
•  The WAM system is controlled by :	


•  Regional scale sea-land surface conditions and associated surface-atmosphere interactions ;	


•  Large scale forcings from atmospheric teleconnections partly linked to sea surface temperatures ;	


•  Regional and large scale gas/aerosols concentrations ;	


•  Local atmospheric processes.	



•  This induces high natural intraseasonal to decadal scales variability that can prevail over emerging 
anthropogenic global warming forcing and other human-made regional forcings (land-use changes, 
urban aerosols).	



	


•  Triggering factors of extreme events occurrences (heavy rainfall and dry sequences, heat waves).	



•  Parts of variability and predictability from local interactions versus remote forcings.	


	


•  Skills / gaps in global and regional climate modelling.	



•  An integrated detection-attribution-projection approach is needed to evaluate present and future climate 
changes over sub-Saharan Africa as well as their associated uncertainty level.	



Overview of the West African Monsoon (WAM) system	


and how it might be impacted by global warming	





Climate projections	


    IPCC Report 2013	



Temperature & precipitation	


over West Africa	



	


Observations 1900-2010	



&	


Climate projections	



	


Sorghum-millet yields	



evolution	





oceanic  
forcing ? 

greenhouse 
forcing ? 

feedbacks with 
land surface ? 

Multi-decadal signal 

Interannual 
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Sea surface temperature 
anomalies forcing ? 

Land surface 
feedbacks ? 

Global  
warming ? 

Sahel rainfall anomalies June-October (1900-2013)���
10°N-20°N / 20°W-10°E	





Rainfall anomalies from climate model runs	



Research conducted at IRD	


1. Decadal scale variability / SST	



Rainfall anomalies	


from observations	





Sea surface temperature - only forcings	



	


	


	


	


	


	


	


	


	


 	



	

	



Research conducted at IRD	


1. Decadal scale variability / SST	



Q. Which impact of 
greenhouse gas versus 

SST forcing  ?	



Q. Are AMO & PDO 
impacts on West Africa 
specific of XXth century 
or are they robust over 

the past ?	



Q. How AMO & PDO are 
predictable and at which 

range ?	



Q. Which evolution of 
AMO and PDO under 

climate change 
scenarios ?	



Q. How climate models 
simulate this kind of 

variability ?	





Time series of rainfall anomalies 1950-2007	


averaged over three boxes from west to east	



	


	


	



	

 	

Rainfall anomaly pattern	


	

 	

in climate change scenario	


	

 	

 	

	

    RCP8.5 at 2100	



Research conducted at IRD	


1. Decadal scale variability	



Q. Which processes can 
explain this Sahel rainfall 

dipole ?	



Q. Is this already a 
fingerprint of greenhouse 

gas concentration 
increase ?	





Research conducted at IRD	


1. Decadal scale variability / Land surface	





Increase	
  of	
  cul-vated	
  
areas	
  between	
  1870	
  

and	
  nowadays	
  

Absolute changes in crop and pasture fraction between the Preindustrial  
period (1870) and Present Day period (1992) 

Sahel	
  

Guinea	
  Coast	
  

Which impacts of land-use changes on African monsoon dynamics ?	



Several	
  projects	
  of	
  
regreening	
  /	
  
reforesta-on	
  

Research conducted at IRD	


1. Decadal scale variability / Land surface	





!

VolMIP 
Model Intercomparison Project on the climatic response to Volcanic forcing  

(World Climate Research Program for CMIP6 endorsement)  
Davide Zanchettin (Univ. Venice), Claudia Timmreck (MPI-M Hamburg), Myriam Khodri, (IRD,Paris)  

Zanchettin et al., 2015 

Collab. IRD-MPI  

Research conducted at IRD	


2. Natural variability over the last 2000 years	





20th Century Big volcanic Eruptions impacts on Monsoon climates 

GPCC Summer (JJA) rainfall anomalies (mm) 	



Pinatubo (June 1991) El Chichon (March 1982) Mount Agung (Feb 1963)  Santa Maria (Oct 1902)	



Composite anomalies during the year of the eruptions	



Wegmann et al. JCL 2014	



Research conducted at IRD	


2. Natural variability over the last 2000 years	





MS: marine cores, LS: lake cores, C: coral/shell, S: speleothem, G: guano, A: time-series	


IC: Ice Core	



present day – past  /  ocean – continent  /  Multiproxy observation - modeling	
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Africa-France-Brazil Tripartite Project for climate reconstruction and modelling 	


over the last 2000 years	
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Research conducted at IRD	


2. Natural variability over the last 2000 years	



Q. Which role of natural 
forcing (solar activity, 
volcanic eruptions) on 

African climate 
variability for the last 

2000 years ?	



Q. Evaluation of decadal 
modes AMO & PDO	



Q. Are local core data 
representative of regional 

climate ?	





Panthou et al. 2014 

43 stations over 5°W-7°E / 
9.5°N-15.5°N 1950-2010	



Research conducted at IRD	


3. Extreme events / rainy events	



Intensification of the 
hydroclimatic cycle over the 

recent partial recovery period:	



- Increased % of extreme 
rainfall in annual rainfall	



	



Q. Which local/remote 
processes can explain this 

intensification ?	



Q. Can it be consistent with 
greenhouse gas increase ?     

Or does it belong to natural 
variability ?	



Q. How greenhouse gaz 
increase will impact extreme 

rain events ?	





Interannual evolution of Heat Index	


over central Sahel; June-September 1979-2012	



% of regional scale heat waves days	


(Heat Index > 90% over 3 days or +)	



Research conducted at IRD	


3. Extreme events / heat waves	



Q. Heat waves patterns and 
dynamics over West Africa ?	



Q. Which predictability ?	



Q. Their evolution under 
climate change scenarios ?	



Q. How climate models 
simulate heat waves ?	





  

•  The main biases in climate models over West Africa 
have not been reduced from CMIP3 to CMIP5.	



•  Even in uncoupled mode, models have strong 
biases on rain but also on radiative fluxes. 	



•  Biases are similar in regional climate models 	



SW
dn
	



LW
dn
	



100 W/m2 !!	



80 W/m2 !!	



60 W/m2 !!	



Research conducted at IRD	


4. Climate models evaluation	





Regional modeling 
CORDEX-Africa 

ERA-Interim underestimates precipitation in West Africa 
wide spread among RCMs but the ensemble mean does a good job  

Research conducted at IRD	


4. Climate models evaluation	





Objec&ves:	
  	
  
•To	
  reduce	
  uncertain-es	
  in	
  our	
  knowledge	
  of	
  the	
  func-oning	
  of	
  Tropical	
  Atlan-c	
  climate,	
  par-cularly	
  of	
  climate-­‐

related	
  ocean	
  processes	
  (including	
  stra-fica-on)	
  and	
  dynamics,	
  coupled	
  ocean,	
  atmosphere,	
  and	
  land	
  
interac-ons;	
  and	
  internal	
  and	
  externally	
  forced	
  climate	
  variability.	
  

•To	
  beLer	
  understand	
  the	
  impact	
  of	
  model	
  systema-c	
  error	
  and	
  its	
  reduc-on	
  on	
  seasonal-­‐to-­‐decadal	
  climate	
  
predic-ons	
  and	
  on	
  climate	
  change	
  projec-ons.	
  

•To	
  improve	
  the	
  simula-on	
  and	
  predic-on	
  of	
  Tropical	
  Atlan-c	
  climate	
  on	
  seasonal,	
  and	
  longer	
  -me	
  scales,	
  and	
  
contribute	
  to	
  beLer	
  quan-fica-on	
  of	
  climate	
  change	
  impacts	
  in	
  the	
  region.	
  

•To	
  improve	
  understanding	
  of	
  the	
  cumula-ve	
  effects	
  of	
  the	
  mul-ple	
  stressors	
  of	
  climate	
  variability,	
  greenhouse	
  
induced	
  climate	
  change	
  (including	
  warming	
  and	
  deoxygena-on),	
  and	
  fisheries	
  on	
  marine	
  ecosystems,	
  
func-onal	
  diversity,	
  and	
  ecosystem	
  services	
  (e.g.,	
  fisheries)	
  in	
  the	
  Tropical	
  Atlan-c.	
  

•To	
  assess	
  the	
  socio-­‐economic	
  vulnerabili-es	
  and	
  evaluate	
  the	
  resilience	
  of	
  the	
  welfare	
  of	
  West	
  African	
  fishing	
  
communi-es	
  to	
  climate-­‐driven	
  ecosystem	
  shiPs	
  and	
  global	
  markets.	



Projet	
  EU	
  PREFACE	
  
Enhancing	
  PREdic5on	
  oF	
  Tropical	
  Atlan5c	
  ClimatE	
  and	
  its	
  impacts	



Research conducted at IRD	


4. Climate models evaluation	
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African Monsoon Multidisciplinary Analyses	


http://www.amma-international.org	



AMMA is an international programme to improve our knowledge and understanding of the West 
African monsoon (WAM) and its variability and has emphasis on daily-to-decadal timescales including 
climate change. AMMA is motivated by an interest in fundamental scientific issues and societal needs 
for improved prediction of the WAM and its impacts on West African nations. 	


	


AMMA has been recognised as the largest multidisciplinary research program in Africa in the area of 
climate and environnement as well as impact research on the socio-economics of West African nations.	



A contribution to 
climate services.  
Upstream research 
towards added-
value products.	



Phase 2 : 2010-2020	




