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Abstract 
Watershed large size and complexity in Nigeria make modeling a very crucial 

matter, in order to reduce cost and time spent on measurement and 

quantification. Hence, a physically based distributed hydrologic model Soil and 

Water Assessment Tools was applied to the four reaches that constituted Kaduna 

watershed (32,124 km2) located north central Nigeria. The weather variables 

used to drive the watershed hydrological balance was from 1987 to 2018, 

Sequential Uncertainty Fitting procedure (SUFI-2) was used for the model 

calibration and validation. The simulation outcomes show a good agreement 

between simulated and measured hydrographs at the outlet of the watershed. The 

model identified the threshold depth of water (GWQMN.gw), effective hydraulic 

conductivity (CH_K2.rte), soil available water capacity (SOL_AWC(.).sol,), 

plant uptake compensation factor (EPCO.hru) and surface runoff lag coefficient; 

(SURLAG.bsn) as the most sensitive parameters for streamflow estimation in the 

watershed. The model predicts the monthly discharge values with a good 

accuracy of about 71%, 80%, 86% according to the Nash–Sutcliff (NS), 

coefficient of determination (r2) and percentage of observed data (p-factor) 

respectively. The study revealed that a properly calibrated and validated SWAT 

model is appropriate for hydrology modelling the prediction at a watershed scale 

in Nigeria. Also, appropriately calibrated SWAT model is a good model that can 
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Introduction 
Nigeria the giant of Africa is gifted with 

numerous water resources scattered all 

over the nation with different drainage 

basins. The main rivers in Nigeria are 

River Niger and Benue with several 

tributaries as well as other river systems, 

such as Sokoto-Rima, Gongola, Hadejia-

Jamaare, Kaduna, Ogun, Osun, Cross 

river, Imo and many others which are 

good sources of surface water. The 

country is well drain with a close network 

of rivers and streams even though some 

of these, are seasonal particularly the 

smaller ones in the north. However, the 

relatively large sizes of these basins are 

maajor challenges to measurement and 

quantification. since, the process will 

involve a lot of money, time and energy. 

Hence, the need to opt out for a reliable 

model that can give better results, save 

time, energy and money. Several 

empirical models based on 

geomorphologic parameters have been 

established for the watershed valuation of 

soil erosion and sediment yield (Mishra et 

al., 2015). However, among these models 

SWAT has been identified by scholars to 

have considerable repute as a model to 

quantify the impact of land management 

practices in large complex watersheds, 

and it has been used all over the world 

including many developing countries and 

the USA where it originated (Williams et 

al., 2008; Neitsch et al., 2005; Spruill et 

al., 2000). SWAT model for the past 

years has been widely used in area such 

as landuse changes, hydrologic analyses, 

climate change impact, pollutant load 

assessment etc. (Chattopadhyay and Jha, 

2014; Douglas-Mankin et al., 2013; 

Mittelstet et al., 2012).  

The model has a longtime modeling 

experience since it incorporates features 

of several (ARS) models (Neitsch et al., 

2005). It is a physically based model that 

requires specific information about 

weather, soil properties, vegetation, and 

land management practice in the 

watershed (Kimwaga, et al 2012; Neitsch 

et al. 2009). According to Kimwaga, et al 

(2012), SWAT model  can operate on a 

daily time step as well as in annual steps 

for long-term simulations up to hundred 

(100) years. SWAT belong to the 

category of physically based models 

which are based on theoretical 

relationships between erosion and 

variables controlling sediment yield, such 

guide the authority concern on hydrology and water resources management at 

watershed scale in Nigeria and west Africa at large. 

 

Keywords: calibration, streamflow, sensitivity analysis, SWAT, SUFI-2 Algorithm 

and validation 
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models compute stream flow and 

sediment transport processes involved in 

erosion and sediment yield in a specific time period and space (Umit 2015). The need 

for a hydrological model that can address the problem of measurement and 

quantification within the shortest possible time, save time and energy without 

compromising accuracy is highly needed in the country's watershed. Hence, in this 

study, we present the first detailed characterization of the hydrological process 

upstream Shiroro dam northern Nigeria, with a view to test the SWAT applicability 

within the watershed. 

 

STUDY AREA 

The study area is located at Niger basin within Latitude 9.35°N and 11.28°N, 

Longitude 6.45°E and 8.55°E area referred to as Kaduna watershed in north central 

Nigeria (Daramola, et al. 2019) (Figure1). It comprises of Plateau, Kaduna, and Niger 

states with estimated land area of about 3,212,462.87 ha. The choice of the watershed 

to test the applicability of SWAT model is based on the availability of model input 

data available at the two hydrological stations established at Shiroro hydroelectric 

power station as well as the Nigeria Metrological Agency (NIMET) located in Kaduna. 

The watershed according to Folorunsho (2012) lies on the High Plains of Northern 

Nigeria at altitude of about 670 m above sea level and situated within the Northern 

Guinea Savanna typical of the savanna climate. Kaduna watershed drainage basin 

experience distinct wet and dry seasons, the wet season (May-October) is 

characterized by conventional rainfall followed by intense lightning and 

thunderstorms. The mean annual rainfall can be as high as 2000 mm in wet years and 

as low as 500 mm in drought years, but with a long-term average of 1000 mm 

(Folorunsho, 2012). The dry season (November-April) is characterized by a period of 

low temperature with harmattan season around December-February; and the hot dry 

season between March-April with temperatures as high as 32oC. Relative Humidity is 

high only during the raining season but drops during the dry season (Sawa and Buhari, 

2011).  
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Figure 1: Map of Nigeria Basins showing River Kaduna Watershed and stream 

network 

MATERIAL AND METHOD 

Model Data Collection and Preparation 

Model input data includes Digital Elevation Model (DEM), of 30m resolution obtained 

from Shuttle Radar Topography Mission (SRTM). Land cover classification map of 

west Africa of 2km resolution obtained from U.S. Geological Survey Earth Resources 

Observation and Science (USGS EROS). 1km resolution soil map of Nigeria (soil 

types and texture), was extracted from FAO Soil database 2009. Daily Weather data 

which include Precipitation, Minimum and Maximum Temperature, Relative 

Humidity, Wind and Solar Radiation were obtained from two stations Shiroro dam 

metrological station and Nigeria Metrological Station (NIMET). The streamflow data 

of the four reaches that constituted Kaduna watershed north central Nigeria were 

obtained from the African Flood and Drought Monitor developed by Princeton 

Climate Analytics (PCA). Water samples collections were limited to four points close 

to the reservoir due to security challenge up north and central of the watershed from 

where suspended sediment concentration were measured. 

 

Model Setup and Parametrization  

The first step in the configuration and setting up of ArcSWAT required the projection 

of all required spatial datasets for the selected Kaduna watershed north central Nigeria 

to the same projection known as Universal Transverse Mercator Zone 32 Northern 

Hemisphere (UTM Zone 32N). ArcSWAT requires that the input files be in meter 

units. Other things include these four major steps. 

 

Creation of New Project and Automatic Watershed Delineation (AWD):- A new 

SWAT project was created under the SWAT Project Setup menu. The Watershed 
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Delineation tool was used for: DEM setup, Stream Definition, Outlet and Inlet 

Definition, Watershed Outlet(s) Selection and Definition. The DEM was loaded, and 

the properties verified using the DEM properties. The stream Definition was carried 

out using the threshold method to delineate the watershed and stream network, the 

Flow Direction and Accumulation was calculated using a threshold value of 2000 

hectares. This is the threshold in area units flowing into a given point before it is 

designated as a stream. The lower the number, the more streams and sub-basins to be 

created.  This function is essential in determining the detail of the stream network and 

the size and number of sub-basins to be created. After setting the threshold value of 

sub-basin the stream network was delineated using Creates stream and outlets button. 

Main Watershed Outlet(s) Selection and Definition was done by selectin a box 

covering the desired outlet locations and save. Four watershed outlets were selected to 

cover the four reaches that supply water into Shiroro reservoir namely Rivers Kaduna, 

Sarkinpawa, Gutalu and Dinya after which the watershed was delineated. The Sub-

basin Parameters button was used to calculates basic watershed characteristics from 

the DEM and sub-watershed themes. The running of the AWD of Kaduna watershed 

produced a total number of 84 sub-basins. 

Creation of Hydrologic Response Unit (HRU): The study area land use was 

uploaded using Land Use, Soil and Slope Definition dialog box, the value grid field 

was selected as index to defined different land use types, these enabled the SWAT 

LandUse Classification Table which gives room for the linking of land use names in 

the SWAT database corresponding to each index value. In order to fill the correct 

values, the userland table was imported using the look-up table which automatically 

assigned the landcover classes, and it was reclassified using the Reclassify button. The 

study area soil was uploaded the value grid field was selected as index to defined 

different soil types, these enabled the SWAT soil Classification which gives room for 

the linking of soil names in the SWAT database corresponding to each index value. In 

order to fill the correct values, UserSoil option was selected these activated the column 

name and enable the User soil tab where the corresponding soil were being selected to 

assign the soil classes, and it was reclassified using the Reclassify button. Next is the 

study area slope theme specification using Multiple Slope option to define the slope 

into two classes, the first-class ranges between 0-5 and the second-class ranges 

between 5 to 9999, based on these two classes the slope was reclassified  

Afterward, the land use, soil and slope layers were overlaid after their classification 

using the Overlay button, and the subsequent delineation of the HRUs. The HRU 

shows the units with unique combination of land use, soil, and slope within each sub-

basin. The HRU Definition button under the HRU Analysis menu was used to 



6  africascholarpublications@gmail.com                                                                               

 2019 

  
 

delineate the HRU’s using the multiple HRU option to determine the HRU 

distribution. These options give room to specify the several criteria for the land use, 

soil and slope data, that will be used to determine the number and type of HRUs in 

each sub-basin. The threshold of land use/soil/slope percentage was modified to 2% 

10% and 20% respectively to define how detailed the watershed will be represented. 

Based on these threshold percentage a total number of 475 HRUs and 84 sub-basins 

were created. 

Write Input Tables for SWAT:  The Weather Stations button under the Write Input 

Tables menu was used for the definition of the input Weather Generator Data, rainfall, 

temperature, relative humidity, wind and solar radiation data. The weather data were 

read from data tables using the observed weather data from Shiroro Hydropower 

Meteorological station and Nigeria Meteorological (NIMET) agency. All input data 

files were generated by selecting Write All option under the Input menu, which are: 

Watershed Configuration file (.fig), Soil data (.sol), Weather generator data (.wgn), 

General HRU data (.sub), Soil chemical input (.chm), Stream water quality input 

(.swq), Pond input (.pnd), Management Input (.mgt), Main channel data (.rte), Ground 

water data (.gw)  and Water use data (.wus). The model was run by selecting the Run 

SWAT command under the SWAT Simulation menu that allow the setup of the data 

for SWAT simulation. The year 1969 was set as the starting date and 2018 for the 

ending date, three years warm-up period was selected, monthly option was chosen for 

printout frequency, skewed normal option was selected under the Rainfall Distribution 

and 64-bit release was selected under the SWAT.exe version option and the rest at the 

default selections. The model was run by clicking the Setup SWAT Run button in the 

“Run SWAT” dialog box to build the SWAT CIO, COD, PCP.PCP and TMP.TMP 

input files and run SWAT executable file. The simulation was saved after the 

successful completion of SWAT run. 

Visualization of Results: The output was visualized in the ArcSWAT interface in 

order to display the SWAT outputs on the interface using appropriate legends for the 

displayed outputs. 

 

Model parameterization and Sensitivity Analysis 

Model parameterization was carried out using Soil and Water Assessment Tool 

Calibration/Uncertainty or sensitivity program (SWAT-CUP) which permit parameter 

aggregation on the basic of hydrological group (soil texture, landuse, subbasin 

number) (Abbaspour, 2015). 

X__<parname>.<ext>__<hydrogrp>__<soltext>__<landuse>__<subbsn> 
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X__ is a code indicating the type of change to applied i.e. v__ means the default 

parameter is to be replace with a given value, r__ means existing parameter value is to 

be multiplied by (1 + a given value), while a__ means a given value to be added to the 

default value. <parname> means SWAT parameter name, <ext> means SWAT file 

extension code for the file containing the parameter, <hydrogrp> stands for the soil 

hydrological group such as A,B,C or D, <soltext> stand for the soil texture, <landuse> 

is the land category, and  <subbsn> stand for the subbasin number, fertilizer or crop 

index. The above method was used to describe the parameter identifier of the study as 

follows v__GW_REVAP.gw, v__SPCON.bsn, v_CH_K2.rte, r__CN2.mgt, 

r__SOL_BD(..).sol, v__SURLAG.bsn r__SOL_AWC(..).sol, v__EPCO.hru, 

r__OV_N.hru,, v__SOL_ALB(..).sol, v__CH_N2.rte, v__ALPHA_BF.gw. 

Global sensitivity analysis was adopted in this study the method allowed the 

parameters values to changed however these methods required many simulations. 

Detail step by step on sensitivity analysis, calibration and validation see Abbaspour 

(2015). 

 

Calibration and Validation 

Spatial calibration and validation method were used in this study for streamflow 

performance evaluation because of their similarity in climatic, soil and land use data. 

(Eckhardt and Arnold, 2001; Cao et al., 2006; Parajuli et al., 2009) The sensitivity 

analysis result was used as a base to streamflow calibration and validation using the 

observed monthly streamflow hydrological data of the four reaches that constituted 

Kaduna watershed north central Nigeria. Spatial calibration and validation were 

carried out using the observed stream flow of sub-basins 62 and 79 of 2015 to 2017. 

The calibrated data was validated using the observed stream flow of sub-basins 69 and 

83 because of their similarity in climatic, soil and land use data. The model 

performance was evaluated using Nash-Sutcliffe (NS), Coefficient of determination 

(r2) and Percentage of observed data (p-factor) The Nash-Sutcliffe model coefficient 

efficiency assess the predictive power of hydrological model based on regression 

parameters and compared with corresponding values obtained through model 

calibration and validation. The NS provides an estimation of the relationship between 

the observed and predicted values. NS values can range from - α to 1. If result of NS 

= 1 is a perfect agreement between predicted and observed data, NS values of 0 

indicates that the mean of the observed data is as accurate as the model predictions. 

NS values ≤0 indicate that the observed data mean is more accurate predictor than the 

simulated output (Arnold 2012a). 
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NS =  1 −  
∑ (𝑄𝑀  − 𝑄𝑆𝑖  )𝐼

2

∑ (𝑖 𝑄𝑚,𝑖 
−  𝑄𝑚 )2̅̅ ̅̅ ̅̅ ̅̅

 
…(1) 

Qm is the measured discharge, Qs is the simulated discharge, Q ̅m is the average 

measured discharge and Q ̅s is the average simulated discharge. Qm is the measured 

discharge, Qs is the simulated discharge, Q ̅m is the average measured discharge and 

Q ̅s is the average simulated discharge. 

Coefficient of determination (r2) can range from 0 to 1, where 0 indicates no 

correlation and 1 represents perfect correlation. It provides an estimate of how well 

the variance of observed values are replicated by the model predictions (Krause et al., 

2005). A perfect fit also requires that the regression slope and intercept are equal to 1 

and 0, respectively; however, the slope and intercept have typically not been reported 

in published SWAT studies. If r2 is the primary statistical measure, it should always 

be used with slope and intercept to ensure that means are reasonable (slope = 1) and 

bias is low. 

r2 =  
[∑ (𝑛

𝑖=1 𝑄𝑚,𝑖 
−  𝑄𝑚  )̅̅ ̅̅ ̅̅ ̅(𝑄𝑠,𝑖 

−  𝑄𝑠  )]2̅̅ ̅̅ ̅̅ ̅̅ ̅

∑ (𝑛
𝑖=1 𝑄𝑚,𝑖 

−  𝑄𝑚 )2̅̅ ̅̅ ̅̅ ̅̅ ∑ (𝑛
𝑖 𝑄𝑠,𝑖 

−  𝑄𝑠 )2̅̅ ̅̅ ̅̅ ̅
 

…( 2) 

The 95% prediction uncertainty (95PPU) known as the (p-factor) is the percentage of 

the measured data bracketed by the 95PPU, it expresses the model ability to capture 

uncertainties. Degree to which the 95PPU does not bracket the measured data indicates 

the prediction error. The p-factor should have a value of 1, showing 100% bracketing 

of the measured data, meaning that that all the correct processes are well captured 

(Arnold 2012a). 

 

RESULT AND DISCUSSION 

Sensitivity Analysis of Streamflow and Calibration 

Sixteen (16) model parameters were evaluated to determine their relative sensitivity 

based on autocalibration. The result shows that five (5) of the parameters are the most 

sensitive with 0.55 and less P values and higher t stat values of between 0 and 2.8 

(Table 1). The flow sensitive hydrological modelling parameters for Kaduna 

watershed north central Nigeria starting with the most sensitive are GWQMN.gw, 

CH_K2.rte, SOL_AWC(.).sol, EPCO.hru, SURLAG.bsn.  

 

Table 1. Relative Sensitivity of Flow Parameters to Model Output 

Parameter Name t-Stat P-Value 

V__GWQMN.gw 2.80 0.01 

V__CH_K2.rte 2.53 0.01 
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R__SOL_AWC(..).sol 1.54 0.12 

V__EPCO.hru 1.01 0.31 

V__SURLAG.bsn 0.60 0.55 

 

Where , GWQMN.gw is Threshold depth of water in the shallow aquifer required for 

return flow to occur (mm H2O), CH_K2.rte is Effective hydraulic conductivity in main 

channel alluvium (mm/hr),.SOL_AWC(.).sol, is Soil available water capacity, 

EPCO.hru, plant uptake compensation factor, SURLAG.bsn is surface runoff lag 

coefficient; SOL_K(..).sol is Saturated hydraulic conductivity (mm/hr), CH_N2.rte, is 

Manning’s “n” value for the main channel, (Figure 2). 

 
Figure 2: Relative sensitivity of flow the twelve tested parameters to model output 

P-value and t-Stat 
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Performance Evaluation, Calibration and Validation 

The method compared the observed and simulated monthly inflow of sub-basins 62 

and 79 between 2015 to 2017 for calibration and validated with another set of 

independent data from the observed and simulated inflow of sub-basins 69 and 83 

between 2015 to 2017 for validation processes. There is a good correlation between 

the observed flow and the simulated in sub-basin 69 (Sarkinpawa reach). It is well 

simulated as indicated by the NS, r2 of 0.71 and 0.80 and p-factor of 0.86 respectively 

(Figure 3). The basin result is good and could lead to good predictions going by 

existing literature (Motovilov et al. 1999; Abbaspour et al., 2015; van Liew and 

Garbrecht, 2003, Abbaspour et al., 2004, 2007) 

 
Figure 3 Basin 69 comparison of simulated and observed flows during the validation 

period (2015-2017) 

 

Sub-basin 83 (Dinya reach) result was quite modest with NS (-3.26), r2 (0.43), p-factor 

of 0.61 (Figure 4) the result on the other hand capture the river dynamics of flow while 

the small NS is indicating mismatches mostly in timing (Abbaspour et al 2015). The 

overall results of the streamflow based on the statistical evaluation performance using 

Nash-Sutcliff, Coefficient of Determination and p-factor show that the SWAT model 

prediction in Kaduna watershed is under acceptable standards (Krause et al., 2005; 

Moriasi et al., 2007; Motovilov et al., 1999; Arnold et al., 2012a,b). Therefore, the 

model performance evaluation satisfied the prerequisite of SWAT model predictions 

(Daramola, et al 2019a). Hence, the model prediction is considered dependable going 

by the acceptable standard. 
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Figure 0 Basin 83 comparison of simulated and observed flows during the validation 

period (2015-2017). 

Conclusion 

The result revealed that a properly calibrated SWAT model is suitable for modelling 

and prediction of the hydrology processes at watershed scale in Nigeria and can serve 

as a decision support tool to water engineers and hydrologists in Nigeria and other 

west African countries for sustainable watershed management and planning. 
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