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Abstract

Erosion is a major soil degradation problem in South Africa, confronting both land and water resource management through-
out the country.  Given the increasing threat of soil erosion, a need to improve techniques of estimating the soil-erosion 
risk at a national scale was identified by the National Department of Agriculture and forms the basic premise of this study. 
Principles and components of the Revised Universal Soil Loss Equation are applied here since the model combines sufficient 
simplicity for application on a national scale with a comprehensive incorporation of the main soil-erosion factors.  Indica-
tors of erosion susceptibility of the physical environment, including climate erosivity, soil erodibility and topography were 
improved over earlier assessments by feeding current available data into advanced algorithms. Two maps are presented: an 
actual erosion-risk distribution, and a potential erosion-risk map that excludes the vegetation cover factor. Actual soil-erosion 
risk, which relates to the current risk of erosion under contemporary vegetation and land-use conditions, was accounted for 
by regression equations between vegetation cover and MODIS-derived spectral index.  The area of land with a moderate to 
severe potential risk is found to total approximately 61 m. ha (50%). Although more than 91 m. (75%) are classified as having 
only a very low to low actual risk, approximately 26 m. ha (20%) of land is eroded at a rate greater than a soil-loss tolerance of 
10 t/ha·yr, showing the potential to target erosion control to problem areas.  The Eastern Cape, Limpopo and KwaZulu-Natal 
Provinces have the highest erosion potential. Comparison of potential and actual erosion risk indicates that over 26 m. ha 
(>30% of national land) could be subject to high erosion risk without maintenance or careful management of the current veg-
etation cover and land use.  Although the distribution of the actual erosion risk broadly follows that outlined previously, this 
study provides an advance on previous assessments of erosion; results are validated more comprehensively than before, and 
show an overall accuracy of 77%.  The paper also describes many of the limitations inherent in regional erosion studies.  
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Introduction

Soil erosion is an important form of land degradation and is 
among the world’s and South Africa’s most critical environmen-
tal issues.  Previous research indicates that more than 70% of 
South Africa (SA) is affected by varying intensities of soil ero-
sion (Garland et al., 2000). Erosion is a process of detachment 
and transportation of soil materials by wind or water (Morgan, 
1995) and although 25% of SA is highly susceptible to wind ero-
sion (Hoffman and Todd, 2000), water is the dominant agent 
causing erosion in SA and forms the focus of the study.  Water 
erosion occurs mostly through rain-splash, in un-concentrated 
flow as sheet erosion, as well as in concentrated flow as rill 
and/or gully erosion.  Outcomes depend on the combined and 
interactive effects of erosion factors, namely rainfall erosivity, 
soil erodibility, slope steepness and slope length, crop manage-
ment, and support practice.  More detail on the factors governing 
erosion, specifically in a South African context, is provided by 
Laker (2004).  Although soil erosion is a natural process, it is 
often accelerated by human activities such as clearing of vegeta-
tion or by overgrazing (Snyman, 1999).  Loss of fertile topsoil 
and reduction of soil productivity is coupled with serious off-
site impacts related to increased mobilisation of sediment and 

delivery to rivers.  Eroded soil material leads to sedimentation/
siltation of reservoirs, as well as an increase in pollution due 
to suspended sediment concentrations in streams which affects 
water use and ecosystem health (Flügel et al., 2003).  Accord-
ing to the latest State of Environment Report of SA, soil-erosion 
costs an estimated R2 bn. annually including off-site costs for 
purification of silted dam water (Hoffman and Ashwell 2001; 
cited in Gibson et al., 2006).  Before prevention of soil erosion or 
remediation can be undertaken, the spatial extent of the problem 
should be established.
 Table 1 provides a summary of regional-based work 
undertaken on soil erosion in SA since 1990.  Although some 
approaches are based on the collection of distributed field obser-
vations and/or sediment data, most of the studies use a combina-
tion of remote sensing and modelling techniques.  In 1993, the 
Agricultural Research Council – Institute for Soil, Climate and 
Water (ARC-ISCW) was contracted by the Department of Agri-
culture (DoA) to investigate the use of remote sensing and GIS 
in soil degradation management.  As a result, Pretorius (1995) 
produced the Erosion Susceptibility Map (ESM) at a scale of 
1:2.5 million by integrating a green vegetation cover map from 
NOAA satellite data with the sediment yield map of Southern 
Africa (Rooseboom, 1992).  Research continued in 1998 to 
produce the Predicted Water Erosion Map (PWEM) at a scale 
of 1:2.5 million applying the widely used Universal Soil Loss 
Equation (USLE) within a GIS framework (Pretorius, 1998).  
Methodology, however, is based on a considerable simplifica-
tion of the USLE, by grouping some of the erosion factors (soil 
and slope) as one.  Furthermore, ESM and PWEM only provide  
percentage differences in erosion between regions without 
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