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ABSTRACT 

In a river catchment, prediction of water yield and water balance is an important requirement 
for sustainable water resources management. This study aimed at predicting water yield and 
water balance of Upper Ouémé catchment in Benin Republic using SWAT model. 
Meteorological and hydrological data required were obtained for a period of 20-years while 
the required spatial data were retrieved from various archives. The statistical measures such 
as Nash-Sutcliffe Efficiency (NSE), Percent Bias (PBIAS), and Coefficient of determination (R2) 
were used to evaluate the model performance. The outcome shows that evapotranspiration has 
the highest share of about 31% of the water balance while lateral flow has the lowest share of 
about 1% of the water balance. The model estimated total yield of the basin as 1,867,161 mm 
of water between the simulation periods of 1998-2017 with sub-basin 90 having the highest 
contribution of 837.87 mm and sub-basin 100 with lowest contribution to water yield.  The 
observed flow was compared with simulated flow using SWAT. Both calibration and validation 
statistics were greater than 0.6 as indicated by NSE and R2 which shows that there was a good 
agreement between the observed and simulated flows. The study would help in sustainable 
management of water resources.  
 

Keywords: GIS; Modelling SWAT; Water Yield; Water Balance; Watershed  

 

1. INTRODUCTION 

Human and all other living organisms need 

water to survive. Therefore, there is need to 

ensure adequate water for the well-being of 

the human and other living organism. The 

earth is often referred to as “Blue Planet”, 

however, signs of increasing water scarcity 

is manifesting. Availability and use of water 

is mainly constrained by its spatiotemporal 

quantity and quality distribution. In north 

Benin for instance, the availability of water 

is strongly related to the amount of 

precipitation and most of the rivers are 

characterised by an intermittent regime. The 

rising problem of water scarcity and poor 

quality is very serious in many developing 

countries which is as a result of over 

utilisation and mismanagement of water 

resource (Saravanan et al., 2011). 

The awareness of water yield and water 

balance is a crucial requirement in 

sustainable management of water resources 

at watershed and regional levels (Adeogun 

et al., 2014). The physical characteristics of 

the catchment such as morphology, land use 

and soil as well as climate have influenced 

on the components of water balance. In 

Benin, there was a tremendous increase of 

more than 5% in agricultural areas over a 
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period of 38 years (West Africa-USGS, 

2013). This increment result in changes in 

hydrological characteristics of the 

watershed through variation in the rates of 

interception, evapotranspiration, 

infiltration, and groundwater recharge that 

eventually impact on the timing and 

amounts of surface and river runoff. 

Smakhtin (2001) affirms that changes in 

hydrology are principally due to the 

importance of timing of activities, such as 

interception, evapotranspiration, 

infiltration, etc. For example, studies have 

highlighted that reduction in base-flow and 

groundwater recharge in sub-tropical 

environments was as a result of increase in 

transpiration rates (Locatelli and Vignola, 

2009). In order to increase the sustainability 

and reduce the vulnerability of water 

resources, assessment of the incoming 

water and outgoing water within and 

outside the basin was necessary using 

hydrological model. Water balance 

equation is a very useful model in 

quantifying the major hydrological 

processes. The study of water resources at 

river catchment level has been widely 

accepted as a major way of managing and 

assessing these important natural resources 

as reported by Stehr et al. (2008). Thus, it is 

essential to understand the hydrological 

components and their spatial and temporal 

variability in river basins for an efficient 

planning and management of water 

resources (Anna et al., 2018). 

Since the hydrologic processes are very 

complex, watershed models are widely used 

for proper comprehension of water balance 

components. Therefore, Soil and Water 

Assessment Tool (SWAT), a physically 

based model which uses water balance 

equation for simulation of hydrology, was 

applied in the present study for predicting 

water balance and water yield in Upper 

Ouémé river catchment, Benin Republic. 

For this study, SWAT model interfaced in 

Map Window Geographic Information 

System (GIS) abbreviated as MWSWAT 

was used for water balance analyses. 

 

2. MATERIALS AND METHODS 

2.1 Description of Study Area 

The Upper Ouémé catchment is a sub-

catchment of the Ouémé river basin which 

covers an area of about 14,236.73 km². It is 

located on approximately on 9°5’N latitude 

and 2°E longitude. This catchment belongs 

to the “Sudanian” climatic zone. The region 

has an average annual precipitation of 1200 

mm and characterized by the alternation of 

a unique rainy season and dry season of 

approximately equivalent duration. The dry 

period ranges from November to March. 

The catchment is characterized by a flat, 

undulating Pedi plain relief with altitudes 

from 227 to 616m above sea level (Sintondji 

et al., 2014). The region belongs to the 

precambrian basement complex which is 

mainly composed of migmatite. The main 

soil types of the catchment are Lixisols and 

Acrisols according to the World Reference 

Base classification (ISSS Working Group 

RB, 1998). Near to the rivers also 

hydromorphic soils occur. The vegetation is 

mainly composed of moist savannah. 14% 

of the catchment is actually used as field. 

The locational map showing the study area 

is presented in Figure 1. 
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Figure 1. Location of the study area 

 

2.2 SWAT Model Description 

 

SWAT model was developed by the United 

States Department of Agriculture - 

Agricultural Research Service (USDA-

ARS). SWAT is a semi physically based 

model and can models a number of sub-

basins based on a given digital elevation 

model (DEM) map instead of using 

regression equations to describe the input-

output relationship. Within each sub-basin, 

soil and land use maps are overlaid to create 

a number of unique hydrological response 

units (HRU) (Yang et al., 2007). SWAT 

simulates surface and subsurface processes, 

accounting for vadose processes (i.e. 

infiltration, evaporation, plant uptake, 

lateral flows, and percolation into aquifer). 

 

 Runoff volume is calculated using the 

Curve Number Method (SCS, 1972). The 

simulation of hydrological cycle by SWAT 

is based on the water balance in Equation 

(1). 

 

The subdivision of the watershed enables 

the model to reflect differences in 

evapotranspiration for various crops and 

soil types. Runoff is predicted separately 

for each HRU and routed to obtain the total 

runoff for the watershed. This increases 

accuracy and gives a much better physical 

description of the water balance. Water 

yield of a river catchment is estimated by 

the model in Equation (2). 

 

𝑆𝑊𝑡 = 𝑆𝑊𝑜 + ∑(𝑅𝑑𝑎𝑦 − 𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑎 − 𝑊𝑠𝑒𝑒𝑝 − 𝑄𝑔𝑤𝑖
)

𝑡

𝑖=1

             (1) 

 

Where SWt is the final soil water content 

(mm water); SW0 is the initial water content 

in day i (mm water); Rday is the amount of 

precipitation in day i (mm water); Qsurf is 

the amount of surface  

 

 

runoff in day i (mm water); Eα is the amount 

of evapotranspiration in day i (mm water); 

Wseep is the amount of water entering the 

vadose zone from the soil profile in day i 

(mm water); Qgw is the amount of return 

flow in day i (mm water). 
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WYLD= SURQ+ LATQ +GWQ –TLOSS                                   (2) 

 

Where WYLD is the amount of water yield 

(mm); SURQ is the surface runoff (mm); 

LATQ is the lateral flow contribution to 

stream flow (mm); GWQ is the 

groundwater contribution to stream flow 

(mm) and TLOSS is the transmission losses 

(mm) from tributary channels in the HRU 

via transmission through the bed.  

 

In the hydrologic module of the SWAT 

model, surface runoff calculations which 

are estimated from daily rainfall can be 

achieved by two alternatives: (a) the use of 

the Soil Conservation Service Curve 

Number (SCS CN, 1972) procedure, and 

(b) the Green and Ampt infiltration method. 

The SCS runoff model in Equation 3 was 

selected for this study, because it uses daily 

precipitation data. 

 

 𝑄𝑠𝑢𝑟𝑓 =
(𝑅𝑑𝑎𝑦−0.2𝑆)

2

(𝑅𝑑𝑎𝑦+0.8𝑆)
                           (3)                                                                             

 

Where, Qsurf is the accumulated runoff or 

rainfall excess (mm); Rday is the rainfall 

depth for the day (mm); S is the retention 

parameter (mm). The retention parameter S 

and the prediction of lateral flow by SWAT 

model are defined in Equations (4) and (5), 

respectively. 

 

S = 25.4 (
100

CN
− 10)                         (4) 

 

Where CN is the curve number 

 

𝑞𝑙𝑎𝑡 = 0.0242 ∗
𝑆∗𝑆𝐶∗𝑆𝑖𝑛𝛼

𝜃𝑑𝐿
            (5) 

 

In Equation (5), qlat = lateral flow 

(mm/day); S= drainable volume of soil 

water per unit area of saturated thickness 

(mm/day); SC= saturated hydraulic 

conductivity (mm/hr); L= flow length, α= 

slope of the land, θd= drainable porosity. 

The base flow was estimated using 

Equation (6) 

 

Qgwj= Qgwj-1. e(-α
gw

.Δt)+ Wrchrg.(1-e(-α
gw

.Δt))                                                                    

(6) 

 

Where Qgwj = groundwater flow into the 

main channel on day j; αgw= base flow 

recession constant; Δt= time step. 

 

2.3 Input Data Collection and 

Processing 

 

The simulation of the water balance of an 

area using SWAT model requires a large 

amount of spatial and temporal datasets to 

implement the water balance equation. The 

main data sources used for watershed 

modelling were Digital Elevation Model 

(DEM), Soil Map, Land use Map, and 

weather data (see Table 1). The Map 

window GIS interface of the MWSWAT 

model was used to discretize the catchment 

area and extract the SWAT input files. The 

90 m resolution topography data used for 

this study was extracted from the Shuttle 

Radar Topography Mission (SRTM) final 

version. The DEM (see Figure 2) of the area 

was used to delineate the watershed, and 

provide topographical parameters, such as, 

overland slope, stream network and slope 

length for each basin. The upstream 

catchment area of Oueme river was 

delineated and discretized into 147 sub-

basins and 174 Hydrological Response 

Units (HRU) (each with unique 

combination of land use, slope and soil). 

Division of sub-basins into areas having 

unique land use, soil and slope 

combinations makes it possible to study the 

differences in evapotranspiration and other 

hydrological conditions for different land 

covers, soils and slopes. 
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Table 1:  Model Input for the Upper Ouémé River Catchment Area 

S/N Data type Description Resolution Source 

1 Topography Digital Elevation Model 90×90 m 
Shuttle Radar Topographical 
Mission  

2 
Land Use 

Map 
Land Use Classification 1 km 

Global Land Cover Classification, 
Satellite Raster 

3 Soil Map Soil Type and Texture 10 km Digital Soil Map of the World 

4 Weather 

Daily Precipitation, 
Minimum and Maximum 
Temperature, Relative 
Humidity, Wind Speed, 
Solar Radiation 

Daily Benin Meteo Agency 

 

 

Table 2: The Land Use Distribution  

S/N SWAT Code Description Area(ha) %Watershed 

1 SAVA Savannah 1466266 98.71 

2 CRWO Cropland/Woodland 4730.13 0.33 

3 GRAS Grass Land 1338.28 0.08 

4 URMD 
Urban and Built up 

Land 350.16 0.02 

5 CRDY 
Dry land Crop land and 

Pasture 1638.54 0.11 

 

Landuse map of the Global Land Cover 

Characterization (GLCC) database was 

used to estimate vegetation and other 

parameters representing the watershed area. 

The GLCC database was developed by 

United State Geological Survey and has a 

spatial resolution of 1Km and 24 classes of 

land use representation. Table 2 shows the 

land use distribution for the upstream 

watershed of Oueme river.  Digital soil data 

for the study was extracted from 

Harmonized Digital Soil Map of the world 

(HWSD v1.1) produced by Food and 

Agriculture Organization (FAO) of the 

United Nations. The digitized soil map 

database provides data for about 16,000 

different soil mapping units, containing two 

layers (0-30cm and 30-100cm depth. 

The temporal (i.e. meteorological) data 

such as precipitation, temperature, solar 

radiation, wind speed and relative humidity 

were obtained from Benin Meteo Agency 

and stream flow data from National 

Direction of water (DG-Eau) of Benin. 

Stream flow data was acquired for 

calibration and validation of the model. 

Both spatial and temporal dataset were used 

as an input parameter for simulation of 

watershed hydrological responses. For the 

missing meteorological data (which is less 

than 2% of the data), a weather generator 

embedded in SWAT, developed by Schuol 

and Abbaspour (2007) was used to fill the 

gap. The weather station located at Parakou 

situated within the study area used for this 

study is located on 2.60º latitude and 9.35º 

longitude. Table 3 presents the statistical 

summary weather parameters from 1998-

2017.  
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Figure 2: Digital Elevation Model of Upper Ouémé River Catchment 

 

Table 3: Statistical Summary of Weather Parameters at Parakou Station 

Parameters Unit Maximum Minimum Mean Standard 

deviation 

Precipitation mm 151.7 0.0 4.44 11.10 

Solar 

Radiation 

hr 11.4 0.0 6.85 2.76 

Max. Temp.  oC 41.6 23.2 33.41 3.42 

Min. Temp.  oC 27.6 15.1 22.01 1.81 

Max. RH  % 100.0 13.0 82.20 20.88 

Min. RH  % 90.0 2.0 43.17 20.82 

Wind Speed m/s 5.9 N/A 1.96 0.77 
Temp. = Temperature, RH= Relative Humidity, Max. = Maximum, Min.= Minimum 

 

2.4 Model Application 

Model simulation was carried out after 

preparing the data files in Microsoft Excel 

and importing them into Microsoft Access® 

for further processing as model inputs. The 

settings of the simulation period (start and 

finish) and the selection of weather sources 

from the SWAT database are used in the 

configuration of the model. In MWSWAT 

simulation in this study, Curve Number 

method was employed to estimate surface 

runoff from precipitation, Penman-

Monteith method was used for evaluating 

the potential evapotranspiration, and the 

variable storage method was used to 

simulate channel water routing. The 

simulation period for this study is 20 years, 

starting from January 1st, 1998 to December 

31st, 2017. All the necessary files needed to 

simulate SWAT were written and 

appropriate weather sources were selected 

before running the model. Subsequently, 

SWAT model was calibrated and validated. 

 

3. RESULTS AND DISCUSSION 

3.1 Evaluation of Model Performance 

The performance of model was evaluated 

using three statistical criteria namely; 

Nash–Sutcliffe efficiency (NSE), percent 

bias (PBIAS), and coefficient of 

determination (R2). The simulated and 

observed streamflow for the calibration 

period (January 2003–December 2005) and 
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the validation period (January 2006–

December 2009) were compared in Figure 

3. A good match was revealed between the 

simulated and observed stream flow. The 

performance statistics values are presented 

in Table 3. The NSE and R2 values for both 

the calibration and validation periods were 

greater than 0.6, and the PBIAS value was 

in the range of ±10%≤PBIAS< ±15%, 

indicating a good model performance. 

Notwithstanding the goodness model 

performance, SWAT overestimated the 

observed streamflow by ±14.0% during the 

calibration period and by ±11.9% in the 

validation period. This is exemplified in the 

negative values of PBIAS. The regression 

line of the observed by simulation plot 

presented in Figure 4 for the calibration and 

validation period show a good agreement of 

the variables with a confidence interval of 

95%. 

 

 
 Figure 3: Observed and simulated monthly streamflow for (a) calibration and (b) validation 

periods. 

 

Table 3:  Monthly time step calibration and validation performance statistics 

Performance Statistics Calibration Validation 

NSE 0.66 0.75 

R2 0.78 0.78 

PBIAS -14.00% -11.90% 

 
 

a 

b 
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Figure 4: Correlation between the observed and simulated monthly discharge for (a) 

calibration and (b) validation periods. 

 

3.2 Prediction of Water Yield 

Water yield is the total amount of water 

leaving the hydrological response unit, 

(HRU) and entering main channel during 

the time step. It is one of the important 

parameters to be estimated for efficient 

water management and planning of the 

study area. The contributions of each sub-

basin in the watershed area to water yield 

during the period of simulation period was 

examined using the calibrated SWAT 

model. It was recorded that sub-basin 90 

with catchment area of 251.79 km2 had the 

highest contribution of 837.87 mm to water 

yield of the area during the simulation 

period. In addition, the lowest water yield 

value of 578.28 mm was obtained for sub-

basin 100 with catchment area of 33.44 km2. 

Figure 5 depicts the pictorial view of the 

contributions of each sub-basin to the 

average water yield of the area during the 

simulation period. 

 

Analysis of the results also revealed that 

sub-basins 72, 90 and 136 have contributed 

larger percentage of the water yield in the 

area. Furthermore, the results showed that  

 

 

 

 

the lowest contribution to the water yield 

occurred in sub-basins 47, 54, 100 and 113. 

A total of 1,867,161 mm of water was 

estimated by the model as the potential 

water yield of the basin between the 

simulation periods of 1998-2017. The 

knowledge of the water yield potential of 

the basins will assist water managers in 

planning the water resources of the 

catchment and to predict where there may 

be water shortages.  

 

Moreover, it is important to determine 

which of the year yielded more water into 

the basin during the study period. This was 

carried out by extracting water yield 

simulated by SWAT and plotted as 

illustrated in Figure 6. The results show that 

the maximum water yield in the watershed 

occurred in 2017 with a value of 128,913.94 

mm while the minimum contribution of 

water occurred in 2015 with a value 

49,266.64 mm. It can be deduced that 2015 

was a driest year within the simulated years 

in the Upper Ouémé watershed. 
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Figure 5: Simulated average annual water yield for the period 1998 – 2017 

 

 
Figure 6: Average Annual Water Yield from 1998–2017 

 

3.3 Estimation of Water Balance 

The prediction of the Upper Ouémé River 

Catchment’s water balance components on 

an annual average basis was carried out 

after the calibration and validation of the 

model. The prediction was based on the 

SWAT simulation result from 1998 to 2017. 

The components of the main water balance 

of the river basin include: actual 

evapotranspiration from the basin, the total 

amount of precipitation in the sub-basins 

during the time step, and the net amount of 

water that leaves the basin that contributes 

to the stream flow in the reaches (water 

yield).  The component of water balance of 

the SWAT simulation outputs are: 

Evapotranspiration (ET), Percolation 

(PERC), Surface runoff (SURQ), 

Groundwater flow (GW-Q) and Lateral 

flow (LAT-Q) all measured in millimetres 

(mm). The percentages of predicted water 

balance for selected years in the watershed 

are presented in Figures 7a-f. 
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  Figures 7 a-f: Predicted Average Annual Water Balance for the Upper Ouémé River Basin 

For: (a) 1998, (b) 2003, (c) 2008, (d) 2013 (e) (2015) and (f) 2017 

  

Analysis of the simulation results showed 

that actual evapotranspiration (ET) 

accounted for over 31% of water losses 

from the watershed. The high 
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evapotranspiration rate predicted could be 

attributed to the type of vegetation cover 

(mostly savannah) and high temperature in 

the watershed. Percolation accounted for 

the second highest loss of water from the 

catchment at an average of 26% over the 20 

years period followed by groundwater at 

22%. Surface runoff predicted was about 

17% and could be attributed to the type of 

soil (Sandy-Clay-Loam) prevalent in the 

study area. Lateral flow contribution to river 

flow was less than 1% and nearly zero in 

some years. The result for the LATQ is in 

agreement with that of Sintondji et al. 

(2014). This is evident in the slope of the 

study area being relatively flat i.e., less than 

3%. The available surface runoff in a 

catchment is largely determined by the 

slope; steeper slopes generate higher flow 

velocity than flat slopes. Hence, runoff 

water reaches the river channel faster in 

steeper slopes. In steep sloping terrains, the 

major contributor to the stream flow is 

lateral flow (Ghoraba, 2015). Due to the 

relatively flat slope of the study area, less 

water is available for surface stream flow at 

about 17%, while sub-surface flow 

consisting of percolation, and groundwater 

cumulatively constituted about 48% of the 

water balance of the basin. This results 

show that sub-surface water development in 

the study area is a viable alternative source 

of water for the inhabitants of the Upper 

Ouémé river basin. 

 

4. CONCLUSION 

 

This study applied MWSWAT model to 

simulate the hydrological parameters of 

Upper Ouémé river basin. The model, when 

calibrated and validated showed a good 

relationship between the observed flow and 

simulated flow as depicted by NSE and R2 

values which were greater than 0.6 for both 

calibration and validation period and the 

PBIAS values in the range of 

±10%≤PBIAS<±15%. The simulation of 

water balance revealed that over 31% of the 

annual precipitation in the catchment was 

lost through actual evapotranspiration (ET) 

for the period of 20-years due to the 

persisting high air temperatures and vegetal 

cover found in the catchment. Surface 

runoff potential of the Upper Ouémé 

Catchment was estimated to contribute 17% 

which might be due to the relatively flat 

slope of the area. Sub-surface water 

components like percolation and 

groundwater flow were predicted to 

contribute 26% and 22% respectively 

yielding a cumulative of about 48% of the 

water balance. These results indicate that 

sub-surface water development is viable as 

an alternative water resources potential for 

the basin.  

 

Water yield analysis showed that the 

highest water yield contribution to the 

Upper Ouémé river basin occurred in sub-

basin 90 with a value of 837.87 mm while 

the lowest water yield occurred in sub-basin 

100 with 578.28 mm for the period of 20-

years. Furthermore, sub-basins 72, 90 and 

136 yielded more water in the basins, while 

sub-basins 47, 54, 100 yielded least water 

during the study period. On yearly basis, 

2017 has the highest contribution of water 

into the basin while 2015 was considered as 

a driest year due to its low contribution. 

Conclusively, the model was able to predict 

water yield and water balance of the study 

area satisfactorily. The study is 

recommended to be carried out periodically 

for the sustainable management of water 

resources at watershed level in Benin 

Republic and other Sub-saharan African 

countries. 
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