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A GIS-BASED PROCEDURE FOR AUTOMATICALLY 

CALCULATING SOIL LOSS FROM THE UNIVERSAL 
SOIL LOSS EQUATION: GISUS-M 

J. A. Oliveira,  J. M. L. Dominguez,  M. A. Nearing,  P. T. S. Oliveira 

ABSTRACT. The integration of methods for calculating soil loss caused by water erosion using a geoprocessing system is 
important to enable investigations of soil erosion over large areas. Geographic information system (GIS)-based 
procedures have been used in soil erosion studies; however in most cases it is difficult to integrate the functionality in a 
single system to compute all soil loss factors. We developed a system able to combine all factors of the Universal Soil Loss 
Equation (USLE) with the computer functionality of a GIS. The GISus-M provides tools to compute the topographic (LS-
factor) and cover and management (C-factor) from methods using remote sensing data. The other factors necessary to use 
the USLE, including soil erodibility, rainfall erosivity, and conservation practices, are also integrated in this tool. We 
describe in detail the GISus-M system and show its application in the Ribeirão do Salto sub-basin. From our new system, 
it is possible to work with different types of databases, making the GIS-procedure developed here a useful tool for 
researchers and decision makers to use spatial data and different methods to create future scenarios of soil erosion risk. 
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n Brazil, land use change associated with defor-
estation and agricultural intensification has brought 
about increases in soil erosion rates over many parts 
of the country (Oliveira et al., 2015). The lack of 

implementation of effective policy and soil erosion control 
programs means that soil erosion remains a major threat to 
both sustainable food production in Brazil and also to 
problems related with sediment yield. The first step to 
addressing the problems brought about by water erosion is 
to understand and quantify the magnitude and extent of the 
problem. This requires tools that can be applied over large 
areas both to estimate spatially distributed rates of soil 
erosion and also to quantify the individual factors that 
contribute to potential high soil erosion rates. The 
Universal Soil Loss Equation (USLE) (Wischmeier and 
Smith, 1978) is a valuable tool for addressing both of these 
objectives. The USLE, and it derivatives the Modified 
Universal Soil Loss Equation (MUSLE) (Williams and 
Berndt, 1977), the Revised Universal Soil Loss Equation 

(RUSLE) (Renard et al., 1997) and RUSLE2 (Foster et al., 
2001), are the most widely used soil erosion models in the 
world (Kinnell, 2010). 

The USLE has been well validated and tested across 
many environments (Schwertmann, 1990; Larianov, 1993; 
Liu et al., 2002), and it is a well-accepted tool for making 
unbiased assessments of relative rates of soil erosion as a 
function of the major factors that influence soil erosion 
rates. The simple form of the USLE, with its six erosion 
factors separately quantified, allows rapid and effective 
comparison of not only the rates of erosion, but also the 
spatial distribution of the major factors that influence the 
erosion rates. 

Computer-based systems have been developed using 
GIS to evaluate soil loss over large areas and on different 
geographic features, such as: AGWA (Goodrich et al., 
2011); GeoWEPP (Renschler et al., 2002); SWAT2000 
(Arnold et al., 1998; Srinivasan et al., 1998); Kineros2 
(Smith et al., 1995; Goodrich et al., 2002). Furthermore, 
various approaches and tools have been developed to 
calculate separately some of the factors from the USLE and 
RUSLE. Van der Knijff et al. (2000) presented a simplified 
equation using Normalized Difference Vegetation Index 
(NDVI) for calculating the cover and management C-
factor. To calculate the topographic factor (LS-factor), Van 
Remortel et al. (2001) developed an algorithm using an 
AML (Arc Macro Language) script within ArcINFO. 
Zhang et al. (2013) developed a calculation support 
application LS-tool which provides various possibilities to 
calculate LS-factor using ASCII digital elevation model 
(DEM) data. 
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Some systems and procedures used to obtain the values for 
the USLE factors have been implemented outside GIS, such as 
the USLE-2D software (Desmet and Govers, 1996) and LS-
Tool (Zhang et al., 2013). The development of the GIS-based 
procedure is used to provide data processing and to ensure 
comparability of soil erosion maps (Csáfordi et al., 2012). 
However, in most cases it is difficult to integrate the 
functionality into a single system to compute all 
USLE/RUSLE factors. Given the need for implementation of 
a system able to apply the USLE model in GIS, we developed 
a GIS framework called GISus-M, which is an easy to use 
interactive GIS-procedure with a user-friendly interface for 
automatically calculating soil loss using the USLE. 

The main aim of this study was to develop a system able 
to combine USLE with the computer functionality of a GIS. 
The GISus-M provides the possibility to calculate the 
topographic (LS-factor) and cover and management (C-
factor) using recently developed methods. Moreover, the 
user can use the GISus-M to make spatially-distributed 
calculations applying the layer created with existing layers 
for soil erodibility and rainfall erosivity to obtain erosion 
estimates. This integration is important to ensure reliability 
of soil erosion risk maps and to accelerate data processing 
within GIS. 

OVERVIEW OF THE GISUS-M 

FRAMEWORK 
The GISus-M is an Add-in for ArcGIS Desktop 10.2 

version and it was built using an integrated development 

environment (IDE) and programming in C# with Microsoft 
Visual Studio 2010. Installing the system is initiated by 
simply double-clicking the add-in file. A requirement to 
load GISus-M is that the user has previously obtained the 
necessary layers to apply the USLE model, as described 
below. 

When the GISus-M is loaded, a button is added on 
toolbars of the ArcGIS. The system requires five layers to 
be enabled. The main interface is intuitive and easy to use. 
The graphical user interface (GUI) of GISus-M is shown in 
figure 1. 

INPUT DATA 
The input data to the system include: rainfall erosivity 

map (R-factor), soil erodibility map (K-factor), digital 
elevation model (DEM) that is used to compute the 
topographic factor (slope length and steepness factor), a 
cover and management map (C-factor), and sup-
port/conservation practices map (P-factor). Vector and 
raster data are supported in GISus-M. When user inputs a 
vector data, the system provide editing tools to edit the 
attributes of features within a specific layer. 

If the user is interested in changing values for each 
attribute, GISus-M provides an interface which can be used 
to edit a layer. Hence, the user can create different 
sceneries of soil erosion in a specified study area (fig. 2). 

DATA PROCESSING 
The USLE factors used in the GISus-M may be 

computed using different sources of data, such as: remote 
sensing, soil surveys, topographic maps, and meteorologi-

Figure 1. Main GISus-M interface. 
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cal data. The USLE is an empirical equation used to predict 
average annual erosion (A) in terms of six factors 
(Wischmeier and Smith, 1978). Thereby, the USLE is 
expressed as: 

 PCSLKRA ×××××=  (1) 

where A is soil loss (t ha-1 y-1); R is a rainfall-runoff 
erosivity factor (MJ mm ha-1 h-1 yr-1); K is a soil erodibility 
factor (t h MJ-1 mm-1); LS is a combined slope length (L) 
and slope steepness (S) factor (non-dimensional); C is a 
cover management factor (non-dimensional); and P is a 
support practice factor (non-dimensional). 

The factors in the GISus-M system are represented by 
raster or vector layers. Once in place, all layers are 
multiplied together to estimate the soil erosion rate using 
spatial analyst in GIS environments. Therefore, it becomes 
fundamental to have high spatial accuracy in all layers for 
obtaining satisfactory precision in soil loss estimation. Figure 
3 shows an overall view of the procedures in GISus-M. 

The topographic factor (LS) and the cover management 
factor (C) are the two factors that have the greatest 
influence on USLE model overall efficiency (Risse et al., 
1993). Thus, the quality of the precision of data collection, 
processing, and analysis for LS and C factors will have a 
significant impact of soil loss estimation. For this reason, 
we included the LS-TOOL application into GISus-M to 
calculate LS-factor and two methods were implemented to 
calculate C-factor by NDVI data (Van der Knijff et al., 
2000; Zhang et al., 2013; Durigon et al., 2014). 

Calculation of the Topographic Factor, LS 
Despite the LS-factor being one of the most important 

factors when using the USLE methods (Risse et al., 1993), 
ground-based measurements are seldom available at 
watershed or larger area scale. Alternatives to ground-based 
measurement have been developed for quantifying the LS-
factor using DEMs within geographic information system 
technologies (Moore and Wilson, 1992; Desmet and 
Govers, 1996; Mitasova, et al., 1996; Van Remortel et al., 
2001; Hickey, 2004; Zhang et al., 2013). 

In the GISus-M system, the calculation of the LS-factor 
on a grid is based on digital elevation models. The 

Figure 2. Edit values interface. 

Figure 3. Flowchart of implementing the GISus-M. 
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elevation data can be represented by raster data. A primary 
goal of this step was to use methods widely applied and 
tested to calculate the topographic factor. The GIS-
framework of GISus-M is ideally suited for calculating the 
LS factor using the LS-TOOL proposed by Zhang et al. 
(2013). As the LS-TOOL uses ASCII DEM data to 
calculate the LS-factor, we changed the source code to 
work with RASTER DEM data to be compatible with input 
data in GISus-M. 

In addition, the LS-TOOL provides different combina-
tions of algorithms to calculate the topographic factor, 
applying algorithms to fill no data, sink cells, single-flow 
direction (SFD), and multiple-flow direction (MFD) to 
obtain the unit contributing area, as show in figure 4. 

The calculation methodology of LS-factor is applied to 
each pixel in the DEM. Calculation of the L factor is 
expressed as (Desmet and Govers, 1996): 
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where 
Lij-in  =  slope length for grid cell (i,j), 
Aij-in  =  contributing area at the inlet of the grid cell with  
  coordinates (i,j) (m2), 
D  =  grid cell size (m), 
m  =  length exponent of the USLE L-factor, 
xij  =  ( jiji ,, cossin αα + ). 

Various algorithms have been developed and reported in 
the literature (O'Callaghan and Mark, 1984; Quinn et al., 
1991; Tarboton, 1997) to compute the upslope contributing 
area (Aij-in) for each cell using overland flow routing. LS-
TOOLS uses the procedure for identifying channels 
suggested by Tarboton et al. (1991). In LS-TOOLS, the 
exponent m of equation 2 was implemented according the 

algorithm proposed by McCool et al. (1989), where the 
slope length is a function of the erosion ratio of rill to 
interrill (β). 

 ( )ββ += 1/m  (3) 

where β varies according to slope gradient (McCool et al., 
1989). The β value is obtained by: 

 ( )[ ]56.0sin3/
0896.0

sin 8.0 +





= θθβ  (4) 

The calculation of the S-factor proposed by Wischmeier 
and Smith (1978) was modified in the RUSLE model to 
obtain a better representation of the slope steepness factor, 
which takes into account the ratio of the rill and interrill 
erosion. 

 03.0sin8.10 += θS  (5) 

 50.0sin8.16 −= θS  (6) 

where θ is the slope in degrees. It is important to note that 
the algorithm proposed by McCool et al. (1987) is used for 
slopes <9% and another for slopes >9%. Other approaches 
have been developed to calculate the S-factor on different 
slopes (Liu et al., 1994; Nearing, 1997). 

A comparison of LS-factor values calculated by LS-TOOL 
with the two methodologies, unit contributing area (UCA) and 
flow path and cumulative cell length (FCL), showed that there 
is better relationship between the field data and LS-TOOL 
than with using previously existing algorithms (Zhang et al., 
2013). The authors reported that the LS-TOOL provides a 
useful tool for calculating the LS-factor. 

Cover Management Factor 
The C-factor is used to reflect the effects of the vegetation 

cover and cropping on the erosion rate (Wischmeier and 
Smith, 1978; Yoder et al., 1996). The C-factor is the ratio of 
soil loss from land cropped under specific conditions to the 
corresponding loss from tilled, continuous fallow condition 
(Wischmeier and Smith, 1978, Risse at al., 1993). 

One method used to estimate C-factor values is to use 
remote sensing techniques, such as land cover classification 
maps, ratios of image bands, and vegetation indices. 
Remote sensing has a number of advantages over 
conventional data collection methods, including low-cost, 
rapid, and precise data analysis, and less instrumentation 
(for the user) than for in situ surveying (Durigon et al., 
2014). 

One approach to determine the C-factor from remotely 
sensed data is by Normalized Difference Vegetation Index 
(NDVI): 

 







+
−=

REDNIR

REDNIR
NDVI  (7) 

where NIR is surface spectral reflectance in the near-
infrared band and RED surface spectral in the infrared 
band. According to De Jong (1994), conversion of NDVI to 
C-factor values can be done using the following linear least 
square equation: 

Figure 4. Interface to calculate the LS-factor. 
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 NDVIC ×−= 805.0431.0  (8) 

This equation has limitations, such as the fact that is 
unable to predict C-values over 0.431 and the function was 
obtained for semi-natural vegetation types only. Thus, Van 
der Knijff et al. (1999) investigated whether the NDVI-
images could be ‘scaled’ to approximate C-factor values in 
some alternative way, resulting in the following 
exponential equation: 

 ( )






−

−=
NDVI

NDVI
Cvk β

αexp  (9) 

where α and β are parameters that determine the shape of 
the NDVI-C curve. An α-value of 2 and a β-value of 1 gave 
reasonable results for European climate conditions (Van 
der Knijff et al., 1999). 

As C-factors tend to be greater than that calculated by 
equation 9 for tropical climate conditions with same NDVI 
values, another method was proposed by Durigon et al. 
(2014) for regions with more intense rainfall: 

 





 +−=

2

1NDVI
CD  (10) 

For areas with dense vegetation cover, NDVIs tend 
towards +1 and C-factors are near 0 (Durigon et al., 2014). 
The application of equation 10 in a watershed in the 
Atlantic Forest biome showed this method to be more 
accurate in calculating the C-factor than that proposed by 
Van der Knijff et al. (1999). 

In the GISus-M system, the calculation of the C-factor 
grid is based on NDVI data. We developed an interface that 
is easy to operate and which the user can create NDVI data 
or use an existing NDVI image (fig. 5). The cover 
management factor can be determined in two ways in 
GISus-M, a method proposed by Van der Knijff et al. 
(1999) and another by Durigon et al. (2014). 

CASE STUDY 
To verify the applicability of the GISus-M, we used 

available data of the Ribeirão do Salto which is a sub-basin 
of the Jequitinhonha Basin, located in Bahia State, Brazil 
(fig. 6). The total area of the sub-basin covers approximate-
ly 1700 km2, at 15° 48’ S - 18° 36’ S and 38° 52’ W - 43° 
47’ W. Each of the layers within GISus-M used raster data 
to represent the factors in the USLE model (rainfall 
erosivity - R, soil erodibility - K, topographic factor - LS, 
cover and management - C, and conservation practices - P). 

CALCULATION OF THE R-FACTOR 
The rainfall erosivity index (EI30) is determined for 

isolated rainfalls and classified as either erosive or 
nonerosive (Oliveira et al., 2013). To supply the scarcity 
and the lack of data on EI30 for rainfall measurement 
stations in the basin study, Bernal (2009) used the equation 
proposed by Lombardi Neto and Moldenhauer (1992): 

 ( ) 841.02
30 / PpEI =  (11) 

where p is the mean monthly precipitation at month (mm), 
and P is the mean annual precipitation (mm). 

According to Montebeller et al. (2007), the erosivity map 
can be obtained by interpolation methods using sampled 
values to estimate the erosivity values in places where no 
rainfall data are available. We used the erosivity map 
obtained by Bernal (2009) which used 31 rain gauges inside 
of the Jequitinhonha Basin to obtain more realistic results. 
Furthermore, the kriging interpolation method was applied to 
obtain the R-factor in the entire study area (fig. 7). 

SOIL ERODIBILITY FACTOR (K-FACTOR) 
The soil erodibility factor quantifies the susceptibility of 

soil particles to detachment and transport in sheet flow and 
rills by water (Tiwari et al. 2000). The K-factor estimation 
method most widely used is based on soil properties, such 
as primary particles (silt, sand and clay), organic matter 
content, permeability and structure of soil. 

The soils data were extracted from the Brazilian soil 
map (EMBRAPA, 2011) which was obtained by the 
RADAM Brazil Project (Brasil, 1981a). Following the 
current Brazilian System of Soil Classification, there are 
basically three types of soil in the study area: PVAe - 
Argissolos Vermelho-Amarelos Eutróficos (K-factor = 
0.0075), MTo - Chernossolos Argiluvicos Orticos (K-factor 
= 0.0205), and LVAd1 - Latossolos Vermelho-Amarelos 
Distróficos (K-factor = 0.0061) (fig. 8). 

Figure 5. Interface to calculate C-factor. 
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To calculate the K factor we used the equation proposed 
by Denardin (1990): 

 
)(00037756.0)(00116162.0

)(00834286.0)(00608397.0

dc

bak

−−
+=

 (12) 

where a is the permeability of the soil profile as described 
by Wischmeier et al. (1971); (b) is the percentage of soil 
organic matter (SOM); (c) is the percentage of aluminum 
oxide extracted from sulfuric acid; (d) represents the soil 
structure code (Wischmeier and Smith, 1978). 

TOPOGRAPHIC FACTOR (LS) 
A DEM extracted from a Shuttle Radar Topography 

Mission (SRTM) image with 90 m of spatial resolution was 
used to calculate the LS factor (fig. 9). To validate the results 
obtained from LS-TOOL for the study area, we made a 
comparison of LS factors with the unit contributing area 
method (UCA) proposed by Moore and Wilson (1992): 
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where 
As  =  unit contributing area (m), 
θ  =  slope in radians, 
m (0.4-0.56) and n (1.2-1.3) are exponents. 

 

Figure 6. Ribeirão do Salto sub-basin. 

 

Figure 7. Erosivity map from study area. 
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We used 200 sample locations in the sub-basin in channels, 
ridges, hilltops, and gently rolling areas to compare the LS 
factor values calculated by LS-TOOL and the UCA 
method. The linear regression r2 for this evaluation is 
shown in figure 10c. We found that there was a strong 
relationship between the UCA method and LS-TOOL for 
the study area, as was also reported by Zhang et al. (2013). 

To obtain LS-factor values we choose some of the 
parameters in the LS-TOOL taking into account 
characteristic of study area (fig. 10b). The multiple-flow 
direction (MFD) was used to obtain the unit contributing 
area and the LS layer was created (fig. 10a). 

COVER MANAGEMENT FACTOR (C) AND 

SUPPORT/CONSERVATION PRACTICES FACTOR (P) 
The supporting conservation practice factor was 

assumed to be a value of 1.0 for the entire area due to the 
lack of support practices in place within the Ribeirão do 
Salto sub-basin. The GISus-M used the normalized 

difference vegetation index (NDVI) data to obtain the C 
factor. For this, it is necessary to make the atmospheric 
correction of the image data before calculating the 
vegetation index. A full Landsat 8 scene of the study area 
was obtained from the USGS EROS Data Center available 
at http://eros.usgs.gov/ (fig. 11a). 

We used ENVI 5.1 software to convert digital number 
(DN) values to surface reflectance and then we applied the 
FLAASH tool available in the same software to 
atmospherically correct the multispectral image. The NDVI 
was computed for each pixel using equation 7 from Landsat 
8 scenes (path/row: 216/71) acquired by the Operational 
Land Imager (OLI). NDVI data was derived from bands 4 
(red) and 5 (NIR) of the Landsat 8, acquired on 4 May of 
2014 (fig. 11b). Then we used equations 9 and 10 to obtain 
C-factor values from NDVI data (fig. 11c). 

We used values of 2 and 1 for the α and β parameters. 
The mean values and standard deviations for Cr and Cvk 
calculated from NDVI image were 0.163 and 0.063, 0.087 

 

Figure 8. Erodibility map from study area. 

 

Figure 9. Samples map and SRTM data from study area. 
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and 0.149, respectively. Values closer ‘0’ represented a 
denser density coverage. It is important to note that more 
than 99% of sub-basin showed values of Cr and Cvk 
between 0 and 0.45. 

POTENTIAL ANNUAL SOIL LOSS 
To estimate the potential annual soil loss for Ribeirão do 

Salto sub-basin we used the product of factors (R, K, LS, C 
and P). The system developed allows the user to easily run 
the USLE method providing a determination of the 
sediment yield in study area. Moreover, the user can create 
some surface soil erosion scenario changing the factors or 
information in the database. 

Thus, for Ribeirão do Salto sub-basin the assessment of 
the average soil loss was carried out and grouped into 
different classes (fig. 12). We used Cr method for C factor 
layer because the study area is located in tropical areas 
exhibiting high rainfall intensity. The spatial pattern of soil 
erosion map indicated that the areas with large erosion risk 
were located in the north and northwest regions. Areas with 
small erosion risk were in the central parts of the study area. 

SUMMARY AND CONCLUSIONS 
By using the GISus-M presented in this work, it is 

feasible to integrate methods for calculating the USLE 
factors with geoprocessing system, enabling applicability 
of spatial data in analysis of soil erosion at a relatively 
large scale. In addition, the GISus-M provides tools to 
create LS and C factors in different ways using DEMs and 
remote sensing information, respectively. 

GISus-M is an interactive tool that may be used in soil 
erosion surveys and studies. Furthermore, the system 
allows researchers and decision makers to use spatial data 
and different methods to create future scenarios of soil 
erosion risk. The results found for the Ribeirão do Salto 
sub-basin show that it is possible to populate the values 
needed in database, and to work with different types of 
data, making the GIS-procedure developed here a useful 
tool for applying the USLE method within a geographic 
information system. 

 

(a) 

 

(b) 

 

(c) 

Figure 10. (a) Topographic LS-factor map for the study area; (b) LS-TOOL configuration used to obtain the LS values; and (c) linear 
regression relationship between LS-TOOL and UCA values. 
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(a) 

 

(b) 

 

(c) 

Figure 11. (a) Composite band 5-4-3; (b) NDVI data; (c) Cr and CVK obtained from Landsat 8 OLI. 
 

 

Figure 12. Annual average soil loss for Ribeirão do Salto sub-basin. 
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The GISus-m files for installation and a manual can be 
found at http://www.ufrb.edu.br/gisus-m. 
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