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 For soil erosion modeling, determining sediment transport capacity (Tc) is essential because it plays a key 
role in sediment detachment, transport, and deposition research. This paper provides insights into the 
seasonal spatial distribution of sediment transport capacity, excess runoff depth in response to the 
distribution of precipitation, and land use at a watershed scale, using SCN Curve Number (CN) method, Remote 
Sensing (RS), and Geographic Information Systems (GIS). Spatial distribution in runoff production on 
hillslopes and sediment transport are explained. We integrated the effect of slope gradient in the curve 
number to model the landscape effect on sediment transport. The findings show that seasonal variation in 
sediment transport capacity is influenced by climate change. During June and October, the transport capacity 
is higher and coincides with channel areas in the Boubo watershed. Potential applications of this map may 
help the decision-maker to deal with problems associated with watershed development and management.  

KEYWORDS 

Sediment transport capacity, Soil Conservation Curve Number, GIS, Runoff 

1. INTRODUCTION 

Sediment transport capacity is described as the maximum amount of 
sediment carried by a given flow rate, and is explained in many erosion 
models (Xiao et al., 2017). Estimation of the transport capacity is essential 
for the process of sediment detachment, transport, and deposition, caused 
by rainfall and runoff impacts on the soil surface (Wang et al., 2019). Soil 
erosion associated with sediment production is a serious issue worldwide, 
which causes problems such as decreased soil fertility, degraded water 
quality, and reduced reservoir storage (Borrelli et al., 2017; Ciampalini et 
al., 2020; Garcia Ruiz et al., 2016; Lanckriet et al., 2016). Two main 
parameters associated with soil erosion are runoff and sediment yield 
(Zhu et al., 2018). Once runoff begins on the ground and in streams, the 
amount and size of material transported is determined by the runoff 
water’s transport capacity (Tc). The excess sediment is deposited if the 
transport capacity is less than the amount of eroded soil available (Jain 
and Das, 2009; Jain et al., 2009). Sediment transport capacity must be 
considered when developing models of soil erosion in a GIS model that 
computes the spatial variability in erosion and deposition over the 
landscape (Wang et al., 2015). Therefore, it is crucial to study sediment 
transport capacity to help decision makers to deal with problems 
associated with watershed development, protection and management. 

In recent decades, because of the use of remote sensing, GIS, and 
computing capacity, the investigations of runoff and sediment transport 
capacity models have been widely developed through spatially distributed 
models of watershed hydrological processes (Bolognesi et al., 2016; 
Hajigholizadeh et al., 2018; Roo, 1998; Van Dijk et al., 2016). Remote 
sensing and GIS techniques allow the user to import into the models a lot 
of information like canopy, slope, aspect, contributing drainage area, soil 
texture of various soil type, land use (Hajigholizadeh et al., 2018). Previous 
studies demonstrate that remote sensing technology and GIS can 

significantly enhance the traditional sediment transport and rainfall-
runoff research (Nagarajan and Poongothai, 2012; Srinivas G et al., 2020; 
Van Rompaey et al., 2001; Verma et al., 2017). 

In physically-based erosion models, sediment transport capacity is an 
important concept for determining detachment rates and deposition (Al-
Hamdan et al., 2012; Hairsine and Rose, 1992). However, the link between 
soil detachment quantity and sediment load has been described from 
different points of view proposed a method for calculating soil detachment 
as a function of transport capacity, which was widely used, verified, and 
adopted by the water erosion prediction project (WEPP) model (Zhang et 
al., 2009; Foster and Meyer, 1972; Laflen et al., 1991). There are two main 
approaches for simulating sediment transport mechanisms: supply-
limited and capacity-limited (Her, 2011). There are various types and 
equations for transport capacity relations in physically-based sediments 
transport models such as; Chemicals Runoff and Erosion from Agricultural 
Management Systems (CREAMS), WEPP, Kinematic Runoff and Erosion 
Model (KINEROS), Areal Nonpoint Source Watershed Environment 
Response Simulation (ANSWERS), Agricultural Non-Point Source 
Pollution (AGNPS), European Soil Erosion Model (EUROSEM), Revised 
Universal Soil Loss Equation 2 (RUSLE2), and LImburg Soil Erosion Model 
(LISEM) (Her, 2011; Kalin, 2003; Wang et al., 2019).  

Recent studies used machine learning for the estimation of the sediment 
transport (Alizadeh et al., 2017; Chen and Chau, 2019; Reisenbüchler et al., 
2021; Sharafati et al., 2020). However, machine learning technics use 
many and multiple data of training samples to develop a general and 
appropriate method. Research indicated that machine learning approach 
did not give good results because of the lack of data (Li et al., 2016). A 
group researcher describe the relationship between transport capacity, 
flow rate, and slope Gradient (Xiao et al., 2017). USDA-ARS pointed out 
that RUSLE2, a hybrid empirical/process-based model, can predict the 
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transport capacity using runoff curve numbers (USDA-ARS, 2013). Also, 
studies have demonstrated that changes in Land Use/Land Cover (LULC) 
affect sediment yield in drainage channels worldwide (Alatorre et al., 
2012). Therefore, it would be suitable to estimate runoff by integrating the 
curve number and LULC for the estimation of sediment transport in an 
area where data is limited.  

The most important source of water for rivers, lakes, and ocean 
replenishment is rainfall to runoff flow, but water-runoffs cause significant 
hazards and disasters (Karamage et al., 2018). Infiltration and runoff data 
are essential inputs in estimating RUSLE2 rill sediment transport capacity 
developed by the hydrology Soil Conservation Service (SCS) (USDA-ARS, 
2013). However, the rainfall-runoff generation procedure is extremely 
complex (Cristiano et al., 2017; David E. Fantina, 2012; Srinivasulu and 
Jain, 2009). There are different methods for estimating runoff, including 
spatial, empirical, and physical models (Devia et al., 2015; Sitterson et al., 
2017). Some of the methods like the green roofs 2 model (GR2 model), the 
Green roofs 3 model (GR3 model), the rational Method, Synthetic unit 
Hydrograph Method have been used to estimate runoff (Seydou et al., 
2018; Servat and Dezetter, 1993; Young et al., 2009; Patel and Thorvat, 
2016). Estimating the amount of rainfall that exceeds infiltration and 
initial abstractions, which must be satisfied before the occurrence of 
runoff, is known as runoff rate estimation (Srinivas et al., 2020).  

Rainfall depth is the major determinant of excess rainfall rate (USDA-ARS, 
2013). The RUSLE2 assumption is that excess rainfall rate equals runoff 
depth divided by one hour. The resulting runoff values are indices of how 
runoff varies according to location as a consequence of climate change, 
cover management, and soil. Rainfall, runoff, and infiltration 
measurements were taken using various approaches based on the soil 
type, and hydrologic soil groups were created (Chow et al., 1988; Ross et 
al., 2018). For ungauged watersheds, accurate prediction of runoff from 
the ground into streams and rivers requires much effort and time, and 
Conventional methods of runoff measurements are not easy for 
inaccessible terrain, expensive, and time consuming (Gajbhiye, 2015). 
However, this information is critical in dealing with watershed planning, 
development, and management problems, as well as irrigation scheduling 
(Al-Ghobari et al., 2020; Gao et al., 2012).  

Therefore, with the help of remote sensing and GIS, the curve number 
method could be used to calculate the possible runoff value in ungauged 
watersheds (Abdelaziz et al., 2020; Elhakeem and Papanicolaou, 2009; 
Gayathri and S, 2018; Köylü and Geymen, 2016; Nagarajan and 
Poongothai, 2012; Rietz and Hawkins, 2001; Strapazan and PetruȚ, 2017). 
Some researchers used NDVI, and other researchers used linear spectral 
mixture to estimate curve number (Fan et al., 2013; Gandini and Usunoff, 
2004). The relationship between runoff and CN has already been 
established (Gebresellassie, 2017; Kim and Shin, 2018; Zhan and Huang, 
2004). Generally, the CN is considered as a reliable and realistic method 
on location where available data on rainfall is limited but some studies 
indicated that the standard curve number method developed by SCS is not 
so effective in predicting overland flows in a semi-arid regions of Ethiopia 
((Faizalhakim, 2018; Hong and Adler, 2008; Kinnell, 2010; Gebresellassie 
Zelelew, 2017).  

The  runoff  CN approach  is  commonly  used  in hydrology  because  of  Its  

simplicity, predictability, and stability (Gonzalez et al., 2015; Grimaldi et 
al., 2013; Ponce and Hawkins, 1996). It has been used for many years as it 
was adopted as an alternative to rational and other methods (Gao et al., 
2012; Kim and Shin, 2019; Mishra and V.P., 2003). For natural disaster 
assessment, the SCS CN method is an effective and widely used approach 
for calculating the direct runoff from a storm event (Abdelaziz et al., 2020; 
Akhssas et al., 2020; Hong and Adler, 2008; Khaddor et al., 2015; NRCS, 
1986). Water management and sediment transport may be carried out 
efficiently by knowing seasonal and annual runoff from the watershed. 
Also, the influence of slope on the curve number can be estimated using 
remote sensing and GIS (Huang et al., 2006; Meshram et al., 2015). Various 
watershed models, such as the Soil and Water Assessment Tools (SWAT), 
Storm Water Management Model (SWMM), and RUSLE2 use the curve 
number to determine runoff depth (Neitsch et al., 2011; Rossman, 2010; 
USDA-ARS, 2013). According to some research, the world is currently 
dominated by medium to high runoff potential, with curve numbers 
varying from 75 to 85 (Jaafar et al., 2019).  

The methodology used in this study is based on integrating slope in the 
estimation of the curve number map used to estimate runoff in the Boubo 
coastal watershed. We used linear regression to produce a monthly 
sediment transport capacity map. This study aims to estimate the spatial 
distribution of the sediment transport capacity, using SCS CN to determine 
the runoff in an ungauged watershed. The objectives were first to estimate 
the CN, second to estimate runoff in the watershed, and finally to estimate 
the sediment transport capacity. The proposed framework is applied to 
the Boubo watershed to estimate its RUSLE2 rill transport capacity. The 
Boubo coastal watershed is critical for the physical, biological, and 
hydrological exchange between lagoons and the sea. However, monitoring 
projects fail to take into account their rivers (Coulibaly et al., 2021; 
Sébastien et al., 2013). Furthermore, this important large coastal 
watershed presents a lack of hydrologic and hydrometric stations, which 
cannot reflect the climate variation, which makes studies difficult in this 
watershed. Boubo coastal watershed ecosystems and fishing resources are 
highly threatened. This framework is used to analyze and estimate the 
spatial variation of sediment transport in the Boubo watershed, which can 
provide useful information to help decision-makers to formulate policies 
to protect the ecosystem degradation of the study region. 

2. STUDY AREA 

The study area is the Boubo watershed, which is located in Côte d’Ivoire 
(Figure 1). The total watershed area is 5048.27 km2 (Table 1). The climate 
is the Sub-equatorial type (two rainfall seasons), with a rainfall of over 
1500 mm/year. The average temperature in the basin oscillates between 
25 ° C and 27 ° C. We used Digital Elevation Model (DEM) from Alos Palsar 
(https://www.asf.alaska.edu) to extract the watershed boundary, and 
elevation data in digital form, which is required for generating the flow 
delineation, the flow direction, and the flow networks in a given 
watershed. 

Table 1: Geographical and Hydrologic Features of the Boubo Watershed 

Boubo 
coastal 

watershed 

Area (km2) 
Mean 

Slope(%) 
Length 
(km) 

Mean CN 

5048.27 8.47 578.08 80.83 

 

Figure 1: Boubo Watershed 
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3. METHOD 

We developed a distributed model by grid cell to spatially represent 
sediment transport in each month of the year 2020 in the Boubo coastal 
watershed. 

3.1   Estimation of Sediment Transport Capacity 

Figure 2 exhibits the methodology used in this study to estimate the 
sediment transport capacity. 

The sediment transport capacity of runoff in rill areas is calculated using 
the RUSLE2 equation (USDA-ARS, 2013): 

𝑇𝑐 = 𝐾𝑇𝑞𝑠    (1) 

where: the coefficient KT coefficient for sediment transportability 
computed as a function of the cover management variable, q represents 
the runoff, and s denotes the sin of the slope angle. The product qs 
represent the runoff erosivity. The RUSLE2 calibrated value for KT is KT= 
4004.62t/m3 (USDA-ARS, 2013).  

3.1.1   Estimation of Runoff 

RUSLE2 uses the NRCS-CN method to compute runoff depth as a function 
of precipitation amount and curve number (Haan et al., 1994; Ibrahim et 
al., 2022). Curve number values vary with cover-management, hydrologic 
soil group, and antecedent soil moisture (Ibrahim et al., 2022; NRCS, 
1986). We used RS and GIS data to map probable runoff depth in different 
land use, soil texture, and slope. The NRCS curve number equation 
computes runoff depth as: 

𝑄 =
(𝑃 − 0.2𝑆)2

𝑃 + 0.8𝑆
, 𝑖𝑓 𝑃˃0,2𝑆                                                               (2) 

 

𝑄 = 0 , 𝑖𝑓 𝑃 ≤ 0,2𝑆                                                               (3) 

where: Q = runoff depth or excess rainfall (mm), P = precipitation depth 
(mm), and S = a variable of potential retention capacity (mm) computed 
with: 

𝑆 = (
25400

𝐶𝑁
) − 254  𝑖𝑛 𝑚𝑚, 𝑆𝐼 𝑢𝑛𝑖𝑡𝑠                                                    (4) 

Where: CN= the runoff curve number (dimensionless) 0 ≤ CN ≤ 100, and S 
represents the potential maximum soil retention (S). Some researchers 
used this methodology to estimate the runoff depth for all the specific days 
of the year (Boughton, 1989; Mishra S.k. and V.P., 2003; USDA, 2004a). 
This study was carried out using the long-term mean monthly runoff. 

3.1.2   Estimation of Rainfall 

Precipitation is an important input variable in hydrological models, and its 
spatial variation affects the hydrological response predicted by 
distributed models (Fu et al., 2011; Komuscu and Legate, 1999). The 
assumption of spatial invariance of the effective rainfall is hardly 
applicable to catchment areas greater than 5000 km2. The non-uniform 
distribution of rainfall can cause variation in the hydrograph shape 
(Mishra S.k. and V.P., 2003; Sachan et al., 2015). Rainfall, the chief source 
of surface runoff, was used as input to estimate runoff depth. The monthly 
distribution of maximum rainfall data of the Boubo watershed for the past  

30 years from 1990 to 2020 was obtained from the NASA POWER website 
(https://power.larc.nasa.gov). The data have been analyzed, and the 
kriging method was used to represent the spatial distribution of rainfall. 

3.1.3   Estimation of the Curve Number 

3.2   Preparation of Hydrological Soil Group (HSG) Map 

Soil parameters influence the process of generation of runoff from rainfall, 
and they must be considered in the methods of runoff estimation (Srinivas 
G et al., 2020). Soil properties that affect runoff are clay in the top layer, 
average clay content in the profile, infiltration, and permanent soil texture 
(Rawat and Singh, 2017). Soils data and the sand, silt, and clay fractions as 
well as the percentage of organic matter come from the Digital Soil Map of 
the world (DSMW) produced by the Food and Agriculture Organization of 
the United Nations (http://www.fao.org) (Figure 3). Soil infiltration rates 
differ widely and are influenced by subsurface permeability. Four 
hydrologic classes exist in soil classification, HSG” s (A, B, C, and D), based 
on their minimum infiltration rate, determined after prolonged wetting for 
the bare soil. Previous studies describe the HSG according to soil texture 
(NRCS, 2009). The study area includes sandy clay loam, sandy clay, and 
clay soil textures (Coulibaly et al., 2021). The hydrological soil group map 
in the Boubo watershed (Figure 4), which refers to the soil’s infiltration 
capacity, was extracted and classified from the global gridded hydrologic 
soil groups for curve number-based runoff modeling (Ross et al., 2018). 
Ross et al. (2018) created a globally consistent gridded dataset that 
defines appropriate HSGs for regional to global scale modeling. 

3.2.1   Hydrological Characteristics of The Soil Moisture Conditions 
Which Are Expressed by The Antecedent Moisture Condition (AMC) 

In theory, the longer the slope, the more runoff will occur. However, the 
impact of slope length on runoff is not clear yet, sometimes positive, 
sometimes nil, and sometimes negative, according to the antecedent 
moisture and condition of the soil surface (Roose, 1996). Therefore, it is 
essential to estimate the antecedent soil moisture condition. NRCS has 
identified three types of multi-level humidity conditions (antecedent 
moisture condition) as land-based factor that affects CN, precisely: dry 
(condition 1, the wilting point has not been reached), the mean (condition 
2), and saturated water (condition 3). Curve numbers corresponding to 
AMC-I and AMC-III conditions can be computed from AMC -II. The CN 
shown in Table 3 corresponds to AMC II. Sobhani (1976) developed the 
following algebraic expressions for calculating CNI and CNIII from CNII 
(Boughton, 1989) 

𝐶𝑁𝐼 =
𝐶𝑁𝐼𝐼

2.334 − 0.01334𝐶𝑁𝐼𝐼

     (5) 

 

𝐶𝑁𝐼𝐼𝐼 =
𝐶𝑁𝐼𝐼

0.427 + 0.00573 𝐶𝑁𝐼𝐼

 (6) 

As for the soil moisture conditions, curve numbers are based on the 
Antecedent Moisture Condition (AMC) index (Table 2), which refers to the 
antecedent moisture content in the soil five days before the beginning of 
the rainfall-runoff event that is being studied (Chow V.T. et al., 1988; 
Matomela et al., 2019; Vojtek and Vojteková, 2016). The average condition 
(AMC-II) is used in this analysis to determine the CN value for the study 
region because a moderate antecedent soil moisture condition is used in 
RUSLE2 (USDA-ARS, 2013). 

 

Figure 2: Flowchart showing the methodology employed by the GIS-based CN model in estimating the sediment transport capacity 
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Figure 3: Soil types in the Boubo Watershed 

 
Figure 4: Hydrologic soil group of the Boubo watershed 

Table 2: Classification of the Antecedent Soil Moisture Condition (AMC) and the Related Curve Number (CN) Source: Soil Conservation Service, 1972) 

AMC Group Curve Number CN Description 
Total 5-Days Antecedent rainfall (mm) 

Dormant Season Growing Season 

I CNI Lowest runoff potential Less than 12,7 Less than 35,6 

II CNII Average condition 12,7 to 27,9 35,6 to 53,3 

III CNIII Highest runoff potential Over than 27,9 Over than 53,3 
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3.2.1.1    Slope-Adjusted 

The CN value must be estimated precisely to achieve accurate predictions 
of surface runoff (Kim and Lee, 2008). The slope is an essential factor 
determining water movement within the landscape and may affect runoff 
(Ajmal et al., 2020; Chaplot and Le Bissonnais, 2003). We used the slope-
adjusted CN approach to improve and integrate the slope into the runoff 
analysis. The CNIIα is then used, instead of CNII, in the calculations of the 
runoff depth. The slope-adjusted CNIIα equation is (Huang et al., 2006): 

𝐶𝑁𝐼𝐼𝛼 = (
𝐶𝑁𝐼𝐼𝐼−𝐶𝑁𝐼𝐼

3
) (1 − 2𝑒−13.86𝛼) + 𝐶𝑁𝐼𝐼      (7) 

Where: CNIIα is slope-adjusted CN for normal conditions; CNII and CNIII are 
tabulated curve numbers dependent on basin characteristics for normal 
and wet conditions, respectively; and α is the average soil slope of the 
watershed (m/m). 

3.2.1.2   Weighted Curve Number 

The slope-adjusted curve numbers were computed using the weighted 
average concerning the contributing area of the discharge profile in 
different land use. For the estimation of the CNI and CNIII based on 
equations (5) and (6), we need to first estimate CNII. In this study, CNII has 
been adjusted for the Boubo watershed by weighting curve numbers with 
respect to watershed/land cover area, to obtain CNaw. The CNaw is then 

used to derive CNIII using equation (6). Finally, we obtained CNIIα by using 
CNIII and CNaw in equation (7). The weighted area curve number CNaw used 
to estimate CNIIα of the group of soil and surface of land cover type is: 

𝐶𝑁𝑎𝑤 =
∑ 𝐶𝑁𝑖 ∗ 𝐴𝑖

𝑛
𝑖=1

𝐴
 (8) 

Where: CNaw = weighted curve number. CNi = curve number from one to 
any n area Ai with curve number CNi; A = overall area of the watershed.  

3.2.2   Preparation of Soil Cover Complex Cngrid Preparation From 
Landuse and Soil Type 

Soil cover complex map is prepared by integrating hydrological soil group 
map and land use map. Previous studies provide tables and graphs of 
runoff curve numbers (Chow V.T. et al., 1988; Mishra S.k. and V.P., 2003; 
USDA, 2004b; Victor Mockus, 2017). It was necessary to know the 
hydrological characteristics of the land use categories in the watershed 
with their respective curve numbers to obtain Table 3. CN values were 
determined by mapping land cover classes of the Global Land Cover (GLC) 
with Fine Classification System at 30m in 2020 (Figure 5). The GLC land 
cover classes are classified into various plant functional types, and a 
detailed description for each land cover class is provided by (Liangyun, 
2020). 

 

Figure 5: Land Use Land Cover classification 

Table 3: Curve Number Values for Land Use Categories in the Boubo Watershed. 

No LUValue Land use Hydrologic condition 
Runoff curve numbers for hydrological soil groups 

A B C D 

1 1 Cultivated land Good 67 78 85 89 

2 2 Forest Good 30 55 70 77 

3 3 Shrubland Shrub (good), and Brush (fair) 42 62 75 81 

4 4 Wetland - 100 100 100 100 

5 5 Built up 

65% impervious and the 
remaining pervious areas are 

considered to be in good 
pasture condition 

77 85 90 92 

6 6 Water - 100 100 100 100 
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4. RESULTS  

The sediment transport capacity was spatially modeled within the Boubo 
watershed by applying the described methods. The SCS-CN model is used 
to calculate runoff depth from daily rainfall depths. The runoff was 
computed and predicted using LULC, hydrological soil cover, and 
antecedent moisture condition variables. The CN values were estimated 
for different land use of the watersheds, and the slope-adjusted CNIIα for 
different cells were calculated to better represent the CN in the study area. 
This study suggests the use of GIS to provide a variety of maps, including 
maps of land use and watershed curve number map (Figure). The monthly 
sediment transport capacity map (Figure 10), is suitable and can quickly 
and accurately guide the user information. 

4.1   Rainfall Map 

The spatial distribution of rainfall value was found to vary from 21.21 in 
January to 341.59 in June in the Boubo watershed (Figure 6). The 
maximum rainfall is located in the southern part of the watershed around 

the coastal area. The study area presents a high climate variability in the 
year 2020 due to seasonal climate change.  

4.2    SCS-CN Runoff Model 

4.2.1   Slope-Adjusted 

In the GIS-based SCS-CN model, the CN is used as input to compute runoff 
depth. For different curve numbers, the runoff was calculated for AMC II 
conditions. The runoff depth values were computed using equation (2). 
CNIII values associated with AMC-III were determined using equation (6) 
to derive slope-adjusted (CNIIα). Figure shows that the CNIIα slope adjusted 
values range from 70 in forest areas to 100 in wetland areas and water 
bodies. The highest slope-adjusted CNIIα (92 and 100) was associated with 
a steep slope, built-up areas, and water bodies, while the medium slope-
adjusted CNIIα (78.40) was found in the forest areas associated with slopes 
<20%. The lower the number, the lower the runoff potential, and the 
higher the number, the higher the runoff potential. Table  shows the curve 
numbers obtained from the HSG and five LULC classes. 

 

Figure 6: Rainfall distribution map of the study area. 

 

Figure 7: Curve number slope adjusted map 
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Table 4: Weighted Curve Number Based on Soil, HSG, nd the Surface of Land Cover Type 

No Land cover HSG CN 
Year 2020 

Area (km2) Area (%) CN* Area (%) 

1 Cultivated land 
C 85 2135.250 42.297 3595.217 

D 89 876.091 17.354 1544.531 

2 Forest 
C 70 1035.350 20.509 1435.630 

D 77 878.044 17.393 1339.259 

3 Shrubland 
C 75 57.169 1.132 84.933 

D 81 22.060 0.437 35.396 

4 wetland 
C 100 0.747 0.015 1.480 

D 100 0.484 0.010 0.958 

5 Built up 
C 90 30.409 0.602 54.212 

D 92 12.235 0.242 22.298 

6 Water 
C 100 0.095 0.002 0.188 

D 100 0.339 0.007 0.672 

 TOTAL   5048.27 100 8114.775 

 
4.2.2   Potential Maximum Retention Map 

The potential maximum retention (S) is calculated using equation (4), and 
the spatial distribution is shown in Figure 8. The values of S range from 0 

to 108.857 mm. The lowest S values within the watershed are located in 
built-up areas, where the retention capacity is low. Cropland and forest 
areas have the highest S values as they have a high retention capacity. The 
mean potential maximum retention was 56.05 mm in the year 2020. 

 

Figure 8: Potential maximum retention (S) map of the Boubo coastal watershed 

4.2.3   The Soil Conservation Service Runoff Depth  

The spatial processes in runoff models provide a mean in representing the 
watershed. The changes in vegetation and precipitation impact runoff. 
Runoff depth is shown in Figure , where the values range from 0.046 mm 
to 320.3 mm depending on the retention capacity of individual surfaces 
during a month. The Soil Conservation Service Runoff depth was 
calculated using equations (2) and (3). The lowest values of runoff depth 
occur in January and December in the Boubo, which is caused on one hand 
by the high potential of water interception by the forest and, on the other 
hand, by water retention due to predominantly sandy clay loam and clay 
of soil texture. Built-up areas are the most vulnerable to surface runoff, 
with CN numbers often exceeding 85. The Boubo coastal watershed also 
contains areas vulnerable to erosion and mostly correspond with the areas 
of high depth of surface runoff. Simulations of runoff in a distributed 

spatial process can help to understand how changes in the environment 
affect runoff and the hydrological cycle. 

4.2.4   Sediment Transport Capacity 

The amount of eroded soil particles moving from upstream cells to 
downstream cells and finally to the watershed outlet depends on the 
transporting capacity of the flowing water. A monthly value of spatially 
distributed sediment transport capacity for all cell areas was computed 
using equation (1). Rainfall change affects the average monthly transport 
capacity, which varies from month to month. As shown in Figure, the areas 
showing higher transport capacity coincide with channel areas in the 
watershed. Smaller transport capacity values are mainly found to be 
associated with the forest regions and flatter land areas found in the 
cultivated lands in the watershed. The seasonal variation of the rainfall 
also affects the sediment transport capacity. 
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Figure 9: SCS-Runoff depth map 

 

Figure 10: Map of the RUSLE2 sediment transport capacity during the year 2020 

5.   DISCUSSION 

The main goal of this study was to estimate the seasonal spatial 
distribution of the sediment transport capacity, using SCS CN to determine 
the runoff in an ungauged watershed. Climate, measured runoff, and soil 
data are important in sediment transport modeling. The estimation of 
runoff depends on climate and soil data. However, monitoring 
measurements of runoff and sedimentation in the Boubo coastal 
watershed did not exist. In Côte d’Ivoire, it is difficult to conduct accurate 
studies in some areas because of the lack of field-measured data. Similarly, 
in Africa, the paucity of collecting data was also noticed (Borrelli et al., 
2021; Lal, 2009; Vanmaercke et al., 2014). Therefore, in the Boubo 
watershed, remote sensing and GIS are excellent options to map the 
monthly spatial distribution of the sediment transport capacity in an 
ungauged watershed. A long-term data record is needed in the watershed 
to conduct future research. 

The HSG C and D dominate the watershed and have a high drainage 
potential. Divo, Lakota, Guitry, and Diegonefla were found to have high 
runoff potential dominated by the hydrological soil group C. Indeed, the 
association of HSG and LULC could help to know the infiltration capacity 

of the soil. In Divo city, the ability of runoff to infiltrate into the surface is 
limited by human-made structures (roads, buildings). This study reveals 
that rainfall variation impact significantly runoff and the sediment 
transport. Similarly, Abdelaziz et al. (2020) indicated that precipitation 
change has a great influence on runoff and water quality in Abidjan city. 
Comparing the behavior of runoff and sediment transport capacity in 
natural areas such as forests to man-made construction like cities give us 
an idea of how easily human activities and seasonal rainfall change can 
impact sediment transport.  

June and October were found to have a higher rate of sediment transport. 
This high rate was linked to a high rainfall rate during June and October. 
The seasonal spatial distribution of the sediment transport capacity 
indicated how climate change affects sediment movements. Although 
curve number approach gives satisfactory results in ungauged watershed, 
it must be noted that curve number method use cover management, soils, 
and runoff to estimate the sediment transport. Many models exist, in 
particular Support Vector Machine (SVM), Artificial neural network (ANN) 
which can be a suitable alternative (Reisenbüchler et al., 2021; Sharafati 
et al., 2020). However, the soft computing method needs many data to 
train the model and develop a standard and replicable method. More data 
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collection is needed in the coastal area to evaluate the suitable method. 
Evaluation of the suspended sediment and bedload sediment is important 
in the selection of a suitable method in this area. Further study could 
evaluate how soft computing techniques perform in estimating the 
sediment transport capacity compared to the RUSLE2 sediment transport 
capacity concept presented here. 

There are many ways conservation planning can address these 
environmental issues. Planting trees can help because some plants have 
natural ways of preventing erosion from occurring and limiting the 
amount of damaging runoff into waterways. These issues can be addressed 
by increasing public awareness and sparking discussions about how these 
can harm the environment. The active implementation of soil and water 
conservation and sediment control programs is needed in the Boubo 
watershed and can reduce sediment loads or reduce the problem 
associated with removing surfaces. Similarly, researchers indicated that 
improved sediment monitoring programs in many areas of the world, 
particularly in developing countries, are needed (Walling, 2009). 

6. LIMITS OF THIS STUDY 

The accuracy of the results strongly depends on the accuracy of the data 
used. The methodology used for sediment transport capacity and runoff 
estimation presents some advantages and limitations. First, the rainfall 
spatial and temporal distribution will influence the initial abstraction and 
CN values. At the same time, the SCS-CN model does not consider them. 
Therefore, the effects caused by these factors on estimation accuracy and 
model efficiency are inevitable in its extensive promotion and long-term 
application. Second, direct runoff volume is assumed to equal excess 
rainfall volume when the CN method is applied at a field scale or grid-
based distributed modeling. If it were used to calculate only excess rainfall 
contributing to direct runoff generated on an isolated field or cell, the 
assumption would be valid because rainfall is the only source of direct 
runoff there. However, a cell might have two sources of direct runoff, 
rainfall and routed runoff volume from upstream areas when distributed 
overland routing is utilized in distributed modeling. Thus, the applicability 
of a traditional CN method should be limited when distributed overland 
routing is incorporated into a distributed modeling practice. Finally, the 
SCS-CN model is a lumped model used to simulate rainfall-runoff; i.e., there 
is an input value of rainfall and an output value of runoff. The model 
ignores the time variation of infiltration or the cumulative runoff 
processes during the calculation but considers space and temporal 
variation. However, in this study, we integrated the effect of slope gradient 
in the curve number to model landscape effect on sediment transport. 
Additionally, the division of soils into hydraulic groups is very coarse, and 
the definition of antecedent moisture condition is not quantitative. These 
disadvantages of the SCS-CN model exclude its application for some 
process-based purposes but guarantee the model’s simplicity and stability 
in estimating runoff. 

7. CONCLUSION 

The present study investigated the seasonal spatial distribution of the 
RUSLE2 sediment transport capacity in an ungauged watershed. GIS data 
collection is cost-effective for various planning scenarios. The 
combination of GIS tools, remote sensing, and the NRCS curve number 
model is easier and faster in ungauged watersheds to generate runoff and 
sediment transport maps. Previous studies did not use a distributed model 
based the RUSLE2-GIS-based approach to estimate the sediment transport 
capacity in this area. The model provides engineers and planners with an 
efficient and useful tool for planning and conservation purposes. Results 
show that rainfall runoff significantly influences sediment transport 
capacity in Boubo and Tc is high especially in June and October. Human-
made structures limit runoff's ability to infiltrate into the surface in Divo, 
Guitry, Lakota, and Diegonefla Cities.  

However, the runoff results of this study are limited to the validity of the 
rainfall data of the Boubo watershed. For the replication of such a study, 
more physical and climatic settings are imperative for indicating its 
common applicability in sediment transport studies. More data 
measurement may further help refine the results of the present study. The 
appropriate soil and water conservation measures should be planned and 
implemented in the watershed to protect the ecological environment. The 
study area requires suitable water management programs to minimize 
water flow-related disasters and water pollution. Future studies should 
evaluate and compare the performance of the machine learning approach 
to RUSLE2 sediment transport capacity method in this area. 
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