
World Bank 2011 

Chris Thorncroft	

Department of Atmospheric and Environmental Sciences	


U. Albany, SUNY	


African Monsoon Multidisciplinary Analysis (AMMA) 



World Bank 2011 

AMMA-International Scientific Steering Committee (Executive): 
   
  Jean-Luc Redelsperger (France, Chair) 
  Ernest Afiesimama (Nigeria, AMMA-Africa) 
  Arona Diedhiou (France, AMMA-Africa) 
  Serge Janicot (France) 
  Thiery Lebel (France) 
  Doug Parker (UK) 
  Chris Thorncroft (USA) 
   

    



World Bank 2011 

-10% 

-20% 

20% 

10% 

0

Wet period 

Dry Period  



World Bank 2011 



World Bank 2011 

Climate Variability Impacts:	


	
 	
Water	

	
 	
Agriculture	

	
 	
Health	

	
 	
Demographics	
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1.  Overview of AMMA Phase 1 (2002-2010) 
2.  Capacity Building in AMMA 
3.  AMMA Phase 2 (2010-2020) 

 Dry spells 	
 	
     Flooding: Ghana 07 	
          Flooding: New Orleans 05	
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African Monsoon Multidisciplinary Analyses 
Afrikanske Monsun: Multidisiplinære Analyser 
Afrikaanse Moesson Multidisciplinaire Analyse 

Analisi Multidisciplinare per il Monsone Africano 
Afrikanischer Monsun: Multidisziplinäre Analysen  
  Analisis Multidiciplinar de los Monzones Africanos 

  Analyses Multidisciplinaires de la Mousson Africaine 
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National Operational  
Services 

Regional Centers 

Researchers 

Societal  needs 

Forecasts/EWS 

Models Observations 

Scientific questions 

Knowledge 

Aim 1  
To improve our understanding 
of the West African Monsoon 

variability 

Aim 2 
To provide the underpinning 
science to relate  WAM variability 
to related societal issues  
To define & implement relevant 
monitoring & prediction strategies 

Aim 3  
To ensure that the 
AMMA research is 
integrated with 
prediction & decision 
making activities 
(Forecast/EWS) 
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August 2006 

 Greatest density of atmospheric soundings ever launched with 21 active stations 

 200 radiosonde operators and technicians working on the network + students and 
researchers from Africa, the Americas and Europe 

July 2004 
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Research field experiments /  Database & library 

Observation networks; Modelling; Satellite Products tailored & validated 

Training/Education: PhD (160 incl 80 Africans!!) Masters, Summer Schools, 
Workshops  

Communication (external & internal) 

Coordination : Multiisciplinary, Different communities 
International : ~600 people from 30 countries 

Africa :   ~250 pers ; Research and Application (Forecast/EWS)  
communities 

AMMA coordinated with international programmes and bodies 
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Right from the beginning of AMMA in 2002 capacity building was 
recognized to be crucial – both for the success of AMMA but also for the 
future of Climate Variability and Impacts Research in the region. 

It remains a high priority for AMMA.  

It remains a challenge to fund. 
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Capacity Building and Training in AMMA: Results from Phase 1 

(i)  A coordinated African community	

(ii)  Doctoral Studies	

(iii)  Workshops and Summer Schools	

(iv)  Database	
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(i) A Coordinated African Community:  Some History 

February 2002 at Niamey, AMMANET was created during the first AMMA-International meeting. 
AMMANET was a network of scientists supported by the National Meteorological and 
Hydrological Services (NMHSs), African universities and the regional centres (ACMAD, 
AGRHYMET, ASECNA) with a coordination committee (CSAM) and national focal 
points.	
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of the AMMA in Africa and to be fully engaged in AMMA, working in close collaboration 
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February 2002 at Niamey, AMMANET was created during the first AMMA-International meeting. 
AMMANET was a network of scientists supported by the National Meteorological and 
Hydrological Services (NMHSs), African universities and the regional centres (ACMAD, 
AGRHYMET, ASECNA) with a coordination committee (CSAM) and national focal 
points.	


November 2003 in Cotonou, African scientists were mandated to prepare the African Scientific 
Plan. This initiative, one year after the creation of AMMANET was motivated by a real 
need of the different members of the network to get involved actively in the implementation 
of the AMMA in Africa and to be fully engaged in AMMA, working in close collaboration 
with the other parts of the program (France, Europe, UK, USA).	


November 2004 at Niamey, with the financial support of IRD and the logistical support of 
ACMAD, the CSAM held its first meeting with the objectives to produce in one week a 
consistent set of 5 volumes based on the inputs from the thematic leaders and produced the 
first version of the African Involvement Plan (PIAF). By this time, AMMANET became 
AMMA-Africa.	
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(i) A Coordinated African Community: AMMA-Africa Science Plan 
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(i) A Coordinated African Community: Major Achievements  
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AMMA, ACMAD, Météo-France, OMM, Services Météo Nationaux Africains 
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(ii) 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 supported 35 African students at the Masters level, 26 
students on AMMA doctoral studies, and 54 technicians and engineers from 
national services.	


Challenge: Need to “support” Africans returning to Africa.	
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(iii) 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: 

• France,-AMMA Summer School on African Monsoon, September 1-12 2003 Lannemezan 
• 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 
TropicalMeteorology and Climate, co-funded by the British Council, 2008, 2010 
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 and international sources.  
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(iv) Database 

The AMMA database has been mirrored in Africa at AGHRYMET Regional 
Centre in Niamey and has 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.	


Satellite data	
 Model data	
 AMMA 
Observations	


* AMMA Articles 	

* Qualitative Data (e.g. questionaires, 
socio-economic)	
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3. AMMA Phase 2 (2010-2020)	


Recall the Aims:	
 Aim 1  
To improve our understanding of 

the West African Monsoon 
variability 

Aim 2 
To provide the underpinning 
science to relate  WAM variability 
to related societal issues  
To define & implement relevant 
monitoring & prediction strategies 

Aim 3  
To ensure that the AMMA research 
is integrated with prediction & 
decision making activities 
(Forecast/EWS) 
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Recall the Aims:	
 Aim 1  
To improve our understanding of 

the West African Monsoon 
variability 

Aim 2 
To provide the underpinning 
science to relate  WAM variability 
to related societal issues  
To define & implement relevant 
monitoring & prediction strategies 

Aim 3  
To ensure that the AMMA research 
is integrated with prediction & 
decision making activities 
(Forecast/EWS) 

Will receive greater emphasis	

In phase 2 	
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3. AMMA Phase 2 (2010-2020)	


Updated  International Science Plan completed December 2010	

	
www.amma-international.org/IMG/pdf/ISP2_v2.pdf	


	
Research Themes:	


	
 	
(i) Interactions, Society, Climate	


	
 	
(ii) Weather, Seasonal and Climate Predictability and Prediction	


	
 	
(iii) Monsoon System	
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The ESCAPE programme:	

an inter-disciplinary study on vulnerability, 

resilience and adaptation of rural societies to 
environmental changes in Africa	


Benjamin Sultan	

IRD-LOCEAN	
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Sub-Saharan Africa is the most food-insecure region today…	


1/3 of the population is facing widespread hunger and 
chronic malnutrition 

Rural households whose livelihood is heavily dependant 
on traditional rainfed agriculture are highly vulnerable 

Trends in agricultural 
production (Haggblade et 

al. 2004). 

Despite an increased food production in the last decades, the agricultural sector is 
facing the difficult challenge of feeding a rapidly rising population	


Africa	


Asia	


Latin America	
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Climate variability: a constraint to intensification 

Anticipating climate variations and their impacts on agricultural systems 
is a challenge for food security in Sub-Saharan Africa	


Two  pre-requisites  to  benefical  use  of  climate  information  (forecasts, 
projections):	


i.  Focus on relevant climate variables for users	

ii.  Existence of viable decision options sensitive to climate information	


Bars: annual rainfall	

Source FAO and Agrhymet	


End of national 
subsidies 

Chronic deficits 

Cereal yields Niger 

The drought in the Sahel (but also 
economic factors) has severely 
impeded agriculture intensification 
and has kept potential production 
low.	


+ Uncertainties in future climate	
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 What are the users’ needs ?	


To deliver a relevant service climate forecast 
should consider the critical times for farming 
activities (i.e. planting) and for plant growth (i.e. 
grain-filling period) 	

Klopper et al. (2006 ; South Africa)	


At the moment, only the total amount of rainfall is 
forecast in West Africa	


The most salient rainfall parameters farmers 
in Burkina Faso want in a forecast (in order of 
declining priority):	


•  Onset and end of the rainy season	


•  Rainfall distribution within the rainy season	


•  Total amount of rainfall	

Ingram et al. (2002 ; Burkina Faso)	




CSOA  Sept 2009 

48 months (February 2011 – 
January 2015)	


Two main objectives:	


-  Assess the vulnerability of 
rural societies in West Africa 
to climate and 
environmental changes 	


-  Explore adaptation 
pathways to reduce this 
vulnerability 	


ANR-10-CEPL-005	
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Health Impacts – WP « Meningitis » 
Resp. Nadège Martiny 

Desert dust, Climate and meningitis outbreaks in the Sahel 	


Inventory :   
(i) A group in extension (ETP2008 : 1.5, 
ETP2010-2011: 5, ETP2012 : 7) (ii) 21 
participants among which more 
international partners, especially in 
Africa, and WHO 

Goals :   
(i) Identify and hierarchize the role of 
climate (wind, t°, humidity) and dust 
variables 
(ii) Forecast these variables at adapted 
spatial scales to evaluate the risks for 
populations 

Data & Methods  
Remote sensing : TOMS (~1°), OMI 
(~0.25°) and Aeronet/NASA  

Models : CHIMERE-Dust and  Regional 
Climate Models  

Fields : Settlement of a new TEOM at the 
end of 2011 

New data sets : West African military 
archive on « climate & meningitis » 
since 1900  

       Meningitis belt 	

            AERONET sites 	

            TEOM sites 	


Number of cases and death in meningitis (WHO)	


•  Focus in Burkina 
Faso, Niger, Mali	


•  Settlment of a new 
TEOM instrument in 
Ouagadougou (BF)	


Deroubaix et al., 2011, in preparation	


Martiny & Chiapello, 2011, in preparation	
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Health Impacts – WP « Meningitis » 
Resp. Nadège Martiny 

HYP. Low humidity and dust events fragilize the mucous membranes (especially pharynx), 	

which enables the Neisseria Meningitidis bacteria to pass in blood (Mueller & Gessner, 2010) 	


Main Recent Results :   
(i) In January-February, the combination of a low humidity and the occurrence of important dust 
events play a major role in the meningitis outbreaks  

(ii) The mean time-lag between the dust events and the increase in number of cases is 1 to 2 weeks, 
which corresponds to the incubation time of the disease  

(iii) The increase in humidity at the beginning of the rainy season (May-June) stops the epidemics 

Perspectives :   
(i) Refine these relationships at fine 
spatial scales by using TEOM data 
sets, measurements of aerosol 
concentrations at the surface                                          
A clear need of in-situ data  heavy 
and expensive operation (on the 
way… planned in 2011)  

(ii) Model the key variables in the 
actual and the future in order to 
forecast the risks for meningitis 
Again, a clear need of in-situ data to 
« calibrate » the models in the actual  

(iii) Better understand the aerosol-
climate-meningitis processes                              
A clear need of measuring what 
people really inhaled  fastidious and 
expensive experiment (on the way… 
planned in 2013) 

Martiny & Chiapello, 2011, in preparation	
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Environment-‐Malaria	  Interac1ons	  

How	  to	  develop	  sustainable	  interven1on	  
strategies?	  

Problem	   2009:	  >~225	  million	  cases	  of	  clinical	  malaria	  and	  781,000	  
malaria-‐related	  deaths,	  mainly	  in	  sub-‐Saharan	  Africa	  

Clima1c	  changes	  and	  Environmental	  variability	  	  

High	  heterogeneity	  of	  transmission	  dynamics	  

Failure	  of	  control	  programs	  

Ques1on:	  

Understanding	  the	  transmission	  key-‐factors	  and	  
interac1ons	  between	  climate,	  environment	  
(including	  land	  use),	  society,	  vector,	  and	  parasite	  
popula1ons,	  	  

Aim:	  

©	  Jean	  Gaudart,	  LERTIM,	  Aix-‐Marseille	  Univ.,	  France	  



World Bank 2011 

Tool:	   Field	  
studies	  

Entomology	  (Vector	  behavior	  and	  
resistance)	  

Parasite	  variability,	  drug	  resistance,	  vaccin	  

Clinical	  epidemiology	  (incidence	  rates,	  
mortality)	  

Remote	  
sensing	  
studies	   Environment,	  Meteorology,	  Hydrology	  

Land	  use,	  urbaniza1on	  
Demography,	  Economic	  factors	  

Results:	   Risk	  Mapping	  

Targeted	  
control	  
measures	  

©	  Jean	  Gaudart,	  LERTIM,	  Aix-‐Marseille	  Univ.,	  France	  
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France : C. Liousse, C. Galy-Lacaux, E. Assamoi, B. T. Doumbia, R. Rosset, P. Castéra, E. 
Gardrat,  

C. Zouiten, G. Uzu, C. Jambert, I. Annesi-Maesano, A. Didier, S. Audry, H. Cachier, B. Guillaume,  
N. Marchand, A. Ehgere, A. Baeza, S. Val, I. George, J.P. Lacaux 
Ivory Coast : V. Yoboué, A. Konaré. 
Benin : A. Akpo 
Cameroun : L. Sigha, M. Ouafo. 
Mali : B. Diop, O. Koita 
Sénégal : A. Ndiaye, A. Diouf, P. Gueye. 
Nigeria : E. Afiesimama	
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Air quality in Africa : an area not really investigated, however…  
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Monthly PM25 mass concentration in Dakar (Sénégal) 

Concentrations much higher 
than WHO norms 

Moreover, pollution expected to increase! 

Liousse and Galy, 2010 

Doumbia et al., 2011 
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To measure exposure concentrations : 

Mobile experiments show that concentrations 
 are highly variable within an african city  

Exposure calculation is needed with personal 
sampler 
(first estimates are on going) 

 

BC concentrations in Bamako (Mali) 

Doumbia et al., 2011 
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A real multidisciplinary collaboration is set up between african and european 
colleagues including physicochemists, toxicologists and epidemiologists. 

NEED : 
Integrated modeling platform in construction (e.g. dose modeling) 
Long-term measurements on pollution (including organic speciation) and health 
including biological (in vitre tests) and epidemiologiscal studies (population group 
follow up with blood tests, inquieries..) => focus on different typical african emission 
source (traffic, domestic sources, flaring ..) in Cotonou, Yaoundé …  
Emissions : flaring emissions need to be documented  
Socio-economical aspects (emissions, costs) 

A new project :  AIIDA (Aerosol Impact on Inflammatory respiratory Diseases in Africa) 
- to help decision makers (link emission scenarios/diseases/costs) 
- to be linked to climate change studies for emission regulation choice 
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AIIDA details : project : not yet funded 
600 keuros/48 months 

Partners :  
Laboratoire d’Aérologie (OMP), GET (OMP), RMCX (Paris), EPAR (Paris) 
University of Bamako, Mali. 
Centre de recherche en hydrologie, Yaoundé, Cameroon. 
University of Cotonou, Bénin. 
North-West University, Potchefstrom, South Africa 
University of Lagos (Nigeria) (emissions) 
University of Cocody (Abidjan, Ivory Coast)(emissions, modeling) 

Sites in Africa : 
Urban sites : Bamako (Mali), Cotonou (Benin), Yaoundé (Cameroon), Vaal triangle 
(South Africa) 
Background IDAF sites (Katibougou, Djougou, Zoetele, Skukuza) 
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Summary of Projects	

1.  Management of flood risks  	

2.  Management of water for sustainable agriculture in the context of climatic change.	

3. Impact of climate change on water resources in the main river basins of West and Central 

	
Africa 	

4. Management of river runoff and soil fertility in rain-fed agriculture in the context of climate 	


	
variability and change	

5. Dynamics and adaptation of agrarian systems to climate variability.	

6. Prevention of food crises in West and Central Africa 	

7. Assessment of Coastal and Marine Ecosystem: 	
Vulnerability and Biodiversity	

8. Public Policies in the context of  socio-economical impacts of climate change 	

9. Socio-economic dynamics and perceptions of 	
climate change and adaptation strategies 	

10.  Improved  weather/climate  prediction  and  atmospheric  composition  information  for 

	
applications	

11. Access to observational data for climate related studies 	

12. Seasonal forecast and Health: Case study on Malaria and Meningitis	

13. Cross-cutting capacity building in societal, ecosystems and climate systems	


AMMA-Africa Proposed Projects for Phase 2	
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3. AMMA Phase 2: 2010-2020	


Updated  International Science Plan completed December 2010	


	
Capacity Building and Training:	


  Observing, monitoring and information systems capacities 
   
  Capacities for hydrology, environment, oceanography and  
  meteorology database management and data processing in Western 
  and Central Africa 

  Fellowships and strengthening resource mobilization in support of 
  research and applications on climate change and adaptation in Africa 

	
  Communication, information dissemination and institutional endorsement 
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AMMA-Africa beyond 2010	


Courtesy of Ernest Afiesimama (co-chair AMMA-Africa)	
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Fundamental Issues to be addressed	


Courtesy of Ernest Afiesimama (co-chair AMMA-Africa)	
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Fundamental Issues to be addressed	


Courtesy of Ernest Afiesimama (co-chair AMMA-Africa)	
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• AMMA will continue: 
- To mobilize, reinforce & coordinate the African & international communities 
working on the West African monsoon and its societal impacts. 

- To combine Observations, Forecasts, Capacity building, Knowledge transfer to 
to better anticipate and mitigate the human (and natural) impacts of weather 
and climate variability 
• Challenges to consolidate AMMA-Africa  
-To strengthen  
              *visibility and support regionally & in each country 
              *collaboration between research & application communities 
              *integration of African PhDs in research & application 

 (NHMS/EWS)  centers 

-To maintain & improve observation network  
    to forecast & monitor weather and climate variabilities 
    and its impacts 

Final Thoughts 
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Final Thoughts 

AMMA has been very successful in its first phase: 	

	
 	
Improved understanding of the WAM in particular	

	
 	
Establishment of observational network	

	
 	
Built an international community in partnership with Africans	

	
 	
Implemented important and crucial capacity building activities	
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Final Thoughts 

AMMA has been very successful in its first phase: 	

	
 	
Improved understanding of the WAM in particular	

	
 	
Establishment of observational network	

	
 	
Built an international community in partnership with Africans	

	
 	
Implemented important and crucial capacity building activities	


AMMA still has much to do:	

	
 	
Pull-through of knowledge to improve prediction of weather and 
	
 	
climate variability and associated societal impacts 	


AMMA-Community provides opportunities:	

	
 	
Linkages between science and applications for the benefit of society	

	
 	
	

	
 	
The go-to community for issues related to climate variability and 
	
 	
climate change in the West African region.	

	
 	
	

	
 	
AMMA-African leadership should be promoted and strengthened	

	
 	
	

	
 	
Lessons learned – to benefit the whole of Africa.	


	
 	
Provision of modest resources can reap substantial benefits	


	
 	
	

	
 	
 	
 	
	



