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Abstract. The Koliba/Corubal River watershed is poorly documented due to the hydrometric measurements
shutdown and gaps in the very short hydropluviometric timeseries. The purpose of this study is to analyze the
variability of rainfall in the Basin, by simulating flows using the GR2M rain-flow model and extending the
discharge timeseries. From the regional vector method, the rainfall timeseries were homogenized, and the gaps
filled by the estimated values. The rank correlation and Pettitt test on annual rainfall amounts (1924-2015)
indicate breaks in 1958, 1967 and 1969, leading to rainfall deficits ranging from 9.7 % to 20.2 %. For some
stations, the segmentation method shows a recovery of rainfall towards the end of the 1980s (Gaoual, Mali) and
the early 2000s (Gabu). The analysis of the temporal distribution of the Monthly Rainfall Coefficients shows
an improvement of the contributions of a few months during the period after rupture. From a hydrological
point of view, the correlation between the mean annual rainfall and the runoff has allowed to extend the flow
timeseries. The mean monthly rainfall calculated using the inverse square of distance method, the Potential
Evapotranspiration, and the flow rates were used to calibrate and validate the model to determine the parameters
that better transform rainfall in flow. The values of the Nash criteria close to 100 have made it possible to extend

the monthly flow data from Koliba/Corubal to Gaoual, Cade and Tche-Tche until 2015.

1 Introduction

In West Africa, many recent studies (Séne and Ozer, 2002;
Ali et al., 2008; Niang, 2008; Sarr and Lona, 2009; Ouoba,
2013; Panthou, 2013; Descroix et al., 2013, 2015; Bodian,
2014) showed a recovery in rainfall towards the end of
the 1990s, after a long period of severe drought in the 1970s
and 1980s. The study of Lebel and Ali (2009) indicated that
the eastern and central parts of the Sahel experienced an
increased rainfall situation, while the western part remains
in deficit for the period 1990-2007. This improvement in
rainfall conditions coupled with high interannual variabil-
ity, can be appreciated in terms of the number of rainfall

events with high runoff coefficients leading to floods. The
manifestation of these events is heterogeneous and variable
in time and space. The Sahelian zone more affected by the
rainfall deficit (Dai et al., 1998) seems to be the most docu-
mented (Hufty, 1994). Some West African Basins such as the
Koliba/Corubal River (a Sudanese area) are still poorly in-
vestigated due to lack of hydropluviometric data. Moreover,
discontinuous hydrological datasets have many shortcomings
related to the lack of adequate monitoring of measurement
networks due to limited human and financial resources. Ac-
cording to Claude (1980), the creation of Water and Environ-
ment Service at the General Direction of Natural Resources
of Guinea-Bissau is very recent (only from 1977). The hy-
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drological regime and the streamflow are poorly known. The
hydrometric network of Guinea is very obsolete, the first
stations were implanted around 1910, but its development
was slow and subjected to many hazards. The current net-
work has been restructured starting in 1967. However, some
newly created stations are not calibrated due to difficult ac-
cess (Claude, 1980). This is an obstacle to any hydrological
study, especially the assessment of the impact of rainfall vari-
ability on the streamflow.

The Koliba/Corubal Basin is a transboundary Basin,
shared between Guinea and Guinea-Bissau. It is part of the
intervention area of the Gambia River Basin Organization
(in French, Organisation pour la Mise en Valeur du Fleuve
Gambie, OMVG hereafter), whose mission is to undertake
a rehabilitation of rainfall and hydrometric networks for the
realization of its projects.

However, the availability of long-term timeseries of rain-
fall (annual and monthly), although sometimes incomplete, is
an asset to provide a solution to the lack of data, through the
modeling of the rain-flow relationship. Among the existing
models, the GR2M of Cemagref (Mouelhi, 2003; Mouelhi
et al., 2006), Rural Engineerig at the monthly time step and
with two parameters (X and X»), has been selected. It is
a simple and robust model much applied in Africa (Paturel
et al., 1995; Mahé et al., 2005; Bodian et al., 2012). The
objective of this study is to analyze the variability of rain-
fall in the Koliba/Corubal River Basin. Due to discontinuous
and incomplete hydrological data, a rain-flow modeling ap-
proach will allow, on the basis of existing data, to extend the
discharge timeseries for a better quantification of water re-
sources for rational management and the satisfaction of dif-
ferent uses.

2 Data and methods

2.1 The study area

The Koliba/Corubal River watershed lies between 11° N and
12°30' N and between 12° W and 14°30’ W. It is shared be-
tween Guinea (84.5 %) and Guinea-Bissau (15.5 %) and cov-
ers an area of 20876.4km? at the Tche-Tche hydrometric
station (Fig. 1).

The River has its source from the West of Fouta Djalon,
in Middle Guinea, in the region of Labe. It is a junction of
two rivers: the Tomine which has its source from the Sangale
and the Komba which takes its source from Madina Wora.
These two rivers confluence at Gaoual to give the Koliba.
After a course, going West, more than 200km with many
meanders, it forms the border between the two countries for
a few kilometers, before entering Guinea-Bissau where it is
called Corubal. It joins the Kayanga/Geba near Xime in a flat
and marshy zone where the tide goes very far inside the con-
tinent, to form the estuary of Geba (SOFRECO, 1993). Al-
though, its Basin occupies a smaller area, the River concen-
trates the most important surface water resource in Guinea-
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Bissau. The very dense hydrographic network is simplified
(Fig. 1) for more readability.

The vegetation is composed of dense forests, de-
graded forest altitude, dry forest covered annually by bush
fires, wooded savannah and woodland, crops, fallow field,
etc. (Zoumanigui, 2003). The Koliba/Corubal Basin belongs
to a tropical climate characterized by a single rainy season
that generally lasts five months in the north and six months
in the south of the Basin and a dry season which however
records a few millimeters of water (April and November).
Rainfall decreases from the south to the north following the
West African monsoon flux. The monthly maximum temper-
ature average is between 26.0 and 33.4 °C at Labe, 31.1 and
40.20 °C at Koundara, respectively in August and April. The
average minimum temperatures range from 10.2 and 18.3°C
at Labe and 15.0 and 24.2 °C at Koundara in December and
May.

2.2 Physiographic data

The cartographic documents covering a large area of study
are not always easy to access. Moreover, even if they are
available, a problem of the heterogeneity of the scales arises.
Thus, for some reasons of homogeneity, the Shuttle Radar
Topography Mission (SRTM) data of 30 m resolution NASA
(National Aeronautics and Space Administration) were used.
They are used for the characterization of the relief and the
determination of the morphometric characteristics of the
Koliba/Corubal Basin (Table 1 and Fig. 2). The Digital Ter-
rain Model (DTM) realized with the Surfer software shows
that the mountainous terrain is in the northeast part of the
Basin with altitudes exceeding 1400 m. It is at these levels
that the tributaries Bantala and Komba take their source. In
the downstream part, altitudes decrease to less than 100 m
(Fig. 2). The Basin and its various sub-basins have an elon-
gated shape as shown by the compactness coefficients (Ta-
ble 1), resulting in a long period of concentration of runoff
water. This is nuanced because the influence of relief is even
more important.

2.3 Rainfall data

Rainfall data come from the National Meteorology Direc-
tion of Guinea (DNM), the National Meteorological Service
of Guinea-Bissau and the OMVG. The length of the time-
series is very variable from one source to another, because the
shortest are found in Guinea-Bissau over a period of 12 years
(Beli and Tche-Tche). Table 2 lists the rainfall stations se-
lected by country and available data, while Fig. 1 shows their
spatial distribution in the Basin. Given their number, only the
results of a few will be presented. The choice will be based
on the sample size, the quality of the data (small gaps in the
timeseries) and the geographical position in the Basin.
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Figure 1. Location of the Koliba/Corubal River watershed in West Africa and spatial distribution of rainfall and hydrometric networks.
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Figure 2. 3D Digital Terrain Model of the Koliba/Corubal Basin at Tche-Tche.

2.4 Potential evapotranspiration data the CROPWAT 8.0 software (Smith, 1992) and based on the

formula Penman—Monteith (Monteith, 1965).
Potential Evapotranspiration data (PET) from the Labe
station are calculated using the Penman (1948) formula.
They come from the DNM of Guinea and cover the pe-
riod 1975-2000. This station being far from Cade and
Tche-Tche, Koundara’s maximum and minimum tempera-
ture data (1975-2015) are used to calculate the PET using
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Table 1. Morphometric characteristics of the Basin and its sub-basins.

River Station Area Perimeter K L l
(km?) (km) (km)  (km)
Koliba/Corubal ~ Tche-Tche 20876.4 14177 275 678.1  30.8
Koliba/Corubal ~ Cade 15658.9 12785 2.86 613.7 255
Koliba/Corubal ~ Gaoual 9726.9 868.4 247 4105 237
Fefine Beli 2237.3 359.6 2.13 1664 134
Tomine Gaoual 33194 5325 259 2531 131
Bantala ferry 1535.7 347.0 248 164.1 9.4
Komba ferry 2895.6 497.0 259 2362 123
K¢: Gravelius compactness index; L (km): length of the equivalent rectangle; / (km): width of the
equivalent rectangle.
Table 2. List of selected rain gauge for this study. ——Bantala (at the ferry) —
e K omba (at the ferry) — ——————— -
Country  Station Altitude ~ Start  End %  Average :ga]::ual (Teming) - _
(m) year year gaps  annual —_ G:w " )
rainfall ——Cade
(mm) —=—Tche-Tche
Gaoual 500 1925 2006 183  1776.1 oy e = o2 9 03 g m = 9 %
Koundara 76 1928 2015 *1197.9 2 2 = 2 2 2 2 2 2 = 2 2
Labe 1025 1921 2015 32 16293 . . . .
Gu Mali 1464 1922 2015 19.1 16597 Flgure 3. Chronogram of available discharge according to the sta-
e sareboido 520 1961 1976 * o 1364.4 tions.
Telimele 650 1924 2003 113  2195.7
Tianguel-Bory 650 1960 1991 * 1678.0
Yambering 868 1967 1981 16021 Mouelhi et al., 2006). The discharges are used for setting
Beli 70 1978 1989 8-2 1583.4 parameters and evaluating performance. It has two parame-
Buruntuma 100 1950 1992 1266.0 .- . .
Guinea.  Gabu 63 1941 2005 £ 1316 Fers Xiand X 2 that can .be optimized: the first oqe is evolved
Bissau  Madina Do Boe 75 1950 1967 * 19057 in the production function and the second one in the trans-
Tche-Tche 59 1978 1989 83  1468.0 fer function. The production function is organized around a

* complete timeseries; av. rain.: average annual rainfall.

2.5 Data and hydrological model

2.5.1 Hydrological data

The Koliba/Corubal hydrometric network at Tche-Tche is
composed of seven (7) stations; three (3) of them are on the
mainstream and four (4) are on the Bantala, Komba, Tomine
and Fefine tributaries (Fig. 1). The hydrological data come
from the OMVG database. Figure 3 shows the chronogram
of available discharge, the timeseries of which are some-
times interspersed with gaps (Bantala, Komba, Gaoual on
the Tomine and Beli). Due to failures, these stations were
excluded from the hydrological analysis. Only the stations of
Gaoual (14 years), Cade (16 years) and Tche-Tche (18 years)
are chosen to simulate the flows and thus extend the dis-
charge timeseries.

2.5.2 Presentation of the hydrological model GR2M

The GR2M model is a global conceptual hydrological model
(Fig. 4) that operates on a monthly scale and uses rainfall
and potential evapotranspiration as inputs (Mouelhi, 2003;
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soil reservoir “S” which represents its maximum capacity.
This reservoir regulates the quantitative aspect of modeling
(Gogien, 1998). The transfer function is used to translate the
way in which the rainfall for the flow reaches the outlet of the
basin by specifying the time course (Mouelhi, 2003). This is
the fraction of the net rain that has not been used to feed the
soil reservoir.

3 Methods

3.1 Critical and homogenization of rainfall data

The critical and the homogenization of the data were done
by the Regional Vector Method (Brunet-Moret, 1977), in-
tegrated into the Hydraccess software (Vauchel, 2004). The
Regional Vector is defined as a chronological series of an-
nual or monthly rainfall indices derived from the extrac-
tion of the most “probable” information in the most frequent
sense contained in the dataset of observation posts in a homo-
geneous climatic region (Hiez, 1969, 1977; Brunet-Moret,
1979; L’Hote, 1986; Hiez et al., 1987, 1992). Among the two
usual methods, the one of Brunet-Moret (1979) was chosen
because it relies on all the stations and the calculation of the
deviations from the regional average, makes it possible to de-
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Figure 4. Architecture of the GR2M model (Mouelhi et al., 2006).
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Figure 5. Annual vector of rainfall index over the period 1924-2015 and index of Gabu, Gaoual, Koundara, Labe and Mali stations.

tect the doubtful data. For each rainfall station, a timeseries
of annual indices is calculated, the mean of which represents
the regional vector (Fig. 5). These indices indicate the rain-
fall of the year compared to the regional average. The time-
series are homogenized over the period 1924-2015 and the
calculated values were used to fill the gaps.

3.2 Detection of breaks within the annual rainfall
timeseries

Given the high variability of rainfall, statistical tests inte-
grated into the KhronoStat software (IRD, 1998) were used
to detect stationarity breaks in the timeseries. A break can be
compared to a change in the probability law of the timeseries
at a given moment, most often unknown (Lubes et al., 1994).

https://doi.org/10.5194/piahs-383-171-2020

Among the existing break tests, three (3) are selected for this
study because of their robustness and sensitivity to a change
in the average. They are widely used in the climate variabil-
ity analysis in Africa (Servat et al., 1998, 1999; Paturel et
al., 1998; Haidu, 2006; Kouassi et al., 2010; Bodian, 2011,
2014; Sambou et al., 2018). It is the rank correlation test
(Spearman, 1904) that analyzes the randomness of a time-
series and proposes an alternative hypothesis of trend. The
Mann—Whitney test modified by Pettitt (1979) consists in di-
viding the main timeseries into two sub-series having differ-
ent statistical distributions, separated by a break at time ¢.
The null hypothesis Hy corresponds to the absence of break
(homogeneous timeseries), whereas if it is rejected, a break
date is determined. The segmentation procedure (Hubert and
Carbonnel, 1987; Hubert et al., 1989) has the principle of di-
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viding the timeseries into several segments whose averages
are significantly different.

3.3 Recent variability of monthly rainfall and calculation
of mean rainfall

The analysis of the temporal distribution of rainfall on a
monthly scale is relevant in the context of the recent evo-
lution characterized by improved rainfall conditions. The
missing values were reconstructed with the regional vector
method, considering each month of the year separately, like
an annual value. To do this, a calculation of the Monthly
Rainfall Coefficients (MRC, hereafter) was performed at the
periods pre-break and post-break. They indicate the contri-
bution of each month to the annual total rainfall and they are
obtained from the report of the monthly total of the annual
cumulation. For the purposes of the discharge simulation,
the average rainfall over the Basin upstream from Gaoual,
Cade and Tche-Tche stations was calculated according to
three interpolation methods (Thiessen method, inversing of
the square of the distance method and Kriging method) using
the Hydraccess software. It is about going from a punctual
rainfall to a surface rainfall. The results of the best method
are considered. This average rainfall is one of the input data
of the model.

3.4 Calculation of potential evapotranspiration

Oudin (2004) proposed an evapotranspiration formula based
on few data (temperature), and having a high spatial robust-
ness optimized to meet the needs of hydrological model-
ing. For reasons of consistency and to avoid possible differ-
ences, PET was calculated with the Penman—Monteith for-
mula in Koundara over the period 1975-2015. The Labe data
already available until 2000 have been extended using the
same formula to harmonize with the rainfall data. According
to Quentin (2015, in Bell et al., 2011), the Penman—Monteith
formula is often used in evapotranspiration extrapolation for
its “physical basis”, which is more sensitive to the multiple
effects of climate change. Table 3 presents the average values
of PET at Labe and Koundara over the period 1975-2015. It
has a periodicity with a maximum in the dry season and a
minimum in the rainy season.

3.5 Hydropluviometric correlation

In terms of short timeseries and gaps, a correlation approach
between rainfall and runoff is adopted in order to lengthen
the annual discharge timeseries. For this, the average annual
rainfall over the Basin was determined using three (3) meth-
ods mentioned above, and the annual modules transformed
into a runoff. Then, the good correlation between the two
variables, with a coefficient of determination of 0.6 and 0.8,
makes it possible to appreciate the relation. The linearity of
the relationship leads to the extension of the timeseries of
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runoff from the average rainfall before finally being con-
verted into an annual module.

3.6 Calibration of the model

The objective of the calibration phase is to find the parame-
ter settings that bring the behavior of the model as close as
possible to that of the modeled basin, the similarity of the
behaviors being quantified by the Nash criterion (Nash and
Sutcliffe, 1970; Ardoin-Bardin, 2004) defined by the Eq. (1):

S (04 -0’
Nash=100|1 - —— |. (1)
(05— 0h)
l
Qé is the observed monthly discharge, Qé is the calculated
monthly discharge, Qin is the average monthly discharge ob-
served and i is the month considered.

The Nash criterion allows appreciating the quality of the
simulations compared to the observations. The best fit cor-
responds to a criterion value close to 100 %, while a crite-
rion below 60 % indicates a poor relationship between simu-
lations and observations (Ardoin-Bardin, 2004).

Generally, global conceptual models require a phase of
parameter specification which must be done on sufficiently
long timeseries for which it must be assumed that there has
been no change in the hydrological or physiographic charac-
teristics of the basin (Diello, 2007). Like most West African
basins, the Koliba/Corubal experienced a decrease in rain-
fall between 1960s and 1970s. This decrease has influenced
the hydrological functioning. The brevity of discharge data
does not facilitate their division into two parts for calibration
and validation. In addition, the covered periods covered by
the data are included in the phase of post-break. These pe-
riods can be considered as relatively homogeneous; know-
ing that the recovery of rainfall observed in most stations
was not yet effective. According to Ardoin-Bardin (2004),
the shortest periods may depend on more extreme conditions
affecting the considered period. This justifies the choice of
all the periods available for calibration and validation. Thus,
for each of them, an adjustment of the parameters X and X»
was carried out and the model validated. These parameters
will be applied to the chronicles to simulate the flows of the
Koliba/Corubal River from the input data.

4 Results

4.1 Homogenization of annual rainfall

The application of the regional vector method enables to es-
timate values to fill gaps in the timeseries of stations. Fig-
ure 6 shows the observed and estimated rainfall over the
period 1924-2015. The correlation coefficients between ob-
served and estimated values are 0.649 in Mali, 0.812 in Gabu
and 0.832 in Gaoual.

https://doi.org/10.5194/piahs-383-171-2020
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Table 3. Average monthly potential evapotranspiration at Labe and Koundara.
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Station J F M A M J J A S (0] N D
Labe 1440 148.0 183.6 1727 154.1 1250 108.1 105.6 110.0 121.3 1284 1344
Koundara 162.0 166.3 201.0 202.1 1958 158.6 143.0 1354 1329 1396 1449 156.3
Table 4. Synthesis of the results of Pettitt test.
Station Year of Average (mm) Standard deviation Coefficient of variation  Deficit
break  Before  After Before After Before After (%)
Gabu 1967 1501.6 1242.2 180.3 213.2 12.0 17.2 17.3
Gaoual 1967 1983.9 1583.2 294.3 227.1 14.8 14.3 20.2
Koundara 1969 1285.7 11259 158.0 189.0 12.3 16.8 12.4
Labe 1969 1729.3  1526.9 241.6 166.8 14.0 10.9 11.7
Mali 1958 1748.4  1579.7 229.3 254.1 13.1 16.1 9.7
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Figure 6. Annual observed and estimated rainfall at Gabu, Gaoual and Mali stations over the period 1924-2015.

4.2 Homogeneity tests on annual rainfall

4.2.1 Rank correlation and Pettitt test
The results of the rank correlation test indicate a decrease
in rainfall. The null hypothesis of no change is rejected at
the 99 %, 95 % and 90 % confidence thresholds at all stations
except Mali where it is accepted at the different thresholds.
The Pettitt tests shown in Table 4 exhibit that all time-
series show early break for Mali (1958) and later for Labe
and Koundara (1969). For most stations, the break occurred
in 1967 and 1969, which confirms the results of the IC-
CARE program (Servat et al.,, 1998, 1999) in West and
Central Africa. The rainfall post-break deficit is between
9.7 % (Mali) and 20.2 % (Gaoual). The study of Bodian and
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al. (2011) (for the period 1923-2005), indicated a deficit of
13 % in Mali and 24 % in Labe. It has decreased to 9.7 % and
11.7 % respectively over the period 1924-2015.

4.2.2 Segmentation method

The segmentation method presented in graphical, show one
or more breaks in the timeseries (Fig. 7). Koundara and Labe
timeseries show a single break in 1955 and 1969 respectively.
In Gabu, the decrease in rainfall recorded since 1965 reduced
in 2002, the year that marks the end of the dry period and the
beginning of a rainfall recovery. The Mali timeseries had a
succession of two periods of low rainfall, before returning
to more favorable rainfall conditions from 1987. The Gaoual
station presents a weird situation with five break events sep-
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Figure 7. Variability and segmentation of annual rainfall in Gabu, Gaoual, Koundara, Labe and Mali from 1924 to 2015.

arating six unequal periods. Comparison is difficult due to
inequality of the sub-periods.

5 Evolution in monthly rainfall according to Pettitt’s
test

The correlation coefficients between the observed and esti-
mated monthly rainfall have deteriorated. They vary between
0.531 (Mali) and 0.696 (Koundara) in May; 0.579 (Gabu)
and 0.731 (Mali) in June, 0.565 (Mali) and 0.795 (Koundara)
in July, 0.520 (Koundara) and 0.744 (Gabu) in Au-
gust, 0.621 (Gabu) and 0.745 (Gaoual) in September,
0.687 (Gaoual) and 0.747 (Koundara) in October.

The temporal distribution of the MRC shows that the con-
tribution of the monthly to annual total has undergone a sig-
nificant evolution during the post-break period. In Gabu, the
contributions from June to September are greater than those
of the first period, whereas in Gaoual, Koundara (Fig. 8),
Labe and Mali, they concern three months. The increase of
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Figure 8. Temporal evolution of MRC during pre-break and post-
break at Koundara (1924-2015).

MRC is correlated with that of rainfall. Although nuanced,
these results support the recovery of rainfall observed in West
Africa in the late 1990s and early 2000s (Seéne and Ozer,
2002; Descroix et al., 2015; Sambou et al., 2018). The MRCs
for October remain in favor of the pre-break period at all sta-
tions.
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Figure 9. Relation between runoff and annual mean rainfall (left panels) and comparative evolution of observed and calculated annual

modules (right panels).

6 Hydropluviometric correlation results

The average annual rainfall calculated using the inverse
square of distance method is used because, according to
Vauchel (2000-2004), it gives better results, especially in the
case where rainfall stations are not well distributed in space.
The results of the correlation indicate a good relationship be-
tween the average annual rainfall and the runoff. The deter-
mination coefficients (r2) of 0.687 (Gaoual), 0.635 (Cade)
and 0.803 (Tche-Tche) show that the runoff is function of
rainfall (Fig. 9). But it is noted that some of the average
rainfall will be used to reconstitute the water reserves while
the other feeds the evapotranspiration. The correlation coef-
ficients (r) are 0.829 at Gaoual, 0.797 at Cade and 0.896 at
Tche-Tche respectively. The quality of the relationship al-
lows to extend the timeseries of the runoff, which are then
translated into annual modules. The Gaoual modules is ex-
tended from 1971-1972 to 2014-2015 and those of Cade
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and Tche-Tche from 1976-1977 to 2014-2015. Figure 9
shows the variation compared between the annual modules
observed and calculated.

7 Modeling results

7.1 Model performance in calibration and validation

The results in Table 5 show the model parameters that have
been optimized and the efficiency criteria obtained after the
use in the “Solver” function. The values of the X; param-
eters, which are larger, vary from 7.55 to 7.6 while those
of X5 range from 1.06 to 1.13. The values of the Nash cri-
teria are sufficiently high in general for the Gaoual (91.6 %),
Cade (96.1 %) and Tche-Tche (95.7 %) basins with correla-
tion coefficients of 0.934, 0.944 and 0.973 respectively.
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Figure 10. Comparison of observed and simulated monthly discharge.

Table 5. Calibration and validation of results.

Station Calibration  Parameter Parameter Efficiency
period X1 Xo criterion
Gaoual 1975-1988 7.6 1.10 91.6
Cade 1977-1992 7.58 1.06 96.1
Tche-Tche  1977-1994 7.55 1.13 96.3

7.2 Simulation of monthly discharge

The model’s performance being established, the average
monthly rainfall obtained by the inverse square distance
method and the PET allowed to simulate the monthly dis-
charges from Koliba/Corubal to Gaoual (1975-2015), Cade
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and Tche-Tche (1977-2015). The comparison of the ob-
served and simulated discharge allows appreciating the qual-
ity of calculated discharge (Ardoin et al., 2002). A first
qualitative analysis shows a good reproduction of the ob-
served discharge shape at the three stations (Fig. 10). There
is a temporal concordance of the peak discharge with some-
times an underestimation of the simulated discharge for some
years with strong runoff. This is observed in 1975, 1981-
1982 and 1988 in Gaoual, 1985, 1989 and 1992 in Cade,
1981-1982, 1992 and 1994 in Tche-Tche. Low water levels
are more or less well reproduced at Gaoual with the excep-
tion of the hydrological years 1983-1984 and 1984-1985,
where a slight shift is observed during the dry period. In
Cade and Tche-Tche, they are overestimated respectively un-
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til 1990 and 1989 before being superimposed with observed
discharge.

Considering the underestimation of discharge, a relation-
ship between observed and simulated peak monthly flows
is search. The correlation coefficients of 0.796 (Gaoual),
0.781 (Cade) and 0.703 (Tche-Tche) indicate a positive lin-
ear relationship between the maximum observed discharge
and the maximum simulated discharge. Also, the calculation
of the observed and the simulated volumes was carried out.
At Gaoual, the correlation coefficient of 0.831 shows that
they are close. In Cade and Tche-Tche, however, the corre-
lation coefficient of 0.574 and 0.576 show a deterioration of
the relationship. The simulated volumes are overestimated by
the model.

In general, the simulated discharge from 1989 to 2015
at Gaoual seem to follow the logic of the recovery of rain-
fall with a clear improvement in flows in the early 2000s
(Fig. 10). At Cade and The-Tche, a strong variability of the
flows is observed. The model followed the signal from the
dry period 1975-2002.

8 Conclusion and perspectives

This study of the hydropluviometric variability of the
Koliba/Corubal River watershed highlights interesting re-
sults. The use of the regional vector method made it possi-
ble to homogenize the data and to calculate values that were
used to reconstruct the gap data during some years. The Pet-
titt test detected breaks in 1958 (Mali), 1967 (Gabu, Gaoual)
and 1969 (Koundara, Labe), over the period 1924-2015. The
rainfall deficit of the period after break is between 9.7 % in
Mali and 20.2 % in Gaoual. The segmentation method identi-
fies a positive break in Gabu, Gaoual and Mali thus reflecting
a return to better rainfall conditions, with however a strong
interannual variation. The analysis of the MRC after the re-
constitution of the missing values is in agreement with the
resumption of the rainfall since the contribution of certain
months to the annual total evolved greatly during the period
post-break.

The hydropluviometric correlation approach gave coeffi-
cients of determination of 0.687 for Gaoual, 0.635 for Cade
and 0.803 for Tche-Tche. This means that the runoff is func-
tion of the average rainfall. The part contributing to a recon-
stitution of the water reserves and the evapotranspiration not
being quantified and considered, can constitute a source of
discrepancies between the two variables. The correlation co-
efficients ranging from 0.797 (Cade) to 0.896 (Tche-Tche)
encourages to extend the timeseries of runoff that are finally
expressed in annual modules.

The use of the GR2M rain-flow model allowed us to
first determine the model parameters that better reflect the
transformation of the rain into flow with Nash criteria close
to 100. Then, these parameters applied to the data of av-
erage rainfall and PET inputs simulated monthly discharge
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and finally extended the timeseries from Koliba/Corubal to
Gaoual, Cade and Tche-Tche. The temporal evolution of the
discharge permits to distinguish a phase with a weak flow,
and another supported by the resumption of the rainfall.

These results constitute a first step in the knowledge of the
Koliba/Corubal River flows with a global conceptual model.
They can be useful to Guinea and Guinea-Bissau and espe-
cially to the Gambia River Basin Organization for the re-
alization of common development projects and to ensure
integrated and concerted transboundary management of re-
sources. This study does not use Bantala, Komba, Tomine
and Fefine tributaries due to discrepancies noted at the in-
stalled hydrometric stations in these locations. At the end
of the analysis of the monthly discharge observed and cal-
culated, other parameters such as river regime, floods, low
flows, flow coefficients, can be studied. As perspectives, it
would be interesting to extend the study area to the Salt-
inho station and to refine the flow knowledge with other data
and techniques. Access to data at finer scales is difficult; the
availability of satellite estimates can be an asset for the sim-
ulation of daily discharge which, however, requires historical
knowledge that will serve as a reference for the validation of
their quality.
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