14.0%  92.2% 31.6% 68.2%  0.7% 0.8% 1.3%  11.4% 8.9% 17.7% 

Slight erosion 26.0% 27.9% 30.9%  32.6% 40.6% 43.7%  2.9% 41.5% 27.1%  3.0% 4.4% 7.2%  17.8% 23.0% 27.7% 

Moderate erosion  20.6% 23.1% 19.7%  7.7% 33.9% 32.1%  2.3% 18.5% 1.7%  10.1% 12.8% 16.8%  18.2% 23.2% 19.4% 

Intensive erosion  13.7% 13.5% 10.7%  2.2% 9.7% 7.8%  1.3% 5.4% 1.1%  15.4% 17.7% 19.4%  15.6% 16.1% 12.9% 

Very intensive erosion 13.7% 12.4% 8.1%  1.8% 2.5% 2.1%  0.9% 2.6% 1.2%  32.6% 32.6% 30.5%  21.6% 18.5% 13.8% 

Severe erosion 6.4% 5.3% 2.5%  1.0% 0.3% 0.3%  0.4% 0.4% 0.8%  38.2% 31.6% 24.8%  15.3% 10.3% 8.5% 

Total Area (km2) 2333.0 2438.9  2568.9   324.2  200.7  160.8   75.1  34.0  27.1   148.2  150.6 132.4   273.9  389.7  278.1  

Notes: Erosion levels were defined in terms of the technological standard of soil and water conservation, SL190-2007, issued by the Ministry of Water Resources of China (Sun et al., 2014). Weak erosion, slight 
erosion, moderate erosion, intensive erosion, very intensive erosion and severe erosion refer to soil erosion rates of below 10 t ha-1 yr-1, 10-25 t ha-1 yr-1, 25-50 t ha-1 yr-1, 50-80 t ha-1 yr-1, 80-150 t ha-1 yr-1, and over 
150 t ha-1 yr-1 respectively. 
 

 

 

 

 

 

 

 



 

Table 4 Comparison of measured and modelled erosion rates for two small check-dam-controlled catchments, Yangjiagou and Huangjiagou 

Catchment Measured sediment yield (t ha-1 yr-1) 
Modelled erosion rates (t ha-1 yr-1) Measurement/prediction differencea 

RUSLE PESERA Land use/cover RUSLE PESERA 

Yangjiagou 

106.1 127.6 51.8 1990 21.5 -54.3 

 159.6 23.7 2000 53.5 -82.4 

 153.6 60 2011 47.5 -46.1 

Huangjiagou 

155.1 163.6 72.7 1990 8.5 -82.4 

 167.3 28.4 2000 12.2 -126.7 

  170.8 54 2011 15.7 -101.1 

a, the difference between measured specific sediment yield and modelled erosion rates was calculated as modelling results of RUSLE and PESERA 
minus corresponding measurements. 

 

 

 

 

Table 5 Area of the difference between RUSLE and PESERA predictions under the 1990, 2000 and 2011 land use/cover 

△Erosion (RUSLE-PESERA) of the area (%) 
1990  2000  2011 

Area (km2) Area (%)  Area (km2) Area (%)  Area (km2) Area (%) 

No difference [<15 t ha-1yr-1] 
R>P 214.0  6.6%  233.5  7.3%  219.6  6.8% 

R<P 552.9  17.2%  484.1  15.0%  574.7  17.8% 

Small difference [15-50 t ha-1yr-1] 
R>P 610.2  18.9%  657.6  20.4%  772.6  24.0% 

R<P 326.5  10.1%  367.6  11.4%  262.3  8.1% 

Moderate difference [50-100 t ha-1yr-1] 
R>P 528.3  16.4%  479.4  14.9%  547.4  17.0% 

R<P 140.8  4.4%  147.7  4.6%  67.8  2.1% 

High difference [100-200 t ha-1yr-1] 
R>P 445.6  13.8%  403.6  12.5%  428.9  13.3% 

R<P 50.1  1.6%  51.9  1.6%  17.7  0.5% 

Very high difference [>200 t ha-1yr-1] 
R>P 345.5  10.7%  388.8  12.1%  327.4  10.2% 

R<P 6.8  0.2%  6.5  0.2%  2.4 0.1% 

 
 



 

Figure captions 

 

Figure 1 Basic information for the Huangfuchuan catchment including location, slope, hydro-meteorological stations, and river networks, location of 
Huangjiagou and Yangjiagou check-dam controlled catchment and 1 km2 area selected for the further analysis in Figure 7. 
 
Figure 2 Land use/cover pattern of the Huangfuchuan catchment in 1990, 2000 and 2011. 
 
Figure 3 Soil erosion rates modelled by RUSLE (a) and PESERA (c) and erosion rate changes under the 1990-2000 and 2000-2011 LUCC derived 
based on the modelling results of RUSLE (b) and PESERA (d). 
 
Figure 4 Relationship between erosion rate changes (1990-2000 and 2000-2011) modelled by PESERA and those modelled by RUSLE. The 
percentages refer to the number of points in relevant quadrants while those close to the axes stand for the number of points with a value of zero (i.e. no 
erosion changes were predicted by RUSLE and/or PESERA). 
 
Figure 5 Mean and standard deviation of soil erosion rates predicted by RUSLE and PESERA for land cover transition zones in the Huangfuchuan 
catchment during 1990-2011. 
 
Figure 6 The difference between RUSLE and PESERA predicted erosion rates (RUSLE predictions minus PESERA predictions) under the 1990, 2000 
and 2011 land use/cover pattern. 
 
Figure 7 Mean value and standard deviation of soil erosion rates predicted by RUSLE and PESERA for areas with different slopes (a) and vegetation 
cover (b) in the Huangfuchuan catchment under the 1990, 2000 and 2011 land cover. 
 
Figure 8 RUSLE/PESERA-predicted erosion rates (a, b) and their relationships with slope gradient/vegetation cover (c, d) for a 1-km2 area (e, f), of 
which the location is shown in Figure 1, under the 2000 land cover. 

 
 

 

 


