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Abstract 
This study has used RUSLE model factors within a GIS component to evaluate 
eroded soil and developed viable agricultural practices scenarios to reduce soil 
loss in Buyo Lake catchment in the Western region of Côte d’Ivoire. Conse-
quently, five study cases were tested as following: scenario 1—association of dense 
forest and crops with a high percentage of mulch; scenario 2—corn and sorghum 
combination by considering a high yield without conventional tillage; scenario 
3—establishment of an herbaceous meadow; and scenario 4—association of 
palm, coffee, and cocoa with green cover. Scenario P was the setting up of 
straw mulch after corn or sorghum harvest. The erosion map resulting from 
these study cases showed by estimation, an average of soil loss of about 95 
t/ha/year. The respective values obtained for the scenarios 1, 2 and 3 are 28 
t/ha/year, 66 t/ha/year and 30 t/ha/year. This indicates a decrease of 68%. By 
scenario 4, the estimated average was 2 t/ha/year corresponding to a decrease 
of 98%. The combination of scenario 2 with scenario P gave soil losses average 
of 5 t/ha/year, i.e. a 95% reduction. This study shows that the association of 
palm, coffee, and cocoa with green cover would be very effective in reducing 
soil loss. 
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1. Introduction 

Land is one of the main natural resources related to all human activities and 
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sustains development in many countries of the world (Jiang et al., 2014). Thus, 
rational utilization of the land resource is considered as one of the key condi-
tions for country development. However, today, one notices that land is under 
threats because of its degradation in the past as well as in the present years (Xu 
et al., 2012). So that it is important to consider soil erosion as the most serious 
form of land degradation around the world (Nekhay et al., 2009; Zhang et al., 
2010). Because of the galloping urbanization, one is faced with overgrazing, for-
est destruction and intensive agriculture (DeMeyer et al., 2011). In many areas of 
the world, the erosion phenomenon has many impacts on land resources. These 
impacts include water pollution, reservoir sedimentation, degradation of aquatic 
habitats, the increased cost of water treatment and agricultural production de-
crease (Park et al., 2011). In tropical areas, erosion by water is a major pheno-
menon causing land degradation and declining agricultural productivity (Aké et 
al., 2012). Consequently, the problem of erosion by water is mobilizing the 
scientific community to find solutions capable of ensuring soils conservation. 
However, the methods and models used to assess soil erosion have shown in 
many cases some limitations due to measurement techniques and models (Mbu-
gua, 2009). The advent of new techniques of erosion assessment such as remote 
sensing and geographic information systems (GIS) allows improving erosion 
and sediment delivery models. Thus, the prioritization of lands according to 
their vulnerability to erosion, as well as the development of regional erosion 
models (Bou et al., 2001; Yjjou et al., 2014), is among the strategies used. In Cote 
d’Ivoire, the first investigations carried out have analyzed various processes of 
erosion and erosion control methods. Then, the interest was focused on map-
ping erosion by water risk (N’go, 2000; Kouadio et al., 2007; N’Dri et al., 2008; 
Koua, 2014). The recent studies in the watershed of Buyo Lake (West of Côte 
d’Ivoire), an area with intensive agricultural activities (Koua et al., 2014a) with a 
coverage rate of over 42%, have highlighted that this area is under threat from 
erosion by water (N’go, 2000; Kouadio et al., 2007; N’Dri et al., 2008; Koua, 
2014); and that there is a veritable issue of water quality in this river basin, espe-
cially in Buyo Lake area. The intensification in agriculture has followed popula-
tion growth (Koua et al., 2013), and growing of fertilizer and pesticides applica-
tion (Yapo, 2002) to sustain yields. The leaching phenomena and soil erosion 
that follow are hypothesized as being responsible for the eutrophication of Buyo 
Lake and agricultural production decrease (Yapo, 2002).  

To deal with this situation, this study based upon RUSLE (Revised Universal 
Soil Loss Equation) model factors, agricultural practices, land conservation sce-
narios and Geographic Information System (GIS) technics (Dumas, 2010; Has-
san et al., 2013) has been conducted. The objective of this work was to develop 
agricultural practices scenarios with the aim to reducing soil losses in areas with 
high risk of erosion. 

2. Study Area 

The study area is a forest area located in the South-western Côte d’Ivoire be-
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tween latitude 5˚57' and 8˚26'North and longitudes 6˚45' and 7˚51'West (Figure 
1). The basin is located in the Guinean climate zone and its surface is estimated 
at about 24,560 km2 (Koua et al., 2014b). This zone has two equatorial rainfall 
maxima (June and September) and belongs to the whole Sassandra River wa-
tershed. On average, this watershed has between 2000 to 2500 mm of precipita-
tion per year (Koua, 2014). According to this author, the monthly average tem-
perature is ranged between 22˚C and 30.4˚C. The highest temperature (30.4˚C) is 
observed in March, while the lowest temperature (22˚C) is raised in august (wet 
months due to the rainy season). 

The main geological groups are composed of amphibolite, anorthosite, gneiss, 
granitoid, itabirite, metasediments, migmatite, metavulcanite and schists. The 
basin is composed of four (4) main soil types: brown soils, lateritic soils highly 
desaturated, hydromorphic lateritic soils and lateritic soils moderately desatu-
rated.  

Buyo Lake basin favors the development of agriculture and fishing. The de-
velopment of agriculture has favored strong natural resource degradation by de-
forestation and the exacerbated agrochemicals use. Indeed, only 17% of natural 
forest represented by reserves and protected areas are available against 90% of 
primary forest in 1950 (Kouassi, 2001). Degraded areas occupy almost 83%. Thus, 
the watershed is not immune to accented erosion by water processes (N’go, 
2000; Koua et al., 2013). 

3. Materials and Methods 
3.1. Materials 

The data used in this study is composed of Digital elevation model, Climate data, 
Soil data and Land use data. 

The field data required for the modeling (flow length, slope gradient, etc.) were 
all extracted from a DEM. The DEM is from the UTM projection, Zone 30, North-
ern Hemisphere resolution of 90 m. These were obtained by downloading from  
 

 
Figure 1. Buyo Lake catchment (Tagini, 1972 modified). 
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the internet web site http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp. The 
elevation range of Buyo Lake basin is from 164 to 1357 m. For this DEM, data 
were used to estimate the slope gradient, flow direction, catchment area, slope 
length and flow accumulation with ArcSWAT interface under ArcGIS10 envi-
ronment.  

The climate data used in this study are daily precipitations obtained through-
out the http://globalweather.tamu.edu/ SWAT web site at 10 different climate 
stations. These data cover the period 1980-2010. All the data are provided in 
DBF format, which can be read as tables by ArcGIS10 or Excel. The precipitation 
data were used to calculate the rainfall erosivity by interpolating the values from 
the climate stations. The soil map was obtained mainly from the Harmonized 
World Soil Database (HWSD) developed by the Food and Agriculture Organiza-
tion of the United Nations (FAO-UN) at 1/5,000,000 scale (Nachtergaele et al., 
2009). Twenty three units of soil are then extracted and completed by additional 
informations from literature and national soil documents. The soil data have 
permitted the estimation of the soil erodability factor. 

The land use map exploited in this study is for the year 2011 at 1/200,000 
scale, and was provided by the CCT (Centre for Mapping and Remote Sensing) 
of the Centre for Geographic a Numeric Information (CIGN) of the National 
Office of Technical Study and Development (BNETD). Eight major classes are so 
identified. The dominant classes are Agricultural land (42.30%), Range-Brush 
(29%) and Forest-Mixed (17.22%) (Koua et al., 2013). The land use data helped 
to estimate cover management factor. 

3.2. Methods 
3.2.1. Model Description 
The RUSLE soil erosion model is used to estimate soil erosion intensity in a cat-
chment. The RUSLE model is based on the USLE erosion model structure which 
was developed by Wischmeier and Smith (1978), and improved and modified by 
Renard et al. (1997). Five parameters are used in the RUSLE model to estimate 
soil loss. These are rainfall Erosivity (R), soil erodability (K), slope length and 
steepness factor (LS), cover management factor (C), and conservation practice 
factor (P). Referring to the RUSLE model, the relationship is expressed, as fol-
lowing: 

A R K LS C P= × × × ×                        (1) 

where A (t∙ha−1y−1) is the estimated spatial average of total soil loss per year; R 
(MJ∙mmha−1h−1y−1) is the rainfall erosivity factor; K (t∙ha−1MJ−1mm−1∙ha∙h) is the 
soil erodability factor; LS is the slope length and steepness factor (dimension-
less); C is the land surface cover management factor (dimensionless); and P is 
the erosion control conservation practice factor (dimensionless). 

3.2.2. Erosion Factors Calculation 
Rainfall erosivity factor (R) 
The rainfall Erosivity factor indicates the erosive force of a specific rainfall 
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(Prasannakumar et al., 2012). The relationship between rainfall Erosivity and 
rainfall developed by Yu and Rosewell (1996) was used to convert the monthly 
rainfall values to rainfall Erosivity. 

The calculation was as follows: 
1.413.82R F=                            (2) 

where 

( )Fournier index 0.1051 37.35F z= +                (3) 

z: station elevation. 
Erosivity values between the rainfall stations were estimated by the use of in-

verse distance weighting (IDW) interpolation. 
Soil erodibility factor (K) 
Soil erodibility is, in part a function of its physical properties, texture and 

structure. The soil resistance to erosion by water is lower for shallow soils as 
deep soils (Ryan, 1982). The determination of K erodibility factor has been possible 
due to the size analysis of five major soil types (ferric acrisols, humic ferralsols, 
eutric cambisols, orthic acrisols and ferralic cambisols) from FAO’s database. 
FAO sizes data were supplemented by analyzes of soil samples obtained in the 
field. The particle size through the textures triangle allows determining soil tex-
ture. The work of Stone and Hilborn (2000) were used to determine the K factor.  

Slope length and steepness factor (LS) 
The slope and steepness factor (LS) is a combination of slope steepness and 

slope length, to a high degree affecting the total sediment yield from site.  
Prasannakumar et al. (2012) claims, that generating the LS Factor also cap-

tures factors like compaction, consolidation and disturbance of the soil. In this 
study, the LS factors were estimated by applying the equation below (Moore & 
Burch, 1986):  

( )( )
1.4

0.4 sinslopeFlow accumulation cell size 22.13 1.4
0.0896

LS
  = × × ×     

   (4) 

Implementation in ArcGIS 10: 

( )
( )

Pow Flow accumulation 90 22.13;0.4

Pow sinslope 0.0896

“

;1.4 1.

”

“ ” 4

LS = ∗

∗ ∗
            (5) 

where LS is the combination of slope length and steepness, Flow length is the 
accumulated upslope contribution to a cell, cell size is the resolution of the raster 
image, and sin slope is the sinus value of the slope in degrees. 

The flow length and flow accumulation can be used to estimate the contribu-
tion of upstream cells in a DEM to downstream cells. Flow length, also called 
slope length, helps in estimating the water flow along lines. The estimated LS 
values based on flow accumulation, varying between 0 and 1522 with an average 
of 85. 

Cover management factor (C) 
The cover management factor represents the effect of plants, crop sequence, 
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and other soil cover surface on soil erosion. The value of C-factor is defined as 
the ratio of soil loss from a certain kind of land surface cover condition (Wisch-
meier & Smith, 1978). The C-factor of the watershed varies from 0.001 to 0.5 
with the highest values in high farming area. Based on the land use map, Roose 
(1977), Wischmeier & Smith (1978), and Omuto (2008) calculated the C-factor 
in tropical areas (Table 1). 

Conservation practice factor (P) 
The conservation practice factor (P) is also called as support factor. It represents 

the soil loss ratio after performing a specific support practice to the correspond-
ing soil loss, which can be treated as the factor representing the effect of soil and 
water conservation practices (Renard et al., 1997; Omuto, 2008). 

The range of P factor varies from 0 to 1. The lower the value is, the more ef-
fective the conservation practices are.  

Soil loss estimation 
In order to estimate annual soil loss, the five factors were multiplied according 

to the relationship in RUSLE model. The soil loss was classified into soil erosion 
risk maps with five different soil erosion risk levels according to Bamutaze 
(2010) (Table 2). 

Validation of soil loss and erosion risk maps 
Various methods have been used to validate the results of this type of ap-

proach, for example: measurement of sediment accumulation in a reservoir, mea-
surement by radioactive tracers and magnetic susceptibility of sediments or di-
rect confrontation with reality on the ground according to adapted visual criteria  
 
Table 1. Value of the factor C depending on the type of coverage. 

Actual land use type USLE model land use type C factor 

Urban area 
UTRN 
URLD 
URML 

0.1 

Dense forest FRSE 0.001 

Forest with crops FRST 0.1 

Crops AGRR 0.5 

Dense pasture RNGB 0.08 

Water WATR 0.01 

 
Table 2. Soil loss classification. 

Threshold (t/ha/y) Erosion risk 

Soil Loss ≤ 2 Very low 

2 ≤ Soil Loss ≤ 10 Low 

10 ≤ Soil Loss ≤ 50 Moderate 

50 ≤ Soil Loss ≤ 100 High 

Soil Loss ≥ 100 Very high 
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(Bou et al., 2001; Aké et al., 2012). From this point of view, we have adopted the 
last technique. Because of the lack of experimental work that is difficult to carry 
out in the field according to the spatial variability of the physical characteristics 
over large areas of the basin, these changes were recorded as following: 

Very low—areas where plant roots are almost completely covered. The vege-
tation cover is continuous, whether it is forests, thickets, savannah or a simple 
mulch. Erosion and runoff remain very low despite the aggressiveness of the 
rains and the inclination of the slope. 

Low—areas where the roots of the plants are removed by less than 5 cm and 
where the gullies are less than 5 cm deep and a width of 10 cm. 

Moderate—bare tree roots from 5 to 10 cm and residual soil mounds 15 cm 
high with ravines 10 cm deep and 20 cm wide. 

High—roots of bare trees of more than 15 to 20 cm, pedicles of erosion (col-
umns of earth protected by stones) more than 15 cm in height and gullies ex-
ceeding 30 cm of depth. 

Very high—bare tree roots of more than 20 cm, erosion pedicles (columns of 
earth protected by stones) more than 20 cm in height, gullies more than 50 cm 
deep spreading over lengths of more than 10 m. Depending on the degree of de-
gradation caused to soil types. The rate of good agreement between the map thus 
produced and the reality of the terrain is close to 70%. 

Analysis of agricultural practices scenarios impacts 
After the modeling of soil losses in Buyo watershed, it was important to design 

scenarios for farming practices that could be used to reduce soil loss and ensure 
agricultural productivity for the fight against poverty. When a plant poorly cov-
ers the ground, temporarily or continuously, it is possible to associate crops in 
order to protect soil surface. As part of soil protection against erosion by water, 
several processes of agricultural practices exist. However, in this study, we ex-
amined the association of crops. This method has already been used by Jebari 
and Bensalah (2014). Several scenarios of agricultural practices were used for 
this purpose. Scenario 1 corresponds to the association of dense forest and crops 
with a high percentage of mulch; Scenario 2 is the corn and sorghum combina-
tion by considering a high efficiency without conventional tillage; Scenario 3 is 
an herbaceous meadow and Scenario 4 which corresponds to palm, coffee and 
cocoa with mulch association. A conservation practice scenario has subsequently 
been used in this study. This is the scenario P corresponding to the establish-
ment of a straw mulch. 

The application of scenario 1 was to replace the strong farming areas (AGRR) 
subject to a high risk of erosion by dense forest and crops with a high percentage 
of mulch. In practice, first of all, it is acted to replace the value of the AGRR 
C-factor by those related to scenario 1 which is about 0.001 (Roose, 1977; Wisch-
meier & Smith, 1978). Then the soil losses are recalculated with that value. The 
application of scenarios 2, 3 and 4 follows the same principle. After that, the 
scenario P was applied by associating it with the scenario 2 as less effective com-
pared to other scenarios. The use was to replace the value of P factor equal to 1 
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in the RUSLE model by those corresponding to the introduction of straw mulch 
that is 0.01 (Fournier, 1967; Roose & Sarrailh, 1990). 

4. Results 

The rainfall Erosivity of the study area varies between 1104 and 2342 MJ mm 
ha−1h−1y−1. The Northwestern part of the study area has the highest rainfall Ero-
sivity values. All soils of the study area have K erodibility factor between 0.01 
and 0.04 (t∙ha∙h−1MJ−1mm−1). In this study this conservation practice factor was 
assigned the maximum value of one (1) across the entire study area. The reason 
for this is that there are no significant conservation practices in the study area. 
The erosion risk map obtained by RUSLE model showed soil loss between 0 and 
4185 t/ha/year, with an average of 95 t/ha/year. Areas with a major loss were 
Gbonné, Man, Biankouma Facobly (Mountains Region) (Figure 2). The classifi-
cation of soil losses estimates has showed five classes of soil erosion risk (Figure 
3); 23% of the area was at very high risk; 24% of the study area are occupied by 
high risk; the moderate risk is occupied by 33% of the basin area; the low risk 
was has represented 11% against 9% occupied by very low risk. Around the Buyo 
Lake dam, there was also a high risk of soil erosion which has induced a risk of 
pollution in the Buyo Lake. Areas with high and very high risk were characte-
rized by a steep slope (>50%), low vegetation cover due to agriculture. Areas with 
low and very low risk were characterized by low slopes and dense vegetation  
 

 
Figure 2. Soil losses (RUSLE) and field phosphorus quantities variation map. 
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Figure 3. Soil losses (RUSLE) and field phosphorus quantities variation map. 

 
cover (dense forests). These areas were mainly observed in the southern part of 
the watershed. The sediments eroded upstream agricultural lands are drained 
downstream Buyo Lake dam. This causes problems of sedimentation and eutro-
phication.  

This situation can be explained by phosphorus field measurements level that 
prove a weak upstream Buyo Lake because erosion is strong. These rates vary 
from 1.9 to 13.75 μg/L. At Buyo Lake, analyzes showed rates ranging up to 93 
μg/L due to sediments deposition delivered from upstream to the Lake. 

The results of erosion risk under scenarios study are summarized in Table 3 
and Table 4. The risk map obtained with scenario 1 (Figure 4) shows soil losses 
ranging from 0 to 1552 t/ha/year, with an average of 28 t/ha/year, a reduction of 
71%, compared to the reference map. The classification of soil loss under this 
scenario showed 57% with very low risk, 10% at low risk, 22% of moderate risk, 
4% of high risk and 7% of the basin correspond to very high risk. Like the refer-
ence map, in this scenario, we noted, that high risk and very high risk are mainly 
concentrated in the mountain region, a strong farming area. However, this sce-
nario allowed a conversion of high risk and very high risk to low and very low 
risk in the area around Buyo Lake dam. Thus, the scenario 1 has increased the 
very low risk of 48% compared with the reference, reducing considerably high 
and very high risk to 20% and 16%, respectively.  
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Table 3. Soil loss and erosion risk under scenarios. 

Reference maps (RUSLE) Scenario 1 (Figure 4) Scenario 2 (Figure 5) 

Soil loss (Figure 2) 
(t/ha/y) 

Erosion risk  
(Figure 3) (%) 

Soil loss 
(t/ha/y) 

Erosion risk (%) 
Soil loss 
(t/ha/y) 

Erosion risk (%) 

Low: 0 Very low: 9 Low: 0 Very low: 57 Low: 0 Very low: 12 

High: 4185 Low: 11 High: 1552 Low: 10 High: 2415 Low: 9 

Average: 95 Moderate: 33 Average: 28 Moderate: 22 Average: 66 Moderate: 49 

 High risk: 24  High risk: 4  High risk: 17 

 Very high risk: 23  Very high risk: 7  Very high risk: 13 

 
Table 4. Soil loss and erosion risk under scenarios (continued from Table 3). 

Scenario 3 (Figure 6) Scenario 4 (Figure 7) 
Scenario 2 and Scenario P 

(Figure 8) 

Soil loss 
(t/ha/y) 

Erosion risk (%) 
Soil loss 
(t/ha/y) 

Erosion risk (%) 
Soil loss 
(t/ha/y) 

Erosion risk (%) 

Low: 0 Very low: 38 Low: 0 Very low: 88 Low: 0 Very low: 43 

High: 1552 Low: 27 High: 111 Low: 7 High: 242 Low: 49 

Average: 30 Moderate: 24 Average: 2 Moderate: 5 Average: 5 Moderate: 7 

 High risk: 4    High risk: 1 

 Very high risk: 7    Very high risk: 0.3 

 

 
Figure 4. Erosion under scenario 1 (dense forest and crops with a high percentage of mulch asso-
ciation).  

 
Soil losses using the scenario 2 (Figure 5) vary from 0 to 2415 t/ha/y, with an 

average of 66 t/ha/y, a reduction of 31% compared with the reference. The ap-
plication of scenario 2 gave an erosion risk map with 12% of very low risk, low 
risk of 9%, 49% at moderate risk, 17% of high risk and 13% at very high risk. 
Under scenario 2, we noticed, also, that central and western parts of the basin  
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Figure 5. Erosion under scenario 2 (maize and sorghum association considering high efficiency). 

 
were at higher risk of erosion. This can be explained by mountains slopes and 
agricultural activities. However, there was a decrease in high and very high risk 
of 7 and 10% respectively in benefit of moderate risk which increased from 33 to 
49%, a gain of 16%. Compared with scenario 1, scenario 2 was considered less 
effective, but can be used to fight against erosion in agricultural land of this re-
gion. 

Soil losses estimated using scenario 3 were ranged from 0 to 1552 t/ha/y, with 
an average of 30 t/ha/y (Figure 6). The results obtained under this scenario were 
similar to those from the scenario 1. It was noted indeed a 68% reduction com-
pared to the reference. The risk map obtained showed 7% at very high risk, 4% 
of high risk, 24% of the basin at moderate risk, 27% and 38% respectively of low 
risk and very low risk. The simulation of soil loss under scenario 1 has used the 
setting up of dense forest and crops with a high percentage of mulch association, 
whereas the scenario 3 used a grassy meadow. Both types of land cover were 
dense and permanent. By their density, they almost had the same function in the 
fight against soil loss. This could explain the similar values.  

The soil losses estimates under scenario 4 (Figure 7) evolved from 0 to 111 
t/ha/y. These estimates with an average of 2 t/ha/y indicated a low sediment loss 
of 98% compared to the reference map. Unlike the other scenarios, this scenario 
had three risk levels: 5% of moderate risk, 7% of low risk against 88% of very low 
risk. For the scenario 4, the high and very high risks have disappeared. In fact, 
the very low risk was increased up to 88%. Thus, the scenario 4 has proved the 
most efficient agricultural practices scenarios. Indeed, the palm, coffee, cocoa 
and plant cover association have allowed the recovery of the natural vegetation 
that limits erosion. The scenario of the least efficient agricultural practice re-
mained the scenario 2.  
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Figure 6. Erosion under the scenario 3 (herbaceous meadow). 

 

 
Figure 7. Erosion under scenario 4 (palm, coffee, cocoa with mulch association).  

 
Soil loss map obtained by the combination of scenario 2 and scenario P indi-

cated that sediments losses were ranged from 0 to 242 t/ha/y on the entire wa-
tershed (Figure 8). The average of these losses was 5 t/ha/y, a 95% reduction 
compared to the reference map. The categorization of these soil losses gave 5 le-
vels of erosion risk: very high (0.3%), high (1%), moderate (7%), low (49%) and 
very low (43%). For this scenario, we noticed, that high risk and very high risk 
were occupied a very thin part of the catchment area (1.3%). It was thus possible 
to increase the low and very low risks of respectively 38 and 34% compared to 
the reference.  
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Figure 8. Erosion under combination of scenario 2 and scenario P. 

 
The establishment of straw mulch after corn and sorghum harvest in areas 

with high agricultural activities is very effective in the fight against erosion by 
water. The results showed the impact of the vegetation cover on soil loss in the 
study area. The farming practices scenarios simulated indicated that the most 
effective is the scenario 4 (palm, coffee, cocoa with mulch association), followed 
by scenario 2 and scenario P combination, then come the scenarios 1 and 3; the 
least effective scenario is the scenario 2 (Figure 9). 

5. Discussion 

Precipitations data used come from 10 climate stations. The interpolation of 
these pluviometric data which are not only specific to Buyo Lake watershed may, 
also, induce uncertainties that could influence the modeling. However, a large 
number of climate stations are essential to consolidate our results. Regarding soil 
and land use maps, the major problem remains the scale. The soil map has a 
scale of 1/5,000,000 that is very rough. The scale of the land use map whereas is 
1/200,000. These coarse scales generate losses of information on the maps and 
cause uncertainties in the soil erosion risk model. Nevertheless, the interest of 
this study was to produce preliminary erosion risk maps and propose simple 
methods less expensive in the fight against soil erosion, incorporating the essen-
tial parameters of the watershed using an accessible model. These maps should 
represent a basic support in the fight against erosion and eutrophication in the 
Buyo Lake watershed. 

The high and very high risks identified in the central, western, northern zones 
of the study area and the one around Buyo Lake can be explained, firstly, by 
agricultural activities which cause degradation and vegetative cover reduction  
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Figure 9. Estimated average soil loss with the different scenarios tested. 
 
and secondly by steep slopes on the mountains sides in the Mountain Region. 
Recent studies by Koua et al. (2013) showed, that agricultural land occupies over 
42% of Buyo lake versant. The results of this study corroborate those of Kouadio 
et al. (2007), which showed the decrease in vegetation cover and high risk and 
very high risk of soil erosion by water in these regions. The high risk and very 
high risk are located in the Man zone and Man upstream zone characterized by a 
Mountain. 

Moreover, the dominance of degraded range lands and crop areas are consi-
dered very sensitive to erosion (Yjjou et al., 2012a). In Buyo Lake basin, although 
agriculture is developed, no practice is done for soil conservation, while contour 
plowing, ridging, or contour ridging are anti-erosion practices that limit runoff 
and erosion (Payet et al., 2011). In addition, according to Yjjou et al. (2012b), the 
slope values are highest near the banks. This is why a very high risk is hig-
hlighted in the area around Buyo Lake. If the decrease of vegetation cover causes 
erosion, its increase reduces runoff velocity and limits erosion phenomena by 
increasing infiltration (Rios, 2010). According to this author, forests characterize 
areas of very low sensitivity, while arable land characterizes areas of high sensi-
tivity to erosion. Grasslands and forests are protective of the soil from erosion. 
The works from Hassan et al. (2013) in the western Bekaa in Lebanon have, also, 
revealed the importance of vegetation in the fight against erosion. According to 
authors mentioned above, the territories covered by dense forests, which cover 
about 90% of the surface, no suffers physiological change during periods when 
rainfall intensity is higher. This is what explains the very low, low and moderate 
risks observed in some places characterized by the presence of dense forests and 
dense vegetation. In that concern, the model implemented in our study showed 
the importance of the vegetation cover in the fight against soil erosion by water 
in agricultural areas. Generally, all tested scenarios enabled to minimize the ero-
sion risk.  

At the issue of analysis of all tested scenarios, we notice that the mountain Re-
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gion in the studied zone (western and central parts of the catchment area) re-
mains the most exposed to the phenomenon of soil erosion by water as, also, de-
scribe Kouadio et al. (2007). However, the availability and quality of data often 
impact the results. Indeed, we are in general faced with the DEM resolution 
problem. In our study, the DEM used has a resolution of 90 m may cause relative 
over estimation of LS factor. A resolution of 25 - 30 m would be more desirable 
to avoid loss of information and strengthen the model.  

6. Conclusion 

The results of this study indicate that the Mountain Region of the Western of 
Cote d’Ivoire has a high to very high risk of soil erosion by water, respectively, of 
23% and 24% in the Buyo Lake watershed. The significant potential losses of soil 
found in that region predispose waterbody of this dam to sedimentation and eu-
trophication. Agricultural practices for the tested scenarios against erosion have 
shown their efficiency in general. However, the most effective is the scenario 4 
and the combination of scenario 2 and scenario P. These scenarios have reduced 
until 98% and 95%, respectively, the average soil loss compared with the refer-
ence. The establishment of crops such as palm, coffee, cocoa, dense vegetative 
cover and a mulch of straw after corn and sorghum harvests in areas of high 
agricultural activity is very effective for minimize soil erosion by water. These 
practices may be recommended in this watershed or other agricultural water-
sheds for integrated natural resources (water and soil) management for the wel-
fare of the environment and water bodies in river or lacustrine catchment areas 
in similar relief zones. 
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