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Tested WRF24 con-gurations
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Cumulus Schemes (CU): 
●  Betts-Miller-Janjic (C1)
●  Grell-Freitas (C2)
●  Kain-Fritsch (C3)

Planetary Boundary Layer Schemes (PBL):
●  Asymmetric Convective Model, V.2 (P1)
●  Mellor-Yamada-Janjic (P2)
●  Yonsei University (P3)

Microphysics Schemes (MP):
●  Lin Purdue (M1)
●  Thompson (M2)
●  WRF Single Moment 3 (M3)

References:
● Default NCAR 2013 (R1)
● Noble et al. 2013 (R2)

All combinations:
27 + 2 simulations
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27 WRF configurations 
+ Noble et al. 2013 (ACM2/GD/WSM5) 
+ Default NCAR 2013 (YSU/KF/WSM6)
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On two occasions I have been asked, "Pray, Mr. Babbage, if you put into the 
machine wrong figures, will the right answers come out?" ... I am not able rightly to 
apprehend the kind of confusion of ideas that could provoke such a question. 

Charles Babbage, Passages from the Life of a Philosopher
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Two concurring bias correction algorithms

Monthly mean of  
past GCM

Monthly mean of  
future GCM

Warming signal 
future - past

Re-analysis REA 
for past period+

Pseudo-global warming  
Rasmussen et al. (2011)

Allows one to see how current weather 
would look like in the future. Assumes that 

key climate features do not change.

past: 1990-2000; “future”: 2000-2010
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Bias correction of sea surface temperature

Model input mean sea surface temperature [K]
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Both methods improve on average over the GCM

Model output mean 2m temperature [K]
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PAC produces too little (monsoon) precipitation

Model output mean rainfall [mm]
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A strong change in GCM monsoon dynamics

Model output mean 10m wind for August [knots]
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One step closer to a WA climate modeling system 

WRF sensitivity study !
PBL scheme determines position of monsoon rains 
MP scheme determines total amount of precipitation 
CU scheme less important on seasonal time scales !
CAM drier, RRTMG wetter than DUDHIA/RRTM !
“Best” configuration for regional climate simulations: 

Noble et al. (2013), GD_WSM5_ACM2_RRTMG

Bias correction of forcing GCM data !
Large bias and change in forcing GCM circulation, 
MPI-ESM drier/wetter than ERA-Int. over land/sea 
!
Pseudo-Global Warming closer to ERA-Interim and 
observations, Perturbed Average Climate improves  
on average over GCM, but problems with rainfall

Supported by



http://www.colourswallpapers.com 

http://worldcupzones.com

http://www.fifa.com
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Sunset over the Sissili river, Northern Ghana (Nov. 2013)
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Supplementary material
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Bias correction of sea surface temperature

Model input mean sea surface temperature 2000-2009 [K]
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Bias correction of sea surface temperature

Model input mean sea surface temperature 2000-2009 [K]
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Bias correction of sea surface temperature

Model input mean sea surface temperature 2000-2009 [K]

Mean sea surface temperature [K]
Model SST Bias to ERA 2000-2009
ERA 1990-1999 298.94 -0.09
ERA 2000-2009 299.03 0.00
MPI 1990-1999 299.33 0.30
MPI 2000-2009 299.53 0.50
PGW 2000-2009 299.16 0.13
PAC 2000-2009 299.15 0.12
NCDC 2000-2009 299.06 0.03
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Pseudo-global warming beats the raw GCM …

Model output mean 2m temperature for August [K]
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PAC has problems with monsoon precipitation

Model output mean rainfall for August [mm]
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A strong change in GCM monsoon dynamics

Model output mean 10m wind for August [knots]
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Global climate trends on regional scales
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West African Monsoon - the big sea breeze

July - September January - March

Credits: C. Klein
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West African Monsoon - the big sea breeze

July - September January - March
Hovmöller diagrams (10˚W-10˚E averages)

Mean sea level pressure [hPa] and daily precipitation [mm]
Thorncroft et al. (2011)Credits: C. Klein
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West African Monsoon - the big sea breeze

July - September January - March
Hovmöller diagrams (10˚W-10˚E averages)

Mean sea level pressure [hPa] and daily precipitation [mm]
Thorncroft et al. (2011)

Key question: Onset and duration of the rainy season?

Credits: C. Klein
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West African Monsoon (WAM) - a cooking recipe

The meridional structure 
of the mean rainfall is itself 
related to the mean me-
ridional circulation (Fig. 2), 
characterized by a near-
surface monsoon flow that 
brings water evaporated 
over the Gulf of Guinea 
over the African continent. 
This monsoon f low con-
verges with a southward 
dry airf low coming from 
the Sahara at the “inter-
tropical discontinuity” in 
the region of the Saharan 
heat low where dry con-
vection occurs. The return 
branch of this Hadley cir-
culation at around 600 hPa 
is associated through the 
angular momentum budget 
and thermal wind balance 
with the African easterly jet 
(AEJ), which, in turn, trans-
ports additional moisture from the Indian Ocean. The 
intertropical convergence zone (ITCZ) is positioned at 
around 10°N, where most of the convective rainfall oc-
curs, with a mean upward motion that reaches 200 hPa 
where the tropopause easterly jet is located.

The relative zonal symmetry of the climate means 
does not account for the strong longitudinal varia-
tions taking place on a daily basis. The accumulated 
rainfall is the result of successive convective events, 
which are either local or organized as mesoscale con-

vective systems or squall lines (Mathon et al. 2002). 
The interaction between the tropical waves and the 
convection plays a dominant role at both synoptic (the 
main convective activity typically develops ahead of 
or within the trough of the African easterly waves) 
and intraseasonal (very important for agriculture) 
time scales. At intraseasonal and interannual time 
scales, the African monsoon is also influenced by 
regional and global patterns of the sea surface tem-
perature (SST) and local coupling with surface pro-
cesses, but the amplitude and mechanisms of those 
couplings are still very uncertain.

The last Intergovernmental Panel on Climate 
Change (IPCC) report (Solomon et al. 2007) con-
firms that coupled atmosphere–ocean models poorly 
simulate the West African climate (Cook and Vizy 
2006). As for climate change projections, the models 
disagree even on the sign of the expected trend in the 
mean rainfall on that region. Atmospheric models 
forced by observed SSTs also fail to reproduce some 
important aspects of the monsoon system.

The African Monsoon Multidisciplinary Analyses 
(AMMA) project was designed in a large part to ad-
dress the main uncertainties in atmospheric processes 
controlling the monsoon system and to contribute 
to the evaluation and improvement of climate and 
weather forecast models in that respect. The obser-
vational strategy included both reinforcement of 
the operational network of surface stations and of 
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FIG. 2. Mean meridional circulation (stream lines) and associated mean zonal 
wind (m s−1, contours). Mean Jul–Sep (JAS) conditions are from the NCEP 
reanalyses.
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multimodel multirun AMMA-MIP database, as illus-
trated in Fig. 5, which suggests that a large part of the 
biases comes from a shift in the whole monsoon system 
in latitude. For a particular model configuration (see 
figure), the dispersion either as a result of the internal 
variability (as given by the ensemble runs when avail-
able) or the boundary conditions [2000 (empty circles) 
versus 2003 (filled circles) SSTs] is generally smaller 
than the typical difference between two models or be-
tween one model and observations. This can be assessed 
further by looking at the results in Table 1.

Most simulations show a somewhat larger rain-
fall when forced by 2003 rather than by 2000 SSTs. 
However, the difference is not much larger than 
the internal variability given by the UCM and IPSL 
ensemble simulations for given SST conditions, sug-
gesting that even the larger observed rainfall in 2003 
could be due to internal variability rather than being 
forced by SSTs. The NCEP–NCAR reanalysis and 
ERA-40 suggest a jet farther north by about 1° in 2003 
(Grist and Nicholson 2001); however, no systematic 
correlation is found between a northward migration 
of the jet and larger rainfall in 2003 with respect to 
2000 when looking at the models. It must be kept in 
mind that a displacement by 1° is a displacement by 
less than one grid point for most models and reanaly-
sis products.

Notice also that the re-
analyses are in rather good 
agreement with each other 
for the jet core location but 
are quite far from observa-
tion for the Sahelian accu-
mulated rainfall, making 
the reanalysis similar to 
rather bad climate models 
in that respect.

Surface fluxes. The latitudi-
nal gradients of moist static 
energy have been shown to 
play a key role in the control 
of the African monsoon 
(Eltahir and Gong 1996). 
This latitudinal gradient is 
forced at first order by the 
thermal contrasts between 
the Gulf of Guinea (which 
is relatively cool at that 
time) and the Sahara. The 
aerosols and clouds signifi-
cantly modulate the latitu-
dinal contrasts of top of the 

atmosphere and surface radiative fluxes. The surface 
albedo can be an important source of discrepancy 
between the various models. Surface hydrology also 
plays a key role through the partitioning of sensible 
and latent heat fluxes (e.g., Fontaine et al. 2002).

Validation of climate models in terms of surface 
fluxes is one of the expected important outcomes of 
the campaign. Data are currently being processed 
in a form usable for model validation. In addition to 
direct observations, the AMMA Land Surface Model 
Intercomparison Project (ALMIP; Boone et al. 2009) 
provides a collection of simulated surface fields built 
using so-called soil–vegetation–atmosphere transfer 
models forced by a combination of observed, satellite-
based, and forecast meteorological fields.

First analyses (not shown) revealed the large 
dispersion between the various AMMA-MIP 
models in terms of cloud forcing, and latent and 
sensible heat f luxes, a point which merits further 
investigations.

Parameterized convection and meridinal transport. 
The parameterized convection is a key issue for 
climate modeling, in particular over tropical conti-
nents. This aspect is illustrated based on results of 
the LMDZ4 model with the two deep convection 
schemes (corresponding to simulations IPSL1 and 

FIG. 5. Latitude of AEJ (°N) versus mean rainfall over a Sahelian box (13°–18°N, 
10°W–10°E) for all of the AMMA-MIP simulations; for the CMAP and GPCP 
observations; and NCEP–NCAR, and NCEP-2 reanalyses for JJAS season, 
and 2000 (empty circle) and 2003 (filled circle) years. The AEJ latitude for 
CMAP and GPCP corresponds to the ERA-40 reanalyses for year 2000 and 
to ERA-Interim reanalyses for year 2003.
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Latitude of African Easterly Jet vs. mean 
daily rainfall [mm] for the Sahel 2000/2003

Observation

Sahel rainfall accuracy and the position of the ITCZ
Hourdin et al. (2010)
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From control runs to regional climate projections

Candidate configurations 
from ERA-Interim runs

Replace LW/SW radiation 
with CAM and RRTMG

Force with ERA-Interim 
and MPI-ESM (Echam6)

West Africa/Sahel 
10W-10E, 7.5N-15N 

1980-2005

ERA-Interim
GPCC

GCM Ensemble
MPI-ESM close to  
ensemble mean

Jones et al. (2012): Africa-CORDEX Simulations 
http://web2.sca.uqam.ca/~wgne/CMOS/PRESENTATIONS/5536_3b6_jones_colin.pdf 
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WASCAL - a large-scale international program

WASCAL partner countries 
Bénin 

Burkina Faso 
Côte d'Ivoire 

Gambia 
Ghana 

Mali 
Niger 

Nigeria 
Sénégal 

Togo

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 effective 
adaptation and mitigation measures. 
 
WASCAL is a large-scale research-focused program 
designed to help tackle this challenge …
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adaptation and mitigation measures. 
 
WASCAL is a large-scale research-focused program 
designed to help tackle this challenge …

Wascal Headquarters !
Accra, Ghana 

Administration, coordination !
Ougadougou, Burkina Faso  

Competence Center

Core Research Program !
Climate and land-use change, 
social/scientific impact studies !

West-African Consortium 
German Consortium

Graduate Research Program !
National universities  
and German partners !

Graduate Research Programs 
Master Research Programs

High-resolution regional climate projections !
Regional climate system for West Africa 

Validation through joint observation networks 
Climate change and land-use changes 

Impact studies, forcing data for further studies
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Météo Togo
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Setup of climate station Gwasi in Northern Ghana (Nov. 2013)
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Sunset over the Sissili river, Northern Ghana (Nov. 2013)


