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Abstract: Hydrological modeling of ungauged basins is important and imperative for policymakers and stakeholders in
water management. The Kayanga river upstream from the Niandouba dam is subject to extreme pressure caused by natural and
anthropogenic factors. The hydro system Niandouba Dam and Confluent Dam are used to providing water for the irrigated
perimeters in Anambe. Since there is no data available to evaluate the water resources entering the Niandouba Dam, we used
Soil and Water Assessment Tools (SWAT) to set up a hydrological model in the ungauged basin of Kayanga river upstream
Niandouba dam. A regionalization approach has been used to predict the river discharge at Niandouba watershed upstream of
the Niandouba dam. SWAT model has been calibrated from 01/01/2001 to 31/12/2001 and validated from 01/01/2002 to
31/12/2002, with a daily scale on the Koulountou watershed. During the calibration period, the criteria of goodness of fit are
respectively 0.87 for Nash-Sutcliffe Efficiency coefficient (NSE), 0.87 for coefficient of determination (R2), -1.6% for Percent
Bias (PBIAS) and 0.36 for Standard Deviation Ratio (RSR). In the validation period, we have found a Nash-Sutcliffe
Efficiency coefficient (NSE) of 0.62, a coefficient of determination (R2) of 0.77, a Percent Bias (PBIAS) of +35.9%, Standard
Deviation Ratio (RSR) of 0.62. These parameters have been used to generate flows at the entrance of the Niandouba Dam.
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position among the strategies of poverty reduction. This
initiative led to the creation of the Manantali-Diama hydro
system in the Senegal River watershed, and the Kayanga-
Anambé hydro-system in the Gambia River watershed [1].
The first was entrusted to OMVS, the second to SODAGRI.
SODAGRI was created in 1974 by the State of Senegal,
under the supervision of the Ministry of Agriculture and
Rural Equipment [2]. One of the missions of this company is
the control of water in the South East and South of Senegal
The Kayanga-Anambe hydraulic system is the driving force
of this mission The network of this hydro system is
constituted by the Kayanga River, which has its source in the

1. Introduction

Water is a key resource for sustainable economic and
social development. Senegal’s economic growth depends
mainly on rain-fed agriculture which is one of the largest
sectors in the country. Distribution over time and space of
rain becomes then of paramount importance. Because of
climate change and climate variability, water shortages have
become the major crises of sustainable development of
agriculture in Senegal. Senegalese authorities have made
water management a priority and place it in a very good
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Republic of Guinea Bissau and extends over a catchment
area of 1755 km’, and its tributary, the Anambe River, that
flows entirely in Senegal and covers an area of 1100 km*[3].
The hydro system includes two dams: the confluence dam in
the Anambe basin, with a holding capacity of 60 million
cubic meters of water, the Niandouba dam in the Kayanga
basin, which has a holding capacity of 90 million cubic
meters, and the threshold of the Kounkané bridge, with 25
million cubic meters. This threshold allows stopping the
water flowing out of Lake Waima [4]. The entire system is
intended for overflow irrigation in the rainy season. During
the off-season, it is completed by a network of canals and a
set of pumping stations. Irrigation consumes a large amount
of freshwater and often creates water scarcity.

Water supply systems such as dams are built within mind
the assumptions that past and future climatic trends will be
the same [5]. But current climate change and variability
impacts precipitation globally and poses a dire threat to water
resource management. Rainfall and stream flood play a
significant role in the hydrological cycle and are essential to
global socio-economic activities [5]. Stream flood is
important for flood control, hydropower, navigation, and
ecological factors and in balanced agriculture watersheds [6].
So, understanding water resources availability would help
stakeholders and policymakers to plan and develop an area
[7], while IWRM allows coordinating different stakeholders
sharing water resources in river basins [6]. A hydroclimatic
modeling approach is carried out to assess the impacts of
human activities on the different hydrological processes [5].
In recent years, hydrologists and resource managers apply
more and more hydrologic models as a tool to understand and
manage ecological and human activities that affect watershed
systems [8]. Hydroclimatic models need to be calibrated first
and then validated using observed streamflow data.
Unfortunately, in many cases, these data are not available or
are insufficient. Such catchments are considered as ungauged
[9]. The planning and the management of the water resources
in the ungauged catchment may be undermined by the
unavailability of observed data [9]. One of the main
challenge’s hydrologists and water resource managers face is
the estimation of streamflow in ungauged catchments.
Hydrological models sometimes have a great number of
parameters that need to be calibrated before application to a
specific basin. For the ungauged basin, this calibration is not
possible to lack observed data. To overcome this problem,
various regionalization techniques based on a similarity
approach and/or a statistical approach have been developed
to estimate streamflow in ungauged catchments. In the
statistical ~approach statistical relationships between
catchment attributes, such as topography, soil, drainage area,
etc., and the optimized model parameter is established to
determine the parameters of an ungauged basin using its
catchment attributes. The other method of regionalization is
based on the similarity approach. One or more donor gauged
catchments, similar to receptor catchment are identified. The
similarity regionalization approach assumes that similar
catchments behave hydrologically similarly. So, the

definition of the similarity measure, certainly subjective, will
condition the success of the selected regionalization approach
[9].

Basins that require water resource planning often suffer
from lack of enough hydrometric stations for surface runoff
measurement, or incomplete data of measurement stations. In
such basins, hydrological models can simulate the rainfall-
runoff process and evaluate runoff from precipitation with
minimum cost and time by simulating the rainfall-runoff
process [10]. Hydrologists use various hydrological models
to estimate water resources availability (e.g., lumped models,
physically distributed models, empirical models, and
statistical models). Physical distributed hydrological models
can simulate water balance by using spatial variables (mainly
soils, land-uses, topography) and climate conditions. New
approaches in modeling systems are increasingly relying on
geographic information systems (GIS) that have made
simulation possible over large areas, and on database
management systems such as Microsoft Access to support
modeling and analysis. Several hydrological and hydraulic
models on the watershed scale have been observed. HEC-
HMS (Hydrologic Modeling System), who is designed to
simulate the complete hydrologic processes of dendritic basin
systems [11]. MIKE SHE (European Hydrological System),
simulates dynamic groundwater and surface water interaction
and seamlessly integrates all other important hydrological
processes at basin scale [12]. TOPMODEL (TOPography
based MODEL), allows relatively simple use of Digital
Terrain Models (DTM) [13], and can spatially predict basin
responses. ATHYS (Atelier HYdrologique Spatialis¢), aims
to bring together in a friendly and homogeneous environment
a set of hydrological models associated with hydroclimatic
and geographical data processing [14].

One of the most suitable distributed models used
worldwide to study hydrologic processes on the watershed
scale is the Soil and Water Assessment Tool (SWAT) [15, 16,
17]. The Soil and Water Assessment Tool (SWAT) was
developed in the United States by the Agricultural Research
Service and by Texas A & M University. It is a conceptual
mathematical, semi-physical, semi-distributed, continuous-
time model that operates through daily data. It allows us to
considers the interconnection of different physical processes
occurring in a watershed through the GIS environment [18].
SWAT (Soil and Water Assessment Tool) model is a basin-
scale model that improves the accuracy of the simulated
result of streamflow from rainfall and physical properties of
the basin by integrating ArcGIS. SWAT has been tested in
various world climates from arid and semi-arid regions to
humid and tropical areas; it can simulate water resources in
large scales to regional scales [7].

The SWAT model has been successfully applied to
watershed-scale projects in different parts of the world with
satisfactory results [19]. Reference [20] calibrated, evaluated
and applicated SWAT2009 model for simulation of the
hydrology of the Xedone River basin. Reference [18] has
used the SWAT model for the edaphoclimatic conditions of
the Mucuri River Basin located in the Northeast region of
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Minas Gerais, Brazil as well as to test its performance.
Reference [19] evaluate the application of the SWAT model
in the Jaguari River Basin, using the previously calibrated set
of parameters. The hypothesis is that calibrated parameters
can be transferred from neighboring basins, with analogous
catchment area, and under the same geological and
pedological characteristics. Reference [9] utilizes the SWAT
model to check for how can Maps uncertainty of donor
catchments be propagated through regionalization schemes
based on the similarity approach, and how does it affect the
prediction uncertainty in ungauged catchments? Specific
questions are as follows: (1) is the selected hydrological
model suitable for reproducing the hydrology in the
ungauged catchment? (2) How does parameter uncertainty
affect model prediction uncertainty in the ungauged
catchment through the regionalization scheme? Reference [6]
analyzes the differences in streamflow prediction of an
ungauged watershed using SWAT by varying the threshold
areas for Sub basin delineation and HRU distribution.

The Niandouba Dam has been built on the Kayanga River
to supply water for irrigation in the Anambe basin. This Dam
plays an important role in the Kayanga Anambe Hydro
system. Water Resources Management and Planification.
Unfortunately, there is no stream gauge in the Kayanga River
basin and only one rain gauge. This basin can be considered
as an ungauged basin. This poses the problem of evaluating
the inputs to the Dam. The objective of this paper is to use a
hydrological model to calculate streamflow inputs to the
Dam. As a generalization approach, we have selected the
similarity-based one. The swat model has been calibrated and
validated in the neighboring Koulountou River basin. Thus,
obtained parameters have been used to generate input stream

3 Minndoubs Dam Watershed
8 Koulounion Watershed
8 coumtrics

flow to the Niandouba Dam.

2. Material and Methods
2.1. Study Area

The area of study is the Kayanga River system upstream of
the Niandouba Dam and the Koulountou River Basin at the
PNNK (NiokoloKoba Bridge). The Kayanga River Basin
upstream of Niandouba Dam is located between latitude
12°31 at 13°09 N and longitude 13°20 at 14°26 Wi, its area is
of 6596.45 km®. Koulountou River Basin at PNNK is located
between latitude 13°16 at 11°52 N and 13°44 at 12°29 W
over an area of 2143.98 km” (figure 1). The Kayanga River
basin upstream of the Niandouba Dam originates west of the
Badiar Plateau (Republic of Guinea) in swamps at an altitude
of about 90 m [21]. Koulountou River Basin at PNNK, which
is the main tributary of the left bank of the Gambia River, is
part of the natural and administrative boundary of the Kolda
and Tambacounda regions. It has its source in the northern
foothills of Fouta-Djallon at 800 meters altitude on the Mali
massif [22]. The climate is Sudano-Guinean in the southern
part and Sudano-Sahelian in the northern part. The rainfall
regime combines two seasons: one rainy, from May to
October, and the other dry spell, the rest of the year. Rainfall
decreases from south to north, depending on the monsoon
flux. The average monthly temperature at the Kolda synoptic
station is maximum in May (32.1°C) and minimum in
December (24.4°C). The relative humidity reaches its
maximum in September and a minimum in January. The
average annual of the precipitation decreases regularly from
south (985mm) to north (790mm).

S

Figure 1. Localization of the studied watersheds.

2.2. SWAT Model Description

SWAT [16] is a physically-based semi-distributed, agro-

hydrological model [23]. It has been developed by the
Agricultural Research Service (ARS) of the United States
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Department of Agriculture (USDA) [24] for application to
large and complex watersheds over long periods of time [25].
SWAT can predict the impact of land management practices
on water quantity and quality and it is used to simulate water
balance, sediment, nutrient and pesticide transport at a basin-
scale on a daily time step [17, 26]. SWAT model uses
hydrological response units (HRUs). The HRUs is the result
of a unique combination of land-use, soil, and slope class in a
watershed [27]. The SWAT system is integrated with a
Geographical Information System (GIS) and there are three
types of SWAT extensions: ArcSWAT for ArcGIS interface,
QSWAT for QGIS interface and MWSWAT for MapWindow
interface [28]. In this study, we used the ArcSWAT of the
ArcGIS interface. SWAT model estimates relevant
hydrological components such as evapotranspiration, surface
runoff and peak rate of runoff, groundwater flow and
sediment yield for each HRU. The water balance is simulated
in two separate components: the land phase and the routing
phase [7]. The land phase predicts hydrologic components
that include surface runoff, evapotranspiration, groundwater,
lateral runoff, and return flow. The routing phase is the
movement of water, sediments, nutrients, and organic
chemicals through the basin channel network to the outlet
[29]. The land phase of the hydrological cycle of the SWAT
model is based on the water balance equation (1) [30]:

SW, =SW, + Zf:l(Rday - qurf —E; — Wseep — ng) (1)

where SW; is the final soil water content (mm H,0), SW, is

the initial soil water content on day i (mm H,O), t is the time
(mm H,0), Ryqy is the amount of rainfall on day { (mm
H,0), Qgurs is the amount of surface runoff on day i (mm
H,0), E, is the amount of actual total evaporation on day i
(mm Hy0), Wee,p is the amount of water entering the vadose
zone from the soil profile on day { (mm H,0), and Qg is the
amount of groundwater flow on day i (mm H,0).

The setup of the SWAT model consists of five steps: data
preparation, basin, and sub-basin discretization, HRU

definition, sensitivity analysis, calibration, and validation
[31].

2.3. Data input

The spatially distributed data (GIS input) needed for the
ArcSWAT interface include the meteorological data, the
Digital Elevation Model (DEM), soil data, land use, and
stream network layers [20]. The digital elevation model is
obtained from the NASA (Shuttle Radar Topography Mission
SRTM). The digital soil map is prepared from the Soil Map
of the World. The land-use map is provided by the Global
Land Cover 2000 Project. The climatic data including daily
precipitation, maximum and minimum temperature, relative
humidity, solar radiation, and wind speed are obtained from
the IRD database, while runoff data are issued from the
Water Resources Management and Planning Office (Dakar,
Senegal) database. All the sources of input data required to
run SWAT are summarized in (Table 1).

Table 1. Swat input database.

Data type Description Sources Resolution Spatial
11\)/11(%(11211 Elevation SRTM 1-Arc-Second Global v3 https://gdex.cr.usgs.gov/gdex/ 30 mx30 m
Land-use Global Land Cover 2000 https://www.gvm.jrc.it/glc2000 1:10,000,000 scale
Soil map Digital soil map FAO v3.6 http://www.fao.org/geonetwork/srv/en/main.home#soils  1:5,000,000 scale

Meteorological data
(1999-2003)
Hydrological data
(2001-2002)

Daily rainfall, temperature, relative humidity,
solar radiation and wind

Daily streamflow

IRD databases

Water Resources Management and Planning Office
(Dakar, Senegal)

Kolda Synoptic
Station

PNNK stream gauge

2.4. Morphometric Characteristics

2.4.1. DEM Model

The use of the DEM makes it possible to delimit the two
transboundary watersheds (Figure 2) and the automatic
extraction of the parameters morphometrics characterizing
the relief.

Morphometric analysis is referring as the quantitative
evaluation of form characteristics of the earth surface and
any landform unit. In general, the watersheds are selected
for the morphometric analysis in the following: Linear
Aspect, Areal Aspect and Relief Aspect.

1. Area and perimeter

Being the first and most important feature. The area (A) is
the portion of the plane delimited by the crest line or contour
of the watershed. Its measurement is made by using a
planimeter or by the method of small squares. Basin

perimeter (P) is the outer boundary of the watershed that
enclosed its area. It is measured along the divides between
watersheds and may be used as an indicator of watershed
size and shape.

2. Compactness Coefficient

It is used to express the relationship of a hydrologic basin
to that of a circular basin having the same area as the
hydrologic basin. A circular basin is the most susceptible
from a drainage point of view because it will yield shortest
time of concentration before peak flow occurs in the basin.
The compactness Coefficient C, is calculated using, as in

C.=028P.A /2 @)
(C,): Compactness Coefficient
(A): Area in km?
(P): Perimeter in km
3. Basin length
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The basin length is the longest dimension of the basin
parallel to the principal drainage line. it is obtained by (3)

L= Al/zl_%[1 + /1 - (1&102)2] (3)

(L): Basin Length in km
4. Average altitude
The average altitude is deduced directly from the
hypsometric curve or from the reading of a topographic map.
It can be defined, as in

Zmoy =3 AlThl “4)

(Zmoy): Average altitude in m

5. Height difference

The determination of the overall slope index requires
knowledge of the useful height difference. It is obtained by
the difference between the altitude corresponding to 95% of
the total area of the watershed and the altitude corresponding
to 5% of the total area of the watershed, as in

D = Zsy, — Zosy, (%)

(D): height difference

6. overall slope index

The overall slope index is used to classify the catchment
area. we take the points such that the upper or lower surface
is equal to 5% of A. It is obtained as in

1, =

D
9

(6)
(Ig): overall slope index

7. Specific height difference
Unlike the overall index, the specific height difference

Legend

~N_r~—— Reach

Niandouba_Dam_DEM.tif
Altitude (m)
I
o
9 45 0 9 Kilomaters
T
(a)

Legend

~_~~— Reach

Koulountou_DEM.tif
Altitude (m)

- High: 1113

— Low: 16

then is independent of the surface and compares the basins of
different sizes. It is obtained as in
Dy =1,.S (7)

(Dy): Specific height difference

8. Drainage density

The drainage density is the total length of the hydrographic
network per unit area of the watershed. The drainage density
depends on the geology of the topographic characteristics of
the watershed and on the climatological and anthropic
conditions. It is obtained as in

Dy =21 ®)

(Dg): Drainage density in km/km?

The details of the morphometric analysis and comparison
of drainage basin characteristics of the Koulountou River
Basin at PNNK and of Kayanga River basin at Niandouba
Dam entrance are presented in Table 2. According to this
table, there is a significant difference between the
geometric parameters (area, perimeter, basin length) and
topographic parameter (height difference, overall slope
index, specific height difference) of these two basins, But
the two basins have the same form and the drainage density.

Hypsometric curves provide a synthetic view of the slope
of the basins. This curve represents the distribution of the
surface of the watershed according to its altitude (Figure 3
(a) and Figure 3 (b)). The hypsometric curve is a reflection
of the potential dynamic equilibrium state of a basin. The
hypsometric curve of the Koulountou River Basin at PNNK
is typical of a sedimentary basin while the hypsometric
curve of the Kayanga River basin at Niandouba Dam
entrance indicates a basin with great erosive potential.

ot

05 0

10 Kilometers

(b)

Figure 2. Digital elevation model (DEM) of: (a) the Niandouba Dam watershed and (b) the Koulountou watershed.
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Figure 3. Hypsometric curves of: (a) Kayanga River basin at Niandouba Dam entrance and (b) Koulountou River Basin at PNNK.

Table 2. Comparison of the morphometric parameters.

Morphometric Parameters Formula Koulountou River Basin at PNNK  Kayanga River basin at Niandouba Dam entrance
Area (A) in km? ArcGIS 6597 2144
Perimeter (P) in km ArcGIS 938 475
Compactness coefficient (C,) Equation (2) 3.23 2.87
Basin Length (L) in km Equation (3) 483 246
Minimum altitude (Zi,) in m ArcGIS 16 23
Maximum altitude (Zay) in m ArcGIS 1113 96
Median altitude (Zyeq) in m hypsometric curve 106 64
height difference (D) Equation (5) 345 39
overall slope index (I,) Equation (6) 0.71 0.16
Specific height difference (Dg) Equation (7) 58.04 7.34
Drainage density (D,;) in km/km?>  Equation (8) 0.20 0.24

Dam entrance are present in Table 3. it can be noted that the

2.4.2. Land Use

two basins have the same land use except for the AGRL and

Land use and soil type activity are intimately related, and o WWGR in the Kayanga River basin at Niandouba Dam

their combined actions have a singular influence on surface

entrance but are in the Koulountou River Basin at PNNK

flow. The land-use map is illustrated in Figure 4. the it 5 mall percentage. the RNGB and the FRSDO together

comparison of classification and use of Koulountou River
Basin at PNNK and of Kayanga River basin at Niandouba

Legend

~N_~~ Reach

Koulountou_LandUse

Classes

g rrsoo
“ RNGB
"

Legend
~N~— Rexch

Niandouba_Dam_LandUse

Classes

“ FRSDO
ol ~ce o v
OB owon C\’} CWGR
9 45 0 9 Kilometers.
T
(@

occupy more than 95% of the basin's land use.

10 5 0 10 Kilometers

(b)

Figure 4. Land-use map distribution of: (a) the Niandouba Dam watershed and (b) the Koulountou watershed.
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Table 3. The area occupied by land use map.

Land-use map % Watershed Area
. . Kayanga River basin at Koulountou River Basin at Kayanga River basin at
Koulountou River Basin at PNNK Niandouba Dam entrance PNNK Niandouba Dam entrance
FRSDO (Forest-Deciduous) FRSDO (Forest-Deciduous) 40.8 45.14
RNGB (Range-Brush) RNGB (Range-Brush) 55.51 51.8
AGRL (Agricultural Land-Generic) e 0.46 0
WWGR (Western Wheatgrass) ~ -—------ 0.47 0
CWGR (Crested Wheatgrass) CWGR (Crested Wheatgrass) 2.75 3.05

2.4.3. Soil Types

The soil types intervene in the speed of rising of the floods
and on their volume. Indeed, the rate of infiltration, the
capacity of retention, the initial losses, the coefficient of run-
off (Cr) are functions of the type of Sol and its thickness. The
soil map is illustrated in Figure 5. The comparison of the
main soil classes of the Koulountou River Basin at PNNK

Legend

Niandouba_Dam_LandSoils

~"_~~— Reach

Koulountou_LandSoils

Classes

“ Cambisols

and of Kayanga River basin at Niandouba Dam entrance are
present in Table 4. Leptosols predominates in the Koulountou
river basin at PNNK (79.2%), followed by Regosols
(11.99%), while Acrisols dominates in the Kayanga river
basin at the entrance to the Niandouba dam. (47%) also
followed by Regosols (19.03%).

Legend
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l Fluvisol
Acrincts C:_’) UvISOIS

“ Gleysois “ Gleysols

“ Leptasols “ Leptosols

g “ Lixisols

]
(5 regosos Gk = 10 5 0  10Kilometers
8 45 9 Kiometers \_.) Regosols
- —
(a) (®)
Figure 5. Map of soil distribution of: (a) the Niandouba Dam watershed and (b) the Koulountou watershed.
Table 4. The area occupied by Soil map.

Soil map % Watershed Area
Koulountou River Basin at Kayanga River basin at Niandouba Dam Koulountou River Basin at Kayanga River basin at Niandouba
PNNK entrance PNNK Dam entrance
----------- Acrisols 0 47
ambisols e 4.78 0
Fluvisols e 0.37 0
Gleysols Gleysols 0.92 13.18
Leptosols Leptosols 79.2 13
Lixisols Lixisols 2.72 7.79
Regosols Regosols 11.99 19.03

2.5. Sensitivity Analyses
SWAT model consists

generally of more than 23

parameters [32]. We present these parameters in table 5. But
only a few are required to run SWAT. Sensitivity analyses
allow selecting the most sensitive parameters to run SWAT.
The parameters used for the flow were selected based on the
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literature and the SWAT documentation. The initial
simulation to determine the sensitivity of the model to
different parameters was performed using default parameter
values [33]. The appropriate parameterization can result in
earlier and correct model calibration. The aim of sensitivity
analysis is to determine the cause-and-effect relation between
model parameters and modeling results [17]. Some authors
perform sensitivity analysis by using different methods, for
example, the SWAT-CUP [34], which used the multiple
regression analysis to determine the sensitive parameters and
the influence coefficient methods, which is one of the most
common methods for computing sensitivity coefficients in
surface and groundwater problems [35]. In this study, we
have used the method that evaluates the sensitivity by
changing each of the independent parameters, one at a time.
A sensitivity coefficient represents the change of a response
variable that is caused by a unit change of an explanatory
variable while holding the rest of the parameter’s constant.

The sensitivity coefficients can be positive or negative. A
negative coefficient indicates an inversely proportional
relationship between a response variable and an explanatory
parameter [35]. The normalized sensitivity coefficient is
called the sensitivity index and it is given by (9):

Py AR
T Ry AP

Si ©)

Where S; the sensitivity index, B, and R,, the mean of
lowest and highest values parameter and response variable.
with:

(10)

E AP; AP;

Where R the response variable, P the
parameter, and N the number of parameters.

independent

Table 5. The parameters identified as significant by the sensitivity analysis.

Parameter Description Min-Max interval
Soil (.sol)

SOL 7z Depth to Bottom of first soil layer (mm) [0.1; 3500]
SOL BD Moist bulk density of first soil layer (Mg/m®) [0.9; 2.5]
SOL_AWC Available water capacity of first soil layer (mm/mm) [0; 1]

SOL _CBN Organic carbon content of first soil layer (%) [0.05; 10]
SOL K Saturated hydraulic conductivity of first soil layer (mm/hr) [0; 2000]
Subbasin (sub)

CH Kl Effective hydraulic conductivity in tributary channel alluvium (mm/hr) [0; 300]
CH_NI Manning's "n" value for the tributary channels [0.01; 30]
HRU (hur)

SLSUBBSN Average slope length (m) [10; 150]
OV_N Manning’s “n” value for overland flow [0.01; 30]
LAT TTIME Lateral flow travel time (days) [0; 180]
CANMX Maximum canopy storage (mm H,0O) [0; 100]
ESCO Soil evaporation compensation factor [0; 1]
EPCO Plant uptake compensation factor [0; 1]
SURLAG Surface runoff lag time (days) [0; 24]
Routing (.Rte)

CH_N2 Manning's "n" value for the main channel [-0.01; 0.3]
CH_K2 Effective hydraulic conductivity in main channel alluvium (mm/hr) [-0.01; 500]
Groundwater (.gw)

GW_DELAY Groundwater delay (days) [0; 500]
ALPHA BF Baseflow alpha factor (days) [0; 1]
GWQMIN Threshold depth of water in the shallow aquifer for return flow to occur (mm H,O) [0; 5000]
GW_REVAP Groundwater "revap" coefficient [0.02; 0.2]
REVAPMN Threshold depth of water in the shallow aquifer for "revap" to occur (mm H,0) [0; 1000]
RCHRG_DP Deep aquifer percolation fraction [0; 1]
Management (.mgt)

CN2 Initial Soil Conservation Service SCS runoff curve number for moisture condition 1T [35; 98]

2.6. Criteria for Model Evaluation

For scientifically four quantitative statistics be used in
model performance evaluation in watershed simulations: The
Nash—Sutcliffe  efficiency = (NSE),  Coefficient  of
determination (R?), percent bias (PBIAS) and standard
deviation Ratio (RSR).

The Nash—Sutcliffe efficiency (NSE) is defined as one
minus the sum of the absolute squared differences between the
predicted and observed values normalized by the variance of
the observed values during the period under investigation. If

the measured value is the same as all predictions, NSE is 1. If
the NSE is between 0 and 1, it indicates deviations between
measured and predicted values. It is calculated as in (11)

;(1:1(lebs_inim)2

NSE =1 - (0P oty 3 (11)

Where QPP the i" observed streamflow, QF™ the i"

simulated streamflow, Qg225, the mean of observed
streamflow.

The coefficient of determination R? in observed data explains
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the fraction of the total variance. The coefficient of
determination value ranges from 0 to 1. It is calculated as in (12)

2
, . 4
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= 2 . .
(09758’ 31y (05 ™05

(12)

Where QPP the i" observed streamflow, Qf™ the i"
simulated streamflow, Q225 the mean of observed
streamflow, Q3™ the mean of simulated streamflow.

Percent bias (PBIAS) measures the average negative
deviation of the predicted data from the observed data with
an optimum value of 0% meaning no deviation. It is
calculated as follows (13)

DX e T

PBIAS = Q0%

x 100 (13)

Where Q9”5 the i" observed streamflow, Qf™ the i"
simulated streamflow.

The RSR is an error-index that standardizes the root mean
square error (RMSE) using the observations’ standard
deviation (STDEV,). RSR ranges between 0 and 1, with
low values indicating good model performance. RSR is
calculated as in (14)

RSR = [T (@fPs—qfim™)2

b b
Z?:1(Qio S_Q?nesan)z

(14)

Where QS the i" observed streamflow, QF™ the i"

simulated streamflow, Q925 ., the mean of observed streamflow

3. Results

The results of the parameters sensitivity analysis for the
Koulountou basin are presented in Table 6. Only 20
parameters have been found to be significant among the 23.
In column 3, parameters have been classified from the most
sensitive to the less sensitive. According to this table, the
most sensitive parameter is the SOL K, and the less sensitive
one is the SURLAG. BSN.

Table 6. The selected and the rang for the parameter sensitivity analysis.

parameter values of AR/AP Rang
OV_N 2.46E+02 15
RCHRG_DP. GW 2.12E+02 17
ALPHA BF. GW 4.89E+01 18
REVAP. GW 4.71E+01 19
SURLAG. BSN 1.53E+01 20
EPCO 0.00E+00 21
CH-N2 0.00E+00 21
CH-K2 0.00E+00 21

3.1. Calibration on Koulountou Watershed

The calibration process consists of controlling the values
of the model parameters so that the simulated values
approximate those observed, thus representing better the
simulated process. In this study, we have unfortunately only
two years of observed runoff on the Koulountou basin at the
National Parc of Niokolo Koba stream gauge: 2001-2002.
The first year has been used for calibration, the second for
validation.

Once the most sensitive model parameters have been
identified, they have been used for the calibration of the
SWAT models. Anyways, the model calibration process was
performed for a one year (01/01/2001 and 31/12/2001), in the
same period as the sensitivity analysis period. Table 7
summarizes the values of the sensitive parameters after
calibration.

Table 7. The parameter after calibration.

Value before Value after

Parameter calibration calibration
SOL K 8.41 1300
SOL Z 300 740
WQMIN. GW 1000 1000
CN2.MGT 74 70
REVAPMIN. GW 750 900
DELAY. GW 31 31
SLSUBBSN 91.5 120
CANMX 0 100
SOL _AWC 0.062 0.46
SOL BD 1.3 0.95
ESCO 0.95 0.1
SOL _CBN 1.6 0.1
LAT TTIME 0 100
OV N 0.15 15

parameter values of AR/AP Rang
SOL_K 5.89E+10 1
SOL_Z 9.36E+09 2
WQMIN. GW 3.36E+09 3
CH_Kl1 3.74E+08 4
CN2. MGT 2.14E+08 5
REVAPMIN. GW 1.20E+08 6
DELAY. GW 4.46E+07 7
SLSUBBSN 1.19E+07 8
CANMX 1.20E+06 9
SOL_AWC 1.75E+04 10
SOL BD 8.75E+03 11
ESCO 2.99E+03 12
SOL_CBN 1.69E+03 13
LAT _TTIME 1.26E+03 14
CH NI 2.46E+02 15

In table 8, we present the statistical criteria for model
evaluation after calibration. According to the values of table
8, the criteria of evaluation are:

Table 8. Statistic summary for the calibration.

criteria NSE R? PBIAIS RSR

value 0.87 0.87 -1.6% 0.36

We present in Figure 6 the plot of calculated and
observed hydrographs of runoff for the calibration period.
According to this plot, the rising part and the recession of
simulated hydrographs are not well restituted. This is
probably due to the very limited number of years for the
observed runoff data.
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Figure 6. The hydrograph of simulated and observed daily flow for calibration.

3.2. Validation on Koulountou Watershed

The parameters calculated for the calibration period are
used to validate the model with runoff data on the
calibration period from 01/01/2002 to 31/12/2002. The

values of the criteria for model evaluation are presented in
Table 9.

Table 9. Statistic summary for the validation.

R
0.77

criteria
value

NSE
0.62

PBIAIS
+35.9%

RSR
0.62

Plots of observed and simulated flows during the
validation period are presented in Figure 7.
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Figure 7. The hydrograph of daily simulated and observed flow for validation.

The evaluation criteria of the model seem to indicate a
good match between observed flow rates and flow rates
calculated from the parameters obtained after calibration. The
plots show large differences between calculated and observed
flows. The periods of rising and fall of the water are poorly
taken into account, and the model overestimates the high
values and flows. However, the general pattern of the
calculated hydrograph is reproduced.

3.3. Application to Kayanga River Basin Upstream
Niandouba Dam

We then use the parameters of the SWAT model calibrated
and validated on the Koulountou River basin to simulate the
runoff hydrograph in the Kayanga River Basin at the entrance
Niandouba Dam for the period 1999 to 2000. We show in
Figure 8 the plots of the simulate runoff hydrograph.
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Figure 8. The hydrograph of daily simulated for the Niandouba Dam watershed.

3.4. Discussions

The initialization was performed during the period 1999-
2000, the calibration during the year 2001 and the
validation during the year 2002. Among the 23 parameters
of the calibration step, 20 have been found to be sensitive
according the sensitivity analysis. The most sensitive is the
saturated hydraulic conductivity of first soil layer (SOL K)
with a value of 1300 mm/hr. Four criteria have been
selected for goodness of fit: NES, R?, PBIAS and RSR. The
values of these criteria are respectively 0.87, 0.87,-1.6%,
0.36 for calibration step and 0.62, 0.77, +35.9%, 0.62 for
validation step. We have plotted simulated and observed
daily flows for the calibration and validation period
(Figures 6 and 7). For the calibration period, the calculated
flows match the observed flow, except for the recession.
For the wvalidation step, the differences between the
observed and calculated flows are greater, in particular for
the periods of floods and recessions. This is due to the fact
that the period of study is too short. We present an example
of application of the parameters calibrated and validated on
the Koulountou basin to generate flows in the ungauged
basin upstream Niandouba Dam. This method constitutes an
alternative when there is no flow measurement on an
ungauged watershed.

4. Conclusion and Perspectives

This study was intended to simulate the hydrology of the
ungauged watershed using parameters of a hydrological
rainfall-runoff model calibrated and validated on a gauged
watershed. The SWAT model has been selected. SWAT
model parameters have been calibrated and validated on the
Koulountou basin. Criteria of goodness of fit used to evaluate
the calibration and validation show that these parameters are
relatively well-suited. They were used to reconstruct the
input flows in the Niandouba dam. Even if the results have
not been validated with observations, this method constitutes
a solution for ungauged basins.

For a better application of this we recommend
i. The use of longer time series of flow and runoff in the

ii.

il

calibration and validation steps

The development of new regionalization approaches to
explore the links between geographic proximity and
hydrological similarity between watersheds,

.The search for new physical descriptors capable of

better describing the hydrological behavior of
watersheds and capturing the information necessary to
transfer to ungauged basins.
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