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Executive Summary
AMMA, African Monsoon Multidisciplinary Analyses, launched in 2002, is an international
interdisciplinary research program concerned with the variability of the West African
Monsoon (WAM) and its impacts on communities in that region.

Purpose
While large uncertainties remain about future prospects for regional climate variability and
change in West Africa (IPCC 2007), the impacts of climate variability on the continent, especially
in the Sahelo-Saharan zone, are already making themselves felt. Observations have shown that this
region experienced one of the largest rainfall deficits on the planet last century. The region is
particularly vulnerable to weather and climate variability. This is due to the societal dependence of
various activities on weather and climate, such as rain-fed agriculture (on which 80% of Sahel’s
population depend). Economic and institutional capacities are often too limited to confront
situations and adapt to their consequences.
Researchers from Africa, Europe and the USA are working together to study crucial
questions posed by these issues. The need to improve weather and climate forecasting for
implementation of early warning systems motivated the scientific community to define three major
objectives for AMMA:
To improve our understanding of the WAM and its influence on the physical, chemical and
biological environment regionally and globally.
To provide the underpinning science that relates variability of the WAM to issues of health,
water resources, food security and demography for West African nations and defining and
implementing relevant monitoring and prediction strategies.
To ensure that the multidisciplinary research carried out in AMMA is effectively integrated
with prediction and decision making activity.

Phase 1 of AMMA 2002-2010
Strong international multi-agency coordination generated a research community of 600
committed participants. Within this community, 250 African researchers, grouped into a network
called AMMA-Africa, have been working on AMMA science.
Thanks to this international coordination, AMMA has achieved a lot during its first phase: 500
papers in quality peer-reviewed publications, including 10 special issues; the organization of
international conferences (Dakar 2005, Karlsruhe 2007 and Ouagadougou 2009) bringing together
an average of 400 researchers; an unprecedented multi-scale multidisciplinary database used across
the world and mirrored in Africa; the deployment of long-term observation systems since 2001,
and more far-reaching field campaigns between 2005 and 2007, with several periods of intense
observation.
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After 8 years of activity, AMMA has become a flagship research program on climate and
meteorology in West Africa and is now planning for the next 10 years. The research has lead to
significant advances in our knowledge and understanding of the multi-scale multidisciplinary
aspects of the coupled ocean-atmosphere-land WAM system – going a long way to addressing the
first objective of AMMA. The AMMA program has also succeeded in laying the groundwork in
terms of science and establishing research collaborations to address its second and third objectives.
Among the many highlights of AMMA, the program has achieved:
major progress in understanding the continental water cycle, with measurements and
models synthesized from scales of meters to the whole continent;
comprehensive measurements and analysis of the ocean dynamics in the Gulf of
Guinea, and their interaction with the monsoon system;
new understanding of land-atmosphere interaction, and its role in weather and climate
prediction for the region;
for the first time, a comprehensive understanding of the emissions of climatically
important gases and aerosol particles from West Africa into the global atmosphere;
programs of measurements of health, agricultural and water systems, coordinated with
environmental measurements and analyses;
Training and education has been a priority for AMMA. AMMA has helped with the
training of about 160 PhD students, of which half were African. About 80 doctoral theses have
already been completed, of which 28 were by Africans. Three summer schools, and four training
workshops were successfully implemented bringing together students, researchers and forecasters
from Africa and all over the world. Through AMMA, new Masters programs have also been
established. All of these activities demonstrate AMMA’s emphasis on education and training.
The strong intention of AMMA communication is to diffuse knowledge and to increase awareness
of issues related to weather and climate and their impacts on societies, especially in Africa.

Phase 2 of AMMA: Scientific priorities
AMMA’s 2nd Interantional Scientific Plan hinges on 3 key interacting research themes: (1)
interactions between society, environment and climate, which necessitate the second theme: (2)
study of predictability and improvement of meteorological, seasonal and climate forecasting,
which itself requires the third theme: (3) continued effort to enrich our knowledge of the monsoon
system.
(1) Society, Environment and Climate Interactions
Study of these interactions is an essential aspect of the 2nd phase of AMMA. The research will be
organized around seven broad themes of scientific study: (i) water resources, (ii) land use, land
cover and productivity, (iii) agriculture and food security, (iv) health, (v) energy, (vi) ecosystems,
(vii) urban zones and African megacities.
(2) Weather, seasonal and climate predictability and forecasting
The AMMA program will work towards improving our ability to make weather and climate
forecasts, and increasing our confidence in climate change projections. In order to do this, the
ISP Phase 2 Version 2
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knowledge acquired from phase 1 must be “pulled-through” to improve dynamical models used for
weather and climate prediction.
The research activity will be organized around 4 four major themes: (i) Evaluation and
improvement of models; (ii) Utilization of current models (by way of new tools, ensemble
prediction systems for example); (iii) Improvement of use of available observations (satellite
observations, for example); and (iv) Recommendation and implementation of permanent observing
systems to improve monitoring capabilities and forecasts. These themes will be promoted equally
for weather (e.g. mesoscale convective storms, easterly waves and Kelvin waves, tropical
cyclogenesis) and climate (intra-seasonal, seasonal and inter-annual to decadal) forecasting, as
well as for climate change scenarios.
One of the essential aspects of integrating the knowledge acquired into improvement of forecasting
models is the reinforcement of links between the AMMA scientists and operational centers,
represented by people working on model improvement and data assimilation.
(3) Monsoon system
Improving dynamical models for weather and climate prediction requires continued improvements
and refinements in our knowledge and understanding of WAM variability and predictability. The
second phase of AMMA is focused on the essential feedback loops at three key scales: weather,
intra-seasonal and multi-annual.
At the weather scale (less than 10 days), emphasis is placed on interactions; between convection
and its environment, between ocean, atmosphere and continental surface, and between chemistry,
aerosols and atmosphere.
The studies at the intra-seasonal time scale (10-90 days) will receive increased emphasis in this
second phase to meet the demands of society (forecasting of dry intervals in the monsoon, useful
for agriculture for example) but also to move ahead in our understanding of the annual cycle. The
promising avenues opened during phase 1 must be followed up in greater depth, particularly the
role of the ocean and its interactions with the atmosphere and interactions with the other tropical
regions and mid-latitudes.
The multi-annual time scales (inter-annual, decadal and climate change) are still a major concern
for AMMA. At the inter-annual to decadal time scale, AMMA is continuing to assess the relative
contributions of WAM variability to the key feedback loops between the WAM and the different
ocean basins, the continental surfaces and aerosols.
In parallel, AMMA must work towards better understanding of the nature and causes of humaninduced climate change, particularly in regard to the disagreement between projections for the 21st
Century presented in the last IPCC report.
Crossing these scale-based studies, AMMA also aims to extend the understanding of energy and
water cycles of the WAM system (with hydrological studies of watersheds for example).

Observations
In order to support the whole range of these studies, AMMA must continue to develop and
implement its strategy for observations with, as the backbone, the maintenance of environmental
monitoring systems over the long term. Four major objectives will be pursued:
(i)
Long term maintenance and improvement of observing systems installed before or
thanks to AMMA (for example AMMA-CATCH, PHOTONS-AERONET, PIRATA,
SSS, GPS, IDAF). They are essential for accurate documentation, over a wide range of
ISP Phase 2 Version 2
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(ii)
(iii)

(iv)

scales, of climate, the water cycle, the coastal environment, vegetation, soil, agricultural
and socio-economic transitions
Maintenance of the operational observations (atmosphere, continental surface and
ocean) at a level as close as possible to that reached during the first phase of AMMA,
and improvements in the areas where AMMA was not able to do this.
Ensure the best links between these research observations, data from operational
networks and satellite observations, making best use of the fact that some satellite
missions relevant for AMMA have recently been launched or will be launched in the
near future.
Ensure that all the data is available for a wide community, including operational
agencies and research scientists in Africa and overseas.

Moreover, AMMA supports the implementation of new experimental campaigns for studying the
key processes which were not sufficiently dealt with in the first phase, including especially those
that relate to evolution of the Atlantic cold tongue and the Saharan heat low.

Governance and Coordination
It is essential now more than ever before for AMMA to build up its international collaboration. In
its second phase, AMMA must be coordinated, as a program enriched with contributions and
collaborative ventures generated by the many initiatives under way, and the associated sources of
funding, which otherwise runs the risk of dispersion of efforts. In this framework, the African
community of AMMA (AMMA-Africa), financed more strongly than during the first phase by
sources managed in Africa, must be supported by a stronger system of governance.
For these reasons and to meet the scientific and human challenges, the coordination of AMMA
becomes even more vital for the program’s success and necessitates the constitution of a
permanent International Executive Office (IEO).

Capacity development and training
Education and training activities are strong priorities for AMMA phase 2. In addition, the program
intends to reinforce the capacity in Africa in term of information systems (gathering, processing,
storing, distributing and use of information), data processing facilities and data bases for resources,
environment, climate and meteorology. A larger human and funding mobilization is necessary to
support research and applications.

Communication of Science
Whether it is oriented towards the community of researchers, the media, decision-makers or endusers, the diffusion of new scientific knowledge remains a major issue for AMMA. AMMA
continues to contribute to awareness-building among the general public, particularly in Africa, on
the societal objectives of research conducted in the program. The 2nd phase will give the
opportunity to set up a network of people active in scientific communication, generated from the
network of journalists formed during phase 1. Awareness-building of end-users and decisionmakers in Africa can be achieved by reinforcing the partnership with local institutions and
associations.
ISP Phase 2 Version 2
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Résumé exécutif
Démarré en 2002, AMMA, Analyse Multidisciplinaire de la Mousson Africaine, est un
programme de recherche international et interdisciplinaire qui étudie la variabilité de la
Mousson de l’Afrique de l’Ouest (MAO) et ses impacts sur les populations.

Motivation
Malgré les incertitudes sur les perspectives du climat régional africain (GIEC 2007) en raison de
l'imprécision des modèles actuels sur cette région et de la complexité du climat africain, les
impacts de la variabilité climatique sur le continent, en particulier dans la région sahélo-saharienne
se font déjà sentir. C’est en effet dans cette région que le plus grand déficit régional de pluie a été
observé au siècle dernier. Elle est particulièrement vulnérable en raison des fortes amplitudes de
ses variabilités météorologique et climatique, d’une dépendance prépondérante des activités
sociétales à ces variabilités, comme l'agriculture pluviale (80% de la population au Sahel en
dépend) et de capacités économique et institutionnelle souvent limitées pour faire face et s'adapter
aux conséquences.
Des chercheurs d’Afrique, d’Europe et des États-Unis se sont regroupés pour étudier les
questions primordiales posées par ces enjeux. La nécessité d’améliorer les prévisions
météorologiques et climatiques nécessaires à la mise en place des systèmes d’alerte précoce a
motivé la communauté scientifique à définir trois objectifs majeurs pour AMMA :
Améliorer notre compréhension de la Mousson et ses influences sur l’environnement
régionalement et globalement.
Produire les connaissances nécessaires pour relier la variabilité de la MAO aux problèmes de
santé, de ressources en eau, de sécurité alimentaire et de démographie pour les pays
d’Afrique de l’Ouest, et pour définir les stratégies de prévision et de surveillance appropriées.
S’assurer que la recherche d’AMMA est intégrée aux activités de prévisions & de prises de
décision

Phase 1 d’AMMA 2002-2010
La forte coordination internationale multi-organismes a permis la création d’une
communauté de recherche de 600 personnes très impliquées dans laquelle plus de 250 chercheurs
africains, regroupés en un réseau AMMA-Afrique, travaillent sur la science d’AMMA.
Grâce à cette coordination internationale, ces équipes dynamiques sont à l’origine des grandes
réussites de la première phase d’AMMA : la parution de 500 publications à comités de lecture dont
10 éditions spéciales, l’organisation de conférences internationales (Dakar 2005, Karlsruhe 2007 et
Ouagadougou 2009) réunissant une moyenne de 400 chercheurs, une base de données multiéchelles multidisciplinaires sans précédent utilisée à travers le monde et répliquée en Afrique, la
mise en œuvre coordonnée de systèmes d'observation sur le long terme depuis 2001, des
campagnes de terrain plus vastes entre 2005 et 2007 avec plusieurs périodes d'observation intense.
Après 8 ans d’activité et en ouverture des 10 ans à suivre, AMMA est aujourd’hui le programme
de référence sur le climat et la météorologie en Afrique de l’Ouest. L’ensemble des compétences
rassemblées a permis des progrès significatifs sur nos connaissances et notre compréhension des
ISP Phase 2 Version 2
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aspects multi-échelles et multi-disciplinaires du système couplé océan-atmosphère-continent de la
mousson ouest-africaine.
Parmi les nombreux faits marquants d’AMMA, le programme a abouti à :
De grands progrès dans la compréhension du cycle de l'eau continental, avec des mesures et
des modèles synthétisés des échelles du mètre à l'ensemble du continent
Des mesures et des analyses détaillées de la dynamique de l'océan dans le golfe de Guinée et
son interaction avec le système de la mousson
Une nouvelle compréhension de l'interaction surface-atmosphère et son rôle dans la prévision
météorologique et climatique de la région
Pour la première fois, une compréhension globale des émissions de gaz importants pour le
climat et des particules d'aérosol d'Afrique de l'Ouest dans l'atmosphère de la planète
Des programs de mesures des systèmes de santé, d'agriculture et d'eau en coordination avec
des mesures et des analyses environnementales
AMMA a permis aussi de construire les bases scientifiques et une communauté nécessaires pour
répondre pleinement aux deuxième et troisième objectifs du program.
La communauté AMMA, continuellement enrichie par la formation, a engagé près de 160
étudiants en doctorat dont la moitié Africains, 80 thèses sont déjà soutenues dont 28 par des
étudiants africains. Trois écoles d’été et quatre ateliers de formation réunissant des étudiants, des
chercheurs et des prévisionnistes de l'Afrique et du monde entier ont été un succès. A travers
AMMA, de nouveaux Masters sont aussi établis. Toutes ces activités sont les réponses actives du
soutien d’AMMA à l’enseignement et la formation.
L’essor considérable de la communication scientifique d’AMMA vers tous ses publics a répondu à
une volonté forte du programme pour la diffusion des connaissances et plus particulièrement dans
sa participation à la sensibilisation en Afrique.

Priorités scientifiques de la Phase 2 d’AMMA
Le 2ème plan scientifique international d’AMMA s’articule autour de 3 grands domaines qui
s’imbriquent entre eux : (1) les interactions entre société, environnement et climat nécessitent (2)
d’étudier la prévisibilité et d’améliorer la prévision météorologique, saisonnière et climatique,
lesquelles requièrent (3) de poursuivre d’enrichir nos connaissances du système mousson.
(1) Interactions Société Environnement et Climat
L’étude des interactions entre la société, l'environnement et le climat est un aspect essentiel de la
phase 2 d’AMMA. La recherche sera organisé autour de sept grandes thématiques d’études
scientifiques de ses interactions avec la variabilité climatique et les aléas météorologiques: (i)
ressources en eau, (ii) utilisation des terres, occupation des sols et productivité, (iii) agriculture et
sécurité alimentaire, (iv ) santé, (v) énergie, (vi) écosystèmes, (vii) zones urbaines et mégapoles
africaines.
(2) Prévisibilité et Prévision météorologique, saisonnière et climatique
Le programme doit œuvrer à l’amélioration des prévisions météorologiques et climatiques, et de
notre confiance dans les projections du changement climatique. Pour ce faire, les connaissances
acquises de la Phase 1 doivent être intégrées dans les modèles pour améliorer nos capacités à
prévoir le temps et les variabilités climatiques. Le programme AMMA s’organise sur 4 axes : (i)
ISP Phase 2 Version 2
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Évaluer et améliorer les modèles (ii) Exploiter les modèles actuels (via de nouveaux outils, des
systèmes de prévision d'ensemble par exemple) (iii) Améliorer l'exploitation des observations
disponibles (les observations par satellite, par exemple) et (iv) Recommander et mettre en œuvre
des systèmes d'observation pérennes pour améliorer les capacités de surveillance et les prévisions.
Ces axes seront développés tant pour la prévision météorologique (les systèmes convectifs de
méso-échelle, les ondes d’est et de Kelvin, la cyclogénèse tropicale par exemple) que climatique
(intrasaisonnière, saisonnière et interannuelle à décennale) et aux scénarii de changement
climatique.
Un des aspects essentiels de l’intégration des connaissances dans l’amélioration des modèles de
prévision est le renforcement des liens entre les scientifiques d’AMMA et les centres
opérationnels, riches des personnes ressources travaillant sur l'évaluation, l'élaboration du modèle
ou encore l'assimilation de données.
(3) Système de Mousson
Avoir de meilleurs modèles pour des prévisions plus fiables impliquent de continuer à
approfondir nos connaissances et notre compréhension de la variabilité et la prévisibilité de la
MAO. La deuxième phase se focalise sur les boucles de rétroaction essentielles à trois échelles
pertinentes: météorologique, intra-saisonnière et pluriannuelle.
À l'échelle météorologique (moins de 10 jours), l'accent est mis sur les interactions : entre
systèmes convectifs et leur environnement, entre océan, atmosphère et surface continentale, et
entre chimie, aérosols et atmosphère.
Les études aux échelles de temps intra-saisonnière (10-90 jours) sont d’une importance
particulière dans cette deuxième phase pour répondre à la demande sociétale (prévision des pauses
sèches de la mousson pour l’agriculture par exemple) mais aussi pour avancer sur notre
compréhension du cycle annuel. Les voies prometteuses ouvertes durant la phase 1, doivent être
approfondies, en particulier le rôle de l’océan et de ses interactions avec l’atmosphère et les
interactions avec les autres régions tropicales et les latitudes tempérées.
Les échelles de temps multi-annuelle, (interannuelle, décennale et changement climatique)
restent une préoccupation majeure pour AMMA. Aux échelles de temps interannuelles à
décennales, AMMA continue d'évaluer les contributions relatives à la variabilité de la MAO des
principales boucles de rétroaction entre la MAO et les différents bassins océaniques, les surfaces
continentales et les aérosols.
Parallèlement, AMMA doit œuvrer à une meilleure compréhension de la nature et des causes
des changements climatiques d'origine anthropique, particulièrement compte tenu du désaccord
entre les projections pour le 21ème siècle présentées dans le dernier rapport du GIEC
De manière transversale à ces études d’échelles, AMMA vise également à étendre la
compréhension des cycles d’énergie et de l’eau du système de la MAO (avec des études
hydrologiques des bassins versants par exemple).

Observations
Pour soutenir l’ensemble de ces travaux, AMMA doit continuer à développer et mettre en œuvre sa
stratégie d'observations avec, pour colonne vertébrale, le maintien de la surveillance
environnementale sur le long terme. Quatre grands objectifs doivent être poursuivis:
(i) Maintenir et compléter les systèmes d'observation sur le long terme qui ont été installés
avant ou grâce à AMMA (par exemple AMMA-CATCH, PHOTONS-AERONET,
ISP Phase 2 Version 2
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PIRATA, SSS, GPS, IDAF). Ils sont indispensables pour documenter de façon précise et
sur une large gamme d'échelles, le climat, le cycle de l'eau, l'environnement côtier, la
végétation, le sol, les transitions agronomiques et socio-économiques ainsi que la
variabilité inhérente de ces différentes composantes du système environnemental.
(ii) Maintenir les observations opérationnelles (Atmosphère, surface continentale, océan) à
un niveau aussi proche que possible de celui atteint au cours de la première phase
d'AMMA et améliorer les domaines où AMMA n'a pas été en mesure de le faire.
(iii) Assurer de meilleurs liens entre ces observations de recherche et des réseaux
opérationnels avec les observations par satellite, d'autant plus que certaines missions
satellitaires pertinentes pour AMMA viennent d'être lancées ou seront lancées
prochainement.
(iv) S’assurer que l’ensemble des données soient disponibles pour une large communauté,
incluant les agences opérationnelles et les chercheurs en Afrique et à l’extérieur.
D’autre part, AMMA soutient la mise en œuvre de campagnes expérimentales pour des études de
processus clefs insuffisamment échantillonnés dans la première phase, dont tout particulièrement
la langue d’eau froide Atlantique et la dépression thermique Saharienne.

Gouvernance et Coordination
Aujourd’hui, encore plus qu’hier, la collaboration internationale d’AMMA est indispensable. Dans
sa deuxième phase, AMMA doit être coordonné comme un programme enrichi des contributions et
collaborations qui émanent des nombreuses initiatives en cours et sources de financement, qui peut
tendre à une dispersion des efforts. Dans ce cadre, la communauté africaine d’AMMA (AMMAAfrique) financée de manière plus importante que durant la première phase par des sources gérées
en Afrique, doit mettre en place une gouvernance.
Pour ces raisons et pour répondre aux défis scientifiques et humains, la coordination d’AMMA
devient plus critique pour la réussite du programme et nécessite un bureau exécutif international
permanent.

Développement des capacités et la formation
En plus de poursuivre les activités d'enseignement et de formation, forte priorité de la 2ème phase
d'AMMA, le programme veut renforcer les capacités des systèmes d'information (regroupement,
classification, traitement et diffusion de l'information) de traitement de données et de leur gestion
en base pour les ressources, l’environnement, le climat et la météorologie. Une mobilisation plus
forte humaine et financière est nécessaire pour appuyer les recherches et les applications.

Communication de la Science
Que ce soit en direction de la communauté des chercheurs, des médias, des décideurs ou bien des
utilisateurs, la diffusion des connaissances scientifiques acquises reste un enjeu majeur. AMMA
continue à participer à la sensibilisation du public, en particulier africain, sur les objectifs
sociétaux de la recherche effectuée dans le program. La 2ème phase sera l’occasion de mettre en
place des réseaux d’acteurs de la communication scientifique à partir du réseau de journalistes créé
durant la phase 1. La sensibilisation des utilisateurs et des décideurs en Afrique passe par le
renforcement du partenariat avec les institutions et associations locales.
ISP Phase 2 Version 2
13

15/12/2010

ISP2 Version 2

Introduction
Launched in Niamey in February 2002, AMMA is an international program to improve our
knowledge and understanding of the West African monsoon (WAM) and its variability and has
emphasized daily-to-decadal timescales including climate change. AMMA is motivated by an
interest in fundamental scientific issues and by the societal need for improved prediction of the
WAM and its impacts on West African nations (Redelsperger et al 2006).
The international AMMA program has been motivated by three overarching aims:
1) To improve our understanding of the WAM and its influence on the physical, chemical and
biological environment regionally and globally.
2) To provide the underpinning science that relates variability of the WAM to issues of health,
water resources, food security and demography for West African nations and defining and
implementing relevant monitoring and prediction strategies.
3) To ensure that the multidisciplinary research carried out in AMMA is effectively integrated
with prediction and decision making activity.
AMMA has made considerable progresses since the questions rose in the first Science Plan
(ISP-1) (May 2005). The AMMA community (600 committed participants including 250 African
researchers) generated by the international coordination has achieved a lot: 500 papers in quality
peer-reviewed publications, 3 AMMA international conferences bringing together an average of
400 researchers, an unprecedented multi-scale multidisciplinary database used across the world
and mirrored in Africa, the deployment of long-term observation systems since 2001, more farreaching field campaigns between 2005 and 2007 with several periods of intense observations.
It is now timely to discuss the future direction and priorities for the AMMA program. The
purpose of this document (ISP-2) is to present research plans for the next 10 years, starting from
what AMMA has achieved and the key gaps that remain.
AMMA’s 2nd Scientific Plan hinges on 3 key interacting research themes (Sections 2a, 2b and 2c):
Interactions between society, environment and climate, which necessitates the second
theme:
Study of predictability and improvement of weather, seasonal and climate forecasting,
which itself requires the third theme:
Continued effort to enrich our knowledge of the monsoon system.
In section 2d, recommendations and actions are given for the observations necessary to address
these science questions, including sustained environmental and socio-economic monitoring,
process studies field experiment and use of satellite products and new satellite missions.
The education and training activities are strong priorities for AMMA phase 2 (Section 3).
In addition, the program intends to reinforce the capacity in Africa in term of information system
(gathering, processing, storing, distributing, use), data processing facilities and databases for
resources, environment, climate and meteorology.
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Whether it is oriented towards community of researchers, the media, decision-makers or
end-users, the diffusion of scientific knowledge acquired remains a major issue for AMMA. As
outlined in Section 4, efforts will be also pursued to contribute to awareness building among the
general public, particularly in Africa, on the societal objectives of AMMA research.
Today AMMA is a large program enriched with numerous contributions and collaborative
projects. It is essential more than ever before for AMMA to have a strong and a powerful
international coordination with a permanent International Executive Office. IEO will also help to
support the AMMA governance for African network. AMMA is funded in Africa more extensively
than before by sources managed in Africa, must be supported now by a dedicated governance
(Section 5).

1. General motivations
A regional climatic change
The dramatic change from wet conditions in the 50s and 60s to much drier conditions since the 70s
over the whole region of West Africa represents one of the strongest interdecadal signals on the
planet in the 20th century. Superimposed on this, marked interannual variations in recent decades
have resulted in extremely dry years and droughts with devastating environmental and socioeconomic impacts. Such variability has raised important issues related to sustainability, land
degradation, food and water security in the region.
The global context of climate change
The Fourth Assessment Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC)
has warned the international community on an expected increase in many regions of the world of
the average temperatures and sea levels as well as a possible increase of the frequency and
intensity of major natural hazards such as droughts, heat waves, floods, fires... Although they are
many uncertainties in regional projections of these changes, especially in the tropics, it is obvious
that these changes will impact on water supply, vegetation, animals and people. According to the
IPCC (2007), in the semi-arid regions where water availability per capita is low, there will be a
decrease of water availability in future climate scenarios, and for the fact of climate change, 75 to
250 million people will be exposed to water scarcity and water stress and a significant food
shortage is expected. Arid and semi-arid ecosystems generally located in marginal areas, are
subject to disturbances of all kinds (irreversible loss of biodiversity, wildfires, change in natural
habitats, etc.). If the temperature increase exceeds 2°C (IPCC, 2007), about 20 to 30% of plant and
animal species are threatened with extinction. In these conditions, significant changes in the
structure and function of ecosystems are expected, which will have negative consequences on
biodiversity, and goods and services rendered by them, including water and food supply.
Moreover, there is an increase in the vulnerability of human health to climate change (rising
temperatures and changing rainfall regimes) because droughts and floods increase disease vectors.
The impacts in Africa of climate change
These impacts will be particularly severe in developing countries in Africa where communities and
economies of these countries depend highly on the direct use of local natural resources and where
widespread poverty limits capacity to cope with climate variability and natural disasters (EU
2007). Africa is known to be particularly vulnerable to climate change due to a combination of
naturally high levels of climate variability, high reliance on climate sensitive activities such as
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rain-fed agriculture and limited economic and institutional capacity to cope with and adapt to
climate variability and change. Vulnerability of West African societies to climate variability is
likely to increase in the next decades as demands on resources increase in association with one of
the World’s most rapidly growing populations. Vulnerability may be further increased in
association with the effects of climate change and other factors linked to the fast growing
population such as land degradation and water pollution. High exposure and low adaptive capacity
is experienced from an individual through to national level so that the ability to anticipate, respond
and recover effectively from climate related shocks is limited.
Global role of West Africa Monsoon
Latent heat release in deep cumulonimbus clouds in the ITCZ over Africa represents one of the
major heat sources on the planet. Its meridional migration and associated regional circulations
impact other tropical and midlatitude regions, as is exemplified in the known correlation between
West African rainfall and Atlantic hurricane frequency. Studies during phase 1 of AMMA showed
that strong two-way interactions between mid-latitude and WA region existed even at scale of few
days. In addition to these large-scale interactions, we know that a majority of hurricanes that form
in the Atlantic originate from weather systems over West Africa. West Africa is also an important
source region for natural and anthropogenic emissions of precursors to key greenhouse forcing
agents (e.g. ozone, aerosols). For example, Africa contributes around 20% of the global biomass
burning fires. These emissions are modulated by the activity of the WAM but in contrast to other
surface impacts they feedback directly on both regionally and global climate. Sahara and Sahel
regions are the world’s largest sources of atmospheric dust. Both the fire aerosols and dust play a
major role in radiative forcing and in cloud microphysics, and thus are an important part of WAM
system.
AMMA scientific motivation
Urgent actions are required to tackle the issues caused by WAM variability and these actions need
to be supported by the best knowledge available. It is therefore urgent to revitalize research in
Africa in this field through an integrated interdisciplinary framework that will increase our
understanding of the problem and support decision-making. Motivated by this and recognizing the
important need to develop strategies to reduce the socioeconomic impacts of WAM variability,
AMMA needs to continue to develop around these issues researches in all West African countries
and in the World. Though major advances have been achieved during the Phase 1 of AMMA, there
are still a lot of challenges. We are currently hindered in providing skilful predictions of WAM
variability and its impacts. There are still fundamental gaps in our knowledge of the coupled
atmosphere-land-ocean system. Dynamical models used for prediction suffer from large systematic
errors in the West African and tropical Atlantic regions; current models have problems simulating
fundamental characteristics of rainfall such as the diurnal, seasonal and annual cycles. Finally,
there is a need to maintain the efforts from Phase 1 of AMMA to develop an integrative science
linking the studies on WAM variability with those on food, water and health impacts. More effort
needs to be made to integrate scientists working in these different areas.
Integrated regional program
International programs exist on topics outlined above (e.g. WCRP, WWRP, IGBP). AMMA is a
regional approach with research objectives over West Africa crosscutting most of the programs,
which have endorsed AMMA. AMMA is also working with bodies as WMO and ICSU. While the
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emphasis of AMMA-2 remains focused on the West African region, the methodologies and tools
developed in AMMA could be transferred to groups working in other regions of Africa and
especially East and Central Africa, as exemplified by THORPEX-Africa, which has benefited from
AMMA’s experience in West Africa. The integrated generic approach developed within AMMA
can be a seed for other initiatives led by other people or funding agencies or countries, or
encapsulated by bodies such as WMO and ICSU.
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2. Research Themes

2a Interactions Society, Environment and Climate
Background
As outlined above, despite uncertainties regarding the African Regional Climate Outlook (IPCC
2007) because of the vagueness of current models and the complexity of the African climate, it is
recognized that the impacts of climate variability on the continent, particularly in the SahelSaharan region are already being felt, reflected in the increase in climate extremes, the spread of
impacts on land surface conditions and loss of biodiversity in this region.
Usually, perspectives of society-environment-climate interactions studies are considered from
either the destructive impact of humans on their local environment or the impact of ‘natural’ forces
(climate) on societies. Human activities and environmental change should be viewed sometimes
together as a co-evolutionary and adaptive. An example concerns the African farmers. Although
having a low capacity to adapt to such changes, they have, however, survived and coped in various
ways over time. Adaptation helps farmers achieve their food, income and livelihood security
objectives in the face of changing climatic and socioeconomic conditions, including climate
variability, extreme weather conditions such as droughts and floods. Farmers can reduce the
potential damage by making tactical responses to these changes. Analyzing adaptation is therefore
important for finding ways to help farmers adapt in the rural economies of Africa. Better
understanding of how they have done this is essential for designing incentives to enhance private
adaptation. Supporting the coping strategies of local farmers through appropriate public policy and
investment and collective actions can help increase the adoption of adaptation measures that will
reduce the negative consequences of weather and climate variabilities and changes in future
climate, with great benefits to vulnerable rural communities in Africa.
More generally, African societies continue to experience the impacts of environmental change
directly at a local/regional scale, through for example meteorological extremes, flooding, sea-level
rise, drought, soil erosion, fire and pollution. As such, there is a need for a full understanding of
societies-environment-climate interactions over cities, landscapes, catchments, coastal zones and
ecosystems, and the production of tools and protocols that can offer sustainable management
policies in the face of changing climate and social change. At this scale, two sets of questions
about vulnerability and adaptation can be applied:
How sensitive or resilient are modern ecosystems and socio-ecological systems to climate
variability and changes and to increased stresses from human activities and climate?
What are the appropriate sustainable management strategies for the future?
Objectives
Interactions between climate changes, environment and the preservation of biological diversity
have to be understood at two levels: the evaluation of the vulnerability of ecosystems and
populations to the impacts of climate in one hand, and ways of adapting to these phenomena on
another hand. AMMA will therefore contribute to impact studies and will help to identify the more
vulnerable sectors to climate change and variability.
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The challenge is to understand the dynamics interactions between climate, ecosystem, including
biodiversity, and society. In this context, it is no longer possible to isolate one part of the cause
(the climate), the other effects (the impacts on the ecosystem) and the response of the disturbed
system (adaptation of African societies). Indeed, the perturbed system reacts in turn on the
disturbance (ecosystems on climate, policies adaptation to meet changes on climate and
ecosystem).
In this framework, AMMA has to contribute to the provision of diagnostics of what is happening
and what is expected to happen in relation to climate change and variability at regional and local
scales. It is important to make clearly the potential implications of climate change on agriculture,
ecosystems, energy or health. We need also to understand how the effects of climate change
interact with other global changes in Africa (population growth, urbanization, land use changes,
globalization of markets, poverty...) and how some of these changes contribute to modify climate.
AMMA research encompasses the interlinked issues of social, economic, political, and
technological change; their consequences for the land surface and its water systems, the oceans,
and the atmosphere; the resultant changes in the climate; and the impact of all the above on plant
and animal biodiversity and human well-being. To this end, it is very useful for the ecological and
socio-economic vulnerability facing the variability and climate change, to be treated in an
integrated approach, with appropriate adaptation strategies that take into account development
needs.
Understanding the role of and interaction between climate and the many other stresses present in
African societies requires careful empirical analysis of case study situations. Synthesizing the
results and insights from such studies may provide the basis for developing effective policies to
address the challenge of current climate variability and future climate change within a framework
that recognizes its interactions with other development challenges.
One of the challenges in managing the impacts of climate change on ecosystems is to have
application studies. These studies, at both regional and local scales become an important issue in
terms of scientific knowledge for the development of this region. However, analysis and predictive
scenarios of the evolution of the local climate are lacking and hence the need for a strategy to
monitor climate change and environment, as well as a strategy for using existing historical data
and knowledge. Based on these observations, it is important to observe and predict the form of
scenarios, the climate variability at a regional scale on medium-term (e.g. changes in rainfall), then
bring them in terms of impacts and finally, scenarios of adaptation. The expected progress should
be to be able to contribute to decision support in the areas of health, water resources, economic
activities, and agriculture...
An objective is to deepen the knowledge (i) on the state of the environment in general, and climate
in particular, and (ii) on the relationship between vulnerability (ecological, social and economic)
and adaptation (preventative and reactive) in a context of climate change and variability.
Another objective is to propose adaptation strategies to climate variability and change that
strengthens supports, stimulates, and promotes the principles of environmental governance adopted
by countries. Knowing that the problem is global but the responses are local, national and regional
strategies will involve producers, representatives of civil society, researchers and policymakers
from West and Central Africa.
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The ISP-1 (May 2005) acknowledged the importance of the work on the “science that relates
variability of the WAM to issues of health, water resources, food security and demography” (as
stated in the second aim of AMMA). Impacts of the WAM variability on four societal issues have
been particularly addressed during the first phase of AMMA : i) Health, ii) Water resources, iii)
Land productivity, and iv) Interactions Society-Environment-Climate.
Through exchanges between African scientists and end-users, it has become increasingly clear that
AMMA has to contribute more to research programs on interactions between society-environmentclimate (ISEC), building on the knowledge gained during the first phase of AMMA. Many
research projects have already been developed and are still running at national and pan-national
levels, new projects are developing and it is essential to ensure appropriate linkages between them
and coordination where appropriate. Together with the geophysics research, AMMA has to
develop appropriate climate products and information for ISEC and impact studies in the aim to
contribute to adaptation and mitigation efforts, including the improvement of Early Warning
Systems.
The material of present section 2a is largely based on the outcomes of a meeting of African
community of AMMA (Ouagadougou, Feb 2009). Considering the state–of-the-art and ongoing
activities, the meeting aimed at determining the burning scientific issues that the African AMMA
community would wish to handle in the future. The meeting provided making the following
recommendations on the research on interactions on Society-Environment-Climate, which should
serve as the basis of international effort of AMMA. Clearly, this represents the first important step
before the establishment of an implementation plan including the prioritization of issues, the
scientific strategy and the development of links with other existing programs.
The African AMMA community has identified seven broad scientific themes in relation to weather
and climate variabilities and climate change, which AMMA can contribute. Future research
directions and priorities will be defined considering opportunities for funding and in strong
collaborations with stakeholders, managers, and national institutions.
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2a1 Water resources
Results from Phase 1 of AMMA
Observed changes at various scales
Historical climate and hydrological data analysis on catchments of various scales showed a deep
modification of runoff regimes over this whole range of scales. At small scales, runoff coefficients
increased in the Sahel region. Over the Sudanian region, a sharp decrease of the streamflows was
observed from the small to the mesoscale. The large rivers fed by both Sahelian and Sudanian
tributaries (Niger, Volta, Senegal) consequently underwent complex changes of their regime. A
clear evidence was established regarding the role of land uses in hydrological processes in the
Sahel. The underlying mechanisms have been understood for the Sahelian area, but the effects of
land use change on the hydrologic cycle remain unclear further south, in the Sudanian and Guinean
zones. It is now recognized that the conflicting impact of both rainfall regime and land use
changes, require deeper studies on the proper hydrological modeling to be used for assessing the
water resource impacts. Such studies have started in AMMA and need to be pursued.
Building of an African community
The West African community of hydrological scientists has been strengthened thanks to the
AMMA program. It is better organized and has established links with the meteorological and
climate community. It is enriched thanks to several young African scientists that have completed
PhD in the AMMA framework.
Adaptation strategies
Several AMMA studies have started to study the various strategies of adaptation to climatic and
environmental changes, which have been used during the past 30 years. Sociologists and
environment jurists working together with climate experts led these pilot studies.
An example is the study of water resources management in Mali. This study was undertaken from
the national level down to the village scale taking advantage from long-term observations over one
of AMMA-CATCH meso-sites (Hombori, Gourma). At village scale, to analyze the social
vulnerabilities on water resources, population was examined to assess action capacities facing
climatic fluctuations. The social vulnerability facing the climatic risks was shown to be only a part
of a larger system of vulnerabilities (access to health care services, resources and assets, cash,
etc.). In such a context, the water shortage risk is perceived as an everyday life hazard that is
managed through seasonal and locally specific responses. However, some norms of the social
system may restrain the emergence of more sustainable initiatives for a better adaptation. After the
great droughts of the 70’s and the 80’s the political and institutional decision-makers became
strongly concern by environmental issues, leading to the Sahelian governments to build the CILSS.
This political response on West Africa scale was followed in the 80’s by major changes at the
institutional level: environment protection increased its status by shifting from the Department
level within ministries to a more “autonomous” ministry level in charge of both the management of
natural resources and livestock and the protection of the environment. In Mali, new public policy
was established though slow implementation occurred. National and local representatives of the
territorial governments and rural-oriented organizations have a limited capacity of influence on
these policies and practices. This bolt can be considered as a politico-institutional vulnerability that
may compromise the mitigation and adaptation efforts of the local communities to ecosystem
transformations.
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The strongest impacts of climate change in Africa are associated with rainfall and water
availability. The probable increase in extreme events coupled with high vulnerability at all levels
will greatly increase the risks of wide-ranging effects of disasters, with damaging consequences for
economic growth. The need to invest in flood protection systems, water storage arrangements for
accumulating reserves, irrigation and other productive uses is essential, as well as the need to
prepare for disaster-response measures and integrated water resources management.
The variability of water resources results from a combination of anthropogenic and climatic
factors. It is also strongly driven by the local to mesoscale properties of the watershed, The
variability of the hydrologic cycle must be studied considering these properties and the related
mechanisms. The AMMA-CATCH observing system highlights three contrasted contexts (subdesertic, sahelian, sudanian), but the results must be extended to a larger scale (sub-continental).
Multidisciplinary information is required for improved understanding to be developed. In spite of
the crucial importance of these resources, few direct studies have been made of the effects of
global warming on water resources in general and groundwater table replenishment in particular.
Broader-scope research activity needs to be developed, as it is becoming urgent both to
characterize the variability and availability of water and improve our understanding of the
contribution of these resources to the overall hydrological cycle and its influence on ecosystems.
Understanding of the local means of access to water, the use and management methods practiced
by communities, coupled with the application of data produced by regional models to develop
water-availability scenarios, could allow the development of tools to help decision-making for
integrated management of water resources management and conservation of these resources.
Two different kinds of impacts related to water resources have been identified: i) water
shortage/drought, and ii) flooding due to extremely intense or frequent MCS. The first type of
impact is linked to the intra-seasonal to inter-annual time-scales of the monsoon system. Previous
studies and AMMA results provide the basic knowledge and tools to build impact assessment tools
for the near future. One has to bear in mind however that the effect of land use change on the water
cycle in Sudanian and Guinean region has been given little attention so far compared to the
Sahelian region. More studies are needed to identify the respective impacts of climate and
environmental changes on the water resources. The second type of impact occurs at much shorter
time scales (synoptic/MCS scale), and requires probably the development of new tools to be
correctly investigated (accurate medium range rainfall forecast, flood propagation model, flood
warning system). Studies with Numerical Weather Prediction Centers have started in the
framework of collaborative work between Africa-THORPEX and AMMA.
Thus, it is important to pursue the characterisation of watersheds and aquifers to better understand
local variability and use of water resources. Modelling the response of watersheds and aquifers to
various stresses (rainfall, temperature, sampling ...) needs to be encouraged as well as using the
outputs of regional models to develop scenarios of water availability. Finally, develop support
tools for decision support programs for Integrated Management of water resources, protection of
water resources will be an important challenge in the future.
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2a2 Land use, cover and productivity
Results from Phase 1 of AMMA
AMMA looked at household strategies over different Sahelian countries. Households have
generally increased their wealth, especially when they diversify out from agriculture. Rainfed crop
cultivation is more sensitive to climate factors than livestock rearing and generally climate factors
play a small role in household decision-making. Local strategies and national adaptation plans are
not congruent, and the agricultural sector needs strong support in order to play a role in the future.
While agriculture is still the most important source of income in rural areas, the perceived decline
in agricultural production expressed in household surveys is corroborated by national statistics in
several countries where the total grain production has not increased despite rapid population
growth. It is not likely that climate variability and change has been a major driver of these events
as none of the multiple approaches employed in AMMA were able to identify climate factors as
having a strong weight in driving change. Apparent resilience of the land use system, however,
might hamper transformation into alternatives modes of production that are able to meet the
growing food demands for a rapidly increasing local population, complicating development efforts.
Conclusions are that other political, economic and demographic factors are more important for
development pathways in the Sudan-Sahel region. If the agricultural sector is to play a role in the
future of Sudan-Sahel zone, strong support for agricultural development and rural adaptive
capacity will be needed. Otherwise, off-farm work and migration will continue to increase and
dominate Sahelian livelihoods in the future.
Changes in land use and cover can modify the local climate and its prevailing tendencies.
Moreover, altered vegetation and soil cover of terrain affects the species diversity, including that
of disease vectors. The scientific objective of this theme is to assess the degradation of the soils
and vegetation in a context of variability and climate change in order to define better management
methods that would be beneficial for ecosystems. The first research questions will concern the
availability of environmental indicators (to ensure effective surveillance of ecosystem dynamics)
and of decision-making tools intended for the different parties involved (decision-makers, endusers, etc.). Lists of concrete techniques allowing good management and improvement in
productivity would help improve approaches to land use. Understanding of the effect of the
different kinds of land cover on evapotranspiration and groundwater replenishment could also feed
into improved assessment methods for the state of water resources.

2a3 Agriculture and food security
Rainfall decline plus water shortage have yet a significant detrimental effect on agricultural
production and food security. Many Africans are already faced with such conditions, particularly
in semi-arid areas predisposed to drought conditions. Farmers adapt to the situations themselves by
adopting a variety of practices. AMMA works both on improving the knowledge and increasing
the knowledge transfer towards applications such as EWS.
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Results from Phase 1 of AMMA
A database of multidisciplinary observations
Thanks to AMMA efforts, a unique database has been built combining observations on agriculture,
vegetation, livestock and climate. These multidisciplinary observatories have been chosen to cover
the agro-eco-climatic diversity of the region:
-Agriculture surveys: 9 sites (Rainfall regimes from 450 to 900 mm per year), 2 to 10
villages per site, 3 crop types, many varieties:
-Rangeland surveys: 3 transects (Rainfall regimes from 100 to 1000 mm per year), more
than 50 sites on various soils, vegetation types and pastoral pressure status.
Calibration, evaluation and improvement of production modeling tools
The SARRAH crop research model has been improved and tested thanks to the AMMA dataset.
Better performances and more flexibility are obtained, when compared to the existing yield
forecasting system operated by AGRHYMET (DHC crop model operationally ran for EWS). The
SARRAH model shows some discrepancies for very wet seasons with erroneous assessments of
soil and crop water, though comparisons with the DHC model indicate the same discrepancies and
even less accurate in the DHC model. On other hand, sensitivity analysis showed that the
discrepancies come more from the choice of values for the model parameters than from the
models.
Improvement of our understanding on the main drivers of land productivity and the
traditional production system
The intraseasonal and seasonal variability of rainfall and crop yields have been specially studied.
On Niamey region, the rainfall amount during the critical phases explains 24% of the villages’
yields variability. The SARRAH model globally explains 34% of the whole villages’ yields
variability on the 5 years. Performances of the model may be compared to the rainy season’s
patterns: driest rainy season and highest spatial variability of rain over the site induced highest
yields variability (69%), wettest rainy season and lowest spatial variability of rain over the site
induced lowest yields variability (31%). Among the main climate factors that might influence
Sahelian agriculture, farmers have identified the start of the rainy season as the most crucial
information for agricultural strategy since it determines the sowing period, and thus the potential
cycle length. Based on AMMA surveys, most farmers wait for the first rainy event greater than 10
mm to trigger sowing with 23% of the sowings failed because of the occurrence of a dry spell
longer than 9 days. Due to the size of the meso-scale convective systems triggering sowings,
farmer’s sowing strategies, in Niamey area, tend to be synchronous (180-240 plots sowed at the
same time) defining sowing waves occurring up to two times per year. Monitoring and prediction
of the occurrence and trajectories of mesoscale convective systems and intraseasonal variability of
convection are thus of importance for agriculture in this sahelian area. Moreover the prediction of
the onset of the rains would be of importance for yields forecasting not only to try to orient
sowings but to warn political institutions of a potential crisis in case of an expected late onset (See
Section 2b). Based on AMMA surveys, the traditional agricultural options are better in most of the
cases than improved ones recommended by breeders until recently. Farmers prefer not to take risks
in using less risked seeds rather than the more productive ones. Using a bio-economic model
(Sultan et al 2009, Berg et al 2009), it was concluded that to improve yields and to benefit for
example from seasonal forecasts, farmers would need to be less risk averse (insurance systems do
not exist at present time).
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Applications for EWS
AMMA also worked to show how research can be translated in information products for farmers
and national EWSs integrating the information produced by national services, to provide inputs for
the improvement of the food crises prevention calendar. The research (Genesio et al 2010)
highlighted both gaps in the production of appropriate information and also difficulties by the
users. The appropriate management of EWS information still remains difficult for decision makers
as: (i) decisions have direct impact on people life; (ii) politically it is easier to deal with the effect
of a disaster than to take action on the basis of an uncertain information and (iii) the interpretation
of the uncertainty level of forecasts is difficult to be understood. In this context a better tailoring of
information in terms of timing and format is needed. A major advancement required to improve
the effectiveness of EWS is the improvement of the risk profiling, building a comprehensive
picture of current and future exposure to hazards, strengthening the knowledge of type, extent and
geographical coverage of vulnerability. AMMA showed that an important limitation to the use of
seasonal forecasts is that its main product is seasonal rainfall amount (on WA July to September).
It is inappropriate for agronomic application in term of time scale and type of information. The
onset/end of the rainy season, as well as the distribution of rainfall within the season, are critical
determinants of crop productivity (seeding date, drought in flowering period, length of season)
enabling the improvement of risk zones forecasting by feeding crop models with predictive
information.
The research questions hinge on the impacts of weather and climate variabilities on agricultural
development. Multidisciplinary observations, research studies and knowledge transfers to EWS, as
started during the phase 1 of AMMA, being pursued. Studies are also necessary to help finding
alternatives for improving food supply and nutrition of human communities and their livestock.
The general objective would be to analyze the agrarian dynamics associated with climate
variability and climate change in order to increase the quantity and quality of crops and livestock
yet at the same time conserve natural resources. In order to do this, specific objectives could be to
understand technical and socio-cultural practices for animal reproduction, or the development of
pest and drought-resistant crops and high-yield varieties with shortened life cycles. This can be
done only if the balance of ecosystems is maintained to guarantee the conditions for development
in the long term. Improving the predictability of the impacts of climate change and variability on
arable, animal and fisheries production will certainly help develop these crucial objectives for
societies.

4. Health
The impacts of weather and climate variability and climate change on human and animal diseases
(such as bilharzias, malaria, Rift Valley fever, or meningitis) are insufficiently known as well the
potential impacts of chemical products on health in West African megacities (see below). Hot
climates tend to increase pathogen rate and vector reproduction and also the intensity of
transmission of these diseases. The principal climatic factors of these epidemics are anomalous
rainfall and temperatures.
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Results from Phase 1 of AMMA
Malaria
Our knowledge of vector born diseases in West Africa has significantly improved during the
AMMA project. Several observational sites have been set up together with modeling efforts. That
includes observations and bio-statistical modeling of malaria in 4 representative sites in Mali
taking into account environment, climate, entomology, land cover and urbanization (Survey of
environmental factors including remote sensing), as well a field program over 2 seasons in Senegal
and Ghana and 3 seasons in Niger. The spatio-temporal variability of the malaria risk, associated
risk zones and malaria transmission have been studied at the village scale using a dynamic model
with an extrinsic climatic factor modeled by stochastic models. Results showed clear climatevector and vector- human infection relationships. The distribution of vectors has also been
modeled using reaction-diffusion equations, for which the parameters were adapted to three
climatic conditions (dry, early rainy and mid-rainy seasons). Simulations of malaria incidence in
human population with a dynamical model highlighted that the malaria epidemic fringe spreads
between the latitudes 12°N and 15°N over West Africa. Future climate projections highlight that
the malaria incidence decreases at the northern edge of the Sahel and the epidemic belt is shifted
southward in autumn. Nevertheless, these results must be interpreted with caution as there are still
large biases related to both the disease model and the future climate projections.
Rift valley fever
A methodology to track the climatic events that can favor RVF risk over West Africa has been
developed. Animal densities from the FAO archive (2005) are used to overlay the host availability
upon the climatic RVF risk to highlight hot spot regions. Environmental risk maps combining high
resolution satellite imagery and in-situ data have been produced. Northern Senegal and southern
Mauritania appear to be critical areas for RVF risk. The zones potentially occupied by mosquitoes
were identified on a daily basis and combined with in-situ entomological measurements and
animal parks. This achievement is meant to contribute to the development of a new operational
early warning system for RVF over Senegal.
Meningitis
Advances have been achieved in the understanding of relationships between meningitis epidemics
and aerosols and meteorological factors in Burkina Faso, Mali and Niger. The projects used a
combination of geophysical datasets (satellites, in-situ optical measurements made during the LOP,
in-situ aerosols collection) and epidemiological datasets. The studies were performed at two scales,
local (understanding of the processes) and regional (representativeness of the results). Three results
paves the way to meningitis prediction. The existence of a climate/environmental-meningitis
statistical regional signal is considered encouraging, given the other risk factors at other spatial
scales as socioeconomics. The evidence that the frequency of aerosol events is more important
than quantity of aerosols opens the possible development of EWS based upon satellite products
which better capture the occurrence of aerosol rather than their quantity. Finally, the wind has been
shown to be a determinant factor and is predicted rather well by numerical weather models. The
hypotheses dealing with the physiological link between aerosols and meningitis have also been
clarified by epidemiologists and immunobiologists. Multidisciplinary work is going on involving
scientists in epidemiology, medicine, immunobiology, physics, chemistry, climatology, and remote
sensing, based upon a French/African partnership, with the objective of using remote sensing and
numerical modeling to measure and simulate aerosol occurrence and meteorological variables
related to meningitis epidemics risks.
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It is urgent to revitalize research in Africa in this field and to organize multidisciplinary research
and operational centers. Understanding of the scientific basis of diseases in West Africa will make
it easier to evaluate the effects of climate variability and change on vectors, dust loads and
transport and also on the emergence of new forms of epidemic and epizootic diseases triggered by
environmental modifications. Research projects must be nurtured to study the means of utilizing
seasonal forecasts in health-risk management. Early warning systems should be developed.
Besides this, ways must be found of guaging how the vulnerability of populations is exacerbated
when chronic diseases get a hold on societies in transition, and by other factors like poverty or
ineffective prevention and care systems.
AMMA research needs also to be more linked to international programs working on issues related
to weather and climate impacts on health. For example, the MERIT program on meningitis has be
recently developed by the WHO in collaboration with WMO. Advances in the knowledge obtained
in AMMA on this issue have to be transferred.

2a5 Energy
Energy is one of the keys to building the foundations of sustainable development. In each country,
it is a fundamental prerequisite for ensuring the basic needs like health, infrastructure required for
education, processing, storage, transport, food and so on. Knowledge of the variability and
availability of water for hydroelectric dams will make it possible to define direct and indirect
impacts on the potential quantity of energy available for African cities in a context of population
growth and climate change. Other, innovatory avenues can be explored in order to increase
sustainable access to high-quality, reliable and affordable energy: it has become essential to
consider the alternative sources of ‘clean’ energy available in Africa.

2a6 Ecosystems
Results from Phase 1 of AMMA
Implemented in the framework of AMMA, the PROPAO program deployed (from 2005 to 2008) a
coastal network of five autonomous thermometers between Lagos/Nigera and Sassandra (Côte
d’Ivoire) in order to monitor the coastal SST on the long term. Such a network allows a survey of
the coastal upwelling system, intraseasonal to interannual SST variability and eventual trend linked
to climatic changes. A regional database has been built with all historica coastal data at hand from
Nigeria to Côte d'Ivoire, to initiate regional proposals for monitoring the beaches in areas
particularly submitted to erosion (that may reach 30m/y). The 5 years time serie of coastal SST
aquired at Cotonou (Benin) already allowed to confirm the existence of two coastal upwelling
periods, the minor one in boreal winter and the major one in summer. These upwellings appear a
few weeks after the equatorial upwellings (linked to the cold tongue in summer). Also, their
amplitude exhibit similar interannual variability than the equatorial upwellings, so indicating a
close linkage between the equatorial and coastal dynamics and climatic events

Coastal and marine environments The coastal landscapes along the eastern side of the Atlantic
between Mauritania and the Democratic Republic of Congo are highly varied: sandy shorelines,
lagoons, estuaries, deltas and cliffs. The past two or three decades have seen a considerable
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strengthening of sedimentation dynamics, erosion and coastal pressure, generated by population
growth in excess of 50% in the coastal countries. Climate change causes adverse effects for the
survival, habitat availability, mortality and movement patterns of both marine and freshwater
ecosystems. Across Africa, sea-level rise can be responsible for large-scale flooding which
exacerbates coastal erosion and intrusion into aquifers in coastal areas. Changes in the ocean
dynamics could also have detrimental effects on fishing resources, migrations and nutrient
distribution patterns. Links between upwelling dynamics, biochemistry and biodiversity in littoral
and coastal waters need to be better established. Improved observation systems on the coast and in
the Atlantic Ocean could give research ways of contributing to assessment of changes in coastal
and marine ecosystems and of preventing future risks for the coasts presented by temperature
increases and sea-level rises. Research could also lead to the establishment of a legal framework
for management applicable to the marine and coastal environment (present and future).
Wetlands and internal climatic changes Large rivers, lakes and swamplands are subjected to
intense pressure associated with multiple usage, pollution and habitat degradation. The resources
coming from aquatic ecosystems have dwindled and the biotope is seriously affected. Increased
populations around swamps, plus excessive fishing, large-scale land clearance and farming
enclosure have led to a dramatic increase in soil erosion rate which aggravates the problem. For
example, large-scale flooding over highly urbanized areas can have substantial socio-economic
consequences. The impacts associated with the desertification of the swamplands change, tending
towards a dry-terrain environment such as grassland and savannah. The first research to be
developed would investigate the impacts of all these stress factors on the wetlands. Understanding
of seasonal changes in the water flow or in the components of the hydrological cycle would yield
better knowledge of the ways the swamplands are developing. It could also provide information
about the movements of humans and animals in the face of climate change, useful for anticipating
trends in urban and rural development, and therefore the vulnerability of the swamplands.
Forestry and climate change Forests have a major role in climate change, if over-exploited or
degraded. They currently contribute to about one-sixth of global carbon emissions. When managed
sustainably, they produce wood, fuel that can be an alternative to fossil fuels. They also have the
potential to absorb in their biomass a tenth of the global emissions of carbon released during the
first half of this century and store them – perpetually in principle. The first scientific questions
that result from these observations concern the immediate causes of destruction of the forest in
Africa. Research of the effects and extent of forest clearance will lead to questioning on the nature
of the link between climate change and deforestation. Impact of reforestration (e.g. in Sahel
region) needs also to be studied.
Forest fires and biodiversity
The increasing frequency and ferocity of forest fires is a major issue today that must be attended
to. Africa is one of the world’s sensitive areas for fires and millions of hectares burn on the
continent every year. Forest fires account for about half the total area for the whole world. There is
strong interaction between climate change and fire and this will probably have substantial
implications for ecosystem structures and biodiversity. To determine the consequences of climate
change on fire regimes, it is necessary to study the impact of particle and trace gas emissions from
this source and also the feedback on to the climate. The dynamic interaction between fire,
landscape characteristics, weather and land use need to be understood. Finally, the input from
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research on information systems for operational fire control systems and on the contribution to
development of management policies can be vital.

2a7 Urban zones and African megacities
The huge increase of urban population results in most dramatic consequences in developing
countries. This is particularly true for West Africa with the rapid development of megacities
(Lagos, Accra, Abidjan, Bamako, Dakar ..). Concerning effects on atmospheric chemistry, this
signifies an inordinate surge in particle and gas emissions into the atmosphere, which is harmful to
health. The impacts of such emissions on the local and regional climate are still unknown.

Results from Phase 1 of AMMA
First studies on the impacts of developing WA megacities have started at the end of phase 1 of
AMMA with a focus on health and weather/climate. The focus was first centered on Cotonou,
Ouagadougou, Bamako and Dakar to obtain a unique database including in situ measurements,
emission inventory developments and modeling.

According to UN, the present urban population of 3.2 billion individuals will rise to almost 5
billion between now and 2030. Three out of five persons will therefore live in urban areas. This
increase will have the most dramatic consequences for the continents that are currently the poorest,
least urbanized: Asia and Africa. The studies and projections indicate that all the urban growth
over the coming 25 years will occur in the developing countries. Concerning effects on
atmospheric chemistry, this signifies an inordinate surge in particle and trace gas emissions into
the atmosphere. Impacts are already apparent but future changes could be extremely harmful to
health. The impacts of such emissions on the local and regional climate are still unknown.
Realization of an inventory of the types of harmful chemical substance (heavy metals, polycyclic
aromatic hydrocarbons, ozone) produced by the West African megacities, measurements and
modeling of both atmospheric composition and health would make it easier to identify the
vulnerable sectors and get to know the potential impacts of these chemical products on health.
Research would help find out their contribution to climate change at local and regional scales and
make it possible to develop scenarios to represent the vulnerability of towns and cities in a context
of rising populations and/or extreme events.
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2b Weather, Seasonal and Climate predictability and prediction
Included in the second overarching goal of AMMA is the goal to improve our ability to make
weather and climate predictions in the West African region. Related to this is the need to improve
our confidence in climate change predictions. This is a big challenge for AMMA and something
that has arguably not been the priority during its first phase. During this first phase our knowledge
and understanding of the West African monsoon (WAM), its nature and variability, has improved
drastically (Section 2c). The challenge in this second phase is to “pull-through” this increased
knowledge to improve weather and climate predictions as well as our confidence in climate change
scenarios.
Improved forecasts are needed at a range of interacting space and timescales. To simplify the
discussion, two themes are considered: (i) weather prediction (diurnal-to-daily) and (ii) climate
prediction (intraseasonal-to-decadal). Research linked to climate scenarios as developped for the
4th and 5th assesment reports of the Intergovernmental Panel on Climate Change (IPCC), is
discussed in section 2c. While these three will be dealt with separately in subsequent sections it
should be recognized that they are related. Weather-climate interactions are important both for
weather and climate predictions, a fact that has lead to operational “seamless prediction” activities
(see 2b.3). Also, one of the major hindrances to improving our ability to predict the WAM is the
flawed models used to make those predictions. Indeed, it is well known now that model systematic
errors seen at weather timescales are often manifested at climate timescales. This leads us to the
inevitable hypothesis that to improve climate forecasts we need to reduce systematic errors at short
timescales. Related to this, only by improving our ability to make weather and climate predictions
can improve our confidence in climate change scenarios.
AMMA needs to have a strategy for “pulling through” the better knowledge of the WAM to
improve our ability to predict it. There are four key areas that AMMA scientists and collaborators
need to consider:
Model evaluation and improvement
Exploitation of current models (e.g. via new tools, ensemble prediction systems (EPSs))
Improved exploitation of available observations (e.g. satellite observations).
Recommending and implementing sustained observing systems to support prediction.
Each of these areas is important and will be challenging. Each will require continued focused
research alongside stronger interactions with operational prediction centers and with WMO
(especially for implementing new observing systems). Before discussing in more detail the issues
relevant to the two themes of (i) weather and (ii) climate, it is first worth considering briefly the
strategy for addressing the above four areas for “pulling through” since they are relevant at all
timescales.
Model evaluation and improvement
While AMMA faces many challenges, improving models represents one of the most difficult.
While it is relatively easy for scientists to highlight problems with models, it is not so easy to find
solutions. The role of AMMA scientists is to highlight key processes or phenomena, known to be
important for the WAM, that are not being well represented in models. Examples include moist
convection, the Atlantic cold tongue development and the heat low but others may turn out to be
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higher priorities. Communication and collaborations (ideally) need to be established (or
strengthened) with operational prediction centers as well as appropriate international working
groups (e.g. WGSIP, WGCM). From this perspective, the model inter-comparison initiatives
organized under the AMMA umbrella should remain a priority and should be used to motivate
discussion on model improvement and development, especially those entailing assessment of
different climate components (e.g. ocean, vegetation, atmosphere, chemistry) and timescales.
Exploitation of current models
This is arguably a more achievable goal and work is ongoing in this regard at the weather
timescale through the Forecasting Handbook. New user-tailored products should be developed
together with interpretative guidance including the uncertainties of forecasts. As successfully
organized in 2006, workshops gathering forecasters and researchers need to be scheduled and
supported, in order to transfer new knowledge obtained during the phase 1 of AMMA. A major
question to ask is whether the ensemble prediction systems available are useful and, if so, whether
they are being exploited to their potential. At intraseasonal timescales more effort is likely needed
to assess if statistical methods are being adequately exploited. We also need to assess the extent to
which available seasonal forecasts (e.g. ENSEMBLES data-base, NCEP, ECMWF etc) are able to
reproduce intra-seasonal characteristics of the WAM (onset, jump, dry spells, ending phase) and
whether statistical methods can provide added value. These are just a few examples of where effort
should be made but there are many more examples of where more effort is required.
Improved exploitation of available observations
In addition to flawed models, our ability to predict the WAM is hindered by the sparsity of in situ
observations and lack of key measurements (e.g. sub-surface ocean). Under the auspices of the
AMMA-THORPEX working group there are ongoing efforts to achieve this with respect to
weather analysis and prediction but more is needed for both weather and climate (e.g. MyOcean).
The availability of new satellite measurements in the present and on-going missions will improve
our capacity to derive surface parameters and vertical soundings of the troposphere. This initiative
should rely on the interaction between satellite research groups and climate modeling groups for
the development of process oriented metrics, and improving data sets in space and time.
Recommending and implementing sustained observing systems
Related to the above, work must continue on what the sustained observing system should be in
order to support weather and climate prediction in the region. AMMA must continue to work with
THORPEX to recommend what the sustained radiosonde network should ideally be to support
weather prediction in the region. In addition further work is required for the observing system
needed to support climate prediction, that most likely includes improvements to the sustained
observing system in the Eastern equatorial Atlantic. This will require close collaboration with
CLIVAR programs (e.g. TACE and PIRATA). An additional class of observation that should be
considered are those that are useful for monitoring climate and that are also useful for evaluating
models. Such observations include the land-surface supersites in Mali, Niger and Benin. Strong
synergy is required between researchers on weather and climate in this regard.
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While the above bullets are presented from a general strategic perspective it is also worthwhile
considering the key predictability issues for (i) weather, (ii) climate and (iii) climate change
scenarios perspectives. These are briefly dealt with in the next three sections.

2b.1 Weather
Results from Phase 1 of AMMA
AMMA has made significant progress in improving our understanding of the key weather systems
in the WAM including mesoscale convective systems (MCSs), African easterly waves (AEWs),
and Kelvin waves (See section 2c). It has also made progress in improving our knowledge and
understanding of tropical-extratropical interactions and the relationship between African weather
systems and downstream tropical cyclogenesis. A special AMMA issue in the AMS “Weather and
Forecasting” journal was devoted to the nature and predictability of these weather systems.
It should also be noted that progress was made during the first phase of AMMA to establish the
impacts of key datastreams on NWP analyses and forecasts. To support the work on
radiosoundings a significant effort was made to establish the needed moisture bias corrections
(Agusti-Panareda et al , 2009; Nuret et al 2008). Using these corrected data, Facani et al (2009)
and Agusti-Panareda et al (2010) have highlighted the significant positive impact of the extra
AMMA soundings on the representation of WAM, including the African easterly jet. Karbou et al
(2009) have also shown how assimilation of satellite microwave measurements on continental
surface can dramatically correct humidity errors in analysis and improve weather forecasts in the
West African region. Nevertheless, the impact of these new data (soundings and satellite data) on
the forecasts was found to disappear after 24 hours due to the significant model biases.
Mesoscale Convective Systems
It is recognized that the prediction of individual MCSs is largely a nowcasting activity and most of
the predictability of individual systems is linked to the coherent diurnal cycle and persistence. Any
predictability at daily timescales most likely comes from the predictability associated with
synoptic waves (see below).
African easterly waves
African easterly waves (AEWs) are the most important synoptic disturbance in the West African
region. We have learned that AEWs are usually triggered by upstream topographic convection
(e.g. Mekonnen et al, 2006, Thorncroft et al, 2008; see also Hsieh and Cook, 2005) and intensify in
association with embedded MCSs (e.g. Berry and Thorncroft, 2005) although there is also some
dependence on the basic state (e.g. Leroux and Hall, 2009). Therefore skillful forecasts of AEWs
rely on a realistic representation of the basic state along with diabatic processes. It has been shown
that there is significant model-to-model variability in the representation of AEWs in operational
analyses and forecasts and that models have very little skill beyond about 2 days (Berry et al,
2010). The sensitivity of AEW forecasts to errors in the initial conditions has been explored. At
short lead times (~2 days), the forecasts are most sensitive to the mid-level meridional winds (ie
the location of the AEW trough) while at long lead times (~5 days) they are most sensitive to midtropospheric thetae errors (and subsequent errors in convection) (Torn, 2010). More effort is
needed to evaluate the predictability of AEWs at daily-to-medium range timescales – especially as
this relates to high impact weather events (e.g. floods, dry spells, tropical cyclones).
Atmospheric Kelvin waves
Considerable progress has been made in AMMA in highlighting the role played by Kelvin waves
on convection in the tropical North African region (e.g. Mounier et al, 2007, Mekonnen et al,
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2008). While climatologically speaking Kelvin waves are not as important as AEWs, they can
sometimes be the dominant synoptic disturbance and may even be instrumental in initiating AEWs
(e.g. Mekonnen at al, 2008). Given that they are usually triggered upstream of the West African
region, including as far west as the central Pacific, one should be able to exploit this in terms of
providing the risk of a significant Kelvin wave event over West Africa and this should be explored.
Tropical-extratropical interactions
Extratropical weather patterns can influence the West African monsoon region all year round.
During the winter and transition seasons unseasonal precipitation can be triggered by extratropical
upper-level disturbances (e.g. Knippertz and Fink, 2009). More research is needed to document
and understand their climatology, the physical mechanisms that lead to the unseasonal rainfall
(including moisture transports and soil moisture impacts) and implications of these events for
NWP. There is evidence that during the Harmattan dry season convective rainfall periods in West
Africa are more predictable due to the strong influence of extratropical weather patterns during this
season. During the summer synoptic-to-intraseasonal fluctuations of the Saharan heat low can be
linked with extratropical weather patterns (e.g. Atlantic troughs, cold surges from the
Mediterranean, Vizy and Cook, 2009). Again, more effort is needed to increase our understanding
of the underlying physical mechanisms and whether any inherent predictability can be exploited
for short-to-medium range prediction in the Wet African region.
Tropical Cyclogenesis
Through AMMA and NASA-AMMA (NAMMA) we are learning more about the relationship
between AEWs and downstream tropical cyclogenesis. We know that the nature of the AEW,
including its embedded MCSs, can impact the probability of downstream cyclogenesis (e.g.
Hopsch et al, 2010). We also know that dry air can be a hindrance to tropical cyclogenesis just
downstream of West Africa. The extent to which this air is Saharan or midlatitude in origin is still
a subject of debate.
RECOMMENDATIONS
Continue to evaluate models used for weather prediction and to highlight systematic errors.
Continue work on data sensitivity experiments to exploit available observations and make
recommendations for future sustained networks.
Work with operational centers to routinely monitor forecast skill with appropriate metrics.
Pursue efforts with forecasters to design better tailored products and to organize workshops
gathering forecasters and researchers, in order to transfer new knowledge obtained during the
phase 1 of AMMA
Increase communication of results with operational centers to explore how best to improve
models (e.g. by organizing focused workshops)
Efforts shall be undertaken to determine quantitatively and to understand physically the
influence of the extratropics on WAM rainfall throughout the year to exploit inherent
predictability.
Maintain and develop interactions with THORPEX/WWRP and WMO (CBS, GCOS, …) to
recommend and implement sustained observing systems for weather and climate analysis and
prediction.
Work more closely with the TIGGE project (THORPEX) which includes the deterministic
and ensemble products from 10 global NWP centers, and continue collaborations with the
WCRP-WWRP/THORPEX YOTC project and Africa-THORPEX.
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2b.2 Climate
Under the label of climate prediction we consider three timescales: (i) Intraseasonal (10-60 days),
(ii) Seasonal and (iii) Interannual-to-Decadal.
(i) Intraseasonal
As highlighted in the AMMA-Africa report (Ouagadougou, 2009), users are extremely interested
in obtaining skillful forecasts of monsoon onset/cessation and the occurrence of wet and dry spells
within the rainy season. The intraseasonal timescale is critical for societal impacts (e.g. for crops,
water resources etc; Sultan et al. 2005). Hence this scale is crucial for farmers and other
stakeholders. Requests are routinely made (See section 2a) for forecasts of the monsoon onset date
and of the occurrences of particularly dry or wet spells during the monsoon season (the forecast of
the mean seasonal amount is also requested but at a lower priority; this issue is linked to the multiannual scale studies discussed below).

Results from Phase 1 of AMMA
Monsoon onset: As highlighted in section 2c there has been a substantial effort in AMMA to
improve our understanding of the nature and causes of the monsoon onset. Dynamical and
statistical forecasts are currently made nowadays (Sultan et al. 2009) but their uncertainties are
important and more systematic evaluation and improvement are necessary.
Wet and Dry Spells: AMMA scientists have made some progress towards identifying the nature of
the key “modes” of intraseasonal variability which include a quasi-biweekly zonal mode (e.g.
Mounier et al, 2008) and the MJO (e.g. Janicot et al, 2009). However, little effort has been made to
evaluate how dynamical predictive models represent these waves and the extent to which they are
better predicted by dynamical or statistical models. Continued effort is needed to unravel the
physical processes responsible for the intraseasonal variability and how this impacts the weather
systems themselves.

RECOMMENDATIONS
Starting the systematic evaluation of monthly forecasts concerning the intra-seasonal features
of the monsoon (onset, dry-spell, etc).
As a priority, in parallel to improve our understanding of the causes of monsoon onset, we
need to investigate the skill of dynamical models to predict it.
Assessment of whether the sustained observing system is sufficient to support this prediction
activity. Notable gaps exist in the southern part of the central and eastern tropical Atlantic
basin. The CLIVAR AIP strongly recommended in 2006 a PIRATA extension toward the
southern ocean, around 23°W-10°S mostly motivated by improvement of the climate and
weather prediction. A PIRATA proposal has been endorsed for a South-Eastern Extension PIRATA SEE- that has been tested during a one-year experiment at one location off Congo in
2006-2007.
More effort is needed to evaluate the ability of dynamical models to predict intraseasonal
variations and to compare these with statistical methods. Specifically this should include
evaluation of the model simulations made for the next IPCC report (AR5), the planned
decadal predictions (see below) and available seasonal forecasts.
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(ii) Seasonal

Results from Phase 1 of AMMA
The forums PRESAO for seasonal forecast of West African rainfall have been gathering each year
since 1998 the operational meteorological and climate forecast centers from West Africa, Europe
and US to produce a seasonal forecast of the summer rainfall amount. Thanks to the availability of
the DEMETER database and to a fruitful collaboration with the European project ENSEMBLES,
AMMA has contributed to this effort by evaluating the skill of these forecasts ensembles over
West Africa and improving highly their performance by applying calibration with model-outputstatistics (Bouali et al. 2008, Philippon et al. 2010). This has been possible because the models
better reproduce some atmospheric and surface fields than precipitation, and the availability of
some robust regional predictors.
Seasonal prediction has a relatively long tradition compared to either intraseasonal or interannualto-decadal prediction efforts. Again, as highlighted in the AMMA-Africa planning document,
coupled atmosphere-ocean dynamical models are still unable to match the skill exhibited by
statistical models. This is a major problem and likely arises due to an inadequate representation of
the coupled atmosphere-land-ocean interactions regionally as well as globally (Philippon et al.,
2010). Given this, it remains a priority for AMMA to evaluate the ability of coupled dynamical
models to predict the WAM a season ahead and to diagnose the key processes that are not being
well represented. At the same time it is essential that we evaluate the extent to which the current
sustained observing system is adequate (or not) for supporting this prediction activity. Of
particular importance for the movement of the peak rainfall from the equatorial region to the coast
and then inland is the evolution of the Atlantic cold tongue which needs to be better predicted.
Representation of Saharan heat low and its associated shallow meridional circulation needs to be
improved.
Exploitation of products from monthly forecasting systems in Africa is quite weak even though
some NWP centers as ECMWF have been supporting monthly products development. Use of
current monthly forecasting systems need to be developed to provide intraseasonal climate
services. Such a work could be linked to the Global Framework decided at the 3rd World Climate
Conference.
RECOMMENDATIONS
In parallel to improve our understanding the annual cycle of the WAM, we need to evaluate
its representationd in the dynamical models used for seasonal prediction.
The seasonal forecasts show a strong tendency to develop a warm bias over the Cold Tongue
very early in the forecast. The same warm bias is observed in the AR4 simulations. The link
between the two very similar systematic errors should be also analyzed from the perspective
of a seamless approach (collaboration with CLIVAR).
This should be combined with an assessment of the extent to which the sustained observing
system is adequate for supporting seasonal prediction (in collaboration with TACE).
To provide intraseasonal climate services, current monthly forecasting systems need to be
more used. Such a work could be linked to the Global Framework decided at the 3rd World
Climate Conference.
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(iii) Interannual-to-Decadal
Initializing climate models with observations offers the potential to predict internal variability in
addition to externally forced climate change on decadal timescales and is thought to be at the heart
of the decadal predictability/prediction problem. Most of the decadal predictability probably lies in
the ocean heat content slowly evolving patterns, which may have the potential to influence climate
variability on interannual to decadal time scales. Perfect model experiments show considerable
promise for predicting internal variability, particularly in the north Atlantic. There are however
technical obstacles that must be overcome if such potential predictability is to be achieved in
reality. A fundamental problem is that climate models are unable to simulate the observed climate
perfectly. When initialized with observations, models therefore drift towards their preferred
imperfect climatology (e.g. Meehl et al, 2009). This is particularly true for the Atlantic as has been
shown by several recent papers (e.g. Ref) and on going work in the Ensembles project with some
participation from the CLIVAR Atlantic implementation panel. It is thus crucial to develop and
test extensively different strategies for ocean initialization.

Results from Phase 1 of AMMA
The Atlantic Ocean long term variability seems to play a relevant role in determining long drought
periods over the Sahelian belt (e.g. Ward, 1998), although some caveats have been raised (e.g.
Ref). Recent EU projects and international initiatives will make available decadal predictions and
hindcasts whose main objective is to demonstrate our capability to forecast the climate system 20
years ahead relying on innovative initializations of the 3d ocean state (3-D ocean anomaly
nudging, SST and SIE nudging only, forcing an ocean model with pseudo-observed atmospheric
fluxes, spectral or grid-point nudging of atmospheric variables in addition to the ocean ones,
coupled data assimilation, etc ...).

RECOMMENDATIONS
Evaluate the decadal forecasts performed in EU projects (ENSEMBLES, COMBE) and in US
and Japan parallel initiatives. Participate to the AR5 exercise of decadal forecast and evaluate
their skill over West Africa. Multi-models ensembles of hindcasts/forecasts will be produced
over ten years starting every five years from 1960 to 2005, and over 30 years starting in 1960,
1980 and 2005.
Questions to ask include: Do the hindcast simulations capture the last 10-15 years behavior in
West Africa? What is the influence of the simulated AMO upon West African interannual to
decadal variability? Do the natural and anthropogenic aerosols play an important role to
shape decadal variability? What are the main physical processes underlying decadal
variability and how well are they represented by the current generation of coupled models?
Issues on model biases and damping processes have to be addressed. Even if we have a
perfect observing system and the best possible assimilation scheme, model biases can
suppress all the signal in a few months due for examples to inaccurate SST-heat flux
feedbacks (it has been shown in the PREDICATE project that many coupled models have too
strong a negative feedback, in particular in the Atlantic, leading to a lack of persistence of
SST anomalies compared to the observed ones). The same type of diagnostic should be
carried out on the current state of the art models.
ISP Phase 2 Version 2
36

15/12/2010

ISP2 Version 2
There is also a strong need for a detailed intercomparison of ocean synthesis products in the
Atlantic (given the variety of ingredients involved in ocean data assimilation, we have to
clearly define what we are expecting from this exercise or even if it is at all meaningful).
Finally it is also very important to assess various ensemble generation methodologies
(optimal perturbation approach or others) in order to span the different sources of
uncertainties in the probabilistic forecasts.

2b.3 Linkages with Operational Centers and Improving Models
Results from Phase 1 of AMMA
Aided by the AMMA-THORPEX working group, AMMA initiated collaborations with several
numerical weather prediction centres including ECMWF, Meteo-France, NOAA-NCEP, and The
Met Office. Notable activities included: evaluation of operational models, bias correction of
AMMA radiosondes, data denial experiments, as well as provision of web pages to support
monitoring of the West African monsoon and forecasts in support of the field campaign. The
knowledge and experience gained during the first phase of AMMA was instrumental in the
creation of the Africa-THORPEX Plan.
An essential component of the “pull-through” to improve models for weather and climate
prediction is to ensure good linkages with operational centers. More than this however is the need
to engage with the key people at these centers who work on model evaluation, model development,
data assimilation etc.
RECOMMENDATIONS
Establish a series of high profile workshops to “pull-through” the knowledge gained in
AMMA towards improving models used for weather and climate prediction. Where possible
this should involve scientists working at a range of timescales (recognizing that model
systematic errors are often similar at all timescales). These workshops should be focused on
the key phenomena or processes that we think are important but are not well represented.
Consideration should be given to having these workshops at operational prediction centers.
Effort is needed now to agree the priorities for the coming years and to establish the
workshop series.
More effort is needed to provide routine evaluation of weather and climate forecasts. AMMA
should consider providing a website and routine reports to highlight these evaluations and to
ensure that operational centers are informed of the problems (and successes!)
Ensure that the AMMA activities benefit to African national and regional services (i.e.
NWHS, ACMAD, AGRHYMET, ..). That includes current or new EWS using products from
weather and climate forecasts (e.g. see section 2a on meningitis).
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2c Monsoon system
The first phase of the AMMA project was motivated, in part, by the idea that better documentation
and understanding of the physical processes involved in the WAM system were necessary to improve
our understanding of the whole WAM system and its prediction at different scales. After the huge
effort dedicated to process studies, supported in particular by the enhanced observations made
between 2005 and 2007, we now summarize the progress made, and the gaps that remain, including
greater emphasis on how the future work will help to improve prediction capabilities (see section 2b)
and “Interactions Society-Environment-Climate” (ISEC) priorities (see section 2a).
In the second phase of AMMA we propose to promote and coordinate the study of the WAM within
three key time scales: weather system, intra-seasonal, and multi-annual, and including how they
interact with each other.
To complement and reinforce the “scale” approach, a second integrative theme focusing on the
water-energy cycle and its links with the continental and oceanic surfaces is put forward as a crosscutting field of investigation. Indeed, the WAM system is strongly controlled by the interactions
between both the oceanic and continental surfaces and sub-surfaces, including the continental
hydrology. Moreover the continental surface is an essential aspect of climate impact studies. This
theme addresses all the time scales.

2c.1 Weather system scale (less than 10 days)
Results from Phase 1 of AMMA
Mesoscale Convective Systems: MCS are the main “weather maker” of the WAM providing most
of the significant rainfall events as well as the strongest winds and dust outbreaks (Mathon et al.
2002, Flamant et al. 2007). The 2-way interactions between the MCSs and the large-scale
environment are key for determining the nature of the MCSs as well as how the MCSs feedback
onto larger scales (Barthe et al. 2010). During the 1st stage of AMMA the documentation of this
dynamical system has led to an important effort devoted to the 2006 SOP field experiment and to
its scientific exploitation.
Dynamics of WAM: While the key features of WAM system were well known before AMMA
(e.g. surface condition, monsoon layer, Saharan heat low (SHL), jets and waves etc), the AMMA
observations and related diagnostic and modeling studies have resulted in improved knowledge
and understanding of these features as well as how they interact. Also some features appear to be
more important than previously believed, including, for example, the SHL (Lavaysse et al. 2009).
Also while AMMA was initially focused on the meridional structure of the WAM, it has became
increasingly obvious that the zonal variations need to be considered. For example it is important to
recognize the importance of orographic triggering of MCSs and how east-west variations in
orography influence this. Also, recent progress on the theory of African Easterly Waves (AEWs)
has highlighted the need to consider localized triggering of AEWs which often takes place
upstream of the West African region (Hall et al. 2006, Thorncroft et al. 2008). Similarly the role of
the Low-Level Westerly Jet (LLWJ) off the western coast of West Africa has to be better
considered and can be obscured by zonal averaging (Pu and Cook 2010).
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Convection and soil moisture: It has been shown that local soil moisture conditions are an
important factor alongside the synoptic state and diurnal cycle in the triggering of convection.
There is a strong preference for convection over drier soils (Taylor and Ellis 2006). An important
mechanism here is the generation of daytime circulations forced by mesoscale soil moisture
patterns (10 km upwards). The associated convergence zones provide a favorable environment for
storm initiation, with convective clouds developing on the dry side of the gradients (Taylor et al.
2010, Gaertner et al. 2010, Gantner and Kalthoff 2010). Strong gradients in surface heating are
widespread in the Sahel early in the season, but are suppressed once the seasonal vegetation cover
is well developed. There is however less knowledge of how soil moisture affects the propagation
of well-established systems, and crucially for seasonal rainfall totals, their decay.
Dust generation: It has also been shown that dust generation in front of MCSs is responsible for
the extremely high daily dust concentrations recorded at the beginning of the wet season. The
intra-seasonal and inter-annual variability of the dust concentrations is controlled by the number of
MCSs at the beginning of the rainy season and by the intensity of the surface winds in the front of
these systems (Marticorena et al. 2010). MCSs also play an important role in transporting ozone
precursors from surface emissions into the upper troposphere where they contribute towards
downwind ozone production (Saunois et al. 2008, Cairo et al. 2009, Ancellet et al. 2009).
Overshooting convection, occurring locally over West Africa may also transport trace gases
directly into the lower stratosphere (Bechara et al. 2009).
Weather systems and large scale environment: A major challenge that remains for AMMA is to
provide a coherent picture of the 2-way interactions that occur between the weather systems and
the large-scale including, in particular, the role of zonal variations and the role of midlatitudes.
Indeed, recent studies (Vizy and Cook 2009, Chauvin et al. 2010, Coëtlogon et al. 2010) have
suggested that there is a close dynamical relationship between some of the important features of
WAM system (e.g. Saharan Heat Low) and the weather type at mid-latitudes, and over surrounding
oceans (Mediterranean sea and Tropical Atlantic). The merging of all these studies (processes and
intra-seasonal variability) will support the creation of a new dynamical conceptual model that will
be a major challenge of the 2nd stage of AMMA.
Wind bursts over ocean: It has been shown that strong wind bursts in the west and central parts
of the Equatorial Atlantic Ocean play an important role for the preconditioning and onset of the
cold tongue in the eastern tropical Atlantic. As observed during the AMMA oceanographic cruises
(2005-2007), such short scale events in the West contribute to the surfacing of the thermocline in
the east through the generation of equatorial Kelvin waves (Athie and Marin 2008, Polo et al.
2008, Hormann and Brandt 2009). In the East, these wind bursts trigger the cooling of the surface
waters and the establishment of the cold tongue (Marin et al. 2009, Giordani and Caniaux 2010).
RECOMMENDATIONS
Interactions between convection and its environment: Improved understanding of the 2-way
interactions between convection and the environment remains a major challenge for AMMA.
Continued effort is required in this area and a number of different approaches should be
considered including analyses of observations (e.g. satellite, radar, soundings, raingauges)
and reanalyzes (e.g. ECMWF interim, NASA, NCEP), as well as a hierarchy of modeling
approaches (e.g. GCM, LES, CRM, LAM,1D models, idealized models). More effort is also
ISP Phase 2 Version 2
39

15/12/2010

ISP2 Version 2
required to explore the extent to which the interactions are well represented in operational
prediction models used for weather and climate and if not recommendations for
improvements need to be done.
Continental surface-atmosphere interactions: The role of surface-atmosphere interactions on
the nature of convection requires continued effort. This must include investigation of how
soil moisture affects the triggering, and propagation of MCSs and also their decay. This
question can be addressed with available statistics and diagnostics tools, using AMMA
observations, SMOS and other satellite products, ALMIP and ALMIP2 products, and CRM
simulations.
Ocean-atmosphere interactions: The wind bursts occurring over the tropical Atlantic
dynamics deserve additional investigation, e.g. their origin and occurrence, their impact on
the ocean and air-sea exchanges and their potential use as predictive events for the conditions
encountered in the Gulf of Guinea. For example, most process studies initiated in the frame of
AMMA/EGEE indicate that other observations are needed concerning the atmospheric
circulation related to the Santa-Helena anticyclone and the influence of south hemispheric
southeasterlies strengthening on the response of the ocean. It is a key question for
preconditioning and influencing the cold tongue emplacement and for its potential influence
on the WAM. The Santa-Helena anticyclone remains one of the less well studied features of
the coupled system at the beginning of the WAM.
Chemistry-aerosols-atmosphere interactions: In order to estimate how much of the dust
mobilized by MCSs is effectively available for long-range transport, it is necessary to make
the budget between emissions (due to surface wind) and deposition (due to precipitation) in
such systems, using SOP1-2 data, CRM and LAM, applied to case studies. Attention must be
paid to the cycling of mineral dust in the convective clouds and to the vertical extend of the
dust exportation that may control its long-range transport. Another issue is the dust radiative
impact on MCS initiation and development. Also dust model inter-comparison exercises must
be carried out taking advantage of the AMMA observations, focusing on dust emission and
transport processes and on direct radiative forcing. The role of other aerosols, such as
imported biomass burning aerosols or anthropogenic aerosols, on cloud formation and the
radiation budget are also not well known. Further case studies are also required on the impact
of different ozone precursor emissions on the free tropospheric ozone budget. In particular,
improved representation of lightning emissions of nitrogen oxides in large-scale global
models are needed based on SOP observations and higher resolution mesoscale model
studies. Levels of anthropogenic emissions (aerosols and trace gases) from developing
megacities in West Africa also require improved assessment since they are likely to increase
rapidly in the coming decades.

2c.2 Intra-seasonal scale (between 10 and 90 days)
Here we are concerned with the modulation of the monsoon system at timescales longer than the
“weather” scale and up to the typical timescale of the Madden-Julian Oscillation (MJO). Included
here it is also necessary to consider the annual cycle of the monsoon in which intra-seasonal
fluctuations are embedded since this will affect the impact of the variability. As outlined in section
2b2, this scale is critica for societal impacts (e.g. for crops, water resources etc; Sultan et al. 2005)
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with requests routinely made (See sections 2a and 2b) for forecasts of the monsoon onset date and of
the occurrences of particularly dry or wet spells. This intraseasonal scale is also a critical one as
being between the “weather” scale and inter-annual variability scale and their interactions must be
studied. It will contribute to build the WAM conceptual dynamical model.

Results from Phase 1 of AMMA
Monsoon onset: Advances have been achieved in the understanding of the WAM onset (Le Barbe
et al. 2002, Sultan and Janicot 2003), its links with land and oceanic conditions (Ramel et al. 2005,
Caniaux et al. 2010), and the role of internal atmospheric processes like inertial instability (Hagos
and Cook 2007). Consensus in this matter has however not been reached and more basic research
is required that investigates the cold tongue development (e.g. Caniaux et al, 2010, de Coetlogon et
al 2010, Atlantic-Clivar/AMMA/TACE 2009 meeting report) as well as the role of the heat low
and equatorial waves in the atmosphere and ocean.
Intraseasonal variability in the atmosphere: New results have been obtained on the detection and
characterization of intra-seasonal variability of rainfall and convection at two main periods, 10-25days and 25-90 days (Sultan et al. 2003, Matthews 2004, Janicot et al. 2009, Lavender et al. 2009).
It has been shown that these modes can be controlled both by atmospheric dynamics in the intertropical band and by interactions with the oceanic and continental surfaces (Mounier et al. 2008,
Taylor 2008). Such activity can also be initiated by atmospheric synoptic activity in mid-latitudes
in both northern and southern hemispheres (Vizy and Cook 2009, Chauvin et al. 2010, Coëtlogon
et al. 2010). It has also been shown that nudging an AGCM towards observations over the WAM
area modifies synoptic weather regimes over Europe (Bielli et al. 2009).
Intraseasonal variability in the ocean: Progress have been obtained in the quantification of the
mean and the variability of the equatorial current system (Brandt et al. 2006, Hormann and Brandt
2007, Kolodziejczyk et al. 2009), in the physical understanding of intraseasonal waves (Tropical
Instability Waves) either wind-generated or generated by the instability of the zonal current system
(Athie and Marin 2008, Marin et al. 2009) and in the diapycnal mixing processes at the base of the
mixed layer (Giordani and Caniaux 2010) that strongly influence the SST and mixed layer
condition variability.
Intraseasonal variability of aerosols The variability of atmospheric mineral dust and biomass
burning aerosols must also be considered since their radiative impact can modulate the African
monsoon dynamics at intra-seasonal timescales (Mallet et al. 2009, Raut et al. 2008).

RECOMMENDATIONS
Studies on others seasons than summer: The work produced up to now has focused on the
summer season. It is necessary to extend this investigation for the spring period (March-June)
over the Guinean Coast and Central Africa where the rain belt is located at this time of the
year, and to the other seasons. This is particularly crucial to better understand the preconditioning of the WAM summer onset. It corresponds also to a strong request from the
non-Sahelian African community to have and collaborate on more detailed investigation on
this issue. Also intra-seasonal variability of mineral dust content must be connected to the
statistical distribution and characteristics of the MCS during the monsoon season and of the
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meteorological weather regimes during the dry season (this issue is very important for the
impact studies linked to meningitis epidemics; see Section 2a). Biomass burning aerosol and
anthropogenic aerosols in cities may also be important. Quantification of processes
influencing ozone in other seasons are needed to build up an improved picture about the
annual ozone budget over Wes Africa.
Interactions within the Tropics and Extratropics: This issue was not central to the 1st stage of
AMMA and must be strengthened in the next phase. Preliminary investigations have
highlighted a significant impact of the WAM on atmospheric circulations over Europe. Also,
variability in the Santa Helena high has been shown to impact the intra-seasonal variability of
the WAM. Variability of the WAM is also known to impact other regions in the Tropics;
most importantly for instance is the impact it has on Atlantic tropical cyclogenesis. The
details of these tropical interactions need further attention. The use of atmospheric
simulations nudged either over West Africa or over mid-latitudes, have been shown to be
very powerful to address these issues.
Internal interactions: Different mechanisms have been suggested for the maintenance and for
the quasi-periodic evolution of the intra-seasonal modes in the WAM and must be examined
in more detail, i.e. the atmospheric recharge-discharge mechanism, the potential role of
inertial instability, the occurrence of convectively-coupled equatorial waves, the interactions
between atmospheric dynamics and the continental and oceanic surface conditions. This can
be addressed by new diagnostic studies of new atmospheric reanalyzes (e.g. ECMWF interim,
NASA), high-sampled and new satellite data and AMMA SOP/EOP data sets. Similar studies
should be performed in GCM simulations to explore the fidelity of these models. The use of
CRM simulations over a large-scale domain is a very good “laboratory” to study convectionenvironment interactions at this time scale.
Sensitivity GCM simulations to the albedo, soil moisture in a coupled or a prescribed mode
with or without intra-seasonal evolution, and with nudged simulations will be helpful to
address this issue. This must be particularly examined in more densely vegetated zones for
which our knowledge is weak.
Ocean-Atmosphere interactions: There is also a need to better understand the interactions
between the oceanic cold tongue in the Guinean gulf and the WAM intra-seasonal variability
and onset, through the role of the different oceanic processes, the SST gradients associated
with the cool tongue and the coastal upwelling, the atmospheric marine boundary layer and
precipitation. The development of regional high-resolution coupled models would support
this investigation. These simulations would also be useful to address the air-sea interaction
mechanisms off the coast of the Senegal where the enhancement of the LLWJ and its links
with the SHL is critical during the WAM onset.
Oceanic waves:
Although much progress was obtained in the understanding of the Intraseasonal variability in
the ocean, including Tropical Instability Waves (TIWs), wind-generated Yanai waves and
Kelvin waves, and the fact that it is assumed that TIWs warm and wind-generated Yanai
waves in the Gulf of Guinea effectively cool the SST, there are many open questions that
deserve to be addressed, as: i) the direct influence of intraseasonal waves on the meridional
SST gradient in the eastern tropical Atlantic and thus on the atmospheric convection, ii) the
wind changes associated with the meridional SST gradient that might be effective in
encouraging atmospheric convection to move northward, iii) the role of the intraseasonal
oceanic Kelvin waves in preconditioning diapycnal mixing processes during the onset phase
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of the cold tongue, iv) the deep thermocline in the far east due to springtime propagation of
downwelling Kelvin waves that might prevent diapycnal mixing processes, v) the role of
TIWs in the mixed layer heat budget, and vi) the reasons for the strong disagreement among
modeling studies, and vii) the processes at work in the region at the junction between the
equatorial upwelling and the Angola-Congo upwelling.

2c.3 Multi-annual scale (inter-annual, decadal, and climate change)
The multi-annual scale is extremely important for West African societies. Here we are concerned
with variability and predictability of the WAM at inter-annual timescales, multi-decadal timescales
(i.e. the next 10 to 30 years) and in association with climate change scenarios (up to 2100 for
example).

Results from Phase 1 of AMMA
Teleconnections: During the 1st stage of AMMA, the impact of the Atlantic and the Pacific-Indian
basin on interannual variability of the WAM was confirmed (Losada et al. 2009a, Mohino et al.
2010a, 2010b, Rodriguez-Fonseca et al. 2010), and the role of the Mediterranean basins has also
been highlighted (Fontaine et al. 2009). It has also been shown that the equatorial Atlantic basin
has a significant impact on both the ENSO dynamics and the Indian monsoon variability through
modulating rainfall and diabatic heating in the WAM ITCZ and the resultant atmospheric
Matsuno-Gill type response within the Tropics (Losada et al. 2009b, Rodriguez-Fonseca et al.
2009). Some debate has been raised about the relative roles of the Indian and Atlantic basins at
decadal timescales on WAM variability during the last 60 years and especially for the recent
partial rainfall recovery (Knight et al. 2006, Baines and Folland 2007, Hagos and Cook 2008,
Mohino et al. 2010c). The AR4 coupled models have been examined in detail and their inability to
simulate accurately the ENSO-WAM teleconnection has been highlighted (Joly et al. 2007, Joly
and Voldoire 2009).
The mechanisms, which underlay the teleconnections between the WAM region and the Atlantic,
Pacific and Mediterranean areas, have been analyzed in a set of coordinated experiments. The
Atlantic Ocean long-term variability seems to play a role in determining long drought periods over
the Sahelian belt, although some caveats have been raised. Moreover, the cold tongue warm bias
and its relevance for the WAM and Indian Monsoon have been analyzed using idealized
simulations and seasonal forecast outputs.
Last but not least, we should highlight the fact that the WAM region is a preferential area for
studying interactions between chemistry and atmospheric dynamics. A first inter-comparison
project has been organized and several models have been compared. Large differences were found
between models related not only to differences in dynamical treatments (convection specifically)
but also chemical and aerosol schemes, and parameterizations of, for example, lightning NOx
emissions. Differences in large-scale circulations, importing trace gases into the region from Asia
in the tropical tropopause layer (TTL) are also apparent.
Vegetation coupling: We have obtained evidence that interannual variability of vegetation
(influenced by the previous rainy season) can influence the early stages of the following rainy
season, although current climate models are not capable of capturing this process (Philippon et al.
2005). It remains an open question as to how much this vegetation memory feeds back on the
monsoon. The understanding and modeling of the WAM partly depends on the evolution of land
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use change (Paeth et al. 2009). However the lack of accurate observations in this regard has
hindered progress in this area. Resilience of eco- and agro- systems has also to be accounted for.
We cannot evaluate presently the relative role of SST and land memory effects in the potential
inter-seasons persistence of the WAM (Douville et al. 2007).
Oceanic coupling: Experiments in the open ocean allowed some fundamental progress to be made
for addressing key questions concerning the ocean/atmosphere coupling in the Gulf of Guinea.
Most of this research allowed improvement for modeling studies: cold tongue location and related
mechanisms, upper layer thermodynamical and dynamical processes and surface flux budgets. The
main modes of SST variability in the Tropical Atlantic are the meridional mode most pronounced
during boreal spring and the zonal mode most pronounced during boreal summer (Kushnir et al.
2006). The understanding of climate feedback mechanisms for the development of these modes,
i.e. the Bjerkness feedback and the wind evaporation SST feedback has been much improved
(Peter et al. 2006). Of particular importance are also remote forcing associated with ENSO and the
NAO (effect on the northern hemisphere trade winds) and with the AMO probably due to changes
of the THC (SST gradient between northern and southern hemisphere), that finally influence the
ITCZ complex. It could be shown that variability within the Atlantic subtropical cell (STC) is
related to heat content variability in the eastern tropical Atlantic.
Climate change: The AR4 models fail to reach a robust agreement regarding the 21st century
outlook for the WAM in a future with increasing greenhouse gases (GHGs; Biasutti and Giannini
2006, Joly et al. 2007). The criteria defined to evaluate the quality of 20th century simulations,
mainly based on WAM-SST relationships, are useless for evaluating the confidence in 21st
scenarios, meaning that additional influences, like direct radiative GHG effect or land surface
processes, may become more important in the future (Biasutti et al. 2008).
Several model integrations were performed for the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC), were made available through the Program for
Climate Model Diagnosis and Intercomparison (PCMDI), thus providing a unique baseline for
intercomparison studies. These simulations were analyzed and evaluated according to wheter they
were able to realistically represent the West African region in summer (Cook and Vizy 2006, Joly
et al 2007, Joly and Voldoire 2009). Unfortunately, many models were unable to realistically
simulate the WAM and so we continue to have little confidence in the predictions of how the West
African Monsoon will respond to anthropogenic climate change (Biasutti et al, 2008).

RECOMMENDATIONS
Inter-annual and decadal scales: The general objective is to evaluate the relative contributions
of the feedback loops between the monsoon system and the different oceanic basins, land
surface, and aerosols, versus the range of the internal variability of the WAM system. This
must be addressed by using a multi-model combination of atmospheric idealized, forced,
partly and fully coupled simulations, as well as regional coupled modeling. While a lot has
been learned about the WAM-SST variability mechanisms at inter-annual and decadal scales,
this investigation must be pursued further. In particular the different possible atmospheric
teleconnection mechanisms with the El Niño/La Niña events and the causes for their
inaccurate simulation in climate models must be more deeply analyzed. The relative impact
of the Atlantic and the Indian basins on the multi-decadal WAM variability must be explored
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too. Also, the interactions at all time scales between WAM and the European latitudes
including the Mediterranean basin must be investigated.
In collaboration with scientists working on prediction and predictability of the WAM (at all
timescales), there is a need to identify the key processes that are not well represented in
models used for climate prediction; and to work with modeling groups and centers to address
these problems.
The role of the long-term evolution of the continental surface characteristics (albedo,
vegetation, soil moisture, sub-surface water reservoirs) on the WAM, from natural
interactions with climate plus anthropogenic forcing (land-use), is also a key-issue even if
there is a consensus to say that it should be a second order in front of the SST component.
Given the lack of useful land-surface data the effort to rectify this that was started in the 1st
stage of AMMA must be completed. This includes diagnosing the land-surface changes from
combining aerial photos, satellite data and long-term fields measurements from 1950 to
nowadays (with a focus on the satellite period 1972-present). Such data will hopefully be
useful to address questions like the hydrological paradox (the fact that the water-table level
and surface ponds increased as precipitation decreased) and the role of the vegetation cover
behavior in this context.
Other activities must be developed around the coupling between aerosols, trace gases and
African climate. Improved understanding about the climate factors impacting emissions of
trace gas (GHG) and aerosol emissions are required in combination with improved landsurface emission models for emissions from, for example vegetation, soils and fires.
Lightning may also change as a result of changing convective patterns. It will be important to
assess both past inter-annual variability (last 10-15 years) as well as future change. For this
purpose, improved seasonally and inter-annually varying anthropogenic and natural
emissions will be required. Interactions between chemistry-aerosols and African climate can
be investigated using ensembles of global or regional models, and by performing sensitivity
studies to examine both radiative impacts of anthropogenic aerosols (biomass burning and
megacities) or ozone and/or climate variability. Radiative forcing (RF), including regional
variability from dust can be improved (see above) and examined on an inter-annual basis
based on studies of the mineral dust cycle and its size distribution signature from SOP1-2 and
Sahelian dust transect measurements as well as PARASOL and MSG products. Such RF
estimates can be assimilated into climate models. Based on AMMA data, some aspects of the
GHG balance can be assessed in terms of ecosystem CO2 flux, long-term evolution of
ecosystems’ carbon content. Earth system models can be evaluated over meso-sites.
There are still open questions like e.g. what are the key SST anomaly patterns that influence
the WAM on seasonal to decadal time scales and particularly what is the role of ocean
dynamics potentially leading to predictability. The starting point of TACE/CLIVAR was the
strong SST bias in the tropical Atlantic in coupled climate models. This problem, which does
not allow to establish correctly climate feedbacks like the Bjerkness feedback, is still not
solved. The mean zonal SST gradient during boreal summer in recent model studies (CMIP3,
DEMETER, ENSEMBLES) has still the wrong sign compared with observations.
Additionally there is a westerly wind bias in the western equatorial Atlantic during boreal
spring, which is responsible for the thermocline deepening in the cold tongue region. The
SST-heat flux feedback seems to be overestimated in climate models resulting in a potential
damping of seasonal to interannual variability. In general, the SST bias in climate models
should have highest priority to be solved through improved parameterizations. The first
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priority is to identify the key processes contributing to the development of the warm bias in
the Atlantic cold tongue region and to recommend strategies for improving these in
collaboration with climate modeling groups or centers (Collaboration going on in CLIVARAtlantic framework).
Key observations are needed to identify most clearly problems in climate models. Also, the
effect of salinity changes on buoyancy surface fluxes remains open. In general the surface
freshening is a problem in models and in assimilation system. It is believed that
precipitation/evaporation from NCEP/ECMWF must be corrected to obtain realistic
hydrological cycle. With the upcoming SMOS satellite there is a chance of improving surface
salinity information in the tropical Atlantic.
Moreover, a larger question is the respective position and coupling between the three
following large scale features: the Santa-Helena Anticyclone, the Atlantic cold tongue, and
the Azores Anticyclone/Saharian heat low that lead to the natural interannual - multidecadal
variability of the WAM.
Climate change scenarios: The general objective is to better understand how the WAM will
vary in association with anthropogenic climate change and to improve confidence in model
predictions of climate change in the WAM region. This in fact needs a deeper understanding
of the WAM system and the processes that cause it to vary on a range of time scales. The first
step will be the evaluation of the new climate models used for AR5 in representing both the
mean annual cycle of the African monsoon and the WAM-SST teleconnections. This is a
critical point if we want to be able to discriminate the direct radiative impact of the
greenhouse gas increase from its indirect impact via the modification of the SST patterns.
Then more effort will have to be put into the land-atmosphere coupling modeling taking
advantage of the AMMA data sets. The extent to which the inability of coarse GCMs to fully
resolve the tight meridional gradients of temperature and moisture, negatively impacts
climate forecasts, must be evaluated.
Recently, the international framework CORDEX has been set up to produce a new generation
of high-resolution regional projections for use in impact and adaptation studies to be part of
the next AR5. The main area selected for this initiative is the African continent (Sylla et al.,
2009). Although some scientific caveats should be retained due to the GCM systematic
errors, the availability of a large set of regional simulations over Africa could be useful for
analyzing the relevance of regional feedbacks and for increasing the members in an ensemble
approach to risk assessment.
Also, simulations of the impact of anthropogenic aerosols on future climate and of global
chemistry change (especially ozone budget in the upper troposphere and lower stratosphere)
have to be planned on the basis of IPCC scenarios and projected emission inventories, in
order to better characterize the combined action and impact of climate change and given the
intense development of urban areas in West Africa. It is likely that the future development of
megacities in the region, especially along the southern coast, will dramatically increase
emissions of ozone and aerosol precursors which will have increased effects on regional air
quality (human health) as well as possibly on regional climate through changes in the
hydrological cycle. The interaction between coastal megacities and the ocean environment
will also require quantification.
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Paleo-climate scales: These time scales have not been considered during the 1st stage of
AMMA while investigations carried out within international paleo-climate programs have
shown that there are a lot of common scientific questions within the present and the past
climates. As simulations at these time scales will also be provided in the AR5 exercise, it
represents an opportunity for AMMA to address this issue and to build new collaborations
with this community. In particular one must focus on the tropical WAM-SST teleconnections,
inter-monsoons atmospheric links, and with the higher latitudes looking on the thermohaline
circulation and the relative Atlantic multi-decadal variability impact on the WAM.

2c.4 The water and energy cycles in the coupled surface-atmosphere WAM system
The water and energy cycles are central components of the WAM system. They control both the
physics and dynamics of the system and play a crucial role in terms of societal impacts. The
availability of water is indeed the most limiting parameter for life, agriculture and development.

Results from Phase 1 of AMMA
Land sur-face Model Intercomparison
The coordination of the land surface modeling activities is supported by the AMMA Land sur-face
Model Intercomparison Project (ALMIP) (Boone et al 2009). The recently completed ALMIP
Phase I dealt with the regional scale. With a dozen different groups who performed multi-year
offline simulations (2002-2007). The resulting LSM simulations are currently being used
extensively for hydrological modeling, regional scale water budget estimates, mesoscale
atmospheric case studies (initialization and evaluation), regional atmospheric chemistry modeling
and evaluation of regional and global scale atmospheric models within the AMMA atmospheric
Model Intercomparison Project (AMMA-MIP) and the West African Monsoon Modeling
Evaluation project (WAMME). In the next ALMIP Phase II, LSMs will be evaluated using
observational data from the three heavily instrumented super-site “squares” from AMMA-CATCH
observing system (Mali, Niger and Benin).
The large scale atmospheric water budget over West Africa
The atmospheric water budget of West Africa has been investigated with a hybrid dataset based on
observational and modeling products over 2002-2007 period (Meynadier et al, 2010a and b).
Seasonal, intra-seasonal and inter-annual fluctuations have been quantified. Links between budget
terms were analyzed regionally, from the Guinean coast to the Sahel. Water budgets from several
NWP systems were inter-compared and evaluated against the hybrid dataset. The ECMWF
AMMA reanalysis provides the best results, but large deficiencies are evidenced in all the NWP
systems. Hypotheses have been proposed about their origins and further improvements are
foreseen.
Underground-surface water exchanges:
Aquifers may act as reservoirs temporarily storing and subsequently releasing it to the water cycle
(drainage to rivers, atmospheric feed-back by the biosphere), on time scales ranging from day to
inter-annual. Studies from AMMA observations suggest that deep rooted trees in Guinean or
Sudanian areas may extract significant quantities of water, especially in the dry season (Guyot et
al. 2009). This may have links with the controls of the monsoon by the continental surface at intraseasonal to inter-annual time scales (so called “continental memory effect”, where the moisture
state of the continent in fall may control the monsoon strength the following summer; Philippon et
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al. 2005). The exchanges between the surface water and groundwater over the West African region
are highly dependent on the quantity of precipitation, the surface hydrologic processes, and
associated controlling factors, and the nature and geometry of the geological substratum. The
paradoxical continuous rise on multi-decadal time scales of the large, sedimentary water table in
south-western Niger (Sahelian paradox) is primarily a response to the changes in surface
conditions rather than a rainfall-driven process (Leduc et al. 2001, Leblanc et al. 2008). As a side
effect, large parts of the water table have been outcropping in the low lying areas of the landscape,
creating permanent pond water bodies submitted to evaporation, well recognized by remote
sensing data (Gardelle et al. 2010).
Surface radiative budget
Thanks to unprecedented AMMA dataset, seasonal and diurnal cycles of radiative budget over the
Sahel have been analyzed over Mali and Niger AMMA sites (Guichard et al 2010). The
observational results provide valuable ground truth for assessing models over an area displaying a
rich variety of surface–atmosphere regimes. Models experience difficulties during the premonsoon period.
During the 1st stage of AMMA, water and energy cycles were mostly studied separately in the
different geophysical compartments (atmosphere, land surface, ocean) with an organization that
favored splitting into different space and time scales. While this organization was useful to
progress in terms of process studies at different compartments/scales, the 2nd stage of AMMA
should give greater emphasis to interactions between scales and between compartments. The work
will be structured around these interactions organized in different specific research actions, using
either observational data analysis and/or modeling activities, including climate models.
In the atmosphere, one must focus on water and energy cycles at multiple scales and interactions
with the surface. Beyond the fundamental mechanisms that are now broadly understood, the main
objectives are to study intra-seasonal and inter-annual variability of each component of the water
budget, the strength of surface water recycling in the atmospheric water budget, and the surfaceatmosphere feedback mechanisms and impacts on climate. On the land surface, the integrated
studies on the water and energy cycles are structured along with the key “interfaces” (hydrospherebiosphere, surface hydrology and groundwater dynamics,..), with an emphasis on the dynamics of
these systems based on the 1st stage of AMMA data collection and process studies. Special
attention is given to the dynamics of the fluxes at the surface/atmosphere interface, as well as to
the physical and biological mechanisms driving the interactions with human activities (mainly
water and agronomy resources) and ‘impact’ models. For the ocean surface, note that some of the
issues are already addressed in the previous sections.
RECOMMENDATIONS
Atmospheric water and energy budgets: Significant progress has been made in the first stage
of AMMA in understanding individual processes at different scales. However a fully
quantitative analysis of the strength of many processes and their interactions is still lacking.
The atmospheric scale interactions and surface-atmosphere couplings must be addressed from
a quantitative point of view with the help of water and energy budgets and moisture recycling
indices. It relies on the use of the accurate column-integrated and vertically resolved water
and energy budgets produced during the first stage of AMMA (ALMIP-1 multi-model
simulations; Boone et al. 2009a). Similar products computed from ALMIP-2 at the mesoscale
ISP Phase 2 Version 2
48

15/12/2010

ISP2 Version 2
will have to be used too. These budgets will help the investigation of scale interactions in the
atmospheric water budget, the role of and feedbacks on MCSs (intra-seasonal to inter-annual
variability), and serve as a reference for validating NWP and climate models. The question of
the geographical origin of moisture for WAM rainfall must also be addressed through
simulation studies using climate models with various approaches (NWP models, nudged
climate model simulations, water isotope tagging…).
Surface-atmosphere couplings: The vertical moisture and heat exchanges between the surface
and the lower troposphere at different latitude bands must be analyzed using observations and
high-resolution coupled surface-atmosphere modeling in order to explore the role of the
couplings occurring at the diurnal cycle between surface processes, turbulence and shallow
convection, in association with atmospheric circulation in mid and low levels (mostly the
meridional circulation) both in the pre- and post-monsoon onset. Dedicated case studies can
help in identifying deficiencies in models and improve parameterizations. Secondly, surfaceconvection coupling mechanisms must be analyzed with climate models and idealized
simulations (single-column model with parameterized physics and surface hydrological
schemes) at various time scales. Observations and budgets computations must be used to
guide and validate these studies.
Water and energy cycle in the troposphere and feedback from clouds and aerosols: The role
of feedbacks from aerosols and clouds in the water and energy cycle in the troposphere must
be addressed. This includes the building of an enhanced cloud climatology over West Africa
based on AMMA data and satellite products, which can be used for the assessment of climate
models (AMMA-MIP framework; Hourdin et al. 2009). This also involves modeling, namely
ensemble simulations, as well as more fundamental work on processes presently not well
constrained where needed (e.g. cloud microphysics and radiation).
Air-sea fluxes and oceanic processes: In order to better understand the ocean-WAM water
cycle in the eastern inter-tropical Atlantic (southern and northern part), one must first better
understand the main oceanic processes controlling the meridional SST gradient, the
preconditioning of the cold tongue development, the thermocline evolution in the east, and
the mixed layer heat budget. Then the impact of the African rivers on the fresh water budget
in the gulf of Guinea is still unknown; the use of SMOS data could provide a better estimate
of salinity in this area. One has also to develop a better estimate of air-sea fluxes by
correcting the impact of atmospheric aerosols on the surface radiative budget in satellite
estimate. Then one can better quantify the different scales of variability of the component
linked to this oceanic basin of the atmospheric water budget and the sources and sinks of
water vapor.
Surface rainfall and elaborated precipitation products: Among the needs for improved data
products, uncertainties about surface rainfall information are still too large to enable
providing of a good estimate of the water and energy budgets. More effort is needed to
provide a regional-scale evaluation of products from satellite, aircraft and ground
observations, and an evaluation of local site to mesoscale products for ALMIP-2 and
hydrologic studies. This action is strongly linked to the development and outcomes of the
Megha-Tropiques mission and access to rainfall ground measurements in the Guinean region
ALMIP-2 and associated modeling studies: After the successful first phase of ALMIP
(AMMA Land Surface Inter-comparison Project), the second phase, which is the AMMA
Model/data comparison project, consists of LSM, hydrology, vegetation models as well as
satellite driven models in (ALMIP-2). The idea is to benefit from the rich AMMA data
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collected over the 3 meso-sites (Mali, Niger, Benin) to provide a strict evaluation of the
models, to highlight model successes and failures, and to benefit from the comparison of
‘specialized’ models (e.g. basin scale detailed hydrology or vegetation growth models) versus
‘general’ models (LSM or Earth System Models). In addition, important modeling efforts are
planned in parallel with detailed models using different approaches and forced runs on the
same meso-sites. Models with ‘interactive’ or ‘’dynamical’ vegetation and a CO2 cycle are
encouraged. A data base of the best mesoscale,forcings over the 3 meso-sites (land
characteristics and 2006-2008 atmospheric forcings) using in situ data and interpolation
techniques will be proposed to the international community to run all models. A validation
data base will be used to evaluate the simulations. Such studies are also important for
improved representation of emissions of biogenic emissions from vegetation which are
important for ozone and secondary organic aerosols.
Underground-surface water exchanges: In West Africa, groundwater is the major source of
water for public use (urban or rural areas), and development strategies imply an increasing
recourse to these underground stocks. As shown during the phase 1 of AMMA, aquifers may
act as reservoirs temporarily storing and subsequently releasing it to the water cycle (drainage
to rivers, atmospheric feed-back by the biosphere), on time scales ranging from day to interannual. The main issues to be addressed are the links between groundwater dynamics and
surface hydrology, the role of groundwater reservoirs in atmospheric feedbacks, and the
sensitivity of groundwater to changing climate and environmental conditions.
Eco-hydrology and water-vegetation relations: Three key-questions must be addressed in the
eco-hydrology theoretical and phenomenological aspects.
(1) Desertification or re-greening? There is a hot debate on the nature of desertification or land
degradation in the Sahel, because of strikingly opposite views of Sahel re-greening diagnosed
by satellite data (Hiernaux et al. 2009). Based on both long term and pluri-annual data, there
is the potential to reconcile these two opposite views of the Sahel drought and to infer the
changes in eco-hydrology, which are both causes and consequences of the Sahel drought.
(2) The so-called ‘Sahelian paradox’, summarized as ‘less rain, higher water tables’ was
generally attributed to crop extension and land clearing. New results show that cropped and
non-cropped areas display a spectacular increase in pond area over the same period (Gardelle
et al. 2010). This issue must be solved and a much-wanted understanding of this paradox is
needed involving vegetation and soil dynamics coupled to hydrological regime.
(3) Trees in the monsoon: By their ability to partly decouple climate and leaf presence and to
access deep water, trees introduce complexity in the plant/water/monsoon system. Process
studies over the AMMA-CATCH gradient offer the opportunity to look at this important
question. As often, there is a need to understand both the response of trees (structure and
function, demography, succession, management) to the environment and climate, and the
impact of trees on the water and energy budget. Another aspect of this question is the societal
and political aspect of ‘trees’ and ‘forest’ (e.g. ‘the green great wall against the desert’),
which raise high expectations but lack scientific basis.
To address these 3 issues, modeling activities must be developed in terms of land surface
modeling, crop modeling and pastoral resources modeling and assessment, assimilation of remote
sensing data into land surface models, and integrated carbon-water-dust-chemistry modeling.
Long-term evolution of water cycle and surface conditions at the regional scale: The multidecadal evolution of land surface cover in West Africa (since 1950), now acknowledged, is
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mainly driven by human activities (agriculture intensification linked to demographic growth;
FAO 2004). However, the observed evolution is sometimes driven by the dynamic response
(resilience) of the vegetation cover to the climate forcing (droughts). The hydrological cycle
intimately interacting with the surface conditions contains the signatures of those evolutions.
The best illustrative example is the Sahelian paradox. The understanding of the spatial
patterns, nature and rate of land cover evolution and the identification of the controlling
factors are essential to correctly estimate the multi-decadal response to climate change (e.g.
water resources). Associated with large time scales, the regional scale is relevant to analyze
the possible controls of the surface on the monsoon system. Some important issues are the
Niger basin which is the largest hydrological integrator in West Africa, the rates and locations
of the Sahel re-greening and of a somewhat puzzling reported opposite trend in the Sudanian
zone (Hiernaux et al. 2009), and the links between vegetation and dust emissions and
between regional plant phenology and the water cycle. Changes in fire emissions are also
important in this regard.
Dynamics of surface water and energy fluxes: In the coupled surface/climate system it is
crucial to identify the feedback loops, which can cause or reinforce, among other phenomena,
the prolonged droughts in West Africa. The AMMA instrument deployment offers an
unprecedented opportunity to obtain a general view of the following two feedbacks:
(1) The ‘energy gradient’ feedback loop and its variability in time and space, based on the
network of in situ flux and meteorological stations. How do surface processes control net
radiation, moist static energy flux? What are the time/space modes of variability? Progressing
towards a comprehensive understanding of surface, PBL, clouds and aerosol in shaping the
latitudinal distribution of energy.
(2) The precipitation - latent heat - convection loop. Identify the mode of variability of the
recovery of surface heat fluxes partitioning after a rain event by systematically analyzing the
surface flux data. Diagnose these feedback loops in models (ALMIP-2 simulations), in
surface-climate simulations starting with the AMMA-MIP database and in coupled
simulations.
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2.d Observations
When AMMA was launched in 2002, the community faced to difficult challenges in regard to the
major lack of operational and research observations over the region. After 8 years, the AMMA
observation programme is considered as a great success (Lebel et al. (2009). The field programme
was unique in many respects. It is probably the first programme ever conceived with intensive
campaigns embedded in a 8-year long-term monitoring, covering a 3 million km² area, research
and operational observations being narrowly coordinated. The EOP and SOP campaigns were – to
our knowledge – the first with coordinated Air-Land-Ocean surveys at a regional scale, including
all the Tropical Atlantic, most of the West-African sub-continent and the atmosphere from the
local boundary layer to the stratosphere. The progamme has involved a comprehensive field
experiment bringing together ocean, land and atmospheric measurements, on timescales ranging
from hourly and daily variability up to the changes in seasonal activity over a number of years.
The Long term Observation Period (LOP) strategy has been based on (i) several pre-existing
instrumented sites, thanks to several national and international programmes (e.g. PIRATA,
GLOWA-IMPETUS, GLOWA-VOLTA, CATCH, Gourma, Senegal basin, …), (ii) the reinforcement of the meteorological network, and (iii) the development of satellite products. In the
next years, the challenges will be to maintain the observation capability at its best level and to
extend it spatially as possible, and to develop new integrated products, aimed at better contributing
to environment management strategies at the local to national scales (e.g. drought / flood, health /
food alerts, evolutions of importance,…).
It is important to appreciate that the AMMA field campaigns followed a scale-nested design, both
in time and in space. The AMMA field programme has had to take account of the fact that the
operational networks over West Africa are not documenting adequately all the variables of interest
for the three scales targeted by AMMA to study the WAM, namely i) the regional scale,
controlling monsoon processes and interactions between the atmosphere, land and tropical Atlantic
ocean; ii) the mesoscale, which is the scale of the typical rain-producing weather systems in the
WAM, the characterisation of which is pivotal for hydrological, water resources and agricultural
studies; iii) the sub-meso scale which corresponds to heavilyinstrumented super-sites on which
some key aerosol emission and hydrological processes, as well as their interaction with vegetation
growth, are studied.

Results from Phase 1 of AMMA
A major achievement of the first phase of AMMA is the implementation and coordination of
observing systems in the West African region including the Long Observation Period 2001-2009
as well as the more extensive research field campaigns between 2005 and 2007 (Redelsperger et al
2006, Lebel et al 2009). Central to this were huge improvements to the radiosounding network
(Parker et al 2008). A North-South transect for climate and surface monitoring has been enhanced,
based on 3 super-sites in Mali, Niger and Benin. A East –West transect has also been implemented
to monitor the aerosol transport. AMMA has moreover created a multiscale multidisciplinary
database that is used all over the world, physicallly implemented both in Europe and Africa.
Hundreds of AMMA scientists continue to work on these observations.
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From the research community perspective:
-A unique data set documenting simultaneously the atmosphere-land-ocean interactions over a full
seasonal cycle and over the climatic transect, with a strategy designed in regard to scientific
objectives (e.g. water cycle, intraseasonal variability, atmosphere-land-ocean coupling)
-3 years of unprecedented monitoring of the key water cycle variables over land, the ocean and in
the atmosphere at the regional and the mesoscales, together with a successful aerosol program with
extension up to 2010
-A long term (2002–2009) monitoring program over oceanic region and along a North-South
continental transect
-A rapid analysis of the collected data set, with numerous publications downstream
That includes in particular:
-first use of an innovative atmospheric sounding system at the regional scale, based on dropsondes
carried by a stratospheric ballon drifting in the tropical easterly jet overr Africa and Atlantic
(Parsons et al 2007)
-a deep analysis of radiosounding biases caused by solar heating variations on sensors, which lead
to a correction method then implemented (Nuret el al 2008, Agusti-Panareda, et al 2009)
-a first implementation of a coastal observation network along the Guinean coast
-the development of improved satellite retrieval and analysis methods to complement operational
products (from space Agencies): Atmosphere (gas and aerosols, clouds and rain, water vapor,
OLR), Surface (vegetation monitoring, SST and oceanic surface wind, surface fluxes, land surface
humidity and roughness), Ocean (currents, chlorophylle).
-An unique multiscale and multidisciplinary AMMA database including AMMA LOP, EOP and
SOP data, historical in situ data, information about society-environment-climate interactions,
satellite products and model outputs produced or used by the AMMA research community
-A unique dataset of key parameters for agriculture, vegetation, livestock and climate in common
observatories covering the agro-eco-climatic diversity of the region
-A dataset documenting weather and climate impact on health
-An important use of the AMMA database to evaluate weather, climate and crop models, including
international coordinated efforts as ALMIP (Boone et al 2009a), AMIP (Hourdin et al 2010) and
WAMME (Boone et al 2009b).
From an operational point of view:
-Demonstration of the capacity of the research community to organize such demanding campaigns
in a harsh environment
-A good partnership between the local authorities and the AMMA research community
-An enhancement of relationships between national operational services and universities
-A legacy in terms of retooled networks, training, partnership
Note that not all operational services benefited from the AMMA effort on observations for various
reasons (not operating in all West African countries, limited funding, lack of interest of a few
services who perceived AMMA to be a short term research project rather than a long term program
able to benefit operational services, …).
At the time of the writing of ISP-2, it is difficult to give complete priorities on observation need in
future, to address new science questions rose in sections 2a, 2b and 2c. More research is required
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in order to make recommendations for the future sustained observing system to support monitoring
and prediction of climate as well as high impact weather analysis and prediction. Following are
nevertheless given important recommendations, which will be completed in the near future. Many
studies have still to be done with present data from in situ and satellites, as well as with reanalyses, particularly to initiate products for environment studies (see section 2a).
To further address the scientific questions, the present observation network should be maintained
and improved. Integrative studies, using all informations (in situ, satellite, models) should be
encouraged to permit the elaboration of novel informations for use in research and applications.
The present network is far from optimal for oceanography, meteorology, atmospheric chemistry /
pollution and surface – atmosphere /ecosystems and resources studies. However, the huge domain
to cover, associated to the obvious impossibility to reach at any time the quality and density of the
observation network in Europe and the United States will require to define a strategy with
hierarchized objectives and locations: previous studies have shown the feasibility of targeting to
significantly reduce the observation coverage without missing the key phenomena. There is also a
need to improve the institutional endorsement of the observing systems by an involvement of end
users, regional economical community (ECOWAS, UEMOA, etc…) and regional agencies
(ACMAD, AGRHYMET, etc.) in the governance of the network.

2d.1 Long term environmental monitoring
West Africa remains a hot spot of the Earth environmental system, both from a physical (climate,
land surface cover) and a socio-economic (demography, economic development) point of view.
From this perspective it is especially important to document long term changes, be they either in
the continuity of the present observed changes or abrupt changes that would testify to a rupture in
the evolution of the regional climate, with possible severe impacts on the population.
Four major objectives should accordingly be pursued:
Maintaining and improving the long term research observing systems that were setup
prior to AMMA or thanks to AMMA, in order to document precisely and over a range of
scales the climate, water cycle, coastal environment, vegetation, soil, agronomic, atmospheric
chemistry and socio-economic transitions as well as the inherent variability of these various
components of the environmental system. Improvements concern the extension of the NS
transect to the Guinean region and Guinean coast, in order to better document the monsoon
pre-onset and onset periods; the extension of the E-W transect, up to now mainly dedicated to
dust, to analyse the E-W atmosphere heterogeneity, from Lake Chad to Senegal Coast. The
ocean-atmosphere and atmosphere monitoring over the GG, as South as the St Helena
anticyclone need also to be completed.
Maintaining the operational observations (upper air, continental surface, ocean) at a level
as close as possible to the one reached during the first phase of AMMA and improving in
areas where AMMA was not able to do so.
Ensuring better linkages between these two field observations and the satellite
observations (key new satellite missions have just been launched or will be launched soon)
and modeling studies (especially those performed or in preparation for the IPCC reports)
Pursuing efforts to make the resulting data sets available to a large community, specially
to the modeling community (e.g. for the second phase of ALMIP)
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In parallel, there is a need to develop multiscale analyses based on all data sources (in situ,
satellites, re-analyses) to better characterize the space and time variability over the sub-regions of
the continent, in order to identify key regions where in situ observations should be implemented.
This development will complete the necessary studies in NWP centers to provide guidelines on
minimum network of operational radiosoundings.

2d.2 Process studies
Important processes controlling the West African monsoon system and its interactions with the
ocean and continental surfaces are still not well understood. Improving our understanding of these
processes will require additional specific measurement campaigns.
Ideally we should aim at:
Coordinating these campaigns in space and time with the long term observing systems. This
means either supplementing for a shorter period of time (typically a rainy or a dry season) the
gaps of these long term observing systems; or, on the other hand, focusing on regions where
long term observing systems provide a good background documentation.
Seeking synergies between different objectives in order to optimize the return on the
deployment investment.
(i) Atmospheric-land field experiments
Few atmospheric-land field experiments are yet scheduled as FENNEC (2011) on the study of
Saharian heat low and other coupled with the calibration and validation of algorithms of new
satellites important for AMMA (e.g. SMOS and Megha-Tropiques).
(ii )Ocean-Atmosphere field experiments
Processes responsible, and their relative importance, for the cold tongue in Gulf of Guinea and
upwelling along the southern African coast in the north of the Gulf of Guinea are still not precisely
known (local wind, remote wind forcing and equatorial/coastal Kelvin waves, Guinea current
variability,…). Role of the cold tongue and upwelling on regional climate and WAM onset seems
important, including for the understanding of WAM variability, from seasonal to interannual
scales. During AMMA field experiments, theses phenomena were observed only after their setting
up. Following the AMMA recommandations, the French PIRATA 2011 cruise has been shifted
during the cold tongue formation period (Boreal spring) and should be maintained during this
period for the following years. PIRATA 2011 cruises will operate simultaneously with the IFMGEOMAR cruises, contributing to the ship and gliders sections across the equator at different
longitudes between 0E and 23W. Atmospheric sampling is also scheduled aboard ships. The role
of oceanic intraseasonal waves, particularly TIWs, in the heat budget, remains a source of model
disagreement and a dedicated observational study has been planned for 2011 by IFM-GEOMAR,
possibly including upwelling moorings to determine vertical motions..

2d.3 Integration of environmental and socio-economic observations
It is now widely recognized that the study of environmental systems should take into account the
populations and societies that both depend on them and impact them. This is especially
challenging to observation programs since the space and time scales involved are not always
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matching each other properly and also because the methods of observation are different between
different scientific communities. Pilot multidisciplinary observatories have been set up during the
first phase of AMMA. To pursue this effort, priorities have to be discussed based on present
science plan to develop a more long term monitoring program. Exploratory studies based on
multidisciplinary data sources could be performed to elaborate relevant indices, trends, or other
products mainly from satellite data and model analyses, validated over various sites. The
development of this long term monitoring program would also take place within a GMES-like
strategy. The climate / environment network discussed above could thus be completed with
observations related to society issues, in order to elaborate relevant information for use by
stakeholders, as well as entries for scientific activities as described in present science plan
(Section 2a).

2d.4 Proposed actions
Reaching the goals listed above requires involving a large array of institutions and people, as was
done during the first phase of AMMA. It is not likely that such a large mobilization of funding and
people will be possible again in the very near future. It is thus important, as an initial step, to
identify a first set of realistic actions that will have to be monitored closely in order to seize any
opportunity to improve them or enlarge them. In the same time, it is necessary to continue to fill
up the database (see section 3) including satellite part with new gridded products, and prepare
exploitation of new satellite missions to support previous research actions
(i) Sustained observing system for weather prediction
As mentioned in section 2b, more effort is needed to recommend what the sustained observing
system should be for monitoring and predicting weather and climate in the West African region.
We should recognize that we may be currently hindered in this effort by the large model biases that
exist but more discussion is needed between scientists, data assimilation groups, and WMO.
AMMA must make more effort in this area. A series of workshops is likely the best route to
push these issues along. For weather issues the AMMA-THORPEX group needs provide
routine reports on progress in the area of weather prediction and in the very short time should
organize a workshop, ideally at an operational centre. The goal of this workshop would be to
collectively assess the state of play today and to coordinate future experiments. Something
similar should be done by a Climate Prediction working group.
Establish or/and maintain formal links with appropriate bodies at WMO (e.g. CBS, GCOS,
GOOS). Representatives from these bodies should be invited or at least kept informed of the
discussions taking place in AMMA in this regard.
(ii) Long term environmental monitoring from research initiatives
The international GEO / GMES initiative provides a framework for a long term environment
observation strategy in West Africa.
Main existing observation sites
First of all, the existing observation sites, and stations should be maintained and developed. They
concern:
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AMMA-CATCH (http://ltheln21.hmg.inpg.fr/catch/) for the water cycle and vegetation
studies on three meso-sites
PHOTONS-AERONET (http://loaphotons.univ-lille1.fr/) and IDAF (http://www.aero.obsmip.fr/spip.php?article96) for aerosol and gaseous species loading and wet and dry deposition
and their impacts (radiative and health)
PIRATA (http://www.brest.ird.fr/pirata/ (co-funded by Brazil, France and USA) and SSS
(Sea Surface Salinity) for sea surface temperature, salinity and mixed layer monitoring.
Most of these observing systems were built from pre-existing systems so that in fact the time depth
of the monitoring may reach 20 years, and even more in some places. The French institutions have
engaged themselves for a support within at least the next four years. They also encouraged
possible extensions of these systems both in space and measured parameters (e.g. currents in
PIRATA).
Additional monitoring
These observing systems are certainly not sufficient to embrace all the questions raised in the
present Science Plan and additional long term monitoring programs would be needed to do so,
together with closer collaboration with new or existing initiatives (e.g. possible joined AfricanGerman-French effort). Present observation systems constitute a primary basis for a new GMESlike project, named SECAO (Suivi Environnemental et du Climat en Afrique de l’Ouest –
Environment and Climate Survey of West Africa), which is encouraged by the French institutions.
To organize this network in a consistent and efficient manner, a common set of measurements
should be performed in eatch site, and some of them should allow for the development of products
of interest for climate – society issues (see section 2d.3). To develop this network, the current
priorities are the following:
Maintaining common measurement sites for AMMA-CATCH, IDAF and PHOTONS,
especially at Hombori (Mali, 15°20’), Banizoumbou (Niger, 13°30’) and Djougou (Bénin,
9°40’)
Southern extension for PHOTONS-AERONET and AMMA-CATCH observation types (such
as Lamto in the Ivory Coast, 6°10’)
Creation of a perennial Sahelian Dust Aerosol Transect observatory, from the corresponding
“Dust Sahelian Transect” instrument of AMMA. This transect is made of 3 stations located in
M’Bour (Senegal, also a PHOTONS station), Cinzana (in Mali) and Banizoumbou.
Inclusion in the long term monitoring program of the GPS network maintained during the
AMMA EOP on two parallel meridional gradients made of 3 stations each.
As recommanded by the PIRATA SSG in 2010, new PIRATA site in the central South
Atlantic (for example at 15-20°S, 10°W).
Based on the coastal monitoring of the SSTs between Benin and Ivory Coast (AMMA/
RIPIESCA/Propao), extending the network eastward (up to Cameroon, Gabon) and westward
(up to Senegal), also taking into consideration an enhancement of the M’Bour station (or the
Petite Côte monitoring) in Senegal and a better sounding coverage.
To ensure the maintenance, and even its extension, of the coastal tide gauges operated in the
framework of GLOSS in West Africa. (possible collaboration between SOERE SONEL and
PIRATA).
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Pursuing recent efforts of urban long term measurements in African cities (Pollution and
health). Other efforts related to megapole environmental issues should be envisaged as flood
risks.
Links between modeling, ground and satellite observations
In parallel to the ground monitoring actions, actions have been taken, or are envisioned, to ensure
closer linkage between field observations, satellite monitoring and modeling. The ultimate
objective of merging ground observations, satellite observations and modelling is to derive
products that will enable a large community of scientists and decision makers alike to monitor the
evolution of the climate and the environment over the region for a range of time scales. Ultimately
this could lead to setup a SECAO West-African Cyber-Observatory (see
http://www.ncar.ucar.edu/cyber/ for more details on the Cyber-Observatory concept) as suggested
above.
Building on the SMOS and Megha-Tropique CalVal programs, it is further recommended that all
observation sites be used as Tropical Africa CalVal sites for any relevant satellite mission. This is
especially the case for the GPM (Global Precipitation Measurement) program, of which MeghaTropiques is a precursor satellite and PIRATA and SSS SOERE that provide open sea in situ
surface measurements during dedicated cruises.
Related to these satellite missions, AMMA-CATCH sites were selected as Calval sites for SMOS
(launched November, 2, 2009) and Megha-Tropiques (MT) (due to be launched in 2011). Specific
measurement campaigns are currenly added to the routine long term monitoring:
Sampling the moisture of the top centimeters of soil will be carried out at various locations of
the three AMMA-CATCH meso-sites for validation of the SMOS mission;
The Niger AMMA-CATCH meso-site is the CalVal super-site for deep tropical convection
studies. Additional recording raingauges will be added to cover a larger area to the South of
the present site, focusing on the Goroubi catchment for the purpose of the hydrological
validation program. In summers 2010 and 2011, the C-band MIT radar will operate in
conjunction with the XPORT LTHE radar. A campaign of microphysics flights by the French
research aircraft FF20 has been also organized during August 2010.
Partnership with African teams and institutions
Since 1995, IDAF sites are operated and scientifically managed by an African principal
investigator from the main universities. In the AMMA first phase, such collaboration has
been extended to modeling actions and needs to be reinforced.
First, there is an urgent need to associate more closely the African scientists and institutions
in the operation of the various observing systems installed for environmental research
purposes in the region. The aim of the coming 10-year period should be that African teams
become the leaders in the operation of these systems. This will require specific means and
funding and a great political will on both sides (the present European teams in charge of these
observing systems and the African institutions willing and able to operate them in the future).
In order to better meet the needs of the African partners, the long term environmental
monitoring systems should increasingly be concerned with socio-economic observations.
AMMA-CATCH plans to foster a “Resources” program, the focus being on water resources
in Benin, agriculture in Niger and pastoralism in Mali. IDAF is looking forward to studying
the effect of pollution on health in mega-cities. The dust aerosol program is connected with
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epidemiologic studies, especially on Meningitis. All these initiatives should take more
importance in the next phase of AMMA.
AMMA & PROPAO/RIPIECSA contributed for the regional coastal countries in the northern
Gulf of Guinea (Nigeria, Benin, Togo, Ghana and Côte d’Ivoire) to be now able to maintain
an autonomous network of SST sensors (1h time resolution) and will soon also proceed to the
calibration of the sensors and validation of the data sets. Partnership and supports are
necessary to maintain and extend this network. Some of these countries also maintain tide
gauges in the framework of GLOSS and there is a urgent need that other countries maintain
other sensors.
(iii) Operational networks documenting the water cycle and the atmospheric dynamics
It has always been difficult to maintain the meteorological and hydrological operational networks
at a proper level of operation in this region, for a number of reasons going from funding to
governance and priorities. However the AMMA field campaigns have shown that there are
competent and motivated people in the meteorological services that are absolutely able to
successfully operate Radio-Sounding and surface stations. It was also demonstrated that, with an
appropriate level of funding, regional organization of the logistics associated with these operations
is effective. Given the existence of several well supported regional organizations in Meteorology
and Hydrology that could coordinate a regional program of operational observations in close
cooperation with national services, the building blocks exist to build such a program. Of course
there are a few places – some of them key places from the perspective of documenting the
dynamics of the WAM – where it is presently more difficult to secure regular observations but all
in all, maintaining a proper regional monitoring of the key meteorological and hydrological
variables controlling the water cycle is feasible, providing a few actions are taken:
Securing the funding for the radio-sounding network and signing an MOU with ASECNA
and/or national met services for operation. The network of 22 stations refurbished during the
first phase of AMMA constitutes a good starting point for this action. Special attention should
be paid to the coastal stations of Cotonou and Conakry in this regard.
Mounting a specific action for refurbishing the synoptic surface network
Establishing a partnership with ABN, OMVS and other regional hydrological bodies in
charge of supervising the large international river systems of the region with the aim of
ensuring proper streamflow measurements and their dissemination.
Beyond the financial and technical requirements of operating such regional networks, a more
strategic action would be to extend the mandate of AGRHYMET so that it becomes a true
regional climate-monitoring centre, similar to DMC-Nairobi for East-Africa. Rainfall, surface
met observations and hydrological data for the main rivers of the region would be made available
to the scientific community at this climate centre. Steps should also be taken to establish closer
links with GCOS, HYCOS and GOOS programs.
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3. Capacity building & training

Results from Phase 1 of AMMA
A coordinated African Community
A major achievement of AMMA has been the establishment of a large and active African
community working on AMMA science, gathered in a network called AMMANET. AMMA has
been successful at motivating a very large international community to work on the West African
climate and its interactions with the environment, the water cycle and the socio-economic factors
controlling the life of the local population. AMMA has thus proved not to be uniquely a punctual
scientific action, but also to encompass both important aspects of Training and Capacity Building
and Application to bring research at the service of development.
AMMANET has been created to bring together scientists supported by the National
Meteorological and Hydrological Services (NMHSs), the African universities and the regional
centres (ACMAD, AGRHYMET, ASECNA). It was steered by a regional coordination committee
(CSAM) and national focal points and allowed to write the AMMA African Science Plan (PIAF).
Launched in 2002, AMMANET has actively contributed to the deployment of instruments in the
field and to the successful implementation of the AMMA field campaigns. In Niger, the AMMA
Operation Centre (AOC) was hosted by national and regional institutions. Complementary
contributions to support the operations were provided by several national institutions in terms of
human resources, premises and logistical help as in Benin, Burkina Faso, Senegal, Mali, Togo and
Guinea. Moreover, 18 forecasters chosen by their National Meteorological Offices or by ASECNA
and coming from 12 West and Central African countries actively participated in the operations
during 4 months, performing and delivering 24h/day, forecast products that helped scientific
decision making. These forecasters were based in ACMAD, which operated the AMMA
Forecasting Centre, with the support of Météo-France and the World Meteorological Organisation
(WMO).
Coordinated support to AMMA African Science Plan
Initiatives to support the implementation of the African Science Plan came to light and allowed the
extension of AMMANET to other disciplines and to new African institutions. Among these
initiatives, two can be outlined:
-AMMA-TTC supported by the European Community: 1.2 million Euros (2007-2009) for
research on impact of climate changes on agriculture, water resources and health. This initiative
supported an important part of the « Impact and Applications » studies of the African Science Plan
and helped to consolidate the AMMA-EU project. 20 African national research institutions and
operational services have been thus funded.
-RIPIECSA (Recherche Interdisciplinaire et Participative sur les Interactions entre les
Ecosystèmes, le Climat et les Sociétés en Afrique de l’Ouest) supported by the French Ministry of
Foreign and European Affairs through the FSP (Fonds de Solidarité Prioritaire): 3.5 million Euros
(2007-2010) for interdisciplinary research on interactions between climate, ecosystems and
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societies over West Africa. 56 African institutions are funded through 26 interdisciplinary research
projects on interactions between climate, ecosystems and societies.
Considerable efforts have been also made for the training and involvement of students, technicians
and engineers of national and regional services. Thanks to the motivations of AMMA along with
the French FSP-RIPIECSA through a regional program of physical oceanography (2007-2010), a
regional Master 2 of «physical oceanography and applications » has been launched in September
2008 by IRD, University of Abomey Calavi at the International Chair in Mathematical Physics and
Applications/Unesco (Cotonou), and Université Paul Sabatier (Toulouse). Other initiatives have
been launched as major contributions to Master 2 at UCAD. Such efforts at Master level are
needed to reinforce the community expertise on AMMA science in West Africa, together with
applications related to climate-resources-environment-society and to promote regional
collaborations.
During the first phase of AMMA, many scientists and students from Africa have been invited in
other countries. For example, chemistry scientists from Ivory Coast, Benin, Cameroon and Niger
in the frame of IDAF have been invited in France for a few months for formation, transfer technoly
and publication finalization. Thanks to ICTP (Trieste) in conjunction with AMMA for their
support for RegCM3 model development in West Africa, which is now running in Ivory Coast and
Niger. Thanks also to CORUS-IRD program for a pilot study for pollution and health.
International cooperations have been formalized between Cocody University (Abidjan) and
University Paul Sabatier (Toulouse) and Yaoundé 1 University and University Paul Sabatier
(Toulouse).
Doctoral studies
Around 80 African students are performing doctoral studies and 39 students have already defended
their PhD thesis within the framework of AMMA. RIPIECSA project allows to support 35 African
students at the Master level, 26 students on AMMA doctoral studies, and 54 technicians and
engineers from national services.
Workshops and summer schools
AMMA workshops and summer schools have been organized bringing together students,
researchers and forecasters from Africa and around the world to participate in lectures in Tropical
Meteorology and Climate with a special focus on the West African Region:
-AMMA Summer School on African Monsoon, September 1-12 2003, Lannemezan,
France,
-AMMA Professional training workshop for forecasters, June 2005, Niamey, Niger
-AMMA Training workshop for agricultural modeling, December 2005, Thiès, Senegal
-AMMA Radio-sounding training in various places, 2006
-AMMA Summer School - 1st Ewiem Nimdie International Summer School in Tropical
Meteorology and Climate, co-funded by the British Council, July 21-August 1 2008, Kwame
Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana
-AMMA Summer School, Climate Change and Water Resources, November 9-20 2009,
Université Cheikh Anta Diop, Dakar, Senegal.
This series of workshops and schools should continue in the long-term, funded by different
national sources. A funding already exists from ICTP for another Ewiem Nimdie International
Summer School at KNUST in 2010.
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Database
The AMMA database and the associated online tools have been fully developed and are managed
by two teams in France (IPSL Database Centre, Paris and OMP, Toulouse). The complete system
has been mirrored in Africa at AGHRYMET Regional Centre in Niamey and is operational there
since January 2009. Users can now access metadata and request data through one or the other of
two equivalent gateways: http://database.amma-international.org or http://amma.agrhymet.ne.
The database contains around 125 past and recent local geophysical observation datasets, 60
satellite products, 10 model output datasets, as well as results from human sciences field survey
and value-added products. For example, more than 12000 radiosonde high resolution profiles over
the West African area, precipitation estimations combining several data sources and ECMWF
AMMA SOP 2006 re-analysis outputs are available. In order to be usable by researchers from any
discipline, the data are converted into standard formats and documented. The database total
volume is now 12 terabytes and the user community is as large as 400 persons.

AMMA aims to gather and consolidate the African community working on AMMA issues, from
scientists to decision makers and users. The need to engage more with users and decision makers is
a priority for AMMA in the next phase. This should be reflected in the governing of the program
and how it communicates. The enhancement of capacities in Africa need to be pursued with vigor
and based on the objectives of the AMMA program. It is important that AMMA coordinates these
activities with all relevant bodies. In this regard, a new governance of AMMA-Africa has been
proposed in implicating these bodies (See Section 5).
The dramatic events and consequences of climate change and climate variability in Tropical Africa
and the awareness about them have considerably grown over the last three decades in Africa and in
the rest of the world. The need for developing AMMA has been recognized by African regional
institutions (ACMAD, AGRHYMET), national meteorological and hydrological services and
African universities. However, all these institutions and universities require strengthening of their
capacities to permit them to actively participate in the various components of AMMA. The present
proposal meets WMO and ICSU recommendations and covers different aspects of training and
institutional capacity building required in the region.
AMMA-Africa has the ambition to promote research in climate and environment sciences for
applications to the development. To this purpose, investment in capacity building and training
must be actively sought, providing the basis to achieve AMMA objectives but also contributing to
the implementation of the ICSU-RoA and THORPEX-AFRICA plans. Strong governance and
steering of AMMA-Africa are necessary to achieve these objectives (See section 5).

3a Observing, monitoring and information systems capacities
There is a need for observational data on all components of the climate system. These data are
needed to assist governments and industries to assess their vulnerability to climate variability,
climatic extremes and climate change and to take mitigating or adaptive measures, such as
improved agricultural planning, better design of buildings and structures, optimization of water
supply systems and conduct of immunization campaigns. Strengthening observational capacity in
the region will, in consequence, assist countries in meeting their respective social, economic, and
environmental needs while also contributing to addressing global issues.
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The implementation of the project will require close cooperation between the nations of West and
Central Africa in the common pursuit of initiatives and funding opportunities and to pool
capacities to achieve operational goals. A more coherent regional approach could yield benefits in
areas such as the purchase of equipment and consumables, maintenance of observing systems, data
management and data access. It would also assist in optimizing the design of observing networks,
data management and archive systems, delivering training courses, graduate and post-graduate
studies and other capacity building efforts, and in the planning and implementation of research
programs.
Equally, the broad spectrum of agencies, institutions and client groups involved in climate system
monitoring, data management, and applications within individual countries also generates
requirements for enhanced coordination at the domestic level. These domestic and external
requirements for cooperation and coordination must be addressed. Appropriate coordination
structures must be established to facilitate the delivery of capacity building programs and
initiatives, minimize duplication, improve data access and exchange, and gain optimum regional
benefits from investments in infrastructure and human resources development.

3b Capacities for hydrology, environment, oceanography and meteorology
database management and data processing in Western and Central Africa
The National Meteorological and Hydrological Services (NMHSs) in Western and Central Africa
are under constant pressure to respond to the increasing requirements of various economic sectors,
planners and other decision makers for climatological and hydrological data. While the NMHSs try
hard, often with very limited resources, to establish and maintain national and regional databases
to meet these various demands, there are deficiencies in the organization and management of these
databases, including problems related to data quality control and reliability and in the provision of
up-to-date descriptions and analyses. Moreover, the risk of total loss of vital national databases is
often present due to external factors (e.g. socio-politic troubles, riots, civil wars, and fires) and this
risk is worsened in situations for which unique databases exist in the country.
An unique multiscale and multidisciplinary AMMA database has been developed during the
program’s first phase. It includes AMMA LOP, EOP and SOP data, historical in situ data,
information about society-environment-climate interactions, satellite products and model outputs
produced or used by the AMMA research community. The database is accessible in two locations:
in Niger (AGRHYMET, Niamey) and in France (IPSL, Paris and OMP, Toulouse). The database
may become the core of a broader database for climate and environment in West Africa. AMMA
will work in any promotion, formation or technical action that may favor this evolution.
The objectives during AMMA-2 are:
to manage new data produced during AMMA-2. This will concern geophysical data as well
as quantitative or qualitative data about society-environment-climate interactions, that other
data from related AMMA program (e.g. odinafrica, propao),
to help establish a powerful data management system for climatic and hydrological data in
the NMHSs in Western and Central Africa including an improvement of data exchange and
dissemination between the NMHSs and the World Data Centres, and of data processing
capacities of regional institutions,
to improve the update procedures between the twin databases in Niger and France,
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to maintain and improve the database online tools, in order to provide an efficient data
distribution service to the AMMA and scientific community at large,
to develop the corresponding training activities.

3c Use and assessment of global and regional models for impact studies and for
research on risk assessment through training, education, fellowship and
exchange activities
This requires an effort to improve computing facilities for modeling studies in the region. As
recommended by ICSU-RoA, one objective is to assess societal vulnerability and adaptation to
global change by using community-based techniques allowing to measure and record information,
and training researchers to assess better the risks due to these changes. Another objective is to
build capacity for assessing climate change scenarios from global and regional climate model
simulations for use in impact studies in West Africa. This assessment and validation of global and
regional models will be performed at regional scale and over the AMMA-CATCH supersites. This
concerns mainly the atmospheric models, but hydrological and agricultural models are also
concerned over some AMMA-CATCH supersites. The following activities will be performed:
Strengthening model assessment and validation in implementing summer schools on:
o data retrieval and analysis methods and tools,
o modeling and downscaling methods and tools,
o access, interpretation and use of remote sensing data,
o GIS and advanced spatial analysis methods and tools.
Strengthening risk assessment and research capacities in the following areas:
o participatory and action research methods and tools,
o risk assessment methods and tools,
o vulnerability and adaptation assessment methods and tools,
o multi-criteria assessment methods and tools for evaluation of adaptation.
In West Africa, coastal areas are also of major importance for societal aspects with 70% of the
population and about 70% of the PIB due to the ports and trades, fisheries, agriculture…. That
deserve specific studies and monitoring in regard of the sea level rise and coastal erosion.
Simultaneously to the implementation of coastal networks and capacity building for these
networks to be locally maintained (e.g. tide gauges, SST, beaches width monitoring…), efforts
have to be dedicated to the development of coastal numerical models for addressing processes
responsible for coastal erosion and scenario for the coastal environment management.

3d Fellowships and strengthening resource mobilization in support of research
and application on climate change and adaptation in Africa
The Executive Bureau of AMMA Africa (see section 5) will be in charge of advising, submitting
or coordinating programs and projects for:
MSc and PhD fellowships,
awareness and educational programs for end-users and policy-makers,
mobility schemes for teachers and students (exchange programs).
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The Executive Bureau of AMMA-Africa will contribute through a regional strategy to mobilise
resources for strengthening capacities of universities and national institutions as well as capacities
of national focal points.

3e Communication, information dissemination and institutional endorsement
The diffusion of AMMA scientific knowledge is required for all sectors of society, especially
among political leaders, parliamentary committees on environment and the corporate sector. These
should be targeted for sensitization on adaptation with a view to influencing key government
ministries such as finance, planning and agriculture. Sensitization of the corporate sector could
also promote local generation of additional funds.
Currently, there are no organized mechanisms of collecting, collating, appropriately packaging,
and distributing information on adaptation to decision makers, especially from the grassroots.
Results from climate change adaptation action research need to be packaged and communicated to
policy and other decision makers appropriately and regularly (see Section 4).
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4. Scientific Diffusion and Communication

Results from Phase 1 of AMMA
At the beginning of the AMMA program, the communication was dedicated essentially towards
the press. The communication teams of partner institutions took in charge actions to realize it. In
particular, a press travel was organized on the observational African sites in July 2006. Press
releases and packs followed each press conference organized for the three International
conferences of the program. Since the beginning of AMMA, events around AMMA have
beneficiated from widespread media coverage.
From 2007, institutions decided to reinforce communication component in order to develop aspects
of diffusion inside AMMA community and toward the general public as well as to renew their
external communication tools to enlarge the target press. Thanks to regular external publications,
large public activities as an attentive press to the AMMA progresses, the program is turning to the
diffusion of its results, more specifically toward the African continent to increase public awareness
about local as global climate questions.

The diffusion of scientific knowledge acquired in AMMA has to be a major involvement of the
second phase of program. AMMA communication activities are carried out at the national and
international levels. The promotion of the scientific work done in the program, inside and outside
AMMA community, will follow four principal routes depending on the targeted public.
AMMA is working to reinforce and extend its communication network, especially in Africa.
The goal is to supply more information to the African actors of scientific diffusion, and to
increase the diversity of specialized media able to reach the local public. Dissemination of
scientific information in Africa is directed mainly towards:
a. African scientific community
Through internal and external communication tools, goals are to raise awareness to
future African researchers on the themes of AMMA. To reinforce scientific
capacities is necessary to enlarge the AMMA community with African scientists
and the communication objectives will be to better inform them about AMMA
opportunities of PhD, Masters, summer school… (See section 3)
b. An African intermediaries network (Communicators and Journalists)
Through this network, the goal is to enlarge the diffusion in Africa of the scientific
results of AMMA to be used in applications. Increase the diversity of specialized
actors will broad the public targeted and insure the use of the scientific information
in adequate communication supports. Finally, exchanges of skills between
communication networks will insure a better way on how to diffuse the information,
with the best tools and adapted to the targeted public.
ISP Phase 2 Version 2
66

15/12/2010

ISP2 Version 2
Internal communication is directed mainly towards AMMA community and Partner
Institutions. It consists in living up and informing the AMMA community at large, that is
today 2,000 persons worldwide, about recent results, events, funding opportunities, ISSC and
IGB decisions, … Dissemination is achieved firstly through a bi-annual and bilingual
international newsletter of about forty pages which includes the major results of the program,
and the latest publications by researchers of AMMA. Short fortnightly informative mails are
also sent dealing with research activities, training courses, or conferences of interest for the
AMMA community. Institutional articles published in partner journals contribute to increase
the visibility towards their mother agencies and research institutions as well as towards the
main international programs (WCRP, GEWEX, CLIVAR, IGBP, ILEAPS, THORPEX,…).
External communication is directed mainly towards mass media, decision-makers and
End users.
Work with the mass media (press packs, releases and conferences, press relation) allows to
inform this “aware” public, including institutions. The scientific as well as societal objectives
of the research carried out in AMMA have thus regularly been presented to the press. It is an
effective way to diffuse key scientific results from AMMA publications and also to inform
the decision makers about state of art on weather and climate prediction and on early warning
systems. Ultimately, the external communication contribute to maintain the investment of the
partner institutions and to ensure the future of the program.
Scientific culture is directed mainly towards Large Public.
Through entertaining, accessible and diversified tools as touring exhibitions, flyers, meetings
between researchers and the general public or between PhD and undergraduate students, the
objective is to inform the large public about the societal goals of the research carried out in an
international scientific program focused on the West African monsoon It allows to directly
increase public awareness of scientific and environmental issues. Sensitizing the public to the
issue of research and informing them about scientific questions as well as achievements not
only ensures the dissemination of knowledge, but also contributes to the promotion of
scientific careers.
These communication actions need a strong implication of AMMA scientific teams. These kind of
activities are not always noted in the researcher profession practices. It will be fundamental to
inform and sensitize scientific teams to this objective, their work expected and about the different
program communication actions to insure their effective participation.
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5. Coordination and Governing of program

Results from Phase 1 of AMMA
Following a White Book issued in 2001 by the French scientific community, AMMA was
launched at a workshop held in Niamey, 2002. It was initiated and steered by scientists from
Africa, Europe and US. In 2005 the International Science Plan (ISP) was completed. A year later
an African Science Plan was created, a significant milestone towards the establishment of a
coordinated and interacting scientific community working on the West African monsoon.
An International Scientific Steering Committee (ISSC) was born out of these efforts and worked
together to agree the key science issues and mobilize funding for research and observing systems.
The ISSC has been led by lead scientists and coordinators of major contributing projects.
To prepare and implement the AMMA multi-year field campaigns, an International Coordination
and Implementation Group (ICIG) was formed under the supervision of the ISSC to ensure a real
coherency and good coordination of all the field work scheduled by each of the various AMMA
components. To that end, AMMA was structured in Task Teams (TTs) and Support Teams (STs),
defined around a coherent ensemble of instruments in terms of observing strategy. The Task
Teams were thus cutting across the scientific working groups, as well as across the individual
projects composing AMMA. The specific strategy of each TT was described in detail in the
AMMA International Implementation Plan. Back to a long term observation scheme after the EOP,
the ICIG, TTs and STs were replaced by lighter cross-cutting groups.
In addition to this an International Governing Board (IGB) was established that consisted of
representatives from contributing funding agencies and stakeholders. The IGB was built in a
second step in 2005 after funding of major projects was achieved. The coordination by ISSC and
IGB, indefectibly supported by the International Project Office (IPO), was vital to success in the
first phase AMMA. Without the IPO, it would not have been possible to organize field
experiments, workshops and conferences and to diffuse information inside and outside the AMMA
community.
It is necessary that AMMA continues and builds on what has been achieved so far. There is still
much work to do and international coordination is a requirement. The steering of the second phase of
AMMA has to evolve towards a different management from the first phase.
In regard to the program scope, scientific challenges and human issues, and challenges for research
in Africa, the legitimacy of AMMA is essential to establish through a reinforced institutional
endorsement by i) international scientific bodies (like WMO, ICSU) through associated programs
(WCRP, WWRP, IGBP, ESSP, …); ii) local and regional African organizations and stakeholders
(such as ECOWAS, UEMOA, AU, UNDP-GEF, PIREM) facing adaptability and mitigation of
climate variability impacts; in particular a reference to AMMA should be sought in the discussions or
agreements between the African and European Unions in the view of long term support.
The three-level international coordination set up in the first phase of AMMA should be consolidated
to involve the bodies and programs mentioned above from the beginning of the second phase. The
three levels include an International Governing Board (IGB) with representatives of the institutions
and programs supporting AMMA activities, an International Scientific Steering Committee (ISSC),
assisted by an International Executive Office (IEO). Compared with the International Project Office
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of the first phase, extended responsibilities are proposed for the IEO. The so-defined committees will
have to define the strategy and means to implement the ISP-Phase 2, encompassing the continuous
promotion of the database and publication repository built under the first phase of AMMA, the
enhancement of capacity building and training in Africa, and communication activities.
In order to foster a prominent role of Africa community involved in AMMA, AMMA International
and AMMA Africa should have a parallel and connected governing structure.

5a Structure of African coordination
During a prospective meeting (Ouagadougou workshop, 25-27 February 2009), AMMA-Africa in
considering the high level of success achieved in the first phase, resolved that:
AMMA continues beyond 2010 and build on what has been achieved in first phase
Society-based issues should continue to be addressed, particularly on adaptation and
mitigation of climate variability and change impacts
Transfer of knowledge, methodology, tools to researchers working in the region and other
regions in Africa be intensified
Capacity building for African scientists should continue, to meet the challenges of climate
variability and change in Africa
Strong institutional endorsement is necessary
In addition, as a result of the successes from the first phase, more scientists within the West African
regions and other regions of Africa have shown significant interest in AMMA. Therefore, AMMAAfrica was challenged to restructure itself to meet the needs of the AMMA-Africa network. This led
to the creation of an Association, called AMMANET which was unanimously endorsed by scientists,
head of regional institutions in West Africa (Workshop in Abidjan, Ivory Coast, 19–21 May 2010).
The association AMMANET is sheltered at ACMAD (Niger) with an AMMANET Projet Office
(APO) and under Niger Republic policies. AMMANET has three components :
1.
2.

An AMMA Africa Governing Board made up of delegates of leading
institutions or centers like ACMAD, ECOWAS, CILSS, UEMOA,... shall
provide institutional endorsement and support to AMMA-Africa.
An AMMA Africa Scientific Committee (CSAM) made up of leading
scientists from the countries covered by AMMA in West Africa and
representing a network of national focal points shall:
i. participate in drawing up the international science and
implementation plans,
ii. develop them at the regional and national levels,
iii. draw up and implement a plan for capacity building and training,
iv. coordinate the replies to calls for proposals or funding,
v. coordinate the African scientific community in AMMA.

The Co-Chairs of the CSAM are members of the International Scientific Steering Committee (see
below).
3.
An AMMA Africa Executive Board made up of scientific leaders designated
by the CSAM and including a Program Manager of AMMA-Africa. This latter
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position is of crucial importance at this stage of the life of the program. This
position will also be attached to the International Executive Office (see below).
The AMMA Africa Executive Bureau shall:
i. help the CSAM elaborate yearly plans of activity,
ii. operate the daily management of AMMA-Africa,
iii. help in mobilizing adequate resources for research and capacity
building activities,
iv. bring support to field deployments, as well as the organization of
conferences, meetings, and training courses,
v. link scientists and policy-makers at the regional level,
vi. contribute to maintain collaboration between African scientists, other
AMMA researchers and international programs
In every country, it is decided to consolidate existing National Committees and to encourage
AMMA coordinators to enhance collaboration with UNFCCC focal points.

5b Structure of international coordination
An International Governing Board including representatives from the main international
programs, regional centers and bodies in Africa, and funding agencies. Its primary functions
are:
i. to coordinate the management of the AMMA program, especially by deciding in fine
on the orientations of AMMA research and application,
ii. to interact with the ISSC and IEO on matters like resources, support and monitoring
of the program and contributing projects,
iii. to promote the capacity of the ISSC and AMMA community to build up research and
capacity building projects to address the societal needs related to water resources,
health, food security, climatology and weather,
iv. to be the institutional link of AMMA with African institutional and political bodies
and international scientific bodies,
with the help of the ISSC and IEO, to encourage national governments, regional and international
funding agencies to support the implementation of AMMA and the achievement of its goals by
providing adequate support to the necessary national, regional and international research.
An International Scientific Steering Committee made up of lead scientists and
coordinators of major contributing projects with the following primary functions:
i. to ensure that the science in AMMA is integrated in order to address the scientific
objectives given in the present ISP2; the ISSC ensures the scientific integrity and
coherency of the scientific objectives of AMMA,
ii. to provide scientific guidance to and oversee the development, planning and
implementation of AMMA,
iii. to identify and mobilize national and international resources (financial, technical and
human) to support current and future AMMA activities; this task will be carried out
together with the IGB,
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iv. to actively promote and report on AMMA achievements and plans to international
programs or organizations; representatives will be appointed by the ISSC to represent
AMMA on its behalf,
v. to follow up progress and achievements by defining and monitoring milestones and
expected results according to a plan defined with the IEO,
vi. to advise the AMMA Africa coordination bodies especially in terms of capacity
building and training; this includes providing guidance to the African operational
centers (e.g. NMHSs, Regional Centers) on the timely transition of AMMA research
and development into operations.

5c International Executive Office
A permanent International Executive Office (IEO) who facilitates the planning and
implementation of activities, provides input for the scientific monitoring of the project, and
communicates research results to the broader scientific community, as well as to decision-makers
and the general public. The funding of the IEO needs to be supported internationally with financial
and human resources provided by the partners of the program. The IEO should be comprised at
least of a Scientific Director, a Program Manager, a Communication Officer and a Secretary. The
Program Manager of AMMA-Africa is also a member of the IEO.
The IEO will be attached to the ISSC and IGB, the IEO Scientific Director working closely
with the Co-Chairs of the IGB, the ISSC, and the AMMA Africa Executive Committee. The IEO
assists the ISSC and IGB:
i. to ensure the implementation and coordination of AMMA activities by:
a. assisting in planning, budgeting and implementation of research, database
management, training activities, research field campaigns, etc,
b. assisting the ISSC in assembling and synthesizing information related to
AMMA research and application results from various projects contributing to
AMMA,
c. organizing adequate connections with relevant national and regional
contributing projects,
d. ensuring effective coordination with relevant international research programs
and bodies,
e. organizing of workshops and conferences as decided by the IGB and ISSC,
f. organizing the IGB and ISSC meetings,
g. ensuring that the actions decided by the IGB and ISSC are executed,
h. provide adequate support and tools to the work of the IGB and ISSC.
ii. to ensure the efficient realization of the scientific communication objectives by:
a. elaborating a long term communication strategy to achieve the objectives set
out in chapter 5 of ISP2,
b. elaborating an annual communication plan and budget,
c. coordinating the execution of the communication plan,
d. insuring the respect of the communication procedures,
e. participating in the communication think tank with other international
organization particularly in Africa.
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5d Links with international programs and bodies
AMMA is endorsed by and/or contributes to numerous international programs (see table below).
AMMA is also working bodies as WMO (The new co-Chair of IGB is the Regional Director for
Africa in WMO) and ICSU (RoA). To better communicate and report with these programs and
bodies, a policy has been established, including the nomination of an unique AMMA contact.
Program

AMMA
contacts

WMO

IGB Cochairs

ISSC Chair

A. Ndaye (Director Africa Region)

ICSU RoA

A. Diedhiou

CSAM

WWRP

ISSC Chair

ISSC

D. Nyanganyura
(ISCU-ROA)
Dr Nakazawa (WWRP/Head)

WWRP/THORPEX

WCRP
WCRP/CLIVAR

Other AMMA
supporting
people

C.Thorncroft A.Diongue
E. Afiesima,
M. Kadi
A. Diedhiou
ISSC Chair ISSC

A. Diongue (Co-Chair THORPEX-Africa,
AMMA)

C.Thorncroft ISSC

CLIVAR/Atlantic L. Terray
CLIVAR-Africa C.Thorncroft

Main contact in the program or body

P. Brandt, B.
Bourles

V. Detemmerman(WCRP/Scientific Off)
G. Asrar (WCRP/Head)
J. Hurrel (Co-Chair)
H. Cattle (IPO)
L. Terray (Co-Chair, AMMA)
C. Reason (Co-Chair)

ISSC

(VACS)
WCRP/GEWEX

ISSC-Chair

GEWEX/CEOP T. Lebel
GEWEX/GCSS A. Beljaars

J Polcher

A.Boone (AMMA)
GLASS/Co-Chair

ISSC Chair

ISSC

A. Konaré

C. Liousse

C.Nobre (Chair)
Sybil-Seitzinger (IGBP/Sec)
K. Law (Co-Chair)
A. Konaré (AMMA)

GEWEX/GLASS A. Boone

IGBP
IGBP/IGAC

IGBP/ILEAPS

P. van Oevelen (IPO)
K. E. Trenberth (Chair)
H. S. Wheater (Co-Chair)
A. Gaye (AMMA)
T. Koike (Co-Chair)
D. P. Lettenmaier (Co-Chair)
P. Siebesma (Co- Chair)
P. Ruti
C. Bretherton (Co-chair)
F. Hourdin
JLRedelsperger A. Beljaars (AMMA)
ISSC

D. Serça

N. De Noblet (ILEAPS)
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IGBP/GLP

A. Reenberg (Chair)
C. Mbow (AMMA)
T. Lebel (AMMA)

C. Mbow

CGIAR/ ESSP

T. Lebel

WMO Observing
Systems Division
/CBS

M. Kadi

ISSC

M. Ondras
(WMO/OSD Dir)

M. Kadi
WMO Global
Climate Observing
System

ISSC

B. Westermeyer
(WMO/GCOS)
J. Eyre (ET-EGOS chair)
M. Kadi (AMMA)
E Lindstrom (Chair)

OOPC (Ocean
Observations
Panel for Climate)
(WCRP-GOOSGCOS)

B. Bourlès

A. Fisher (OOPC secretary)
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Acronyms used in this document

A
ABN : Autorité du Bassin du Niger
ACMAD : African Centre of Meteorological Application for Development
AERONET: AErosol RObotic NETwork
AEW : African easterly waves
AGCM : Atmospheric General Circulation Models
AGRHYMET : Regional Centre for Agricultur, Hydrologyi and Meteorology
AIP : Atlantic Implementation Panel
ALMIP : AMMA Land surface Model Intercomparison Project
AMIP : Atmospheric Model Intercomparison Project
AMMA : African Monsoon and Multidisciplinary Analyses
AMMANET : AMMA Network
AMO : Atlantic Multidecadal Oscillation
AMSU : Advanced Microwave Sounding Unit
AOC : AMMA Operation Center
APO : AMMANET Projet Office
AR : Assessment Report (IPCC)
ARPEGE : AGCM in Meteo-France
ASAR : Advanced Synthetic Aperture Radar
ASECNA : Agence pour la Sécurité de la Navigation Aérienne en Afrique et à Madagascar
AU African Union
AVHRR : Advanced Very High Resolution Radiometer

C
CATCH : Service d’observation AMMA : Couplage de l’Atmosphère Tropicale et du Cycle Hydrologique
CBS : Commission for Basic Systems
CGIAR : Consultative Group on International Agricultural Research
CHIMERE : Chemistry-transport model
CILLS : Comité permanent Inter-Etats de Lutte contre la Sécheresse dans le Sahel
CLIVAR : Climate Variability and Predictability
CMAP : CPC Merged Analysis of Precipitation
CMIP : Coupled Model Intercomparison Project
COMBE
CORDEX : COordinated Regional climate Downscaling EXperiment
CORUS : Coopération pour la Recherche Universitaire et Scientifique
CPC : NOAA Climate Prediction Center
CRM : Cloud Resolving Model
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CSAM : Comité de Suivi AMMA Afrique

D
DABEX : Dust and Biomass burning Experiment
DEMETER : Development of a European Multimodel Ensemble system for seasonal to inTERannual
prediction
DHC : Drought Monitoring Centre
DODO : Dust Outflow and Deposition to the Ocean
DUALER : dual-channel airborne peroxy radical chemical amplifier

E
ECMWF : European Centre for Medium-Range Weather Forecasts
ECOCLIMAP: Global database of land surface parameters at 1km resolution
ECOWAS : Economic Community of West African States
EGEE : Etude de la Circulation Océanique et de sa Variabilité dans le Golfe de Guinée
EGOS : European Group on Ocean Stations
ENSEMBLES : Ensemble-based Predictions of Climate Changes and their Impacts
ENSO : El Niño et Southern Oscillation
ENVISAT : ENVIronment SATellite
EOP : Enhanced Observation Period
ERA : ECMWF ReAnalysis
ERS : European Remote Sensing
ESSP : Earth System Science Partnership
ET : Expert Team
EWS: Early Warning Systems

F
FAO : Food and Agriculture Organization
FENNEC : Field experiment on the Saharan Climate System
FSP : Fonds de Solidarité Prioritaire

G
GCM : General Circulation Model
GCOS : Global Climate Observing System
GCSS : GEWEX Cloud System Study
GEF : Global Environment Facility
GEO : Group on Earth Observations
GEOMAR : Research Center for Marine Geosciences
GEWEX : Global Energy and Water Cycle Experiment
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GFS : Global Forecast System
GG : Gulf of Guinea
GHG : GreenHouse Gas
GIEC : Groupe d’experts intergouvernemental sur l’évolution du climat
GLASS : Global Land/Atmosphere System Study
GLOSS : Global Sea-Level Observing System
GLOWA : Global Change and the Hydrological Cycle
GLP : Global Land Project
GMES : Global Monitoring for Environment and Security
GOOS : Global Ocean Observing System
GPM : Global Precipitation Measurement

H
HAPEX : Hydrological Atmospheric Pilot Experiment
HYCOS : Hydrological Cycle Observing System

I
ICIG : International Coordination and Implementation Group
ICSU : International Council for Science
ICTP : International Centre for Theoretical Physics
IDAF : IGAC/DEBITS/AFRICA (Monitoring Network of Atmospheric Chemistry in Africa)
IEO : International Executive Office
IFM : Institute for Marine research
IGAC : International Global Atmospheric Chemistry
IGBP : International Geosphere-Biosphere Program
ILEAPS : Integrated Land Ecosystem – Atmosphere Processes Study
IMPETUS: Integrated approach to efficient management of scarce hydrology ressources in West Africa
IPCC : Intergovernmental Panel on Climate Change
IPO : International Project Office
IPSL : Institut Pierre Simon Laplace
IRD : Institut de la Recherche pour le Développement
ISEC : Interactions Society-Environment-Climate
ISP : International Science Plan for AMMA
ISSC : International Scientific Steering Committee of AMMA
ITCZ : Inter-Tropical Convergence Zone
ITF : InterTropical Front
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K
KNUST : Kwame Nkrumah University of Science and Technology

L
LAM : Limited Area Model
LES: Large Eddy Simulation
LIDAR : light detection and ranging
LINET: Lidar NETwork for monitoring aerosol and ozone
LLWJ : Low-Level Westerly Jet
LOP : Long Observing Period
LSM : land surface model

M
MAO : Mousson d’Afrique de l’Ouest
MCS : Mesoscale Convective System
MERIT : Meningitis Environmental Risk Information Technologies
MIP : Model Intercomparison Project
MJO : Madden-Julian Oscillation
MODIS : Moderate Resolution Imaging Spectroradiometer
MOPITT : Measurements of Pollution in the Troposphere
MOU : Memorandum of understanding
MOZAIC : Measurement of OZone and water vapour by AIrbus in-service airCraft
MSG : Meteosat Second Generation
MT : Megha-Tropiques

N
NAMMA : NASA AMMA
NASA : National Aeronautics and Space Administration
NCAR : National Center for Atmospheric Research
NCEP : National Center for Environmental Prediction
NDVI : Normalized Difference Vegetation Index
NMHS : National Meteorological and Hydrological Services
NOAA : National Oceanic and Atmospheric Administration
NWHS : National Weather and Hydrological Services
NWP : Numerical Weather Prediction

O
OLR : outgoing longwave radiation
OMP : Observatoire Midi-Pyrérées
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OMVS : Organization for the Development of the Senegal River
OOPC : Ocean Observations Panel for Climate
OSD : WMO Observing Systems Division

P
PCMDI : Program for Climate Model Diagnosis and Intercomparison
PhD : Post Doc
PHOTONS : French component of AERONET
PIAF : Plan d’Implementation AMMA Afrique
PIRATA : Prediction and Research Moored Array in the Tropical Atlantic
PIREM : Plate-forme des Institutions Régionales pour l‘Environnement et la Météorologie
POMME : Progamme Océan Multidisciplinaire Méso Echelle
PREDICATE : Predictability of Decadal Fluctuations in Atlantic-European Climate
PRESAO : PREvision Saisonnière en Afrique de l'Ouest
PROPAO : Programme Régional d’Océanographie Physique en Afrique de l’Ouest

R
RADAGAST : Radiative Atmospheric Divergence using ARM mobile facility
RCM : Regional Climate Model
RegCM : CTP REGional Climate Model
RF : Radiative forcing
RIPIECSA : Recherche Interdisciplinaire et Participative sur les Interactions entre les Ecosystèmes, le
Climat, et les Sociétés d’Afrique de l’ouest
ROA : Regional Office for Africa
RVF : Rift valley fever

S
SAMUM : Saharan Mineral dUst experiMent
SARRAH :Modèle de croissance de plante
SCOUT : Stratospheric-Climate links with emphasis on the Upper Troposphere and lower stratosphere
SECAO : Suivi Environnemental et du Climat en Afrique de l’Ouest
SEVIRI : Spinning Enhanced Visible and Infrared Imager
SHADOZ : South Hemisphere Additional Ozonesonde
SHL : Saharan heat low
SMOS : Soil Moisture and Ocean Salinity (Satellite)
SOERE : Systèmes d’Observation et d’Expérimentation pour la Recherche en Environnement
SONEL : Système d'Observation du Niveau des Eaux Littorales
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SOP : Special Observing Period
SPOT : Satellites Pour l’Observation de la Terre
SSG : Scientific Steering Gro
SSS : sea surface salinity
SST : Sea Surface Temperature
ST : Support Teams
STC : subtropical cell
SVAT : Soil Vegetation Atmosphere Transfer

T
TACE: Tropical Atlantic Climate Experiment
THORPEX : The Observing System Research and Predictability Experiment
TIGGE : THORPEX Interactive Grand Global Ensemble
TIW : Tropical Instability Waves
TOVS : TIROS operational vertical sounder
TRMM : Tropical Rainfall Measurement Mission
TT : Task Team
TTL : tropical tropopause layer

U
UCAD : Université Cheikh Anta Diop
UEMOA : Union Économique et Monétaire Ouest Africaine
UN : United Nations
UNDP : United Nations Development Programme
UNFCCC : United Nations Framework Convention on Climate Change

V
VACS : Variability of the African Climate system
VEGETATION: SPOT sensor for vegetation
VOC : volatile organic compound

W
WA : West Africa
WAM : West African Monsoon
WAMME : West African Monsoon. Modeling and Evaluation
WCRP : World Climate Research Programme
WGCM : Working Group on Coupled Modelling
WGSIP : Working Group on Seasonal to Interannual [or Seasonal-to-interannual] Prediction
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WHO : World Health Organization
WMO : World Meteorological Organization
WWRP : World Weather Research Programme

Y
YOTC : Year of Tropical Convection

Based on a French initiative, AMMA has been built up by an international scientific group and is currently
financed by a large number of agencies, particularly from Africa, European Commission, France, the
United Kingdom and the United States. Full details on the scientific coordination and financing are
available from the AMMA International site:
www.amma-international.org
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