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Abstract 
he study was carried out to assess soil erosion hazard in outsketch of Kano metropolis, which is 

located between Latitude 11o59' and 12 o 02' N, Longitude 8o33' and 8o40'E. The Soil Loss Estimation 

Model for Southern Africa (SLEMSA), developed for conditions in Zimbabwe, was evaluated and used 

to determine a soil erosion hazard in outsketch of Kano metropolis; parameters were assessed with a view to 

model soil loss in outsketch of Kano Nigeria. The computed mean values of soil loss inform of erosion hazard 

unit (Ehu) for the study area is 188.02(Ehu). These value varied between 106.85542 (Ehu) in Tsamiyar Matasa 

– Gunduwawa to 313.74376 (Ehu) for the North Eastern Bypass. The estimated erosion hazard unit was 

higher in Northern Eastern Bypass, followed by Rimin Kebe with 143.45634 (Ehu) while Tsamiyar Matasa 

records the least soil loss between the sites. K value is responsible for high soil loss in Northern Eastern 

Bypass and low in Tsamiyar Matasa, while in Rimin Kebe the combination of all factors are the yardstick 

for high soil loss in essence no single factor seemed more important than the other factors in affecting the 

estimate soil loss values. The SLEMSA sub-models of cover, soil loss, and topography were computed from 

energy interception, rainfall energy, and soil erodibility, and slope length and steepness, respectively. 

Sensitivity analyses of the SLEMSA model revealed that rainfall energy and slope steepness have the greatest 

influence for the occurrence of erosion in the study area. The effect of the sensitivity indices of the five 

parameters in this research is rated as E>F>S>L>i in accordance with their relative importance for the 

occurrence of erosion. It is recommended that deep rooted trees that could help considerably in the binding of 

soil colloids against detachment should be planted. However, SLEMSA does not estimate rill or gully 

erosion. Therefore another method should be used to capture the gully erosion hazards for this area. 

 

 

Introduction 

Erosion hazard assessment involves a technique designed to express the state and rate of the danger of soil 

erosion over large areas. It takes known factor of erosion, considers variables that best describes the influence of 

T 
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each factor, determines the individual contribution of each and combines them to estimate the overall hazard. 

Soil erosion occurs at varying rates and with varying degrees of severity in different parts of the world, and even 

in different locations within the same country. Rates are generally higher in Asia, Africa and south America, 

averaging of 30 to 40 t/ha/yr, and lower in the united states, and Europe, averaging about 17 

t/ha/yr(Bettis,2008).Soil erosion threatens both agriculture and environment (Harlf and Urstad, 1997). Wagayehu 

(2003), estimates for some African countries shows soil loss due to erosion of 7 t/ha/yr for Lesotho, 72 t/ha/yr 

for Kenya, 3-35 t/ha/yr for Burkina Faso and 14-221 t/ha/yr for Nigeria, depending on the location of the plot 

and type of land use. The Ethiopia highland (Amhara region) reclamation study shows the soil loss rate as 

“moderate to high” which is estimated at 30 – 100 ton/ha/year (Kappel, 1996). Depending on land use practice, 

however, the real rate is claimed to be <2 – 300ton/ha/year (Kappel, 1996). 

 

The Nigerian environment is degraded through the menace of soil erosion in several parts of the country. Part of 

the result is the creation of badlands condition in many areas of the country Jeje (1997) Asiabaka and Boers (1988), 

Igbokwe, Ojiako and Nnodo (2003), Egboka (2004), Olorunoje (2004), Hudec et al, (2005), and World Bank, (2006) 

mentioning just a few. Both fluvial and wind induced) affect up to 90% of the surface area and may remove up to 

0.36mm from the top of a Savanna landscape per year (Leow and Ologe, 1987). Ofomata (2001) described the 

phenomenon as the most disastrous form of land degradation. In a study by Buwa, (2003) he described that, high 

velocity of runoff couple with loose soil structure has contributed to development of erosion in Dukawa village of 

Minjibir Local Government of Kano State. (Shuaibu, 2002) describe that large proportion of land in Kureke and its 

environs has been eroded, in Kumbotso Local Government area. In the same area 5526.9m3 of soil where lost 

through gulling and average of 2401.8m2 was lost to farming per gully. Birte, (2010) Based on calculated gully 

growth rates, the estimation of possible future expansion of areas degraded by gully erosion for the next 10 years 

in Badume, with 3.0 ha and in Kayawa, 4.7 ha.  

Kano metropolis, like some parts of the world, is exposed to wide range of natural or human induced form of 

erosion hazard in catastrophic situation. Threat posed by erosion caused damage to the environment and its 

negative consequences make people to be increasingly at risk to a greater extent in areas particularly the eastern 

part of the metropolitan area that include; Tsamiyar Matasa, ‘Yankaba, Walalambe, Wuro Bagga, Tudun Fulani, 

Tudun Murtala, Rimin Kebe, Gayawa, Maidile, Tsamiyar Tudu, Kawo Kureke, Dangwauro, Yan Shana, and 

North Eastern by-pass. ELA, (1989), Suraj, (1998), Shuaibu, 2002) and Buwa, (2003). Because of the many gaps in 

the approach of erosion hazard assessment, it is necessary to develop study of this kind which will improve the 

ability to assess erosion hazard so that policy makers and organizations working to prevent soil erosion and land 

degradation can better target their efforts. 

 

Assessment tool for erosion hazard were mainly guided by field assessment and soil loss model of SLEMSA (Soil 

Loss Estimation Model for South Africa) in this study. It has been envisage that the model could be applied to the 

condition of metropolitan Kano since the equation employed the major Factorial scoring affecting erosion and it 

only requires determination of appropriate values for the different factors.   These models were selected because 

of their wide usage and have been evaluated under different conditions in several countries including: Malawi 

(Paris, 1990), Lesotho high land (Smith et al, 1997), Pretoria (Bobe, 2004), Ethiopia (Sultan et al, 2007) and south 

eastern Nigeria (Igwe, et al, 1997). The aim of this study is to determine the volume of soil loss inform of erosion 

hazard unit (EHU) and examine which among the parameter of the erosion predisposing factors contribute much 

for the occurrence of erosion in the study area. 

 

 

Study area and methodology 

Metropolitan Kano is located between latitudes Latitude 11 o59' and 12 o 02' N, Longitude 8o33' and 8o40'E 

(Figure I) the study area along north eastern bypass stretches to areas behind Kano state legislative quarters in 

Tarauni and Kumbotso L.G, Tsamiyar Matasa-Gunduwawa and Rimin Kebe-Gayawa in Nasarawa and Ungogo 
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Local Government in metropolitan Kano. The present climate of the region (i.e. Kano) is tropical wet and dry, 

classified as AW by Koppen (Olofin, 1987). The most important aspect of the rainfall of the study area is 

seasonality. There is no precipitation between the ends of March. There is high precipitation in the month of July 

and August; and associated with storms. This aspect of rainfall accelerates the collapse and removal of the sub 

surface materials. Kano metropolis consists of gently undulating plains sloping to the northeast. The study area is 

located on basement complex rocks of Precambrian origin with rock types mainly of older granites with some 

intrusion of quarts feldspathic among others. The dominant soils are the less reached, slightly acid soils derived 

from wind rip soils, generally shallow and coarse (Ahmed, 2003). In some parts of the study area, there is the 

present of hydromorphic soils which are used for “Fadama” cultivation and block construction for building 

purposes. The vegetation has been largely affected by human interference through, cultivation, grazing, 

construction and annual burning, has now reduced it to parkland. Small short trees and shrubs are more 

common on fallow and where regeneration may take place. About 75% of the land is cultivated parkland with 

average tree density of less than 25 per hectare (Ahmed, 2003). The dominant land uses in the study area are 

residential, industrial and intensive agricultural practice mostly around the fringe areas like Kwana Hudu, 

Dangwauro, Sharada, PRP to mention but a few. Another important land use in the study area is quarrying 

where sand and gravels are excavated from different location. 

 

 

 
FIGURE 1: Map of Kano State Showing Location of Kano Metropolis and the Study Area 
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Data used in this study were derived from field measurements and laboratory analysis. A stratified random 

sampling was used for selecting the study area. The choices of the predetermined samples size were obtained 

from each stratum which was guided by some number of considerations. The study, areas have so many different 

characteristics which one need to include in the study, therefore sampling should be stratified according to these 

characteristics. Random sample of predetermine sample were obtained from each stratum. The model has 

however been modified and used to estimate the relative propensity of a given environment to allow erosion to 

happen. The study area was divided into three grids. Each grid measures 4x4km2. The estimated soil loss for each 

grid was calculated   

       Z = KCX........................................................................... (1) 

Quoted as EHU (Erosion Hazard Unit) and not t/ha/yr,  

Where: K – Erosion Hazard Unit,     

          C – Vegetative cover,  

          X – topographic factor. This is to ensure that there is no confusion between the use of SLEMSA for 

prediction at standard plot and over large areas (Stocking, 1987).  

Note that the value of Z for each grid square will be the weighted average based on land area coverage. The soil 

erodibility index was estimated based on the soil surface textural classes including percent clay and dominant 

sand and silt and weather data were obtain from NEMA. The control variables are subsequently combined into 

three sub-models; the bare soil sub model, topographical sub model, and the crop sub model.  

 

Rainfall erosivity 

The rainfall-runoff erosivity was estimated using regression equations according to Wischmeier and Smith (1976), 

Stocking (1987) and Ewell (1981). For areas with charts from automatic rain gauges the kinetic energy of rain fall 

is defined as: 

            Ke=29.233 (1 – e exp – (0.0477 I + 0.112)………………………… (2) 

Where Ke = kinetic energy in joules/m2/mm of rainfall 

 I= intensity of rain in mm/h 

For areas where charts for automatic rain gauges are not available, like in Nigerian situation, the large areas of 

the metropolis do not have automatic rain gauges, the mean seasonal energy (E) was estimated using the 

regression equation developed by (Wischmeier and Smith 1978 and Igwe, 1997): 

E = 18.84 x p.......................................................................... (5) 

Where 

P = mean annual rainfall in mm 

E = kinetic energy in joules/m2/year. 

 

Soil erodibility data   

Soil samples were collected from the entire project area using stratified random sampling technique based on the 

three divided grids of the study area. Soil permeability class, soil structure class and organic matter content was 

determined The soil erodibility values (Fb) were estimated based on soil textural classes and other relevant soil 

surface conditions that directly or indirectly affected the soil’s inherent sensitivity to erosion. It was estimated 

based on the characteristics of the soils using the following formula developed by (Wischmeier and Smith 1978, 

Loch et al. (1994) and Igwe, 1997): 

   K= 2.8 x 10 -7M 1.14 (12-a) + 4.3 X 10-3 (b-2) + 3.3 X 10-3(c-3)................. (6)                                         Where, a = % 

organic matter content   

b = soil structure class   

c = soil permeability class  

M = (% silt + % very fine sand) or (100 - %clay)............................................. (7)  
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Slope factor 

Due to the absence of data on the relationship between slope characteristics and soil loss for the areas for which 

SLEMSA was adopted (Stocking, 1987); Elwell, (1977) as quoted by Schulze, (1997) the slope factor X of the USLE 

Wischemier and Smith, (1976) was adopted. Hence the topographic factor was calculated by obtaining the 

average slope for each site using Wentworth, (1930) method of counting contour crossing on each site per km 

thus: 

 Mean slope %= [no of contour interval/km × contour interval] /636.6×100 

        Combining the slope percent and slope length the topographic factor were obtain from the relationship 

    X=√L (0.76+0.53S + 0.076 S2 )/25.65.......................................... (9) 

    Where: - X= Topographic factor, L= Slope length, S= slope%. 

 

Cover factor 

Despite the built up areas the type of vegetation/ or dominant crop growth in each site were identified and the 

percent cover for the season were estimated. The crop management C, was calculated from the value of soil loss 

from bare soil condition and that of a crop field( Morgan, 1995) depends on the percentage of the rainfall energy 

intercepted by the crop and other land use structures.(i), the procedure used to calculate “ C” value are; 

 

(a) Dominant land cover, crops and vegetation for each site were identified and percent cover was 

estimated for each crop based on the growth stage and stand of a particular crop or structure at a 

specific season. 

(b) The average value of a product of the percent cover and fraction of rainfall, during of the season for each 

crop and structures was used to calculate the seasonal percent rainfall energy interception, I value. 

(c) The sum, I value for the four seasons were taken as the annual rainfall interception for a given erosion 

site. 

(d)  For crop, natural grassland and other land use structures with i<50 percent(Igwe,1997) the crop 

management factor C was calculated using equation  

                   C= e (-0.6i)........................................................... (10) 

And for vegetable crops on irrigated land around Gayawa irrigated land when i ≥ 50 percent, it is  

C= (2.3 -0.0li) /30.................................................. (11) 

 

The Sensitivity Index was used to determine the relative importance of each input parameter. While one 

parameter is analysed, value of all other parameters will be held constant. The sensitivity index represents a 

relative normalised change in output to a normalised change in input parameter that have different order of 

magnitude. The sensitivity index is an important method for determining the relative impact of each parameter 

for the occurrence of the erosion. The sensitivity index was obtained through the stated equation: 

                  % 𝐶ℎ𝑎𝑛𝑔𝑒
𝐼𝑣−𝑏𝑏

𝑏𝑏
..................................................................................(12) 

 

 

Result and discussion 

Results of this study clearly demonstrate that average mean annual rainfall (R) for the study area calculated was 

954.68 mm per year.  Rainfall energy (E) calculated was 2114.074 J for the study area.  The soils in the study area 

vary from coarse sandy loam to loam. Soil erodibility factor (K- factor) ranges from 144.1 to 176.52. Soil moisture 

content at field capacity range between 0.20 to 0.26%, steeper slope in some site which range between 0.10 to 200 , 

with a higher slope length of more than 500 metre. However, the land covers factor range between 0.02 - 0.4. 
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Table 1: Computed Parameters and Soil Erosion Hazard Unit Using SLEMSA Model 

 

Sources: Field Work 2015   

The response of estimated soil loss to changes in soil erodibility factor (F), slope gradient (S) and length (L), 

rainfall kinetic energy index (E) and percentage rainfall energy intercepted by cover (i) was evaluated. 10% 

decrease in slope gradient also reduced estimated soil loss by 14.03 - 22.38%. However, the model is generally 

less sensitive to slope gradient as compared to other factors. Areas having higher slope gradients showed greater 

responses to decrease in gradient than those with lower slope gradients. Accordingly, for Rimin Kebe that has 

slope gradient of 13% and Tsamiyar Matasa with slope gradient of 2% the estimated soil loss was reduced by 

29.28% and 15.13 % respectively for a 20% reduction in their slope gradients. The percent decrease in soil loss for 

10% decrease in slope length was constantly 10.56 for all sites. For all the study sites, a 10% increase in percent 

cover (rainfall interception) reduced estimated soil loss by less than 8.3%. It seems that the least sensitive to 

increase in percent cover as compared to that for the other input variables.  

In general, though the response of soil loss to change in any one parameter varied among the sites the changes 

was most sensitive to decrease in E as compared to the other factors. For most of the study sites, the effect of the 

five parameters is here by rated as E>F>S>L>i in accordance with their relative importance towards affecting the 

magnitude of the estimated occurrences of erosion with equal change in these factors. This proved that the EHU 

computation is first sensitive to the rainfall erosivity and secondly to the erodibility factor, the sensitivity to slope 

steepness and land cover is weak using SLEMSA sensitivity equation. This finding is in agreement with Khonje et 

al (1987) and Bobe (2004), in Malawi and eastern Ethiopia respectively, that SLEMSA is highly sensitive to its 

input variable especially to rainfall erosivity and soil erodibility.  

 

The estimated mean values of soil loss inform of erosion hazard unit (Ehu) for the study area is 188.02(Ehu). 

These value varied between 106.85542 (Ehu) in Tsamiyar Matasa – Gunduwawa to 313.74376 (Ehu) of the North 

Eastern Bypass. The estimated erosion hazard unit was higher in Northern Eastern Bypass, followed by Rimin 

Kebe with 143.45634 (Ehu) while Tsamiyar Matasa records the least soil loss between the sites. K value is 

responsible for high soil loss in Northern Eastern Bypass and low in Tsamiyar Matasa, while in Rimin Kebe the 

combination of all parameter are the yardstick for erosion hazard unit (Ehu) in essence no single parameter 

seemed more important than the other parameter in affecting the computed values.  

 

Conclusions  

The major goal of this study was to assess the menace of erosion hazard using SLEMSA model. It was 

established that, soil erosion was present in all parts of the study area at a varying magnitude; the study 

revealed that the mean values of the spatial distribution of erosion hazard is about188.02 (Ehu). Factors 

predisposing the study area to occurrences of soil erosion ware determined using SLEMSA model based on 

the factorial analysis of each erosive factor for the occurrence it was found that rainfall erosivity ranked most 

remarkable. The results of this study clearly demonstrate that the use of SLEMSA model as an effective means 

of modelling soil erosion hazard in the study area, especially considering the value and utility of the results. It 

is reasonably covering relevant aspects of the soil erosion processes and the results help users decide how to 

spend limited time and money in estimating parameters and collecting additional data to obtain the best 

possible soil erosion information. SLEMSA also produces easily interpretable results to be used in relevant 

Sites  F      A B E K X   Z(Ehu) 

Rimin kebe   

 

4.7     -31.60 3.69 2114.074 162.01  4.17 0.02 143.45634 

Tsamiyar matasa 

 

4.0    -34.07 3.53 2114.074 144.01 3.71 0.02 106.85542 

North eastern bypass 4.5    -29.96 3.92 2114.074 176.52 8.69 0.4 313.74376 
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decision making from the national level to local agricultural extension officers and to farmers, who are the 

most immediately affected by the hazards of soil erosion 

Due to the modest data requirements and easy model structure, SLEMSA remains the most practical and 

therefore most popular tool in erosion hazard assessment. This study highlights the most important 

parameters of the model, which enables the government, academic institutions, and active donor agencies 

interested in natural resource management and monitoring to prioritize data collection to improve soil 

erosion hazard assessments. However, SLEMSA does not estimate rill or gully erosion. Therefore another 

method should be used to capture the gully erosion hazards for this area. Any effort aimed at controlling 

erosion in the study area must involve proper environmental considerations, such should go beyond 

reclamation process, but rather incorporation of biological measure to serve as stabilizers to any structure 

provided. To this end it is recommended that deep rooted trees that could help considerably in the binding of 

soil colloids against detachment should be planted.  
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