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Abstract—As the most mature and practical soil erosion prediction 
models so far in the world, USLE and its derivative models, including 
RUSLE and CSLE, have been widely applied in the soil erosion 
inventory and mapping at watershed and regional scale. In the models 
the impacts of terrain on soil erosion is represented by Length Slope 
factor (LS), which calculate based on DEM derived slope degree and 
slope length layers. The extraction of slope and slope length themes, 
especially the latter, of a watershed for each location is difficulty and 
key issue in the application of USLE to soil erosion assessment and 
mapping at watershed and regional scale. The issues reviewed and 
discussed in this paper include; (1) slope length (USLE slope length), at 
the slope scale, for soil erosion prediction is a specified term introduced 
by USLE to represent the influence of slope length to sheet and rill 
erosion, so the slope length is different from similar concepts in 
geomorphology and hydrology which is really a flow length in 
hydrology. (2) Slope length of the distributed basin soil erosion 
(watershed slope length, in short, WSL) refers to the slope length of 
erosion of any point within the basin that is consistent with the process 
of erosion, transportation and settlement of the slope soil within the 
basin when actual topographical conditions of the basin are taken into 
consideration; (3) The WSL is an extension of USLE slope length from 
hill slope to a compound terrain parameter in 3-D dimensional 
landscape, and orient to the USLE application directly in soil erosion 
survey and mapping. (4) There are 4 algorithms proposed by 
researchers, and there are more or lees differences between them, of 
which the cumulative runoff algorithm by Hickey and Van Remortel is 
much better than others. (5) the extraction of WSL is mainly influenced 
by four factors, including DEM resolution, flow direction algorithm, 
partitioning strategy of DEM datasets, and cut-off methods of slope 
length；(6) The issues should be further studied include principles and 
software tools for WSL extraction, variance structures and statistical 
distribution, uncertainties and applicability analysis of the WSL in the 
soil erosion study at watershed and regional scale. 
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1 INTRODUCTION  

As the most popular soil erosion assessment model, USLE (and 
RUSLE, CSLE) has been used widely in watershed and regional 
scale soil erosion survey and mapping[1-5] . The influence of 
terrain to soil erosion was measured by length slope factor (LS 

factor for short) witch calculated on slope length and slope 
gradient[6-8]. And the calculation of slope length based on DEM is 
one of the difficult questions for the application of USLE in soil 
erosion survey and mapping at watershed and regional scale. In 
this paper, slope length at watershed scale discussed 
systematically, including the concept of distributed slope length 
for soil erosion prediction at watershed scale (watershed slope 
length, WSL for short), extraction method, and it’s influence 
factors , in order to improve the calculation method of WSL and 
boost the study on quantitatively soil erosion assessment and 
modeling at watershed scale. 

2 CONCEPT OF DISTRIBUTED SLOPE LENGTH FOR SOIL EROSION 

PREDICTION AT WATERSHED SCALE   

2.1 Concept of Slope Length for Soil Erosion Prediction 

In soil erosion research, slope length is the horizontal distance 
from the source of runoff to a deposition place where slope 
decrease to some degree or to an well-defined channel (including 
nature and man-made channel) [14]. In field survey, it is measured 
through several typical profiles[7].As in Fig.1, the distances from 
A′to B′and B′to C′(λ1 and λ2) refers to slope length for 
soil erosion prediction. And the distance from A′to any point 
between A′and B′or the distance from B′to any point 
between B′and C′refers to distributed slope length for soil 
erosion prediction at watershed scale.  

a. slope land[7] b. slope length of hill slope scale[15] 

Fig. 1 concept of slope length in USLE 
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2.2 Concept of Distributed Slope Length for Soil Erosion 
Prediction at Watershed Scale 

In order to use USEL at larger scale, some research should be 
taken on LS factor at watershed scale [9-11, 13, 16]. According to 
these researches, the distributed slope length for soil erosion 
prediction at watershed scale is suitable to the process of soil 
erosion -- transportation --deposition in watershed and could be 
calculated at any point in the watershed[17] (Fig. 2 & Fig. 3). In 
some researchers’options, it could be taken place by specified 
catchments area [10, 13, 18]. 

Fig. 2 concept of WSL (Wilson, 1986） 
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Fig. 3 slope shape and slope length  

3. ALGORITHMS OF DISTRIBUTED SLOPE LENGTH FOR SOIL 

EROSION PREDICTION AT WATERSHED SCALE 

Varied algorithms of slope length had been developed according 
to varied understanding of slope length, including the simplified 
algorithm proposed by Tang[19, 20], Hickey’s cumulative runoff 
algorithm[21, 22], the algorithm based As[10, 13, 23], algorithm based 
on flow length[24] , and the method based on classification of 
terrain proposed by Gallant[25]. The differences among the varied 
algorithms are shown in Fig.4. And Hickey’s algorithm seems to 
be better. In order to calculate distributed slope length for soil 
erosion prediction at watershed scale, the authors developed a 
software named LS_Tool based on algorithms proposed by 
Hickey and van Remortel [21, 22], and partial code provided by 
Remortel. 

 

1070.2  1338.5
     

0-2.5 2.5-8.5 8.5-17 17-34.5 34.5-70.0 70.0-86.0 >86.0  

a DEM B flow length  

 
 

0-2.5 2.5-8.5 8.5-17 17-34.5 34.5-70.0 70.0-86.0 >86.0
     

0-2.5 2.5-8.5 8.5-17 17-34.5 34.5-70.0 70.0-86.0 >86.0  

c  As d by Hickey- Van Remortel  

 
 

0-2.5 2.5-8.5 8.5-17 17-34.5 34.5-70.0 70.0-86.0 >86.0      

0-2.5 2.5-8.5 8.5-17 17-34.5 34.5-70.0 70.0-86.0 >86.0

e by Tang, G. A.  f by John Gallant  

Fig. 4 simple comparisons of SWL algorithms 

4. IMPACT FACTORS OF DISTRIBUTED SLOPE LENGTH FOR SOIL 

EROSION PREDICTION AT WATERSHED SCALE 

The studies show that, the extraction of WSL was mainly 
influenced by resolution of DEM[27-29] , flow direction 
algorithm[26] and slope length cut off methods. With resolution 
became coarser, WSL increased. And WSL based on single flow 
direction algorithm is shorter than that based on multiple flow 
direction algorithm, and the variance of surface is larger than the 
latter (Tab.1).  

Tab.1 Relationship between terrain parameters and flow 
direction algorithms[26] 

terrain parameters mean variance
single flow direction algorithm 

As (m2/m) 287.15 30.27 
multiple flow direction algorithm 

As (m2/m) 354.25 24.05 

5. ABOUT FURTHER STUDIES 

Considering the importance of WSL in soil erosion assessment 
and mapping, several topics should be researched in the future, 
including algorithms of WSL, spatial and statistic characteristics 
of WSL, uncertainties of WSL and the applicability analysis of 
WSL. 
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