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West-African Monsoon System
The WAM is driven by the 

latitudinal thermal gradient 
between the cold sea 
surface temperatures in 
the Guinea Gulf and the 
high surface temperatures 
in the Saharan Heat Low 
region

In the following: Monsoon 
season, 1990 - 2006
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COSMO-CLM in ECHAM5/ERA-Interim
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COSMO-CLM in ECHAM5/ERA-Interim
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OLR:
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COSMO-CLM in ECHAM5/ERA-Interim

Ref: 

GEWEX-
SRB

mailto:Bodo.Ahrens@iau.uni-frankfurt.de
mailto:Bodo.Ahrens@iau.uni-frankfurt.de


Bodo.Ahrens@iau.uni-frankfurt.de

Explanation/Part 1

ECHAM5 overestimates SST in the source region ...
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Explanation/Part 2

COSMO-CLM overestimates the Saharan heat low. Why? 

Surplus of net incoming solar radiation at surface!?
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Rad. budget of ENSEMBLES RCMs
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http://ensembles-eu.metoffice.com/

DATASETS AND SIMULATIONS 

GROUP MODEL 
DMI HIRHAM 
GKSS CCLM 
HC HadRM 
ICTP RegCM 
KNMI RACMO 
METNO HIRHAM 
MPI REMO 
SMHI RCA 
UCLM PROMES 

Contributing groups and the regional climate 
models used in nine setups for ENSEMBLES 

05 May 2010   -   Steffen Kothe & Bodo Ahrens   -   kothe@iau.uni-frankfurt.de 

Evaluation domain

Forced by ERA-Interim!

Evaluation period: 1990 - 2006 (Sat. data limits the period)

->HZG
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Rad. budget of ENSEMBLES RCMs

Mean Summer Solar Net Downwelling Flux at SFC 

(Ref: GEWEX/SRB)
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Explained Variance of Solar Errors:
[Cor(!A-TS, !Rad-TS)]^2, ...
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Rad. budget of ENSEMBLES RCMs
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Explained Error Variances

=> 
a) cloud cover uncertainty an important factor
b) albedo uncertainty of similar relevance
c) ... are very important factors
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Rad. budget of ENSEMBLES RCMs
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Other factors
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Africa domain Europe domain

winter summer winter summer
CM-SAF 0.50 0.49 0.57 0.58
ISCCP 0.50 0.48 0.65 0.50
CCLM 0.51 0.50 0.73 0.60

Table 2: Mean cloud amounts in model domains

rebuilds again with a sinking and an increasing of the inversion over the sea surface. Although
the CCLM simulated much too low cloud amounts in this region in average (not shown), the
process of cloud breakup during day was reproduced by the model (see Figure 5). A region of
big discrepancies concerning diurnal variations in cloud cover was the Sahara and Sahel region.
Doubtfully large diurnal cycles, as shown by ISCCP in this area, are not seen in the CM-SAF
and CCLM data.

Figure 5: Mean cloud amounts (colored boxes) of data (CM-SAF, ISCCP and CCLM) and their diurnal
cycle (lines) in winter (l.) and summer (r.) in the Africa domain

Comparisons in the European domain are presented in Figure 6. Diurnal cycles in the ob-
servation based satellite and Synop data were, as supposed to be, stronger in summer than in
winter, with a diurnal cycle maximum in cloud amount in the afternoon in summer. The CCLM
did not simulate any worth mentioning diurnal variations neither in winter nor in summer.

Beside the missing of the characteristic convection induced diurnal cycle in cloud fraction in
the model (see Figure 6(r.)), some detection problems in the satellite algorithms became evident.
In Figure 6(l.), some diurnal variations in the CM-SAF data occur, that were rather caused by a
switching between nighttime and daytime detection algorithm than by realistic diurnal variations
in cloud fraction. In the ISCCP data, the additional usage of the visible spectral channel induced
artificially higher cloud amounts during day, resulting in considerable diurnal cycles also in the
winter season. In consequence, a general bias, with higher cloud amounts during day (see Figure
6(l.)) in ISCCP – and probably also in CM-SAF data, can be assumed. Thanks to a fairly high
station density in Europe, in contrast to Africa, the climatology of synoptical cloud observations
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Albedo in COSMO-CLM / 1
Using MODIS based background albedo for bare 

soils => higher albedos in the Sahara =>
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Old Albedo New Albedo
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CCLM_Results: Annual Mean Bias T_2M CAFR44_RK240L35_ERAINT_KIT_newalb

D Luethi, HJ Panitz, M Büchner

T2m Bias
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Albedo in COSMO-CLM / 2
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Consideration of grid-scale slope in

•parallel-beam albedo dependence on sun elevation

•beam-perpendicular surface area
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Albedo in COSMO-CLM / 2
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Changes in the diurnal cycles
not yet found ...
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Conclusions

•COSMO-CLM is warming up over Africa (too warm 

already over the Sahara ...)

•albedo - a “simple” process - has still room for 

improvement

•a small change can have a large impact

Nature never breaks her own laws. - Leonardo da Vinci
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C-CLM Projection (A1b)
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C-CLM Projection (A1b)
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