
Climate	projec0ons	for	West	Africa:	highly	needed	but	uncertain	

With	 climate	 change	 being	 one	 of	 the	most	 severe	 challenges	 to	 rural	 Africa	 in	 the	 21st	
century,	West	Africa	is	facing	an	urgent	need	to	develop	effec[ve	adapta[on	and	mi[ga[on	
measures	 to	 protect	 its	 constantly	 growing	 popula[on.	 WASCAL	 (West	 African	 Science	
Service	 Center	 on	 Climate	 Change	 and	 Adapted	 Land	 Use,	 hbp://www.wascal.org)	 is	 a	
large-scale	 research-focused	 program	 designed	 to	 enhance	 the	 resilience	 of	 human	 and	
environmental	 systems	 to	 climate	change	and	 increased	variability.	An	 integral	part	of	 its	
climate	 services	 is	 the	 provisioning	 of	 a	 new	 set	 of	 high	 resolu[on,	 ensemble-based	

regional	climate	change	scenarios	for	con[nental	West	Africa.	

I.	The	WASCAL	regional	climate	projec0ons:	experiment	design	

• Ensemble	approach	to	determine	uncertainty	in	regional	climate	simula[ons	 
stemming	from	driving	global	circula[on	model	and	limited	area	model	itself	

• Mul[-model	mean	and	spread	of	ensemble	describe	the	most	likely	projec[on 
and	the	uncertainty	(e.g.,	CMIP5,	CORDEX)	

• Three	global	circula[on	models	(GCM)	and	three	regional	climate	models	(RCM) 
for	RCP4.5;	historical	runs	and	control	runs	using	re-analysis	data

II.	The	WASCAL	WRF	simula0ons:	model	and	domain	setup	

• West	African	Summer	Monsoon	as	governing	meteorological	feature	
• Large	domain	centered	over	West	Africa	to	capture	monsoon	dynamics 
and	to	generate	the	mesoscale	convec[ve	cells	(Brown	and	Sylla	,2012)	

• High	spa[al	resolu[on	of	12km	with	5:1	nes[ng	to	provide	added	value	
• Spectral	nudging	to	keep	the	outer	domain	aligned	with	the	driving	model	
• Large	set	of	output	variables	on	pressure	levels	provided	every	3hr	model	[me	
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Fig	1.	WASCAL	experiments:	historical	(1979-2005)	and	RCP4.5	(2006-2100)	runs
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III.	Towards	a	regional	climate	modeling	system	for	West	Africa		

• Op[mal	model	configura[on	for	each	RCM	to	reduce	biases	and	reproduce	the	 
observed	annual	cycle	of	the	West	African	monsoon	precipita[on	

• Performance	study	of	29	WRF	model	configura[ons	with	respect	to	monsoon	  
dynamics,	precipita[on	paberns,	temperature	distribu[on	and	large-scale	wind	 
systems	(Klein	et	al.,	2015)		

• CORDEX	WA	setup	for	Cosmo-CLM	runs	(Panitz	et	al.,	2012)	
• Sylla	et	al.	(2010)	setup	for	RegCM	runs

close	to	mul/-model	mean2
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rainband is especially narrow with a daily precipitation of 
only 1–2 mm at the coast. ACM2 and WSM3 show very 
low precipitation intensities and induce an overall dry bias. 
BMJ shows closest rainfall amounts to TRMM, outper-
forming ENS with more precipitation at the coast and less 
overprediction in the Sudano-Sahel.

3.3  Parameterization influences on rainband intensity 
and position

In the following, we analyze the contribution of the three 
parameterization groups (CU, MP, PBL) to the above-men-
tioned differences in spatial rainfall distribution. Figure 5 
shows boxplots of the parameterization groups, compared 
to the ensemble mean for the whole rainy season. The 
spread of the boxes indicates the tendency of a scheme 
towards a dry or a wet regime. Small boxes imply that the 
scheme is the dominating factor, since the resulting regime 

is hardly changed by different configuration partners. We 
differentiate between (1) the Guinea Coast, where peak 
precipitation occurs during the continental phase before 
monsoon onset, (2) the Sudano-Sahel, where the center of 
the rainbelt and thus the precipitation maximum are found 
after monsoon onset is found, and (3) the Sahel, where pre-
cipitation depends on the northernmost extent of the rain-
band (Fig. 1). With respect to the blue line that indicates 
the TRMM mean, ENS underestimates precipitation both, 
at the Guinea Coast and in the Sahel. However, except for 
the dry parameterization groups WSM3 and ACM2, we find 
an overestimation in the Sudano-Sahel. The largest bias 
reaches from −3.5 to 1.7 mm day−1 at the Guinea Coast, 
−2.1 to 3.2 mm day−1 in the Sudano-Sahel, and −1.4 to 
0.5 mm day−1 in the Sahel, indicated by the whisker differ-
ence of ENS to TRMM.

The MP schemes show the same overall tendencies for 
the three regions, with a clear order (TH being the wettest 

Fig. 5  Boxplots of the bias 
in average precipitation from 
April–September 1999 with 
respect to the ensemble mean 
in the Sahel (top), the Soudano-
Sahel (middle) and at the 
Guinea Coast (bottom). The 
parameterization groups are 
defined as in Fig. 4. The boxes 
indicate the interquartile range 
and the whiskers stretch to 
minimum and maximum values 
of each group. Blue lines depict 
the TRMM average precipita-
tion

Fig	 3.	 (lek)	 Box	 plots	 of	 rainfall	 bias	 wrt.	
ensemble	mean.	 CU	 schemes	mostly	 affect	
sub-daily	 individual	events,	MP	the	amount	
of	 rainfall	 and	 PBL	 the	 posi[on	 of	 the	 rain	
band.	 (top)	 Hovmöller	 diagrams	 of	 1999	
daily	rain	(Klein	et	al.,	2015).
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data is taken as reference for the atmospheric dynamics and 
surface fluxes.

3  Precipitation

3.1  Seasonality of precipitation

WRF captures the seasonal cycle, as can be seen from the 
Hovmöller diagrams (Fig. 3) for the WRF ensemble mean 
(ENS) in comparison to TRMM. For both, the area of 
maximum precipitation from April to June is situated at the 
coast at about 5°N.

According to Hagos and Cook (2007), the Saharan 
Heat Low (SHL) reaches its maximum by the end of 
June when it is positioned around 20°N, and when the 
Atlantic cold tongue in the Gulf of Guinea is established 
which induces a pressure gradient strong enough to trig-
ger the “monsoon jump”. This term refers to the sudden 
relocation of the precipitation maximum from the coast 
to approximately 10°N and represents the monsoon onset 
in the Sahel. We define the date of the monsoon jump as 
the first occurrence of two consecutive days with rainfall 
amounts within the 0.9 percentile for the period May–
July between 9 and 11°N. For TRMM, the monsoon jump 
takes place on 1st of July, as can be seen in Fig. 3 from 
the extension and subsequent relocation of the precipita-
tion maximum from the coast to ~12°N. ENS is also cap-
turing the monsoon jump, although 3 days earlier. Most 
ensemble members are able to capture the monsoon jump 
close to the observed date with a mean absolute deviation 
of 4.3 days and a maximum shift of 16–20 days for three 
of the members.

Intense precipitation events are better represented in 
ENS than in ERA-I, because of the higher horizontal reso-
lution of WRF. The rainband is slightly shifted to the south 
over the whole rainy season in comparison to TRMM, but 
less than for ERA-I. The shift is especially pronounced 
in August, when the monsoonal rainfall is at its peak and 
TRMM shows precipitation throughout the whole month 
in the northern Sahel between 16–20°N, while ERA-I and 
ENS are not able to capture all of these events. This also 
applies to all individual ensemble members. The retreat of 
the rainband to the Guinea Coast sets in by mid-August 
for TRMM and ERA-I. This movement is delayed in ENS, 
which results in a too dry coast in the late summer. On the 
other hand, the observed dry period at the coast during 
August, i.e., before the retreat of the rainbelt, is not very 
well represented in ENS, since for some members the rain-
band remains too far south for the whole period. All ensem-
ble members show a seasonal relocation of the rainband, 
but strongly differ in the extent, intensity and width, which 
will be discussed in the following sections.

3.2  Spatial distribution of precipitation

In order to reveal the differences in precipitation with 
respect to certain physics influences, Fig. 4c shows the bias 
against the ensemble mean of the spatial average of JAS 
precipitation for each of the nine parameterization groups 
(following the approach of Pohl et al. 2011, Fig. 15), where 
one particular scheme is fixed for each group. For example, 
the KF ensemble consists of the average of the nine simula-
tions that utilize the KF cumulus scheme, and so forth.

The rainband of ENS shown in Fig. 4a is mostly too 
narrow with excessive precipitation in its core zone and in 

Fig. 3  Time-latitude Hovmöller 
diagrams of 1999 daily precipi-
tation for TRMM (top), ERA-I 
(middle) and the WRF ensemble 
mean (ENS, bottom)

So,	where	is	my	added	value?	

Our	historical	runs	indicate	that	the	12km	models	reproduce	the	annual	cycle	in	tempera-
ture	and	 rainfall	 beber	 than	exis[ng	CORDEX	 runs	and	provide	more	accurate	 results	 for	
the	sub-saharan	regions.	The	projected	rise	in	temperature	is	consistent	among	all	models.	
The	spread	in	projected	rainfall	 for	different	forcing	data	and/or	regional	models	suggests	
to	 increase	 the	 ensemble	 size	 with	 further	 combina[ons	 of	 GCMs	 and	 RCMs	 and	 novel	
modelling	approaches	on	global,	variable-resolu[on	meshes	for	a	beber	es[ma[on	of	the	
uncertainty.	With	a	higher	resolu[on	in	[me	and	space,	our	data	can	also	serve	as	input	for	

further	downscaling	experiments	at	convec[on-resolving	resolu[on	(code	available).

IV.	Model	valida0on:	historical	and	control	runs	1980-2010	

• WRF	at	12km,	driven	by	ERA-Interim	(R),	MPI-ESM	MR	(E)	and	GFDL-ESM2M	(G)	
• CCLM	at	12km,	UDEL	observa[ons,	CORDEX-RCA4	ensemble	(Colins	et	al.,	2012)	
• Observed	mean	surface	temperatures	are	matched	best	by	the	WRF/CCLM-R 

control	runs	and	WRF-E,	the	GFDL-driven	model	WRF-G	shows	a	strong	cold	bias	
• Monthly	 rainfall	over	WA	 is	closest	 to	UDEL	 for	 the	WRF-G	historical	 run,	 the	WRF-R/E	

runs	over-predict	rainfall	in	Central	Africa.	The	CCLM	run	shows	a	dis[nct	dry	bias,	while	
the	CORDEX	runs	exhibit	a	wet	bias	over	most	of	Guinea	and	the	Soudano	zone

V.	First	projec0ons:	a	warmer,	but	we9er	or	drier	future?	

• WRF-E,	WRF-G	and	CORDEX	show	a	warming	signal	of	2°C	by	the	end	of	the	21st	century	
• WRF-E	indicates	an	increase	in	rainfall	for	most	of	WA,	while	WRF-G	predicts	drier	Sahel	
and	Sahelo	zone	and	an	increase	in	rainfall	
along	the	coast	-	CORDEX	lies	in	between

The	WASCAL	regional	climate	simula[ons	for	West	Africa: 
How	to	add	value	to	exis[ng	climate	projec[ons?	
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