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ABSTRACT

Lower Casamance is characterized by a set of watersheds drained by permanent streams that
flow directly to their mouths. Among these watersheds, we have Kafountine, which, like all
others, participates in the sedimentary morphodynamics of the coastline through the water
erosion that occurs especially upstream, on the slopes. The sediments transported and deposited
are usually composed of fine sands forming accumulations in places that stabilize the beaches.
The objective of this study is to estimate the amount of sediment eroded in the Kafountine
watershed and transported to the coast. To do this, we used the Wischmeier and Smith Universal
Soil Loss Equation (RUSLE) (1978), which is frequently used to calculate the average annual
soil loss per unit of land resulting from slick and channel erosion. The equation is applied after
the data is integrated into a Geographic Information System (GIS). The results from the
overlapping of factors tell us that the Kafountine watershed is losing on average 54.5 t/ha/an.

Keywords: Erosion; sedimentary morphodynamics; RUSLE; Watershed; Kafountine.
1. INTRODUCTION

Water erosion is an environmental issue that particularly affects the southern region of Senegal.
The abundance of rainfall during the rainy season causes water erosion and causes the
degradation of the watershed's vegetation cover. Impacts include a decrease in the thickness and
fertility of the arable layer, whose severity depends on the rate of erosion and soil thickness, but
also on the nature of the substrate [1].The northern coastal fringe of the Southern Rivers is

www.ijaeb.org Page 184



https://doi.org/10.35410/IJAEB.2020.5586
mailto:dometine85@gmail.com

International Journal of Agriculture, Environment and Bioresearch
Vol. 5, No. 06; 2020
ISSN: 2456-8643

characterized by generally sandy coastlines that depend on sedimentary inputs from watersheds
because of heavy rainfall resulting in water erosion and significant sediment transport to the
mouths. The intensification of precipitation predicted by the Intergovernmental Panel on Climate
Change [2] will result in the degradation of the surface layers of soil cover and the displacement
of the materials that make up it. These sedimentary particles detached upstream from watersheds
are drained to the shoreline where they participate in beach morphodynamics and marine
sedimentology. Water erosion is thus a factor in the degradation of cropland but also a provider
of sediment to the coast, slowing coastal erosion and creating sedimentary stocks in places [3].

The Kafountine watershed is marked by mismarked river systems controlled by topographical
factors, sedimentary load transported, drainage system size, shoreline stability through
vegetation, climate, and tectonics [4, 5]. With a turbulent flow in the main channel, these streams
can carry a significant sediment load towards the beach. Thus, the nature of coastal sediments
tells us about their geological origin, while the mapping of marine sediments highlights the
granulometry of mobilizable particles (composed mainly of sands and fine sand).

The problem of quantifying sediment detached and transported by water was solved with the
introduction of the Universal Soil Loss Equation (USLE) developed in 1960 and updated in 1978

by Wischmeier and Smith of the US Department of Agriculture. This Universal Soil Loss
Equation (USLE) was revised (RUSLE) before becoming an improved version of USLE
based on new technology. New methods are introduced to evaluate the values of the

various factors in the model [6]. The model predicts the long-term average annual rate of

eroded sediment at a watershed scale as a function of rainfall, soil type, topography, crop rotation
and crop management techniques. These different elements, called factors, constitute the
parameters that define the nature and intensity of the erosion process. Soil saturation leads to
runoff, detachment and transport of sediment particles. The possibility of modelling water
erosion is therefore dependent on the one hand on the existence of spatialised data describing
these factors, and on the other hand on the existence of operational models capable of describing
the processes and evaluating the intensity of erosion on the basis of the available data [7 ].

Remote sensing associated with geographic information systems (GIS) allows thematic maps to
be developed for each of the erosion factors. Crossing these maps provides a map of soil losses at
any point in the study environment [8]. The evaluation of the model consists of validating the
different thematic maps produced for the application of the model. GIS is now an essential tool
in the management of natural resources. To assess risks or establish management patterns for soil
conservation, the use of modelling is a decision-making tool. This process allows us today to
understand soil degradation processes and all the factors involved in them and to predict future
impacts considering changes in the physical characteristics of the environment.

2. STUDY AREA

The Kafountine watershed is located between 12°48” and 13°12° North latitude and 17°00” and
15° 48’ West longitude (Figure 1). It is in the Ziguinchor region of Lower Casamance and covers
a large part of the Kafountine town of which it bears its name. It is drained by a water system
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and streams whose river flow is influenced by seasonal precipitation dynamics. From a
geological and geomorphological point of view, Casamance belongs to the Senegalese-
Mauritanian sedimentary basin. The latter was established in the Jurassic with the opening of the
central Atlantic. It is of Meso-Cenozoic age and is based on a Precambrian substrate at Paleozoic
[9]. It stretches from Cap Blanc in Mauritania to Cape Roxo in northern Guinea Bissau. The
sediments are characterized by coarse detritus under the coastal influence on the east and become
increasingly thin to the west under marine influence. Sedimentary materials consist mainly of
sand, clay and marl alternating with limestone [5]. From a climatic point of view, the region
belongs to the South Sudan coastal domain. It is marked by quite high temperatures varying
according to the seasons. Rainfall is more than 1000 mm per year. The seasonal cycle is very
contrasted with a long dry season that lasts almost seven (7) months (November to May) and a
short rainy season that extends over five (5) months (June to October), [10].
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Figure 1: Geographical location of Kafountine Watershed.

Erosion depends on several climatic factors, but rainfall remains the most important in the
continental environment. Although it is the most watered region of Senegal, Natural Casamance
is exposed to the adverse effects of climate change and degradation of natural resources due to
poor spatial-temporal distribution of precipitation (Figure 2). Soil saturation noted in August
favor’s runoff and erosion on the slopes.
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Figure 2. Interannual evolution of rainfall at the Diouloulou station from 1951 to 2018.

3. MATERIALS AND METHODS

The implementation of the RUSLE model required a lot of spatial reference data from different
sources. The data used in this study are derived from several global databases at varying scales.
This is CHIRPS data over a period of more than 20 years for the generation of rain
aggressiveness, FAQO's soil evasiveness database (factors K), the USGS numerical terrain model
from the USGS platform used to calculate the slope (LS factor) and the 2018 Landsat OLI image
used for land occupancy mapping (factor C). These data have been pre-treated, including
corrections and treatments related to reference change, re-sample (bringing all factors to 30 m
spatial resolution). They were projected into the WGS 1984 UTM Zone 28 N projection system.

The Universal Soil Loss Equation is a full-scale model developed in 1960 and updated in 1978
by Wischmeier and Smith. RUSLE predicts the average annual rate of long-term erosion on the
slope of a field based on rainfall, soil type, topography, and agricultural practices. The different
parameters of the RUSLE model have a spatial character. GIS software such as ArcGis and
image processing such as TerrSet-IDRISI are used to process satellite images and map the
erosion rate at the basin level. Watershed delineation is based on the Digital Field Model (MNT)
SRTM (Shuttle Radar Topograthy Mission) downloaded from the USGS platform.

The Universal Soil Loss Equation is a multiplier function of the five factors that control water
erosion that provide an estimate of erosion (A) in tons/hectares/year. These include climatic
aggressiveness or erosivity of rains, soil erodibility, slope and slope length, land use and
cropping practices. The formula of the equation is expressed at the parcel scale or a slope by the
following relationship:

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

Where A is the annual rate of soil loss int/ha/year,
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The (R) factor represents the erosivity of the rains. It refers to the detachment power of soil
particles. The calculation of this factor based on the universal equation of soil loss is made
through the product of kinetic energy (Ec) and the maximum intensity of the rains for 30 minutes
(130), (Wischmeier and Smith, 1978).

R =E*I3 (2)

However, the difficulty of finding data on kinetic energy (Ec) and maximum rainfall intensity
has led some researchers [11, 12, 13] to create alternative formulas that only take into account
average monthly or annual precipitation for determining R factor. For this study, the formula
used to calculate the aggressiveness of the rains is that of [14], which according to him, the
average annual erosivity index of Wischmeier is directly related to the average annual rainfall in
West Africa. The formula is expressed by the following relationship:

R = Pi*0.50 (3)

Where Pi represents the average annual rainfall.

This formula applies to relatively long rainfall series (over 20 years old). The climate aggression
factor is calculated based on CHIRPS (Climate Hazards Group InfraRed Precipitation with
Station) data observed over a 30-year period from 1989 to 2018. They are a set of near-global
rainfall data available since 1981.

The soil's erodibility (K) factor depends on soil texture, amount of organic material,
permeability, and soil structure. Soil erodibility is not homogeneous in space and evolves over
time: it increases during the rainy season and varies according to soil characteristics. The age of
clearing and cropping techniques [15]. The erosion reflects the soil's ability to withstand
erosion. It is defined by three major factors of soil resistance to erosion: structural elements
(porosity, compactness, permeability, etc.), textural (granulometry, plasticity) and physical-
chemical elements (agility, ion richness of water in the soil) [16]. The erodibility is calculated
according to the formula established by Wischmeier and Smith (1978):

K =2.110%4* M4 (12 — a) + 3.25 (b — 2) + 2.5 (¢ — 3) (4)

With M = (% Sandy + limon) (100 - % Clay),
a = % organic matter,

b = permeability code,

¢ = structure code [8].

The soil erodibility factor is generated using the FAO database. It is a global soil database
harmonized in raster format with granulometric analyses and available free of charge. The spatial
resolution is about 1 km with a scale of 1/5.000.000. These soil data tell us about the textural
elements of the soil, including the percentage of sand, silt, clay content, percentage of organic
carbon and percentage of organic matter in the upper layers of the soil. Apart from these
elements that allow us to generate the K factor, other variables are presented in the data namely
soil thickness, lime and gypsum content, sodium exchange percentage, salinity.

The topographic factor (LS) is a dimensionless factor that represents the slope and length of the
slope. The gradient remains the parameter that most influences water erosion. The detachment
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and transport of particles depends on the speed of runoff, the length of the slope and the nature
and extent of the terrain. The LS factor is used to assess the influence of slope on the rate of
erosion. The method consists of calculating the fill sinks, which represents the filling map of the
bowls, followed by the direction of flow from each pixel and ultimately the accumulation of
water flows. These three elements combined with the slope of the terrain were used to calculate
the topographical factor. It is obtained using the following alternative formula of [17].

LS = (accumulation du débit*résolution/22,1) ™ (0,065+0,045S+ 0,065S2). (5)

Where m = 0.5 If the slope is >5%; m = 0.4 If the slope is between 3.5 and 4.5%; m = 0.3 If the
slope is in the interval 1-3 %; and m = 0.2 If the slope is < 1%. S: is the angle of the slope. The
Shuttle Radar Topograthy Mission (SRTM) digital field model downloaded from the USGS
website was selected for this study.

Soil protection factor(C) is a dimensionless factor that represents vegetation cover. Factor C is
estimated through the Normalized difference vegetation index (NDVI).

NIR—-RED
NIR+RED

NDVI =

(6)

The standardized vegetation index (NDVI) is established by subtracting from the infrared
channel (NIR) with the red channel (RED).The red band (The resulting neo-channel exhibits an
increasing gradient of plant activity ranging from black (no cover) to white (exceedingly high
chlorophyll activity). The result of an NDVI takes the form of a new image, the value of each
pixel being between 0 (bare soil) and 1 (maximum vegetable cover) [18].The NDVI was used to
achieve The C-Factor based on the [19] Witha = 0.5 Andp = 1:

-

C=expf _aﬂ
.~ B—NDVI -

The C factor is made based on an image Landsat OLI acquired on May 24, 2018. Radiometric
and atmospheric corrections  were applied to this image to work with true reflectance values
and eliminate dark parts of the image due to atmospheric effects and on which radiometric signal
detection depends.

Table 1Landsat 8 OLI Sensor Features (Operational Land Imager).

Sensor Acquisition Date Band Wavelength Resolution
1-Aerosols 0.433 - 0.453 um
2- Blue 0.450 — 0.515 pum
3- Green 0.525 - 0.600 pm

oLl 4- Red 0.630 — 0.680 um 30m
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24/05/2018 5- NIR 0.845 — 0.885 um
6- SWIR 1 1.560 — 1.660 um
7- SWIR 2 2.100 — 2.300 pm
8- Pan 0.500 — 0.680 um 15m
9- Cirrus 1.360 — 1.390 pm 30m
10-TIR1 10.30 - 11.30 um 60 m
11-TIR 2 11.50 — 12.50 um

The factor representing agricultural practices (P), is also unseated and considers anti-erosive
farming practices.These practices act as a mitigation of runoff speed and promote infiltration. P
values are about 0.2 for tiered terraces with counter-slope at 1.0 where there are no anti-erosive
practices [7]. The land use of the watershed is dominated by vegetation cover and water bodies.
Rice farming remains the most common agricultural activity and is sheltered by the low-lying
areas. Rice plots are small, flat-topography spaces that hold water for a period. Rice farmers do
not use anti-erosive farming practices. Apart from this situation, mapping this factor remains a
problem. In the absence of anti-erosive practices as in this case, the value of P is equal to 1.

The method is based on quantitative rules of eroded sediments transported to the shoreline. All
factors, which are also thematic maps (Figure 4), are brought to the same spatial resolution (same
size for all pixels) so that they can be crossed. Reprojections (space reference change) have also
been made so that the factors have the same spatial reference and can be superimposed.
Reclassification steps are also carried out based on the minimum and maximum amount of
information sought.
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Figure 3: Organization of the treatment chain for estimating the amount of eroded sediment.

3.1. Sedimentology

Sedimentological data are extracted and analyzed from the SHOM database, created from its
own observations and samples. The description of the data is extracted from the SHOM website
(www.shom.fr). Available data range from visual descriptions of sediments over the past 150
years to analyses obtained with the most modern systems (laser micro-granulomeres, core
measuring benches, acoustic imaging). The data included in this database relate to the nature of
surface sediments, the thickness of loose sediments, and the nature of the bedrock. The main
objectives of this Database are to enable the compilation of sedimentological data for the
mapping of funds, intended for all uses and the realization of models of sedimentary dynamics
and acoustics.

4. RESULTS
4.1. Sedimentary flow and coastal sedimentation

Sedimentary transit depends on the particle granulometry and the velocity of the river current.
The amount of sediment eroded upstream of watersheds in general is not fully transported to the
coast. Sorting based on particle size and flow concentration can be done by causing sediment to
be deposited on the bottom. During periods of white water (August-September), triage is low due
to the abundance of flows and the strength of runoff, unlike in the dry season, where river flows
can be marked by large deficits. However, this phenomenon is not often observable due to the
geological and soil characteristics that determine the nature of sediments deposited in coastal
areas. Suspended sediments carried by rivers are generally clays and fine sands, while sediments
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carried on the bottom are made up of sand and gravel. This hydro sedimentary dynamic controls
marine sedimentology (Figure 5). The particles drained by streams are made up globally of fine
sands and clays. The sedimentological configuration in the marine environment tells us that fine
sands are deposited before clays and that vases are concentrated at the mouth of the Casamance
River. Fine sands are sediments containing 50-100% particles ranging in size from 0.5 to 0.05
millimeters. Clays contain 50-100% particles smaller than 0.01 mm, while vases contain 20 to
100% particles less than 0.05 millimeters. This granulometry affects the modes of transport and
deposit of sediments.
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Figure 4: Coastal sedimentology extracted from SHOM's 2013 Global Sedimentary Map
4.2. RUSLE parameters estimation

Model estimates only soil losses due to slick erosion and not those that can be caused by other
agents. Wischmeier and Smith (1978) proposed it only on a small plot of about 100 m2 or small
watersheds. However, equations are often simplified to adapt to other climate contexts. The
reference equations were not used because the environments are not the same. The equations
used to calculate the factors are derived from the literature written in a similar context as this
one. These formulas have been developed by different authors [14, 7, 17, 19], and allowed
researchers to implement the universal equation of soil loss regardless of the geographic space
considered. The quantification of water erosion is based on the crossing of five (5) thematic
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maps. Since the P factor was absent due to the problems mentioned above, we finally crossed
four factors (Figure 6) in accordance with the RUSLE model. These factors are analyzed
individually to understand their physical characteristics and their contribution to water erosion
modeling.
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Figure 5: The Four (4) factors used to model water erosion in the Kafountine watershed

4.3. Analysis of the aggressiveness of the rains

This (R) factor highlights the spatial distribution of precipitation in the Kafountine watershed. It
shows a decrease in rainfall from south to north. This variation is identical to the dynamics of the
erosivity of the rains. As a result, there is more aggressiveness in the South, but with fewer
impacts due to the physical characteristics of this part. As we move north, climate aggression
decreases. It ranges from 710 to 670 MJ.mm/ha.h.year with an average of 690 MJ.mm/ha.h.an.
These values are generally important for the entire watershed due to the high amount of
precipitation recorded by this environment during the rainy season (1200 mm on average per

year).
4.4. Soil erodibility analysis or K factor
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The catchment area is covered by two types of soil with an erodibility varying between 0.21 and
0.34 t.ha.h/ha.MJ.mm. The value of the K-factor indicates the soil's resistance to erosion. The
analysis of soil erodibility shows that a large part of the catchment area, particularly in the north,
is covered by a slightly resistant soil with an erodibility value of 0.21. The soils in the south of
the region are generally hydromorphic. They are more sensitive to water erosion with an
erodibility index of 0.34 t.ha.h/ha.MJ.mm.

4.5. Field gradient analysis or topographical factor (LS)

The terrain slope index ranges from 0 to 110. The watershed has an exceptionally low slope of
between 0 and 1.6 and represents almost 70% of its total area. The slope of the land plays an
important role in the process of soil water erosion. It facilitates the transport of sediment particles
and increases the turbulence of the flow. Exposure to the slope is always crucial in the
intensification of erosion. Erosion is less intense on concave slopes than on convex slopes where
soil losses are greater [20]. The LS values were grouped into four classes (Figure 5).
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Figure 6: Distribution of LS class in the Kafountine Basin

4.6. Land and vegetation cover Analysis

The environment experiences climatic conditions conducive to the development of vegetation
cover, which plays a protective role against erosion by reducing beating. The vegetation cover
limits runoff and promotes infiltration. C Factor depends on several variables including leaf and
branch cover, soil cover, soil biomass that improves water flow into the soil, porosity, surface
roughness and soil compaction [21]. The Kafountine watershed is covered by two types of
vegetation: continental vegetation that occupies most of the environment and mangrove
vegetation found precisely in the estuarine part of the watershed that connects the continent with
the sea. Four land-use units were identified after the analysis and reclassification of NDVI
values. These are streams with a value between -1.4 and -0.73, followed by salt land (-0.72 - -
0.41), then bare soils (-0.4 - -0.13) and finally vegetation cover with an index between (-0.12-
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0.21). The evolution of vegetation cover is dependent on rainfall. VVegetation is becoming less
and less dense, making the soil vulnerable to erosion agents. The area covered by vegetation
represents only 25.95% of the total area of the basin while bare soils dominate with 58.21%. This
result tells us that the study area is not sufficiently protected by vegetation against water erosion.
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Figure 7: Class of C-factor values in the Kafountine watershed

5. Potential annual soil erosion estimation

The methodology adopted in this study allowed us to assess soil losses in the Kafountine
watershed in 2018. Integrating data into a geographic information system has also allowed us to
structure and prioritize it. The cross-refer to all the thematic maps representing the factors in the
universal equation of soil losses of Wischmeier-Smith (1978) and intervening in the process of
soil water erosion, provides a map of soil losses at the scale of a pixel over the entire watershed.
The result of this cross was classified into five (5) classes to observe spatial variability in soil
losses in the study space. The amount of sediment lost varies between 1 and 48 t/ha/year with an
average of about 24.5 t/ha/year. Analysis of Figure 8 shows that the basin is dominated by
classes with low erosion amounts, ranging from 1 to 19.8 t/ha/year. Heavy sediment losses are
located upstream of the watershed and range from 29.2 to 48 t/ha/year. The lowest losses are
recorded at the estuary, sheltered by hydromorphic soils composed of mudflats and salty soil
covered in places by mangrove vegetation. Erosion can be zero, given the building blocks of this
southern part of the basin. Soil losses vary depending on the slope of the watershed. The highest
ground loss values correspond to areas with steep slopes, especially in the north of the study
environment. The small localized losses in the estuarine environment correspond to the
incredibly low or zero slope classes. In terms of area, estimated losses between 10.4 and 19.8
t/ha/year cover 25.2% of the basin area, while 4.4% of the total area of the basin recorded the
largest soil losses. In sum, 83.9% of the land area loses between 1 and 19.8 t/ha/year.
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Figure 8: Map of soil losses per t/ha/year in the Kafountine watershed.
6. DISCUSSION

The Kafountine watershed is drained by several ‘bolongs’that flow into the Atlantic Ocean.
These streams drain sediment particles from upstream of watersheds and deposit them in
estuaries and beaches to meet river and marine currents. External sediment inputs play a key role
in coastal erosion and fattening processes [22, 3, 5]. River sedimentary inputs and alternating
erosion and deposit processes are a sedimentary capital that stabilizes the coasts. These
sedimentary flows follow a seasonal rhythm, characterized by a strong supply of rainy seasons
and a reduction in sediments amounts during the non-rainy season. The amount of sediment
deposited by rivers and streams depends essentially on climatic factors. Sedimentary inputs of
river origin are conditioned by rainfall, watershed extension, morphology, and lithological and
soil nature [23]. These sediments, subjected to a contrast of water density, are deposited on either
side of the estuaries and form sandbanks and shorelines. These materials play an especially
important role in the sedimentary morphodynamics of the coastline concerned. The spatial
analysis of the concentration of suspended materials is a fundamental element for river and
coastal morphological studies, distinguishing if possible, the carriage that takes place near the
bottom, generated by inter-granular collisions [24].

The empirical model of Wischmeier and Smith (1978) applies to the scale of an agricultural plot.
However, its use on areas other than crop plots is at the root of the countless problems
encountered, such as the accuracy of the results. The water erosion soil loss map shows the
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origin of sedimentary flows that feed beaches and contribute to the morphodynamic’s balance.
Analysis of the slope map and soil loss map shows that erosion is greater on slopes than in
depressions and wetlands. The analysis of the different factors showed that the topography of the
basin is relatively low with slight variations upstream. A spatial variability of precipitation is
observed with a South-North gradient. Their structure plays an important role in triggering
erosion. The region receives an annual average of more than 1000 mm of generally intense
precipitation, which can lead to strong erosion of the slopes. The geological nature also
influences erosion. It produces a pedological support composed of sand, clay and limestone-marf|
which is sensitive to erosion. Two types of soil form the lithology of the basin with average
erodibility. A large part of the catchment area is bare soil followed by plant cover, the rest being
water and saline soil. It is important to note that the degradation of vegetation cover under the
influence of climate change makes soils vulnerable to aggressive rains and therefore there may
be a change in surface horizons. It would therefore be interesting to have up-to-date data on
granulometry based on the different land use units [25]. The results show that watersheds are true
conveyors of sediment to the shoreline. Sedimentological analyses (Figure 4) show the nature of
sediments washed away by storm and river water. They are usually made up of sands, silts, and
clays. This sedimentological material transported by suspension is the primary cause of coastal
accretion [26].

7. CONCLUSION

This work presents the results of a first application of the universal soil loss equation, otherwise
called the RUSLE model, in the Kafountine watershed. It allowed us to estimate the amount of
sediment removed and transported by runoff and to identify the areas most affected. Quantifying
sediments from soil erosion is a key piece of information in the functioning of the watershed.
The implementation of the RUSLE model allows the assessment of watershed inputs in coastal
fattening processes. These inputs contribute to coastal morphodynamics and limit coastal
erosion. The accumulations that water erosion promotes, show along the coast of Casamance
morpho-sedimentary units called sandy arrow (the peninsula of birds, river with oysters, point of
“Diogué”, arrow of Cape Roxo ...). With the persistence of climate change combined with other
factors such as lithological nature and the degradation of vegetation cover, soils in this part of the
Southern Rivers are becoming increasingly vulnerable to water erosion. It is important to note
that not all particles detached by stormwater are deposited in coastal areas. These sediments,
whose mode of transport depends on granulometry, can be deposited along the way. Ultimately,
the limitations of the model in this study lie in the accuracy of the data used and the complexity
of their validation. For a more accurate study, it would be important to use remarkably high
spatial resolution data combined with in situ measurements.
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