
 1

EROSION HAZARD MAPPING FOR LAND RESOURCES MANAGEMENT IN 
SEMI-ARID KENYA 
 
J.M. Kinama1 P.M. Maingi2 M. Stocking3 
 
1University of Nairobi P.O BOX 29053-00625, Kabete; 2Kenya Soil Survey, KARI P.O 
BOX 14733-00800,Nairobi; 3University of East Anglia, NORWICH, NR4 7TJ, United 
Kingdom. 
 
ABSTRACT 
 
An erosion hazard map was constructed by separately mapping erosion-causing factors. 
Three maps of soil, vegetation and topography related to erosion were compared to define 
erosion hazard in each land unit. Each factors leading to soil loss was estimated and 
plotted on separate maps. Arbitrary assignment of scores or ratings ranging from I to V 
were allocated for each of the separate maps for various land units indicating the relative 
potential for erosion. Using a topographic map, land units related to relief and slope were 
identified and erosion ratings given according to slope class. Using a detailed soil map, 
soil types were related to erodibility where, erosion rating was based on soil type and soil 
depth. Using a topographic map, vegetation/land use was related to erosion where, 
percentage cover and soil conservation measures were the criteria used for erosion rating. 
An erosion hazard map was obtained by superimposing erosion-rating maps in relation to 
erodibility, slope/relief, vegetation and rainfall erosivity. The sum of the ratings in each 
land unit was used as scores, which were added for each map on similar land units and 
ranked. The highest scores, indicated higher risk of potential erosion and, the rankings 
were an indicator of how prone the land units were to erosion  
 
 
INTRODUCTION 
 
Kenya has a population of about 30 million people with a land area of 583,000km2. 
About 12% of the country is of high agricultural potential receiving over 800mm of 
rainfall per annum, 6% is of medium agricultural potential receiving from 700-800mm of 
rain per annum, 72% is of low agricultural potential with less than 700mm of rain per 
annum and the remaining 10% is unsuitable for agriculture. 
 
Kenya’s semi arid lands (SAL) receive from between 500-800mm of rainfall per annum. 
They cover about 80% of the total land mass. This is where 20% of the population live 
and are a habitat to more than half the livestock population and wild life in the country. 
 
Kenya has continued to depend on the limited area in high potential areas for most of its 
food requirements. There is a need to exploit the potential of food production in the semi 
arid areas in order to feed the rapidly increasing population from the high potential areas 
(Otengi, 1996). 
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The new populations in these areas have brought with them inappropriate technologies of 
agricultural production. The result has been a decline in food production due to use of 
inappropriate technologies and land degradation on fragile ecological areas. The erratic 
rainfall has contributed to land degradation through soil erosion. 
 
Moreover, the areas have poorly developed shallow soils of poor structural stability with 
some deep soils (Kiepe, 1995, Gicheru and Ita, 1987) and low plant nutrients (Ikombo, 
1984) 
 
The rugged topography has contributed to soil erosion through slope steepness and slope 
lengths. The topography has also resulted in high costs of physical conservation via 
construction of conservation structures such as terraces (Kinama, 1993). 
 
The high livestock population particularly in pastoral areas has negatively depleted 
vegetation cover with consequent land degradation. 
 
There is insufficient knowledge on the impact of land degradation on crop and animal 
production while the extent of degradation hazard coverage via maps has been poorly 
documented (Stocking, 1981). 
 
The ASALs have resource poor farmers who farm for subsistence purposes and is 
characterized by food shortages (Kinama, 1990) 
 
Among the efforts made to solve the above problems is via the mapping of erosion 
hazard in the study area. This study prepared erosion hazard maps which can guide land 
users in making land use decisions which minimise the risk of erosion on land use types 
and enhance overall agricultural production in the semi-arid areas of Kenya. 
 
Erosion hazard assessment  
In many parts of the world today, farmers rarely notice soil erosion, until such a time 
when the damage to the land has already been done. Interestingly it takes many years for 
a few centimetres of soil to be formed but this thin layer of soil can be lost within a short 
period of high intensity rainfall. For this reason, therefore, there is a need to device ways 
of assessing the risks of erosion for various land types. This will lead to mapping out the 
various degrees of susceptibility of land to erosion by showing those areas more prone to 
erosion. This will then help land use planners in matching land use with land quality 
hence reducing the chances of land degradation (Young and Dent, 1981). Placing the 
steep lands under forest or permanent pasture, for instance, so that as more outputs are 
taken out of this land type, its production capacity remains sustainable for long time 
periods. 
 
As Hudson (1981), puts it, soil erosion is any process that will involve any degradation of 
the soil leading to reduction in its ability to grow crops. Such a process would include 
fertility erosion (loss of nutrients); paddle erosion (physical breakdown of soil by 
unimpeded raindrops leading to the eroding of the soil by the washing of fine particles 
into the interstices of longer particles in the surface layers of the soil); and vertical 
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erosion (washing of clay particles through the gravel or sands to accumulate at lower 
depth in the soil profile). These processes lead to loss of fine soil particles, nutrients and 
organic matter with consequent decreasing ability to grow crops. When organic matter 
declines appreciably in the soil following these processes, moisture retention is reduced 
and also reducing permeability leading to an increase in land flow in turn causing 
physical removal of soil hence a reduction in soil depth.  
 
One way of assessing erosion causes is by erosion surveys. These indicate on maps which 
areas of land have low, moderate or high susceptibility to erosion. With these erosion 
hazard maps appropriate decision on land use can be made as well as drawing priorities 
for conservation programmes either on small scale like a village or on large scale like a 
region. 
 
Fournier (1960) drew a much generalised erosion hazard map of Africa, which was based 
on climate and slope. In a factorised erosion survey in Zimbabwe, Stocking & Elwell 
(1973) produced a distribution map of erosion hazard that showed visually the varying 
degrees of erosion hazard for the whole country. The same method was recommended to 
the neighbouring countries of Malawi and Zambia. It was expected that when these 
countries had drawn soil erosion hazard maps that show a regional soil erosion hazard 
map covering the whole region would be produced. 
 
Hudson (1961), suggested a geographical rainfall intensity parameter for Zimbabwe 
which differed from that used by Fournier (1960) as they were not as comprehensive as 
(Stocking and Elwell, 1973) in their methods for they had not taken care of the soil cover 
and human influence on major variables in erosion studies. 
 
This study aimed at producing an erosion hazard map on a very small scale on a factorial 
basis. 
 
Objective of the study 
To devise an easy to use and cost effective method of mapping erosion hazards in the 
area that would provide useful guidelines to sustainable land use in dry land farming in 
Kenya. 
 
MATERIALS AND METHODS 
 
Site and location 
The site was at the National Dry land farming Research Centre, Katumani and the 
adjoining eroded land of Kimutwa. It is located at about 80Km East of Nairobi at an 
altitude of 1575m above sea level and on longitude 37°15’ East and latitude 1°35’ South. 
 
The area has a mean annual rainfall of 627.3mm, which occurs in two distinct seasons. 
The mean seasonal rainfall for the short rains is 288mm while the long rains have a mean 
seasonal rainfall of 340mm (Kinama, 1990). These figures show that the rainfall for both 
seasons is insufficient in amount and poorly distributed over the seasons' crop growing 
period. The rainfall occurs in medium to high intensities (Kiepe, 1995, Ahn, 1975, 
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Kinama, 1997) during the first month of the rainy season when the grazing areas are bare 
or have little vegetative cover and arable fields have little or no vegetative cover (Moore, 
1978; Kinama 1990; Kinama, 1997). Moreover, it has been shown that only a few high 
intensity storms account for soil erosion in drylands (Kinama et al., 2007). 
 
On average, the potential evapo-transpiration exceeds total rainfall except for the months 
of November and April when there is more rain than the potential evapo-transpiration 
(Kinama, 1990). 
 
The soils of the area are classified as ferral chromic luvisols (FAO/UNESCO, 1988). 
They are shallow due to the presence of plinthite (murram) layer in the profile, which 
brings about tillage problems when the soils are dry (Marimi, 1979). They have sandy 
clay at lower horizons (Mbuvi & Van der weg, 1975; & Ulsaker and Kilewe, 1984). They 
are erodible and subject to surface sealing which increase runoff and decrease infiltration 
(Barber and Thomas, 1979) 
 
The site has rugged topography with slopes ranging from 2%-22%. The vegetation 
consists of scattered acacia trees and natural grass pastures while crop cover is the form 
of vegetation cover on arable fields. 
 
Methodology 
One assumption made in erosion hazard method was that factors causing soil erosion 
could be mapped separately. Three maps of soil, vegetation and topography related to 
erosion, at the scale of 1:10,000 were compared to define the erosion hazard in each land 
unit in the soil map of the area. Rainfall intensity could not be shown on the map since 
there was no rainfall variation over the area of study (Kilewe, 1985). As such, a constant 
figure of 6500joules/m2 as determined from (figure 1) was used. Except for the rainfall 
erosivity, each of other factors leading to soil loss were estimated and plotted on a 
separate map. 
 
Arbitrary assignment of scores or ratings was given to each of the maps for various land 
units indicating the relative potential for erosion. The scores ranged from I-V where I – 
low, II – below average, III – average, IV – above average and V – high. 
 
Using figure 2 showing land units related to relief and slope were identified. Land unit I 
(0-2% slope) was assigned slope class A and had (low) erosion rating. Land unit II (2-5% 
slope) was assigned slope class AB and had (below average) erosion rating. Land unit III 
(5-8% slope) was assigned slope class C and had (average) erosion rating. Land unit IV 
(8-16 % slope class) was assigned slope class CD and had (above average) erosion rating. 
Finally land unit V (16+% slope) was assigned class D and had (high) erosion rating. 
  
Using figure 3, a map was produced showing soil types related to erodibility. In this case, 
erosion rating was based on soil type and soil depth. Lithosol (0-25cm depth) was 
shallow had (high) erosion rating in relation to erodibility, Cambisol (25-50cm depth) 
was rated (above average) in relation to erodibility, Vertisol (50-80cm) deep to very deep 
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was rated (average) in relation to erodibilty and chromic luvisol (80-120, 120-180cm 
depth) deep to very deep was rated (low) in relation to erodibility. 
 
In figure 4, a map of Katumani/Kimutwa was drawn showing vegetation/land use related 
to erosion. In this case, percentage cover and soil conservation was the criteria for erosion 
rating. Overgrazed and badly eroded land with few scattered trees had high erosion rating 
while private grazing land with scattered trees and grass were (5-20% cover) were rated 
(above average). Private land with broken unprotected terraces (0-60 % cover) was rated 
average, while research arable cropland with well-maintained protected terraces/grass 
strips (5-80% cover) was rated below average, with research grazing land (20-90% cover) 
rated low in relation to erosion respectively.  
 
In figure 5, a detailed soil map of Katumani mapping units was used to show parent 
material from which the various soil-mapping units were derived. 
 
Table1 showing detailed extended legend was further produced to give more information 
of the other areas in Kimutwa that were not covered by the detailed soil survey of 
Katumani research centre.  
 
A soil map 5 in the appendix for the area with extended legend was extracted from Kenya 
Soil Survey containing details on land use, drainage, topography, soil depth, soil texture, 
susceptibility to erosion and soil types in the area. This map was used to extract 
information to enrich details contained in the previous maps. 
 
RESULTS AND DISCUSSIONS 
 
In figure 6, a map of Katumani/Kimutwa area was drawn by superimposing erosion 
rating maps in relation to erodibilty, erosion ratings in relation to slope/relief and erosion 
ratings in relation to vegetation as well as rainfall erosivity rating of (6500) to give 
erosion hazard map in erosion hazard units. The sums of the ratings in each land unit are 
used as scores. The scores were then added for each map on similar land units and ranked 
as shown in figure 6. The higher the scores, the higher the risk of potential erosion. 
Hence, the rankings were an indicator of how prune the land units were to erosion. 
Changing one of the factors of erosion would mean changing the risk or hazard to that 
area 
 
From figure 6, the results indicate that the areas with high slopes have a high risk of 
erosion than those that are low lying and undulating. Land use however, can reverse this 
trend in that low-lying areas on moderate slopes can have very high soil losses as a result 
of mismanagement. An example is continuous cropping without fallow or overgrazing. 
Land use management should look at the combined effects of each of the soil erosion 
factors including vegetation cover, slope steepness as well as soil depth in order to select 
land use practice that work against erosion. 
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The erosion hazard map helps the land use planner in determining what land use types 
should be placed on various erosion risk areas with a view to minimising land 
degradation as a result of poor land use. 
 
This matching of land quality with land use averts the situation of land mismanagement 
and results in sustainable land use. An erosion hazard map on this small scale could be 
effectively used in land use planning for a village or even a district. 
 
The detailed erosion hazard map depicts information in a very clear way as to the role 
each factor in the erosion process plays, which would otherwise be difficult to pick on a 
very large area. This detailed map could act as a stepping-stone to building up erosion 
hazard maps of the agro ecological semi-arid area in Kenya.  
 
In conclusion, it is expected that management techniques that lower erosion potential 
require resources to implement and that farmers are advised to practice the erosion hazard 
map in order to avoid degrading their lands. The areas in the Katumani research centre 
with better land use management show little of erosion 
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Figure 1: Rainfall erosivity (Jm-2yr-1) for East Africa 
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Figure 2: Map of Katumani/Kimutwa area showing land units and topography 
(slopes and relief) related to erosion 
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Figure 3: Map of Katumani/Kimutwa area showing soil types related to erodibility  
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Figure 5: Detailed soil map of Katumani/Kimutwa area 
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Table 1 showing detailed and extended soil map of Katumani and Kimutwa indicating land units and soil types 
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Figure 6: Map of Katumani/Kimutwa area showing erosion hazard 


