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Abstract

The Lobo watershed is highly anthropogenic since it has become the main
production area for cocoa and coffee in Cote d’Ivoire. It therefore seems im-
portant to quantify soil loss by water erosion in this region. The Wischmeier
modeling was used to model the main factors involved in erosive phenomena.
Crosscutting of thematic maps and the application of the USLE formulas
made possible to evaluate the erosion rate at the watershed scale in 1986 and
2014. Although soil is susceptible to erosion and erosivity is increased, the
results indicate a growth in soil loss estimated at 90.12%. Some agroforestry
efforts are still possible to help reducing those soil losses.
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1. Introduction

Surface water erosion is a natural phenomenon with bad consequences in many
countries around the world [1] [2] [3]. Controlling surface water erosion is a
major challenge in areas with strong socio-economic interests. So, water erosion
of soils is still a global environmental problem that degrades soil productivity
and water quality. It accelerates the sedimentary process in lowland environ-

ments and increases the risks of flooding. The results are numerous: decline in
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soil fertility, increase in the solid load of watercourses, silting up and siltation of
water reservoirs [4], modification processes of regulation of the water cycle and
the increase of pollutants in the receptors middles. Some authors [2] [3] [5] [6]
[7] have analyzed the different processes of erosion and characterized erosion in
its quantitative aspect. They spatialized or mapped the phenomenon of water
erosion for sustainable management of soil and agriculture in a context of cli-
mate change in West Africa and particularly in Cote d’Ivoire. The Lobo wa-
tershed we study in this paper is located in the forest domain of Céte d’Ivoire
[8]. Since, it is a favorable environment for many cash crops production (coffee,
cocoa, rubber etc.). This area is strongly anthropized. Hence, in order to trigger
a sustainable management policy, it appears important to characterize the soil
losses that are taking place. Thus, the purpose of this study was particularly to
characterize land degradation in a context of anthropogenic pressure on the Lo-

bo watershed.

2. Study Area

The study area is the catchment of Lobo. It’s located in west-central Cote
d’Ivoire between 6°05' and 6°55" west longitude and between 6°02' and 7°55'
north latitude. The catchment area of Lobo covers an area of about 12723 Km2
and its bed develops about 597 km long (Figure 1). The Lobo River is one of the
main tributaries on the left bank of the Sassandra River. The Lobo rises at an al-
titude of more than 400 meters south of the locality of Séguéla and flows into

Sassandra not far from the town of Loboville.
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Figure 1. Presentation of the Lobo watershed.
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The altitude vary between 163 m and 617 m and is generally as a peneplain.
The watershed is composed of two major types of relief. These are the plains and
the plate. The plains have an altitude between 160 and 240 m. The plate occupy
most of the basin and have altitudes ranging from 240 to 320 m, with a cres-
cent-shaped greenstone peak rising to an altitude of 617 m in the far north of the
basin [9].

The geological formations of the Lobo watershed belong mainly to the Pre-
cambrian basement (Middle Precambrian) and are grouped into two major enti-
ties, namely magmatic and metamorphic rocks. The composition of magmatic
rocks vary from granit to granodiorite. The metamorphic rocks of the basin are
generally migmatite and shales in which the bed of the river is housed.

On the watershed Lobo, there are acrisols ferric, acrisols orthic the cambisols
Eutric and cambisols ferralic [10]. The vegetation consists of forest relics asso-
ciated with perennial crops (rubber, cashew, coffee and cocoa) or annual crops

(rice, cassava, yam and market gardeners) [11].

3. Material and Methods
3.1. Material

The material is consisting of data SRTM, satellites images, rainfall, cartographics
and measured devices. The data SRTM give a survey topographic of the area of
globe. The DTM data used is resolution 30 m. The scenes 197 - 55, 197 - 56, 198
- 55 are satellite images of Landsat TM 1986 and OLI 2014 are registered and
correct radiometrically and geometrically, were used in this study. Rainfall data
were made available to us by the meteorological section of SODEXAM. The
rainfall network (Figure 1) selected for this study has nine (9) positions. Rain-
fall data are available on a monthly time basis from 1919 to 2015. The data
cartographic are various sources. The geologic map developed at a scale of
1/5,000,000 and the soil map at a scale of 1/4,000,000 [10] are used to put, in

evidence the different structures present of the soil watershed Lobo.

3.2. Methods

Several models for estimating soil erosion exist with different degrees of com-
plexity. The most widely used mathematical model is the universal soil loss equ-
ation (USLE). This Equation (1) groups all variables under six major factors
[12]:

A=RxKxLSxCxP (1)

or:
Aloss rate = t/ha/yr,
R = erosivity of the rain,
K= soil erodibility,
LS = topographic factor integrating slope and slope length,
C= soil protection factor by vegetation cover,
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P = factor expressing soil protection by agricultural practices.

Calculation of the factor R

The calculation of erosivity was done using [13] method. This method shows
that there is a simple relationship between the average annual rainfall erosivity
over a sufficiently long period (20 to 50 years) and the average annual rainfall
during the same period. It is on this basis that the R calculations were carried out
by applying the following Equation (2):

Ram = 0.50 * Ham )

With Ram: Average annual rainfall erosion expressed in MJ-mm/ha-h-yr,

Ham average annual rainfall in mm.

Calculation of soil erodibility X

Soil erodibility is an indicator of the ease with which soil particles break off. It
results in the inherent resistance to detachment and transport particles by water.
The K factor is a function of the texture, the organic matter content of the soil,
and the permeability of the soil. The determination of the erodibility factor was
based on the K soil variation table according to [14] to derive the soil erodibility
values from the texture.

Calculation of the occupancy factor C

Factor C is defined as the ratio of bare soil loss under specific conditions to
losses in soils corresponding to soils under an agricultural system [12] [15]. The
value of factor C depends on the type and percentage of vegetation cover. Two
satellite images of 1986 and 2014 were used for its determination. In this study,
factor C was determined from the experiments of [12] in the United States. Pri-
mary forests are characterized by an index of 0.001 while heavily degraded areas
have an index close to 1. The factor C is a function of land use. A column has
been added to the land cover maps and coded according to the land cover type
as described by [16] (Table 1).

Table 1. Coefficient of land use C according to the type of land occupation [16].

Type of land use C Factor
Bare ground 1
Degraded forest 0.7
Degraded grass savannah 0.6
Culture mosaic 0.5
Savanna with trees and shrubs 0.3
Mangrove 0.28
Built surface 0.2
Wooded area 0.18
Rice paddy 0.15
Dense forest 0.001
Body of water 0
DOI: 10.4236/gep.2018.69014 186 Journal of Geoscience and Environment Protection
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Calculation of the conservation factor P

The factor P describes the conservative human actions that are practiced to
counteract water erosion. It usually ranges from 0 to 1, depending on the prac-
tices and the slope. However, given the fact that there are no anti-erosion prac-
tices adopted throughout the study area, this factor was considered equal to 1
[17].

Calculation of topographic factors LS

The slope criterion is used to highlight the ability of a runoff to detach and
transport soil particles: the higher is the slope, the more the runoff will erode the
soil. The topography parameter evaluated from two criteria (inclination of the
slope and its length) and is calculated from a digital terrain model (DTM) reso-
lution 30 m. The calculation factor LS Watershed Lobo, is performed using an
algorithm QG is software. The shape of the USLE topographic factor (LS) for a
slope segment was expressed by [18] as follows Equation (3):

Lo S -an) -
(4,-4,,)%(22.13)"

Calculation of soil losses

A GIS incorporating the various factors (Figure 2) was used for the assess-
ment and mapping of erosion rate at the watershed scale in 1986 and 2014. Each
parameter is represented in the GIS by a cover or grid (grid or raster)
representing the estimated values at the level of each surface element of the wa-
tershed. The superposition of the different data grids in the GIS gives us the val-
ue of the erosion rate at each surface unit (pixel).

Erosivity factor of rain

®)

Soil erodibility factor
X)

Topographic factor
(LS)

(G AR EEL S

Plant cover factor

©

Factor of anti-erosive
Practice (P)

Erosivity rate (t/ha/yr):

A=RxKxLSxCxP

Figure 2. Organization chart of the USLE model.
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4. Results and Discussion
4.1. Erosivity of the Rains (R)

Figure 3 shows the rainfall erosivity map of the Lobo watershed. Different ero-
sivity levels presented as function of rainfall spatial distribution. Rainfall erosivity
is stronger in the South in 1986 and from bangs West and South in 2014 than in
other parts of the Lobo watershed. It increases respectively from 551.95 to 699.03
MJ-mm/ha/h/yr in 1986 and from 509.91 to 812.40 MJ-mm/ha/h/yr in 2014.
In general, the trend of the erosivity of the rains is increasing, because the av-
erage erosivity of the rains is 631.01 MJ-mm/ha/h/yr in 1986 and 671.77
MJ-mm/ha/h/yr in 2014.

4.2. Occupancy Factor C

Factor C provides information on land use. It varies from 0 to 1 in 1986 and in
2014. The different types of land use in the study area are built surface, bare
soils, water bodies and vegetation cover mainly composed of degraded forests,
fallow, rubber plantations, cocoa, cashew nuts. Low values of C correspond to
different plantations and forests, while high values correspond to bare habitats
and soils. In addition, the results show that the average C-factor values are 0.252
and 0.560 respectively lower for 1986 than in 2014. The increase in the area of
bare soils and habitats contributes to this (Figure 4).

4.3. Erodibility of Soils K

Figure 5 shows the erodibility K of the Lobo watershed. The correspondence
between the Soil texture and soil erodibility highlighted the most erodible soils
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Figure 3. Erosivity of the rains: (a) 1976 to 1996; (b) 1997 to 2015.
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in the watershed. The K factor varies between 0.13 to 0.17 t-ha-h/ha-MJ-mm. The
most erodible soils correspond to Eutric Cambisols and Ferric Acrisols. The av-
erage soil erodibility factor is 0.145 t-ha-h/ha-MJ-mm. This indicates that these
soils are moderately susceptible to erosion. The spatial distribution of the K fac-

tor shows that the most erodible soils are in the north and in the center.

4.4. LS Topographic Factors

The LS factor (Figure 6) highlights the importance of inclination and slope
length in the water erosion process. The LS factor over the watershed range from
0 to 491.34 with an average average of 0.164. This value indicates that the topo-
graphy of this basin is relatively flat. There is a contrast between the different
watershed models. The Lobo flows from north to south. Slight slopes and steep
slopes coexist mainly south of the watershed. The relief reveals a greater sensi-
tivity to erosive processes south of the Lobo watershed. The lowest values of 0 to
5.81 of the topographic factor correspond to the bed of the stream and the
plains. High LS values greater than 5.81 are associated with the massifs, the high
valley and the steepest slopes on the Lobo watershed.
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4.5. Estimation of the Dynamics of Soil Losses

Soil loss values driven by water erosion in the Lobo watershed are grouped into 5
classes (Figure 7). The class of very low soil losses is identified respectively on
34.66% and 0.00% of the Lobo watershed for the years 1986 and 2014. This loss
of soil is located around the hydrographic network. Low soil losses are scattered
throughout the basin. This class occupies 29.05% and 52.83% respectively for the
years 1986 and 2014. Concerning the class of average losses of grounds, it
represents with 16.62% and 23.81% of the zone of study for the years 1986 and
2014. The areas of very strong and high soil loss correspond to regions of very
strong and steep slope on the basin. These classes are estimated at 19.67% and
23.36% of the Lobo watershed. Average soil losses in the Lobo watershed are esti-
mated at 16.09 t/ha/yr and 30.59 t/ha/yr respectively for the years 1986 and 2014.

5. Discussion

The Lobo watershed is highly anthropogenic because it is in the new loop of co-
coa coffee. Wischmeier’s model [12] was therefore used to model the main fac-
tors involved in erosive phenomena. This study indicates that soils are mod-
erately susceptible to erosion with an average soil erodibility factor of 0.145
t-ha-h/ha-MJ-mm. As for the factor C, average values increased from 0.252 in
1986 to 0.560 in 2014. This increase factor C, which is owing to the growth of the
grounds bare/settlement and the increased area of rubber, fields of cocoa and

cashew nut. Several authors including [3] [8] have showed the decrease in this
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vegetation cover. In addition, the study shows a increase in rainfall erosivity in
the Lobo watershed with an average of 631.01 MJ-mm/ha-h-yr in 1986 and
671.77 MJ-mm/ha-h-yr in 2014. Furthermore, the results obtained indicate a in-
crease in soil losses estimated at 90.12%. Soil losses average soil increased from
16.09 t/ha/yr in 1986 to 30.59 t/ha/yr in 2014. These results show that water ero-
sion is moderately active in 1986 and is strong in 2014 in this watershed. This
average loss is higher than those found by [19] at Sassandra (26 t/h/yr), and [20]
at the Aghien watershed (15 t/ha/yr), at that of [21] on the watershed of Bia (16
t/ha/yr) and that of [22] in the Walloon region (Belgium) (5 t/ha from 1991 to
2000). A highly degraded vegetation cover that was shown through a C factor
growth of 122.22% drives the obtained increase of soil losses during the period
1986-2014. There was a decrease of both degraded forest and rainforest by 15.26%
and 16.29% respectively. Similarly, there is an increase in bare soils/habitats and
crops/fallow respectively of 4.00% and 27.56%. The rains erosivity increased to
6.46%. The combined effects of higher C factor and erosivity of rainfall explain
the increase in soil loss in 2014 [16]. Although soils are susceptible to water ero-
sion, development of cash crops could contribute to their protection. Some
agroforestry efforts are still possible to help reducing those soil losses.

6. Conclusion

This work focused on the contribution of a geographic information system to
the study of soil loss dynamics in the Lobo watershed. The quantification of soil
losses in the Lobo catchment area was made using the Universal Ground Loss
Equation (USLE) integrated into a Geographic Information System at the wa-
tershed scale. The results obtained show that the soils of the Lobo watershed
have been affected by several factors favoring the erosion phenomenon namely
erodibility, erosivity and vegetation cover. Analysis of the factors involved in soil
loss indicates an increase in C-factor of 122.22% and erosivity of 6.46%. Average
soil losses increased from 16.09 t/ha/yr in 1986 to 30.59 t/ha/yr in 2014, meaning
90.12% increase. This increase in soil loss is mainly arise to the higher of the C
factor and the erosivity of the rains. Indeed, the emergence of home, bare soils
and degraded forest had contributed of the growth of soil erosion in 2014. Ef-
forts can be made through the development of agroforestry and reforestation to
reduce C values to significantly reduce soil loss. The use of GIS allows the inte-
gration of new spatialised data of R and C at any time, thus allowing soil loss to

be monitored over time.
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