
4.03
JLR: Too much work whereas Ernest is speaking/writing  French better that I speak/write English. I had to suppress text and rewrited the abstract which took me more than 30 minutes….as you say, we must avoid this next time
techniques de  prévision météorologique

sur la région de l’afrique de l’ouest

Ernest A. AFIESIMAMA et T. OBIDIKE

Services de la prévision météorologique, Agence Météorologique Nigériane,

Lagos, Nigeria

Résumé

Une tentative est faite dans ce papier pour fournir des applications pratiques des techniques de prévision climatologiques, géométriques, cinématiques et numériques qui sont les principaux outils disponibles du météorologiste tropical et utiles pour aider les campagnes expérimentales d’AMMA. La technique pour l’activité des précipitations étendues en été est associée avec une divergence haute troposphère bien marquée et une convergence bas niveau  avec une humidité adéquate. Les perturbations en Afrique de l’Ouest sont déterminées par l’instabilité barocline (présence de cisaillement de vent vertical), l'instabilité CISK et l'instabilité barotropique (présence de cisaillement de vent horizontal). En prenant la ligne de la perturbation vu à l’origine aussi loin que possible à l’Est et l'extrapolation effectuée généralement dans un mouvement vers l’Ouest, la ligne de pertubation est prévue assez correctement. En hiver, la trace du front d'un système extra-tropical associé avec de forts vents en surface vers le nord-est sont des conditions favorables pour une tempête de poussière. Le transport de la poussière en aval et la distribution sont reliés aux vents au niveau 900m et aux indices de stabilité. 

Ces techniques de prévision ont amélioré la capacité de notre société à répondre correctement à des situations où le temps nous affecte, surtout la production de systèmes d'alerte précoce basés sur des modèles numériques qui sont utilisés pour estimer l'impact et donc fournir des stratégies d'adaptation et des possibilités d'atténuer l’effet des événements de temps extrêmes. Cependant, la capacité de faire des interprétations correctes des analyses du temps est un attribut essentiel du prévisioniste. À cet égard, le prévisioniste qui réussira ses prévisions possèdera une combinaison complexe d'une bonne compréhension théorique des processus atmosphériques, une large connaissance des phénéomènes climatiques, synoptiques et méso-échelle, une longue expérience et un jugement adéquat.
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Abstract

Attempt has been made in this paper to provide practical applications of the climatological, geometric, kinematic and numerical weather prediction techniques, which are the primary tools available to the tropical meteorologist and useful in assisting AMMA field campaigns. The technique for widespread precipitation activity in summer is associated with well marked upper level divergence / lower level convergence fields with adequate moisture. The West African disturbances are determined through baroclinic instability (reflected in the vertical shear), the CISK instability and the barotropic instability (reflected in large lateral shear). With the disturbance line first spotted as far east as possible and the extrapolation taken generally in westward movement, the disturbance line is near accurately predicted. In winter, the tracing of the cold front from an extra-tropical system with the associated strong surface northeasterly winds are requirements for the dust storm. The dust transport downstream and distribution are linked to the winds at 900m level and the stability indices. These forecast techniques have improved our society's ability to respond properly to situations where the weather affects us, especially the provision of early warning system from numerical models, which are used for impact assessment so as to provide adaptation strategies and mitigation options to extreme weather events. However, the ability to make correct interpretation from the weather analyses is an essential attribute of the forecaster. In this respect, the successful weather forecaster possesses a complex combination of a good theoretical understanding of atmospheric processes, a wide synoptic and meso-scale climatological knowledge, long experience and sound judgement. 

1. Introduction
Weather forecasting is concerned with extrapolation of future conditions of the atmosphere on the basis of the present and past conditions. Forecasts are usually referred to as very short-range (or nowcast) (less than 1 day), short-range (1-2 days), extended range (3-5 days), medium-range (up to 6-10 days) and long-range (monthly or seasonal) outlooks.  Severe weather systems are typically short-lived (usually less than 2 hours) and due to their meso-scale characters (less than 100km), they affect local or regional areas necessitating site-specific forecasts. Examples of such severe weather systems in West Africa include thunderstorms, squall lines, high wind waves along the coasts, flash floods, dust storms or any other such phenomena. However, the development of radar networks, new instruments and high-speed communication links has now provided a means of issuing early warnings of severe weather.

It must be noted that forecasting is a very complex activity which require, not only proper understanding of the movement of a particular weather system, but also understanding its position and intensity both intensity at the surface and at all other levels. Unfortunately, the laws governing the complex interactions of the various factors controlling the weather systems are not completely understood. To the extent that they are understood, they can be represented by mathematical equations, but even then, it turns out that the solution of the equations in their full complexity would require computers of much greater capacity and speed than the largest computer so far available. In spite of the problems and deficiencies associated with weather forecasting in West Africa, forecasts have been made at useful levels of accuracy for several decades.

2. Techniques of Weather Forecasting over the West African region
The two major approaches are (i) the subjective approach and (ii) the objective approach.

2.1 The subjective approach
The subjective approach involves the use of (a) empirical forecasting model (b) extrapolation (c) forecast by similarity (d) climatology  (e) local weather forecasting techniques.

2.1.1 Empirical forecasting models: The empirical forecasting model involves a sequence of weather charts covering long periods, which shows that the weather does not change in a completely random way. 

2.1.2 Forecast by Extrapolation: A very useful and widely practised technique of forecasting in West Africa is to predict the movement of existing weather by extrapolating from the trends of the immediate past. The motion of the weather is extended into the future on the assumption that changes will continue to occur in a similar way.

2.1.3 Forecast by similarity: One way of forecasting the future developments that are likely to follow a particular situation is to search for similar situations (or analogues) in the past and see what happened then.

2.1.4 Forecast based on Climatology: Climatology provides an extremely valuable tool in any forecasting technique. To issue the forecast of some meteorological element such as pressure or temperature or even the ITD, an idea of the normal value of the element as deduced from climatological charts, together with the departure of the present value of this element from this normal value, i.e. the anomaly, will give some indication whether some normal or abnormal weather conditions are to be expected from the observed values. 

2.1.5 Local Weather Forecasting Techniques: Many features of the weather are subject to wide variations over quite short distances.  Fog is a particularly good example of this.  It is frequently very patchy, and often one place will be in thick fog while others nearby have quite good visibility. Forecasting of such features therefore require a good knowledge of the local terrain and its influence on weather elements.

2.2 The objective approach
The objective approach of prediction where a number of non-linear equations have to be solved using fast computers in order to predict numerical values at a grid of points is known as numerical prediction methods. 
2.2.1 Direct Use from Model Output products: The availability of gridded NWP output for National Meteorological Services in West Africa presents field forecasters with a new source of guidance information for improving their services. As a means of expanding the utility of digital NWP guidance data beyond conventional map preparations, several National Meteorological Services in the subregion have acquired a variety of computer software tools to display and manipulate gridded data, such as RETIM, SYNERGIE, etc. The West African forecaster using a wide variety of diagnostic products is essentially applying a technique based on physical and dynamical evolution of synoptic systems. The systems include lows, highs, troughs, ridges, convergence zones, jets, etc. 

2.2.2 Conceptual Modelling: In an attempt to improve the quality of forecasts over the subregion, synoptic, climatological and other relevant meteorological messages from the network of stations and meteorological data distribution (MDD) station are analysed in addition to model output products from world modelling centres. Satellite imagery from METEOSAT Second Generation (MSG) also forms part of the forecast, which provide a mechanism for describing many fine-scale weather features, especially cloud and precipitation patterns. 
2.2.3 Forecast from Model Output Statistics: It is now the common view that NWP model is preferred to purely statistical methods for short-range forecasting. However, it is also recognised that statistical methods have a way of adding value to NWP forecasts. Therefore, statistical techniques, which quantify relationships between weather elements of interest (predictand) and other meteorological variables (predictors) are applied in some National Meteorological Services over the region. 

The formulation methods mainly used for statistical interpretation of NWP are perfect prognosis method (PPM) and model output statistics (MOS). The statistical processing methods include regressional analysis, discriminant analysis, regression estimation of event probabilities (REEP), classification and regression trees (CART), adaptive procedures and kalman filter (KF).

2.2.4 Ensemble forecasting: Forecasters in West Africa have always understood the value of examining multiple NWP forecasts to help produce a more reliable public forecast. They are familiar with two types of ensemble forecasts. These are forecasts from different models and forecasts from one model but with different initial conditions.  But what is available to the West African forecasters is that of the former than the latter. The forecast products common to the region are those from centres such as ECMWF, Meteo France, UK Met. Office and most recently Global Forecast System.  Ensemble prediction is a relatively new tool for operational forecasting in West Africa that allows for more rapid and scientifically based comparisons of multiple model forecasts. With ensemble prediction products added to their NWP toolkit, forecasters in the region now have another level of information that will help them make intelligent use of NWP guidance in their forecast process. 
3. Conclusion
Essential pre-requisites to the preparation of successful forecast charts are careful analyses and considerations of a series of surface and upper level charts of meteorological variables. For the subjective approach, it is most important that the latest charts and the preceding series are meticulously examined so that the analyst obtains a time and space appreciation of movement and development. The ability to make correct interpretation from the analyses is an essential attribute of the forecaster. 

In the objective approach, given a description of the current state of the atmosphere, the governing equations can be used to propagate this information forwards to produce a forecast for future weather. Numerical methods are needed to provide approximate solutions. The forecaster in either the deterministic or the ensemble forecasts must consider the constraints in producing the forecast. The uncertainties must be weighted against the model output. 

Forecasting activities for AMMA in West Africa require building capacities for example, in terms of human resources, development of resources and instrumentation. The results will be bringing West Africa scientists and the science of weather and climate and their applications to new pedestal which synergies the understanding of the global weather and climate systems.  
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1. Introduction

This paper aims to summarise some of the methods used to predict moist convection over daily timescales in subsaharan West Africa, a data sparse region of marginal climate in which convective rainfall is of particular importance. These methods will then be demonstrated in the context of a particular forecasting exercise, associated with the JET2000 experiment
JET2000 was an observational campaign that took place between 25 and 31 August 2000 over West Africa (Thorncroft et al 2002). One of its aims was to improve the numerical model representation of the African easterly jet (AEJ) and the boundary layer through analysis of dropsonde data and aircraft measurements. The objective of the experiment was not to observe convective storms directly, but forecasting the convective systems was necessary to perform the flights succesfully, since flight plans would need to be modified to avoid severe storms. Forecasting was conducted at the Met Office in Bracknell, U.K, with products faxed to the detachment daily. The detachment had also access to satellite imagery at the Meteorological Offices in Sal (Cape Verde) and Niamey (Niger) and could double-check and discuss the forecast with local forecasters. Once airborne, basic updates on the developing situation were relayed to the aircraft scientists by satellite link from the UK.

2. Convection forecasting in West Africa
The climate of West Africa is determined largely by the northward thermal gradient at low levels, which leads to the maintenance of the AEJ, through approximate thermal wind balance, at a level of around 600-700hPa. During the dry winter season, the thermal gradient and the AEJ lie approximately over the Gulf of Guinea coast; in late spring they shift northward into the continent and moisture is carried inland on the low level, southwesterly monsoon winds. With the low level inflow of humid air, deep convection moves northward into the continent. The AEJ is found to support African easterly waves (AEWs) with a period of approximately 4 days (see Reed et al 1977). These systems act to modulate rainfall, and may lead to the initiation of hurricanes when they move over the Atlantic ocean.

Forecasting of convection is the most common requirement for West Africa as the convection is closely related to rainfall, a useful quantity for agricultural and hydrological purposes. In the Sahel at least 80% of rainfall comes from organised convective storms in the summer monsoon season. The most intense and organised storms occur in the Sahel and generally propagate towards the west, steered by the AEJ. In order to issue appropriate forecasts the end-user needs to be known; the end-user determines the lead-time that ranges from ‘nowcasts’, up to months or seasons. Forecasting specific convective systems is necessarily limited to few days, for which the higher the lead-time, the more difficult is the forecast.. For the JET2000 project, it was necessary to predict convective systems around the path of the flights between take off and landing: flying was constrained to take place between the daylight hours of approximately 0600 to 1800 UTC and 24 hour convection forecasts were attempted. 

3. An example forecast for 30th August 2000
Table 1 summarises the synoptic features of the 29th and forecast for the 30th, which are the bases for forecasting convective systems. Figure 1 shows the horizontal plots of forecast winds at the surface, 850 hPa and 700 hPa.
Table 1: Meteorological situation for the 29th, and forecast for the 30th. 

	Observations 29/8/00; (T+12 model fields)
	Forecasts (T+36; Validation 30/8/12)

	Surface

-ITD about 18N

-Cyclonic circulation at 17N 05E

-Cyclonic circulation at 18N 08W

-Cyclonic circulation at 13N 19W
	Surface

-ITD slightly further south

-Cyclonic circulation at 17N 04E

-Cyclonic circulation at 16N 15W

	850 hPa

-Cyclonic circulation at 18N 06E

-Anticyclonic circulation at 14N 07E

-Cyclonic circulation at 18N 08W

-Cyclonic circulation at 11N 20W

-Cyclonic circulation at 06N 21W
	850 hPa

-Cyclonic circulation at 16N 04E

-Cyclonic circulation at 29N 10W

-Cyclonic circulation at 17N 10W

-Cyclonic circulation at 08N 12W

-Anticyclonic circulation at 07N 25W



	700 hPa

Short AEW N of 15N; longer one south.

Niamey and Senegal in the ridge
	700 hPa

AEW moved; E Senegal ahead of a trough, in the northerlies.

Niamey in the ridge of the southern wave.

	Profile


	Profile

LCL too high for Bamako and Niamey.

Too much CINE for Dakar.

	CS

 C15, C16, C18, C19
	CS

C16, C18, C19


Fig.1: UKMO operational winds forecast T+36 on 30 August 2000 at 12Z at the surface (left panel), at 850 hPa (middle panel) and at 700 hPa (right panel).ITF is overplotted at the surface and streamlines are overplotted at 850 and 700 hPa.

[image: image69.jpg]Eges? Juin-Septenbre 2005

-
4N

//

805 &

1208
15°0W 12°0W 90w BOW  FOW (0 30E B0E 9
Courants 0-40 m




   [image: image2.png]b {17 s AT A AN SRR S
LR RN AN e

A RRA 73 B TR AN | e

NS NN
Wewestt i) B WIS

SSESNESES BN )N AN

W ((ﬂ;z == </
BN \‘r*’%*"r IS

¥ Y=~ \\Q\‘\%\:
5 {‘iz\*!(( g N
— e VAS:

a.\“&isﬁ'{ :




  [image: image3.png]N
P
£

j
4





On 29 August at 1200UTC, the ITF lies between 15N and 18N in West Africa. Its position is similar in the T+36 forecast.  Convection is expected to lie to the south of this line.

At 850 hPa and 700hPa respectively, streamlines are overplotted. Note the persistence of a synoptic circulation from the surface to the 700 hPa level, and the elongated area of a vortex on 29th at 1200 UTC centred at 18N 07W. On the T+36 forecast, i.e. on the 30th at 1200UTC, this area extends from the southern coast of west Africa to the Mediterranean. This vortex is expected to bring significantly humid air  from the south and makes the area to the east of the vortex centre favourable for convection.

The profile and forecast profile for the three synoptic stations Dakar, Bamako and Niamey are not shown. The lifting condensation level is relatively high for Bamako and Niamey on 30 August at 1200UTC; so convective storms will not be expected around these areas. At Dakar the LCL is below 900 hPa, but soon above, the atmosphere is dry and CIN is high; so any convective storm that develops or move around Dakar will struggle to survive.

Convective storms illustrated in Figure 2 were then forecast with the summary below, and faxed to the detachment in Niamey:

“ Convective systems are likely to develop over most of West Africa in the evening of 29 August. Monitoring is advised for those that may become organised and stayed overnight. The convective cells of C19 may merge in the next few hours; it should be close to Niamey tomorrow morning although in a decaying state. C18 may merge with the convective cells that should develop between 10W and 00, and moved westward. C16 should be in the South of Senegal and the Atlantic coast. Finally convective storm can be expected east of Senegal”. 

Fig.2: Schematic convective systems faxed to the detachment. Left panel shows MCs as seen by satellite imagery on 29 August 2000 at 1500 UTC. Right panel shows the next day forecast
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4. Discussion
The forecast turned out to be rather good (Fig. 3). Although C18 did not reach Senegal, we had a convective system all over Senegal. It did not merge with the other convective cells as forecast; it decayed around midnight NW Niamey. It was C16 that merged with the other convective cells around and moved towards Senegal; by 0600 UTC it was in a decaying state while a northern cell reinvigorated east of Senegal. C16 was quite well forecast although it was not expected to reach Senegal; but a convective system was expected to develop east of Senegal and it was from C16. At 0900 UTC it was fully developed but the morning update forecast predicted its decay by the time of landing. C19 was also well forecast; between 0300 and 0600 UTC it was close to Niamey in a decaying state. However, the three convective cells of C19 did not merge. Good forecast! The area around Niamey was clear for take off, some patches of clouds in Senegal and the area around Sal clear for landing.

Fig.3: IR Meteosat images from 29 August 2000 at 1800 to 30 August 2000 at 1500 UTC. The cross in the Atlantic indicates Sal; the one inland represents Niamey.
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Contact : mariane@env.leeds.ac.uk, riane_diopkane@yahoo.fr
La prévision de systèmes convectifs en Afrique de l’ouest, l’expérience de JET2000

M. Diop KANE

Direction de la Météorologie Nationale du Sénégal, BP 8257, Dakar-Yoff, Sénégal

Prévoir la convection est un exercice difficile presque partout dans le monde, mais c’est au niveau des tropiques où la prévision est d’une importance capitale car les  pluies y sont d’origine convective et particulièrement intenses. En plus, la manière dont la prévision est élaborée reste encore astucieuse ; les prévisionnistes sont contraints d’utiliser les sorties de plusieurs modèles numériques, en plus de produits théoriques et empiriques. Un bref résumé de la météorologie ouest africaine est présenté; en insistant sur des phénomènes comme le FIT, les ondes d’est, la hauteur de mousson pouvant déterminer la prédictibilité des systèmes convectifs.  Des exemples de prévision faits durant l’expérience JET2000 sont présentés.

Contact : mariane@env.leeds.ac.uk, riane_diopkane@yahoo.fr
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Prediction and predictability of high-impact

weather systems

Zilore MUMBA

African Centre of Meteorological Applications for Development (ACMAD)

Convective weather systems over the Sahelian west African region are characterised by mobile cloud clusters (squall lines) from which up to 80% of the precipitation is derived. The squall lines are usually associated with waves in the easterlies ( African Easterly waves).

This work presents a case study of a mobile convective cloud cluster that was observed to propagate from central Niger on 6th August 2005, and dissipated over Burkina Faso on the 8th August. During its passage it gave substantial rainfall (80-100mm/day) over the affected areas in the two countries, qualifying it as a high-impact weather system due to its potential for flooding.

The case study presents the three-dimension structure and an analysis of the initiation, maintenance and propagation of the convective weather system. Assessments are made of the capability of current model forecasts to capture and to predict the development, movement and maintenance of the weather system. An understanding of model capabilities and their limitations will contribute to the improvement in the forecasting of high-impact weather events, as well as in the design of improved forecasting systems.

Some studies have revealed persistent vortices (Viltand et al, 2000) during the west African monsoon season over southern Algeria, Niger and over the Darfur region of the Sudan. The western vortex is associated with a heat low, while the two eastern vortices are orographically induced. The vortices are natural origins for the initiation of Africa easterly waves. It is also equally recognised that the low level monsoon flow carries humid air from the Atlantic ocean, and that that moisture over the Sahel region is concentrated below 700hPa.

This study clearly brings the above observations into evidence in. The study also depicts acceptably high model skill in capturing and predicting the development and movement of the system. A verification of model forecasts out to T+48H against the model’s own analysis shows small model errors. The judicious interpretation of model fields can contribute to accurate forecasting of high-impact weather systems.
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Améliorations récentes apportées à l’assimilation de données à Météo-France : applications à AMMA
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Recent improvement in data assimilation at Météo-France : emphasis on AMMA region

M. NURET, F. RABIER, T. MONTMERLE and F. KARBOU
The AMMA region is characterized by a sparsity of conventional meteorological data, hence satellite data are a major source of information for data assimilation in this region. Operational data assimilation is performed on a global scale with the 4d-var ARPEGE, and for the AMMA field experiment (June-September 2006) the 3d-var ALADIN analysis and ALADIN-LAM model will be run on an operational basis over the AMMA domain at 10km resolution. 

The main source of satellite information assimilated on an operational basis at METEO-FRANCE for the AMMA region come from the following satellites: 

• polar orbiting satellite: radiances from NOAA satellite (AMSUA, AMSUB, HIRS) and wind from QUIKSCAT 

• geostationary satellite: radiances and Cloud Motion Vector derived from METEOSAT-8 (SEVIRI radiometer). Research is conducted to produce bogus data where convection is triggered that could benefit to the initial conditions and subsequent convection simulation at mesoscale. 

Recent improvement and research conducted in the assimilation of satellite data will be detailed. It is also expected to have the first result of the ALADIN analysis and simulations of the “dry-run” exercise that has been conducted on the 2005 monsoon (2 last weeks of August 2005). This will enable the validation of ALADIN products that will be used to support operational forecast at AMMA Operation Center (AOC) in Niamey during the field campaign. 
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The Dry-run forecasting activities in Summer ‘05 for AMMA : elaboration and test of the Forecasting tools, methods and procedures 
J.P. LAFORE (1), N. ASENCIO (1), P. CHAPELET (1), F. FAVOT (1), M. NURET (1),

N. CHAPELON (1), Z. MUMBA (2), A. EL MAJDOUB (2), A. KAMGA (2),

A. HASSNE (3), A. DIONGUE (4), M. JIDANE (5), S. MILTON (6), A . GHELLI (7),
W. THIAW (8), A. TCHOUANWO (6), C. MARI (9), JP. CHABOUREAU (7),

B. SULTAN (10), L. FAIRHED (8) and G. BERRY (11) 
(1) Météo-France, (2) ACMAD, (3) ASECNA/Niger, (4) Senegelese Met Service

(5) Marocco Met Services, (6) UK Met Office, (7) ECMWF, (8) NOAA/African Desk

(9) LA/Toulouse, France (10) IPSL/Paris, France, (11) SUNY/Albany University, USA

The AMMA-Forecasting core group organized a near real time 2-weeks forecasting exercise (22 August to 2nd September 2005). Two major goals were pursued concerning:

(i) 
The Forecasting Science to improve our scientific understanding of the WAM and its predictability at different space and time scales and 

(ii) 
Operational Needs of PIs and platforms (e.g. aircraft and ground-based) and their security to develop strategies and a framework for provision of forecasts in the field in 2006. 

Some NWP centers, Regional Organizations, Universities, Laboratories (ACMAD, ASECNA, ECMWF, IPSL, LA, Morocco and Senegal Met Services, Météo-France, NOAA/African Desk, SUNY-Albany, UK Met Office) actively participated by providing analysis, model forecasts, diagnostics, forecasting reports… Five global NWP systems and five LAM operational or research models (one with chemistry and tracers) have been involved. 

The Dry Run has been organized around the development of a web site, automatically collecting a selection of observations, analysis and NWP products provided by the participants on their own web site. This source of information has been chosen to help the forecasters and AMMA scientists to give answers to Forecasting Science and Operational needs. The way to synthesize the situation of the day and its forecasted evolution has been discuss to propose a frame for the Daily Reports. Proposition for aircraft operations were made. We also qualitatively evaluated the forecasts accuracy and the model dispersion on the following day. 

Daily Conference Calls were organized to discuss all these points between 7 centres on average. We mainly focused on the 0-2 days forecast range, began to consider the intra seasonal scale (week), but didn’t have the time to treat the nowcasting part. 

This exercise has been very useful to facilitate the communication and to initiate a dynamics within a group of persons and centres widespread all over the world. It allowed setting up some basic tools and methods, identifying the key problem to be solved and estimating the models skill. The next nine-month period will be used to solve those difficulties, to complete the web site and to improve the procedures. It will also help the preparation of the forecasters training course/workshop to be held end of June 2006 before the wet SOP starts. 

L’exercice à blanc de prévision AMMA durant l’été 2005: Elaboration et test des outils, des méthodes et des procédures de prévision
J.P. LAFORE (1), N. ASENCIO (1), P. CHAPELET (1), F. FAVOT (1), M. NURET (1),

N. CHAPELON (1), Z. MUMBA (2), A. EL MAJDOUB (2), A. KAMGA (2),

A. HASSNE (3), A. DIONGUE (4), M. JIDANE (5), S. MILTON (6), A . GHELLI (7),
W. THIAW (8), A. TCHOUANWO (6), C. MARI (9), JP. CHABOUREAU (7),

B. SULTAN (10), L. FAIRHED (8) et G. BERRY (11)
(1) Météo-France, (2) ACMAD, (3) ASECNA/Niger, (4) Senegelese Met Service

(5) Marocco Met Services, (6) UK Met Office, (7) ECMWF, (8) NOAA/African Desk

(9) LA/Toulouse, France (10) IPSL/Paris, France, (11) SUNY/Albany University, USA
Le noyau central du groupe AMMA-Forecasting a organisé un exercice de prévision en temps quasi-réel (22 août au 2 septembre 2005). Deux objectifs principaux ont été poursuivis concernant (i) la science de la prévision afin d’améliorer notre compréhension du système de Mousson Ouest Africaine (MAO) et sa prévisibilité à différentes échelles spatio-temporelles, et (ii) les besoins opérationnels des PIs et des plates-formes instrumentales (i.e. avions et sol), leur sécurité, ainsi que le développement de stratégies et d’un cadre pour fournir des prévisions sur le terrain en 2006.

Quelques centres de prévisions numériques, organisations régionales, universités, laboratoires (ACMAD, ASECNA, ECMWF, IPSL, LA, les DMN du Maroc et du Sénégal, Météo-France, NOAA/African Desk, SUNY-Albany, UK Met Office) ont activement participé en fournissant des analyses, des prévisions numériques, des diagnostics, des bulletins de prévision… Cinq systèmes globaux de prévision et 5 modèles opérationnels ou de recherche à aire limitée (dont un avec des traceurs et une chimie simplifiée) ont été impliqués. 

Cet exercice à blanc a été organisé autour du développement d’un site web, collectant automatiquement une sélection d’observations, d’analyses et produits de prévisions mis à disposition par les participants sur leur propre site. La sélection de ces informations a été faite pour tenter de répondre aux besoins des prévisionnistes et des scientifiques d’AMMA. La méthode pour synthétiser la situation du jour et son évolution prévue a été discutée pour déboucher sur une proposition d’une trame de bulletin de prévision quotidien. Des propositions pour les opérations aéroportées ont été faites. Nous avons également évalué qualitativement la qualité des prévisions et la dispersion des modèles pour le lendemain.

Une conférence téléphonique quotidienne était organisée pour discuter des points précédents. Ces conférences regroupaient en moyenne 7 centres ou laboratoires. Nous nous sommes concentrés en priorité sur la prévision de 0 à 2 jours, mais nous avons commencé à considérer la variabilité intrasaisonnière à l’échelle de la semaine. Par contre nous n’avons pas eu le temps de traiter la partie prévision immédiate.

Cet exercice a été très utile pour développer la communication et initier une dynamique à l’intérieur du groupe AMMA-Prévision entre des centres dispersés dans le monde. Cela nous a permis de développer quelques outils de base et des méthodes, d’identifier les difficultés à résoudre et d’estimer les performances des modèles. La période actuelle avant la SOP sera dédiée à la résolution de ces problèmes, à l’élaboration d’un site opérationnel durant la SOP et à l’amélioration des procédures de prévision. Notons également que cet exercice nous aidera à préparer l’atelier/stage de prévision qui se tiendra début juin 2006 au début de la SOP humide.
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Validation du modèle ALADIN NORAF sur l’Afrique de l’Ouest avec le cas de la genèse du cyclone Cindy
Aïda DIONGUE-NIANG (1) et Siham SBII (2)

(1) Direction de la Météorologie Nationale du Sénégal

2) Direction de la Météorologie Nationale du Maroc

Le modèle ALADIN NORAF, opérationnel à la Direction de la Météorologie Nationale du Maroc, a été utilisé pour tourner un cas de ligne de grains se développant entre le Mali et le Sénégal en août 1999 et qui a donné naissance ultérieurement sur l’Atlantique au cyclone dénommé Cindy. 

Les premiers résultats montrent que le modèle est capable de reproduire l’évolution synoptique du système convectif et la genèse du cyclone Cindy. Des Analyses dynamiques et thermodynamiques sont entrain d’être effectuées pour comprendre la genèse des cyclones tropicaux à partir des systèmes convectifs de mésoéchelle à la traversée des côtes d’Afrique de l’Ouest. 

Validation of ALADIN NORAF model over West Africa with the cyclone Cindy genesis case
Aïda DIONGUE-NIANG (1) and Siham SBII (2)

(1) Direction de la Météorologie Nationale du Sénégal

(2) Direction de la Météorologie Nationale du Maroc

The model ALADIN NORAF, operational at the Meteorological Service of Morocco, has been used to run a Squall line case in August 1999 developing between Mali and Senegal. This Squall line has evolved to a tropical depression over the East Atlantic Basin and later to the cyclone Cindy. 

The preliminary results indicate the model has been able to reproduce the synoptic evolution of the squall line and the genesis of the cyclone Cindy. Dynamic and thermodynamic analyses are being conducted to understand the genesis of tropical cyclones from mesoscale convective systems crossing the West African coast. 

Session 5:

Prediction of Climate Impacts

WG5 : High Impact Weather Prediction and Predictability

Report on Dakar Conference Discussions

Ernest Afiesimama, Sarah Jones, David Parsons, Florence Rabier

 Chris Thorncroft and Zoltan Toth

1. Background

This joint AMMA-THORPEX WG is concerned with improving our knowledge and understanding of high impact weather over the West African continent, downstream tropical Atlantic and the extratropics. It is also developing several operational-related activities that link with NWP centers around the globe. We have received enthusiastic responses from several NWP centers wishing to interact with and contribute to the operational activities in WG5 (e.g. ECMWF, Meteo-France, NCEP, NRL, UK Met Office) and these will be developed in the coming year.

Those attending the conference were mainly concerned with the West African region and most of the plenary talks and discussion reflected this. For example, in the plenary session we had many interesting talks from West African forecasters on current forecasting techniques. The parallel discussion session was organized along 4 themes important for WG5 (i) Tailoring and evaluation of forecast products for users in tropical regions; (ii) Impact of additional observations and especially radiosoundings over West Africa and driftsondes in analysis/forecasting systems for (a) West Africa, (b) Atlantic and USA and (c) Europe; (iii) Targeted observations in tropical regions and (iv) Societal impacts. A brief summary of the discussion along with key recommendations and planned activities for the next 12 months are included in this report below.

2 Brief summaries of discussion sessions and planned activities
2.1 Tailoring and evaluation of forecast products for users in tropical regions

(a) The Dry Run

Strong contributions to this WG5 activity are being made by the AMMA forecasting group lead by J.P. Lafore (Meteo France); in particular through the dry run that is concerned with evaluating forecasting methods and products for 2 weeks in the summer of 2005 (22nd August – 2nd September). A variety of forecast products have been developed through the work taking place in the AMMA forecasting group and these will continue to be evaluated in the coming months. 

Key Activities that were agreed in the short term include:

· Continue to evaluate the forecasts during the dry run period and to provide documentation on the various activities related to this on the WG5 webpages (See below).
· Include in this dry-run effort coordination of the evaluation of models (regional and global) and ensure that results are communicated to the AMMA GCM group.
Key Recommendations:

- Ensure coordination with WG2 on the investigation of their chosen Aug 28th case-study.

- Efforts should be made to evaluate and make use of the products made available through the THORPEX Interactive Grand Global Ensemble (TIGGE) project. Through TIGGE, such products may be made available routinely, even after the field campaign in 2006.

(b) The Ensemble Prediction System (EPS)

The EPS was discussed here and also in the impacts session (see below). The potential value of the EPS for users and forecasters in the West African region was recognized. There is a need however for training in this area for both of these communities. A series of workshops should be considered in this regard. The TIGGE group has recently expressed an strong interest in AMMA and the possibility of making it a forecast demonstration project (FDP).

Key Activities that were agreed in the short term include :

- Review and discuss the utility of using the EPS for prediction of high impact weather impacts in the West African region with WG4.

- Liaise with TIGGE regarding the idea of the AMMA FDP and the potential for training.

2.2 Impact of additional observations
Observing System Experiments (OSEs) will be carried out by Meteo-France and ECMWF for the dry run period. These will include high resolution analyses and forecasts for the 28th August case. Other NWP centers will also contribute to this activity but precise details were not known at the time of the conference. To evaluate the impact of “special observations” it is necessary to have reliable high resolution independent datasets. This is needed here and also in 2.1. Rainfall datasets are particularly important and should be made available.

The importance of soil moisture for data assimilation and prediction was recognized. In the long term African Land Data Assimilation (ALDAS) products will be useful for supporting research on this topic. In the absence of these products current efforts will make use of satellite (e.g. AMSR) and routine synoptic measurements.

Key Activities that were agreed in the short term included :

- Establish and coordinate what the various NWP centers and groups will contribute regarding OSEs in AMMA (including the dry run).  
- Request and make available high-resolution rainfall datasets for evaluation of models during the dry run.

- Ensure that satellite rainfall estimates are made available on the website to support this evaluation – communicate with AMMA-Satellite.

2.3 Targeting in tropical regions
There is concern in the numerical modeling community about the usefulness of targeted observations for the AMMA field campaign next year – except, that is, for the driftsonde system. Despite this, groups will continue to work on sensitivity area calculations, as a contribution to the AMMA project and WG5. 

Key Activities that were agreed in the short term included: 

- Establish and coordinate what the various NWP centers and groups will contribute regar-

ding targeting work and sensitivity area calculations in AMMA. 

2.4 Societal impacts
The presentation from Andy Morse (WG4) emphasized the need for WG5 to define high impact weather with respect to societal needs and users. Several applications at the 15-day timescale were presented (e.g. rainfall onset, break cycles, false onset, dust, fires, extreme heat in urban areas).
There was a strong recommendation for us to make more effort to identify the users of the 1-15 day forecasters. Potential users could include a diverse group – as well as agriculture and health we could also consider fisheries, insurance companies etc. There was a strong recommendation that WG5 should work closely with WG4 on linkages with users. 

Key Activities that were agreed in the short term included:

- To continue discussions with WG4 on the utility of the ensemble prediction system (EPS) in the West African region and to consider establishing training courses to support their use, perhaps in collaboration with TIGGE. 
- To work closely with WG4 on identification of users of 1-15 day forecasts.
3 Linkages with other AMMA WGs

There are several research areas/activities where WG5 should ensure strong linkages with the other AMMA WGs: 

WG1: Model evaluation; Monsoon onset; break cycles

WG2: Rainfall prediction; floods

WG3: Role of land surface processes; ALDAS

WG4: Impacts; seamless prediction

4 Communication

Some brief discussion was had on how WG5 and contributors to WG5 activities should communicate during the coming year. The following was agreed:

- An e-mail list will be established to help with communication between interested parties. A WG5 newsletter will be produced and distributed at regular intervals to this list.
- The WG5 webpages reached through the international website (http://www.amma-international.org) will be developed to highlight ongoing research and opportunities for collaborations etc. 
- A contribution will be made for the AMMA-International Newsletter during 2006.
- A workshop in 2007 will be considered.
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Approaches to studying adaptation to climate change and fluctuations in the West-African Sahel-Sudan : Research priorities of the AMMA EU WP 3.2.

on impact assessment and adaptation

Inge SANDHOLT (1), Anette REENBERG (1), Kjeld RASMUSSEN (1),

Bruno BARBIER (2), Christian BARON (2), Christian FEAU (2),

Harouna KARAMBIRI (3), Eric LAMBIN (4), Bertand MULLER (2),

Anette NORGAARD (1), Benjamin SULTAN (5), Lorenzo GENESIO (6)

and Patrizio VIGNAROLI (6)

(1) Institute of Geography, University of Copenhagen, Denmark (2) CIRAD

(3) Groupe EIER-ETSHER, (4) UCL, (5) LOCEAN, France (6) CNR-IBIMET
AMMA-EU may be seen as a response to the increasingly obvious reality that, given the substantial increase in concentrations of greenhouse gases in the atmosphere that has taken place and will inevitably proceed, the West African monsoon (WAM) is changing and will change much more in the next one hundred years or more. While the main body of research of AMMA EU is on improving our understanding of the climatological aspects of WAM, WP 3.2 deals with assessing the likely impacts and understanding the possible adaptation strategies, counteracting the negative effects and making the best use of the positive effects of changes in WAM. While mitigation of climate change is obviously required, adaptation measures will be needed in order to optimize human welfare, in a situation where changes in climate, and in particular WAM, will certainly continue for many decades, irrespective of mitigation efforts. 

Developing countries, and in particular the poorest and most rural ones in West Africa, are likely to be the most affected, even though our knowledge of the exact character, direction and location of key changes in climate are not known very well at present. This is due to their inherent high reliance on climate-dependent economic activities, primarily rainfed crop production and livestock production. These poor developing countries do not contribute very much to greenhouse gases emissions, and thus mitigation actions play a relatively limited role, apart from the possible impacts of CDM sink projects which is still quite uncertain. There is, on the other hand, a strong need for these countries to adapt to climate change, yet at the same time they have limited capacities to do so, because of their weakly developed climate-independent economic sectors. It should not be forgotten, however, that these countries have been subjected to great variability of climate in the past, and there is a long tradition for adapting to such variability through changes in livelihood strategies and land use, as well as through migration. Some of these traditional strategies will be relevant also in the future, yet it is uncertain to what extent, and what their limits may be. 

National planning in these countries only takes the likely effects of change in WAM into account to a very limited degree, and few academic institutions have developed expertise in the domain. One reason for this is that climate change is but one among many challenges facing these countries. Its relatively long time horizon, as compared to issues associated with economic problems in general, food security in the face of population growth, access to clean water and health problems, means that it often plays a minor role in terms of the political attention paid to it. It may be argued that this is short-sighted, but governments can hardly be blamed for not putting it at the top of the agenda. However, many of the elements of efficient adaptation strategies towards effects of climate change may overlap with elements of strategies relevant in relation to these other problems, facing the poorest developing countries. One way to promote adaptive strategies towards effects of climate change would therefore be to identify areas where such ‘co-benefits’ may be argued to exist. This issue is a common concern of WP3.2 and the other ‘impact WPs’ of AMMA-EU (WP3.1 on agricultural production, WP3.3 on water resources and WP3.4 on health). AMMA-EU WP 3.2 will address these challenges by carrying out research on the following themes:

1. Empirical household- and village-scale studies of past, current and expected future adaptation strategies, when facing changes in WAM in the form of changes in amounts, distribution and intensity of rainfall. These studies will take their point of departure in a number of WAM change scenarios. Adaptation strategy elements studied will include (a) changes in land use, diversification of livelihood strategies and (b) rural-to-urban migration and reliance on remittances.

2. Empirical analysis of WAM change impacts on the pastoral sector of the semi-arid, Sahelian part of West Africa, and its historical and likely future adaptive responses. Emphasis will be on WAM change impacts on the cultivation/pastoral frontier. 

3. Modelling at coarse spatial scales of impacts of WAM change on land use, natural resource management and national/regional economics.

4. Analysis of vulnerability to WAM changes, with emphasis on food security issues. This involves integrating bio-physical information with economic information on factors such as the market situation, emergency stocks and infrastructure, with demographic information and with social information. This analysis will feed into design of ‘early warning systems’.  

These research foci share a number of methodological challenges:

· The research themes outlined range, with respect to the spatial scales considered, from household and village scale to national and even super-national scale. Integrating research carried out these scales efficiently will be a challenge. The land use theme may provide an example: Empirical studies of land use change at household and village scale must be related to coarse scale modelling of land use change at national scale.

· Land, vegetation, water and energy resources and uses need to be seen and studied as elements in one coupled socio-natural system. This calls for collaboration between several AMMA-EU WPs, not the least the ‘impact WPs’.

· Impacts of WAM changes may be difficult to separate from impacts of other non-climatic changes, such as population growth, economic growth, changes in world market prices and economic globalization. Likewise, adaptation strategies at both local and national levels need to address not only climatic, but a whole range of external impacts, as well as internal development trends.

AMMA-EU WP3.2 will attempt to address these challenges by taking the following steps: Firstly, field campaigns at household and village level, using identical/similar methods will be carried out for a number of intensive study sites in Senegal and Burkina Faso, allowing an assessment of the generality of the findings. These studies will explicitly place WAM change impacts in a broader context. Secondly, an existing model of land use change, operating at national scale, will be further developed to operate at a finer spatial scale. Thirdly, meso-scale analysis of land use change, based on remote sensing data, will be carried out in Senegal to bridge the gap between the coarse scale of the modelling and the finer scale of the village-scale empirical work. Fourthly, close coordination with other WPs, and in particular the ‘impact WPs’ will be organized.

Contact :
Inge Sandholt – Email : is@geogr.ku.dk
Approches d’étude de l’adaptation au changement et fluctuations climatiques en Afrique

de l’Ouest Sub-saharienne
Inge SANDHOLT (1), Anette REENBERG (1), Kjeld RASMUSSEN (1),

Bruno BARBIER (2), Christian BARON (2), Christian FEAU (2),

Harouna KARAMBIRI (3) Eric LAMBIN (4), Bertand MULLER (2),

Anette NORGAARD (1), Benjamin SULTAN (5), Lorenzo GENESIO (6)

et Patrizio VIGNAROLI (6)
(1) Institute of Geography, University of Copenhagen, Denmark (2) CIRAD

(3) Groupe EIER-ETSHER, (4) UCL, (5) LOCEAN, France (6) CNR-IBIMET

Le changement et les fluctuations climatiques jouent un rôle plus important en Afrique de l’Ouest sub-saharienne que dans la plupart des régions du monde, et les populations de cette zone ont une longue tradition de vivre avec les périodes de sécheresses.

Cette étude part du principe qu’il existe à l’évidence des stratégies d’adaptation au niveau local (échelles des ménages et villages), sub-national et national, pour proposer des approches de recherche permettant de  comprendre et de prévoir les réponses aux actuels et futurs changements de la mousson ouest-africaine. Ces réponses doivent être perçues dans un contexte plus large de stratégies d’adaptation et de minimisation des risques car d ‘autres facteurs de risque influençant tant les réponses des gouvernements que celles des ménages, peuvent se superposer à ceux du climat.

Le plan de recherche qui en découle dans le cadre du WP 3.2 «Processus humains et sécurité alimentaire» de AMMA-EU sera brièvement présenté. Ce plan devra se focaliser sur les réponses aux variations des pluies de l’échelle du ménage à l’échelle nationale, et d’une manière générale, aux stratégies d’utilisation des terres et à la production agricole à l’échelle régionale.
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Les fluctuations de nappe comme enregistreur de la dynamique de la mousson ouest africaine
Raymond MALOU (1), Fatou DIOP NGOM (1), Honoré DACOSTA (2),

Léonard Elie AKPO (3) et Diome FARY (4)
(1) Dépt. de Géologie, Université Cheikh Anta Diop, Dakar, Sénégal

(2) Dépt de Géographie, Univ. Cheikh Anta Diop, Dakar, Sénégal

(3) Dépt de Biologie Végétale, Univ. Cheikh Anta Diop, Dakar, Sénégal

(4) Institut des Sciences de la Terre, Université Cheikh Anta Diop, Dakar, Sénégal
Le déficit pluviométrique, qui sévit en Afrique Occidental depuis plus de trois de décennies, est sans aucun doute la conséquence d’une évolution de la dynamique de la mousson africaine. Au Sénégal les études de l’évolution des ressources en eau ont montré l’infléchissement des précipitations à partir des années 1970 dans le sens d’entrée du Front Intertropical dans le pays. Cet infléchissement des précipitations a eu comme conséquences une baisse drastique des ressources en eau d’une manière générale et en particulier des nappes phréatiques qui s’identifient comme de bons enregistreurs de cette évolution pluviométrique. Les résultats de l’analyse des fluctuations des niveaux phréatiques dans le bassin sédimentaire sénégalais ont permis de mettre en évidence cette fonction. 

Les observations effectuées sur l’ensemble du domaine de l’étude ont montré une bonne signature phréatique du climat. Cette signature est marquée par l’évolution saisonnière des niveaux phréatiques (par les processus de stockage, au cours de la saison pluvieuse puis de déstockage, au cours de la saison sèche) et la tendance générale à l’épuisement des ressources hydriques du fait de la prépondérance des fonctions de déstockage à l’échelle inter annuelle. 

La baisse des amplitudes des fluctuations vers le nord (où les précipitations sont de moins en moins efficaces) et la tendance des nappes à l’épuisement est une bonne illustration de l’évolution actuelle de la mousson ouest africaine. 

Mots clés : impact, mousson ouest-africaine, fluctuations de nappe, zone soudano-sahélienne
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Prévision Saisonnière Comme Outil de Prévention et de Gestion des Catastrophes Naturelles : Tentative d’Expérimentation au Tchad dans le Cadre

du Projet FIRMA II-B
Application et Vulgarisation des Produits de la Prévision Saisonnière des Pluies et des Ecoulements des Eaux de Surface  pour un Développement Durable

Nadji TELLRO WAÏ

Direction des Ressources en Eau et de la Météorologie, N’Djamena, Tchad

1. Introduction

La nécessité de la connaissance de la mousson africaine et de ses impacts régionaux a été la source de motivation pour le développement des études multidisciplinaires sur la dynamique de l’atmosphère et les cycles de l’eau. 

L’Afrique de l’Ouest a été identifiée comme région pilote pour une expérimentation multi-échelle et multidisciplinaire pour sa vulnérabilité aux fluctuations climatiques, s’est vue à travers certaines institutions régionales comme ACMAD, AGRHYMET, confiée les programmes internationaux de OMM, PNUE, PNUD pour la recherche sur la mousson africaine et ses interactions avec le cycle de l’eau et la biosphère. C’est ainsi suite aux réunions de Niamey en 2002, la nécessité des études/recherche par des équipes africaines par l’élaboration des projets scientifiques avec la création du Fonds d’Incitation à la Recherche Météorologique en Afrique (FIRMA) comme Coordonnateurs régionaux l’ACMAD et l’AGRHYMET.

La Direction des Ressources en eau et de la Météorologie en collaboration avec la CBLT et le département de Géographie de l’université de N’Djaména a soumis et obtenu un financement d’un projet de recherche intitulé : Application et Vulgarisation des produits de la Prévision Saisonnière des Pluies et des Ecoulements des Eaux de Surface pour un Développement Durable.

Il sera établi par cette recherche, comment la prévision saisonnière peut être utile dans la gestion des ressources naturelles en périodes de catastrophes naturelles afin d’assurer le développement durable à l’échelle locale, nationale ou régional dans le cadre des bassins partagés des cours d’eau.

A travers cette présentation, nous aimerions partager avec les autres les résultats de cette première phase, et l’état dans lequel évolue la dissémination de la prévision saisonnière aux usagers et les résultats obtenus sous forme de feedback et nos attentes  des partenaires pour la relance de cette phase d’expérimentation. 

2. Méthodologie
Cette recherche/étude s’effectue suivante la méthodologie suivante : i) élaboration d’un petit document sur les informations sur la prévisions saisonnières et activités connexes destiné aux usagers, ii) choix des bassins versants dont la plupart servent de tests pour la prévision saisonnière, iii) identification des usagers à travers des rencontres formelles et informelles au niveau national et dans chaque composante du bassin versant ou du sous-bassin, iv) établissement des contacts avec des responsables des moyens de communication de proximités (radio communautaires FM, radios rurales, des stations des radios régionales, etc.. ) et v) prise de contacts tant au niveau de la capitale et dans les zones pilotes choisis où le processus de mise en œuvre est expliquée, discuté et retenu avec les usagers pour ce qui les prochaines phases d’exécution et du suivi de l’étude. Un questionnaire en langage simple  relatif aux phénomènes hydrométéorologiques extrêmes passés et les solutions d’adaptions utilisées dans les sites retenus a été remis  aux participants le long du parcours aller et collecté au parcours retour. 

3. Résultats obtenus
Les différentes manifestations ou rencontres ont permis au public et aux différents secteurs de développement dont certains pour la première fois de prendre connaissance de l’existence des produits de la prévision saisonnière et de ses applications possibles.

La majorité des acteur-usagers, ont émis le désir d’utiliser ces produits  et de prendre compte dans leurs activités liées à l’hydrométéorologie. Particulièrement quelques zones pilotes composées de groupements des agriculteurs, des pêcheurs ou pisciculteurs et de certaines municipalités. L’engouement suscité chez les différents chefs de l’Administration territoriale de cette approche a réconforté l’équipe de la recherche pour son extension sur l’ensemble du territoire et en particulier de la région du Lac Tchad.

4. Difficultés rencontrées
Au bureau : i) manque ou délestage intempestif d’électricité et ii) difficulté de mobilisation des moyens financiers alloués à cause de co-signature, ralentissant ainsi l’exécution du projet.

Sur le terrain : i)l’alphabétisme de la population risque d’être un obstacle à l’application de la prévision saisonnière et ii) les moyens logistiques dont disposent les différentes institutions partenaires (CBLT, Université de N’Djamena) ne correspondent pas à l’ampleur des travaux de terrain.

D’une manière générale, la suite du processus est interrompu à cause de la seconde tranche de ce fonds, ce qui nous handicape de beaucoup d’informations à recueillir auprès des usagers dans les zones pilotes afin de mieux faire une évaluation des effets de l’utilisation des produits de la prévision saisonnière sur leurs activités. 

5. Perspectives
Pour la re-dynamisation du processus interrompu, un appel est lancé ici au responsable du Projet FIRMA, logé à l’ACMAD de faire l’état des lieux en concertation avec les coordinateurs nationaux de ces projets de leur phase dans la perspective d’une relance immédiate des activités de la seconde phase.

6. Conclusion et recommandations
L’exécution de la première phase du processus de la prévision saisonnière a été bien accueillie par les usagers, les autorités locales qui ont sollicités être pleinement impliqués dans le processus car du succès de leurs activités en dépend cette prévision. Tenant en compte cet engouement tant au niveau des usagers, des autorités administratives et de l’équipe de recherche, il est souhaite que l’ACMAD relance la seconde phase de ce projet en essayant de voir certaines conditionnalités. Enfin, que l’ACMAD aille au fond de sa volonté dans le cadre du Projet FIRMA afin de crédibiliser les Services de Prévisions hydrométéorologiques auprès du public qui ne cesse de considérer  la météorologie de « Menteuse ». 
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Seasonal Forecasting As Tool Of Prevention And Management Of The Natural Disasters :

Attempt Of Experimentation In Chad

In The Project Firma II-B Framework

Nadji TELLRO WAÏ

Directorate of  Water Resources and the Meteorology, N’Djamena, Chad

The problematic of the acquaintance balance on the different knowledge of the African west monsoon and especially the impacts of its variability were the main incentive of the Direction of resources in water and the Meteorology in collaboration with the Commission of the basin of the Lake Chad of the project "Application and awarness of the products of the seasonal forecasting of rains and the discharges of the surface water for a sustainable Development" in the setting of the project, Fund of Incitement in Research of the Meteorology in Africa (FIRMA) II-B managed by ACMAD. To shortcoming this project, it would be established the contribution that the seasonal forecasting can bring in the management of resources in water and other natural resources in extreme hydrometeogical periods in order to assure the sustainable development to the local, national scale and transboundary for the shared river basins.

With the first slice of funds allocated permitted to do the preliminary phase to make this work by to the national level called" the seasonal forecasting of rains and the discharges of the surface water for a sustainable Development " dedicated to identification and the sensitization of the users, then to the decentralized level in the chosen pilot sites of the river basins of the Logone, the Chari and the Lake Chad.

This first satisfactory phase to in regards to the level of the administrative authorities and the major users expressed their enjoyment to be involved in the process.The second phase has been planned in the national forum  at N’djamena during which the products of the seasonal forecasting from the  PRESAO-07 were be available to these users. Unfortunately the second slice of this fund ever was not available until this day for the continuation of the process while letting a bitter taste for the forecast team who sees itself reproaching by users as" the lying Meteorology ".

To shortcoming this presentation, we would like to share with the other the results of this first phase, and the state in which evolve the dissemination of the seasonal forecasting to the users and the results gotten as feedback and our waitings of the partners for the raise of this experimentation phase.

Key words: west african monsoon
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A first step toward a model coupling the climate and resources variability with socio-economical dynamics and legal norms

P. MAZZEGA (1, 2), Ch. COURNIL (1, 3) and J.-P. AMIGUES (2)

(1) LMTG Observatoire Midi-Pyrénées, CNRS / IRD / Univ. Toulouse III, France

(2) LERNA, INRA / Univ. Sciences Sociales Toulouse I, France

(3) TACIP / CERDH, Univ. Sciences Sociales Toulouse 1, France
The long term objective of this study is to explore the possibility to draw, in a diversity of contexts simulating co-evolutions of societies and environments, some « rules » favouring the sustainability of the resources and environmental services as well as the reproduction of social groups and of their cultures.

The first problem to be solved consists in integrating in a common conceptual frame knowledge coming from ecological and economical theories and from the analysis of legal and customary norms. This “knowledge management” is set in a formal model. We here present some basic ingredients of this approach : (1) resources are produced by a very simple ecosystem dynamical model; (2) a swarm of economical agents are trading some abstract wealth on a competing market. Both sub-models 1 and 2 are analyzed using tools from the ergodic theory of dynamical systems. Then (3) the question is opened of how to couple resource dynamics with the economical agent strategies. We suggest that this mediation is partly embedded in laws and custom that have to be formalized in order to enter the modelling frame, an on-going work.

1. Simple Resource Dynamics

The complex spatio-temporal pattern dynamics of the components of an ecosystem can be finely represented with agent-based models. From simple and explicite rules constraining the agent behaviour in their environment, complex time dependent dynamics are emerging at the scale of population densities (Pascual & Levine 1999). Then it has been shown that pertinent density dynamics, obtained via an aggregation at an intermediate scale of non trivial determinism, can in turn be captured in non linear ordinary differential equations (like the celebrated Lotka-Volterra system) once the parametrization of the involved processes are properly perturbed in order to account mainly for the stabilizing effect of space (not well mixed system) and for the interaction of population cycles with demographic noise (Pascual et al. 2001).
On this basis, we simulate the time interactions between vegetation V, “ruminants” R and “predators” P densities. In this provisional model, ruminants are interpreted as livestock and predators as those agents that can remove or drive some cattle out of the livestock
. The whole system is forced by a periodic precipitation rate
 (sine function with period T) that provides surface waters W consumed by the vegetation, ruminants and predators. As a consequence of the non linearities in the system, the time series of V, R and P present irregular cycles (Fig.1a for R(t) and P(t)) with harmonic T2 and sub-harmonic T/2 spectral peaks (Fig.1b). The analysis of such time series relies on the estimation of correlation or average mutual information functions (Fig.1c) and in a further step on the embedding of the dependent variables in phase space (Fig.1d). The analysis of the geometric and statistical properties of such phase space system trajectory, based on the ergodic theory, allows to characterize the system dynamics (stability analysis, various dimension estimations, predictibility of the system state evolution, etc.; see e.g. Lasota & Mackey 1994, Abarbanel 1996, Diks 1999). A single system time evolution being also dependent on the set of process (grazing, predation, growth, …) parameters (the perturbation of which being able to induce sequences of system bifurcations) we then generate an ensemble of trajectories based on an ensemble of parameter sets and estimate the associated multi-dimensional probability density function (pdf) over the system phase space. The impact of the economical use of the ecosystem resources will be estimated on this pdf. Conversely we will try to estimate the incidence of the pdf structure of the resources state on the market dynamics … the next step of our study.

IG/ Is the next scanned page linked to this one ?

JLR: Yes!

[image: image19.wmf]
5.05

Impact de la variabilité hydroclimatique sur la dynamique spatio-temporelle de l’inondation en zone lacustre sahélienne par NOAA/AVHRR sur la période 1990-2000 : cas du Delta intérieur du Niger (DIN) au Mali
A. MARIKO (1), G. MAHE (2) et E. SERVAT (2)

(1) École Nationale d’Ingénieurs, Bamako, Mali

(2) Hydrosciences, MSE, UM2, Montpellier, France
Introduction

La zone lacustre (latitudes 15° et 17 ° N et longitudes 2° à 5° W (fig.1)) inondée au rythme annuel grâce aux pertes en écoulement (2,7 et 8 km3 ) alimentées par les eaux du bassin amont du fleuve Niger (800 à 1200 mm d’eau/an) et la pluie locale (< 200 mm/an) est  soumise à une forte demande, de la part de la population croissante (2,5 % an), dans différents secteurs de production (agriculture, élevage et pêche). Les déficits pluviométriques enregistrées (23 %) depuis les années 1970 dans toute la région Ouest africaine notamment dans le bassin du Niger (Servat et al., 1999 ; Mahé et al., 2001) ont eu pour conséquence dans la zone lacustre une diminution des surfaces inondées, une modification de l’occupation du sol, la construction de digue de retenu d’eau. En vue d’anticiper les surfaces inondables, s’inscrivant dans une politique de meilleure gestion des ressources en eau dans les domaines de l'agriculture, la pêche, l’élevage voire du trafic fluvial, cette étude a pour objectif la recherche de relation fonctionnelle entre les hauteurs d’eau de la zone lacustre et les surfaces inondées extraites à partir des images NOAA/AVHRR. Elle devrait servir d’outil d’aide à la gestion des ressources en eau voire de l’écosystème de la région fortement ébranlé par une trentaine années de sécheresse.
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Figure 1 Carte de présentation de la zone lacustre dans le DIN au Mali

Matériel et méthodes

Les images NOAA/AVHRR (1km) de la période 1990 à 2000 (AGRHYMET) et les hauteurs d’eau aux échelles limnimétriques des stations de la zone lacustre (DNH) sont utilisées dans cette étude. Les images améliorées par application successive du "Minimum Noise Fraction" (MNF) basée sur l’estimation de la matrice de covariance du bruit (Green et al., 1998) et de l’Analyse en Composante Principale (ACP) ont été utilisées pour la construction de d’indices spectraux (Pseudo-canaux) plus sensibles aux surfaces inondées (Mariko  et al, 2005). La classification supervisée des images issues des indices spectraux a permis d’estimer les surfaces inondées. L’étendue de l’inondation étant liée à la montée des eaux aux différentes stations hydrométriques, nous avons utilisé les modèles prédictifs des surfaces inondées sous la forme de relations fonctionnelles de type 
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 (décrue) où X et Y sont les hauteurs d'eau (cm) et les surfaces inondées (Km2). A et B sont les paramètres. La construction du modèle prédictif a été conduite par estimation des paramètres (calibration) et par validation du modèle  sur différents jeux de données.

Résultats

Les surfaces inondées sur la période 1990-2000 varient en moyenne du simple au triple selon l’hydraulicité de l’année (tableau 1). Les hauteurs d’eau à Diré s’ajustent mieux aux surfaces inondées  avec des surfaces calculées légèrement inférieures à celles observées sur les images. Les coefficients de corrélation R valent 0.75 et 0.95 (fig.2). On note une différence non négligeable dans la validation avec un biais de -18 % en crue et +7 % en décrue (Fig.3).

Tableau 1 Statistiques des surfaces inondées en zone lacustre sur la période 1990-2000

(1990/1993 "plus sèche", 1994/2000 "humide")

	
	1990/1993 (plus sèche)
	1994/2000 (humide)
	1990/2000

	
	Surface maximale

Inondée

(km2)
	Surface moyenne

Inondée

(km2)
	Ecart-type
	Surface maximale

Inondée

(km2)
	Surface moyenne

Inondée

(km2)
	Ecart-type
	Surface maximale

Inondée

(km2)
	Surface moyenne

Inondée

(km2)
	Ecart-type

	Surfaces inondées 
	1865
	666
	497
	7455
	2358
	1592
	7455
	2007
	1590
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Figure 2 : Comparaison des surfaces inondées observées d'après les images NOAA et

calculées sur la période 1990-2000 dans la zone lacustre

Conclusion

La mise en relation des hauteurs d’eau limnimétriques avec les surfaces inondées estimées selon les images AVHRR offre une possibilité d’anticipation des surfaces inondables dans la zone lacustre. Dans le contexte de variabilité spatio-temporelle des surfaces inondées conséquente à la variabilité hydroclimatique, la prévision de l’inondation peut aider à la programmation des calendriers agricoles et les autres activités liées à la pêche à l’élevage et voir le trafic fluvial. L’utilisation des images haute résolution (Landsat, SPOT, QuickBird,  ERS, ENVISAT…) couplée à la prise en compte de la propagation des ondes de crue devrait permettre de fournir un outil d’aide bien adapté à l’échelle des exploitations agricoles de l’ordre de quelques hectares.
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Assessment of uncertainty on satellite-derived areal rainfall estimates based on a dual sequential simulation
D.I.F. GRIMES, C.K. TEO, B. GOMEZ and A.J. CHALLINOR

Names of organisms ?

1. Introduction

Rainfall monitoring has important applications in hydrology (river flow forecasting and flood warning) and agriculture (crop yield forecasting) as well as climate monitoring. In sparsely gauged areas of Africa such as the Sahel, satellite based methods provide the only feasible approach. In most cases, the most valuable information is average rainfall over a specified area whether this is a river catchment, an agricultural district or a climate grid square. One often neglected but important aspect of rainfall estimation is the assessment of uncertainty on the areal rainfall amount. This is vital information particularly for operational decisions on, for example, dam releases or alerting governments and NGO’s to potential crop failures. A difficulty in the assessment of likely uncertainty is the peculiar statistical properties of rainfall which exhibits a joint distribution combining the statistics of rain/no-rain with a non-Gaussian distribution  of rainfall amount. Here we present a method of assessing the uncertainty on satellite-based areal rainfall estimates.

2. Methodology
The first step in the approach is to produce a statistical model which describes both the probability of a pixel being rainy and also the probability of a certain rainfall amount, given that it is rainy. The model here is based on the TAMSAT Cold Cloud Duration (CCD) method (Thorne et al, 2001) but it is important to realise that it can be generalised to any satellite rainfall algorithm.

The probability p of a pixel being rainy is represented by a logistic regression[image: image58.wmf]01
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where b0, b1 and p0 are parameters to be determined by calibration.
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The probability of a given rainfall amount is expressed as 

where (+  and (+2 are respectively the pixel rainfall mean and variance for rainy events, a0, a1, A and ( are parameters to be determined by calibration. 

It is further assumed that rainfall amount can be represented by a ( distribution.
The calibration parameters are determined empirically by comparing pixel CCD with pixel rainfall values obtained by applying block kriging to the raingauge data. Non-rainy areas are identified by indicator kriging according to the method of Barancourt et al (1992).

3. Area rainfall uncertainty estimation

Mean area rainfall Zm  over an area ( is easily obtained as the average of pixel rainfall for all pixels within (. The uncertainty on Z​m must be a combination of the uncertainty on the number of rainy pixels and the uncertainty on the mean rainfall amount over the rainy pixels. An analytical solution to this problem is non-trivial and here we have used an ensemble approach to generate a full pdf for Zm which takes account of both the statistical parameters in Equations (1) and (2) and the spatial continuity of the rainfall patterns as expressed by the variograms both with respect to rain/no-rain probability and to rainfall amount. The approach is based on sequential simulation as described in Goovaerts (1997)

There is a three stage process as follows:

1. For each dekad, an ensemble of binary rainfall occurrence fields is generated using Sequential Indicator Simulation. For each pixel, the proportion of rainy events over the ensemble is in accordance with Equation (1), while the spatial pattern for each ensemble member is constrained by the indicator variogram determined from the original data.

2. For each binary ensemble member produced in Stage (1), rainfall amounts for rainy pixels are assigned by Sequential Gaussian Simulation (having first carried out a normal score transform on the pixel rainfall amounts). Again, the pixel rainfall values have a distribution in agreement in Equation (2) but within each ensemble member are constrained by the rainfall variogram.

3.  For each ensemble member thus generated, the mean rainfall over the target area ( may be easily computed. The histogram of all ensemble members for each dekad gives the full pdf of Zm from which uncertainty statistics or confidence intervals may be easily calculated.
4. Gambian case study - application to ground nut yield

As an example of a suitable application, the ensemble approach has been used to generate ensembles of daily rainfall amounts for groundnut growing districts within the Gambia in west Africa.  Comparison of the ensemble rainfall distribution with the distribution of block-kriged raingauge amounts at the pixel scale for each calendar month showed very good agreement. Random selection from the daily ensembles was then used to produce an ensemble of daily mean rainfall values for each growing district. These values were used as input to the GLAM crop-yield model (Challinor et al., 2004) to generate an ensemble of seasonal crop yields for the years 1988 to 2002. Preliminary  results indicate that the sensitivity of the model to random variability of the rainfall data is much less than the sensitivity to other factors such as planting date or systematic errors in the rainfall estimate calibration.

5. Conclusions

The method of sequential simulation allows the estimation of the full pdf of areal rainfall values associated with a particular satellite rainfall field, taking account of rainfall intermittency. Application to groundnut crop yield forecasting have produced useful results. The methodology may also be applied to riverflow forecasting. This is an object of ongoing research.
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Evaluation de l’incertitude sur des estimations régionales de précipitation par satellite basée sur une simulation duelle

D.I.F. GRIMES, C.K. TEO, B. GOMEZ et A.J. CHALLINOR

La surveillance de précipitation a des applications importantes dans l'hydrologie (telles que des prévisions d'écoulement de fleuve et avertissement d'inondation), dans l'agriculture (comme les prévisions de rendement de récolte) et également dans la surveillance du climat. Dans des régions pas sufisamment mesurées de l'Afrique, telles que le Sahel, les méthodes basées sur satellite fournissent la seule approche possible.

Dans la majorite des cas, l'information la plus valable est la précipitation moyenne sur un secteur specifique, qu’il s’agisse d’une captation de fleuve, d’une zone agricole ou d’une boîte de grille climatique. Un aspect important souvent négligé de l’estimation de précipitation est l'évaluation de l'incertitude sur la quantité de précipitation. Cette information est essentielle, en particulier pour des décisions opérationnelles telles que degager des reservoirs ou alerter des gouvernements et des ONGs sur des échecs potentiels de récolte. Une difficulté majeure dans l'évaluation de l'incertitude probable s’agit des propriétés statistiques assez particulières des précipitations. Celles-ci montrent une distribution associant des statistiques de pluie/non-pluie à une distribution non gaussienne de la quantité de précipitations en cas de la pluie.

Une méthode pour évaluer l'incertitude sur des estimations régionales de précipitation par satellite est ainsi présentée. Cette méthode est basée sur la comparaison des données satellites avec des observations de pluviometrie ajustées afin de tenir en compte des différentes balances spatiales d'information. Une simulation séquentielle est enfin utilisée, afin de produire un ensemble d’échantillons de précipitation qui tienne en compte à la fois la distribution de pluie/non-pluie et la distribution de la quantité de précipitation. Les incertitudes sont alors facilement calculées à partir de l'analyse de l’ensemble des résultats.

Les résultats présentés concernent l'application de cette méthodologie aux prévisions de récolte de l'arachide en Gambie.
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Prévision des épidémies de méningite en Afrique Sahélienne à partir de la dynamique atmosphérique
P. YAKA (1), B. SULTAN (2), S. JANICOT (2), N. FOURQUET (1), S. PHILIPPON (1),

MF COUREL (1), M. LEGRAND (3) et I. CHIAPELLO (3)

(1) PRODIG UMR 8586, Paris, France

(2) LOCEAN / IPSL, Paris, France (3) LOA, Lille, France

Introduction
Chaque année, des pays de l’Afrique Sahélienne sont affectés par des épidémies de Méningite Cérébro-spinale (MCS). Bien que la recrudescence saisonnière de la maladie dans les pays de la << ceinture de la MCS >> survient généralement en période d’harmattan et demeure en étroite liaison avec la variabilité climatique, les mécanismes responsables de cette distribution spatio-temporelle de la maladie ne sont pas encore bien identifiés. Cela est particulièrement vrai en ce qui concerne la liaison entre les intensités annuelles des épidémies de MCS et la variabilité climatique saisonnière.

Une analyse spatio-temporelle de données épidémiologiques de l’OMS de cumuls annuels de cas de  MCS de 1966 à 1999 des pays d’Afrique Sahélienne couplées à celles des différentes variables climatiques des re-analyses de NCEP a permis de mettre en évidence une relation climato-dépendante tant au niveau de la  distribution spatiale que de l’évolution temporelle interannuelle de la MCS en Afrique Sahélienne. Les résultats de ces analyses nous permettent de sélectionner des variables climatiques pertinentes pour la construction de Modèles Linéaires Généralisés (GLM), pour la prévision des épidémies pouvant servir de base à la mise en place d’un système de veille et d’alerte précoce des épidémies de MCS en Afrique Sahélienne.
L’intensité de la MCS en Afrique

Afin de mieux cerner la disparité de la MCS entre les différents pays et pour mieux illustrer l’ampleur de la mcs dans les différents pays (sur la période 1966 à 1999), nous avons réalisé une Analyse Factorielle des Correspondances (AFC) en classant les différentes années d’observations en 4 classes suivant les seuils d’occurrence de 500, de 1000 et 1500 cas par an et par pays. Il en découle  que la MCS sévit grandement dans les pays sahéliens et dans une moindre mesure les pays des régions guinéenne, orientale et centrale de l’Afrique. En Afrique du Nord, la dynamique de la maladie est différente en ce sens qu’elle est caractérisée par un grand nombre d’année avec un cumul annuel moyen (entre 500 et 1500 cas) et un nombre plus faible d’années extrêmes (avec beaucoup ou très peu de cas).

AFC  des cas annuels de MCS de 1966 à  1999 en Afrique
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En examinant les cas de MCS  pour chaque pays et chaque année ainsi qu’en calculant les corrélations (instantanées ou décalées) entre les différents pays, il se révèle que le sens de propagation des épidémies de cas de MCS dans la zone sahélienne est variable voire même multiforme bien que des propagations notamment d’Est vers l’Ouest apparaissent clairement pour certaines grosses épidémies comme celle du milieu des années 90. Des investigations plus poussées devraient être menées avec des données spatio-temporelles plus détaillées de ces pays pour analyser la transmission inter-pays d’une année sur l’autre.

La prédiction des épidémies

De manière à sélectionner des prédicteurs atmosphériques pour les cas de MCS, on a réalisé des cartes de corrélation entre diverses variables des réanalyses NCEP (vent, pression, température, humidité…) et les cas de MCS. On a ensuite choisi des prédicteurs dans les zones les plus corrélées de manière à construire un modèle généralisé (MLG) pour prévoir les épidémies au Burkina et au Niger.

On a réduit le nombre de prédicteurs en faisant une Analyse en Composante Principale pour extraire les modes principaux de variabilité de notre set de prédicteurs.  Plusieurs types de modèle ont été testés (Gauss, Poisson et Gamma). Pour le Burkina Faso, en prenant en compte uniquement les deux premières composantes principales (85 % de l’information totale de nos différents prédicteurs) nous obtenons les résultats suivants :
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Courbe en couleur rouge : Ajustement des cas annuels de MCS par la loi de Gauss : R = 0.85

Courbe de couleur bleu : Ajustement des cas annuels de MCS par la loi de Poisson : R= 0.89

Courbe de couleur verte : Ajustement des cas annuels de MCS par la loi de Gamma : R = 0.83

Ces résultats montrent que le MLG permet un bon ajustement des cas annuels de MCS et de ce fait, offrent de bonnes perspectives pour leur prévision saisonnière. A en noter par la valeur élevée des coefficients de corrélation (R) et de la variance expliquée (R2) et également par la longueur de la série de données  qui s’étalent sur prés de 34 années. En terme de modèles plus performants, on remarque que la loi gaussienne estime assez mal certains cas annuels de mcs très faibles (existence de valeurs négatives prédites) ainsi que certains cas très élevés (supérieur à 40000 cas). D’où une certaine limite de cette loi comparativement au deux autres (Poisson et Gamma) pour ce qui est de l’estimation de la survenue de très faibles et de très grands cas annuels de mcs (estimation des extrêmes).

Predicting the Meningitis epidemics in West Africa

by using climate dynamics

P. YAKA (1), B. SULTAN (2), S. JANICOT (2), N. FOURQUET (1), S. PHILIPPON (1)

MF COUREL (1), M. LEGRAND (3) and I. CHIAPELLO (3)

(1) PRODIG UMR 8586, Paris, France

(2) LOCEAN / IPSL, Paris, France (3) LOA, Lille, France

Every year, West African countries are afflicted with Meningococcal Meningitis (MCM) disease outbreaks. Although the seasonal and spatial patterns of disease cases which occur mostly during winter in the “meningitis belt” are closely linked with climate variability, the mechanisms responsible for these observed patterns are still not well identified. This is particularly true for the linkage between epidemic intensity from year to year and climate variability. 

A spatio-temporal analysis of annual cases of MCM reported from 1939 to 1999 in African countries provided by World Helath Organization and several climatic variables from NCEP/NCAR reanalyses has been performed to highlight the relationships between climate and MCM disease at the interannual scale. First, we computed correlation maps of atmospheric variables likely to influence MCM disease outbreaks (e.g. moisture, wind, pressure, temperature...) and annual cases of MCM in three afflicted countries, e.g. Burkina Faso, Mali and Niger. Then, the results of these correlations enable the selection of relevant climatic variables for construction of generalized linear models Generalized to forecast MCM intensity from year to year. 

The encouraging results of such simple models enable the development of a survey and an early warning system of MCM epidemics in African Sahelian countries. The development of such outbreaks forecast could help nationwide and international public health institutions to better control MCM disease. 
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Dust events and meningitis cases during the dry season (November to April) in the Sahel from 1995 to 2005: methodology for temporal and spatial analysis
I. JEANNE (1), J.-L. RAJOT (2), A. DEFOSSEY (3), KK KAIRO (4), M. KALACHE (1) and P. BOISIER (1)

(1) CERMES (MoH Niger et RIIP) (2) IRD, Niger (3) ENSG (4) DSCE (MoH Niger)

Meningoccoccal meningitis depends first of all on the human factors (immunity, population density and movements, ..). Nevertheless, the seasonal dynamics and the environmental and climatic characteristics of the African meningitis belt led to hypothesize an impact of atmospheric conditions on the incidence of epidemic meningitis in the Sahel.

The aim of this study is to assess the role of mineral dust transported by Harmattan trade wind during the dry season. The goal purpose here is to determine whether shared characteristics of atmospheric conditions occur before all the meningitis picks. Due to weekly epidemiological available data, we need weekly dust representations.

The Infrared Difference Dust Index (IDDI) obtained from infrared band of METEOSAT by Legrand (2001) allows detecting dust plume in arid and semi arid areas in the Sahel. As we wanted to detect the most important dust events before the picks of meningitis from 1995 to 2005, maximum IDDI maps were used. Thanks to ESA EPIDEMIO and AMMA EU, it was possible to obtain weekly maximum of IDDI maps, from November to April, during the years 1995 to 2005, over a part of West Africa: N7° to N20°, E-17° to E26°.

From these data, it is possible to determine when and where dust events occurred for performing temporal and spatial analysis with epidemiological data by the means of GIS and image processing. Preliminary results and perspectives to possibly include dust events identification in public health policies for a quasi real time follow up are presented. 

Keywords : meningitis, Sahel, Niger, IDDI, dust, aerosols, spatial analysis, METEOSAT 
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Climatic and Environmental Conditions Associated

with RVF in Senegal
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Re-analyses of the Rift Valley Fever (RVF) epidemic which occurred in the Senegal river basin, show that yearly rainfall amount is not the epidemic confounding factor. By analyzing the seasonal variability of the regional NDVI, an integrated spatial proxy linked to precipitation, it is also found that RVF epidemics are not significantly correlated with the variability of this vegetation index, contrary to results obtained over East Africa. From the EMERCASE and CORUS projects, relying upon in-situ multidisciplinary monitoring and satellite observations, a new methodological approach has thus been implemented. It is to highlight combined key climatic and environmental conditions as potential triggers of RVF epidemics in Senegal. The most important factor for the environment-epidemic relationship is found to be the vectors’ biological life-cycle at the pond’s spatial scale. More specifically mechanisms are quantified at the 60x60 km2 Barkedji site of the Senegalese sahelian zonel. It is shown that ponds’ dynamic combined with rainfall events larger than 20mm, do trigger vectors population (i.e., Aedes and Culex mosquitoes) responsible for RVF diffusion and transmission. The spatial area under risks goes from 3% to ~25% at the Barkedji site, during the full span of the rainy season. A generic information system on Re-Emergent Diseases and Global Environmental Monitoring from Space (RedGems) is being developed in the framework of the AMMA-Health application component. RedGems will include among others, most of the key elements identified here and concerning RVF risks and diffusion over Senegal. 
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Conditions climatiques et environnementales associées

à la FVR au Sénégal

Jacques-André NDIONE (1), Jean-Pierre LACAUX (2), Yves M. TOURRE (2)

et Baba SALL (3)

(1) Centre de Suivi Ecologique, Sénégal

(2) MEDIAS-France, CNES, Toulouse, France

(3) Direction de l’Elevage (DIREL), Dakar, Sénégal
En ré-analysant les différents événements de FVR survenus dans le bassin du fleuve Sénégal, on se rend compte que la pluviométrie annuelle n’est pas un facteur épidémique déterminant. De même, en considérant la variabilité saisonnière régionale du NDVI, un « proxy » spatial fortement dépendant de la pluviométrie, il a été démontré que les épidémies de FVR ne sont pas significativement corrélées à la variabilité de cet index contrairement aux résultats obtenus en Afrique de l’Est.

Ainsi, grâce aux projets de recherche EMERCASE à CORUS d’une part et en se fondant sur une surveillance multidisciplinaire grâce à des données in-situ associées à des observations satellitaires d’autre part, une nouvelle approche méthodologique a été développée. Elle a pour but de mettre en valeur l’association des conditions climatiques et environnementales fondamentales comme facteurs déclenchant des épidémies de la FVR au Sénégal. Le facteur le plus important dans la relation environnement-épidémie s’avère être le cycle de vie des vecteurs à l’échelle de la mare. Plus spécifiquement, les mécanismes ont été quantifiés sur une zone de 60x60 km centrée sur Barkédji, site d’étude dans le Sahel sénégalais.

Les résultats montrent que la dynamique des mares reste liée aux événements pluvieux dont la quantité est supérieure ou égale à 20mm, qui à son tour contrôle l’émergence de la population de moustiques vecteurs (Aedes et Culex) responsables de la transmission de la FVR. Par rapport à la zone d’étude, l’étendue spatiale de la région à risque est comprise entre 3 et 25% environ durant la saison pluvieuse.

Un système d’information générique sur les maladies ré-émergentes et sur le suivi global de l’environnement à partir de données satellitaires (RedGems) a été développé dans le cadre des applications AMMA-Santé. RedGems va inclure, la plupart des éléments clés identifiés dans ce travail et concernant les risques de diffusion de la FVR au Sénégal.

5.10

Caractérisation de l’évolution de trois classes d’occupation du sol dans la Sahel burkinabé à partir d’une modélisation démographique et d’images satellites : applications à la modélisation hydrologique

Pierre DIELLO (1), Jean-Emmanuel PATUREL (1), Gil MAHE (1), Harouna KARAMBIRI (2) et Eric SERVAT (1)

(1) IRD-MSE (Maison des Sciences de l’Eau), BP 64501, 34394 Montpellier cedex 5, France

(2) EIER-ETSHER, BP 7023, Ouagadougou 03, Burkina Faso
Si de nombreuses régions du monde sont soumises à des fluctuations climatiques spectaculaires, le Sahel se distingue par la sévérité et la persistance du déficit pluviométrique qu’il connaît depuis maintenant plus de trois décennies. A l’échelle annuelle, cette diminution des quantités précipitées est imputable, en grande partie, à une baisse généralisée du nombre d’événements pluvieux de -20 à – 40% selon certains auteurs. 

Durant la même période, la croissance démographique a fortement réduit l’espace vital sur les sols fertiles dans ces régions. La densité de population au km2 de terrain cultivable n’a cessé d’augmenter, atteignant des valeurs très élevées dans les pays comme la Mauritanie, le Mali, le Burkina Faso et le Sénégal. La pression sur les terres n’est pas encore telle qu’une intensification des pratiques agricoles soit incontournable, mais elle est déjà suffisante pour entraîner des dégâts écologiques importants. La gestion durable de l’environnement se pose donc désormais en terme de déséquilibre entre ressources naturelles d’une part (sols cultivables, eau en quantité et en qualité, végétation,…) et besoins accrus d’une population en croissance rapide, d’autre part. 

Les déficits pluviométriques enregistrés depuis le début des années 70 et leurs effets cumulés ont fortement influencé les régimes hydrologiques des grands bassins fluviaux d’Afrique intertropicale. D’une façon générale, l’hydraulicité des fleuves a fortement diminué. Les débits moyens annuels ont baissés de plus de 30% et quelques fois au delà de 50%. L’écoulement a même cessé sur le Niger à Niamey et le Sénégal à Bakel en 1984 ! A côté de l’effondrement des débits des grands systèmes hydrologiques intertropicaux, apparaît une « contradiction » de fonctionnement dans certains hydrosystèmes de plus petite taille.

En effet, les différentes études menées depuis une vingtaine d’années sur les conséquences de la sécheresse sur les écoulements des petits bassins versants d’Afrique soudano-sahélienne, montrent que l’effet conjoint du changement climatique et des activités humaines sur les états de surface est à l’origine d’une augmentation des écoulements dans la région. Ces nouvelles conditions de ruissellement apparaissent plus favorables dans les zones où on observe une diminution du couvert végétal,  une extension des surfaces cultivées et des surfaces dégradées.

A partir d’images LANDSAT acquises à différentes dates (1972, 1986, 1999, 2002, et 2003), les pourcentages de couverture végétale, de couverture agricole et de couverture de sols dégradés (nus) sont extraits pour ces cinq dates. Ces cartes d’indicateurs de pression anthropique et climatique mettent en évidence l’évolution globale du milieu depuis la décennie 70 jusqu’à la décennie 2000. L’analyse des données démographiques et des données des statistiques agricoles montre l’étroite corrélation (R² = 93%) entre les superficies cultivées et l’évolution de la population. A partir de ce résultat et sur la base d’hypothèses construites en tenant des pratiques agro-pastorales de la région, les auteurs élaborent des scénarii d’évolution, au pas de temps annuel, des indicateurs précédemment définis. 

Dans la seconde partie de ce travail, les auteurs élaborent une méthodologie de prise en compte des activités anthropiques et des changements climatiques  dans la modélisation hydrologique des bassins versants. Les indicateurs de pression anthropiques sont liés à la capacité de rétention en eau du sol (WHC, Water Holding Capacity). Cette variable caractérise le réservoir sol des modèles que nous utilisons. L’hypothèse fondamentale utilisée dans cette démarche est que « l’augmentation (respectivement la diminution) des coefficients d’écoulement dans une proportion donnée (du fait des changement climatiques et des activités humaines) se traduit par une diminution (respectivement une augmentation) de la capacité de rétention en eau du sol (WHC) dans la même proportion ». A chaque indicateur est associé un coefficient de ruissellement déterminé à partir de mesures de terrain et une valeur de WHC. A une date To chaque surface élémentaire du bassin versant (un demi-degré carré soit 2500 km² environ dans nos modèles) est constitué de Xo% de sols en végétation naturelle, Yo% de sols cultivés et Zo% de sols nus avec une capacité de rétention en eau de WHCo définit à partir des données sols de la FAO. A une date ultérieure T, sous l’action de l’homme et du climat, la composition de la surface élémentaire devient X% de sols en végétation naturelle, Y% de sols cultivés et Z% de sols nus avec une capacité de rétention en eau de WHC définit par la relation : 
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où CrVg, CrCult et CrSn représentent respectivement les coefficients d’écoulement des sols en végétation naturelle, des sols en cultures et des sols nus. La fonction f est déterminée et les valeurs de WHC sont générées et intégrées dans le modèle. Le modèle est testé sur le bassin du Nakambé à Wayen (21 000 km²) et les résultats sont comparés aux tests réalisés en gardant le WHC constant, ce qui correspond à une situation où les états de surface sur le bassin n’évoluent pas. Les résultats obtenus montrent des améliorations significatives des performances du modèle par rapports aux tests où les WHC est constant (+20% en calibration et +26% en simulation).

Using demographic agricultural and remote sensing data in hydrological modeling of sahelian rivers in Burkina Faso

Pierre DIELLO (1), Jean-Emmanuel PATUREL (1), Gil MAHE (1), Harouna KARAMBIRI (2) and Eric SERVAT (1)

(1) IRD-MSE (Maison des Sciences de l’Eau), BP 64501, 34394 Montpellier cedex 5, France

(2) EIER-ETSHER, BP 7023, Ouagadougou 03, Burkina Faso
The hydrological studies undertaken during the last twenty years have shown that the hydrological variability observed since the years 1970 on the Sahelian river basins is due to the combined effect of climate changes and human activities on land-cover (the Nakambé river upstream of the station of Wayen, and right bank tributaries of  the Niger river issued from  Burkina Faso): the runoff coefficients increased, inducing more important flows than in the past years despite a reduction in rainfall.

These modifications of the rainfall-runoff relationship require new approaches making possible to take into account both the climatic variability and the human dimension in hydrological modelling of these basins. The first part of this work consists in defining three indicators of human activities by using percentages of vegetation cover, agricultural cover and bare soils. From a database of agricultural and population statistics, and from LANDSAT images acquired at various dates, the authors characterize the percentages of the three types of land cover in the studied zone.

The evolution of the environment is thus described since the years 1970 up to 2000. On the basis of a relationship between these environmental indicators and the soil Water Holding Capacity (WHC, variable used as the soil water reservoir in our models) an hydrological modelling is used and results are analysed

Key words : Hydrological variability, climatic variability, human activities, land cover, hydrological modelling, demography, Burkina Faso, Sahel
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Le photopériodisme des sorghos africains, une réponse

à la variabilité pluviométrique
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(3) Agrhymet – Nyamey, Niger
L’ajustement du cycle d’une plante aux contraintes environnementales est un caractère essentiel de l’adaptation au milieu. Ceci est particulièrement vrai dans les conditions soudano-sahéliennes où la saison des pluies s’interrompt brusquement, avec une durée très variable d’une année sur l’autre. La correspondance de la date de floraison avec l’offre climatique est, par conséquent, un facteur clef de la production agricole (Cocheme et Franquin, 1967). 

L’objectif de ce travail était d’étudier l’adaptation spécifique des écotypes de sorgho du Mali au climat de leur zone d’origine. Cette connaissance devrait permettre d’une part de mieux comprendre et hiérarchiser les contraintes et, d’autre part, de veiller à ce que les propositions de la recherche en matière de choix variétal respectent ces critères d’adaptation au milieu.

Dans notre étude, nous avons procédé dans un premier temps à la caractérisation de la saison des pluies en déterminant (i) la valeur moyenne de la pluviométrie annuelle, (ii) la date moyenne de début et (iii) la date moyenne de fin de la saison des pluies. Les périodes 1959-1978 et 1978-1998 ont été comparées entre elles, l’année 1978, année de la prospection IBPGR-ORSTOM (Clément et Leblanc, 1980) servant de point de repère de façon à caractériser la saison des pluies 20 ans avant et 20 ans après cette prospection. Les trois caractéristiques de la saison ont été déterminées sur 110 postes pluviométriques ayant au moins 75% d’années complètes.

Au cours de la prospection IBPGR-ORSTOM de 1978, 800 variétés locales de sorgho ont été prélevées dans 280 villages (Clément et Leblanc, 1980). Nous avons réalisé en 1999 et 2001 de nouvelles prospections dans quelques uns de ces villages sur 2 transects différents : le premier, parcouru en 1999, coupe le Mali selon un axe nord-sud passant par Bamako et concerne 59 villages et le second, parcouru en 2001, est incliné vers l’Est suivant l’axe Sikasso - Hombori et concerne 90 villages.
La caractérisation des variétés avait comme objectif de déterminer le cycle des variétés lorsqu’elles sont semées à des dates normales de semis au Mali (entre le 15 juin et le 20 juillet), d’étudier la photosensibilité de l’ensemble de la collection, et de comparer le cycle de chaque variété au climat de sa zone d’origine (notamment la durée de la saison des pluies). Les essais ont été mis en place au  centre Régional de Recherche Agronomique de Sotuba (12°39’ N 7° 56’ O). Les variétés issues d’une même zone climatique ont été regroupées dans un même essai. Pour cela, l’aire prospectée au Mali a été partagée en quatre grandes zones en fonction de la pluviométrie annuelle : moins de 600 mm, 600 à 800 mm, 800 à 1000 mm et plus de 1000 mm. Les semis des essais ont été réalisés systématiquement le 17 juin et le 17 juillet, de façon à ce que la première date corresponde aux jours longs (photopériode maximale) et la seconde date aux jours courts et décroissants. Ceci permet d’étudier l’effet de la photopériode sur le cycle des variétés. Les observations ont porté sur la phénologie (date d’apparition des ligules des feuilles) et l’ensemble des descripteurs du sorgho conformément aux recommandations de l’IPGRI (IBPGR-ICRISAT, 1993).

Les résultats obtenus ont montré que sur les 40 années étudiées, la pluviométrie annuelle a connu une diminution très nette, illustrée par un mouvement sud des isohyètes sur l’ensemble du pays. Ce mouvement des isohyètes dans la zone soudano-sahélienne a été signalé par de nombreux auteurs (Diop, 1996 ; L’Hôte et Mahé, 1996 ; Houndénou et Hernandez, 1998). L’analyse au niveau des stations individuelles montre cependant que cette baisse n’a été ni uniforme ni régulière, avec une alternance de périodes excédentaires et déficitaires, les épisodes secs devenant de plus en plus longs (Traoré et al., 2000).

Par ailleurs, à mesure que l’on se déplace vers le sud, la saison des pluies démarre plus tôt et se termine plus tardivement. Ainsi dans la zone étudiée, du nord au sud, le début de la saison passe du 25 juillet au 15 mai, et la fin du 15 septembre au 15 octobre, soit une durée de saison variant de 50 à 150 jours. Sur cette variation spatiale des caractéristiques de la saison pluvieuse, se surimpose une variation interannuelle toute aussi importante. En plus, il existe une relation significative entre la date d’installation des pluies et la durée de la saison, la première expliquant 50 à 70 % de la variation interannuelle de la seconde. Ceci infirme la croyance populaire selon laquelle les débuts tardifs de saison sont compensés par des fins également tardives (Traoré et al., 2000). La comparaison entre les deux périodes de 20 ans fait ressortir qu’aucun changement significatif des dates de début et de fin de saison n’a eu lieu. 
La figure n°1, qui met en relation la date moyenne de fin de saison de chaque zone climatique avec la date moyenne d’épiaison des variétés de cette zone, montre que les variétés épient en moyenne 15 jours avant la fin de saison en zone sèche et 20 jours avant en zone plus humide. Il s’agit là d’une règle environnementale qui régit le comportement moyen des variétés d’une zone donnée. Il existe également une relation étroite entre la durée du cycle et le degré de photopériodisme pour l’ensemble des variétés étudiées. Ceci illustre le fait que les variétés les plus tardives sont aussi les plus photopériodiques, ce phénomène permettant justement de rallonger la durée du cycle en cas de semis précoce. De même, la quasi-totalité des cultivars étudiés sont photopériodiques. Cette sensibilité à la photopériode les rend plus aptes à supporter la grande variabilité de la date d’installation de saison pluvieuse, car leur permettant de moduler la durée de leur cycle en fonction des dates de semis.

Enfin, aucune différence significative n’a été observée entre le cycle des écotypes collectés en 1978 et celui de leurs homologues collectés en 1999 et 2001 (Kouressy, 2002). Ces écotypes sont le résultat de plusieurs siècles de sélection empirique qui leur a procuré une bonne adaptation et la meilleure plasticité possible. Ces résultats permettent de mieux orienter les programmes d’amélioration variétale de sorgho en Afrique de l’Ouest, où le régime de la mousson détermine les dates de début et de fin de la saison agricole.
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Figure 1 : Relation entre la date moyenne de fin de saison d’une zone climatique et la date moyenne d’épiaison des variétés de cette zone pour un semis précoce (17 juin).
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Photoperiodism of African Sorghum,

a Response to Rainfall Variability

Mamoutou KOURESSY (1), Michel VAKSMANN (2) and Seydou TRAORE (3)

(1) Institut d’Economie Rurale (IER), Bamako, Mali (2) CIRAD, Bamako, Mali

(3) Agrhymet – Nyamey, Niger

A study of the phenology of Malian sorghums was conducted in order to understand the consequences of climatic constraints on the cycle duration of local varieties. This was done by sowing at two different dates 443 varieties collected in 1978 and 270 varieties collected in 1999 and 2001. 

The rainy season in Mali is characterised by an important inter annual variation, mostly determined by the date of onset of the monsoon. The droughts of the 1970s and later have not much affected the structure of the rainy season and the variability of the onset and ending dates is as important nowadays as it was before. 

In the 400 to 600 mm rainfall zone, the coexistence of both late and early maturing sorghum ecotypes illustrate the diversification strategy of local farmers that allows them cope with the risks associated with crop production in these arid zones.

As for the southern zone (600 to 1000 mm of annual rainfall), there is less variability in the behaviour of the ecotypes, with more than 90% of them being photoperiod sensitive, i.e. they always flower at about 20 days before the average ending date of the rainy season, independently of sowing date. This is an important adaptation character of these ecotypes.

We have not observed any significant change in the phenology of the sorghum ecotypes we have studied. In fact, for a given climatic zone, the average cycle duration of the ecotypes collected in 1978 was not much different from that of those collected in 1999 and 2001. 
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AGCM simulations of subseasonal characteristics of rainfall and implications for crop yield prediction

in Central West Africa
Sylwia TRZASKA, Liqiang SUN, Pauline DIBI-KANGAH and Andrew ROBERTSON

IRI - International Research Institute for Climate Prediction, The Earth Institute at Columbia University, Palisades, NY 100964-8000 - USA

IRI issues a global seasonal climate forecast every month up to 4 seasons in advance using a dynamical two-tier system in which Atmospheric General Circulation Models are forced with Sea Surface Temperature scenarios for upcoming seasons. Simple evaluations of the seasonal mean rainfall forecast show moderate skill over West Africa during the main rainy season in the Sahel (July to September). However, the subseasonal characteristics of the rainy season are often more important for the users of the seasonal forecasts than the seasonal totals. Occurrence of a particularly long dry spell, especially during crucial vegetative stage, is more damageable to the crop yield than rainy events of low intensity but well distributed during the season. So far predictability studies of such subseasonal characteristics derived from GCMs and their potential for application in different sectors in West Africa have not been numerous. Analyses performed for other semi-arid regions such as the Brazilian Nordeste and East Africa suggested that GCM outputs can provide with useful information on subseasonal characteristics such as the distribution of wet/dry spells, which may also relate well to observed agricultural yields.

Evaluation of the performance of ECHAM4.5 model in simulating subseasonal characteristics of rainy season in Central West Africa (Cote d’Ivoire, Burkina Faso, Mali) will be presented. The potential for yield prediction of major crops in the region based on seasonal forecasts and crop yield data gathered since 1970 will be assessed.

Key words : Rainfall variability and predictability, subseasonal characteristics, dynamical seasonal forecasts, Atmospheric General Circulation Models, crop yield predictability, Central West Africa.

Simulation des caractéristiques sub-saisonnières des précipitations par les MCGA et implications pour la prévision des rendements agricoles en Afrique de l’Ouest centrale

Sylwia TRZASKA, Liqiang SUN, Pauline DIBI-KANGAH et Andrew ROBERTSON

IRI - International Research Institute for Climate Prediction, The Earth Institute at Columbia University, Palisades, NY 100964-8000 - USA
IRI prépare chaque mois une prévision saisonnière du climat allant jusqu’à 4 saisons suivantes en utilisant un système dynamique en deux étapes, dans lequel des modèles de circulation générale de l’atmosphère (MCGA) sont forcés avec des scénarios de températures de surface océanique (TSO) pour les saisons à venir. Des évaluations simples basées sur des totaux saisonniers montrent des performances modérées sur l’Afrique de l’Ouest au cœur de la saison des pluies au Sahel (juillet à septembre). Cependant, les caractéristiques sub-saisonnières de la saison des pluies sont souvent plus importantes pour les utilisateurs des prévisions saisonnières que les seuls totaux précipités. L’occurrence d’une séquence sèche longue, plus particulièrement pendant une phase cruciale du développement de la culture, peut être plus néfaste que des pluies de faible intensité mais réparties uniformément pendant la saison. Jusqu’à présent on trouve peu d’études de la prévisibilité de telles caractéristiques à partir des sorties de modèles et de leurs applications dans différents secteurs en Afrique de l’Ouest. Des analyses effectuées pour d’autres régions sub-arides, telles le Nordeste brésilien et l’Afrique de l’Est, suggèrent que les sorties de modèles numériques contiennent des informations sur les caractéristiques sub-saisonnières, comme la fréquence des séquences sèches /pluvieuses,  utiles dans le secteur agricole.

Nous nous proposons d’évaluer la simulation des caractéristiques sub-saisonnières en Afrique de l’Ouest centrale (Côte d’Ivoire, Burkina Faso, Mali) par le MCG ECHAM 4.5. Le potentiel pour la prévision des rendements sera également estimé pour les principales cultures de la région à partir de données des rendements depuis les années 70.

Mots clés : variabilité et prévisibilité des précipitations, caractéristiques sub-saisonnières, prévisions saisonnières dynamiques, Modèles de circulation générale de l’atmosphère, prévisibilité des rendements agricoles, Afrique de l’Ouest centrale.
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Prévisions climatiques saisonnières en Afrique de l’Ouest : application à la prévision des rendements agricoles dans les pays du CILSS
Seydou B. TRAORE
Centre Régional AGRHYMET, BP 11011, Niamey, Niger 

Les prévisions saisonnières en Afrique de l’ouest (PRESAO) donnent une appréciation qualitative de ce que va être le cumul pluviométrique par rapport à une situation moyenne. Cependant, pour la production agricole, il est très important de connaître, au-delà du cumul saisonnier, la répartition temporelle des pluies afin de pouvoir apprécier la satisfaction des besoins en eau des cultures à différents stades de leur développement, et d’en prévoir les rendements. Cette prévision des rendements s’effectue à l’échelle du Sahel au Centre Régional AGRHYMET (CRA) avec le modèle de simulation du bilan hydrique DHC (Diagnostic Hydrique des Cultures). Ce modèle a été mis au point depuis la fin des années 1980 et transféré au CRA et à ses composantes nationales. Il a évolué des versions stationnelles qui utilisent les données pluviométriques du réseau classique de mesures des services météorologiques nationaux à une version spatialisée utilisant les champs pluviométriques estimés à partir des images du satellite METEOSAT (Samba, 1998).

Les deux versions actuelles du modèle, DHC4 et DHC_P, ont toutes été programmées pour effectuer le suivi décadaire de l’état hydrique des cultures et donner des rendements prévisionnels à partir de la fin Août. Le choix de la fin Août était motivé par la volonté de réduire la marge d’erreur que l’on avait en essayant de prévoir les rendements avant cette date. Cependant, lorsque le démarrage de la saison connaît des difficultés et que les semis des cultures vivrières continuent au-delà de la fin juillet dans les des zones agricoles comme cela a été le cas en 2002, les populations et les autorités s’interrogent sur l’issue probable de la campagne. Ces inquiétudes sont justifiées non seulement par le fait que l’avènement de la fin de saison dans les zones soudano sahéliennes est relativement moins variable que le début (Stern et al. 1982 ; Tékété et Sivakumar, 1990) et qu’un début tardif n’implique pas forcément une fin tardive (Traoré et al. 2000), mais aussi parce que les retards de semis ont généralement pour conséquence la baisse du potentiel productif des variétés de mil et sorgho cultivées par les paysans de ces zones (Kassam et Andrews, 1975 ; Craufurd et Bidinger, 1988 ; Bacci et al., 1998).

Afin de pouvoir prévoir les rendements à partir des prévisions saisonnières issues du processus PRESAO, nous avons procédé à l’analyse fréquentielle des données pluviométriques décadaires sur la période 1961-1990 sur l’ensemble des postes pluviométriques des pays du CILSS. Ces résultats d’analyse fréquentielle ont par la suite été interpolés spatialement (par krigeage) pour obtenir des cartes de pluies décadaires atteintes ou dépassées aux fréquences 25, 50 et 75% pour représenter respectivement les hypothèses d’une année bonne (supérieure à la normale), moyenne (normale) et mauvaise (inférieure à la normale) (Traoré, 2002).

Pour effectuer les prévisions de rendements à une date donnée, nous utilisons, pour les décades dont les données n’ont pas encore été observées, les données fréquentielles selon l’hypothèse retenue par les prévisions PRESAO. Ces prévisions sont mises à jour à la fin de chaque décade en remplaçant les données fréquentielles par celles transmises par les services météorologiques des pays.

Afin de prendre en compte l’effet du décalage de la date de début de saison sur le potentiel de production, les rendements obtenus à la suite de ces simulations sont pondérés par le rapport des dates moyennes de début sur les dates de l’année en cours. Ce rapport est supérieur à 1.0 quand la saison est en avance, et inférieur à 1.0 quand elle est en retard.

Les résultats des prévisions effectuées au 30 juin 2005 en utilisant les hypothèses de PRESAO-8 ont permis d’anticiper des rendements supérieurs à la moyenne dans les zones sahéliennes et équivalents dans les zones soudaniennes des pays du CILSS (Traoré, 2005). Ces prévisions se sont vérifiées par la suite, au vue de estimations faites au 30 septembre 2005 avec les données réelles obtenues du terrain, ce qui démontre l’intérêt de la méthode. Toutefois, il y a lieu de signaler que ces prévisions et estimations de rendements ne tiennent pas compte de l’effet des attaques de déprédateurs, des inondations, des disfonctionnements d’ordre socio-économiques et tout autres facteurs pouvant contribuer à réduire la production agricole. A l’issue de ces travaux, nous formulons des suggestions à l’attention des prévisionnistes du climat, afin qu’ils tiennent compte du rôle déterminant des pluies du mois de juin pour la production agricole dans la sous région Ouest Africaine. Aussi, il serait souhaitable d’avoir une échéance de prévision des pluies plus courte, même si qualitative, que celle actuelle qui est de trois mois (Juillet-Août-Septembre). Ceci permettra de mieux adapter les prévisions climatiques aux besoins des utilisateurs du domaine de l’alerte précoce pour la sécurité alimentaire. 
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Seasonal climate forecasts in West Africa : application to crop yield forecasting in CILSS member countries

Seydou B. TRAORE
Centre Régional AGRHYMET, BP 11011, Niamey, Niger
Seasonal climate forecasts in West Africa, commonly known as PRESAO, (Prévisions Saisonnières en Afrique de l’Ouest), give a qualitative appreciation of what cumulative rainfall is to be expected during the July-August-September (JAS) period relative to the average situation.

However, for agriculture, it is important to know, besides the seasonal total amount, the temporal distribution of rainfall for the assessment of crops water requirement satisfaction at different growth stages and predict their yields. This yield forecasting is done at the AGRHYMET Regional Centre using the DHC (Diagnostic Hydrique des Cultures) crop water balance simulation model. A methodology was developed to generate quantitative data for input to the DHC model and get yields forecasts, once the PRESAO results have been publicised.

The outputs for the year 2005 indicated that average to above average yields were expected in all agricultural zones of CILSS member countries from Senegal to Chad. However, these forecasts did not take into account the effects of crop pests, flooding, socio-economic distortions or any other factor that might have negatively affected the yields. Some recommendations are made toward the scientific community for adapting climate forecasts to users needs in the food security sector.
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Methods for Predicting Rainfall Impacts on Crops

at a Long Lead Time
James W. HANSEN and Ashok MISHRA

International Research Institute for Climate and Society,

Lamont-Doherty Earth Observatory, Palisades, NY, USA 

Seasonal climate prediction offers the potential to anticipate variations in crop production early enough to adjust critical decisions.  Process-oriented crop simulation models translate our understanding of how crop growth and development interact with weather and management into quantitative yield forecasts.   Interest in linking seasonal forecasts with crop models is motivated by: (a) the need for information that is directly relevant to decisions, (b) use for ex ante assessment of potential benefits to enhance credibility and support targeting, and (c) support for fostering and guiding management responses to advance climate information [3].  The task is complicated by the nonlinear, dynamic nature of crop response to rainfall, and a mismatch between the scale of dynamic climate models and crop simulation models.  Crop response is generally nonlinear and often non-monotonic over a range of environmental variability.  Crops respond not to mean precipitation but to dynamic interactions, particularly between soil water balance and phonological stage.  Although GCMs simulate the atmosphere on a sub-daily time step, their coarse spatial resolution distorts the day-to-day variability of rainfall outputs in a manner that adversely affects simulated crop response [1].

An examination of possible information pathways from large-scale seasonal climatic predictors to simulated crop response suggests four categories of methods for coupling the two: (a) classification and analog methods, (b) synthetic daily weather conditioned on forecast: stochastic disaggregation, (c) direct use of (corrected) daily climate model output, and (d) statistical function of simulated response [4].

Equally weighted historic analogs based on categorical predictors, e.g., ENSO phases, remain the dominant method for using seasonal forecasts with crop simulation.  The analog approach is attractive because has an intuitive probabilistic interpretation, it accounts for any year-to-year differences in predictability or “signal strength,” and it readily incorporates any useful predictive information about higher-order statistics beyond seasonal climatic means.  Concerns about sample size within categories and resulting risk of artificial skill, and about whether analogs use the best predictive information that climate science has to offer, are motivating research into methods for using the output of dynamic climate models directly for crop simulation applications.  Approaches based on “weather types” at a daily time scale offer some promise for predicting aspects of rainfall variability within the growing season and across space, but so far have been used more as a diagnostic than a predictive approach.

Forecast seasonal or sub-seasonal climatic anomalies can be disaggregated into the daily series that crop models require, using stochastic weather generators.  Climate change impact studies have advanced understanding of how to adjust the input parameters of stochastic weather generators to generate statistics of interest.  An alternative approach, constraining weather generator outputs to match target climatic means, does not require any a-priori assumption about the relative role of rainfall intensity vs. frequency, and is more efficient in the sense that it requires fewer replicates to achieve given level of accuracy [5].

Crop simulation with daily climate model output has the potential to capitalize on any information about within-season variability that GCMs provide, but must deal with the distortion of daily variability that occurs when averaging weather within GCM grid cells [2, 8].  Daily CGM rainfall can be calibrated to a local station by first fitting a threshold that reproduces the climatological rainfall frequency, then mapping the distribution of GCM rainfall above the threshold onto the climatological intensity distribution [7].

The final alternative that we consider is to condition the output of a crop model, simulated with historic weather data, on seasonal rainfall predictors using an appropriate statistical transfer function.  This approach bypasses the need for daily weather data conditioned on the forecast.  However, it must treat the relationship between seasonal climate predictors and simulated crop response as static.  At a field scale, the relationship may have poor statistical properties that require nonlinear or non-parametric regression methods [4].  At an aggregate scale, the statistical properties of the relationship between crop response and rainfall predictors may allow the benefits of ordinary least-squares linear regression, possibly with a normalizing transformation [6].  General linear models appear promising, but have not yet been used widely for this purpose.

Several promising areas of research are likely to improve the use of seasonal rainfall forecasts to predict crop yields: (a) expanded evaluation of alternative methods, (b) embedding crop models within dynamic climate models, (c) enhancing the use of remote sensing and spatial data sets, and (d) new avenues of climate prediction research related to “weather within climate.”

References

Baron, C., Sultan, B., Balme, M., Sarr, B., Traore, S., Lebel, T., Janicot, S., and Dingkuhn, M., 2005. From GCM grid cell to agricultural plot: scale issues affecting modelling of climate impact. Phil. Trans. Royal Soc. B 360:2095-2108.

Challinor, A.J., Slingo, J.M., Wheeler, T.R., and Doblas-Reyes, F.J., 2005. Probabilistic hindcasts of crop yield over western India using the DEMETER seasonal hindcast ensembles. Tellus 57A:498-512.

Hansen, J.W., 2005. Integrating seasonal climate prediction and agricultural models for insights into agricultural practice. Phil. Trans. Royal Soc. B 360:2037-2047.

Hansen, J.W. and Indeje, M., 2004. Linking dynamic seasonal climate forecasts with crop simulation for maize yield prediction in semi-arid Kenya. Agric. For. Meteor. 125:143-157.

Hansen, J.W. and Ines, A.M.V., 2005. Stochastic disaggregation of monthly rainfall data for crop simulation studies. Agric. For. Meteol. 131:233-246.

Hansen, J.W., Potgieter, A., and Tippett, M., 2004. Using a general circulation model to forecast regional wheat yields in Northeast Australia. Agric. For. Meteor. 127:77-92.

Ines, A.V.M. and Hansen, J.W., Submitted. Bias correction of daily GCM outputs for crop simulation studies. Agric. For. Meteor.

Mavromatis, T. and Jones, P.D., 1998. Evaluation of HadCM2 and direct use of daily GCM data in impact assessment studies. Climatic Change 41:583-614.
Contact :

James W. Hansen

Voice : +1-845-680-4410 – fax : +1-845-680-4864  - e-mail: jhansen@iri.columbia.edu
5.15

Seasonal climate forecast for impact assessment in food crisis prevention process : case study in Mali
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Via Giovanni Caproni 8, 50145, Florence, Italy 

In Sahelian countries, food security dramatically depends on biophysical environmental characteristics and on climatic hazard. Populations threatened by food insecurity live in ecologically disadvantaged regions, poor in resources and exposed to the effects of desertification and drought. Above all, climate variability is responsible of instability of productions causing food crisis that became more severe the more extended they are. 

In fact, it has been observed that regional scale food crisis, occurring every ten years or more, are characterised by a large reduction in agricultural productions, in particular cereals productions, that represents the primary nutritional base, especially in rural environment. At this scale, the population affected by food crisis is by the order of millions of people, since their survival depends by the capability of International Organization of providing food aid in appropriate time. 

Considering the problems related to the organisation and logistics of interventions, experiences carried on in the recent past, give evidence that a critical factor is the timely distribution of commodity aid. In fact, the wide extension of Sahelian area is characterised by an insufficient transport network (roads, railways, airports) for ensuring the timely displacement of commodities to the less accessible areas. 

On the other hand, in local crisis occurring every year, the critical factor is represented by the capability to early identify the people or the groups of people that need intervention and activate the more efficient strategies of prevention and aid. 

For this reasons, the prevention and management of food crisis increasingly necessitate of the capability of incorporating the different information generated along the agro-pastoral campaign into an integrated process of decision-making. In this context, the capacity of understanding, as a work in progress, the crisis degree of severity as well as the localization of affected population, is crucial to start a coordinated ensemble of actions aiming at the mitigation of impacts for affected areas or group of people and evaluate the efficacy of the actions undertaken.
In this context, seasonal rainfall forecasts, providing an outline of the course of the agricultural season, represent in the above-mentioned approach, the first step for the identification of the level of crisis. Currently the seasonal forecasts available for the Sahelian area are inappropriate in terms of spatial and temporal resolution to satisfy the information needs of decision makers.
Between different seasonal rainfall forecast methodologies, currently used for operational scopes, the method of analogous implemented by IBIMET CNR in the framework of Sahel Resources Project (Italy) represents an interesting option. This method is based on the analysis of Sea Surface Temperature (SST) in three main climatologic zones influencing the African monsoon. The study involved the monthly SST data by NOAA observed in 1979 – 2002 and the GCPC data referred to the same period. The relationship between the SST of historical series of months going from March to May and the SST of current month lead to the identification of analogous years.

The rainfall forecasts are then computed considering the rainfall values from GPCP dataset (1979-2002) in the homogeneous years: rainfall data are projected in grids with 2,5° resolution for the months of June, July and August and also cumulated in a unique seasonal data. The final product is constituted by images representing the proportional anomaly on the mean GPCP value.

In this work, the outputs of this methodology have been used at regional scale for the 2004 season as input for a model of yield forecast for the main cultures (millet and sorghum) based on a linear relationship rainfall-yields. The analysis of results allowed to exclude the hypothesis of a food crisis at regional scale for the year 2004, showing nevertheless a number of restricted areas of probable crisis, placed in the deeper zones of Sahelian region (Mali, Burkina Faso, Niger, Tchad). 

In order to evaluate the impact of a yield anomaly on food security in risk areas, it is crucial to establish its relationship with the structural context of the territory and in particular with the coping capacity of people living in the affected areas, a concept better known as vulnerability.

In fact, the early detection of vulnerable areas impacted by risk events is a strategic factor for decision-making in the domain of prevention and management of food crisis at different scales (regional, national, sub-national). 

In the current study, the impacts determined by the forecasted yield anomalies have been then analysed at national and sub-national scale. In particular, the results for the agricultural season 2004 have been used as input to characterize the current situation compared to the reference one based on time series average, focussing on a case study for Mali. 

This evaluation, aiming at the identification of the impact of yield anomalies on the commodities balance for a given administrative unit was carried on with a sensitivity analysis thanks to a dedicated software developed by AGRHYMETY Regional Centre. This capability is expressed through a synthetic indicator, the Cereal Need Virtual Satisfaction Rate (CNVSR). The CNVSR provides an estimation of vulnerability of an area based on the capability of the agricultural sector of providing the satisfaction of primary nutrition needs to the resident population. 

In the analysis, non-cereal productions have been transformed in cereal equivalents based on market prices. The total have been compared with the official cereal consumption rates established by the CILSS for on the base of the nutritional behaviour of each country; in the case of Mali 204 kg of cereals per inhabitant per year.

The results of simulation for year 2004 were then compared with the structural data  of CNVSR computed in the period 1985 – 2000, with the aim of highlighting third level administrative units (cercle) in which a consistent negative variation of CNVSR is forecasted as a consequence of the predicted seasonal rainfall regime. Moreover, a particular attention was given to those zones that, as a consequence of the rainfall anomaly, passed from self-sufficiency/equilibrium to a deficit situation.

Furthermore, this prediction framework was compared with the results provided by the end of the agricultural season (November) by National Early Warning System (SAP) based on ground data.

Starting from this comparison we have evidence of how sensitive areas identified by mean of seasonal forecast largely overlaps with the ones established through the coarser scale vulnerability assessment (villages). Differences between the two analyses are attributable to the presence of risk factors that are not directly related to rainfall anomaly such as the impact of desert locust plague and the related price growth. 

Finally, the results of the analysis carried on for the case study in Mali for year 2004, shows that a appropriate use of seasonal forecasts, inside a framework of convergence with other analysis and monitoring tools, represents a crucial factor for prevention and management of food crisis. 

The possibility of improving the suitability of predictions through a better spatial and temporal resolution is a priority element for improving the response of simulation models able to translate rainfall anomalies into main crops yield variations. 

The production of impact assessment scenarios, by mean of the evaluation of the effect of yield anomalies on the vulnerability of the territory, allows to significantly contribute to the correct identification of sensitive areas and consequently evaluate which actions have to be undertaken, in relation to structural characteristics, in order to effectively prevent food crisis.
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Utilisation des prévisions climatiques saisonnières pour l’évaluation des impacts dans la prévention des crises alimentaires : le cas d’étude du Mali

A. DI VECCHIA, L. GENESIO and P. VIGNAROLI

Institute of Biometeorology, National Research Council, IBIMET-CNR, Florence, Italy
Dans les pays sahéliens, les caractéristiques de l’environnement biophysique ainsi que l’aléa climatique influencent de façon déterminante la sécurité alimentaire. La population touchée par l’insécurité alimentaire vit pour la plupart dans des régions désavantagées du point de vue écologique, pauvres en ressources et touchées par les effets de la désertification et de la sécheresse. En particulier, la variabilité climatique est la responsable principale de l’instabilité des productions et par conséquent des crises alimentaires dont la gravité devient de plus en plus marquée en fonction de  leur étendu.      

L’analyse des crises à l’échelle régionale – qui se vérifient moyennement à intervalles de dix ans ou plus – a montré comment elles se caractérisent normalement par une réduction importante des productions agricoles et tout particulièrement des productions céréalières qui représentent la principale source alimentaire en milieu rural.     

A cette échelle les populations touchées par l’insécurité montent à des millions d’habitants, dont la survie découle en premier lieu de la capacité des Organismes Internationaux d’acheminer l’aide alimentaire à temps 

Les expériences réalisées dans le passé ont montré clairement comment le facteur critique primaire doit être recherché en premier lieu dans la capacité de mobiliser l’aide international et de procéder à sa distribution le plus tôt possible en dépit des nombreuses contraintes d’ordre environnemental et logistique.  Le Sahel est, à tout effet, une large étendu territoriale qui se caractérise par un réseau de communication (route chemin de fer, aéroports) ne permettant pas d’assurer un transfert rapide de l’aide alimentaire aux zones les plus enclavées.    

Dans la gestion crises localisées, dont la fréquence est annuelle, le place de choix est par contre représentée par un correct ciblage des populations ainsi que des groupes socio-économiques les plus sensibles afin de mettre en œuvre les stratégies ainsi que les moyens de prévention et d’aide les plus appropriées et les plus efficaces. 

La prévention et la gestion des crises alimentaires demande ainsi de plus en plus la capacité d’intégrer les différentes informations générées tout au cours d’une campagne agropastorale dans un processus organique de prise de décision. Dans un contexte pareil, la capacité d’appréhender de manière progressive et transparente le degré de gravité de la crise ainsi que la localisation de la population touchée devient un élément décisif afin d’engager un ensemble coordonné d’actions ayant pour but l’atténuation des impacts au niveau des zones et des populations cibles et, par la suit, l’évaluation de l’efficacité des mesures entreprise.

Face à ce schéma, les prévisions saisonnières de pluie peuvent contribuer à une première caractérisation de la saison en cours. Dans ce sens elles sont le premier escalier pour aboutir à une évaluation très précoce du niveau de crise qu’on devra s’attendre, parfois avant le démarrage de la saison des pluies. Cependant il y a lieu à constater que jusqu’au présent les prévisions saisonnières rendues disponibles au niveau de la région sahélienne comportent une série de limitation d’ordre spatiale ainsi que temporale qui les rendent à tout effet inappropriées à répondre aux besoins d’information des décideurs.
Parmi les nombreuses méthodologies utilisées à fin opérationnel pour la prévision saisonnière des pluies, la méthode ainsi dite des homologues développée par le CNR IBIMET dans le cadre du projet Ressources Sahel (Italie), peut représenter une alternative possible aux modèles probabiliste actuellement utilisés dans la région pour mieux répondre à un tel souci. Telle méthodologie se base sur la relation existant entre l’entité des phénomènes pluvieux et les anomalies de Température Superficielle de la Mer (SST) enregistrées au niveau de trois zones climatologique qui semblent influencer particulièrement la dynamique de la  mousson africaine.  Elle utilise comme élément d’entrée la série des données mensuelles de  SST produites par la NOAA (National Oceanic and Atmospheric Administration)  sur la période 1979 – 2002, ainsi que les données de pluies issues du Global Precipitation Climatology Project (GPCP) couvrant le même intervalle temporaire.

Les relations parmi les données historiques des anomalies de SST pour les mois allant de mars en mai et celles se référant à l’année courante permettent d’aboutir à l’identification de l’année homologue. Les prévisions de pluies pour le trimestre juin juillet août sont par la suit générées tout en considérant les données GPCP de l’année identifiée comme étant l’analogue de l’année courent. Les prévisions de pluies sont rendues disponibles sous forme maillée à une résolution de 2.5° soit à une échelle mensuelle soit comme cumul trimestriel. Les produits en sortie portent aussi sur les images des anomalies de pluies en valeur absolue ainsi qu’en pourcentage par rapport à la moyenne des pluies issues des données GPCP sur la période de référence (1979-2000). 

Se référant en particulier à l’analyse conduite à l’échelle régional, les données prévisionnelles de pluie se référant à l’année 2004 ont été employés comme entrée d’un modèle d’estimation des rendements des principales cultures alimentaires (mil et sorgho) basée sur une relation linéaire avec les pluies. L’analyse des résultats ainsi obtenus dès le début du mois de juin a autorisé à retenir peut probable l’hypothèse d’une crise à niveau régionale ainsi que sub régionale.  Cependant des zones caractérisées par des situations de crises localisées ont été envisagées au niveau des parties le plus internes de la région sahéliens (Mali, Burkina Faso,  Niger et Tchad).

Pour mieux comprendre l’impact des anomalies des rendements sur la sécurité alimentaire des terroirs marqués comme étant à risque, il est toutefois opportun procéder à une analyse de vulnérabilité qui prend en compte les caractéristiques structurelles de ces zones, avec une attention particulière aux stratégies productives et aux capacités de réactions de la population y vivant. A cet effet, l’identification précoce des zones vulnérables aux facteurs de risque envisagés par les prévisions saisonnières peut représenter un atout  pour le décideur, en permettant la mise en place d’actions spécifiques,  mirées à la prévention ainsi qu’à la gestion des crises alimentaires à différentes échelles (régionale, nationale et sub-nationale).

Selon cette approche l’étude présente se focalise sur l’analyse des impacts engendrés par les anomalies des rendements observée au Mali au cours de l’année 2004 à une échelle nationale et sub nationale par comparaison de la situation courante avec celle de référence. Une telle évaluation a été réalisée par le biais d’une analyse de sensibilité réalisée à travers l’utilisation d’un software spécifique mis à point par le Centre Régional AGRHYMET qui se propose de mettre en évidence l’impact engendré par ces anomalies sur les capacités alimentaires d’une unité administrative donnée. Cette mesure a été exprimée par un indicateur de synthèse, le Taux Virtuelle de Couverture des Besoins Céréaliers (TVCBC) qui fournit une estimation de la vulnérabilité d’une zone sur la base des capacités du secteur primaire d’assurer la couverture des besoins alimentaires des habitants. Dans l’analyse, les cultures non céréalières (cultures de rente et productions zootechniques) ont été transformées en céréales équivalentes aux prix du marché et sommées par la suit aux disponibilités céréalières. Le total ainsi obtenu a été confronté avec les normes officielles de consommation des céréales établies par chaque pays du CILSS sur la base des habitudes alimentaires de la population. Pour le Mali les quantités  fixées par ces normes montent à 204 kilos de céréales par habitant et par année.

Les résultats de la simulation se référant à l’année 2004 ont été comparés avec les valeurs de référence de TVCBC établi sur la période 1985 – 2000 afin de mettre en évidence les unités administratives de troisième niveau (Cercles) pour lesquelles l’on prévoit une variation négative consistante du taux de couverture en conséquence du régime de pluie prévu pour la saison en cours. Dans ce sens, une attention particulière a été réservée aux  zones qui suite aux anomalies de rendements ont vu leur bilan passer d’une situation d’autosuffisance à une de déficit.

Le cadre prévisionnel ainsi obtenu a été finalement confronté avec les résultats fournis à la fin de la saison agricole  (novembre) par le Système d’Alerte Précoce du Mali (SAP/Mali) sur la base des données de terrains collectées tout au cours de la campagne dans les zones couverte par le service.

Les résultats de cette comparaison montrent que les zones sensibles identifiées sur la base des prévisions saisonnières calquent pour la plupart celles établies par le SAP suite à une évaluation de la vulnérabilité à une échelle plus fine (communes et localités). Les différences constatées parmi les deux analyses sont imputables aux impacts engendrés par d’autres facteurs de risque, quels l’invasion des criquets pèlerins ainsi que la montées des prix à la consommation des céréales de base qui ne sont pas directement liés aux anomalies des pluies.

En conclusion, les résultats se référant au cas d’étude Mali pour l’année 2004 montrent que l’utilisation appropriée des prévisions saisonnières dans un cadre de convergence de plusieurs outils de suivi de la  campagne agropastorale peut jouer un rôle déterminant dans la prévention ainsi que la gestion des crises alimentaires. La possibilité d’améliorer  la confiance des prévisions face à une meilleure résolution spatiale et temporale revêt à tout effet une place prioritaire  afin de rendre plus performant la réponse des modèles de simulation qui doivent traduire les anomalies de pluie en variations de rendements  pour les cultures les plus importantes.

En autre, la création de scénarios d’évaluation des impacts engendrés par ces variations de rendement sur le niveau de vulnérabilité des différentes zones donne une contribution significative pour  une meilleure identification des parties du territoire les plus vulnérables ainsi que des actions les plus opportunes à mettre en œuvre par rapport à leurs caractéristiques structurelles afin de prévenir efficacement le risque de crises alimentaires.
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Rainfall and Agriculture in Central West Africa: Predictability of Crop Yields in Burkina Faso
Pauline DIBI KANGAH
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Stern et al. (1982, p. 223) noted : “Rainfall governs crop yields…determines the choice of crops that can be grown…important questions are…the start, end and length of the rainy seasons, the distribution of rainfall amounts through the year, and the risk of dry spells.”  In this paper, the relationships between rainfall and crops are explored through variability in yields, which integrate both acreage and production and strongly reflect rainfall variability.  Not only are yields economically important to farmers, but also they are good indicators for the assessment of agricultural change, by indicating the efficiency with which the environment has been used for farming.

A national scale analysis of three crops, cotton, maize, and rice is undertaken for Mali, Burkina Faso, and Côte d’Ivoire to reveal how variations in crop yields are related to rainfall variability.  These crops are chosen because they are the three crops whose data are consistently available since 1970.  In addition, this paper explores the potential benefits of crop yield forecasting system through the predictability of crop yields in Burkina Faso.  It explores how crop productivity and farming operations such as planting and harvesting for six crops (cotton, peanuts, maize, millet, rice, and sorghum) may be related to climate and environmental predictors such as rainfall (observed and estimated values), sea surface temperature, and normalized difference vegetation index.  

Key Words : Rainfall, Agriculture, Variability, Predictability of Crop Yields, Central West Africa
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Précipitations et Agriculture en Afrique Occidentale :  la Prévision des Rendements Agricoles au Burkina Faso

Pauline DIBI KANGAH
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Stern et al. (1982, p. 223) ont noté que «les précipitations influent sur les rendements agricoles...déterminent le choix des variétés culturales à planter...les questions importantes à répondre sont...le début, la fin et la durée des saisons de pluie, la distribution des quantités de précipitations au cours de l'année, et les risques d’occurrence des pauses pluviométriques».   Dans cette étude, les liens entre les précipitations et les récoltes sont analysés à travers la variabilité des rendements agricoles, qui intègrent les surfaces cultivées et les productions qui reflètent aussi les variabilités pluviométriques.  En effet, les rendements sont non seulement économiquement importants pour les fermiers, mais ils sont également de bons indicateurs pour évaluer les changements agricoles, en indiquant l'efficacité avec laquelle l'environnement a été exploité à des fins agricoles.  

Une analyse à l’échelle nationale de trois cultures (coton, maïs et riz) a été réalisée sur le Mali, le Burkina Faso, et la Côte d'Ivoire pour montrer comment les variations des rendements agricoles sont liées à la variabilité des précipitations.  Ces trois cultures sont choisies parce qu'elles sont celles dont les données sont continues depuis 1970.  En outre, cette étude explore les avantages potentiels des prévisions de rendements agricoles au Burkina Faso.  Elle analyse comment on peut prévoir les rendements et les opérations agricoles telles que les semis et les récoltes de six cultures (coton, arachide, maïs, mil, riz et sorgho) à travers les indicateurs climatiques et environnementaux tels que les précipitations (valeurs observées et estimées), les températures de surface de la mer, et les indices de végétation.  

Mots clés : Précipitations, Agriculture, Variabilité, Prévision des Rendements Agricoles, Afrique Occidentale
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The EGEE3/AMMA experiment
B. BOURLES (1), G. CANIAUX (2), Y. DUPENHOAT (3), Y. GOURIOU (1),

A. WEILL (4), D. BOURRAS (4), F. MARIN (1), H. GIORDANI (2)

and A. BENTAMY (5)
(1) Centre IRD de Bretagne, Plouzané, France (2) Météo-France, CNRM, Toulouse, France

(3) Centre IRD / LEGOS, Toulouse, France

(4) CETP, Vélizy, France (5) IFREMER, Plouzané, France

The EGEE experiment is the oceanographic component of the AMMA program. It focuses on the oceanic circulation and on air-sea interactions in the Gulf of Guinea. Part of this program, EGEE3 will take place in May-July 2006. The main scientific objectives are to document: (1) the seasonal and inter-annual variability of the circulation through repeated trans-equatorial sections with hydrological and current measurements; (2) the processes leading to the strong boreal summer cooling of sea surface temperature along the Equator and at the coast and its link with the African Monsoon. The role of sea surface fluxes will be investigated through continuous measurements of surface fluxes; radio-soundings twice a day and oceanic mixed layer properties with drifting buoys. This data set will be used to document the monsoon flux over the Gulf of Guinae, to derive bulk flux parameterizations, produce gridded fluxes, model and determine oceanic and atmospheric mixed layer processes, validate operationnal oceanic/atmospheric models, and also to test new methods for reconstructing gridded fluxes form satellite.

Le programme EGEE est la partie océanographique de AMMA. Il vise à documenter la circulation océanique et les interactions océan-atmosphère dans le Golfe de Guinée. La campagne EGEE3 fait suite à EGEE1 et EGEE2 et aura lieu entre mai et juillet 2006, lors des SOP1 et SOP2. Ses objectifs scientifiques sont: (1) l’étude de la variabilité saisonnière de la circulation océanique réalisée grâce à des sections trans-équatoriales déjà réalisées lors de campagnes antérieures à l’aide de mesures hydrologiques et courantométriques; (2) l’étude des processus de surface conduisant à la forte évolution des températures de surface de la mer, son lien et son rôle sur la Mousson Africaine. Des mesures continues de paramètres météo-océaniques et de flux seront réalisées, ainsi que des radio-sondages. Des bouées donneront des renseignements sur la couche de mélange océanique. Toutes ces données permettront de documenter le flux de mousson sur le Golfe de Guinée, de reconstituer et de valider des champs de flux grillés à fine échelle; de modéliser l’océan superficiel; de déterminer les processus océaniques de sub-surface ainsi que dans la couche limite atmosphérique; de valider des modèles opérationnels; enfin de tester des méthodes de restitution de flux par satellite.

Scientific objectives

The Equatorial Atlantic Basin is a region of important climatic sea surface temperature (SST) variability.  This variability is highly correlated with land rainfall anomalies, on the South American continent (Nordeste in Brazil) and on the African continent, as well as with the position and extension of the Monsoon system (Vizy and Cook, 2001).

One important question for the monsoon problem is the marked seasonal cycle in the Gulf of Guinea (GG),  associated with the development of a coastal up-welling and the development of the "cold tongue", a SST cooling which appears in boreal summer, starting in the South-Eastern part of the basin and rapidly reaching the middle of the Equatorial basin.  This system, largely influenced by the establishment of the south-westerly winds of the monsoon, tends to establish a large meridian SST gradient in the GG.

The variation of the SST is also largely dependent of the complex current system.  In the northern part of the GG, the circulation is dominated by the Eastward Guinea Current, which is sometimes considered as the extension of the North Equatorial Counter Current in boreal summer. Like in the Pacific, the circulation is characterised by the eastward Equatorial Undercurrent underlying the westward South Equatorial Current.  However, the circulation in the eastern part of the GG is complex, highly variable and not well documented (Bourlès et al., 2002; 2003).

Consequently, the processes that modulate the SST in this part of the Atlantic are largely unknown (Foltz et al., 2003).  SST is influenced by the surface fluxes related to the wind enhancement associated to the Monsoon, especially through the latent heat, but also depends on the upper circulation due to advection.  The contribution of these processes and also of vertical advection associated to the development of up-welling and of the cold tongue is thus to be determined.

In addition, the salinity field in the eastern part of the GG is dominated by a large freshening, due both to large precipitation rates and river runoff, principally due the presence of the Congo and Niger rivers. This freshening is able to modify the stability in the oceanic upper layers and the vertical mixing in the mixed layer, thus influencing the SST evolution.

In order to illustrate the annual and latitudinal variation of the SST, Figure 1 shows these variations deduced from the last 10 years Reynold SSTs.  SSTs were averaged over a band 8 degrees of longitude from 4°W to 4°E.  In April the SST is at a maximum at all latitudes, with a North to South gradient of 2°C over 14° of latitude.  After the monsoon jump at the end of June, an intense cooling is observed until September with an increase of the latitudinal gradient which reaches 3° to 4°C over 14° of latitude.  From October to April, the SST increases regularly with an excess of heating in the southern part of the basin in order to re-establish the initial latitudinal gradient.
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Figure 1: latitudinal and monthly variations of 10 years Reynold’s SSTs averaged over a band 4°W-4°E over the GG.

The different scientific questions to be addressed during the SOP and LOP concerning the air-sea interactions are:

- what is the role of the surface fluxes in the evolution of the oceanic upper layers and what is the role of the monsoon in modifying these fluxes?

- what is the oceanic response to the monsoon (Ekman transport, development of up-welling), and how does this response affect the evolution of the SST, mean mixed layer temperature/salinity and mixed layer depth?

- what are the transfers through the mixed layer base, what is the importance of the vertical velocity, of the vertical advection, specifically in the up-welling regions; in which part of the Equatorial Basin does the vertical velocity play its major role?

- what is the effect of SST, especially of the SST fronts associated with the cold tongue and coastal up-welling on the atmospheric mixed layer and how does this mixed layer influence the monsoon flow?

- what is the role of salinity, especially its freshening in the eastern part of the GG, the role of precipitation/runoff on the stability of the mixed layer and its influence on the temperature profiles?

- do the parameterizations of the turbulent heat fluxes or reconstruction of the turbulent heat fluxes from satellites allow us to reconstruct basin scale flux fields and what is their ability in forcing oceanic mixed layer models?

- do NWP models succeed in producing heat, freshwater and momentum fluxes?  Do oceanic models (MERCATOR, CLIPPER) succeed in modelling the top layers, the characteristics of the mixed layer and the current systems along the Equator and in the GG?

The experimental strategy 

The EGEE program consists of different campaigns at sea, where in-situ data will be collected during the specific periods defined in AMMA. In order to complete the EOP, two campaigns were realised in 2005 (EGEE1 and EGEE2, Bourlès et al., 2005) and two are programmed for 2006 (EGEE3) and 2007.  During these three years, great attention will be given to document inter-annual variability (currents, development of the cold tongue and of up-welling) during specific periods of the year when these oceanic conditions are present.

During the SOP, a larger component of the program will be given to air-sea interactions. EGEE3 will thus be largely dedicated to the upper ocean and to the coupling with the marine atmospheric boundary layer. Outside the intense observation periods, operational in-situ data arrays will be used: the PIRATA buoy array and a specially equipped met-station installed by IRD on the Island of São Tomé, as well as numerical model output and satellite products.
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Figure 2: Ship trajectory planned

during EGEE3 and the position of 

the PIRATA buoys.
The EGEE3 campaign will thus take place between the end of May 2005 and the beginning of July. Three main requirements were taken into account for the experimental strategy: (1) the two legs were programmed in order to take place before the monsoon jump (which takes place climatologically around the end of June) and the second one just after: (2) during this period, the development of the cold tongue across the Equatorial Basin and the establishment of the northern coastal up-welling will occur and will be documented through specific North to South cross sections; (3) the section at 3°E is programmed to be covered twice, at the end of each legs so that coupled ship and aircraft measurements can be achieved at the same time; (4) the maintenance of the PIRATA buoys at 3°E, 0°W and 10°W; the deployment of a new PIRATA buoy at 8°E; 6°S (if funded) and a fixed point in front of the island of São Tomé where a met-station has been specially installed for AMMA/EGEE in order to compare ship and on-land data series.

Figure 2 portrays the 2 legs and the direction along their trajectory that will be covered by the ship R/V ATALANTE during EGEE3. The western part of the GG will be covered from 26 May to 15 June 2006 and the eastern part from 17 June to 6 July 2006. Systematic CTD transects will be carried out that will be associated to the in-situ data arrays, as well as additional XBT measurements between the CTD stations. The Equatorial cross sections will complement similar cross sections that were covered during previous experiments: EQUALANT99 (Gouriou et al., 2001), EQUALANT 2000 (Bourlès et al., 2002) and the EGEE1 and EGEE2 cruises (Bourlès et al., 2005).  

The following data will be collected according to the air-sea interaction program:

- continuous atmospheric measurements with an instrumented mast located on the foredeck of the ship; this mast has been used for several experiments at sea for the past 10 years by the French community (cf. the ALBATROS database (Weill et al., 2003; address:  http://dataserv.cetp.ipsl.fr/) developed in the framework of the AUTOFLUX project, a European project for the measurement and parameterization of turbulent fluxes over sea (Larsen et al., 2003). It can provide air temperature, humidity, atmospheric pressure, horizontal velocity with corrections for airflow distortion due to the ship (Brut et al., 2005), radiative fluxes (incoming solar radiation and incoming infra-red, mounted with a hook’s coupling system),

- continuous SST, salinity and currents velocity measurements; an U.S. invited experiment will be devoted to the skin temperature with the Marine-Atmospheric Emitted Radiance Interferometer (M-AERI) (Minnett et al., 2001),

- continuous measurements of turbulence with the instrumented mast in order to determine the turbulent fluxes (latent heat, sensible heat, wind stress) by applying the inertio-dissipative method, the eddy correlation method and the bulk method (Weill et al., 2003); a licor 7500 analyzer will also be tested in order to estimate latent heat fluxes by a fourth method,

- specific rain gauge and measurements of rain temperature will be installed onboard by the CETP (Paris) to determine the influence of top layer cooling associated with rain,

- drifting buoys (MARISONDE) will be launched; these buoys have a thermistance chain and will be used to document the mixed layer / upper thermocline along their trajectories,

- deep drifting PROVOR profilers will be deployed; these profilers provide T/S vertical profiles from the surface down to 2000m every 10 days, in a ARGO program configuration. With these data, the surface fluxes can be estimated as a residue of the heat budget measured between consecutive profiles and can be a valuated method to evaluate errors of gridded satellite and model flux fields,

- Surface Velocity Profilers (SVP) will be deployed; these surface buoys provide daily their position and the SST, 

- systematic radio-soundings will be launched at synoptic hours in order to complete the ground station array over the African continent and to be assimilated in real time by the NWP models; improved atmospheric fields to retrieve gridded fluxes over the whole GG are thus expected,

- about 100 temperature, salinity, current and oxygen profiles will be carried out during hydrological stations; some profiles will be repeated during a few “long duration –24 to 36h- stations”.

The EGEE3 cruises will be coordinated with 2 other experiments: the German R/V METEOR and US Ron BROWN which is a unique opportunity for covering the Equator Basin during the SOP1 and SOP2. The R/V METEOR cruises (campaigns M68/2 and M68/3) are planed in the framework of TACE (CLIVAR)/AMMA/SOLAS for the period June to August 2006 by the IFM/GEOMAR in Kiel (Chief scientist: Peter Brandt). It will include, besides hydrographic measurements, continuous measurements of SST and SSS, air temperature, humidity, pressure wind and precipitation, global radiation and incoming longwave radiation. Radiosoundings will also be launched twice a day. The ship will settle the eastern Equatorial Basin, from 35°W to 10°W with special deployment of moorings along 23°W in order to quantify advection and vertical mixing in the oceanic surface layers. 

The R/V Ron BROWN is also participating in the AMMA deployment in the framework of the TACE and SOLAS programs. The campaign will be held from end May to mid-July for 44 days along the 23°W from 6°N to 6°S. Similar flux measurements as onboard the R/V ATALANTE are scheduled so as radiosoundings and hydrographic profiles along the section.

Complementary data
During the EGEE3/AMMA experiment, satellite data will be used as a source of data for covering the GG, and as comparison with in-situ data, in order to gauge the quality of the satellite algorithms. The experiment will be an opportunity to collect data to be compared against satellite retrievals of SST, radiative fluxes and wind.  Note that radiative fluxes at sea are not collected systematically and operationally as is done on land stations and there is a crucial need for this kind of data at sea (Marsouin et al., 2005).

Satellite data will be also used extensively to provide data for computing gridded surface flux fields at a fine temporal and spatial scale. Different data centre (i.e. the OSI-SAF) will thus be an important source of data for this program.  Expected data concerns:  SST at a temporal scale of 1hr or 3hr in order to reconstruct the diurnal cycle, winds, radiative solar and infrared fluxes. 

From these fields, specific net heat freshwater and movement flux fields will be derived by using different methods: synthesis approach (Caniaux et al., 2005) or from satellite retrievals (Bourras et al., 2003; Bentamy et al., 2005). With these fields, a hierarchy of oceanic models (see the review by Giordani et al., 2005) can be forced and run to simulate the development of the cold tongue and coastal upwelling, evaluate the processes at play during specific period in the GG. Flux data sets along the ship trajectory or along the MARISONDE buoy trajectories will be used to validate NWP fluxes, satellite retrievals and evaluate the capacity of models to simulate mixed layer processes.
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The EGEE 1&2 cruises in the Gulf of Guinea 
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Ce poster  présente un résumé des objectifs principaux du programme EGEE realize dans le cadre d’AMMA, et des deux premières campagnes océanographiques réalisées en 2005 dans le cadre de l’EOP AMMA. 

Scientific context

The main objectives of the EGEE (Etude de la circulation océanique et de sa variabilité  dans le Golfe de Guinée / Study of the oceanic circulation and its variability in the Gulf of Guinea)  project are to study in the framework of AMMA the oceanic circulation and its variability in the upper layers of the eastern Tropical Atlantic, more precisely in the Gulf of Guinea (GG), through the joint utilization of in situ and satellite measurements along with numerical models results. 

The EGEE project includes different kinds of complementary works, including studies based on in situ and satellite measurements, products validation, numerical experiments, air-sea exchanges and fluxes analysis… (refer to associated posters: Bourlès et al., poster 0.01; Kouadio et al., poster 0.03; Dagorne et al., poster 0.05; Bourlès et al., 0.43; Ayina et al., 3.31; Bentamy et al., 3.32; Bourras & Caniaux, 3.33; Dagorne et al., 3.34; Giordani et al., 3.35, Peter et al., 3.36…)

Most of the works carried out in the framework of EGEE principally aim to better understand the oceanic processes responsible for the SST and mixed layer variability, their impacts on air-sea exhanges, and finally to improve numerical simulations through a better estimate of mixing parameterization. Such studies obviously need dedicated in situ measurements, carried out along same sections during two monsoon phases (late boreal spring and early fall), and during three years, in order to assess both seasonal and interannual variability. 

The EGEE 1 & EGEE 2 cruises

a) general presentation:

Thus, two oceanographic cruises per year will be carried out in the framework of EGEE, during the three years of the AMMA Extended Observation Period (EOP; 2005-2007), and the first two ones have been carried out in June-July 2005 (EGEE 1) and September 2005 (EGEE 2) onboard the R/V LE SUROIT from COTONOU (Benin; see figures 1). The EOP EGEE cruises are mostly dedicated to the study of the variability of the hydrological parameters and currents in the ocean upper layers (see posters 0.01 and 0.43 for details on the SOP dedicated cruises).  

Figures 1 : Maps of EGEE 1 (left)  and EGEE 2 (right) and summarize of works (CTD: blue dots; XBT & XCTD: red and green dots; ARGO profilers: black dots) Red triangles = PIRATA buoys). 
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These cruises allowed to carry out many kinds of works and measurements :

· About 60 hydrological profiles (CTD-O2) and current profiles (L-ADCP) per cruise, along with 11 sea water samplings along the water column (surface to 500m or 1000m) for salinity, dissolved oxygen and nutrients analysis ;

· More than 110 temperature profiles per cruise (XBT);

· Change of the 4 ATLAS buoys of the PIRATA program located in the Gulf of Guinea;

· the deployment of 24 ARGO profilers (18 french PROVOR and 6 US SOLO –coll. S.Garzoli, NOAA/AOML –Miami-USA- that provide temperature and salinity profiles from the surface down to 2000m depth every 10 days) ;

· About 30 sea surface samplings per cruise for salinity, nutrients, CO2, C13 and O18; 

· the deployment of 16 surface drifers (SVP) that provide daily SST and surface current drift measurements (coll. R.Lumpkin, NOAA/AOML-Miami-USA).

·  upper layer current measurements all along the trackline (surface to 200m depth), along with meteorological measurements, SST and salinity (thermosalinograph);

· 12 microstructure profiles along 10°W during EGEE 2 (that allow an estimate of vertical mixing; coll.M.Dengler,  IFM-GEOMAR / Kiel, Germany)

· about 60 sea water samplings during hydrological profiles along 10°W and 3°E during EGEE 2 for Helium analysis (that allow an estimate of vertical upwelling rate; coll. M. Rhein, University of  Bremen, Germany). 
b) Very first observations:

It has first to be noticed that the 2005 seemed to be particular climatic year in the Tropical Atlantic: during the 2005 boreal summer, the SST were very warm in the northern tropical Atlantic (and the north of the GG in May-June), and the SST were very cold along the equator, the south of the GG (cold tongue) and within the eastern coastal upwelling (off Gabon). We observed that the SST decreased from about 5°C around 5°W-Equator in three weeks… According to the Reynolds & Smith climatologic index, 2005 was the coldest equatorial upwelling observed in June since 1981 (-1.5°C in June 2005 within the 5°W-1°5W longitude band and 3°S-Equator latitude band ; not shown). SST lower than 19°C has been measured off Gabon on July 2, 2005. In September, the SST consequently increased along the equator and the coastal upwelling from Ivory Coast to Benin can be observed. 
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The surface measured currents allow observing different patterns:

· The Guinea Current (eastward current located north of the equator) is relatively weak in June (note that the first section between Benin and 0-0, where the GC may appear weak or even reversed, was done at the very beginning of the cruise), and well developed in September, when it appears with meanders at 2°N ;  

·  the eastward flows measured at the equator along 10°W in June and September and at 3°E in September seem to be a signature of the surfacing of the Equatorial UnderCurrent, that is linked to the equatorial upwelling (upward movement of the thermocline and of subsurface / cold waters);
c) Conclusions:

The EGEE cruises have been detailed in quasi-real time by internet, and a description can be found at:  http://www.brest.ird.fr/actualites/actu_sept_05.htm. A very important number of measurements have been carried out during the EGEE1 and EGEE 2 cruises, and different studies will be initiated thanks to these data. For example the SST distribution in the GG during the monsoon onset will be studied in relation with the relatively strong observed winds during EGEE 1 cruise (along with precipitation anomalies in the west Africa), the mixed layer depth and the measured currents. The data treatment and validation steps are still in progress, and a first data set should be available in mid-2006. A data report will be provided (that should be also available through the AMMA/EGEE web page : :http://www.brest.ird.fr/activites/act_LEGOS_Brest.htm). 
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Abstract

During fio recent oceanographic cruises,
Biozaire ITI (December 2003) and Pirata-FR12
(February 2004) a serie of carbon dioxyde system
‘parameters have been collected in the Gulf of
Guinea and the Tropical Atlantic Ocean. Tofal
alkalinity (TA) and dissolved inorgasic carbon
(DIC) have been measured with high precision
using a potentiometric method and infernationl
standards. The seasurface disiributions of both
TA and DIC are closely related to salinity and
selationship are established for a large range of
salinity in this region (23 < SSS < 36.5). The
seasurface partial pressure of CO; (pCO3)
distribution has been also calculated from the
‘pairs TA and DIC. In the Gulf of Guinea the
spatial vaiabilty of pCO is very high, with
values ranging from 250 to 400 atm. In this
segion ocean waters act as a CO; sink or source
for the atmosphere. In the equatorial zone of the
eastern atlantic we observed that during February
2004 the ocean was undersaturated with sespect to
atmospheric COy. These new observations
contrast with previous reparts as this region is
generally considered as 2 permanent source of
€O, These new oceanic CO; observations will
complement the international CO; database in an
oceanic sector where observations are very
sparse. This highlights the need of perfornting
high density sampling in this zone. This will be
achieved in the frame of the seasoral
EGEE/AMMA cruises that will be conducted in
2005-2007.

1. Introduction, data collection

Time series and repeated observations of
the oceanic carbon dioxide system are highly
recommended at regional scale to betier quanify
airsea CO; fluses, to detect anthropogenic
catbon in the ocean and fo progress in our
understanding of the complex coupling between

ocean carbon cycle and climate. In the frame
of AMMA, the oceasic project EGEE
conducted in the Gulf of Guinea in 2005-2007
offers an imvalusble opportunity to collect
regular oceanic CO; samples in a region
where historical data ate very sparse. The
sesults presented here constinute a preliminary
analysis of the study that will be conducted
during EGEE. During two cruises, BioZaiselll
in December 2003 and PirataFRI2 in
February 2004 conducted in the eastern
Tropical Atlantic, approximately 150 samples
(bortles 500 ) were sampled to obtain new
observations for total alkalinity (TA) and
dissolved inorganic cabon  (DIC).  The
samples were measured at the laboratory in
Paris (Aprl 2004) using 2 potentiometric
method. The calibration of the measurements
was based on Certified Reference Material
(CRM) obtaied from A. Dickson (SIO, Usiv
Califomiz). The accuracy of TA and DIC data
are estimated to be about 2 pmol k.

2. Results

In the Easterm Tropical Atlantic, the
concentrations of TA and DIC cover a very
wide range of values, 1950-2450 umol kg
for AT and 1630-2250 yumol kg * for DIC.
Very low concentrations were observed ia the
Gulf of Guines near the African coasts, in
areas not dominated by local upwellings and
adoubtedly influcenced by rivers (Congo)
Low concentrations were also observed far
from the coasts (8-10°E) in a the so-called
"Low Salinity Region (LSR)". The influence
of low salinity waters was identified both at
local and large scales. Strong correlations
berween DIC or AT and salinity (Figure 1)
were determined fom all samples collected in
constal and open ocean regions for a wide
salinity range, 23 to 36. This is an important
sesult that suggest one could use regional





[image: image31.png]fields of salinity to reconstruct regional
distributions for AT and DIC and deduce partial
pressure of CO; and airsea CO, fluxes. As an
example we show the results of the calculated
PCO; from the TA/DIC data obiained along the
equator during Pirata-FR12 cruise in February
2004 (Figure 2). This distibution is also
compared with the pCO; monthly climatology
that was constructed at global scale (Takahashi et
al. 2002, DSR. IL 49). Two important remarks
must be mentioned here. First, the climatolo
shows almost no variations berween Jamuary an
Febmary and on average the climatological pCO
decreases from east fo west. The data obfained
during Pirata-FR12 cruise shows the opposite.
Along the equator, oceanic pCO; decreases
towards the East, with a masimum around 0-0
near a front marked in temperatuce and
corresponding to a mininmm of alkaliniry. On the
other hand, the climatology (established for 1995
as reference year, when atmospheric level was
around 345-350 patm) suggests that the equatorial
zone of the Eastern Atlantic was a source of CO
in January-February. The pCO; calculated with
the TA and DIC data obtained in February 2004
were everywhere mmch lower than the
climatological pCO;. According to the new data,
the equatorial Alantic Ocean was undersafurated.
(the atmospheric level being approximately 362
paim at the time of the cruise). Therefore this
zone was a CO; sink in February 2004. This is
opposite fo the climatological view which
suggests that the tropical Atlantic Ocean is a
soutce of CO; all the year. These preliminary
sesults call for a sustainable sampling during the
EGEE/AMMA cruises mn order to better evaluate
and understand the seasonal and interannual
variations of airsea CO; flux m the eastern
Tropical Atlantic.
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for seasurface waters sampled during Biozaie IIl and
Pirata Fr-12 cruises in the Gulf of Guinea and Easters.
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Figure 2: Oceanic pCO; distribution in surface
waters (black: circles) along the Equator, caleulated
from DIC and TA measurements (Pirata-FR12
February 2004). The pCO; climatology for
January and February is also shown (Takahashi et
al. 2002, triangles)





Distribution des paramètres du CO2 océanique dans le Golf de Guinée : Nouvelles observations d’hiver boréal (BIOZAIRE III et PIRATA-FR12)
G.KOUADIO (1), N. METZL (2) et C. BRUNET (2)

(1) Université Cocody, Abidjan, Cote d’ivoire
(2) LOCEAN/IPSL, CNRS, Univ. P. et M. Curie, Paris Cedex 05, France
Des échantillons de paramètres du système du dioxyde de carbone ont été collectés lors des récentes campagnes océanographiques Biozaïre III ( Décembre 2003) et Pirata FR-12 ( Février 2004) dans la province océanique du Golfe de Guinée. L’alcalinité totale ( AT) et le carbone inorganique dissous ( CT) ont été mesurés avec précision ( ± 2 μmol kg –1 ) en utilisant des étalons de CO2 certifiés au niveau international. L’analyse de la distribution des propriétés de AT et CT des eaux de surface sur une gamme très étendue de salinité (25 < SSS < 36.5) a permis de proposer de nouvelles relations AT/SSS et DIC/SSS. Les mesures d’AT et CT on également permis de calculer et analyser la distribution des pressions partielles de CO2 (pCO2). Dans le Golf de Guinée, pCO2 océanique est très variable oscillant entre 250 et 400 μatm. Dans la zone équatoriale, dans le Golf de Guinée jusqu’à 10°W, pCO2 océanique est sous-saturée vis à vis de l’atmosphère pour la période Décembre 2003-Février 2004 alors que cette zone était généralement considérée comme une source permanente de CO2 toute l’année. 

Ces résultats permettent de compléter la base de données du système des paramètres de CO2 dans une zone océanique très peu échantillonnée. Ils montrent la nécessité d’avoir une couverture spatiale et temporelle de densité élevée dans cette zone. Il est donc important de réaliser la collecte d’échantillons de AT et DIC lors des campagnes saisonnières EGEE/AMMA en 2005-2007. Il sera alors possible de produire des cartes de flux de CO2 réalistes dans la province océanique du Golfe de Guinée. Ces résultats aideront aussi à mieux contraindre les modèles atmosphériques inverses qui décrivent les bilans de carbone à l’échelle globale, mais souffrent d’un manque d’observations tant continentales qu’océaniques dans les zones tropicales. 

Soumis par : 
KOUADIO Georges ADROH 
Université Cocody, Abidjan, Cote d’ivoire 
georges.kouadio@laposte.net 
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A Coherent System for Measuring Turbulent Air-Sea Fluxes during AMMA/EGEE 

S. LETOURNEUR (1), D. BOURRAS (2), C. GUERIN (2), D. LEGAIN (3), 

G. BOUHOURS (3), G. CANIAUX (3), A. WEILL (2), L. EYMARD (4)

and A. DABAS (3)

(1) DT-INSU, Paris, France, (2) CETP, Vélizy, France, (3) CNRM, Toulouse, France

(4) LOCEAN, Paris, France

An air-sea flux measurement system was jointly developed at DT-INSU, CNRM, CETP, and LOCEAN. The system includes a custom mast. Both were designed for reducing airflow distortion, with a CFD software. The flux measurement system will be installed onboard the R/V L’Atalante, which will cruise in the Gulf of Guinea from April 2006 to July 2006 (Cruise EGEE3 corresponding to the SOP of AMMA). The available sensors include one sonic anemometer, one Infra-red Gas Analyser (IRGA) humidity sensor, a microwave radiometer, and a motion package that will record the six degrees of freedom of the vessel. Eddy variables will be sampled at 50Hz on a common, dedicated, acquisition system especially designed for avoiding time phase problems. Both the Eddy Correlation Method and the Inertial Dissipation Method will be used for calculating the momentum, sensible, and latent heat fluxes, as well as their respective transfer coefficients. 

[image: image32.wmf]
Overview of the eddy flux measurement system 

(image provided by S. Letourneur, DT-INSU) 

Submitted by : 
Guy CANIAUX , guy.caniaux@meteo.fr 
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Observations météorologiques à Sao Tomé

Exploitation – Comparaison – Application

Dominique  DAGORNE (1), Mélanie JUZA, Fabrice ROUBAUD (1)

Et Bernard BOURLES (2)

(1)  IRD, Centre IRD de Bretagne (Intervention à la Mer et Observatoires Océanique), France

(2)  IRD, Centre IRD de Bretagne – LEGOS, France

L’observation permanente des conditions météo-océanique du  Golfe de Guinée, assurée par un réseau de bouées instrumentées (bouées ATLAS du programme PIRATA), a été complétée  dans l’est du bassin  avec les mesures d’une station météorologique  automatique implantée sur l’Ile de São Tomé (située  sur l’équateur à 6,5 Est de longitude).


[image: image33]
fig 1 : situation et vue de la station météorologique – Ile de Rolas (située au sud de São-Tomé)




Valeurs climatologiques des paramètres météorologiques et des flux radiatifs solaire et turbulent (en W/m**2)


Installée le 17 octobre 2003,  puis en août 2004 suite à une défaillance de composants électroniques, la station a subit une intervention et maintenance en septembre 2005. Les données hautes fréquences (10 mn) des paramètres  mesurés : température et humidité de l’air, vitesse et direction du vent, radiation solaire, précipitations et pression atmosphériques, sont récupérés tous les 3 mois environ, puis contrôlés et analysés à l’aide d’un outil interactif de visualisation. Des données horaires  moyennées sont  également  transmises par  ARGOS en temps réel.


[image: image34]
fig 2 :  copie d’écran de l’outil de visualisation pour une période de 10 jours

Pendant la première période d’activité (octobre – novembre 2003)  il a  été entrepris des comparaisons avec des produits satellites existants  et sorties de  modèles.


Pour les vitesses du vent, les restitutions journalières à partir de « QuickScat » (diffusiomètre) et TMI (radiomètre)  indiquent une surestimation  de la source satellite.  Cette constatation,  réalisée pour des vents « faibles » (< 4 m/s)  n’est plus vrai pour des vitesses  supérieures (ce qui est le cas des bouées ATLAS du réseau PIRATA situées plus à l’ouest)  où il existe un meilleur accord.


[image: image35]

La radiation solaire incidente horaire a été comparée, pour quelques journées spécifiques (claires, peu ou très nuageuses), aux restitutions SSI (Solar Surface Irradiance)  obtenues par MSG-SAFO (Météosat Seconde Génération - Satellite Application Facilities Ocean). Sur les cas étudiés, il existe une bonne concordance pour des ciels clairs ou peu nuageux, en particulier en début de journée. Les comparaisons satellite/ in-situ de l’après-midi semblent être affectées par un phénomène de convection locale non détectée aux échelles d’observation du satellite (1/10 deg).

 
Il  existe une bonne correspondance entre les mesures « réduites » (moyenne horaire) in-situ à la station et les données de modèles (ECMWF)  pour  température et  humidité de l’air. 

La connaissance de paramètres météorologiques moyens mesurables ou modélisables (température et humidité de l’air, vitesse du vent,  SST,..) permet la restitution des flux de chaleurs turbulents océaniques, paramètres essentiels du bilan thermique à l’interface océan-atmosphère. Les valeurs des flux de chaleurs latente et sensible sont calculés par des méthodes  « bulk » (globales) caractérisées par des paramétrisations empiriques dépendant principalement du vent (vitesse, stratification,..). Si les résultats des flux de chaleur sensible sont équivalents pour les hypothèses appliquées, ceux de chaleur latente présente une plus grande dispersion.

[image: image36.emf]
fig 3 : restitution des flux turbulents horaires suivant plusieurs paramétrisations

bleu : Dupuis  - rouge : Fairall – noir : Brut

Une étude de sensibilité menée sur les paramètres d’entrées montre un fort impact de la dispersion de ceux-ci sur les restitutions et l’intérêt d’expérimentations pour qualifier ces méthodes et la représentativité « océanique » des mesures de cette station. Cette expérience est programmée pendant la campagne océanographique EGEE3 de juin 2006, et permettra de valider les produits satellite dans cette région.

	Paramètres
	ΔTair

= 0.5°C
	Δhumidité

= 5 %
	ΔWvent

=0.5 m/s
	ΔSST   

= 0.5°C
	Δpression

= 10 hPa

	Er (Hs)
	24-27%
	1%
	13-14%
	24-27%
	1%

	Er (Hl)
	12-14%
	18-22%
	13-14%
	14-16%
	0-0.2%






Sensibilité (erreur relative) du calcul des flux turbulents





(Hs : chaleur sensible , Hl : chaleur latente)





aux variations des paramètres d’entrées :



Tair : 26.4°C  - Hum : 85,8%  -  Wvent : 2,7 m/s – Patm : 1013 hPa


Conclusions : la récente installation d’une station sur l’île de São-Tomé en automne 2003, a permis d’étendre les mesures météorologiques  disponibles vers l’est du golfe de Guinée, et ceci sur une base opérationnelle nécessaire à l’observation à long terme. Une première exploitation, menée sur une courte durée, a mis en évidence la nécessité de recourir à des mesures in-situ pour disposer de données fiables dans le développement des méthodes de restitutions et de qualifier les futurs produits satellites  en ces régions où il n’existe que peu de moyens d’observations.
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The nocturnal boundary layer of the west African monsoon in observations and numerical prediction models
C. L. BAIN (1), F. GUICHARD (2), L. KERGOAT (3), D. J. PARKER (1),

C. M. TAYLOR (4), F. BAUP (3), E. MOUGIN (3) and Y. TRAORE (5)

(1) University of Leeds, UK, (2) CNRM Toulouse France

(3) CESBIO (cnrs/cnes/ird/ups) Toulouse France, (4) CEH Wallingford, UK

(5) IRD Bamako, Mali

Few detailed studies of the nocturnal boundary layer (NBL) in the Sahelian region of Africa exist, despite the significant role the boundary layer plays in this moisture sensitive region. Investigation into nocturnal processes has thus far been limited due to a lack in detailed observations, and literature is often based on a more general model of tropical boundary layer behaviour.

An AMMA field experiment was conducted in August 2005, involving personnel from France, the UK and Mali. Tethered balloon soundings were conducted near Hombori (15.2N, 1.5W), on the AMMA Gourma super site. The balloon was used to profile the immediate boundary layer up to 200m using a PTU sonde.

We present the complete set of profiles for the experiment period, along with a more detailed analysis of the NBL, identifying key features and linking them to large and local scale processes.

The observations reveal some characteristic structures in the NBL evolution. On most of the nights the surface layers show a defined inversion in temperature and humidity fields after sunset. During the night a stable surface layer develops, eroding the inversion, reducing temperatures throughout the profile. The formation of a low level nocturnal jet was also observed on several occasions. But possibly the most significant outcome is the variability in observations from one night to the next.

In addition to the presentation of the raw results, analysis of the larger scale synoptic patterns and the effect that synoptic and convective dynamics might have had on the local scale boundary layer are also examined. Satellite data and model information are combined to produce a detailed overview of the atmospheric situation in the region, which is then used to speculate on the differences in observations from the NBL.

Finally, data is compared to ECMWF and the UK Met Offices Unified Model operational analysis to further examine the processes and to evaluate the performance of numerical weather prediction models in representing this important feature in the west African monsoon.
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During AMMA SOP-1 boundary layer pressurised balloons (BLPB) will be launched from Cotonou in the
‘planetary boundary layer (PBL). Fifteen balloons aze planned to be launched befween mid-June and mid-July. to
document the monsoon flow together with the monsoon onset.

Ballooss, inflated with Helivm, are spherical with 2 2.5 meters diameter. The scientific and fechnical gondola is
Located inside the balloon, the total flying weight being about Skg. Except for water loading under heavy rains,
the constant volume balloons drift with air masses at a pre-set constant density level, their diurnal cycle over the
continent s estimated to be within =10 hPa.

BLPB transmit though the ARGOS satellite system their GPS 3-d position. together with ai pressure,
temperature and bumidity. Data ase collected every 10 minutes.
Launched from Cotonou at levels between §50bPa and 880hPa the balloons should be advected by the

southwesterly monsoon winds over the Afiican continent

‘Huamidity, pressure and femperatuse seasors

This experiment addresses several scientific key issues related to the monsoon dynamics

1) lagrangian trajectories and humidification of the monsoon (diuraal cycle)

2) modulation of the monsoon by the African easterly waves (masimum of pertusbation at 700 hPa)

3) estimation of the monsoon penetration over the continent and determination of the monsoon onset

4) quantification of the performances of NCEPECMWF analysis on the meteorological fields (wind speed.
and direction, pressure, temperafure and moisture) in the AMMA region.

5) validation of research models (e.z. Meso-NH) for the understanding of the dymamical processes
associated with the monsoon onset.

6) assimilation of the full thermodynamical dataset during SOP-1 in 3D-VAR MANDOPAS at the scale of
western Africa. The objective is to compute water vapor budgets fom the analyses of the full dataset
(ground-based, airborne and satellte-borne measurements). The selevance of the CVB data must be
addressed using simulations.

The sampling strategy will be mixed: half of the CVB will be launched regularly during SOP-1. fa order to
document the monsoon onset. The semaining half will be used fo increase the sampling before and after the
monsoon onset (the intensification of the sampling will rely on the monscon ouset prediction by numerical
models at AOC).

The balloons will fly over the instrumented meso-scale sites (Djougou in particular). We will also try to operate
at nuch dusing aireraft flights (the 2 Falcon canrying the lidars LEANDRE-2 and WIND, and the ATR-42
carrying in-sity sensors).




Investigation of the West African Monsoon flow

using constant volume balloons in

the planetary boundary layer 

C. BASDEVANT (1), P. DROBINSKI (2), N. VERDIER (3) and P. COCQUEREZ (3) 

(1) IPSL/LMD, Paris, France (2) IPSL/SA, Paris, France

(3) CNES, Toulouse, France

During AMMA, boundary layer pressurised balloons (BLPB) will be launched from Cotonou in the planetary boundary layer (PBL) between mid-June and mid-July (monsoon onset) to address several scientific key issues related to the monsoon dynamics :

(1) Lagrangian trajectories and humidification of the monsoon (diurnal cycle) ;

(2) modulation of the monsoon by the African easterly waves ;

(3) estimation of the monsoon penetration over the continent and determination of the monsoon onset ;

(4) quantification of the performances of NCEP/ECMWF on the meteorological fields (wind speed and direction, pressure, temperature and moisture) in the AMMA region ;

(5) validation of research models for the understanding of the dynamical processes associated with the monsoon onset. 
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A mesoscale sodar network for observing surface-forced atmospheric circulations in the west African monsoon
B. BROOKS, N. KALTHOFF and D.J. PARKER

Names of organisms ? same as for 0.09?
It is planned to deploy four sodars in a mesoscale array to observe the low level structure of the monsoon winds.

The sodars measure profiles of winds from the surface to around 500 m in altitude, and the data are provided at 30 minute resolution. By locating the sodars in an array of separation around 50-100 km, we aim to measure mesoscale structures in the wind fields, such as convergence over relatively dry surfaces.

The systems will run freely, and should also monitor the low level wind structures of deep convective systems. 

Submitted by 
Doug Parker 

Institute for Atmospheric Science, Environment, School of Earth and Environment, 

University of Leeds, Leeds, LS2 9JT, UK

Phone : +44 (0)113 343-6739 – Fax : +44 343-6716

doug@env.leeds.ac.uk http://www.env.leeds.ac.uk/~doug/
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TETHERSONDE: A tethered sounding system for measuring boundary layer winds in 3 dimensions
B.J. BROOKS, M.HOBBY, I.M. BROOKS, S.D. MOBBS, D.J. PARKER,

A.M. BLYTH, M. HILL and J.B. MCQUAID
Institute for Atmospheric Science, School of Earth and Environment

University of Leeds, Leeds, UK
A new and unique tethered sounding system is currently under development that is capable of providing turbulent wind data of a sufficient quality for calculating fluxes by direct eddy correlation. In addition to this innovative sensing package, more traditional devices are included for the measurement of temperature, relative humidity and static pressure.

The balloon platform makes use of existing SKY-DOC™ aerostat technology from Floatograph™ Technologies of Marion, Indiana, USA. The platform is a single ply, 15 foot, 708 cu ft capacity, urethane prolate spheroid with trimming wing. This envelope has a lift of 25lb in static air, 46lb @ 10 mph, 191 @ 30 mph, 1522lb @ 90 mph and maximum recorded stable flight wind speed of 110 mph. Wind tunnel tests (http://www.floatograph.com/oilspill/skydoc.html) have shown that the SKY-DOC™ aerostat maintains a constant stable flight altitude for wind speeds over 10 mph while the flight altitude of a blimp of comparable size decreases and its motion become erratic. 
The sonde package being developed in collaboration with Gill Instruments of the UK is capable of making high rate measurements of the U, V, and W components that are decoupled from the motion of the aerofoil itself. Gill have designed an aerodynamic housing on which is mounted the sensor head from their WindMaster Pro, 3-axis ultrasonic anemometer: UoL have designed and implemented an interface between the anemometer, auxiliary pressure, temperature, and humidity sensors, the motion package, the onboard data storage system and ground station. The motion package comprises roll/pitch/yaw sensors, a 3-axis accelerometer, and digital compass. GPS receivers are also mounted both within the sonde and at the ground station allowing both for an accurate instrument clock and for the sonde position to be determined (using differential GPS techniques) to sub metre accuracy, in both the vertical and horizontal. The estimated accuracy for the final wind measurements at 10 Hz is 2-5 cm/s. In addition to the wind sensors the sonde is equipped with pressure, temperature, and humidity sensors. The pressure sensor is an Intersema MS 5534A with a nominal resolution of 0.01mb at 3Hz, temperature and humidity is derived from the Senserion SHT75 with accuracies of 0.2°C and 1% respectively at 1 Hz. A secondary temperature sensor in the form of 5K betatherm thermistor is also provided. This has an accuracy of 0.1°C at 1Hz. The raw data streams form the onboard sensor packages are stored locally on a Secure Digital data card and also transmitted in real time to a ground station. The ground station also logs this data in addition to the data stream from its local GPS receiver. Post processing of these data streams results in the desired decoupled wind components however an anticipated aim is that the ground station will perform this task thus giving a real time motion corrected output to the operator. An onboard battery power pack allows for flight times of the order 10 hr and the final weight is approximately 1.5 Kg.

Extensive testing is planned for winter 2005 and spring 2006; the AMMA Special Observing Period 2 (SOP 2) being the Tethersonde's maiden scientific deployment. The system will be installed in the Niamey mesoscale site and will be flown during intensive observing periods (IOPs) in association with aircraft operations over the region. The tethersonde system is unique among the ground-based instruments planned for SOP2, in that it will enable us to evaluate profiles of winds, thermodynamics and turbulent fluxes in the lower part of the monsoon flow, by day and by night. These data will be combined with observations from other profiling systems in the region (radiosondes, sodars, GPS and wind profilers) and from aircraft data. Through these, we aim to evaluate the physical balances controlling the monsoon circulation, and the representation of these balances in numerical weather prediction models.
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The Leeds Tethersonde Module.
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TETHERSONDE : Un système de ballon captif  pour mesurer les 3 composantes du vent dans la  couche limite

B.J. BROOKS, M.HOBBY, I.M. BROOKS, S.D. MOBBS, D.J. PARKER, A.M. BLYTH, M. HILL and J.B. MCQUAID
Institute for Atmospheric Science, School of Earth and Environment

University of Leeds, Leeds, UK

Un nouveau système de sonde capable de mesures très précises dans la couche limite sera déployé pendant la SOP2 d’AMMA. Le système, qui s’appuie sur la technologie innovatrice existante des aerostats (http://www.floatograph.com/oilspill/skydoc.html), fera des mesures à haute fréquence des 3 composantes du vent à l'aide d'un anémomètre ultrasonique. Une fois aéroporté, l'aerostat est capable de voler avec des vents de plus de 40 m/s, avec un plafond à 1500 mètres. Des accéléromètres de Pitch/roll/yaw seront employés pour découpler le mouvement de l'aerostat fournissant de ce fait des données turbulentes de vent d'une qualité suffisante pour calculer des flux directement par la méthode eddy-corrélation. En plus de cet ensemble d’instruments novateurs, des dispositifs plus traditionnels mesureront la température, l'humidité relative et la pression statique. Le système inclut des mesures GPS au sol et sur le ballon permettant une localisation précise par traitement différentiel des signaux GPS. Toutes les données sont stockées à bord d’une simple carte de mémoire, qui peut facilement être enlevée une fois pour des post-traitements. De plus, des données sont trasnises en temps réél à une station sol.

Les essais extensifs sont projetés pour l'hiver 2005 et le printemps 2006, la SOP2 d’AMMA sera le premier déploiement scientifique du TetherSonde. Le système sera installé sur le site meso-échelle de Niamey et volera pendant les périodes d’observations intensives (IOP) en association avec les opérations d'avions au-dessus de la région. Le système de tethersonde est unique parmi les instruments au sol prévus pour la SOP2, parce qu'il nous permettra d'évaluer des profils des vents, thermodynamique et les flux turbulents dans la partie la plus inférieure du flux de mousson, de jour et de nuit. Ces données seront combinées avec des observations d'autres systèmes de profilage dans la région (radiosondes, sodars, GPS et profileurs de vent) et des données d'avion. Avec ces moyens, nous visons à évaluer les équilibres physiques gérant la circulation de mousson, et la représentation de ces équilibres dans les modèles numériques de prévision.
TETHERSONDE: A tethered sounding system for measuring boundary layer winds in 3 dimensions

B.J. BROOKS, M.HOBBY, I.M. BROOKS, S.D. MOBBS, D.J. PARKER, A.M. BLYTH, M. HILL and J.B. MCQUAID
Institute for Atmospheric Science, School of Earth and Environment

University of Leeds, Leeds, UK
A new sonde system capable of highly accurate boundary layer measurements will be deployed during AMMA SOP2. The system, which makes use of existing innovative aerostat technology (http://www.floatograph.com/oilspill/skydoc.html), will make high frequency measurements of 3 dimensional winds using an ultrasonic anemometer. Once airborne, the aerostat is capable of flying in winds in excess of 40 m/s, with a ceiling of 1500 metres. Pitch/roll/yaw accelerometers will be used to decouple aerostat movement thus providing turbulent wind data of a sufficient quality for calculating fluxes by direct eddy correlation. In addition to this innovative sensing package, more traditional devices will measure temperature, relative humidity and static pressure. The system includes a GPS module for differential post processing. All data is stored on board to a simple memory card, which can easily be removed for interrogation once the craft is moored. Additionally, data is streamed back to a ground based receiver via a radio link for ‘on the fly’ analysis.

With extensive testing planned for winter 2005 and spring 2006, the AMMA Special Observing Period 2 (SOP 2) will be the TetherSonde's maiden scientific deployment. The system will be installed in the Niamey mesoscale site and will be flown during intensive observing periods (IOPs) in association with aircraft operations over the region. The tethersonde system is unique among the ground-based instruments planned for SOP2, in that it will enable us to evaluate profiles of winds, thermodynamics and turbulent fluxes in the lower part of the monsoon flow, by day and by night. These data will be combined with observations from other profiling systems in the region (radiosondes, sodars, GPS and wind profilers) and from aircraft data. Through these, we aim to evaluate the physical balances controlling the monsoon circulation, and the representation of these balances in numerical weather prediction models. 

Submitted by 
Jim McQuaid

Institute for Atmospheric Science, Environment, School of Earth and Environment, University of Leeds, Leeds, LS2 9JT, UK - Phone : +44 (0)113 343-6724 
DO WE KEEP THE SHORT ABSTRACT IN ENGLISH ?
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The 2005 March-June transition period

from dry to humid season at Bamako (Mali)

as observed with a UHF wind profiler radar
B. CAMPISTRON (1), F. SAID (1), F. TRAORE (2), D. BADIANE (3), C. S. SOW (4),

C. F. KEBE (3) and S. MADOUGOU (5)

(1) LA, France (2) ENI, Mali (3) ASECNA, Senegal (5) ENS, Niamey, Niger

A UHF wind profiler has been put into operation in a continuous survey mode since February 2004 by ASECNA at Bamako airport for monitoring nocturnal strong low level wind shear occurrences that regularly compromise aircraft landing and take-off safety. It is the first wind profiler radar ever installed in Africa. In the AMMA frame of work, the 2005 March-June period of radar observations, covering the two last months of the dry season and the two first months of the humid season are presented and analyzed. The aim is to follow the seasonal cycle of the monsoon and to characterize typical dynamics and microphysics mechanisms (UHF radar is very sensitive in the detection of rain even light) of the first 3 to 6 km height of the troposphere. The profiler data analysis is complemented with radiosoundings launched twice a day at Bamako airport. 

Because we were provided with profiler data recently, the analysis is still in progress. First results indicate a very good radar data quality and a very simple and repetitive picture of the low level atmospheric dynamics during the two dry season months. March and April are characterized by a remarkably prominent diurnal cycle observable in the horizontal wind, vertical velocity and reflectivity time-series. The main feature is a nocturnal low level easterly jet stream that starts around sunset, with the disappearance of the thermal turbulence, peaks at sunrise (reaching about 15 ms-1), and slows down until midday. Weak wind, (< 5 ms-1) prevails in the afternoon. Downdrafts reaching at least -1 ms-1, occupying the whole observable atmospheric column are present nearly continuously every afternoon between 12 and 18 UTC. Because these downdrafts are correlated with reflectivity maxima it is supposed that the profiler has detected weak precipitations coming from convective clouds based near 3 to 4 km height where strong relative humidity exists. At the present stage of the analysis the possibility that this descent is due to subsiding motion is not excluded. Nights are associated with updrafts that are weaker in magnitude (< 0.5 ms-1) but always well discernable. 

We have just begun the analysis of the May to June humid period which will be presented during the conference. These preliminary data need further investigation but they already demonstrate the interest of a continuous survey of the dynamics of the lower layers and the interaction between the various synoptic winds. 

Contact : Bernard Campistron Laboratoire d’Aérologie,UMR CNRS 5560, CRA 8 rte de Lannemezan, 65300 Campistrous, France. (camb@aero.obs-mip.fr).
La période de transition mars-juin 2005

entre les saisons sèche et humide à Bamako (Mali)

observée par un radar UHF profileur de vent

B. CAMPISTRON (1), F. SAID (1), F. TRAORE (2), D. BADIANE (3), C. S. SOW (4),

C. F. KEBE (3) et S. MADOUGOU (5)

(1) LA, France (2) ENI, Mali (3) ASECNA, Senegal (5) ENS, Niamey, Niger

Un profileur de vent en bande VHF a été mis en fonctionnement en continue par l’ASSECNA depuis février 2004 sur l’aéroport Bamako pour surveiller les forts cisaillements de vent à bas niveaux qui régulièrement la nuit compromettent les atterrissages et les décollages. C’est le premier radar profileur de vent jamais installé en Afrique. Dans le cadre d’AMMA, les observations radar de mars-juin 2005, couvrant les deux derniers mois de la saison sèche et les deux premiers mois de la saison humide sont décrites et analysées. L’objectif est de suivre le cycle saisonnier de la mousson et de caractériser les mécanismes dynamiques et microphysiques typiques (le radar UHF est très sensible dans la détection des précipitations même faibles) des 3 à 6 premiers km de l’atmosphère. L’analyse des données du profileur est complétée par les radiosondages lâchés deux fois par jour sur l’aéroport de Bamako. 
Parce que les données du profileur nous sont parvenues récemment, leur analyse est encore en cours. Les premiers résultats indiquent une très bonne qualité des mesures et une très simple et répétitive  image de la dynamique atmosphérique à bas niveaux. Les deux mois de la saison sèche, mars et avril, sont caractérisés par un remarquable cycle diurne observé sur les séries temporelles du vent horizontal, de la vitesse verticale et de la  réflectivité. La principale caractéristique est un courant jet d’est de basse couche qui débute vers le coucher du soleil, avec la disparition de la turbulence thermique, est maximum au lever du soleil (atteignant plus de 15 ms-1) puis se ralentit jusqu’à midi. Un vent faible (< 5 ms-1) prédomine dans l’après-midi. Des mouvements descendants atteignant -1 ms-1, sont observables dans toute la colonne atmosphérique sondée par le profileur presque continûment tous les après-midi entre 12 et 18 TUC. Comme ces descentes sont corrélées avec la réflectivité, on peut supposer que le radar a détecté de faibles précipitations provenant de nuages convectifs basés vers 3 à 4 km de hauteur où existe une forte humidité relative. Dans l’état actuel de l’analyse, la possibilité que ces descentes soient dues à des mouvements subsidents n’est pas exclue. Les nuits sont associées à de faible ascendances beaucoup plus faibles (<0.5 ms-1) mais toujours bien discernables. 
L’analyse de la période humide de mai-juin est juste entamée, elle sera présentée durant la conférence. Ces résultats préliminaires nécessitent un approfondissement mais déjà ils montrent l’intérêt d’une surveillance continue de la dynamique de la basse atmosphère et l’interaction de diverses circulations synoptiques.

Contact : Bernard Campistron Laboratoire d’Aérologie,UMR CNRS 5560, CRA 8 rte de Lannemezan, 65300 Campistrous, France. (camb@aero.obs-mip.fr)
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Water cycle measurements during the AMMA EOP on the mesoscale site of the Upper Ouémé River, Benin
Marielle GOSSE (1), Frederic CAZENAVE (1), Olivier LEBROUSTER (1),

Josias DOSSUGOUIN (2) and Etienne HOUNGNINOU (2)

(1) IRD, Cotonou, Bénin (2) Univ Abomey Calavey, Cotonou, Benin

The Xband polarimetric weather radar Xport has been installed in the Upper Valley of the Oueme River in Benin, since June 2005. The radar is located in Djougou with a good visibility of the Donga watershed well equipped with a full set of hydrological measurements, such as rain gages, river flow and well levels.

Early August 2005 this equipment has been completed with the installation of a optical spectrogranulometer, to measure rain drops size distributions at ground level. During July 2005 several rainy events were sampled by the radar as they were crossing the Oueme Basin. The very first resulst from these observations will be presented. The scanning strategy adopted for 2005 allows fast scanning of the rainfield at a 2 PPIs per minut rate. This will allow to discuss the dynamic of the rain cells.

The experiment itself and the logistical and field issues will also be discussed. 
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Profileur de vent VHF dans les tropiques pour l’étude

de la basse et haute atmosphère
M. PETITDIDIER (1), B. CAMPISTRON (2) et V. KLAUS (3)

(1) CETP, Vélizy, France, (2) CRA, Campistrous, Lannemezan, France

(3) Météo-France/CNRM, Toulouse, France

Introduction

Les radars ST en VHF donnent accès sous certaines conditions à la vitesse de l’air et à la turbulence. En cas de très fortes précipitations, on mesure à la fois les échos dus à la pluie et à l'air clair. Jusqu’à présent les radars ST français ont été équipés d’émetteurs de 6kW avec une portée maximum dépendant des conditions atmosphériques et du rapport signal/bruit (Petitdidier et al., 1990). Ce radar Strato-Troposphérique (ST) VHF sera équipé d’un émetteur de 12kW pour fonctionner au Bénin pendant l’expérience AMMA (Analyse Multidisciplinaire de la Mousson Africaine) durant 2 cycles de mousson. Les données du radar ST VHF fournira des observations continues avec une résolution temporelle d’environ 15 minutes, pour une tranche d’altitude allant de 2 km à 20 km environ. Il permettra d’étudier les jets et leur variabilité, les ondes (source, période, longueur d’onde…), les échanges tropo-stratosphérique, la tropopause…. Dans cette présentation, nous montrerons les performances de ce type de radar à partir des paramètres mesurés ou déduits des observations aux moyennes latitudes et dans les zones tropicales et équatoriales.

Paramètres en moyenne latitude

Cet instrument fournit les composantes du vent depuis environ 1,5km jusqu’à la basse stratosphère, l’altitude maximum est fonction du Cn2, qui dépend  de l’humidité et de la turbulence. Il a été montré que le signal observé à la verticale du radar permet de détecter la tropopause (Caccia et al., 2001) et aussi de déterminer la distribution de l’humidité en fonction de l’altitude moyennant certaines hypothèses(Klaus et al., 2003, 2004.).Couplé avec un sondeur acoustique de type RASS la température virtuelle en fonction de l’altitude est estimée dans les 8 premiers kilomètres. En cas de fortes précipitations, la contribution de la diffusion du signal VHF émis par les hydrométéores permet de déterminer leur vitesse de chute et leur dimension. Comme le radar fonctionne continûment on obtient de longues séries de données avec une résolution temporelle de 15mn. A partir de ces données,  les caractéristiques des ondes et des marées ainsi que le flux de moment qu’elles transportent peuvent être déterminés. 
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Figure 1. Exemple de profils d'humidité obtenus avec le radar VHF sur le site du CNRM à Toulouse comparés au radio sondages (RS4M) du 15 au 17/11/2002 (V ; Klaus et al., 2003, 2004)

Radar VHF en zone tropicale

Dans les régions tropicales 2 phénomènes supplémentaires contribuent au signal rétrodiffusé, les éclairs et l’électrojet équatorial. En ce qui concerne les éclairs, leur contribution au signal reçu par le radar provient de leur rayonnement ainsi que de la rétrodiffusion du signal VHF émis par les canaux d’ionisation produits lors de la propagation des éclairs. Quelques caractéristiques des éclairs peuvent être déduites (Petitdidier and Laroche, 2005). 

L’électrojet équatorial est considéré comme un ruban mince dans lequel circule vers l’est un courant électrique. Il est situé dans l’ionosphère entre 100 et 115 km d’altitude. Il existe un tel électrojet de part et d’autre de l’équateur magnétique. L’électrojet peut contribuer par rétrodiffusion du signal VHF émis au signal observé par le radar comme cela a été observé précédemment par Carter et al. (1976). Afin de diminuer la contribution de l’électrojet l’antenne ne sera pas orientée parallèlement à l’électrojet, qui est pratiquement Est-Ouest. De plus, pour éviter de mélanger le signal rétrodiffusé provenant de la basse et haute atmosphère la période de répétition du radar a été modifiée. 
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VHF Wind profiler in tropical region for lower and upper atmospheric studies
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During the AMMA experiment a VHF wind profiler will be installed in North Benin. In this paper the capability of such radar will be presented, taking into account the parameters measured or deduced at mid latitude and in tropical and equatorial zones. 

This instrument provides the wind components from around 1.5km up to the lower stratosphere, the maximum altitude depend on the Cn2 value, related to humidity and turbulence. It has been shown that the vertical signal permits to detect the tropopause height and to retrieve the humidity as a function of the altitude with some assumption. Coupled with a RASS the virtual temperature is estimated as a function of the altitude in the 8 first kilometres. In case of strong precipitation, the contribution is also detected in the vertical signal that permits to deduce their mean fall speed. 

As the radar is running continuously with a time rate of 15min from the long set of data waves, tides characteristics and their momentum flux can be estimated.

In tropical region two phenomena contribute to the backscattered signal, lightning and the equatorial electrojet. Lighting contributes to the signal backscattered in two ways, one due to the lightning radiation at VHF, the other due to the signal backscattered by the ionized channel produced by lightning while they propagate. Some characteristics of the lightning can be deduced from this detection. The equatorial electrojet, which is a thin electric current in the ionosphere on each side of the magnetic equator around 100 to 115 km altitude normally flowing eastward, may contribute to the VHF signal as it was observed by similar profilers by Carter et al.(1976). To avoid the mixing of signal coming from the lower and upper atmosphere the repetition period of the radar has to be modified. In this paper, these last points will be emphasized as the VHF radar , installed during AMMA experiment, will receive such contributions.
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Observation of boundary layer evolution in Djougou, Benin, in 2006 using microwave radiometers
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1. Introduction


In a collaborative effort the universities of Bonn and Munich (Germany) will operate the unique microwave profiler HATPRO (Fig. 1) during the whole year 2006 in Djougou (Benin). Microwave profilers are an accurate and relatively inexpensive way to continuously observe temperature and humidity profiles of the lower troposphere as well as the liquid water path (LWP). However, such an instrument has never been used in Africa before. 


Special attention will be paid to observe the planetary boundary layer by continuously observing the temperature profile with high vertical resolution using so called boundary layer scans. As a completely new application several atmospheric stability indices (e.g. CAPE, or Lifted Index) will be directly retrieved from microwave observations to study the development of convection (pre- and post-MCS developments) and thunderstorm probability. 


Further information on mixing layer height, cloud base height and aerosol distribution will be gained by operating a CT25K lidar ceilometer next to HATPRO. During rainy periods information on the vertical profile of the drop size distribution will be observed by a micro rain radar. All instruments will continuously operate over all seasons with high temporal resolution (< 1 min). They will be analysed together with complementary AMMA observations at the Djougou super-site and satellite observations to also support the evaluation of mesoscale models. 

2. MICROWAVE RADIOMETER HATPRO

The microwave radiometer measures the thermal emission by atmospheric components (water vapour, oxygen, cloud water) at 14 frequencies expressed as brightness temperatures. High accuracy in brightness temperatures is achieved by a combination of absolute and relative calibrations involving liquid nitrogen, noise diode standards and sky tipping. In addition. auxiliary measurements of environ-mental temperature, pressure and humidity as well as the presence of rain are performed. Exact time synchronization is possible via a GPS clock. Automatic observation during all weather conditions is guaranteed through a strong blower system. The radiometer is described in detail by Rose et al. (2005).


Brightness temperatures are continuously acquired in zenith direction. At prescribed intervals (for example 20 min) boundary layer scans observe the atmosphere under several angles. Assuming horizontal homogeneity the temperature profile of the boundary layer can be determined with a high vertical resolution of about 100 m. 

[image: image42.jpg]



Figure 1 : Photo of the microwave radiometer HATPRO

3. OBSERVED PRODUCTS
In order to derive the atmospheric parameters from the observed brightness temperatures statistical retrieval algorithms are developed on the basis of a large set of atmospheric profiles observed by radiosondes [Crewell and Löhnert, 2003]. For the zenith pointing observations the theoretical accuracy of the liquid water path (LWP) is about 20 gm-2 and below 1 kg m-2 for the integrated water vapor (IWV) content.

[image: image43.emf]
Figure 2 : Theoretical accuracy of temperature profiles derived from boundary layer scans (thick line) and from zenith observations (top) The dashed lines gives the natural variability (standard deviation) of the data set used for algorithm development..


In the zenith observation mode the profiles of humidity and temperature are retrieved from the spectral characteristics of the 22 GHz water vapor line and the 60 GHz oxygen band, respectively. The accuracy for the absolute humidity is below 1 gm-3 and 2 K for temperature. At altitudes above about 5 km the information content of the brightness temperatures decreases strongly. This can be seen in Fig.2 by accuracy approaching the natural variability of the data set. 


Boundary layer scans include angular information in addition to the spectral one. The lower the radiometer points the more information comes from the lowest atmospheric layers. For the highly opaque channels this information is only useful than the brightness temperatures can be observed at least with an accuracy of 0.1 K. If this achieved the uncertainty in the temperature profile reduces to 0.5 K in the lowest kilometer (Fig. 2). Above about 2 km the boundary layer scan can not achieve a better accuracy than the zenith pointing mode. 


The high accuracy of HATPRO allows the temperature retrieval based on boundary layer scans. The comparison with radiosoundings demonstrates the ability to retrieve temperature inversions as well as more complex structures (Fig. 3).


[image: image44]
Figure 3 : Examples of two temperature profiles retrieved from boundary layer scans (blue) and corresponding radiosonde ascents. Data from the test campaign in Lindenberg (Germany), Sept/Oct 2005. 

4. CONCLUSIONS
The microwave radiometer HATPRO, a lidar ceilometer and a micro rain radar will complement the AMMA super site at Djougou, Benin. HATPRO experiences a unique accuracy which allows improved temperature retrievals for the planetary boundary layer. The performance of the radiometer has been confirmed in a test campaign at Lindenberg, Germany. 
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Observation de l’évolution de la couche limite à Djougou, Bénin en 2006 en utilisant des radiomètres

à micro-ondes
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L’Université de Bonn va faire des mesures avec un profileur spécifique à micro-ondes (HATPRO - Humidity And Temperature PROfiler) pendant toute l’année 2006 à Djougou, Bénin. Cet instrument mesure l’émission thermique de l’atmosphère dans 14 fréquences différentes autour de la ligne de vapeur d’eau de 22.235 GHz et le complexe d’absorption de l’oxygène de 60 GHz.

C’est une manière bonne et relativement bon marché d’utiliser des profileurs à micro-ondes pour l’observation continuelle des profiles de la température et de l’humidité de la troposphère basse ainsi que le contenu en eau liquide (liquid water path, LWP). En plus, un tel instrument n’avait jamais été utilisé en Afrique avant. 

Comme application complètement nouvelle plusieurs index atmosphériques de stabilité seront directement récupérés des températures de brillance. Ces index (par exemple CAPE, ou Lifted Index) qui jusqu'ici ont été habituellement calculés à partir des radiosondages fournissent de bonnes informations sur le développement de convection et la probabilité d'orages.
La résolution temporelle élevée (< 1 minute) des observations nous permettra d'étudier le développement de la couche limite pendant toutes les saisons. La considération particulière sera mise sur des développements avant et après les MCS ainsi que des observations complémentaires d'AMMA et des activités de modeler.
Notre poster donne un sommaire court du concept de mesure, des algorithmes de récupération, et de l'exactitude d'observation ainsi qu'une vue d'ensemble des résultats prévus de la campagne 2006 d'AMMA. 

Pour montrer le potentiel des observations quelques résultats des mesures précédents de HATPRO sont présentés.
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The RADAGAST Project
Anthony SLINGO

Environmental Systems Science Centre, University of Reading, UK


The US Atmospheric Radiation Measurement (ARM) programme has for several years operated a number of well-instrumented surface sites in different climatic regimes. At each site, there is a wide range of passive and active sensors, which measure the surface radiative fluxes and also characterize the structure of the atmosphere above the site. An important objective is to improve our understanding of the processes that control the surface fluxes and to provide data with which to evaluate and improve the treatment of radiation in climate and numerical weather prediction (NWP) models.


The development of the ARM Mobile Facility (AMF) represents an enhancement of this capability. The AMF includes most of the instruments currently operated at the fixed sites and is transportable to virtually any part of the world, enabling ARM to interact closely with field programmes away from the fixed sites. In 2004, ARM invited proposals for sites at which to deploy the AMF for a period of up to one year. A proposal entitled RADAGAST (Radiative Atmospheric Divergence using Arm mobile facility, Gerb data and Amma STations) was selected, in which it was proposed to deploy the AMF at Niamey, Niger, for the whole of 2006. The choice of site was determined partly by the fact that Niamey will be the centre of operations for the AMMA Special Observing Periods in 2006. In addition, it was recognized that the site is in a favourable position for coordinated observations with the Meteosat series of operational geostationary satellites. The current satellite, known as MSG-1 or Meteosat-8, carries the Geostationary Earth Radiation Budget (GERB) instrument, which is the first broad-band radiometer to fly on a geostationary satellite (Harries et al. 2005). GERB observes the radiation budget with the unprecedented temporal resolution of 15 minutes: the same as the high resolution Spinning Enhanced Visible and Infra-Red Imager (SEVIRI) on the same satellite (Schmetz et al. 2002). Further GERB and SEVIRI instruments will fly on MSG-2, 3 and 4. In the RADAGAST project, data from the AMF will be merged with those from AMMA, GERB and SEVIRI to provide a dataset that describes the surface and top-of-atmosphere radiative fluxes and the structure of the atmosphere inbetween.


One motivation for RADAGAST is to make progress in reconciling surface and top-of-atmosphere radiative fluxes and to improve our understanding of the radiation budget of the atmosphere. Radiative fluxes at the top of the atmosphere are now well observed from satellites. In contrast, fluxes at the surface are less well observed, due to the variable quality and sparse distribution of measurements. As a result, estimates of the radiation balance of the atmosphere are not well constrained. For example, estimates of the global absorption of solar radiation vary from 67 to 93 Wm-2, with similar disagreements for thermal fluxes. Attempts to resolve these uncertainties have been beset by sampling problems, which include the limited global distribution of surface sites and limited instrumentation, the limited spatial and temporal sampling by in situ experiments using aircraft and the limited spatial, temporal and/or spectral sampling by satellites above the few well-instrumented surface sites.
In order to minimise the sampling problems, an extended series of broad-band observations from both space and the surface are required, with high temporal resolution. This in effect means a combination of a geostationary satellite and a well-instrumented surface site. RADAGAST achieves this for the first time, by bringing together the new ARM Mobile Facility and the GERB radiation budget instrument, both operating during AMMA.

The main deployment at Niamey includes a wide range of instrumentation to measure the upward and downward components of the radiation budget, surface meteorological tower instruments, a total sky imager, eddy correlation flux measurement system, microwave radiometer and microwave radiometer profiler, ceilometer, micro-pulse lidar, balloon-borne sounding system, Atmospheric Emitted Radiance Interferometer (AERI), aerosol observation system, W-band cloud radar and a radar wind profiler.

Modelling

RADAGAST data will be especially valuable for evaluating climate and NWP models. The initial analysis methodology will build on that employed in the SINERGEE project, in which data from GERB have been used to evaluate simulations by the Met Office NWP model (Allan et al. 2005). The Met Office will run its operational global NWP model with a horizontal resolution of about 40km and with 50 vertical levels. In addition, a limited area model with 20km resolution and 38 levels will be run over Africa and an experimental model will also be run over West Africa with 4km resolution to resolve convective systems explicitly. Further enhancements will be made during 2006. Details of the current model are in Allan et al. (2005). Results from the European Centre for Medium range Weather Forecasts (ECMWF) global NWP model will also be used. Currently, the model forecasts are performed with a horizontal resolution of about 40km, although this is planned to be improved to 25km later this year. At present the model has 60 vertical levels, with 91 planned. The third partner in the RADAGAST project is the US NWP component of the National Centers for Environmental Prediction, which also runs a comprehensive suite of data assimilation and prediction models.

There are many other projects that could benefit from the new data. These include the evaluation of surface fluxes derived from satellite data, studies of the radiative properties of water vapour, aerosols and clouds, the diurnal cycle and the structure of cloud and aerosol layers.
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Le projet RADAGAST

Anthony SLINGO

Environmental Systems Science Centre, University of Reading, UK

L’augmentation des concentrations atmosphériques en gaz à effet de serre, par leur action sur le bilan radiatif, est maintenant acceptée de façon générale comme un facteur principal du réchauffement de la planète.

C’est pourquoi l’observation des flux de radiations de l’espace et de la surface du sol joue un rôle crucial dans l’amélioration de notre connaissance du changement climatique et dans l’évaluation des modèles numériques météorologiques. La région influencée par la Mousson d’Afrique de l’Ouest est idéale pour étudier ces flux à cause des larges variations saisonières de l’humidité, de la couverture nuageuse et des concentrations en aérosols. Pour ces raisons et pour profiter de l’unique opportunité que propose AMMA, le programme Americain ARM (Atmospheric Radiation Measurement / Mesure des radiations atmosphériques) va déployer son laboratoire mobile à Niamey et procéder à des mesures pendant toute l’année 2006. Ce laboratoire comporte l’instrumentation pour mesurer les flux de radiations et les profils atmosphériques de température, d’humidité, de couverture nuageuse et d’aérosols.

Les partenaires de ce projet vont combiner ces mesures avec les données provenant du radiomètre GERB sur le satellite de veille metéorologique Meteosat et d’autres données provenant d’AMMA pour générer une description complète de la structure verticale du bilan radiatif et des taux de réchauffement, de la surface du sol jusqu'à la limite de l’atmosphère. Cette présentation décrit le projet, connu sous le nom de RADAGAST (Radiative Atmospheric Divergence using Arm mobile facility, Gerb data and Amma Stations / Divergence radiative atmosphérique utilisant le laboratoire mobile ARM, les données GERB et les stations AMMA) et discute les applications diverses des données obtenues.
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Abstract

The need for augmentation of total electron content (TEC), scintillation and
‘magnetometer measurements in Sub-Saharan Africa is determined by the importance of
‘understanding the day-to-day variability of space weather in equatorial regions during
‘both magnetically quiet and disturbed periods. These measurements performed with GPS
and satellite scintillation receivers, and magnetometers will help us t0 define the
‘underlying electrodynamics and plasma structuring processes which create such space
weather events. Currently, the sparse data availability from this region s 2 deterrent to
the development of lobal data assimilation models. Such models are necessary for the
specification and forecasting of deleterious effects on communication and navigation
systems operating in such regions. The dual objectives of this presentation will be to
discuss the deployment of this network at magnetic equatorial and off-equatorial
Tocations across the continent of Afica and to informn the AMMA scientists and solicit
their cooperation regarding the possibility of collocating some of these instruments at
their current sites, if possible. It i imporiant to note that this joint activity wil be
extremely beneficial in understanding the coupling betiveen the neutral lower atmosphere
and the ionized upper atmosphere, which may be responsible for triggering ionospheric
furbulence.

Introduction
Much attention in space weather has been devoted recently to the large changes in total
electron content (TEC) over the American sector during geomzgnetic storms. The
attention has been fueled by the ability to map the electron content using nefworks of
ground-based, dual-frequency GPS receivers. The top panel in Figure 1 shows a large
gradient in TEC stretching nortiwest from Texas to the vicinity of Seattle during an
fonospheric storm. Steep gradients in TEC can disrupt operational systems such as the
Wide Area Augmentation System (WAAS). which s utilized by the Federal Aviation
Administration (FAA) for aircraft positioning. WAAS relies on about 26 reference
receivers across the United States to model the ionospheric delay to the GPS signal
‘When sharp gradients exist, the reference receiver spacing is foo large to accurately
‘model the delay. When the WAAS reference receivers detect gradients, use of WAAS by





[image: image46.png]aviation 1s terminated. This gradient severely disrupted the FAA use of WAAS over its
service volume for periods totaling 26 hours, navigation errors sometimes exceeded 50
m. more than 10 times typical uncertainties of 2-3 m.
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Figurel. Steep gradients in TEC over North America during a geomagnetic storm.

There has been speculation that the large changes in plasma density and electrodynamics
are related to the unusual configuration of the geomagnetic field, including the South
Alantic Anomaly (SAA) and large values of declination. The speculation has spurred the
need to target other geographic regions with significantly different geomagnetic field
configurations. In contrast, over Africa the magnetic equator is parallel to the geographic
equator and more uniform in magnitude. This region, however, does not have a dense
network of ground-based GPS receivers available to perform a complementary siudy.

The space science community is therefore exploring ways to increase the observational
infrastructure at mid and low latifudes in this sector. Initial funding for five fo cight GPS
receivers has been secured for the siudy of ionospheric scintillations, and plans are
underway to determine suitable sites within a 20°-latitude band of the magnetic equator.
Funds for additional GPS receivers and magnetometers are currently being pursued. The
‘purpose of this paper is to inform AMMA scientists of the space weather activities in
Africa, to explore possible data sharing opportunities, and to leverage infrastructure at
existing sites in order to deploy additional instrumentation. We welcome collaboration in
these areas. Please contact Olivier Bock (alivier bock@acro jussieu fr) or Monique
Petitdidier (Monique petitdidier@cetp ipsl f). our AMMA representatives, for further
information and list of space weather contacts.




Plans pour l’augmentation du nombre d’observations magnétométriques, de contenu total en électron (TEC) et de scintillation dans la région sub-saharienne
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Le besoin d’augmenter le nombre d’observations magnétométriques, de contenu total en électron (TEC) et de scintillations dans la région sub-saharienne provient de l’importance de comprendre la variabilité jour à jour de la météorologie spatiale dans les régions équatoriales pendant les périodes magnétiquement calmes et perturbées.

Ces mesures sont effectuées avec des GPS et des récepteurs de scintillations. Les magnétomètres aideront à définir l’électrodynamique sous-jacente et les processus structurant les plasmas qui produisent ces événements météorologiques spatiaux. A l’heure actuelle, le manque de données dans cette région freine le développement de modèles globaux d’assimilation de données. De tels modèles sont indispensables pour spécifier et prévoir les effets nuisibles pour les communications et les systèmes de navigation dans ces régions.

L’objectif de cette présentation est double ; D’une part il sera de discuter le développement de ce réseau aux latitudes magnétiques équatoriales et extra-équatoriales en Afrique. D’autre part il consistera à informer les chercheurs d’AMMA et à solliciter leur coopération pour l’installation de ces instruments dans les sites actuels d’AMMA.

Il est important de noter que cette activité conjointe sera extrêmement bénéfique pour la compréhension du couplage entre la basse atmosphère neutre et la haute atmosphère ionisée, qui pourrait être responsable du déclenchement de la turbulence ionosphérique.
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Monitoring of the radiative budget, the aerosol optical/microphysical properties and the vertical distribution of aerosols in the Saharan heat low region using the Transportable Remote Sensing Station (TReSS)
Juan CUESTA (1), Cyrille FLAMANT (2), Pierre H. FLAMANT (1), Dimitri EDOUART (1), Claude LOTH (1) and Jacques PELON (2)
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Summary

TReSS is an autonomous and high-performance system designed to observe radiative and structural properties of clouds and aerosol layers, as well as atmospheric boundary layer (ABL) dynamics. TReSS (to be installed in Tamanrasset under the hospices of the Météo Algérienne) is a key component of the experimental strategy that will be implemented during the AMMA SOP which involves a complementary ground-based/airborne/spaceborne observational approach to address the issues associated with the Saharan heat low (SHL) dynamics and related impact of desert dust aerosols. Assessing the impact of desert dust on SHL requires concomitant monitoring of the radiative budget, the aerosol optical/microphysical properties, the vertical distribution of aerosols in the troposphere, and the ABL structural parameters. The standard payload of TReSS (including a multi-wavelength elastic backscatter Mini-Lidar operating at 532 nm with diverse polarization capability, a sun-photometer and two IR radiometers) is well suited for achieving these objectives. The combination of TReSS and space-borne observations performed by the A-Train (including the lidar CALIOP) will enable to tackle issues associated with diurnal and mesoscale, as well as seasonal variability of the SHL radiative budget and main features (SAL, inter-tropical front -ITF). It will also provide a high-quality set of observations for improving the representation the impact of aerosol radiative forcing in numerical simulations, and analyse the role of aerosols forcing on SHL dynamics.

1. Rationale

The Saharan heat low (SHL) region is key to understand the monsoon dynamics.  The SHL is generally (and very roughly) defined as a region bounded latitudinally by 20°N and 30°N, and longitudinally by 15°W and 10°E. The SHL can be characterized as a region of high surface albedo, overlain by strong synoptic subsidence, where dry (moist) convection is (is not) an important heating process. In addition, the omnipresence of a sand layer heated by shortwave solar radiation absorption presents a secondary heat source in the Saharan planetary boundary layer, also sometimes referred to as the Saharan aerosol layer (SAL). The presence of the dust layer combined with the high soil temperature which is controlled by the earth’s surface heat balance, constitute a unique destabilization factor for the Saharan desert mixed layer. 
 
The thermodynamic budget of the thermal low over the Saharan desert is an important element of the climate of the West African region. Also, there is now evidence that the intensity of southerly/southwesterly monsoon flow (including the sudden surge associated with the so called “jump” or onset) is partly controlled by the intensity of the SHL. 
Despite its central role, the very little is known on the dynamics of SHL as well as the diurnal and seasonal evolution of its main characteristics (position, horizontal extend, subsidence aloft, thermodynamic budget, radiative budget, cloud cover) and features (SAL, inter-tropical front -ITF). Furthermore, this region is affected by an important horizontal variability of its main characteristics and features at the regional scale. 
 
Improved knowledge of the Saharan heat low dynamics requires concomitant monitoring of:

i) the radiation budget, 
ii) the aerosol optical/microphysical properties,
 iii) the vertical distribution of aerosols in the troposphere,
 iv) the PBL structural parameters, as they impact the formation of the SAL.
 
The diurnal cycle being very marked in this region and the mesoscale variability being important (both in terms of SAL structural parameters and dust emissions), the experimental strategy calls for a complementary ground-based/airborne/spaceborne observational approach to address these key issues. The objective of ground-based (resp. airborne and spaceborne) component of the experimental strategy is to document the diurnal cycle (resp. mesoscale variability) of relevant variables (structural, thermodynamics, radiative, etc..) in the SHL region. This will partly be achieved during the SOP via the implementation of the Tamanrasset “Supersite” (where we will install the Transportable Remote Sensing Station –TReSS- to complement the existing radiative observations) in combination with airborne explorations north of the ITF and spaceborne observations acquired in the framework of the A-Train, as all these platforms can provide a monitoring of the variables relevant to the understanding of heat low dynamics and its variability.

2. Description of the TReSS platform

TReSS is an autonomous and high-performance system designed to observe radiative and structural properties of clouds and aerosol layers, as well as atmospheric boundary layer (ABL) dynamics. The standard payload is made of the following instruments: 1) a multi-wavelength elastic and Raman channels backscatter Mini-Lidar operating at 532, 1064 and 607 nm (with diverse polarization capability at 532 nm, Figure 1), 2) a sun-photometer, 3) an IR radiometer and 4) a full sky visible channel web-type camera. For the AMMA SOP period, the platform capability will be enhanced with an Optical Depth Sensor (ODS for daytime and nighttime measurements), a CLIMAT radiometer and a sonic anemometer. Near-surface extinction and size distribution measurements will also be performed. The above instrumentation will also be enhanced by the measurements conducted routinely by the Météo Algérienne. 
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	Figure 1: from left to right: the mini-lidar, time-height-intensity representation of the growing PBL over Palaiseau using the backscatter signal, and time-height representation of a Saharan dust plume over Palaiseau.


3. Objectives
The objective behind the deployment of TReSS is two-fold:
1. Monitor the diurnal cycle of variables relevant to the scientific objectives of AMMA, 
2. Provide observations relevant to the validation of selected level 1 and level 2 A-Train products over the Sahara, which in turn will used to assess the mesoscale variability of variables needed to comprehend the complex dynamics of the heat low and the role of aerosols in the process.
 
The so-called A-Train is composed of five satellites flying in formation, among which: 
CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations ) equipped with the nadir pointing backscatter lidar CALIOP, the infra-red radiometer IIR and a large field-of-view camera operating in the visible spectrum,
 PARASOL (Polarization and Anisotropy of Reflectances for Atmospheric Sciences coupled with Observations from a Lidar) dedicated to improving the characterization of the aerosols microphysical and radiative properties (among others),
 AQUA carrying among others the Moderate-Resolution Imaging Spectroradiometer (MODIS), and Clouds and the Earth's Radiant Energy System (CERES) to characterize aerosols microphysical and radiative properties and measure radiative energy fluxes.
4. TReSS analysis of two Saharan dust transport episodes of June 2003 over Palaiseau, France
The potential of TReSS is now illustrated for two Saharan dust transport episodes of June 2003 over Palaiseau. The synergetic approach between the sunphotometer and lidar measurements to assess the aerosols optical properties in the PBL and above is illustrated in Figure 2. It can be summarized as follow: sunphotometer-derived size distributions are used to determine the so-called “lidar ratio” (the backscatter-to-extinction ratio) which is key to the so-called lidar inversion and the retrieval of the backscatter and extinction coefficient profiles. These variables, in turn, enable to separate contributions to the AOD and other variables from the PBL and the transported Saharan dust layers. 
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	Figure 2: Illustration of the synergy between the sunphotometer and lidar measurements to assess the aerosols optical properties in the PBL and above. From left to right: a) Synergy scheme, b) & c) Apparent backscatter height-time representation, d) & e) Almucantar-retrieved and mode decomposition of volume size distributions, f) & g) Lidar ratio estimation, h) & i) Retrieved extinction coefficient, j) & k) Retrieved aerosol optical depth contributions.
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Abstract

The major role played by mineral dust in the chemistry and the dynamics of the atmosphere of Western Africa has been described in a related contribution. 

In this poster, we will now illustrate the observational/modelling strategy that we will deploy during AMMA and expected scientific outcomes. Observations will be conducted during the SOP and EOP field phases. EOP measurements have been designed to document the annual and inter-annual variability of the dust cycle, and will be performed at three ground-based stations located along the main pathway of dust outflow towards the Atlantic (13°N, in Niger, Mali and Senegal). SOP measurements have been conceived to investigate the emission processes, to document the physico-chemical and optical characteristics, and to estimate the radiative and geochemical impacts of mineral dust. These observations will be performed at the ground and on aircraft platforms during the SOP0/SOPA and SOP1/SOPB1-B2 periods.

Dust is a difficult subject of study, because of the remoteness and the harshness of the source regions, and because of the experimental challenges imposed by its intrinsic properties. As an example, to date, the extent of the size distribution of mineral dust, ranging from fractions to tenths of microns, as well as the associated variability in its mineralogy, are not fully documented, especially in the proximity of source regions.

Content

Our observations of mineral dust during the AMMA experiment serve a triple objective: 1) estimating the seasonal and interannual variability of the mineral dust cycle over western Africa; 2) studying the mechanism of the emission process so to constrain the emission fluxes by number and by mass; and 3) looking at the physico-chemical and optical properties of mineral dust to estimate their impact on the solar and terrestrial budgets.

To do, we are establishing three long-term stations in Niger, Mali and Senegal, to be operational during the EOP period. The station in Niger will be enforced during the SOPs periods. The observational strategy is completed and complementary to modelling of the mineral dust cycle and radiative impact. The experimental set up, as well as the complementary with modelling, is described hereafter.

1) EOP stations

The annual and inter-annual variability of the mineral dust cycle is monitored at three stations along the main pathway of dust outflow towards the Atlantic, around approx. 13°N. These are Banizoumbou (13N, 2E), Cinzana (13N, 5W), and M'Bour (14N, 16W) in Niger, Mali and Senegal, respectively. Due to variations in the altitude of dust transport, monitoring the surface concentration or the total integrated amount only is not sufficient to constrain the long-term variations of the mineral dust cycle. To date, data on mineral dust are still sparse, especially in the proximity of source regions, which are difficult to access, and are characterised by extreme environmental conditions, such as elevated temperature, dustiness and isolated intense rainfall episodes following extreme convective events. These factors impose serious logistical constraint for long-term good-quality measurements. 

In order to achieve a long-term data series representative of the mineral dust cycle, we therefore choose to monitor few parameters by the means of robust instrumentation, namely 

· Mass concentrations at the surface level measured by a TEOM (Tapered Element Oscillating Microbalance) for PM10 particles

· Column integrated aerosol optical depth measured by a CIMEL sun/sky photometer

· Vertical resolved aerosol backscatter profile measured by a micro-lidar (ISAC/CNR)

· Dry/wet deposition measured by a passive device 

· Basic meteorological parameters by the means of weather station

These measurements will allow determining the aerosol content along the vertical as a function of time. They will serve as validation points for the simulations of the emission-transport model CHIMERE-DUST which is being developed at the LISA/LMD. Over western Africa, the model simulates the dust concentration fields at a 1 x 1° horizontal resolution for multiannual periods based on a physical parameterisation of the dust emission process. In turn, simulations will thus serve to interpolate the point measurements at the three stations to the continental scale.

2) SOP stations
During SOP0-A1-A2-A3 and SOP1-B1-B2, the measurements at Banizoumbou will be enforced and intensified. 

The SOP0-A1-A2-A3 campaigns in the dry season aim to constraining the direct radiative effect of mineral dust and biomass burning particles, and their mixing. SOP0-A2 is also dedicated to studying the deposition and outflow of mineral dust to the Atlantic Ocean. Both these phenomena are related to the microphysical properties of mineral dust, that is, their size distribution and mineralogical composition. The size distribution of mineral dust varies from fraction to tenths of microns, the largest mass fraction being in the super-micron fraction. Particles in this size range are responsible for most of the deposition fluxes and for affecting the terrestrial radiation budget. Particles up to few microns are the most effective in interacting with the solar radiation. The mineralogy of dust particles also varies with size, and with source region. This needs to be determined as it has a large impact on the radiative impact, particularly in the terrestrial spectrum. Furthermore, the mineralogical composition of mineral dust may be altered due to mixing with concurrent aerosol components. In conclusion, to achieve the SOP0-A1-A2-A3 objectives, measurements of micro-physical and optical properties as a function of particle size are necessary.

The SOP1-B1-B2 campaigns in the wet season aim to study the contribution to dust emissions of particular convective events, the squall lines, which have been shown to be able to put dust into suspension by eroding disturbed soils. The question is whether this dust remains in the atmosphere or it is abated by the heavy rains. To do so, measurements of the emission fluxes of mineral dust by mass are necessary. Simultaneous measurements of the emission fluxes by number would allow relating emissions to radiative impact, as well as providing experimental validation to the physical emission scheme. The summer campaign will also provide data on the microphysical properties of dust emitted from the Sahelian region.  

During both field phases, the observational strategy combines ground-based and airborne observations. Various aerosol parameters (size spectrum, mass and number concentrations, optical properties) should be measured over the largest size range and under controlled conditions. To do so, both at the ground and on the French ATR42 aircraft, we have conceived sampling chambers allowing multiple and simultaneous sampling. In addition to the EOP measurements mentioned above, the Banizoumbou station will host measurement of number size distribution (GRIMM OPC), spectral scattering and absorption coefficients (TSI Inc néphélomètre and Magee Sci. aethalometer), and bulk and size-segregated mineralogy. The same set of instruments will be available on the French ATR-42 aircraft. The coupling between the two measurement sets will be done by overflying the station and sampling at various altitudes. In the wet season, flights will be scheduled before and after the convective events. 

Les poussières minérales en Afrique sahélienne :

(II) stratégie d’observations dans le cadre de la campagne AMMA
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Le rôle majeur joué par les poussières minérales dans la chimie et la dynamique de l’atmosphère en Afrique de l’Ouest est décrit dans la présentation orale associée. 

Dans ce poster, la stratégie d’observation et de modélisation déployée dans le cadre de AMMA et les avancées scientifiques attendues seront illustrées. Des observations dédiées seront conduites durant les phases SOP et EOP. Les mesures EOP ont vocation à documenter la variabilité annuelle et interannuelle du cycle des poussières minérales et seront réalisés sur trois stations sols localisées sur le trajet principal de transport de poussière vers l’Atlantique Nord-tropical (13°N, au Niger, Mali et Sénégal). Les mesures SOP ont été conçues pour étudier les processus d’émission, documenter les propriétés physico-chimiques et optiques des poussières minérales et d’estimer leur forçage radiatif et leurs impacts géochimiques. Ces observations seront réalisées au sol et sur des plateformes aéroportées au cours des SOP0/SOPA 1à 3  des SOP1/SOPB1-B2.

Les poussières minérales sont un sujet d’étude difficile en raison de la localisation éloignées et des conditions  particulièrement sévères des zones sources et par les difficultés expérimentales imposées par leurs propriétés intrinsèques. Ainsi, par exemple, il n’existe pas de description complète de la distribution granulométrique des poussières minérales, depuis la fraction jusqu’à la dizaine de micron, et des variations de composition minéralogique associées, en particulier à proximité des zones sources.
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� It should be kept in mine that we are not presently targetting for some realism but for knowledge integration in a flexible tool that will be amended in the future.


� Note that the climate variability can be simulated via the specified precipitation time series.
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		90/09/25		374		234		871																						90/09/25		374		234		871

		90/10/07		391		474		1011																						90/10/07		391		474		1011

		90/10/13		399		924		1085																						90/10/13		399		924		1085

		90/10/21		406		1698		1154																						90/10/21		406		1698		1154

		90/10/25		409		1865		1185																						90/10/25		409		1865		1185

		91/08/03		168		612		142																						91/08/03		168		612		142

		91/09/05		330		1		591																						91/09/05		330		1		591

		91/09/14		359		153		763																						91/09/14		359		153		763

		91/09/17		367		616		819																						91/09/17		367		616		819

		91/10/01		398		730		1076																						91/10/01		398		730		1076

		91/10/11		415		1320		1249																						91/10/11		415		1320		1249

		91/10/25		429		1037		1413																						91/10/25		429		1037		1413

		92/08/19		263		682		328																						92/08/19		263		682		328

		92/09/19		349		644		699																						92/09/19		349		644		699

		92/10/04		389		733		994																						92/10/04		389		733		994

		92/10/14		407		276		1164																						92/10/14		407		276		1164

		93/08/04		158		632		130																						93/08/04		158		632		130

		93/08/27		250		19		292																						93/08/27		250		19		292

		93/09/07		308		408		487																						93/09/07		308		408		487

		93/09/17		345		661		675																						93/09/17		345		661		675

		93/09/24		366		904		812																						93/09/24		366		904		812

		93/10/26		412		20		1217																						93/10/26		412		20		1217

		94/08/19		315		390		518																						94/08/19		315		390		518

		95/07/29		146		616		117																						95/02/09		433		4600		3629

		95/08/07		170		1004		145																						95/02/18		392		6299		3420

		95/09/02		319		889		537																						95/02/27		343		3297		3140

		95/09/10		359		1163		763																						95/03/18		229		1811		2290

		95/09/21		396		948		1057																						95/03/30		170		1144		1664

		95/09/29		416		1040		1260																						95/07/07		126		599		1035

		95/10/12		424		2458		1352																						95/07/29		146		616		117

		95/10/20		457		2593		1808																						95/08/07		170		1004		145

		95/10/29		473		2319		2081																						95/09/02		319		889		537

		96/07/05		98		482		77																						95/09/10		359		1163		763

		96/10/12		435		1487		1490																						95/09/21		396		948		1057

		96/10/20		443		1107		1598																						95/09/29		416		1040		1260

		96/11/01		458		1930		1824																						95/10/12		424		2458		1352

		97/08/02		219		510		223																						95/10/20		457		2593		1808

		97/09/15		370		936		841																						95/10/29		473		2319		2081

		97/10/11		425		2058		1364																						96/01/11		438		3715		3653

		97/10/22		443		2328		1598																						96/01/20		405		3812		3489

		99/11/29		515		5410		3012																						96/02/05		326		2851		3033

		99/12/01		515		5883		3012																						96/02/17		262		1690		2573

		00/08/05		241		650		270																						96/02/25		227		2541		2272

		00/08/22		313		830		509																						96/03/16		142		1283		1286

		00/09/18		403		709		1126																						96/03/26		126		1041		1035

		00/10/04		442		1093		1583																						96/04/30		83		1170		157

		00/10/20		467		2790		1967																						96/07/05		98		482		77

		00/10/30		483		3062		2267																						96/10/12		435		1487		1490

		00/11/07		492		3598		2468																						96/10/20		443		1107		1598

		00/11/26		503		5109		2712																						96/11/01		458		1930		1824

		97/11/08		458		2874		1824		2874		1824																		97/02/09		240		2202		2389

		97/11/10		460		2495		1856		2495		1856																		97/02/19		190		2232		1898

		98/08/18		263		560		327		560		327																		97/03/09		121		982		950

		98/09/03		342		703		657		703		657																		97/08/02		219		510		223

		98/09/13		385		719		959		719		959																		97/09/15		370		936		841

		98/10/02		433		1164		1464		1164		1464																		97/10/11		425		2058		1364

		98/10/08		444		1439		1613		1439		1613																		97/10/22		443		2328		1598

		98/10/28		477		2340		2156		2340		2156																		97/11/08		458		2874		1824

		98/11/08		488		2899		2375		2899		2375																		97/11/10		460		2495		1856

		98/11/13		492		3083		2460		3083		2460																		97/11/20		459		3893		3752

		98/11/14		493		2692		2482		2692		2482																		97/11/27		455		3607		3733

		98/12/03		493		2364		2482		2364		2482																		97/12/07		302		2811		2872

		99/09/03		346		320		681		320		681																		97/12/25		234		1902		2336

		99/10/10		470		1002		2027		1002		2027																		98/01/04		380		2369		3355

		99/11/03		502		2384		2686		2384		2686																		98/01/13		345		2991		3152

																														98/02/18		164		2026		1589

																														98/02/28		131		1095		1117

																														98/03/26		80		749		80

																														98/08/18		263		560		327

						Surf.totale																								98/09/03		342		703		657

		95/02/09		433		4600		3970																						98/09/13		385		719		959

		95/02/27		343		3297		3380																						98/10/02		433		1164		1464

		95/03/18		229		1811		2356																						98/10/08		444		1439		1613

		95/03/30		170		1144		1601																						98/10/28		477		2340		2156

		95/07/07		126		599		842																						98/11/08		488		2899		2375

		96/01/11		438		3715		4000																						98/11/13		492		3083		2460

		96/01/20		405		3812		3801																						98/11/14		493		2692		2482

		96/02/05		326		2851		3251																						98/12/03		493		2364		2482

		96/02/17		262		1690		2697																						98/12/19		479		4004		3841

		96/02/25		227		2541		2334																						98/12/29		463		3404		3770

		96/03/16		142		1283		1145																						99/01/17		402		3221		3473

		96/03/26		126		1041		842																						99/02/20		220		2001		2206

		97/02/09		240		2202		2475																						99/03/22		213		1810		2138

		97/02/19		190		2232		1883																						99/09/03		346		320		681

		97/03/09		121		982		739																						99/10/10		470		1002		2027

		97/11/20		459		3893		4118																						99/10/18		484		5903		3863

		97/11/27		455		3607		4096																						99/11/03		502		2384		2686

		97/12/07		302		2811		3057																						99/11/14		510		7455		3973

		97/12/25		234		1902		2411																						99/11/29		515		5410		3012

		98/01/04		380		2369		3640																						99/12/01		515		5883		3012

		98/01/13		345		2991		3395																						00/01/13		483		5902		3859

		98/02/18		164		2026		1510																						00/01/20		467		4617		3788

		98/02/28		131		1095		940																						00/02/01		419		3395		3560

		98/12/19		479		4004		4226																						00/02/17		344		2663		3146

		98/12/29		463		3404		4140																						00/02/27		287		3763		2765

		99/01/17		402		3221		3782																						00/03/15		185		1194		1842

		99/02/20		220		2001		2254																						00/07/03		93		466		393

		99/03/22		213		1810		2172																						00/08/05		241		650		270

		99/10/18		484		5903		4253																						00/08/22		313		830		509

		00/01/13		483		5902		4247																						00/09/18		403		709		1126

		00/01/20		467		4617		4162																						00/10/04		442		1093		1583

		00/02/01		419		3395		3887																						00/10/20		467		2790		1967

		00/02/17		344		2663		3387																						00/10/30		483		3062		2267

		00/02/27		287		3763		2928																						00/11/07		492		3598		2468

		00/03/15		185		1194		1815																						00/11/26		503		5109		2712

		00/07/03		93		466		67																						00/12/20		491		5156		3895

		00/12/20		491		5156		4291

		95/02/18		392		6299		3420

		99/11/14		510		7455		3973

		98/03/26		80		749		-60

		96/04/30		83		1170		-217
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		93/08/04		93/08/04

		93/08/27		93/08/27

		93/09/07		93/09/07

		93/09/17		93/09/17

		93/09/24		93/09/24

		93/10/26		93/10/26

		94/08/19		94/08/19

		95/02/09		95/02/09

		95/02/18		95/02/18

		95/02/27		95/02/27

		95/03/18		95/03/18

		95/03/30		95/03/30

		95/07/07		95/07/07

		95/07/29		95/07/29

		95/08/07		95/08/07

		95/09/02		95/09/02

		95/09/10		95/09/10

		95/09/21		95/09/21

		95/09/29		95/09/29

		95/10/12		95/10/12

		95/10/20		95/10/20

		95/10/29		95/10/29

		96/01/11		96/01/11

		96/01/20		96/01/20

		96/02/05		96/02/05

		96/02/17		96/02/17

		96/02/25		96/02/25

		96/03/16		96/03/16

		96/03/26		96/03/26

		96/04/30		96/04/30

		96/07/05		96/07/05

		96/10/12		96/10/12

		96/10/20		96/10/20

		96/11/01		96/11/01

		97/02/09		97/02/09

		97/02/19		97/02/19

		97/03/09		97/03/09

		97/08/02		97/08/02

		97/09/15		97/09/15

		97/10/11		97/10/11

		97/10/22		97/10/22

		97/11/08		97/11/08

		97/11/10		97/11/10

		97/11/20		97/11/20

		97/11/27		97/11/27

		97/12/07		97/12/07

		97/12/25		97/12/25

		98/01/04		98/01/04

		98/01/13		98/01/13

		98/02/18		98/02/18

		98/02/28		98/02/28

		98/03/26		98/03/26

		98/08/18		98/08/18

		98/09/03		98/09/03

		98/09/13		98/09/13

		98/10/02		98/10/02

		98/10/08		98/10/08

		98/10/28		98/10/28

		98/11/08		98/11/08

		98/11/13		98/11/13

		98/11/14		98/11/14

		98/12/03		98/12/03

		98/12/19		98/12/19

		98/12/29		98/12/29

		99/01/17		99/01/17

		99/02/20		99/02/20

		99/03/22		99/03/22

		99/09/03		99/09/03

		99/10/10		99/10/10

		99/10/18		99/10/18

		99/11/03		99/11/03

		99/11/14		99/11/14

		99/11/29		99/11/29

		99/12/01		99/12/01

		00/01/13		00/01/13

		00/01/20		00/01/20

		00/02/01		00/02/01

		00/02/17		00/02/17

		00/02/27		00/02/27

		00/03/15		00/03/15

		00/07/03		00/07/03

		00/08/05		00/08/05

		00/08/22		00/08/22

		00/09/18		00/09/18

		00/10/04		00/10/04

		00/10/20		00/10/20

		00/10/30		00/10/30

		00/11/07		00/11/07

		00/11/26		00/11/26

		00/12/20		00/12/20



Surface inondée observée d'après les images NOAA/AVHRR disponibles (Km2)

Surface inondée calculée  (Km2)

Date

Surface inondée dans le Delta-Aval (Km2)

Delta Aval (Station : Diré)

234

870.9143099975

474

1011.4534055479

924

1085.2260560234

1698

1154.1778956219

1865

1185.0539628931

612

142.1302073803

1

591.3118781608

153

763.2179130521

616

818.8849443038

730

1075.7179636955

1320

1249.3061433242

1037

1413.1034469085

682

327.9114462012

644

698.9251051875

733

993.807564507

276

1164.3794822503

632

130.1572833195

19

292.4645874627

408

487.2335567843

661

674.7509034508

904

811.7103712153

20

1216.7560133458

390

518.1908397097

4600

3629.2694829428

6299

3420.2010086876

3297

3139.5580808087

1811

2290.4535348699

1144

1664.3075751485

599

1034.8136838399

616

117.1135047782

1004

144.6538418706

889

536.7559869858

1163

763.2179130521

948

1056.9509615894

1040

1260.3485527266

2458

1352.2749358379

2593

1807.9404271766

2319

2081.2908701366

3715

3653.3994839382

3812

3488.7694489378

2851

3032.7222264184

1690

2573.3896435547

2541

2272.0174517407

1283

1286.0617269606

1041

1034.8136838399

1170

157.4773054061

482

76.7645995739

1487

1489.7201922059

1107

1598.376316594

1930

1823.9205121851

2202

2389.0588251879

2232

1898.0704924597

982

949.7129896807

510

222.6372111445

936

840.7913997329

2058

1364.2274692869

2328

1598.376316594

2874

1823.9205121851

2495

1856.3056665939

3893

3751.8248264843

3607

3733.4290854092

2811

2872.0044624168

1902

2335.8483881473

2369

3354.8579218425

2991

3151.7773012748

2026

1588.7892713581

1095

1116.6022141719

749

80.1053780941

560

327.2170469604

703

657.1705611722

719

959.4340610036

1164

1463.7304970179

1439

1612.5040992525

2340

2155.8569731385

2899

2374.9783267278

3083

2460.0663271987

2692

2481.810444673

2364

2481.810444673

4004

3841.4631455785

3404

3770.060949573

3221

3473.1433546506

2001

2206.1870141688

1810

2138.2277446715

320

680.7149145624

1002

2027.0637387742

5903

3863.2878484463

2384

2686.3632087025

7455

3973.2610222423

5410

3011.9518141655

5883

3011.9518141655

5902

3858.9410009816

4617

3788.1402008427

3395

3560.1933124004

2663

3145.6765713017

3763

2764.933772862

1194

1842.0218375671

466

392.7187058291

650

270.2942666523

830

509.1490259283

709

1126.2405790715

1093

1582.6930984051

2790

1966.991433667

3062

2266.5820363174

3598

2467.8162908181

5109

2712.4316882565

5156

3894.6794730666



		234

		474

		924

		1698

		1865

		612

		1

		153

		616

		730

		1320

		1037

		682

		644

		733

		276

		632

		19

		408

		661

		904

		20

		390

		4600

		6299

		3297

		1811

		1144

		599

		616

		1004

		889

		1163

		948

		1040

		2458

		2593

		2319

		3715

		3812

		2851

		1690

		2541

		1283

		1041

		1170

		482

		1487

		1107

		1930

		2202

		2232

		982

		510

		936

		2058

		2328

		2874

		2495

		3893

		3607

		2811

		1902

		2369

		2991

		2026

		1095

		749

		560

		703

		719

		1164

		1439

		2340

		2899

		3083

		2692

		2364

		4004

		3404

		3221

		2001

		1810

		320

		1002

		5903

		2384

		7455

		5410

		5883

		5902

		4617

		3395

		2663

		3763

		1194

		466

		650

		830

		709

		1093

		2790

		3062

		3598

		5109

		5156



Surface inondée observée sur NOAA/AVHRR (Km2)

Surface inondée calculée (Km2)

Delta Aval (1990-2000)

870.9143099975

1011.4534055479

1085.2260560234

1154.1778956219

1185.0539628931

142.1302073803

591.3118781608

763.2179130521

818.8849443038

1075.7179636955

1249.3061433242

1413.1034469085

327.9114462012

698.9251051875

993.807564507

1164.3794822503

130.1572833195

292.4645874627

487.2335567843

674.7509034508

811.7103712153

1216.7560133458

518.1908397097

3629.2694829428

3420.2010086876

3139.5580808087

2290.4535348699

1664.3075751485

1034.8136838399

117.1135047782

144.6538418706

536.7559869858

763.2179130521

1056.9509615894

1260.3485527266

1352.2749358379

1807.9404271766

2081.2908701366

3653.3994839382

3488.7694489378

3032.7222264184

2573.3896435547

2272.0174517407

1286.0617269606

1034.8136838399

157.4773054061

76.7645995739

1489.7201922059

1598.376316594

1823.9205121851

2389.0588251879

1898.0704924597

949.7129896807

222.6372111445

840.7913997329

1364.2274692869

1598.376316594

1823.9205121851

1856.3056665939

3751.8248264843

3733.4290854092

2872.0044624168

2335.8483881473

3354.8579218425

3151.7773012748

1588.7892713581

1116.6022141719

80.1053780941

327.2170469604

657.1705611722

959.4340610036

1463.7304970179

1612.5040992525

2155.8569731385

2374.9783267278

2460.0663271987

2481.810444673

2481.810444673

3841.4631455785

3770.060949573

3473.1433546506

2206.1870141688

2138.2277446715

680.7149145624

2027.0637387742

3863.2878484463

2686.3632087025

3973.2610222423

3011.9518141655

3011.9518141655

3858.9410009816

3788.1402008427

3560.1933124004

3145.6765713017

2764.933772862

1842.0218375671

392.7187058291

270.2942666523

509.1490259283

1126.2405790715

1582.6930984051

1966.991433667

2266.5820363174

2467.8162908181

2712.4316882565

3894.6794730666



		2874				234

		2495				474

		560				924

		703				1698

		719				1865

		1164				612

		1439				1

		2340				153

		2899				616

		3083				730

		2692				1320

		2364				1037

		320				682

		1002				644

		2384				733

						276

						632

						19

						408

						661

						904

						20

						390

						616

						1004

						889

						1163

						948

						1040

						2458

						2593

						2319

						482

						1487

						1107

						1930

						510

						936

						2058

						2328

						5410

						5883

						650

						830

						709

						1093

						2790

						3062

						3598

						5109



Validation réplicative

Validation Prédictive

Surface inondée observée sur NOAA/AVHRR (Km2)

Surface inondée calculée (Km2)

Delta Aval (Crue)

1823.9205121851

870.9143099975

1856.3056665939

1011.4534055479

327.2170469604

1085.2260560234

657.1705611722

1154.1778956219

959.4340610036

1185.0539628931

1463.7304970179

142.1302073803

1612.5040992525

591.3118781608

2155.8569731385

763.2179130521

2374.9783267278

818.8849443038

2460.0663271987

1075.7179636955

2481.810444673

1249.3061433242

2481.810444673

1413.1034469085

680.7149145624

327.9114462012

2027.0637387742

698.9251051875

2686.3632087025

993.807564507

1164.3794822503

130.1572833195

292.4645874627

487.2335567843

674.7509034508

811.7103712153

1216.7560133458

518.1908397097

117.1135047782

144.6538418706

536.7559869858

763.2179130521

1056.9509615894

1260.3485527266

1352.2749358379

1807.9404271766

2081.2908701366

76.7645995739

1489.7201922059

1598.376316594

1823.9205121851

222.6372111445

840.7913997329

1364.2274692869

1598.376316594

3011.9518141655

3011.9518141655

270.2942666523

509.1490259283

1126.2405790715

1582.6930984051

1966.991433667

2266.5820363174

2467.8162908181

2712.4316882565



		190

		121

		459

		455

		302

		234

		380

		345

		164

		131

		479

		463

		402

		220

		213

		484

		483

		467

		419

		344

		287

		185

		92.829986038

		491.2834282032



Hauteur d'eau à Diré (cm)

Surface inondée dans le Delta Aval (Km2)

Delta Aval (Décrue)

2232

982

3893

3607

2811

1902

2369

2991

2026

1095

4004

3404

3221

2001

1810

5903

5902

4617

3395

2663

3763

1194

466

5156



		2232		4600

		982		3297

		3893		1811

		3607		1144

		2811		599

		1902		3715

		2369		3812

		2991		2851

		2026		1690

		1095		2541

		4004		1283

		3404		1041

		3221		2202

		2001

		1810

		5903

		5902

		4617

		3395

		2663

		3763

		1194

		466

		5156



Validation réplicative

Validation prédictive

Surface inondée observée sur NOAA/AVHRR (Km2)

Surface inondée calculée (Km2)

Delta Aval (Décrue)

1882.6319157052

3970.4989191679

738.8902959241

3379.8953644315

4118.3035674405

2355.8551624089

4096.117867815

1600.7082983913

3057.2193609401

841.5237495499

2410.6024310972

3999.6002721312

3639.5520742705

3801.0525489949

3394.6320338494

3251.0487925502

1509.631434606

2697.0828136833

940.162655118

2333.6208093101

4226.4095042574

1144.5348429019

4140.2967639924

841.5237495499

3782.2071090226

2474.7754789949

2254.2277417393

2172.2672524237

4252.7306130547

4247.4882120132

4162.1007694133

3887.1914207266

3387.2744089443

2928.0895722859

1815.035909826

67.1419915616

4290.5896561745



																								Crue																																																Date		Surf.totale		surf calc

																																																																								90/09/25		234		584.1898117926

		Date		Dire		Eau-libre														Date		Dire		Vég. Inond.														Date		Dire		Surf.totale		Predicted		Population 5%		Population 95%		Surf.totale		surf calc																				90/10/07		474		764.1972605012

		90/09/25		374		182														90/09/25		374		52														90/09/25		374		234		579.31		-960.4		2119.02		234		584																				90/10/13		924		867.162121122

		90/10/07		391		390														90/10/07		391		84														90/10/07		391		474		757.53		-785.54		2300.6		474		764																				90/10/21		1698		968.5750300504

		90/10/13		399		846														90/10/13		399		78														90/10/13		399		924		859.44		-685.22		2404.1		924		867																				90/10/25		1865		1015.5909615891

		90/10/21		406		1642														90/10/21		406		56														90/10/21		406		1698		959.8		-586.18		2505.79		1698		969																				91/08/03		612		22.5430305174

		90/10/25		409		1746														90/10/25		409		119														90/10/25		409		1865		1006.33		-540.2		2552.85		1865		1016																				91/09/05		1		291.4959028281

		91/08/03		168		277														91/08/03		168		335														91/08/03		168		612		22.46		-1504.44		1549.35		612		23																				91/09/14		153		460.920672053

		91/09/05		330		1														91/09/05		330		0														91/09/05		330		1		289.34		-1243.51		1822.19		1		291																				91/09/17		616		523.0232667732

		91/09/14		359		76														91/09/14		359		77														91/09/14		359		153		457.22		-1079.77		1994.21		153		461																				91/10/01		730		853.5686309692

		91/09/17		367		571														91/09/17		367		45														91/09/17		367		616		518.73		-1019.67		2057.13		616		523																				91/10/11		1320		1116.5802557132

		91/10/01		398		599														91/10/01		398		131														91/10/01		398		730		845.99		-698.47		2390.45		730		854																				91/10/25		1037		1393.0152902559

		91/10/11		415		1169														91/10/11		415		151														91/10/11		415		1320		1106.25		-441.27		2653.78		1320		1117																				92/08/19		682		101.1319348679

		91/10/25		429		965														91/10/25		429		72														91/10/25		429		1037		1379.7		-169.59		2928.99		1037		1393																				92/09/19		644		393.5570153372

		92/08/19		263		266														92/08/19		263		416														92/08/19		263		682		100.53		-1427.7		1628.77		682		101																				92/10/04		733		740.4261880513

		92/09/19		349		322														92/09/19		349		322														92/09/19		349		644		390.48		-1144.91		1925.87		644		394																				92/10/14		276		984.0000523106

		92/10/04		389		557														92/10/04		389		176														92/10/04		389		733		734		-808.67		2276.67		733		740																				93/08/04		632		19.2483616922

		92/10/14		407		74														92/10/14		407		202														92/10/14		407		276		975.07		-571.1		2521.24		276		984																				93/08/27		19		82.35391119

		93/08/04		158		487														93/08/04		158		145														93/08/04		158		632		19.18		-1507.68		1546.04		632		19																				93/09/07		408		205.9072758479

		93/08/27		250		19														93/08/27		250		0														93/08/27		250		19		81.89		-1445.96		1609.74		19		82																				93/09/17		661		369.4538929073

		93/09/07		308		245														93/09/07		308		163														93/09/07		308		408		204.48		-1326.21		1735.17		408		206																				93/09/24		904		514.8244404483

		93/09/17		345		620														93/09/17		345		41														93/09/17		345		661		366.6		-1168.2		1901.4		661		369																				93/10/26		20		1064.8891095279

		93/09/24		366		789														93/09/24		366		115														93/09/24		366		904		510.61		-1027.61		2048.83		904		515																				94/08/19		390		229.9877278242

		93/10/26		412		20														93/10/26		412		0														93/10/26		412		20		1055.11		-491.93		2602.15		20		1065																				95/02/09		4600		3885.1900041401

		94/08/19		315		335														94/08/19		315		55														94/08/19		315		390		228.36		-1302.93		1759.66		390		230																				95/02/18		6299		3655.420597548

		95/07/29		146		225														95/07/29		146		391														95/07/29		146		616		15.87		-1510.96		1542.7		616		16																				95/02/27		3297		3346.9897868639

		95/08/07		170		514														95/08/07		170		490														95/08/07		170		1004		23.18		-1503.73		1550.08		1004		23																				95/03/18		1811		2413.8110838096

		95/09/02		319		540														95/09/02		319		349														95/09/02		319		889		243.24		-1288.43		1774.91		889		245																				95/03/30		1144		1725.6672298987

		95/09/10		359		811														95/09/10		359		352														95/09/10		359		1163		457.22		-1079.77		1994.21		1163		461																				95/07/07		599		1033.8439486765

		95/09/21		396		816														95/09/21		396		132														95/09/21		396		948		819.71		-724.36		2363.78		948		827																				95/07/29		616		15.9239768318

		95/09/29		416		910														95/09/29		416		130														95/09/29		416		1040		1123.84		-423.84		2671.52		1040		1134																				95/08/07		1004		23.2667650642

		95/10/12		424		1708														95/10/12		424		750														95/10/12		424		2458		1275.04		-273.73		2823.81		2458		1287																				95/09/02		889		244.9920963463

		95/10/20		457		2134														95/10/20		457		459														95/10/20		457		2593		2146.1		596.46		3695.74		2593		2168																				95/09/10		1163		460.920672053

		95/10/29		473		2172														95/10/29		473		147														95/10/29		473		2319		2762.4		1212.33		4312.46		2319		2792																				95/09/21		948		827.0175782287

		96/07/05		98		269														96/07/05		98		213														96/07/05		98		482		7.44		-1519.33		1534.21		482		7																				95/09/29		1040		1134.362332233

		96/10/12		435		1272														96/10/12		435		215														96/10/12		435		1487		1516.7		-33.03		3066.43		1487		1532																				95/10/12		2458		1287.2017435589

		96/10/20		443		1070														96/10/20		443		37														96/10/20		443		1107		1720.75		170.78		3270.72		1107		1738																				95/10/20		2593		2168.1421986967

		96/11/01		458		1807														96/11/01		458		123														96/11/01		458		1930		2180.23		630.63		3729.83		1930		2203																				95/10/29		2319		2791.7556725276

		97/08/02		219		373														97/08/02		219		137														97/08/02		219		510		50.21		-1477.06		1577.49		510		50																				96/01/11		3715		3911.7092391875

		97/09/15		370		779														97/09/15		370		157														97/09/15		370		936		543.88		-995.08		2082.83		936		548																				96/01/20		3812		3730.7783476027

		97/10/11		425		1759														97/10/11		425		299														97/10/11		425		2058		1295.32		-253.57		2844.2		2058		1308																				96/02/05		2851		3229.5755714808

		97/10/22		443		2097														97/10/22		443		231														97/10/22		443		2328		1720.75		170.78		3270.72		2328		1738																				96/02/17		1690		2724.7621347874

		97/11/08		458		2670														97/11/08		458		204														97/11/08		458		2874		2180.23		630.63		3729.83		2874		2203																				96/02/25		2541		2393.5495503786

		97/11/10		460		2312														97/11/10		460		183														97/11/10		460		2495		2250.12		700.59		3799.66		2495		2273																				96/03/16		1283		1309.9693376474

		98/08/18		262.7591036415		337														98/08/18		262.7591036415		223														98/08/18		263		560		100.53		-1427.7		1628.77		560		101																				96/03/26		1041		1033.8439486765

		98/09/03		342		653														98/09/03		342		50														98/09/03		342		703		349.65		-1184.72		1884.03		703		352																				96/04/30		1170		69.6380358886

		98/09/13		385		635														98/09/13		385		84														98/09/13		385		719		689.1		-852.76		2230.97		719		695																				96/07/05		482		7.4590342611

		98/10/02		433		1094														98/10/02		433		70														98/10/02		433		1164		1469.58		-80.02		3019.19		1164		1484																				96/10/12		1487		1531.5352615709

		98/10/08		444		1403														98/10/08		444		36														98/10/08		444		1439		1748.11		198.14		3298.09		1439		1766																				96/10/20		1107		1737.8881535454

		98/10/28		477		2187														98/10/28		477		153														98/10/28		477		2340		2942.36		1391.34		4493.38		2340		2974																				96/11/01		1930		2202.6709038981

		98/11/08		488		2801														98/11/08		488		98														98/11/08		488		2899		3500.02		1941.7		5058.34		2899		3538																				97/02/09		2202		2522.1797851353

		98/11/13		492		2994														98/11/13		492		89														98/11/13		492		3083		3728.03		2164.29		5291.78		3083		3769																				97/02/19		2232		1982.5762018763

		98/11/14		493		2610														98/11/14		493		82														98/11/14		493		2692		3787.32		2221.89		5352.75		2692		3829																				97/03/09		982		940.3170022194

		98/12/03		493		2261														98/12/03		493		103														98/12/03		493		2364		3787.32		2221.89		5352.75		2364		3829																				97/08/02		510		50.4622711044

		99/09/03		346		320														99/09/03		346		0														99/09/03		346		320		372.43		-1162.51		1907.37		320		375																				97/09/15		936		548.4115179058

		99/10/10		470		879														99/10/10		470		123														99/10/10		470		1002		2634.69		1085.01		4184.37		1002		2663																				97/10/11		2058		1307.7010491693

		99/11/03		502		2136														99/10/18		484		940														99/10/18		484		5903		3285.95		1731.34		4840.57		5903		3322																				97/10/22		2328		1737.8881535454

		00/08/05		241.0417785415		328														99/11/03		502		248														99/11/03		502		2384		4365.19		2776.44		5953.93		2384		4414																				97/11/08		2874		2202.6709038981

		00/08/22		312.9996778005		481														99/11/14		510		879														99/11/14		510		7455		4952.46		3325.27		6579.65		7455		5009																				97/11/10		2495		2273.3867301138

		00/09/18		403.2155514982		566														99/11/29		515		247														99/11/29		515		5410		5358.99		3695.26		7022.71		5410		5421																				97/11/20		3893		4019.8801751978

		00/10/04		441.8794973687		930														99/12/01		515		397														99/12/01		515		5883		5358.99		3695.26		7022.71		5883		5421																				97/11/27		3607		3999.6629782929

		00/10/20		466.581462786		2504														00/08/05		241.0417785415		322														00/08/05		241		650		71.05		-1456.59		1598.69		650		71																				97/12/07		2811		3052.9443247325

		00/10/30		482.691440232		2676														00/08/22		312.9996778005		349														00/08/22		313		830		221.27		-1309.85		1752.38		830		223																				97/12/25		1902		2463.7007122532

		00/11/07		492.3574266996		3225														00/09/18		403.2155514982		143														00/09/18		403		709		915.43		-629.99		2460.86		709		927																				98/01/04		2369		3583.6075595337

		00/11/26		503.0974116636		4810														00/10/04		441.8794973687		163														00/10/04		442		1093		1693.81		143.85		3243.78		1093		1707																				98/01/13		2991		3360.418894459

		99/10/18		484		4963														00/10/20		466.581462786		286														00/10/20		467		2790		2512.88		963.39		4062.38		2790		2523																				98/02/18		2026		1642.6714749883

		99/11/14		510		6576														00/10/30		482.691440232		386														00/10/30		483		3062		3234.52		1680.61		4788.42		3062		3254																				98/02/28		1095		1123.73077713

		99/11/29		515		5163														00/11/07		492.3574266996		373														00/11/07		492		3598		3728.03		2164.29		5291.78		3598		3791																				98/08/18		560		100.7477419077

		99/12/01		515		5486														00/11/26		503.0974116636		299														00/11/26		503		5109		4434.61		2842.14		6027.07		5109		4492																				98/09/03		703		352.3503348878

																																																																								98/09/13		719		695.0793072553

																																																																								98/10/02		1164		1483.8954209904

																																																																								98/10/08		1439		1765.56485656

																								DECRUE																																																98/10/28		2340		2973.889438232

																																																																								98/11/08		2899		3538.3859301439

																								Aval																																																98/11/13		3083		3769.2297537329

						Eau-libre																		Vég. Inond.																		Surf.totale		Predicted		Population 5%		Population 95%		Surf.totale																						98/11/14		2692		3829.2565467546

		95/02/09		433		3512														95/02/09		433		1088														95/02/09		433		4600		3885.45		2315.25		5455.65		4600		3885																				98/12/03		2364		3829.2565467546

		95/02/18		392		5586														95/02/18		392		713														95/02/18		392		6299		3655.65		2091.76		5219.53		6299		3655																				98/12/19		4004		4118.3940398997

		95/02/27		343		2824														95/02/27		343		473														95/02/27		343		3297		3347.17		1789.71		4904.62		3297		3347																				98/12/29		3404		4039.9219495284

		95/03/18		229		1497														95/03/18		229		314														95/03/18		229		1811		2413.84		861.24		3966.44		1811		2414																				99/01/17		3221		3713.6050342922

		95/03/30		170		899														95/03/30		170		245														95/03/30		170		1144		1725.59		162.49		3288.69		1144		1726																				99/02/20		2001		2321.2009065647

		95/07/07		126		278														95/07/07		126		321														95/07/07		126		599		1033.65		-551.82		2619.13		599		1034																				99/03/22		1810		2246.5126443556

		96/01/11		438		3398														96/01/11		438		317														96/01/11		438		3715		3911.98		2340.96		5482.99		3715		3912																				99/09/03		320		375.3376234861

		96/01/20		405		3584														96/01/20		405		228														96/01/20		405		3812		3731.02		2165.21		5296.83		3812		3731																				99/10/10		1002		2662.5136858062

		96/02/05		326		2435														96/02/05		326		416														96/02/05		326		2851		3229.73		1674.1		4785.37		2851		3230																				99/10/18		5903		3321.6799740692

		96/02/17		262		1447														96/02/17		262		243														96/02/17		262		1690		2724.84		1173.07		4276.61		1690		2725																				99/11/03		2384		4414.3944676583

		96/02/25		227		2140														96/02/25		227		401														96/02/25		227		2541		2393.58		840.84		3946.31		2541		2394																				99/11/14		7455		5009.1721966303

		96/03/16		142		949														96/03/16		142		334														96/03/16		142		1283		1309.82		-265.33		2884.98		1283		1310																				99/11/29		5410		5420.9478011878

		96/03/26		126		711														96/03/26		126		330														96/03/26		126		1041		1033.65		-551.82		2619.13		1041		1034																				99/12/01		5883		5420.9478011878

		96/04/30		83		870														96/04/30		83		300														96/04/30		83		1170		69.3		-1566.16		1704.75		1170		70																				00/01/13		5902		4137.6024666067

		97/02/09		240		2009														97/02/09		240		193														97/02/09		240		2202		2522.23		970.2		4074.26		2202		2522																				00/01/20		4617		4059.7913193636

		97/02/19		190		2099														97/02/19		190		133														97/02/19		190		2232		1982.54		424.75		3540.33		2232		1983																				00/02/01		3395		3809.2742508361

		97/03/09		121		630														97/03/09		121		352														97/03/09		121		982		940.11		-649.27		2529.5		982		940																				00/02/17		2663		3353.7141002011

		97/11/20		459		3598														97/11/20		459		295														97/11/20		459		3893		4020.16		2445.66		5594.67		3893		4020																				00/02/27		3763		2935.2720219616

		97/11/27		455		3435														97/11/27		455		172														97/11/27		455		3607		3999.94		2426.11		5573.77		3607		4000																				00/03/15		1194		1920.9778847659

		97/12/07		302		2438														97/12/07		302		373														97/12/07		302		2811		3053.07		1499.52		4606.62		2811		3053																				00/07/03		466		328.1718831061

		97/12/25		234		1407														97/12/25		234		495														97/12/25		234		1902		2463.74		911.44		4016.04		1902		2464																				00/08/05		650		71.4848866026

		98/01/04		380		2114														98/01/04		380		255														98/01/04		380		2369		3583.82		2021.65		5146		2369		3584																				00/08/22		830		222.8326094797

		98/01/13		345		2610														98/01/13		345		381														98/01/13		345		2991		3360.6		1802.91		4918.28		2991		3360																				00/09/18		709		926.8870040295

		98/02/18		164		1722														98/02/18		164		304														98/02/18		164		2026		1642.58		77.41		3207.75		2026		1643																				00/10/04		1093		1707.3914358101

		98/02/28		131		803														98/02/28		131		292														98/02/28		131		1095		1123.56		-458.36		2705.47		1095		1124																				00/10/20		2790		2522.5184395516

		98/03/26		80		570														98/03/26		80		179														98/03/26		80		749		-15.75		-1656.61		1625.11		749		-15																				00/10/30		3062		3253.7085135527

		98/12/19		479		3860														98/12/19		479		144														98/12/19		479		4004		4118.69		2540.76		5696.63		4004		4118																				00/11/07		3598		3790.5761010053

		98/12/29		463		3174														98/12/29		463		230														98/12/29		463		3404		4040.21		2465.02		5615.39		3404		4040																				00/11/26		5109		4491.6035474682

		99/01/17		402		2852														99/01/17		402		369														99/01/17		402		3221		3713.84		2148.48		5279.2		3221		3714																				00/12/20		5156		4176.8795864725

		99/02/20		220		1673														99/02/20		220		328														99/02/20		220		2001		2321.22		767.9		3874.53		2001		2321

		99/03/22		213		1453														99/03/22		213		357														99/03/22		213		1810		2246.52		692.46		3800.57		1810		2247

		00/01/13		483		5226														00/01/13		483		676														00/01/13		483		5902		4137.9		2559.28		5716.53		5902		4138

		00/01/20		467		4388														00/01/20		467		229														00/01/20		467		4617		4060.08		2484.22		5635.95		4617		4060

		00/02/01		419		3216														00/02/01		419		179														00/02/01		419		3395		3809.52		2241.56		5377.49		3395		3809

		00/02/17		344		2356														00/02/17		344		307														00/02/17		344		2663		3353.89		1796.32		4911.46		2663		3354

		00/02/27		287		3673														00/02/27		287		90														00/02/27		287		3763		2935.38		1382.79		4487.98		3763		2935

		00/03/15		185		934														00/03/15		185		260														00/03/15		185		1194		1920.93		362.01		3479.84		1194		1921

		00/07/03		92.829986038		175														00/07/03		92.829986038		291														00/07/03		93		466		332.1		-1287.65		1951.85		466		328

		00/12/20		491.2834282032		5028														00/12/20		491.2834282032		128														00/12/20		491		5156		4175.85		2595.83		5755.88		5156		4177
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Delta aval : décrue ( 1994-2000)
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Delta aval : crue ( 1994-2000)
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y = 1,5857e0,0158x
R2 = 0,76
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Surface inondée observée NOAA/AVHRR

Surface inondée calculée (H_Diré (cm))



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Surface inondée observée NOAA/AVHRR (Km2)

Surface inondée calculée (km2)

Aval (Station :  Diré)
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