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ABSTRACT 
Optimizing the satisfaction of requirements generated by a multi-purpose dam, while 
minimizing its impact on the environment and on traditional human activities, in a context of 
low water ressources, are the goals laid down for the Manantali dam on the Senegal river. 
Because of the reduced length of the rainy season, the water managers must decide by mid-
August on the flood support level required over the September-October period in order to 
preserve flood recession crops, as well as hydro-electric energy production till the next rainy 
season. In such a framework, the seasonal forecasting of rainfall for the coming September 
and October is a crucial information for allowing the best decision. Accordingly, the IRD, 
Météo-France and the OMVS have developped a water management model which makes 
use of the seasonal forecast issued beginning of August from the ARPEGE climate model, 
adapted both in space and time for optimisation purposes. The benefits of such an 
application are important in terms of economical, environmental and social points of view.  
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Figure 1 : catchment of the Senegal river, with red bars delinating the zone where the 
recession crops are evaluated 
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CONTEXT 
At the instigation of the « Organisation pour la Mise en Valeur du fleuve Sénégal » (OMVS) 
which concerns Mali, Mauritania and Senegal, two dams were built on the Senegal river to 
support the development in the area, the Manantali dam (fig. 1) and the anti-salt dam of 
Diama. Inaugurated in 1987 (height 60 m, volume 12 km3, surface 460 km2), the Manantali 
dam which controls approximately half of the river flow, aims to produce energy (205 MW 
installed) and to regulate the flow of water. It provides low water levels for irrigated 
agriculture and navigation, reduces the impacts of strong flood and supports low floods to 
maintain an ecological equilibrium and traditionnal agriculture in the valley. 

The traditional flood recession cultures, which are sown in ground that was submerged 
(fig. 1) once the water have receded, remain vital for the valley’s inhabitants for a long time 
yet. Their yield depends on the extent of the flood. Very important in the arid context of the 
region, the ecological equilibrium of the Senegal valley, also linked to the annual flood, must 
be preserved. For these reasons, the flood support must be perpetuated, although it 
penalizes other uses that may seem more profitable. Indeed, in order to get enough flood at 
the entry of the valley (Bakel) during the monsoon, it is sometimes necessary to release 
strong flows which exceed the capacity of the turbines and lower the stocks available for 
irrigation and energy production during the following 8 monthes of dry season. 
 

OBJECTIVES 
How to take the best decision to ensure a good compromise between the flood support and 
the other objectives of the Manantali dam – mainly energy production and irrigation for 
intensive agriculture ? This is the main goal of the « Program of Optimisation of Management 
of the Reservoirs (POGR) which was first carried out by the IRD at the request of OMVS with 
a financial support from the fund of Assistance for the Cooperation (FAC, France).  

Each year by 20 August, the Water Permanent Commission uses the issues of the 
POGR to program a targettted hydrogram at Bakel, related to a minimal surface of recession 
cultures in the valley (fig. 2). This hydrogram is then realised until october by releasing a 
sufficient discharge at Manantali, according to  the discharge of Bakoye and Faleme rivers. 

Regarding the strategy decided by the bordering countries (compromise between 
energy production and flood support, fig. 3), the targetted hydrogram is sheduled according 
to the available stock at 20 August. But the impact of the flood support on the other 
objectives is mainly related to the remaining water stock at the end of the rainy season (fig. 
4), which highly depends on the targetted hydrogram and the averaged natural flow over the 
september-october period at Bakel. In such a context, the seasonal forecasting information 
(from the ARPEGE-Climat model - Météo-France) provides a crucial input to the software 
and thus to the Water Permanent Commission, allowing to take into account potential rain  in 
the two last months of the rainy season in order to choose the targetted hydrogram. 
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Figure 2 : hydrograms at Bakel ensuring a submersion of 30 days vs the potential cultivated 
surfaces (ensured 8 years over 10) 
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Figure 3 : Relationship between the average of annual energy production and the frequency 
of low floods  simulated for different management scenarios(1950-1998 period) 
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Figure 4 : minimum water level (in m) required into the dam, to ensure a low water level 
support of 200 m3/s at Bakel, for different risks of failure of this aim. 

 

SEASONAL FORECASTING AND STATISTICAL ADAPTATION 
The forecasting of the stock remaining in the reservoir at the end of the monsoon season 
facilitates the programming of the release of flood at the Manantali dam from end of August 
up to mid October. To fulfil this goal, one forecasts in August the natural flood volume of the 
river for September-October, starting from rain normalized anomalies simulated for these two 
months by ARPEGE at the end of July. The method used is described below. 
 

Thirty Principal Component Analysis of the anomalies (provided on a 300x300 km grid 
covering West Africa) are performed on different zones (fig. 5), which are labelled from A to 
K for the situation and from 2 to 4 for the form. One determines a 1200x1200 km zone (J2) 
shifted East of the river basin, where the Squared Multiple Correlation is the best between 
the natural discharge at Bakel in september-october and the 5 first PCs of the rainfall Arpege 
forecasts (fig. 6). This eastern shift can be related to the model behaviour and to the 
characteristics of the rainy season which is mainly driven by the South/North/South migration 
of the ITCZ, well captured by the model on the eastern part of the domain. The selected 
model (fig. 7) is a linear regression using 5 parameters (R2=0.65), calibrated over the 1979-
2000 period. For the validation period (2001-2005), the points stay within the 90% confidence 
interval of the regression. The good agreement between observed natural discharges at 
Bakel and the forecasted discharges is quite clear over the whole period, with a standard 
error less than 20% of the mean value. 
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Figure 5 : catchment of the Senegal river and Arpege Gaussian grid over West Africa. 
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Figure 6 : R2 value between the 5 first PCs of rainfall Arpege forecasts and the natural river 
discharge at Bakel in September-October vs used zones (period 1979-2000). Mostly lower, 

the scores from 30 random series of the natural river discharge, are surimposed in grey 
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Figure 7 : Natural discharge of the Senegal river at Bakel in september-october : observed 
values and forecasted values calculated with the 5 first PCs of ARPEGE results (zone J2) 

-2.79

0

2.79

5.58

8.37

11.16

13.95

16.74

-21.09 -18.28 -15.47 -12.66 -9.84 -7.03 -4.22 -1.40 1.41 4.22 7.04 9.85 12.66 15.47
longitude

la
tit

ud
e

85

71

57

43

29

15

114

28

42

56

70

84

9897

83

69

55

41

27

1312

26

40

54

68

82

9695

81

67

53

39

25

1110

24

38

52

66

80

9493

79

65

51

37

23

98

22

36

50

64

78

92 87

73

59

45

31

17

32

16

30

44

58

72

86 89

75

61

47

33

19

54

18

32

46

60

74

88 91

77

63

49

35

21

76

20

34

48

62

76

900 500 1000 km

Zone A2

Zone A3

Zone A4 Zone J4

Zone I3

Zone K2

A B C D E F G H I J Kmark :

BAKEL

MANANTALI J2

Bader et al. (2005) 


