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ABSTRACT 
SLEMSA model was applied in Kenya for estimating soil erosion losses and testing 
alternative land management techniques for minimising erosion losses at farm level. Data 
extrapolation was done from Zimbabwe where the model was developed to make up for 
the missing data in the area of study. The methodology was applicable in Kenya since 
similar climatic, soil, topography and vegetation prevail. The method examined the 
factors involved in the erosion process including soils, climate, topography, vegetation 
and human influence. The model required a detailed soil survey of the study area, 
meteorological weather data, topographical maps, aerial photographs, field survey, Farm 
management handbook and data extrapolation from Zimbabwe. The assumptions made 
for model application included erodibility factors developed in Zimbabwe using soil 
texture for application in Kenya with similar soils, use of crop yields in developing 
percentage cover value for extrapolation to Kenya with adjustments to the actual planting 
dates in the study area, contour ridges used in Zimbabwe to serve the same purpose as 
terraces in Kenya and soil types in the model were homogenious in the study area. Using 
crop, soil climatic and topographic variables the model was operated for erosion loss 
related to yields results and subjected to sensitivity analysis. The results supported 
SLEMSA application in Kenya. 
 
 
INTRODUCTION 
Kenya’s Semi-Arid areas present management challenges in the efforts towards increased 
food production.  The challenges include (i) use of inappropriate production technologies 
with consequent land degradation. (ii) low and insufficient erosive rainfall, which 
constrain crop and livestock yields (iii) soils with low organic matter and in major plant 
nutrients Nitrogen, phosphorous and Potassium (NPK) (Ikombo, 1984.). (iv) rugged 
topography contributing to soil erosion (v) high costs of physical conservation structures 
(Kinama, 1993) (vii) insufficient knowledge on soil erosion by raindrop impact and 
runoff water and quantification of soil loss (viii) while the extent of degradation hazard 
coverage via maps has been poor   . 
 
A cost effective method of estimating soil losses using Soil Loss Estimation Model for 
Southern Africa (SLEMSA) was developed in Zimbabwe by Elwell (1978) and was used 
in the study area using locally collected data with data extrapolation from Zimbabwe 
where possible in order to make up for the missing data in the area. The method examines 
in detail those factors involved in the erosion process such as soils, climate, topography, 
vegetation and human influence. The model has useful application in land use decisions 
for enhanced productivity. The Comparison of the factors used in the SLEMSA between 



Zimbabwe and Kenya indicate that they are comparable in their nature and range and on 
this basis the model can be used with comparable accuracy in the study area. 
 
Assumptions for the use of the model 
(a) The erodibility factors (Fb) developed in Zimbabwe using soil texture could be 
applied in Kenya with similar soils. (b)The use of crop yields in developing percentage 
cover value could be extrapolated to Kenya with adjustments to the actual planting dates 
in the study area. (c) The contour ridges used in Zimbabwe would serve the same purpose 
as terraces in the study area. (d) The soil types in the model are homogenious in the study 
area. 
 
Soil erosion rates estimation 
Over the past, several methods have been used to generally estimate soil losses.  In 
drainage basin studies geomorphologists and conservationists while studying erosion 
processes have made reliable yield estimates at the basin outlets. This method lacks 
spatial pattern of erosion within the catchment. It assumes that the sediment trapped and 
stored within the basin is negligible over the measurement period. The method ignores  
the  bedload and concentrates on the suspended load. The source of the sediment in the 
catchment is also not easy to tell. It could be from landslides, gullies or roads within the 
catchment. As Reid (1982) puts it, different processes and rates within different basins 
cannot be described by a single number as is the case with sediment yield approach with 
some form of sediment budget approach on a basin scale. This would depict a clearer 
picture as to the nature and source of sediment within the basin. 
 
 Most catchments including those in eastern Kenya consist of both grazing and arable 
cropped land. Erosion rate studies on grazing and arable lands could indicate where and 
which of the two land uses have more erosion. Monitoring soil erosion rates this way will 
result in the design of appropriate remedial or protective soil conservation measures such 
that tolerable soil losses are not exceeded. Soil erosion estimates therefore are important 
as guidelines as to how much soil should be lost through erosion before a soil’s capacity 
to continue producing is undermined. This could help in planning sustainable soil 
conservation projects. 
 
Sediment yield from a basin also depends on its size. Larger basins yield less sediment 
per unit area than smaller basins. This could be due to more intense erosion in upland 
head water areas and to alluvial storage having increasing residence time, with distance 
downstream. On the other hand, sediment yield estimates have been made for Africa by 
Fournier (1960), Strakhov (1967) and Walling (1984). The picture portrayed by their 
maps on sediment yields for Africa is that there were big variations on the measurement 
of sediment yield on the same place. This could be attributed to extrapolations of data on 
their yield estimates which seems to suggest that big errors had been made (figure 1) for 
comparison of sediment yield data. 
 
The significance of the general lowering of the ground surface is that this tends to lower 
the effective soil depth and the moisture storage capacity of the soil is consequently 
reduced, with continued erosion. Certain crop requirement may be affected through this 



reduced soil depth and could eventually be excluded from cultivation due to induced 
water deficit. 
 
Topographic Surveys further estimate sediments in dams as sediments emanate from the 
catchments, which drains into the reservoir. One way of getting volume of sediment 
trapped in the reservoir is by taking the original topographic Survey data at reservoir 
construction. At periodic times when the reservoir has dried as can happen in semi-arid 
tropics another topographic survey of the reservoir is taken. The difference between the 
original survey and the new one divided by the time taken in years gives an estimate in 
tons or m3 per year. Erosion losses have shown 0.5mm/year (Kinama, 1981). 
 
Studies in Dodoma Tanzania of soil loss showed estimate of 200-680m3/Km2 
(Christianson, 1979). This estimate has some similarities with estimates made by Dunne 
et al., (1978) in Southern Kenya of 75-200 ton/m2/yr. Chemeron and Endao catchments in 
Baringo district in Kenya have been shown to have denudation estimates of 2.2mm/yr 
(Kencol Ltd, Project 1983). 
 
Further the savannah areas of Kenya have average erosion rates of 3.7mm/yr on clay soils 
and 14.7mm/yr on sandy clay loams (Dunne, 1976a). Perhaps the simplest and most 
effective method of monitoring the minute changes in the altitude of the ground is the 
direct measurement of ground loss or gain in mm/year using erosion pins and washers. 
This is a crude way of showing that soil is getting eroded and lost. This changing soil 
level will result in soil degradation. At the same time, fence posts often show marks 
indicating the position of the surface of the time of installation. The difference between 
the original soil height and the present height of the ground divided by the age of the 
fence crudely gives the soil loss rate. 
 
As well as the use of erosion pins, root exposure measurements have been used to give 
quick assessments of erosion rates with minimum costs and ease of use. They can 
however only be used in grazing areas alone. Based on the measurements of tree root 
exposures namely Acacia drepanolobium in the Kapiti plains of Kajiado district in 
Kenya, Dunne (1976b) obtained soil losses of 0.1 to 0.5 cm/yr and 0.4 to 1.2 cm/yr for 
Northern Kenya. These estimates were taken in a period of 10-20 years in the heavily 
grazed areas of Kenya. Of importance still is the measurement of surface wash using 
wash traps. Gerlach troughs with four litre containers are normally used. Immediately 
following storm events samples are collected and analysed. These provide information on 
magnitude and frequency of surface wash and on denudation.   
 
The method most widely used is the use of the runoff plots for predicting soil loss. Their 
advantage being that various management changes can be done on the plot while soil 
losses resulting from these are monitored. The soil loss is expressed in ton/ha/yr. These 
runoff plots have been used in the universal soil loss equation (USLE) developed in the 
U.S.A using several thousands of plot data. The standard slope length used was 22.1 
metres at a slope of 5%. The equation is empirical and has six factors to estimate soil loss 
these are the index of rainfall erosivity, soil erodibility, index of slop length and 
steepness, a crop factor and a conservation   practise factor. 



 
Although this equation has been used in many places there has been problems in the 
results predicted. There were variations in the estimates between Eastern USA where the 
equation was developed and western USA. At the same time, efforts to use the USLE in 
Nepal by Fetzer and Jung (1979) on a range of land uses were fruitless. They tried to 
develop local values for the equation but found the predictions were not realistic. The 
erodibility factor, K, in the USLE has differences between the official value for the 
nomograph and the value obtained from experimentation, Barnett (1976). Extrapolation 
on use of the equation on other areas of the tropics has also resulted in errors in soil 
estimation. Kilewe (1985) reported that USLE has been found to overestimate soil loss 
for experimental plots in Kenya. In Zimbabwe stocking and Wendelaar & Elwell (1978) 
using the USLE found that in five cases the equation overestimated soil loss by 100% and 
in another instance by as much as 600%.  Mati et al. (2000) showed that USLE 
overestimates soil loss in poorly covered areas and underestimates it in properly covered 
areas. The lesson from this experience is that the USLE has to be used with a lot of care. 
 
Though from a limited database Kilewe (1985, 1987) compared soil losses from the bean 
plot and then intercropped with maize in Kenya. He compared runoff plots with erosion 
traps.His results indicated that there was a tendency for the erosion traps to overestimate 
soil losses by 71.4 and 70.2% respectively. On yet another scale is the use of small 
erosion plots in the laboratory where the natural estimate is simulated. These have the 
advantage that the research can control parameters being estimated. In his laboratory 
studies, Elwell (1990) in Zimbabwe developed, calibrated and field-tested a soil loss and 
runoff model. He simulated the environment on arable land in Zimbabwe. Except for the 
constant topographic ratio, vegetation, rainfall and soil were simulated. In this study he 
had two additional factors namely the prior rainfall energy and moisture. He showed that 
small-scale physical simulation models when calibrated to field data can provide an 
inexpensive data source for developing runoff and soil loss prediction model. 
 
The major purpose of soil loss equation or any other method of estimating soil loss is to 
facilitate prediction of the average rates of soil loss for various alternative combinations 
of cropping systems, land management techniques and control practices on a site basis. 
The predicted soil losses are compared with soil tolerance values which denote the 
maximum rate of annual soil loss that will amount a high level of crop productivity to be 
sustained economically and indefinitely (Weischmeir and Smith, 1978) for that site to 
produce specific guidelines for controlling erosion within specific limits. 
 
As such, any cropping and management combination for which the predicted erosion rate 
is less than tolerable soil loss (T) value may be expected to provide satisfactory erosion 
control. The design of soil conservation practices consequently aims at achieving the 
range of the soil loss. Typically this has been established as 2.5 to 12.5 t/ha/yr (Stocking, 
1981). For the local conditions, it has been set at 3 t ha-1 for shallow 25 depth soils, 5 t ha-

1 for deep soils of up to 80cm depth and 27 t ha-1 for very deep soils (FAO, 1993; 
Kinama, 1997).  The average weathering rate for unconsolidated parent material is about 
1.1 t/ha/yr (Smith and Yate, 1968). In designing soil conservation projects one should use 
the T values specified for given areas. 



 
Different environments show different soil formation rates and hence problems arise 
when data is extrapolated from one country to another. For instance, soil depth and 
organic matter are factors, which affect tolerable soil losses and which vary from one 
place to another. In the semi arid areas of Kenya, soil formation rates are lower than the 
accelerated erosion rates in these areas hence the importance of determining reasonable 
tolerable soil losses for such areas. 
 
In Kenya, the relationship between soil loss and yield decline has not been established 
but the trend has been observed and mentioned on several occasions. There is indeed loss 
of nutrients from eroded soil material and likelihood of nutrient losses from arable lands 
(Gachene, 1995). There are further clear connections between yield decline and nutrient 
loss from erosion (Kinama et al, 1999). Rao et al. (1999) have further shown that 
Nitrogen and Phosphorus losses were as high as 20 and 61 kg/ha resulting from runoff 
and soil displacement.  
 
MATERIALS AND METHODS 
Site and location 
The study area covered 200 hectares part of the National dry land farming research 
centre, Katumani and part of communally owned Kimutwa area. It is about 80km East of 
Nairobi at an altitude of 1575m above sea level and lying at longitude 37015’ East and 
latitude 1035’ South.  
 
The area has a mean annual rainfall of 627mm that occur in two distinct seasons. The 
short rains start from mid-October to December with a peak in November while the long 
rains start in March to May with a peak in April. A dry period occurs between each of the 
two seasons. The longest dry season starting from June to September and shortest dry 
season between January to March (Kinama, 1990). The mean seasonal rainfall for short 
rains is 288mm while that of long rains is 339 mm. The former is more reliable than the 
latter (Ikombo et al., 1996). The rains occur in medium to high intensities with a few high 
intensity storms accounting for most of the soil loss (Ahn, 1975; Kinama et al., 2007). 
The area has a topography ranging from flat, undulating to steep slopes (2-22%). 
 
The area is underlain by undifferentiated quartzo-feldsphatic gneisses of basement 
complex (Baker, 1954). The soils developed here are Feral Chromic Luvisols with these 
are pockets of vertsols (Gicheru, 1987) with poor structural stability (Kiepe, 1995). They 
have a sandy clay loam texture tending to sandy clay at lower horizons (Mbuvi, Van de 
weg, 1975, Barber and Thomas, 1979; Kilewe and Ulsaker, 1984). The sandy clay loam 
(SCL) are characterised by dispersed particles and are erodible because the aggregates of 
this SCL slake more readily and seal the soil surface pores. This reduces the water 
infiltration rate and causes runoff. The grazing land had no conservation structures as 
compared to arable land.  
 
 
RESULTS AND DISCUSSION 



The results in table 3 show different types of options for the management of degraded 
soils back to manageable T values with improved crop yields. From this table, it was 
established that the highest soil loss estimated was 42.3t ha-1 from an overgrazed land in 
Kimutwa. This was the area indicated as devoid of vegetation in both 1961 & 1971 aerial 
photographs as well as the ground checks of 1990. This land was bare from observations 
except for a few trees scattered over the place. The significance of this soil loss was that 
the area lacked any soil conservation structures, which could break the long slope lengths 
and therefore reduce the volume of water running down the slope thus reducing sheet 
erosion. 
 
The very poor vegetation also meant that the raindrops reached the soil surface without 
any interception by vegetation and thereby detaching soil particles through their impact. 
This is in agreement with what Hudson (1981) found in his experiment using wire gauze 
to simulate vegetation cover versus bare plots. He found bare plot to have high amounts 
of annual soil losses as compared to gauzed plots with little soil losses. This clearly 
stresses the role of vegetation cover in reducing soil erosion. 
 
Poor land use via overgrazing has directly contributed to the loss of the soils capacity to 
produce pasture both for now and in the future. The cost of reclaiming this land back to 
full production potential would certainly be great. Soil loss from denuding areas like this 
have found their way into surface water reservoirs reducing their storage capacities and 
hence their lifespan. In (table 3) also, management options for various land uses resulted 
in the reduction of soil loss to tolerable levels. By using the model, designed management 
procedures resulted in the reduction of soil loss in the eroded portion from 42.3t/yr to 
2.5t/yr within a period of 2-3 years. One way of attempting to place a value on the cost of 
reclamation would be to keep records of all the inputs used until that time when pastures 
can be fully developed by the land owner. 
 
As well as looking at the management aspect for reducing soil loss in pasture areas, 
efforts were made to make estimates in both arable cropped land and the research and 
farmers fields. The results in the research maize fields indicated that they had a soil loss 
of 0.43 ton/year at the maize grain yields of 2000kg. When the maize yields were reduced 
to 1000kg on the same fields then the soil loss estimated from the maize fields went up to 
1.8 ton/year per season. As is characteristic in the farmers’ fields the soil loss estimates 
went up by 2.52 ton/year where plants populations are low with poor vegetation cover. 
 
Intercropping maize and beans was observed to lower the soil losses to as low as 0.6 
tons/ha. The figures obtained on erosion from the runoff plots in the same area by Kilewe 
(1985) of 1.8 tons/ha for maize bean intercrop were quite high as compared to the figure 
of 0.6 tons/ha from this study. The figure obtained on erosion traps by Kilewe (1985) of 
1.3 tons/ha was still higher than the estimates made in the study. In this respect therefore 
the method seems to give low reasonable soil losses from arable fields. However more 
research will be required to shed more light in these findings. The lesson to gather from 
these results is that plant cover can be manipulated by man through the use of manure, 
fertilizers, plant densities, desirable seed varieties so as to reduce soil losses from arable 
fields. A high level management will improve on the soil cover growth as fast as possible 



which then intercept rainfall drops thus reducing erosion by raindrop impact. On research 
farms, management systems are normally high as compared to farmers’ fields where 
there are high incidences of late planting, using poor tillage methods, using low quality 
seeds and the lack of fertilizers inter-alia. In this case therefore plant populations are 
normally low with consequent low vegetative cover. Planting late also means that plant is 
exposed to raindrop impact for most of the time which continue to detach soil particles 
and hence the reason for the high estimated soil loss from the farmers’ fields. 
 
 At the same time, soil loss estimates from 1000kg yields of sorghum on a lithosol 
resulted in a soil loss of 14.7 t ha-1 which could be reduced to 1.5 t ha-1 through land 
management aspects such as manuring and terracing. The losses from the farmer’s fields 
were higher than 14.7 t ha-1 standing at 16.8 t ha-1. The establishment of pastures on 
vertisols gave very low soil estimates of 1.8 t ha-1. This could be attributed to the very 
effective role, which grass as a basal cover plays in reducing soil erosion.  Another crop 
of significance in the semi-arid areas is the cowpeas. This crop has a very good basal 
cover and the soil loss estimated from it was 6.12 t ha-1 that could be reduced to 2.7 t ha-1 
with manuring, terracing and spraying. 
 
The lesson coming out of the SLEMA is that soil degradation is taking place on both the 
arable and pastures lands. In both cases the soil loss reduce the soil’s capacity to support 
crop or pastures with consequent low yields and at times crop failures.  In arable areas 
erosion takes away the fertile soil including fertilizers leaving behind less fertile soil 
which can support only low agricultural yields. The landowners may not easily grasp the 
contents of soil loss as the lowering of the ground level as earlier discussed but 
nevertheless gives the same message of soil degradation. 
 
The soil loss estimation model also provided (Table 3) a designed way of reducing soil 
losses via land management techniques resulting in low T levels that allow agricultural 
yields to be sustained. One major advantage of soil loss estimation model is that the 
estimates were done at the farmers’ fields that are larger than the erosion plots where 
other soil estimates have been based. Sound knowledge of soil loss estimates is crucial in 
making decisions on the type of soil conservation needed for particular land uses 
(Kinama, 1997). This also helps in determining at which levels soil losses should 
continue taking place before this loss affects the soil’ ability to continue producing 
sustainable yields. This could as well enlighten researchers on the relationship between 
soil fertility loss and crop yield declines (Kinama and Van Keulen, 2001). 
 
It was possible to use the model in this area to estimate soil losses on both the pasture and 
arable crop fields on a larger scale. The soil loss estimated by SLEMSA from overgrazed 
land was 42.2t/yr, which compares well with 3.6mm/yr for the same area measured vice 
time series method. 
 
CONCLUSION 
The soil loss estimator model has a potential for use in this area for it made predictions 
on soil loss on a field scale, which hitherto have not been used in the area. On a 
comparable basis the data on climate, soils, vegetation and topography seemed to match 



well in the application of the model in the area. There is however, a need to further 
collect more data on the soil cover factor for there is a weakness in determining the role 
various cover heights play in the interception of rainfall kinetic energy. At the same time, 
there is also a need for a check on the deviation of the erodibility values, which appear to 
be very sensitive to very small changes. A recommendation here is suggested for more 
work on a larger scale as well as on small catchments for this would act as a check to the 
validity of the use of the model in these areas. It was also felt that soil loss estimates on 
various soil types would provide a useful clue as to the relationship between soil loss and 
decline in crop or pasture yields. It would however be interesting to see whether soil loss 
rates in agricultural land could be interpreted in monetary terms for this would be useful 
to the economic planner and the valuation of soil conservation projects. 
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Table 1. The relationship between soil type, soil texture and Fb values at Katumani 
and Kimutwa catchments 
 
 
Soil type Texture of top soil Fb Value 
Lithosol Sandy clay loam (SCL) 2.5 
Chromic luvisol Clay loam to sandy clay loam 4.0 
Cambisol Clay loam to heavy clay 4.5 
Vertisol Clay to heavy clay 5.0 
Source: Kenya Soil Survey 
 
 
 

 
 
Table 2: The long term rainfall data for Katumani meteorological weather station 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
Table 3: The results of the application of SLEMSA model at Kimutwa Katumani 
catchment 
 
 
 
 



 
 
Figure 1: Suspended sediment yield within Africa by Walling, Fournier and 
Strakhov 
 
 



 
 
 
Figure 2: SLEMSA framework for model development 



 
Mean annual rainfall in mm 

 
Figure 3: The relationship between mean annual rainfall and mean seasonal rainfall 
energy for two rainfall types 
 
 
 
 
 



Figure 4: Mean annual rainfall erosivity for East Africa 
 
 



 
 
 
Figure 5: Man rainfall energy, the erodibility (F) values and soil loss from bare 
fallow 
 



 
 
 

 
 
 
Figure 6: The transects for slope lengths and steepness at Kimutwa /Katumani 
catchment 
 
 



 
 
Figure 7: Topographical sub-model for topographic ratio X determination 
 



 
 
 
Figure 8: Crop cover model for energy interception and soil loss ratio 
 


