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Abstract

The hydrologic simulation of a catchment area, described as the transforma-
tion of rainfall into runoff, generally uses hydrologic model. This work opts
for the global conceptual hydrologic model GR2M, a monthly time step mod-
el, to study the Kouilou-Niari basin, the second most important ones of the
Republic of Congo. This includes two parameters to model the hydrologic
behavior of a catchment area. The choice of the conceptual model GR2M is
justified by the reduced number of parameters and the monthly time scale.
The objective of this study is to determine the characteristic parameters of the
GR2M model, by a calibrating and a validating procedure. The use of these
parameters enables to follow the evolution of the water resources from the
climatic variables. It has been first carried out a characterization of some
physical, geological and climatic factors governing the flow, by dealing with
the main climatic variables which constitute the inputs of the hydrologic
model. Then, a hydrologic rainfall-runoff modeling allows to calibrate and
validate the model at monthly time scale. Taking into account the number of
parameters involved in hydrologic processes and the complexity of the cath-
ment area, this model gives acceptable results throughout the Kouilou-Niari
basin. The values of the Nash-Sutcliffe criterion and those of the correlation
coefficient obtained are greater than 80% in validation, which explains the
performance and robustness of the GR2M model on this basin.
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1. Introduction

Although the Kouilou-Niari basin is only the second largest catchment area in
the country after that of the Congo River, it is the most important economically
due to its numerous industrial and agricultural activities. Located in a very rainy
region, it is often confronted with climatic hazards such as floods, which are re-
sponsible for much destruction. Unfortunately, since 1983, there are no hydro-
logical stations in operation in this basin, and it does not benefit from any infra-
structure for the efficient management of its resources, nor from any warning
system for the prevention of its behaviour. Hence the interest of the present
study in order to contribute to the understanding and forecasting of the hydro-
logical functioning of this basin.

In hydrology, modeling is a predominant activity and a hydrologic model, is
an essential tool to understand dynamics of a catchment area to use rationally
water resources and to fight natural disasters linked to extreme phenomena
(floods and low-water levels), thanks to advances made in the fields of computer
technology, data processing and geographic information systems (GIS). Distri-
buted hydrologic models use an increasingly comprehensive description of a
catchment area and of the hydrologic cycle. The user of a hydrologic model must
specify the parameters of the model so that it is able to correctly simulate the
behavior of a catchment area [1]. From the observations made by quantifying
the rain that has fallen, one reproduces the runoff response of the basin. The
transformation of rainfall into runoff remains a complex problem, but requires
for simple use, a limited number of parameters. Conceptual modeling enables to
limit the number of parameters to be used in the model, but renounces a detailed
knowledge of the different hydrologic phenomena [2].

Rainfall-runoff models are powerful tools, although they can always be im-
proved, enabling to answer the needs of water resources management and fore-
casting of their evolution. From real time data or precipitation forecasts, they are
able to evaluate runoff and its evolution at a given point in a river [3]. The main
objective of this study is to determine the calibration and validation parameters
of the GR2M model applied to the hydrologic data of the Kouilou-Niari basin, at

monthly time steps, estimating subsequently its performance and robustness.

2. Materials and Methods
2.1. Materials
2.1.1. Study Area

The study area is a catchment area located in southwestern Republic of Congo
(Figure 1(a) and Figure 1(b)). The Kouilou-Niari basin is located between the
parallels 2° and 5° south and the meridians 11°45' and 15° east, has 690 km long,
an average flow of 930 m’/s and drains an area of approximately 60,000 km?. Its
hydrologic regime corresponds to the humid tropical regime with long periods
of high water, also called bimodal regime. The longitudinal profile of the Koui-

lou-Niari basin starts from N’douo locality at an altitude of z = 650 m up to the
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Figure 1. Map of the location of the study zone, (a) map of Repblic of Congo (b) map of the Kouilou-Niari basin [4].

exit of the Mayombe massif, specifically at Magne locality where the tide is al-
ready felt. The slope practically vanishes at the mouth of the river on the Atlantic
ocean at Madingou-Kayes locality at altitude z = 0 m (Figure 2). From a mor-
phological point of view, the Kouilou-Niari basin is elongated in shape, with a
moderate relief type, which justifies the high peak flows at the outlet. The impact
of the relief on the hydrogeological characteristics of the basin is significant.
Overall, the relief of the Kouilou-Niari basin is relatively homogenous, it is
linked to geological nature of the soil and is not generally very rugged. The alti-
tudes, which are generally important enough, reach 700 m at its peaks from the
region of plateaux in the north, to that of a peneplain of less than 80 m of alti-
tude in the south towards the Atlantic ocean. The highest peak in the basin is at
Biyamba I locality, with nearly 1000 m above sea level.

The geology of the Kouilou-Niari basin is linked to the nature of the soil and
to the importance of rainfall. The entire northern part of the basin, has a crystal-
line and well-watered soil, and is covered by tropical forest. This strong plant
cover helps to strongly dampen the rise in water level. The Mayombe massif is
also covered by forest. It soil is impermeable, and offers few obstacles to runoff,
floods can be very violent. This geology is essentially made up of schisto-limestone
formations from the Upper Precambrian, marly limestones, of the Bouenza and
sand of the Batéké plateau. It is covered with a clay-sandy to sandy-clay soil, ge-
neraly with medium permeability (Figure 3). The hydrographic network is clear
and very dense. The discontinuity of the plant cover favours superficial runoff,
irregularity of flows and genesis of strong water levels, especially on steeply

sloping land where the soils are very sensitive to direct runoff [5].
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LONGITUDINAL PROFILE OF THE KOUILOU-NIARI RIVER
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Figure 2. Longitudinal profile of the Kouilou-Niari river [4].
N

Madingo-Ka

enbljue|jy ueesosQ

inza
gogMakabana

e'T5|ak| C'Klngoue Legend.

@®  Localités_Bassin

Mouyondzi <+ Limites_dEtat
Loudi ® Louila | imite_de_Bassin
oudima .
Nkayi @Madmgou g m=eme Limite_de_département
[ ]

‘ ‘ Océan Atlantique

7 0Loute’té

Vigkaéila-Mines Sols_clip

Name

- Sols ferraliotiques,grés hydromorphes Niari
V/A Sols hydromorphes indifférencies

Sols sur le granite du chaillu

D Sols sur roches métamorphiques

Sols sur schisto-calcaires

l:l Sols sur schisto-gréseux

100

Figure 3. Soil map of the Kouilou-Niari basin.

The forest vegetation attenuates the runoff of this very watered part of the ba-
sin. Sedimentary lands occupy the central and southern parts of the basin. More
recent rocks are superimposed on limestone formations: micaceous feldespathic
sandstones, often reddish, belonging to the so-called schisto-sandostone series.

They are sometimes surmounted by sandy-clay to clay-sandy ferralitic soils,
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generally not very permeable, giving rise to important runoffs. The great variety
of rocks in the basin causes very significant variations in the regime of the vari-
ous tributaries of the Kouilou-Niari rivers. This influence is all the stronger
since, in the equatorial regime where the rains are relatively little concentrated in
time, the runoff is particularly sensitive to the geological nature of the soils.

The study area belongs to the humid tropical domain and extends over dif-
ferent micro climates ranging from the savannah region in the north to the for-
est area in the south. The greatest or the least abundance of precipitations and its
seasonal distributions constitute the characteristics determining different cli-
matic zones. Indeed, rain is the most predominant climatic parameter which,
therefore, is used for the definition of climatic regimes [6].

One notes, four climatic periods in the Kouilou-Niari basin, distributed as
follow: small dry season (January-February: JF); big rainy season (March-April-
May: MAM); great dry season (June-July-August-September: JJAS) and small

rainy season (October-November-December: OND).

2.1.2. Hydro Climatological Data

The climatologic data are mainly at monthly time step and come from two sources:
the meteorological services of the National Civil Aviation Agency (ANAC), and
the Climatic Research Unit of University of East Anglia (CRU.UEA). The hy-
drometric data at monthly time step come from hydrometric stations in the
Kouilou-Niari basin managed by the hydrologic service of ORSTOM (Tchicaya
[7], Molinier, Thebe and Thiebaux [8]).

Due to the closure of all hydrological stations of this catchment area since the
year 1983, the data received and processed are those that are available over the
period 1950-1982 corresponding to a hydrologic cycle of more than thirty years.
In the study area, the monthly rainfall distribution is bimodal, with two maxima
occuring in December and in April with proportions fluctuating between 34.63
and 38.89% of the annual total. The basin flows increase from north to south, with a
flow between 31.3 and 930.4 m’/s, with an average of 425.4 m’/s, its specific flow

rate is 0.01691 m’/s/km’ at Sounda hydrological station in the Kouilou river.

2.1.3. Analysis of Hydroclimatic Parameters

The Kouilou-Niari basin is subject to different climatic factors such as air tem-

perature, relative air humidity, winds, etc. The unequal and changing distribu-

tion of these variables is at the origin of the diversity of climates. To this, one

must add the disparities and geographic shifts which qualify the regularity of

climate [9]. The analysis of hydroclimatic variables is based on data of six se-

lected stations (Moukomo, Lekana, Makaka, Loudima I, Makabana and Sounda):

e temperatures: over the entire basin, the average annual temperature, over the
period 1952-1982, is 24.3°C, the highest is 28.4°C and was recorded in march
1969 at Pointe-Noire, and the lower is 19.8°C in June 1954 at Mouyondzi;

e relative humidity: the monthly relative humidity of the basin varies between
88.1% in December and 72.9% in October with an average of 81.2%. It is
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Standardized data

greater than 80% in forest zones and 70% elsewhere with a low rate of sea-
sonal variation around 4%;

sunshines: the average annual sunshine does not exceed 2000 hours across
the country (around 1900 hours in Brazzaville and 1600 hours in Pointe-
Noire). It is weak because of the heavy cloudiness. Diffuse radiation is always
high and contributes to 60% of the global radiation estimated at 540 calories
per cm’ per day [7];

evaporation: the average annual evapotranspiration calculated by the Thorn-
thwaite method fluctuates between 1445.2 and 1184.1 mm per year respec-
tively with an average of 1294.2 mm per year [10];

rainfall: the average annual rainfall is 1655.1 mm per year. The maximum
rainfall of 2144.0 mm per year was recorded at Sibiti and the minimum of
550.8 mm per year in Pointe-Noire. Seasonal rainfalls are essentially concen-
trated during the seasons MAM and OND;

flowing water: the average annual water level flowing over the Kouilou-Niari
basin is estimated at 631.4 mm. The maximum value is 1223.2 mm at Bi-
yamba I hydrological station and the minimum is 106.8 mm at Loudima II
hydrological station.
The monthly and annual variations of rainfall in the Kouilou-Niari basin

(Figure 4 and Figure 5) show that rainfalls are more concentrated between No-

vember and May (wet period) than between June and October (dry period).

KOUILOU-NIARI BASIN (1952-1982)

mRainfall
mFlowing water

3 S 5
< < S S @ < 3 < 5
& N & N &5 & N S ° ° ° &
S & W ) S S & & O & @
Q@ V& . Q}Q QCJ %0 QQ’
Month

Figure 4. Monthly evolution of rainfall and flowing water of Kouilou-Niari basin [4].

Reduced centered data

_3.

KOUILOU-NIARI BASIN (1952-1982)

—e— Annual flowing water —e—Annual rainfall

52-53 5556 58-59 61-62 64-65 67-68 70-71 73-74 T76-77 79-80

Year

Figure 5. Interannual evolution of rainfall and flowing water of Kouilou-Niari basin.
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2.2. Methods

The methodology used for the calibration and validation study of the GR2M
model in the Kouilou-Niari basin is subdivised into three parts: 1) collection of
hydroclimatic data, it comes from two sources. Six hydrological stations were
selected in the period 1952-1982; 2) processing of data received from the various
stations, based on mathematical formulas and 3) hydrologic modeling of the
cathment area using the GR2M model. The data were subjected to various clas-
sical statistical analysis. These analyses enable to characterize the pluviometric
and hydrologic behaviour of the basin.
e Hydrologic modeling with the GR2M model

The hydrologic model used for this study is widely described in several works
[11]-[16]. The hydrologic modeling at monthly time step of the Kouilou-Niari
basin has been possible by using the global conceptual model GR2M. This model
uses two optimization parameters (X, and X,): X represents the production
store capacity and X, represents the underground exchange coefficient. This is a
model with two stores: a soil store known as the production store and a routing
store with a capacity set at 60 mm (Figure 6). The adjustment parameters are
the maximum capacity of the soil store (free parameter) as well as the under-
ground exchange parameter representing another loss than evapotranspiration
(ETP). The model uses as input data, rainfall, ETP and flow rates converted into
flowing water, and provides as output data, the simulated flow rates expressed in
mm. The version used here is that presented by Mouelhi, Michel, Perrin, and

Andreassian [17]. A diagram of the model structure is given in Figure 6, where

E

P
Evaporation \
Production  X| S
store
P2 Pl

\_'_/

i
Outside , Xz R 60 mm
S ? R
of the basin Routing
store
Figure 6. Conceptual diagram of GR2M model [17].
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P is the monthly rainfall and £ is the potential monthly evapotranspiration or
ETP for the same calendar month.
e Validation criteria

The best known and most optimized criterion for rainfall-runoff modeling is
the Nash-Sutcliffe criterion (1970) [18], defined by Equation (1) which is written

below,

Zf:l (Qobs,f B Qcalc,[ )2
Z::I(Qobs,i —Z)z

where Q, ., Q.. and O, are respectively the observed flow rate and the

Nash =100|1— (1)

simulated flow rate at 7 station, and the average observed flow rate in the catch-
ment area.

The validation of the model is checked by comparing the calculated flow rates
with those observed through a quality criterion (Nash criterion). To take into
account some particular values of the flows, this criterion has been calculated by
using the square root of flows to attenuate the importance of the flood flows, or
by using the logarithm for the low flow rates. In practice, the model is better es-
timated when its objective function is closed to 100%. The performance of the
model can be estimated according to the values taken by the Nash criterion [19]:
Nash = 90%, the model is excellent; 80% < Nash < 90%, the model is very satis-
factory; 60% < Nash < 80%, the model is satisfactory and Nash < 60%, the model
is bad.

3. Results and Discussion

3.1. Results

Anlysis and interpretation of the results on hydrologic modeling with the GR2M
model in the Kouilou-Niari basin are made by using graphical representations,
in order to better calibrate and validate the model. To carry out this study, the
Kouilou-Niari basin has been divided into three hydrologic zones: north zone
(N’douo sub-basin), central zone (Niari sub-basin) and south zone (Kouilou
sub-basin). In general, the hydrologic regimes of the rivers in the basin are
closely related to the rainfall regimes.

The application of the GR2M model in the Kouilou-Niari basin concerns the
monthly data for the period 1952-1982. The calibration and validation periods
are fixed (Table 1). The calibration of the model is carried out by proceeding
manually to the changes of the values of the parameters X; and X, respectively
from 6 and 1, and several times until to obtain the optimal values of the quality
criterion of Nash-Sutcliffe, of determination coefficient R*> and of correlation
coefficient R between the simulated and observed flow rates. The calibration and
validation results obtained with the GR2M model, as well as those of the Nash
criterian, are given in Table 1 and shown in Figure 7.

The correlation coefficients (between simulated flow rates and observed flow
rates) are obtained with the ETP data calculated by the Thornthwaite method
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Table 1. Calibration and validation of the GR2M model in the Kouilou-Niari basin (1952-1982).

Length of calibration and

Calibration parameter Validation parameter
o validation phase (month) alibration parameters alldation parameters
80
2= Incoming model Outgoing model Nash Criteria
g
= Calibration Validation River
T phase phase x, x, x, x, Rising qule Low water Assessment
(Q In(Q)
Jo
Moukomo 6.00 1.00 8.76 1.01 75.8 77.7 78.1 100.2
Lekana 6.00 1.00 8.87 1.10 62.1 64.7 65.5 100.0
N’douo
. 6.00 1.00 8.66 0.98 76.3 78.8 79.8 100.1
sub-basin
< ~
Makaka 0w no 6.00 1.00 8.96 1.29 45.9 49.0 50.6 99.4
- -
. ~ = ~ B
Loudima \o? é \o? é 6.00 1.00 8.79 1.09 65.8 68.3 67.7 100.6
N <
Makabana R o Y- 6.00 1.00 8.69 1.02 74.6 76.6 77.4 99.9
- N - N
Niari = 5
art e e 6.00 1.00 8.26 1.08 80.6 83.1 84.4 99.7
sub-basin
Sounda 6.00 1.00 8.67 1.04 60.5 68.2 72.6 99.7
Kouilou
X 6.00 1.00 8.67 1.04 60.5 68.2 72.6 99.7
sub-basin
Kouilou- . .
Ditto (sub-basins) 6.00 1.00 8.46 1.04 80.5 83.3 849 99.8
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Figure 7. Calibration of GRM model with rainfalls of Kouilou-Niari with Thornthwaite ETP.

DOI: 10.4236/0jmh.2022.123007 117 Open Journal of Modern Hydrology


https://doi.org/10.4236/ojmh.2022.123007

C. N. Mvoundou et al.

[10]. The correlations in the calibration phase and in the validation phase give
significant values (Figure 8 and Figure 9, and Table 2). Rainfall-runoff model-
ing using the GR2M model, gives satisfactory results in the N’douo sub-basin
and in the Kouilou sub-basin and very satisfactory results in the Niari sub-basin.
One notes that in the whole of the Kouilou-Niari basin these results are very sa-
tisfactory (Table 1).

The results shown in Tables 1-3 and in Figures 7-9: X| = 8.46; X, = 1.04;
Nash = 84.9%; R = 0.5798 (in calibration phase) and R = 0.9240 (in validation
phase), and the good superposition of the curves (simulated flow rates and ob-
served flow rates) for the Kouilou-Niari basin (Figure 7), allow to say that the
model is well calibrated. For the validation phase, data on rainfalls, ETP and flow
rates (expressed in flowing water) corresponding to the period after calibration
phase, and which have not been used during this phase, are introduced. The
calculations are made by using the values of the parameters X; and X, optimized

during the calibration phase.

Table 2. Variations of correlation and determination coefficients in calibration phase and
validation phase of the GR2M model in Kouilou-Niari basin (1952-1982).

g Sub River Station Coefficient Calibration Validation
ve atio
&  Basin R%?etR Phase Phase
R? 0.4855 0.8108
N’douo Moukomo
R 0.6968 0.9004
g R 0.4977 0.6726
S Mpoukou Lekana
Z. R 0.7055 0.8201
R? 0.4048 0.8108
N’douo sub-basin
R 0.6362 0.9004
R? 0.1839 0.5121
Bouenza Makaka
E R 0.4288 0.7156
Z R? 0.1376 0.7392
2 Niari Loudima
= B R 0.3709 0.8598
=] <
3 8
M Z R? 0.2889 0.7810
Louéssé Makabana
R 0.5375 0.8837
R? 0.3907 0.8455
Niari sub-basin
R 0.6251 0.9195
R? 0.1768 0.6792
5 Kouilou Sounda
o R 0.4205 0.8241
=]
Q R? 0.1768 0.6792
Kouilou sub-basin
R 0.4205 0.8241
R? 0.3362 0.8538
Kouilou-Niari Basin
R 0.5798 0.9240

(R?): determination coefficient and (R): correlation coefficient.
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Figure 8. Calibration of the GR2M model with Thornthwaite ETP in Kouilou-Niari basin.

120 1
100 1§
80 1
60 1
40 1
20 1

SUB BASIN: N’DOUO (1952-1982)

y = 3.1169x0.7255 b
R* = 0.8108 . *

Simulated flows (mm/month)

0 20

40 60 80 100
Observed Flows (mm/month)
SUB BASIN: KOUILOU (1952-1982)

120

§ 120 T y = -0.0076x2 +1.4109x + 1.0947

é 100 + R = 0.6793

~ 80 F

g

S 60 ¢

Y4

T 40

K

— 20 L

E

175} 0 % i £ i & d
0 20 40 60 80 100 120

Observed Flows (mm/month)

Simulated flows (mm/month)

Simulated flows (mm/month)

—_
[N}
(=}

100 1

[o.e]
(=]

60 1

IS
(=]

20 1

SUB BASIN: NIARI (1952-1982)

y = 1.9261x0.8332
? = 0.8455

o
o

120 1
100 1§

[ 3 )
[= I =)

40 9
20 1

20 40 60 80 100 120
Observed Flows (mm/month)
KOUILOU-NIARI BASIN (1952-1982)

y = 2.1473x0.8076

? = 0.8538

o

0 20

40 60 80 100 120
Observed Flows (mm/month)

Figure 9. Validation of the GR2M model with Thornthwaite ETP in Kouilou-Niari basin.
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Table 3. Filling rates of production and routing stores of the GR2ZM model in Koui-
lou-Niari Basin (1952-1982).

a Production Routing
2 Sub-basin Rivers Station store (8S) store (R)
a (mm) (mm)
o N’douo Moukomo 2273.5 35.9
3
3 Mpoukou Lekana 2644.5 39.1
“ N’douo sub-basin 2252.2 37.6
o
% Bouenza Makaka 2700.9 39.5
é o Niari Loudima I 2186.9 33.9
—_ <
2 4 Louéssé Makabana 2172.6 35.8
A1
Niari sub-basin 1475.5 35.2
Kouilou Sounda 1966.4 32.7
Kouilou
Kouilou sub-basin 1966.4 32.7
Kouilou-Niari Basin 1770.9 35.2

The flows calculated with the model are then compared with the flows ob-
served by simple correlation (Figure 8 and Figure 9). With some correlation
coefficients of 0.5798 in the calibration phase and 0.9240 in the validation phase,
the results in the validation phase confirm the good performance of the model.
The calibration of the GR2M model seems to be satisfactory throughout the
Kouilou-Niari basin (Table 1). The filling rate of the production store (S) is very
high (Figure 7), it varies between 1966.4 mm at Sounda station and 2700.9 mm
at Makaka station. It is moderate over the entire basin and fluctuates between
1475.5 mm in Niari and 2252.2 mm in N’douo sub-basins. Furthermore, evolu-
tion of the filling rate of the routing store (R) remains stable enough and varies
around 32.7 mm at Sounda station and 39.5 mm at Makaka station (Table 3).

3.2. Discussion of Results

The results obtained during this study have been possible only after a deep study
of two hydrologic variables (rainfall and runoff) and by subdividing the catch-
ment area into three hydrologic units as indicated above. The study concerns
essentially the calibration and validation of the GR2M model by highlighting the
performance and robustness of the model. The graphical representations show
the evolutions of rainfall and flowing water (flow rates) over a hydrologic cycle
of more than thirty years (1952-1982). By comparing the different values of Nash
criteria obtained, one notices that the highest value corresponds to the criteria
calculated with the logarithm of the flow rates (Table 1). These results show that
the GR2ZM model reproduces better low flows than high flows (floods) in the
Kouilou-Niari basin. This model has been previously tested in several basins
around the world, including those in Africa. The study made by Mouelhi [20]
gave satisfactory results in terms of performance. The performances obtained in
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the Kouilou-Niari basin have the same orders of magnitude as those obtained by
Mouelhi [20]. Indeed, the Nash criteria values obtained are greater than 80%,
like those obtained by Kouassi [11] in the N’zi Bandama basin in Ivory Coast,
with performances ranging between 66% and 80%. This model has also been used
in several similar works in West and Central Africa [21] [22] [23]. Ouédraogo
[21] has applied it to the Iradougou basin in Niger, Ardoin [22] has also applied
it in Ivory Coast in the Sassandra basin. The results obtained by Ardoin [23],
show that in the calibration phase, the performances fluctuate between 62 and
90.2% with an average of 83.4%, and in the validation phase, they vary between
21.1% and 83.4% with an average of 55.5%. Performances are more satisfactory
in calibration phase in Sassandra basin than in N’zi basin. On the other hand,
they are more satisfactory in N’zi basin than in Sassandra basin in validation
phase. In addition, with the results obtained by Amiar, Bouanani, and Ba-
ba-hamed [13] in the Oued Touil basin in Algeria and those obtained by Boua-
nani, Baba-hamed and Bouanani [15] in the Oued Sikkak basin in Algeria, the
present study shows that the GR2M model is reliable in Central Africa.
Throughout the Kouilou-Niari basin, the Nash criteria values obtained in the
sub-basins fluctuate between 72.6% and 84.4% with an average of 78.93%. In the
stations, these values have an average of 68.65% and vary between 50.6 and
78.1%. These values are greater than 80% over the entire Kouilou-Niari basin
(Table 1). In the validation phase, it is noted that the Nash criterion deteriorates
in the north and in the south of the basin. The average of this criterion at the
stations and in sub-basins varies between 66.73% and 76.03%. The performance
results obtained in the Kouilou-Niari basin have the same order as those ob-
tained in other basins in West and Central Africa, and in the Maghreb [11] [12]
[13] [14] [15]. One can also observe that the results obtained by Medane [14]
and by Gherissi [24], in the basins of Oued Boumessaoud and Oued Lakhdar in
Algeria, have some values of the Nash-Sutcliffe criterion, as well as those of the

correlation coefficients, greater than 60% in validation phase as in this study.

4. Conclusions

The rainfall-runoff modeling in the Kouilou-Niari basin with the GR2M model,
at monthly time scale, presents satisfactory results. The performances obtained
in validation phase reach 82.9%. These results demonstrate the performance and
robustness of this model in the Kouilou-Niari basin. The parameters of the
model, for the Kouilou-Niari basin, have been determined. The Sounda station
downstream from the basin controls its characteristics at the catchment outlet.
Historical data are very difficult to obtain. They are not always in the desired
quantity and quality. Optimization by the GR2M model has given satisfactory
values of the quality criteria (Nash). The validation phase has given very good
results, confirming the good calibration of the model in this basin located in the
humid tropical climate zone in the heart of Africa.

The performance and robustness results obtained for this model indicate the
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good adaptation of the GR2M model in this basin. Despite the satisfactory re-
sults obtained, the modeling has some weakness for long chronological time se-
ries applications. In fact, inadequacy of rainfall recording stations, well dispatch
on the whole basin, has an influence on the quality of input data of model, and
consequently on the quality of calibration and validation results. So, extreme
phenomena modeling (rising of water level) remains difficult if not impossible.
For that a good knowledge of these phenomena in study area needs sometimes a
good hydrometric network, where available observation time series would be
long and reliable to enable a good estimate of incoming and outgoing average
flows in the catchment area.

At the end of this study, one can conclude that the applying of GR2M model
with the chronologic time series of the Kouilou-Niari basin, has given satisfac-
tory results. Assuming that climate change, anthropogenic activities and geo-
morphological transformations in this catchment area do not seriously affect the
model parameters optimised for the period 1952-1982, one plans, in the absence
of recent hydrological data, to use the calibration obtained here for short- and
medium-term studies of this very important catchment area in the socio-economic

activities of the Republic of Congo.
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