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_________________________________________________________________________ 

Abstract: For an improved assessment of water resources, Nigeria is delineated into eight 

hydrological areas, among which is Niger Central Hydrological Area (NCHA). In this study, 

we quantified the water resources of NCHA with the use of the Soil and Water Assessment 

Tool (SWAT). The method includes calibration (1986–1995) and validation (1996-2000) of 

the SWAT model based on observed river discharges, and performance evaluation of the 

model (uncertainty analyses) using ‘‘Sequential Uncertainty Fitting Algorithm’’ (SUFI-2). 

The SWAT-simulated water resource components (blue and green water) were estimated at 

sub-basins levels and then aggregated to river catchments and local administrative areas. The 

water components were quantified on spatial and temporal scales. The results of the 

calibration/validation for most of the discharged data across the watersheds were quite 

satisfactory and they fall within the calculated prediction uncertainty ranges. For instance, 

Kaduna had a coefficient of determination (R2) and Nash–Sutcliffe efficiency (NSE) of 0.74 

and 0.72 respectively during calibration and R2 of 0.72 and NSE of 0.70 during validation 

falling within P- factor (R-factor) of 0.83 (0.92) during calibration and P- factor (R-

factor) of 0.85 (1.20) during validation. The spatial distribution of the water resources varied 

greatly across the basin. However, the water components are more available downstream. 

The patterns of the variability suggest the influence of precipitation, soil properties and land 

use type. Though the use of a number to denote available freshwater could be 

misrepresentative, the study provides a guide for effective rain-fed agricultural planning 

within the basin. 
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INTRODUCTION 

 

The freshwater resource is a complex system 

of the environment and its availability at a 

global scale is essential for the survival of man 

and the ecosystems. It is a major commodity 

upon which the growth of the economy, 

agriculture and industry depends [1]. 

Paradoxically, this vital resource is the main 

global challenge facing man at present and all 

other challenges such as food security, human 

health, poverty rate, climate change and 

regional conflicts are intrinsically linked to it 

[2]. The quantity of freshwater available for 

man varies from continent to continent and 

nation to nation with Nigeria (which was 

ranked low with some other African and 

Asian countries) having 2.75 in 1000 m3 per 

person per year [3]. This low quantity is 

becoming scarcer due to swift growth in 

population, improved living standards, 

industrialisation, and water pollution coupled 

with climate change [4]. It has been predicted 

that by the year 2025, Nigeria will be one of 

the countries in the world that will possibly 

face conditions of disastrously low freshwater 

availability [5]. Reduction in the available 

freshwater will have an impact on water use in 

sectors like agriculture which uses about 70% 

of the total water [6]. A threat to agriculture 

through insufficient freshwater resources is a 

threat to the nation as over 70% of the nation 

depends on subsistence agriculture [7, 8]. 

Hence, there is a need for sustainable water 

resources management at regional, national or 

basin scales to mitigate or prevent the impacts 

of the existing and predicted future water 

stress [1].  

In the assessment and management of water 

resources, the use of colour has been adopted 

recently. While four colours (yellow, brown, 

black and grey) are mostly used in domestic 

wastewater management, two colours (blue 

and green) are commonly used in the area of 

agricultural water management [9]. Though 

the two terms (blue water and green water) 

have been defined differently by different 

authors, there seems to be some level of 

agreement over the definition. Bluewater (also 

known as internal renewable water resource) 

is defined as the combination of surface water 

and groundwater that can be withdrawn while 

green water is the precipitation stored in the 

soil and evapotranspired on cropland [10, 11]. 

Two concepts can be inferred from the 

definition of green water, which is storage and 

evapotranspiration. “Green water storage” is 

the moisture in the soil while actual 

evapotranspiration is the “green water flow” 

which consists of the actual evaporation (the 

non-productive part) and the actual 

transpiration (the productive part) [2, 12]. 

Green water storage is a source of rain-fed 

agriculture as about 65% of the total 
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precipitation on the global scale is returned to 

the atmosphere through evapotranspiration of 

plants [13]. It is thus considered a renewable 

resource due to its potential to create 

economic return [2]. A better appreciation and 

management of this renewable freshwater 

resource is the foundation for life in biotic and 

freshwater ecosystems [14]. 

For improved management strategies and 

implementation of appropriate control 

measures to the problems of water resources 

and watersheds, there is a need for a clear 

understanding of the fundamental watershed 

processes [15]. In an attempt to understand the 

processes, water resources scientists and 

engineers have applied several useful models, 

the most popular of which are climate and 

hydrologic models. [2] asserted that 

hydrological models are better than climate 

models, particularly at a global scale. While 

hydrological models are identified with an 

accurate estimation as regards hydrological 

processes, climate models are noted for 

problems of low spatial resolution, poor 

representation of soil water processes, and, in 

most instances, lack of calibration against 

measured discharge. Among the robust 

hydrological models, the Soil and Water 

Assessment Tool (SWAT) model has gained 

more acceptance than some others in terms of 

freshwater estimates. This is because it is 

considered free of limitations (such as poor 

temporal resolution, inconsistent water 

balance and inability to quantify the model 

prediction uncertainty) that some are 

associated with. The reliability of a 

hydrological model for planning processes 

lies largely in the ability to curtail the resulting 

uncertainty in its application within the barest 

permissible range, through a reliable process 

of calibration and validation [15]. More so, 

considering the close nexus between water 

and food, a model capable of reasonable 

assessment of water resource availability with 

high spatial and temporal resolution is crucial 

for strategic decision-making on food 

security.  

The usage of the SWAT model has been 

reported across the globe for studies on the 

hydrology of basins (particularly in the 

quantification of green and blue water 

resources) on both spatial and temporal scales. 

[16] simulated different components of water 

resources and studied water quality in Europe 

using a calibrated SWAT model. They found 

that the calibrated model and results provide 

adequate information to the European Water 

Framework Directive and lay the foundation 

for further assessment of the impact of climate 

change on water availability and quality. [17] 

used the model to simulate blue and green 

water resources in Iran. Their results indicate 

that irrigation practices have a significant 

impact on the water balances of the provinces 

with irrigated agriculture. [18] investigated 

the dynamics of green and blue water flows 

and their controlling factors in the Heihe 

River basin,

 in China using five statistical approaches and 

the SWAT model. Their result showed there 

were large variations in the dynamics of the 

green and blue water flows at the county scale. 

[2] estimated freshwater availability in the 

West African sub-continent using the Model 

and found that the uncertainties in model 

outputs are, in general, within reasonable 

ranges but larger in sub-basins having features 

such as dams and wetlands, or sub-basins with 
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inadequate information on climate or land 

use.  

To our understanding based on the available 

literature, little work has been done on the 

quantitative assessment of the volumes of the 

different water components (blue and green 

water resources) in Nigeria, particularly in our 

area of study. Though [2] calibrated the 

SWAT model over West African countries 

which include Nigeria, the study did not report 

on volumes of the different water components 

in Nigeria. Also, the study used the three most 

frequent soil types as against the dominant 

soil types used in this study. Thus, this study 

aims at studying the hydrology of the Niger 

Central Hydrological area, Nigeria. The 

specific objectives are: (i) to calibrate and 

validate the SWAT model in the NCHA of 

Nigeria with uncertainty analysis, and (ii) to 

simulate green and blue water resources over 

the basin. 

 

MATERIALS AND METHODS 

 

Study domain: For better management of 

water resources, Nigeria is divided into eight 

hydrological areas which comprise Niger 

South, Niger Central, Upper Benue, Lower 

Benue, Niger South, West Littoral, East 

Littoral and Chad Basin [19]. Niger and 

Benue hydrological areas are named after the 

major rivers (River Niger and River Benue) 

that drained through them. River Niger is the 

second-largest in Africa which covers an area 

of 2.27 million km² and delineated a basin 

(Niger River Basin) through ten West African 

countries [20]. Out of the active river basin, 

those within Nigeria account for 44.2% 

(562,372 km²) of the total basin [21, 22]. The 

sub-basin of the Niger River Basin (NRB) 

modelled in this study is the Niger Central 

Hydrological Area (NCHA), Nigeria (Figure 

1). It covers an area of 158,000 km2 (an area 

larger than three times the size of some West 

African countries e.g., Gambia and Guinea-

Bissau) and is situated between Latitudes 7.5o 

N – 12o N and Longitudes 3.0o E – 9.0o E. The 

altitude of the area varies from 10 m to 650 m. 

NCHA extends across the northern and 

southern parts of Nigeria, reflecting the 

different climatic, meteorological and 

hydrological characteristics in the two 

regions. The climate of the area spans over 

Tall Grass Savanna agro-ecological zone and 

some parts of the Rain Forest with high 

temperatures and humidity [23]. Potential 

evapotranspiration decreases from the north to 

the south while the rainfall increases from the 

north to the south [24]. The area has two 

distinct seasons (rain and dry seasons). Rain 

starts in April and ends in October while the 

dry season lasts from November to March 

[25]. The average annual rainfall over the area 

ranges between 700 - 1,500 mm/year 

depending on the area. It is characterised by 

diverse land use that includes agricultural 

lands, wetlands, grassland, forest and urban 

area. It is an important basin with respect to 

agricultural food produce and has two (Jebba 

and Shiroro) of the three major dams in 

Nigeria fall within it, the third dam (Kanji) is 

at the inlet into the area [19]. 
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Figure 1: Map showing Niger Central Hydrological Area, Nigeria and Niger River Basin 

 

 

Data and Methods: To run the SWAT 

model, the basic data used as input files are 

digital elevation model (DEM), soils, land 

use/land cover details and climate data 

(particularly rainfall and temperature). The 

data for green and blue water resources 

analysis were obtained from SWAT 

simulations. The details of the data and 

model set-up are presented hereafter. 

 

Data:  

A 30 m resolution DEM was downloaded 

from https://earthexplorer.usgs.gov/. The 

DEM is from the Shuttle Radar Topography 

Mission (SRTM) of the United States 

National Aeronautics and Space 

Administration (NASA). It was projected to 

WGS_1984_UTM; Zone_32 N. Based on the 

DEM, SWAT on ArcGIS environment 

allows for the delineation of a basin or 

watershed. The delineation of the basin 

allows for the analysis of the hydrologic 

processes in the sub-basins within the larger 

basin [26]. This gives room for the extraction 

of terrain-specific characteristics. The DEM 

shows the elevation of this basin varies from 

10 m to 650 m (Figure 2a). 

The soil data used as input for the study was 

extracted from the harmonised digital soil 

map of the world produced by the Food and 

Agriculture Organization of the United 

Nations. The soil map gives the required 

physicochemical and hydrological soil 
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parameters (such as soil texture, soil depth, 

hydrologic soil group (HSG), available water 

content and organic carbon content) for 

running the SWAT. The available soil classes 

are about 33 as shown in Figure 2b. Land use 

land cover map was created using the Landsat 

8 satellite image, downloaded from USGS 

Earth Explorer. The available classes and 

percentage coverage are shown in Table 1 

and Figure 2c. 

For the climate data, a monthly to daily 

weather convertor (MODAWEC 1.0) 

otherwise known as MODAWEC stand-

alone model was used to generate daily 

precipitation and temperatures (maximum 

and minimum) from Climate Research Unit 

(CRU_TS 4.01) datasets [27]. The CRU 

provides gridded monthly data with 0.5 by 

0.5 latitude and longitude resolution which 

covers the period 1901-2016 [28]. The CRU 

datasets used are precipitation, temperatures, 

and wet days. The choice of CRU datasets 

was due to the problem of missing data, 

limitation in data lengths and spatial 

coverage associated with station data and 

good correlation of CRU with the available 

station datasets of the study area [23].  

Discharge data for gauged stations (Kaduna, 

Shiroro, Kachia, Izom, Zungeru, Baro, Agaie 

and Lokoja) used for calibration and 

validation of the SWAT model were obtained 

from the Shiroro hydropower station, Niger 

State and Kaduna State Water Boards and 

Nigeria Hydrological Services Agency 

(NIHSA). The locations of the gauged 

stations are shown in Figure 2d. Other 

information obtained at hydropower stations 

(Jebba and Shiroro) is the details about the 

reservoirs. Some of the details include the 

months and years the reservoirs became 

operational, the values for the storage volume 

and the reservoir surface area filled to the 

emergency spillway (see Table 2).

 

 

 
 

Figure 2a: Elevation of the NCHA 
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Table 1: Description of land use types and their percent area of coverage 

Land use Class Code Coverage (%) 

Barren or sparsely vegetated BSVG 0.13 

Cropland/Grassland mosaic CRGR 60.50 

Irrigated crop land and pasture CRIR 0.15 

Forest mixed FRST 28.23 

Grassland GRAS 0.45 

Savanna SAVA 1.85 

Residential URBN 0.56 

Water WATR 4.08 

Wetlands-Mixed WETL 4.05 

 

 

 
Figure 2b: Available soil type of the NCHA 
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Figure 2c: Land use / Land cover of the NCHA 

 

 
Figure 2d: Gauged station used for the model calibration 

 

 



Intl. J. Water Resources & Arid Environ., 12(1): 01-30, 2023 

 
 

 

             10 

 

 

 

Table 2: Some of the Characteristics of the reservoirs which are included in the SWAT model 

Name River Month Year Latitude 

(o) 

Longitude 

(o) 

Surface 

Area (km2) 

Storage 

Volume (km3) 

Jebba Niger April 1984 9.25 44.75 350 1.00 

Shiroro Kaduna June 1990 9.97 6.93 320 6.00 

 

Model setup: The parameterisation of the 

model was done on the ArcGIS interface for 

SWAT and the procedure for the watershed 

delineation is as reported in [2]. Some linking 

streams added to outlets were deleted while 

two reservoirs and some outlets were added 

at gauged stations with available streamflow 

data and a total of 34 sub-basins were 

delineated. The outlets were added on River 

Gurara (Kachia and Izom), river Kaduna 

(Kaduna and Shiroro), river Chanchaga 

(Agaie) and River Niger (Baro and Lokoja). 

The stream reaches and the sub-

basin geomorphology such as area, elevation 

distribution, slope, and stream length were 

automatically parameterized by the interface. 

To define the hydrologic response unit 

(HRU), an overlay analysis of the land use, 

soil and slope distribution was done. This 

allows for a unique combination of specific 

soil, land use and slopes to delineate HRUs. 

Thus, each HRU is treated as a homogeneous 

block of land use, soil properties and 

management techniques where the relative 

impact of vegetation, soil, management, and 

climate changes is quantified [26]. To have a 

better simulation, SWAT input was edited 

using the obtained reservoir information 

mentioned above. For the few data that are 

not available, the assumption reported by [2] 

was used.  

It is worth mentioning that Nigeria has nearly 

sixty (60) large dams, some of which are 

within the region, but, only Jebba and Shiroro 

dams with storage volumes greater than 1 

km3 and accessible reservoir data were 

included in the model. The simulation was 

then run from 1983-2000, using the first three 

years as a warm-up period.  

 

Sensitivity, Calibration and Uncertainty 

Analyses: The SUFI-2 (Sequential 

Uncertainty Fitting version 2) algorithm in 

the SWAT-CUP (SWAT Calibration and 

Uncertainty Procedure) environment was 

used for sensitivity, calibration/validation 

and uncertainty analysis of the SWAT model. 

The choice of SUFI-2 over other methods 

(such as Parameter Solution, ParaSol, 

Bayesian inference methods and Generalized 

Likelihood Uncertainty Estimation, GLUE) 

is because SUFI-2 needs fewer simulations to 

attain a similar level of performance [29, 30]. 

During a simulation, it can identify the 

optimal parameter ranges, which are better 

than absolute parameter values [31]. More so, 

its ability to simultaneously calibrate model 

parameters based on data that are spread 

within a watershed rather than using 
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hydrologic responses from a single watershed 

outlet is an added advantage [29]. The 

aforementioned merit of SUFI-2 could be 

responsible for why it has been widely used 

in modelling streamflow and other flow 

parameters in recent years [1, 2, 15, 17]. 

Sensitivity analysis helps to identify the 

parameters with the most significant 

influence on the output of the model. Unlike 

sensitivity, there exist close nexus between 

calibration and uncertainty. Calibration is a 

process of evaluating different features of a 

model to refine, enhance and build 

confidence in the model predictions in a way 

that sound judgment can be made therein 

while validation is a process of building 

confidence in the calibrated parameters [32]. 

The uncertainty analysis is the assessment of 

uncertainty which arises from errors during 

the calibration of parameters, input data and 

errors in the conceptual model [33]. 

Uncertainty in a modelling work needs to be 

recognized; else calibration is meaningless 

and misleading [16]. 

A number of parameters are available for 

calibration but it is not feasible to include all. 

Hence, a need for pre-selection from earlier 

studies on the SWAT model. The initial 

ranges of model parameter values were 

obtained from studies done within West 

Africa (e.g., [2, 34, 35] (Table 3). The 

sensitivity and ranking of the pre-selected 

parameters vary from one watershed to the 

others as that depends on predominant 

geomorphologic characteristics. Thus, 

assessing their sensitivity to the streamflow 

in the present study area is a prerequisite to 

their usage for calibration analysis. To 

determine the sensitive parameters, a global 

sensitivity analysis approach was used. The 

approach is relatively fast and considers the 

sensitivity of one parameter in relation to 

other parameters under consideration [15]. 

The statistics used to determine their 

sensitivity are the t-value and p-value. The t-

value indicates the parameter sensitivity of 

the parameter while the p-value indicates the 

significance of the sensitivity of that 

parameter indicated by the t-value. The larger 

the t-value and the smaller the p-value, the 

more sensitive the parameter [36]. 

The SUFI-2 algorithm aims at including most 

of the observed data with the smallest 

possible uncertainty bands [29]. The 

algorithms quantify the overall uncertainty 

for the output using two indices (P-factor and 

R-factor) [14]. P-factor is the percentage of 

observed data bracketed by the model outputs 

uncertainty, which is quantified as 95% 

prediction uncertainty (95PPU). In contrast, 

R-factor is the average width of the band 

divided by the standard deviation of the 

corresponding measured variable [14]. The 

range of the P-factor varies from 0 to 1, with 

values close to 1 indicating a very high model 

performance and efficiency, and R-factor 

also varies in the range of 0–1 [36, 37]. 

However, a value of > 0.7 is adequate for the 

P-factor when using discharge [16]. 

Generally, it is preferred to have most of the 

measured data (plus their uncertainties) 

bracketed within the 95 PPU band (P-factor 

tends to 1) while having the narrowest band 

(R-factor tends to 0) [17].  

Ten different objective functions are 

available in SUFI-2 for sensitivity and 
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calibration, but in this study, the two most 

commonly reported statistics (coefficient of 

determination, R2 and Nash–Sutcliffe 

efficiency, NSE) in the SWAT model are 

used [38]. Both the R2 and NSE give 

information about the strength of the 

relationship between the observed and 

simulated models. While R2 ranges from 0 to 

1, NSE ranges from 1 to ∞.  Both R2 and NSE 

have 1 as the best fit [34]. For the model 

application, streamflow data for the year 

1983-2000 were used. The model was 

calibrated for the year 1986–1995 and 

validated for 1996–2000. The first three years 

(1983-1985) were used as warm-up and 

hence excluded in the analysis. The model 

performance was classified as satisfactory if 

R2 and NSE are > 0.5 [39]. The equations for 

the two objective functions are shown below 

 

𝑅2 =  
[∑ (𝑄𝑜𝑏𝑠−𝑄𝑜𝑏𝑠𝑚)(𝑄𝑠𝑖𝑚−𝑄𝑠𝑖𝑚𝑚)𝑛

𝑖=1 ]
2

∑ (𝑄𝑜𝑏𝑠−𝑄𝑜𝑏𝑠𝑚)2𝑛
𝑖=1 ∑ (𝑄𝑠𝑖𝑚−𝑄𝑠𝑖𝑚𝑚)2𝑛

𝑖=1

     1                                                                                                                          

𝑁𝑆𝐸 = 1 −
∑ (𝑄𝑜𝑏𝑠−𝑄𝑠𝑖𝑚)2𝑛

𝑖=1

∑ (𝑄𝑜𝑏𝑠−𝑄𝑜𝑏𝑠𝑚)2𝑛
𝑖=1

                                                 2

  

 

Where R2 is Coefficient of Determination, 

NSE is Nash-Sutcliffe Efficiency  

Where Qobs and Qsim are the respective 

observed and simulated discharges, 

while Qobsm and Qsimm are the respective 

means of the observed and simulated 

discharge 

 

Table 3: SWAT model parameters sensitivity for the calibration 

Parameter Description 

 CN2 SCS runoff curve number for moisture condition II  

ALPHA_BNK Baseflow alpha factor for bank storage  

 GW_DELAY Groundwater delay 

 CH_K2 Channel effective hydraulic conductivity 

 SOL_AWC Available water capacity 

 CH_N2 Manning’s n value for the main channel 

 ALPHA_BF Baseflow alpha factor 

 ESCO Soil evaporation compensation factor 

 SOL_K soil saturated hydraulic conductivity 

 OV_N Manning value for overland flow 

GW_REVAP Groundwater “revap” coefficient 

GWQMN Threshold water depth in the shallow aquifer for base flow 

MSK_CO2 
Calibration coefficient that controls impact of the storage time constant 

for low flow 

RCHRG_DP Deep aquifer percolation fraction 
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RESULT AND DISCUSSION 

 

Parameter Sensitivity Analysis: The 

sensitivity of the parameters was assessed at 

each of the gauged stations and the ranks 

were averaged. The nine most sensitive 

parameters (p < 0.05) to the streamflow and 

their final simulated values as shown by 

global sensitivity analysis are presented in 

Table 4. The SCS runoff curve number for 

moisture condition II (CN2) was ranked as 

the most sensitive to the streamflow, 

followed by the baseflow alpha factor for 

bank storage (ALPHA_BNK). Other 

sensitive parameters in decreased order of 

their sensitivity are groundwater delay 

(GW_DELAY), soil evaporation 

compensation factor (ESCO), channel 

effective hydraulic conductivity (CH_K2), 

available water capacity (SOL_AWC), 

channel effective hydraulic conductivity 

(CH_N2), baseflow alpha factor 

(ALPHA_BF), and groundwater “revap” 

coefficient (GW_REVAP). The parameters 

identified as sensitive to streamflow in this 

study also made the list in other studies 

within Nigeria and the West Africa region 

(e.g. [2, 34]). The sensitive parameters are 

those that represent surface runoff, soil 

properties, and groundwater recharge, 

indicating they are the probable dominant 

sources of the streamflow and thus indicate 

their significance in the hydrology of the 

basin.  

 

Table 4:  SWAT model parameters sensitivity for the calibration (p < 0.05) 

Parameter Initial parameter range Final parameter range Sensitivity ranking 

CN2 -0.2 - 0.2 -0.17 - 0.12 1 

ALPHA_BNK 0.00 - 1.15 0.24 - 0.83 2 

GW_DELAY 0 - 100 29 - 40 3 

ESCO 0.0 - 1.00 0.19 - 0.74 4 

CH_K2 110 - 200 120 - 157 5 

SOL_AWC 0.05 - 0.5 0.30 - 0.44 6 

CH_N2 0.10 - 0.50 0.35 - 0.43 7 

ALPHA_BF 0.00 - 1.00 0.09 - 0.15 8 

GW_REVAP 0.02 - 0.30 0.03 - 0.12 9 

1 is the most sensitive; 9 is the less sensitive 

 

Model calibration and uncertainty 

analysis: 

Uncertainty analysis: The sensitive 

parameters retained after sensitivity analysis 

were used for the calibration analysis. The 

results of the two factors (R-factor and P-

factor) for each station during the calibration 

and the validation periods are presented in 

Table 5. The shaded region denotes the 

95PPU (Figure 3). From the obtained values 

for the two factors considered as the SUFI-2 

stopping criteria, it could be deduced that 

reasonable 
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calibration can be made with the selected 

parameters and their uncertainty range. On 

average, most (about 65%) of the observed 

streamflow data from the seven (7) gauged 

stations fell within the boundaries of 95PPU 

and the average R-factor was 

1.15. Although, the closer the R-factor of a 

model to 1, the better the model, the adequacy 

of input and calibrating data could suggest 

acceptable values [16].  The average P-

factor value for the entire watershed is 

reasonable during the calibration and 

validation period. This indicates that SWAT 

model uncertainties were within the 

permissible limits and SUFI-2 can to a large 

extent capture the model behaviour.  

At individual gauged stations, only two 

stations (Kaduna and Kachia) satisfy strong 

requirements for the two factors (P-factor > 

70% and R-factor between 0 and 1) during 

the calibration periods, while none of the 

stations meet the conditions during 

validation. However, when two-factor values 

of each station are subjected to a less strict 

model quality condition (i.e., P-factor > 60% 

and R-factor < 1.3) as applied by [2], three 

(3) and five (5) stations fulfilled the 

requirements during the calibration and 

validation periods respectively. The extent of 

uncertainty in the model of each station is 

depicted by the values of the two factors as 

small P-factor and large R-factor values 

represent large uncertainties [17]. The R-

factor and P-factor of the models in this 

watershed suggest that the calibrated model 

is reliable for the water resources study of the 

area

 

Table 5: Measured monthly streamflow data bracketed by 95PPU and the R-factor 

Gauged Station  Evaluation       Statistics  

  P-factor R-factor 

Kaduna Calibration 0.83 0.92 

 Validation 0.85 1.20 

Zungeru Calibration 0.49 1.16 

 Validation 0.57 0.85 

Kachia  Calibration 0.71 0.92 

 Validation 0.63 0.68 

Izom Calibration 0.55 1. 38 

 Validation 0.61 1.11 

Agaie Calibration 0.65 1.58 

 Validation 0.71 1.15 

Baro Calibration 0.61 1.38 

 Validation 0.58 1.41 

Lokoja Calibration 0.68 1.24 

 Validation 0.64 1.38 

NCHA Calibration 0.65 1.20 

 Validation 0.66 1.11 
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Figure 3: The monthly calibration and validation of the observed and simulated (expressed as 95% 

prediction uncertainty band) flows for two gauged stations within NCHA  

 

Calibration and validation: The calibration 

was done using two-thirds of the discharge 

data while the remaining one-third was used 

for validation. The statistics of the monthly 

simulated and the observed streamflow 

showed good agreement during the 

calibration and validation periods. Table 6 

shows the coefficient of determination (R2) 

and Nash- Sutcliffe Efficiency (NSE) for the 

individual gauged station within the study 

area. The R2 and NSE values of greater than 

0.5 (except for the NSE value of Zungeru and 

Agaie during validation) indicate that the 

models capture well the time series and 

trends of the streamflow during the 

calibration and validation periods.  

Nevertheless, there were mismatches 

between the observed and the simulated flow 

peaks even at stations with high-performance 

statistical values. While the model recorded 

excess simulation for some months; it 

returned a deficit for other months. For 

instance, at Kachia, the month of August in 

the years 1988, 1991 and 1993 were 

simulated in excess while September 1997 

and 1999 were under-simulated (Figure 4). 

Excess simulations may be attributed to 

uncertainties in the discharge data used, 

given that the data were recorded using the 

error-prone manual method [35]. More so, 

aggregated monthly data often contained 

missing daily data. This could be responsible 

for the non-perfect values of the P-

factor and R-factor of the station as shown 

under uncertainty analysis. The good 

performance of the SWAT model in this 

study is consistent with earlier studies within 

the lower stream of the Niger River Basin 

(e.g., [2, 30, 35]. The low NSE value of 

Zungeru (0.43) and Agaie (0.39) stations 

could be associated with the influence of dam 

operation, even though; the inclusion of the 

dam improved the simulation. Other sources 

of large uncertainty that are 

reflected through the large R-factor 

and small P-factor values; and which could 

be responsible for poor model calibration in 

some sub-basins include lack of information 
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on water use and the use of simulated daily 

precipitation and temperature in driving the 

SWAT model. 

  

 

 

Table 6: Monthly time step calibration and validation performance statistics 

Gauged Station  Evaluation       Statistics  

  R2 NSE 

Kaduna Calibration 0.74 0.72 

 Validation 0.75 0.70 

Zungeru Calibration 0.65 0.58 

 Validation 0.57 0.43 

Kachia  Calibration 0.83 0.68 

 Validation 0.72 0.70 

Izom Calibration 0.68 0.61 

 Validation 0.71 0.57 

Agaie Calibration 0.65 0.39 

 Validation 0.74 0.67 

Baro Calibration 0.58 0.53 

 Validation 0.61 0.59 

Lokoja Calibration 0.79 0.74 

 Validation 0.71 0.68 
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Figure 4 (a) Calibration and (b) validation of monthly simulated and observed flows at the 

Kachia gauged station 

   

Spatial and temporal Quantification of 

Water Resources Components: Knowledge 

of inter- and intra-annual variability of the 

available water resources (particularly 

internal renewable water resources) is highly 

importance for water resources planning. As 

earlier mentioned, blue water is a 

combination of surface and groundwater. 

While some studies take surface runoff as 

surface water, others used water yield. 

Though the estimation of both is available on 

SWAT “Tableout” results, this study adopts 

water yield as reported in [2] and [17]. The 

blue water (BWF), green water flow (GWF) 

and green water storage (GWS) as well as the 

precipitation (PRE) aggregated at seven sub-

basins and the whole watershed are presented 

in Figure 5 and Figure 6 respectively. The 

water resources availability on a seasonal 

basis was also presented and the seasons (dry 

season, early and late rainy seasons) were 

defined as mentioned in [23]. The average 

monthly and annual total of blue water 

availability showed great variability across 

the sub-basins. The highest annual total 

values were recorded at Lokoja (709 – 1188 

mm) and Baro (720 – 1157 mm) which are 

situated downstream. This is not unexpected 

as the largest discharge of River Niger was 

found downstream and high-water 

availability downstream has been reported in 

earlier studies [3, 22, 40]. The highest inter-

annual variability was at Zungeru (602 – 

1025 mm) suggesting a probable influence of 

human’s activities (such as farming and 

construction of a dam) on the streamflow. 

The values (444 – 1188 mm) of internal 

renewable water resources (blue water, 

IRWR) reported in this work are within the 

values (39 – 1357 mm) reported by [2] across 

eight West African countries.   

The monthly green water flow (GWF) 

otherwise known as actual 

evapotranspiration (AET) across the 

watershed also shows a similar pattern with 

blue water as the two sub-basins (Lokoja and 

Baro) downstream had the highest value. The 

variability in green water flow was not as 

pronounced as that of blue water. This could 

be attributed to the relative stability of land 

use/land cover as land use types play a vital 

role in the amount of green water flow [14]. 

The result is consistent with other studies 

within Nigeria and West Africa countries [2, 
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35]. The green water storage (soil moisture) 

showed a different pattern with the blue and 

green water flow. Unlike blue and green 

water flow, where the highest values were 

obtained downstream, Kachia at the 

midstream has the highest average annual 

value that ranged between 97 and 108 mm. 

Some have attributed this to spatial variation 

in land use. For instance, the report of [34] 

claimed that while the amount of blue water 

available in the White Volta Basin of West 

Africa decreases with the conversion of 

grassland and savannah to plantation, the 

green water storage increases significantly. 

However, aside from the climate 

(precipitation and temperature), several 

factors that are soil-related (such as soil 

structure and texture, topography and soil 

depth) could also add to the effects of the 

vegetation. This agrees with the submission 

of earlier studies that associate variation in 

green water storage with the presence of 

divergent soil textures and properties of 

varying hydraulic conductivity [41, 42].  

Generally, the results suggest that the blue 

and green water flows largely depend on the 

precipitation, as the two sub-basins with the 

highest values of both flows, received the 

highest amount of rainfall on an annual and 

monthly basis. In each of the sub-basins in 

the watershed, the blue water attained its peak 

in September as against August when 

precipitation was at maximum. The lag time 

of a month between the two peaks in all sub-

basins further suggests similar watershed 

characteristics or similar land use types 

which are reflected in the relatively stable 

green water flow. Hence, high 

evapotranspiration in August could be 

responsible for the delay of the peak of blue 

water to September.  Similar findings have 

been reported elsewhere [14]. The average 

seasonal water resources (blue water, green 

water flow and green water storage) of the 

whole basin showed that while the blue water 

resource and green water storage were 

highest in the late rainy season (JASO), the 

highest value of green water flow was in the 

early rainy season (AMJ). This showed the 

effect of climate (precipitation and 

temperature) on seasonal and annual water 

resource availability. High blue water in the 

late rainy season could be attributed to high 

green water flow in the early rainy season. 
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Figure 5 Average (1986-2000) monthly and annual total water resources (Blue water, Green 

water flow and Green water storage) for seven Sub-basins of NCHA 
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Figure 6 Average (1986-2000) monthly, seasonal and annual water resources (Blue water, Green 

water flow and Green water storage) of NCHA 

 

Spatial distributions of water resources over 

NCHA are shown in Figure 7. The average 

annual precipitation, blue and green water 

flows are expressed in mm per year while 

average green water storage is expressed in 

mm for easy comparison among the sub-

basins and with earlier works within West 

African countries. The distribution of the 

water resources across the whole watershed 

showed that though precipitation plays a vital 

role in water resources components 

distribution, it is not the sole determinant of 

their magnitude. The precipitation has the 

highest value downstream and decreases 

towards the upstream (SE – NW direction). 

The blue water distribution showed that the 

internal renewable water is generally more 

abundant downstream as compared to 

upstream. Nevertheless, some areas 

downstream also lack it. This indicates the 

role of geology, topology, climate and crop 

cover on blue water availability as both the 

surface and groundwater component of blue 

water depends on them [22, 43]. The report 

of [44] asserted that change in land use can 

affect groundwater availability
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Figure 7: Spatial distribution of average (1986-2000) water resources (annual precipitation, blue 

water and green water flow; and average green water storage) over NCHA 

 

The orientation of green water flow is closely 

related to that of precipitation, with an annual 

decrease in SE-NW direction, except that the 

highest green water flow is towards the 

upstream areas around Shiroro dam. 

However, more sub-basins have sufficient 

green water flow towards the zone with more 

forest (Rain Forest agro-ecological) 

downstream. Earlier studies have shown that 

the quantity of water flow depends on land 

use type and the areas with forests are noted 

for more flows [13]. Unlike the blue and 

green water flows, the green water storage 

distribution seems not to follow a particular 

pattern. There is the availability of water 

storage in some hydrological regions 

downstream, midstream and towards 

upstream. It is worth noting however that the 

regions that experienced the least amount of 

rainfall have the lowest green water storage. 

As earlier mentioned, this indicates the role 

of watershed characteristics, soil texture and 

properties in the water storage availability of 

a region. Considering the importance of 

rainfall and green water storage in rain-fed 

agriculture, which is the main occupation of 

a large percentage of the dwellers of the study 

area, the southwestern parts of Zungeru down 

to the southwestern part of Lokoja will be 

more viable.  

The water resource components were 

aggregated at administrative area levels to 

have a clear picture of the available quantity 

in each area. The average annual blue and 

green water flow and average monthly green 

water storage for some of the areas are 

presented in Figures 8a and 8b respectively. 

The highest blue water flow (1091 mm/year) 

was found at Edati which is situated 

downstream. On a general note, blue water 

flow is higher downstream and its highest 

value is within the area which recorded the 

highest rainfall. A similar finding has been 

reported elsewhere [14].  The highest green 

water flow (709 mm/year) was at Ilorin East 

while the lowest (395 mm/year) was at 

Gusau. Kachia has the highest (103 

mm/month) water storage while Mariga has 

the least (34 mm). This showed some of the 

areas within NCHA would likely be better for 

agricultural activities than others as the 

variable studied play a significant role in crop 

performance. 

 

 

 

 

 

 

 

 

 



Intl. J. Water Resources & Arid Environ., 12(1): 01-30, 2023 

 
 

 

             25 

 

 

 
Figure 8(a). Average (1986-2000) annual blue water (internal renewable water resources), green 

water flow (ET) and precipitation of selected administrative area 

 

 

 
Figure 8(b). Average monthly soil moisture (1986-2000) of selected administrative areas 

 

 

CONCLUSION 

 

Using the semi-distributed hydrologic model 

which allows for the integration of 

hydrological, climate and agricultural 

processes, this study estimates the water 

resources availability for NCHA. The SWAT 

model was successfully calibrated and 

validated against observed streamflow data 

taking large dam operations into 

consideration. Parameter sensitivity and 

uncertainty analyses were executed to 
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improve the reliability of the model outputs. 

The calibrated model was used to quantify 

internal renewable blue water (water yield), 

green water flow (actual evapotranspiration) 

and green water storage (soil water) at sub-

basins. The water components were then 

aggregated at the levels of sub-basins, 

administrative areas and the whole 

watershed.  The probable distribution of the 

water resource components across the 

watershed was established.  The available 

freshwater differs from sub-basin to sub-

basins and area to area which suggests that 

quantifying water availability for the whole 

area as same is error-prone. Bluewater is 

higher downstream, though some locations at 

the midstream and upstream have more of it 

than some downstream. Green water flow 

and green water storage vary with location; 

the downstream is generally richer in both 

than the upstream. This study shows the 

reliability of the SWAT model for water 

component prediction in data-scarce regions 

like Nigeria and provides useful information 

for further studies on strategic water 

resources, food security and agricultural 

planning in NCHA. This study is not free of 

limitations as the lack of data made difficult 

calibration of other components of the 

simulated data (e.g., groundwater and soil 

moisture). More so, lack of information on 

water use and artificial structures (e.g., 

dams), as only the prominent dams have 

information about the reservoir that could be 

used to edit the SWAT model. 
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