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Abstract  

Sediment transport is a major global environmental challenge threatening land and water resources. The 

estimation of sediment yield is inevitable in order to quantify its magnitude and effects such as flooding, water 

quality impairment and loss of soil fertility. River Asa water sediment yield was simulated from topographic 

map, land use/cover map, soil map and rainfall data over the period of 1987-2018 utilizing Modified Soil Loss 

Equation (MUSLE) and Geographic Information System (GIS). The gradient, slope length and elevation 

difference between highest and lowest points on the main channel of River Asa catchment were analyzed to be 

45.28%, 56.159Km and 371m respectively. The average annual soil erosion loss from the watershed into main 

River Asa was estimated to be 510.49 Tons/Km2/yr Tons/yr/Km2. The mean annual sediment yield is low 

compared to that of Sasumua (40,934.00 Tons/yr/Km2)  having relatively higher rainfall/ runoff potential and 

contrarily high to that of Kaduna (84.10 Tons/yr/Km2) which having relatively lower rainfall/ runoff potential. 

This implies that MUSLE is appreciable a reliable in estimating the sediment yield of River Asa watershed 

under constraint data condition. 
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INTRODUCTION 

Land and water resources are two most vital natural 

resources of the world, hence, they must be 

conserved carefully to protect the environment and 

maintain ecological balance. Soil fertility is gradually 

decreasing due to an excessive level of soil erosion. 

Influx of sediment into a river also causes water 

quality impairment [1] [2].  There is an urgent need 

to estimate soil loss and identify risky areas for 

improved catchment-based erosion control and 

sediment management strategies. Accurate estimation 

of sediment-transport rates, in general, depends on an 

accurate prior estimation of overland flows [3]. 

 

Modeling can be an effective method of predicting 

soil loss under a wide range of condition as it can 

provide a quantitative and consistent approach to 

estimate soil erosion and sediment transport [4]. 

MUSLE is improved version of USLE model by 

William and Berndt, 1997 and can be employed in 

conjunction with GIS to model runoff, soil erosion 

and sediment yield within a catchment [5].  MUSLE 

computes the sediment yield for a given catchment 

based on product of rainfall, runoff curve number, 

soil erodibility, slope length, slope steepness, cover 

management and support practice variables [1].  GIS 

software allows complex spatial attributes such as 

land use data, elevation data as well as soil data to be 

represented, modeled, quantified and assessed [6]. 

[7].). This study utilizes MUSLE and GIS to simulate 

sediment yield of River Asa watershed. 

 

MATERIALS AND METHODS 

Selection of Outlets Stations over the Watershed 

River Asa watershed was divided in to three regions, 

namely as: upstream, mid-stream and downstream 

respectively. The three (3) regions were considered 

for sediment yield modeling estimation. Figure 1 

shows the location of the study area and outlet 

stations. 

 
 Figure 1: Location of outlets points over River Asa 

Watershed 
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GIS and Numerical Modeling 

Thematic data such as elevation, land use, soil and 

rainfall data were integrated ArcMap version 10.4.1 

to delineate River Asa catchment, produced digital 

elevation model (DEM), digital soil map (DSM), 

contour map, reclassified land use map. Numerical 

parameters obtained from thematic maps were 

integrated with daily rainfall data to estimate runoff 

volume and sediment yield of River Asa catchment 

area. The basic spatial input datasets used in the 

model to determine the effect of land practice and 

urbanization on River Asa catchment area. are: Thirty 

(30) m resolution Digital Elevation Model (DEM) 

from Shuttle Radar Topography Mission (Path 

Number 190 and Row Number 54, March 2008); 

Land Use and Land Cover data from Global Land 

Cover 2009 and Climate Change Initiative 2016 (Path 

Number 190 and Row Number 54, January 2009 and 

November 2016 respectively); Digital Soil Map 

(DSM) data from Food and Agricultural Organisation 

(FAO) (Path Number 190 and Row Number 54, 

February 2007) and 32 years annual rainfall data 

from Lower Niger River Basin Development 

Authority, Ilorin.  

 

Sediment Yield Estimation  

The annual sediment yields from the catchment were 

computed for 1987 to 2018 using Modified Universal 

Soil Loss Equation (MUSLE) method. MUSLE is 

expressed by: 

                 [4]                           

where: 

= the sediment yield in tones   

 = Runoff volume (m3), (Table 2) 

 = Peak flow rate, (m3/sec)   

 = Soil Erodibility factor 

 = Length of the river up to Outlet (Km)  

 = Gradient of the watershed (Percent) 

 = Cover management factor   

 = Conservation practice factor 

 

RESULTS AND DISCUSSION 

GIS Models 

Figure 2 shows the Digital Elevation Model (DEM) 

of River Asa catchment. The elevation of the 

catchment ranges from 190m to 561m. Gradient, 

slope length and catchment maximum height 

difference of watershed were determined from the 

delineated DEM to be 45.28%, 56.159Km and 371m 

respectively. Figure 3 shows the Digital Soil Map 

(DSM) of River Asa catchment. River Asa catchment 

soil is basically Luvisol (Laterite with porous and 

well aerated topsoil) which is further reclassified into 

three soil classes: Ferric Luvisol (subsurface soil with 

mottles due to Iron or Magnesium segregation); 

Plinthic Ferric Luvisol (poor in humus and 

subsurface soil rich in Iron or Magnesium despite 

mottles) and Ferric Acrisol Luvisol (subsurface soil 

with mottles due to Iron or Magnesium segregation, 

low activity clays and low base status). Table 1 show 

the River Asa catchment soil classes properties. The 

three (3) soil classes possess similar top soil 

characteristic called poorly to well graded sand. River 

Asa catchment belongs to hydrological soil Group B 

having infiltration rate of 0.15-0.3in/hr based on 

grade condition of the soil in Appendix III. 

 

Figure 4 and 5 show the 2009 and 2016 landuse maps 

of River Asa catchment respectively. The catchment 

area for river Asa sampling stations is 929.74 Km2. 

The land use maps in conjunction with catchment 

hydrological soil group were used to obtain the 

composite curve number the River Asa basin. Table 2 

and table 3 show curve numbers of different landuse 

classes for the year 2009 and 2016 respectively. 2009 

and 2016 nine (9) and thirteen (13) land use classes 

respectively. Within the space of the 7years, shrub 

lands within catchment have reduced from 699.4Km2 

to 672.4Km2. Urban areas have increased from 

43.33Km2 to 93.04 Km2 . Open water bodies have 

also increased in from 6.39Km2 to 8.72 Km2. The 

change in land use and land cover of River Asa 

catchment is as a result of rapid urbanization within 

Ilorin metropolis and varied land practice system 

upper ridge of the catchment area. Rapid increase in 

urbanization and land practice changed within the 

catchment subsequently resulted in increased 

catchment runoff potential and increased sediment 

discharged at downstream of River Asa within the 

Ilorin metropolis. 

 
Figure 2: DEM of River Asa Catchment 
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Figure 3: Soil Map River Asa Catchment 

 
Figure 4: Land Use Map of River Asa Catchment 

2009  

 
Figure 5: Land Use Map of River Asa Catchment 

2009  

 

Table 1: River Asa Catchment Soil Classes Properties 

       

Table 2: River Asa Catchment Land Use/Cover 

Properties in 2009 

S/No 
Land use/ 

Land cover  

Soil 

Group 
AMC 

Curve 

No 

Area 

(Km²) 

Perc. Of 

Area 
(%) 

1 Bare area B II 86 6.39 0.69 

2 

Deciduous 

closed tree 

cover B II 66 65.72 7.07 

3 Grassland B II 69 1.19 0.13 

4 

Mosaic 

cropland B II 69 35.67 3.84 

5 

Mosaic 
forest/shrub 

land B II 65 70.95 7.63 

6 

Mosaic 

vegetation B II 69 0.16 0.02 

7 open water B II 100 6.39 0.69 

8 Shrub land B II 69 699.40 75.23 

9 Urban area B II 85 43.88 4.72 

  Total       929.74 
100.00 

 

Soil 

Class 

Ms(sand) Ms(silt) Ms(clay) 

Ms 

(OC) Area  

% of 

Area 

Top soil 

% 

Top 

soil % 

Top soil 

% 

Top 

soil % Km2   

Ferric 
Acrisol 

Luvisol 74.110 9.600 15.9 0.39 6.616 0.66 

Ferric 
Luvisol 74.110 9.600 15.9 0.39 6.28 0.68 

Plinthic 

Ferric 
Luvisol 74.110 9.600 15.9 0.39 914.32 98.66 

Total      927.216       100 
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Table 3: River Asa Catchment Land Use/Cover Properties in 2016 

S/No Land use/ Land cover  Soil Group AMC 
Curve 

Number 
Area (Km²) 

Percentage of 

Area % 

1 Cropland B II 78 40.55 4.36 

2 Deciduous closed tree cover B II 55 0.28 0.03 

3 Deciduous open tree cover B II 66 16.80 1.81 

4 Deciduous shrub land B II 65 2.11 0.23 

5 Evergreen tree cover B II 58 0.47 0.05 

6 
Herbaceous cover B II 66 2.36 

0.25 

7 Mosaic Natural vegetation B II 65 42.26 4.55 

8 Mosaic cropland B II 69 50.22 5.40 

9 Mosaic tree and shrub B II 65 0.16 0.02 

10 Open water B II 100 8.72 0.94 

11 Shrub land B II 69 672.40 72.34 

12 Tree cover flooded B II 58 0.09 0.01 

13 Urban area B II 85 93.04 10.01 

          929.47 100.00 

 

Sediment Yields of River Asa Catchment 

Table 4 shows the estimated annual sediment yield of 

River Asa catchment using MUSLE over the years. 

Within 1987 and 2018 the annual sediment yield 

ranged from 315.72 Tons/Km2/yr to 663.98 

Tons/Km2/yr. The year 1995 has the least annual 

rainfall, annual runoff volume and sediment yield of 

19.75mm, 18.36 x 106 m3 and 315.72 Tons/Km2/yr 

respectively. The year 2007 however has the highest  

 

 

annual rainfall, annual runoff volume and sediment 

yield of 38.023mm, 35.36 x 106 m3 and 663.98 

Tons/Km2/yr respectively. This shows that runoff 

potential is strongly dependent on amount of rainfall 

and runoff. The average annual runoff depth and 

volume for the 32years were determined to be 

28.92mm and 24.5mm3 respectively. The average 

annual sediment yield is subsequently calculated to 

510.49 Tons/Km2/yr. 

 

Table 4: Estimated Sediment Yield of River Asa Catchment Using MUSLE

Year 
Annual Rainfall Runoff Volume Runoff Depth Sediment Yield 

P (mm) VQ (106 m3) R (mm) 

 Sy=4.77(VQR)0.56 

(Tons/Km2/yr) 

1987 1344.9 29.37 31.59 539.36  

1988 1199.7 24.91 26.79 448.60  

1989 964.9 18.21 19.58 315.72  

1990 1044.2 20.40 21.94 358.61  

1991 1483.1 33.81 36.36 631.53  

1992 1515.85 34.89 37.53 654.17  

1993 1393.9 30.92 33.26 571.41  

1994 1450.8 32.75 35.23 609.49  

1995 970.5 18.36 19.75 318.68  

1996 1517.55 34.95 37.59 655.35  

1997 1030.65 20.02 21.53 351.14  

1998 1465.9 33.25 35.76 619.76 

1999 1509.7 34.69 37.31 649.89  

2000 1206.1 25.10 27.00 452.46  
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2001 1523.4 35.14 37.80 659.43  

2002 1363.3 29.95 32.21 551.31  

2003 1209.1 25.19 27.10 454.28  

2004 981.8 18.67 20.08 324.68  

2005 1038.7 20.24 21.77 355.57  

2006 1487.3 33.95 36.51 634.42  

2007 1529.9 35.36 38.03 663.98  

2008 1395.9 30.98 33.33 572.73  

2009 1465.9 33.25 35.76 619.76  

2010 972 18.40 19.79 319.48  

2011 1518.3 34.97 37.61 655.88  

2012 970.8 18.37 19.75 318.84  

2013 1038.4 20.24 21.76 355.40  

2014 1487.3 33.95 36.51 634.42  

2015 1521.63 35.08 37.73 658.20  

2016 1519.75 35.02 37.66 656.89  

2017 1038.65 20.24 21.77 355.54  

2018 1062.31 20.91 22.49 368.70  

Average  24.50 28.92 510.49 

  

VALIDATION OF RESULT  

A comparative analysis of sediment yield of River 

Asa watershed with studies on other watersheds in 

Africa is presented on Table 5. The mean annual 

sediment yield obtained is low compared with that of 

Sasumua (40,934.00Tons/Km2/yr) and high 

compared with that of  Kaduna (84.10Tons/Km2/yr).  

Asa, Kaduna and Sasumua have average annual 

precipitation of 1242.4mm 92.6mm and 1600.0mm 

respectively [8] [9]. The order of both average annual 

precipitations and mean annual sediment yields is 

Sasumua > Asa > Kaduna. This validates that  

 

 

MUSLE is amply a reliable tool in estimating the 

sediment yield of River Asa watershed under 

constraint data condition. It is to be noted that the 

average rainfall depths do not follow a linear 

geometric increment as it is with the average 

sediment yields of the three watersheds/catchments. 

This explains that sediment yield in various 

watersheds is also dependent on the catchment runoff 

volume, hydrological soil properties, vegetation and 

land covers, slope and topography. 

 

Table 5: Validation of Sediment Yield Resul

  

Country Watershed Area (Km2) 

Average 

Rainfall 

(mm) 

 
Average 

Sediment(Tons/yr/Km2) 
References 

Kenya Sasumua 
107 

1600.0  

40,934.00 

Mwangi et al, 

2015 

Nigeria Kaduna 

 

32,124 

 

92.6 

 

84.10 

Daramola, et al, 

2019 

Nigeria Asa 

 

929.7 

 

1242.4 

 

510.49 

 

 

 

 

 

Table 4: Estimated Sediment Yield of River Asa Catchment Using MUSLE (Continues) 
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CONCLUSION  

Rapid increase in urbanization and land practice 

changed within River Asa catchment has led to 

increased runoff and soil loss potential of the 

catchment. The average annual runoff depth and 

sediment yield of River Asa were estimated to be 

28.92mm and 510.49 Tons/Km2/yr respectively. A 

comparative analysis of sediment yield of River Asa 

watershed with studies on other watershed in Africa 

validates that MUSLE is appreciably reliable in 

estimating the sediment yield of River Asa catchment 

and that sediment yield in any watershed is a 

combined function of rainfall, runoff depth, soil, 

vegetation and land covers, slope and topography. 
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APPENDICES 

Appendix I: Conservation  Practice Factor P 

Land use type Slope % P Factor 

Agricultural Land 0-5 0.11 

  5 to 10 0.12 

  10 to 20 0.14 

  20 to 30 0.22 

  30 to 50 0.31 

  50 to 100 0.43 

Other land all 1 

Wischmeier and Smith (1978). 

   

Appendix II: Cover Management Factor  C for different classes 

Land use type   Average C Factor 

(1) Primary forest (Canopy cover >40%) 0.11 

(2)a. Secondary forest (Canopy cover 10-40%) 0.12 

b.  Shrub 

 

0.14 

c.   Rice 

 

0.22 

d.   Orchard 

 

0.31 

e.   Upland 

 

0.43 

f.    Grazing land   1 

Wischmeier and Smith (1978). 

   

Appendix III: The Hydrological Soil Groups and Their Characteristics. 

Soil Group Characteristic 

A 

Soils have low runoff potential and high infiltration rates even when thoroughly wetted. They 

consist chiefly of deep, well to excessively drained sand or gravel and have a high rate of water 

transmission (greater than 0.3in/hr) 

 

B 

soils have moderate infiltration rates when thoroughly wetted and consist chiefly of moderately 

deep to deep, moderately well to well drained soils with moderately fine to moderate coarse 

textures. These soils have moderate rate of water transmission (0.15-0.3in/hr) 

 

C 

Soils have low infiltration rates when thoroughly wetted and consist chiefly of soils with a layer 

that impedes downward movement of water and soils with moderately fine to fine texture. These 

soils have a low rate of water transmission (0.05-0.15in/hr) 

  

D 

Soils have high runoff potential. They have very low infiltration rates when thoroughly wetted 

and consist chiefly of clay soils with a high swelling potential, soils with a permanent high-water 

table, soils with a clay pan or clay layer at or near the surface, and shallow soils over nearly 

impervious material. These soils have a very low rate of water transmission (0-0.05 in/hr) 

USDA,1955 

      


