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Abstract

Soil and water are essential to human existence on earth. This study evaluates the sediment yield across
Watari River using the Soil and Water Assessment Tool (SWAT) model. The model utilized a digital
elevation model DEM to extract the river network, basin delineation, and sub-basin division. The result
shows a temporal trend that increased from 0.80 tons/ha in 1980 to 1.08 tons/ha in 2000. There was a
decrease in the amount of sediment generated in 2010 with a value of 0.66 tons/ha from 1.08 tons/ha.
This could be attributed to the soil conservation practices such as afforestation, terracing among others.
In the year 2020, there was an increase in the amount of sediment yield generated in the basin from
0.66 tons/ha to 0.85 tons/ha and it will continue to increase to 1.02 tons/ha in 2030, going by the change
of 0.7 tons/ha annually. This implies that cultivated areas have increased and will continue to increase,
leading to an increase in soil erosion which in turns generates more sediment in the basin. Lastly, the
SWAT helps to map and identify erosion hotspot areas in each of the epoch which might require soil
conservation measures like planting of vegetation, terracing, construction of check dams, among others.
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INTRODUCTION

Sediment yield is the net result of soil erosion and processes of sediment accumulation.
Typically, sediment yield reflects the influences of climate (precipitation), catchment
properties (soil type, topography), land use/cover, and drainage properties (stream network
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form and density) (Duru, 2015). The effects of soil erosion have gone beyond the loss of fertile
land because it has led to increased pollution and sedimentation in streams and rivers,
clogging these waterways and causing declines in fish and other species.

Sediment yield modeling has attracted the attention of many researchers but inadequate data,
resources and widely accepted methods to predict and or estimate sediment yields are some
of the difficulties facing research in this direction (Ndomba et al., 2008b, 2009; Shimelis et al.,
2010 cited in Uzor et.al, 2020). Drainage basin models that can simulate soil erosion and
sediment yield can be grouped into three broad categories: empirical, conceptual (partly
empirical/mixed), and physically-based model (Uzor et al., 2020). Models of this category
include Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1965), the Modified
Universal Soil Loss Equation (MUSLE) Williams, (1975), or the Revised Universal Soil Loss
Equation (RUSLE) (Renard, et al., 1997, Algan et al., 1999).

The Soil and Water Assessment Tool SWAT is a continuous simulation model that was
developed to estimate the runoff and sediment load yield for watersheds and river basins
(Arnold et al. 1998). SWAT is a physically-based long-term simulation model designed for
long-term yield but not for comprehensive single storms or flood storms (Neitsch et al. 2009).
The required input data for the model include the DEM, daily climate data (precipitation,
wind, maximum and minimum temperature, solar radiation, and relative humidity), soil type,
and land use as raster maps. The SWAT model can also be used for sediment yield predictions
for proper water resources management.

Only a few independent researchers have executed studies on dam monitoring in Nigeria
using the SWAT model. For instance, Adeogun et al. (2015), studied sediment yield at the
upstream watershed of Jebba lake using SWAT Mapwindow and predicted estimated
sediment yield of 255.8 tons/ha/yr. However, this forecast is considered too high for north-
central Nigeria, taking the climatic conditions of the region into consideration.

Another study conducted by Daramola et al (2019), estimated sediment yield at Kaduna
watershed, Nigeria using SWAT model. Their results showed that an estimated suspended
sediment yield of about 84.1 t/ha/yr was deposited within the period under study.

Uzor-Totty and Oyegun (2020) also in their studies Spatio-temporal Dynamics of sediment
yield across the Imo River Basin, South Eastern Nigeria. The aim of the study was to evaluate
the sediment yield across IRB using SWAT Model. The study result shows an increase in total
annual sediment yield of 3.67 t/ha between 1995 to 2010. September and October are the
months with the highest sediment yield.

In this study, the SWAT model would be used for sediment yield predictions in Watari River
Basin, northern Nigeria, from inception 1980 to 2030; for planning and management of water
resources and reservoir sediment controls at the catchment scale. The modelling method is
also applicable to temporal and spatial analysis of sediment yields, of which the results are
essential for reservoir management strategies.

MATERIALS AND METHODS

Location and Climate

The political boundaries of the entire study area that makes up the Watari River Basin lies
between latitudes 11° 50" 22" to 13°01' 38"N and between longitudes 7° 81'42" to 8° 26'26" E,
covering eight Local Government Areas. It has an estimated area size of 3,159 km? (Tsanyawa-
492 km?; Bagwai-405km?, Shanono- 607km?; Bichi - 612 km? DawakinTofa- 479 km? Tofa- 202
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km? Ungoggo-204 km? and Kumbotso- 158 km?) (Abdulazeez, 2023). The main local
governments with 20% to above contributions of their land territory to the basin are
Tsanyawa, Bagwai, Bichi and DawakinTofa. Others contribute less than 20%; some local
governments share one river channel or two in the basins which contributes to the main
stream channel.

The ecological size of the basin is 1,644.89 km?2, representing about half of its political
territories. This means that the basin’s actual size is almost the equivalent of the political size
of three large local governments in Kano State. The study area as a whole is bordered to the
East by Minjibir LGA, to the South it is bordered by Gwarzo and Kabo LGAs respectively,
Kunchi LGA to the North, all in Kano State. However, to the West, it is bordered by Musawa
and Kankia LGAs in Katsina State (see Fig 1).

The climate of Kano, which includes the basin, is typical of the Sudan, with vast and quick
fluctuations. The study area has two seasons which include the wet and dry seasons, with the
dry season lasting from October to May. During the months of December and January, the
harmattan is at its peak, blowing dust from the Sahara, and temperatures can fall below 15 °C.
However, from March to May, the cold, dry air warms up to around 32 degrees Celsius
(Ahmed, 2010). Rainfall is concentrated from June to September, with strong dust storms
occurring primarily in May and June. The average annual rainfall is 870 mm, with 58% falling
in July and August; however, rainfall varies greatly from year to year, ranging from 635 mm
to 889 mm (Abdulazeez, 2023). The seasons are determined by the movement of two air
masses: a moist cool southerly air mass known as south-westerlies and a hot and dry northern
air mass called the north-easterlies. The weather changes arising from the movement of the
ITD gives the four seasons (Ibrahim, 2018).
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METHODOLOGY

Soil and Water Assessment Tool (SWAT) is a physically-based long-term simulation model
designed for long-term yield but not for comprehensive single storms or flood storms (Neitsch
et al. 2009). SWAT subdivides a basin into sub-basins connected by a stream network and
further delineates each sub-basin into hydrological response units (HRUs) consisting of
homogenous land use and soils. The model also simulates other physical processes at the
basin level, such as hydrological routines inland and routing phases, vadose zone processes
(infiltration, evaporation, plant uptake, lateral flows, and percolation), and groundwater
flows (Zhang et al; 2009). At the HRU level evapotranspiration from various plant and soil,
surface runoff, sediment, water yield, and non-point loads are calculated and summed up to
sub-basin level.

Also, the hydrological cycle uses water balance equation in SWAT:

SWt=SW0+Y (Ri—Qi—ETi—Pi—QR) .....cocoviiiiiiiiii, (Eq. 1)

Where: SWt is the final soil water content (mm H2O); SWo is the initial soil water content on
day i (mm H20); t is the time (days); Ri is the amount of precipitation on day i (mm H 20); Qi
is the amount of surface runoff on day i (mm H 20); ET, is the amount of evapotranspiration
on day i (mm H2O); Pi is the amount of water entering the vadose zone from the soil profile
on day i (mm H20), and QRIi is the amount of return flow on day i (mm H2O).

The required input data for the model are a topographical description of the watershed as a
DEM, daily climate data (precipitation, wind, maximum and minimum temperature, solar
radiation, and relative humidity), soil type, and land use as raster maps. Rainfall data was
gotten from Remote sensing website (Marksim weather generator) from 1984 to 2024 (40
Years). Soil data from MODIS NASA EARTH DATA (http//modis.gsfc.nasa.gov) under 1
Km resolution. Sediment data that was observed for this research for the year 2024 was used.
Based on this, the soil and water assessment tool (SWAT) model was simulated for fifty years
(i.e. from 1980-2030) which shows the observed sediment yield in the drainage basin as well
as make a prediction of the sediment yield in Watari River Basin.

RESULTS AND DISCUSSIONS

Hydrologic Response to Sediment Yield Change (1980-2030)

In order to have a good understanding of and prediction of sediment yield in Watari River
Basin, the drainage basin was sub divided into Hydrological Response Units (HRUs). These
are areas within a watershed that have similar hydrological behavior such as runoff,
infiltration, evapotranspiration among others. This division into HRUs provides better
understanding and predict hydrological processes, ultimately leading to more effective water
management. The response of changes in sediment yield in Watari River Basin was
summarized and tabulated below.

Table 1 Mean Hydrological Responses of Watari River Basin from 1980-2030

Year Status PREC SURQ LATQ GWQ SW ET WYLD SYLD LATE

1980 -1990 Observed 30590  96.85 107.47 29400 11414 278.60 119.09 0.80 216.15
1990 -2000 Observed  281.70  96.39 8849 26460 11727 282.00 105.39 0.89 192.13
2000 -2010 Observed 31710  98.51 1223  338.80 12320 289.40  142.65 1.09 259.50
2010-2020 Observed  324.00  99.09 121.83  343.70 12430 295.00 145.32 0.66 264.10
2020-2030 Predict 361.20  98.77 169.77  378.62 12350 288.10 162.80 1.02 312.00
AV Change 55.30 1.92 62.3 84.62 9.36 9.50 53.71 0.22 95.85

Source: SWAT and GIS Analysis 2024
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Table 1 shows the hydrological responses of Watari River Basin from 1980-2030. The average
amount of precipitation ranges from 305.90mm in 1980 to 361.20mm in 2030 with an average
change of 55.30mm. The average amount of surface runoff ranges from 96.85mm in 1980 to
98.77mm in 2030 with an average change of 1.92mm. The lateral flow and groundwater flow
also varies within the studied period with an average changes. For the sediment yield, it
shows an increased from 0.80ton/ha in 1980-1990 to 1.09 tons/ha in 2000-2010. There was
sudden decreased in the quantity of sediment yield produce in 2010-2020 with a value of 0.66
tonnes per hectare. There after there was an increased in the amount of sediment yield
generated in the River Basin in the year 2020-2030 with a value of 1.02 tonnes per hectare with
an average change of 0.22 tons/ha. This implies that cultivated areas have increased and will
continue to increased there by leading to increasing erosion rate which in turns generates
more sediment in the drainage basin.

Spatial distribution of Sediment Yield in Watari River Basin from 1980-2030

Fig 1 shows the spatial distribution of sediment yield in Watari River Basin which ranges from
0.10-0.12 to 0.22 - 0.24 tons/ha. In 1980 the sediment yields generated ranges from 0.10 - 0.12
which predominates, it shows a low sediment yield generation in the study area followed by
areas with 0.13 - 0.15 tons/ha. Only a small portion has sediment yield generated from 0.16 -
0.24 tons/ha.

Fig 2 shows the spatial distribution of the sediment for 1990. It indicates an increased in the
sediment yield generated as more spot that generate sediment from 0.20 - 0.25 tons/ha are
sighted.

Year 2000 record tremendous increased in the amount of sediment yield generated with
majority of the study area dominated by 0.24 - 031 indicating high sediment yield as shown
in fig 3. This could be attributed to increase in cultivated areas with decreased in forested area.

In year 2010, there was a decrease in the sediment yield generated. This could be attributed to
soil conservation practices such as afforestation among others in the study area as shown in
tig 4. However, from the year 2020 increased in sediment yield generation began to be noticed
as it is dominated by 0.16 - 018 tons/ha indicating a moderate sediment yield. Year 2030
shows a continuous rise in the sediment yield in the study area as areas with 0.21 - 0.26
tons/ha predominate compare to areas with low sediment yield of 0.12 - 0.20. Lastly, the
spatial distribution of sediment yield in the study area helps identify erosion hotspot. In which
areas with high erosion rates can be identified, which might require soil conservation
measures like planting vegetation or constructing check dams.

The findings in this study corroborates with the work of Daramola et, al (2019) in their studies
‘Estimating sediment yield at Kaduna watershed, Nigeria using SWAT model. Their result
shows an estimated suspended sediment yield of about 84.1 tons/ha/yr was deposited within
the study period under study. In addition, basins 67,71 and 62 have erosion prone area with
the highest sediment values of 79.4, 75.1 and 73.8 tons/ha/ yr respectively.

M. Suleiman et al, DUJOPAS 11 (4d): 128-138, 2025 132



Modelling Past, Present and Future Sediment Yield Trends in River Watari, Kano State (1980-2030):
A Scenario Based Approach

More so, this study conforms with the work of Uzor and Oyegun (2020) in their study ‘Spatio-
temporal dynamics of sediment yield across the Imo River Basins, South Eastern Nigeria,
where the result shows an increase in sediment yield of 0.73 ton/ha from 1995 to 2010 and sub
basin 10 has the highest sediment yield during the study period.
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Temporal variation of Sediment Yield in Watari River Basin

Table 2 shows the temporal variation of sediment yield produce in each of the sub-basin over
a period of fifty (50) years i.e. from 1980-2030. The sub-basins have a total area coverage of
61,486.50 Hectares. The temporal trend shows an increased in the amount of sediment yield
produce from 0.80 tons/ha in 1980 to 1.08 tons/ha in 2000. However, there was a decreased
in the amount of sediment yield generated in 2010 with a value of 0.66 tons/ha. This could be
attributed to afforestation, soil conservation practices among others. The year 2020 reveals an
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increased in the quantity of sediment yield generated in Watari River from 0.66 tons/year in
2010 to 0.85 tons/year in year 2020 and is expected to reach 1.02 tons/ha in the year 2030
going by the change of 0.7 t/ha erosion rate. This implies that cultivated areas have increased
and will continue to increased there by leading to increasing erosion rate which in turns
generates more sediment in the drainage basin.

The findings in this study corroborates with the work of Daramola et, al (2019) in their studies
‘Estimating sediment yield at Kaduna watershed, Nigeria using SWAT model. Their result
shows an estimated suspended sediment yield of about 84.1 tons/ha/yr was deposited within
the study period under study. In addition, basins 67,71 and 62 have erosion prone area with
the highest sediment values of 79.4, 75.1 and 73.8 tons/ha/ yr respectively.

More so, this study conforms with the work of Uzor and Oyegun (2020) in their study ‘Spatio-
temporal dynamics of sediment yield across the Imo River Basins, South Eastern Nigeria,
where the result shows an increase in sediment yield of 0.73 ton/ha from 1995 to 2010 and sub
basin 10 has the highest sediment yield during the study period.

Table 2: Temporal Variation of Sediment Yield in Watari River Basin (1980-2030)

SYLD SYLD
Sub- Area 1980(t/ 1990(t/h SYLD SYLD SYLD 2020 SYLD 2030
basin Name (Ha) ha) a) 2000(t/ha) 2010(t/ha) (t/ha) (t/ha) Change
1 Kwaski 9469.1 0.17 0.2 0.23 0.14 0.18 0.22 0.16
Outlet
2 Basin 4026 0.18 0.21 0.25 0.15 0.19 0.23 0.17
Farin
ruwa
3 kokai 15018.9 0.22 0.22 0.28 0.17 0.22 0.26 0.15
4 Shanono 19016.7 0.13 0.15 0.17 0.11 0.14 0.17 0.11
Danzabuw
5 a 13955.8 0.1 0.13 0.15 0.09 0.12 0.14 0.11
Total 61486.5 0.8 0.91 1.08 0.66 0.85 1.02 0.7

Source: SWAT and GIS Analysis 2024

CONCLUSION

The study produced a reliable and also a prediction of the amount of sediment yield produced
in the entire basin from 1980 to 2030. It also helps in mapping and identifying “Erosion
Hotspot” in the study area. Despite Watari proving to be a 6t order basin strong enough to
accommodate many natural and other anthropogenic activities, the research reveals the
imminent danger the reservoir is facing due to increment in the amount of sediment yield
produced annually.

RECOMMENDATION
The degradation of our fluvial environments will needs a holistic approach in order to be
effectively addressed. Based on the findings of the research, here are some recommendations
1. Ithas been observed that farming contributes significantly to the sediment yield in the
study area. The need to put a restriction or a ban of farming and other anthropogenic
activities such as grazing, sand mining and quarrying in areas identified as erosion
hotspot
2. Annual tree planting exercise should be encouraged as the study has helped identify
areas with high sediment yield in the basin using spatio-temporal satellites imageries.

REFERENCES

M. Suleiman et al, DUJOPAS 11 (4d): 128-138, 2025 136



Modelling Past, Present and Future Sediment Yield Trends in River Watari, Kano State (1980-2030):
A Scenario Based Aeeroach

Adediji, A., Fashae, O.A., (2014). Sediment dynamics in a small, 2nd order urban river Awba
catchment, Ibadan, Nigeria. Journal Environmental Geography. 7 (1-2), 23-28.

Adeogun, G., A., Sule, F.B., Salami, W.A., (2015). Simulation of sediment yield at the upstream
watershed of Jebba lake in Nigeria using swat model. Malaysia Journal of Civil
Engineering. 27 (1), 25-40.

Basson, G.R., A. Rooseboom, J. Le Roux, L. Gibson, and V.P. Msadala, (2009). Sedimentation
and sediment yield maps for South Africa. Water Research Commission Project K5/1765.
Progress Report.

Chakrapani, G. J. (2005) Factors controlling variations in river sediment loads. Current Science,
88(4), pp. 569-575

Daramola et, al. (2019). Estimating Sediment Yield at Kaduna Watershed, Nigeria using Soil
and Water Assessment Tool (SWAT) Model. Heliyon 5(e2106).

Duru, (2015); Modeling Sediment Yield and Deposition Usingt the Swat Model: A Case Study of
Cubuk I and Cubuk II Reservoirs, Turkey. Unpublished PhD Dissertation, Department
of Geosciences, Colorado State University Fort Collins, Colorado.

Flanagan, D. C,, and James R.; Frankenberger, C. R. M. (2007). Water Erosion Prediction
Project (WEPP) Technology for Assessment of Runoff, Soil Loss and Sediment Yield
Potential. Journal of Hydrology, 336(1-4), 46-54.

Gebremicael, T. G., Mohamed, Y. A., Betrie, G. D., van der Zaag, P., and Teferi, E. (2013). Trend
analysis of runoff and sediment fluxes in the Upper Blue Nile basin: A combined
analysis of statistical tests, physically-based models and landuse maps. Journal of
Hydrology, 482, 57-68.

Griffiths, P.G., R. Hereford, and R.H. Webb (2006). Sediment yield and runoff frequency of
small drainage basins in the Mojave Desert. U.S.A. Geomorphology, 74:232-244.
Ibrahim, S (21st January, 2022). Kano loses 378 million yearly to soil erosion in Watari Dam.

Thisday Newspaper. Retrieved from http:// www.thisdaylivenewspaper

Iguisi, E. O. (1997). An assessment of the current level of sedimentation of the Kubanni dam.
Savanna, 18(1), pp. 17-28.

Isik, S., E. Dogan, L.M. Kalinsasal, and N. Agiralioglu, (2008). Effects of anthropogenic
activities on the Lower Sakarya River. Catena, 75: 172-181.

Lavigne, F. and H. Suwa (2004). Contrasts between debris flows, hyper concentrated flows
and stream flows at a channel of Mount Semeru, East Java, Indonesia. Geomorph. 6:41-
58.

McConvill, C. (2014). The wiki spaces: https;//riverrestoration.wikispaces.com/Desert+rivers
Retrieved January 29, 2014.

McCully, P. (2006) Spreading the Water Wealth, Making water Infrastructure Work for the
Poor. International Rivers Network Report. pp. 25.

Milliman, J.D. and J.P.M. Syvitski (1992). Geomorphic tectonic control of sediment discharge
to the ocean: the importance of small mountainous rivers. J. Geol. 100:525-544.
Montgomery, D.R. and M.T. Brandon, (2002) Topographic controls on erosion rates in

tectonically active mountain ranges. Earth Planet. Sci. Lett. 201:481-489.
M., Steenhuis, T. S. (2010). A Multi Basin SWAT Model Analysis of Runoff and Sedimentation
in the Blue Nile, Ethiopia. Hydrology and Earth System Sciences, 14(10), 1827-1841.

Mukhtar S, (2018). A comparative Analysis of Stream Discharge Measurement Techniques Upstream
of Kubanni River, Ahmadu Bello University Zaria, Nigeria. Unpublished Msc thesis,
Department of Geography, Ahmadu Bello University Zaria

Neitsch, ].G., J.R. Arnold, J.R. Kiniry, and J.D. Williams (2001). Soil and water assessment tool.
Theoretical Documentation - Version 2000. Blackland Research Center - Texas.

Neitsch SL, J.G. Arnold, J.R. Kiniry, R. Srinivasan, and J.R. Williams (2005). Soil and Water
Assessment Tool, Theoretical Documentation: Version 2005. USDA Agricultural Research
Service and Texas A&M Blackland Research Center: Temple.

M. Suleiman et al, DUJOPAS 11 (4d): 128-138, 2025 137


http://www.thisdaylivenewspaper/

Modelling Past, Present and Future Sediment Yield Trends in River Watari, Kano State (1980-2030):
A Scenario Based Aeeroach

Pazzaglia F.J., and M.T. Brandon (1996). Macro-geomorphic evolution of the post-Triassic
Appalachian Mountains determined by deconvolution of the offshore basin
sedimentary record, Basin Res. 8:255-278.

Pikounis, M., Varanou E., Baltas E., Dassaklis A., and Mimikou M. (2003). Application of the
Swat Model in the Pinios River Basin under Different Land-Use Scenarios. Global Nest
the International Journal, 5(2), 71-79.

Sheikh, D.A., Aliyu, M. (2017). Examining sediment accumulation in goronyo reservoir,
sokoto state, Nigeria. IOSR ]J. Humanit. Soc. Sci. 22 (8), 60-65. Ver. I1.

Siakeu, J., T. Oguchi, T. Aoki, Y. Esaki, and P.H. Jarvie (2004). Change in riverine suspended
sediment concentration in central Japan in response to late 20th century human
activities. Catena 55: 231-254.

Tukur, AL, Olofin, E.A., Mashi, S.A. (2013). Rate of sediment yield in the conveyance canals
of Kano River irrigation project (phase I) north-western Nigeria. |. Environ. Earth Sci. 3
(12), 2224-3216.

Uzor-Totty and Oyegun (2020). Spatio-Temporal Dynamics of Sediment yield across the Imo
River Basin SE Nigeria, International Journal of Environment and Geoinformatics
(DEGEO), 7(2), 184-190. DOI: 10.30897/ ijege0.645611

Yusuf (2013). Sediment delivery into the Kubanni River, Ahmadu Bello University Zaria, Nigeria.
Unpublished PhD thesis, Department of Geography, Ahmadu Bello University Zaria

Zhang, S., Li, Z., Lin, X., and Xiaonan Lin. (2019). Assessment of Climate Change and
Associated Vegetation Cover Change on Watershed-Scale Runoff and Sediment Yield.
Water, 11(7), 1373, 1-20.

M. Suleiman et al, DUJOPAS 11 (4d): 128-138, 2025 138



