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a) The initial decrease in WAM precipitation is caused by warming and enhanced convection over
the ocean, stabilising the atmosphere inland and disrupting the monsoon inflow at low levels

b) Later in the response the WAM precipitation is reduced through a strengthening of the shallow
circulation over West Africa, associated with changes in the large-scale temperature gradients

and a local warming of the atmosphere related to a soil moisture feedback mechanism over the
Sahel

c) Finally, the WAM precipitation is also reduced through changes in specific humidity gradients
that lead to increased potency of dry air advection into the monsoon rainband



Understanding the Uncertainty in the West African Monsoon Precipitation

Response to Increasing CO, University
of Exeter

Harry Mutton,  Robin Chadwick, ab Matthew Collins, ® F. Hugo Lambert, b Christopher M.

Taylor, ¢ Ruth Geen, ¢ Hervé Douville, ' Marion Saint-Lu &

3 r T T v r
CESM2 o Sducoz
¥ CNRM-CM86-1 W4 4xco2
4 HadGEM3-GC31-LL o  Sdpk
- - ® =
. X IPSL-CMBA-LR - o Wi
e ® amip based decomposition
S
E . -
=
> -~ X
g x> ¥ $
g B N X o1
r
5 v X N =
s l Y
a
3]
@ a
x \ / o
% /
< ~
=
® -
-3 - " 2 2 2 . 2 2 J CI .
Direct Uniform Pattern Plant Sea Non-linear Full Coupled . Im
Radiative SST ST Effect Ice AGCM

Effect Warming Change Effect | Nn p ress




Understanding the Uncertainty in the West African Monsoon Precipitation

Response to Increasing CO, University
of Exeter
Harry Mutton,  Robin Chadwick, ab Matthew Collins, ® F. Hugo Lambert, b Christopher M.

Taylor, ¢ Ruth Geen, ¢ Hervé Douville, ' Marion Saint-Lu &

(a) Increased CO, (b) Uniform 4K SST
Concentration warming
- . ™~ . /'// _______ ::::Z“:m _____________ .
More warming over e ' WAM region warms !
Sahara compared to « i more than Sahara i
9 WAM region ) Enhanced 700 hPa B Anieteinieieieieteieiele ’
specific humidity v
Northwa r; <hift and gradients Strengthening of the
weakening of shallow | Local cooling of Sahel & Sha";‘:\é:?;'i’frionf"
| meridional circulation enhances large scale \
temperature gradient . o - ~
A 4 Sy .
(" Reduction indry air ) changes licresed iy v Local warming of Sahel
ad\;icFlt;)n from the | , IT " advection into monsoon 1
north into monsoon ncreased latent heat ;
rainband at 700 hPa 4 ™
\__rainband at 700 hPa flux and decreased D(ilcreasedd.latent hzat
i ) sensible heat flux from pekdeutilosdocins

- Sahel surface )

[ Increase in WAM }/ Sahel surface [Decrease in WAM

/_,/--”' sensible heat flux from
precipitation precipitation




Universi
Summary @ niversity

of Exeter

*Direct effect of CO, increases WAM precipitation

* Uniform warming of SSTs decreases WAM precipitation, but SST patterns also
play a role

*Much of the uncertainty associated with the response to the direct radiative
effect and uniform SST warming is shown to be related to differing changes in

700hPa moisture flux divergence associated with the shallow meridional
circulation over West Africa...

... as well as differences in a soil moisture - surface heat flux feedback over
the Sahel

*For the SST-pattern effect, the difference between North Atlantic SSTs as well

as inter-hemispheric gradients in surface temperatures are key drivers of
intermodel spread
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