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EVALUATION OF  CLOUD MODELLING AND RADIATIVE 
FEEDBACKS  OVER WEST-AFRICA IN CMIP5 MODELS

SUMMARY

   The cloud cover strongly affects the radiative budget over land, both at 
the top of the atmosphere and at the surface. Clouds directly affect land-
atmosphere feedbacks down to small time scales via mechanisms 
occurring within the diurnal cycle.

   We evaluate CMIP5 simulations of cloud radiative forcing over West 
Africa following Hourdin et al. (BAMS 2010) and compares models, 
satellite and ground data over a meridional climatic transect, from the 
wet Tropics to the Sahara desert [Fig 1].

Satellite data (CloudSat, CALIPSO, ISCCP, CERES) emphasize marked 
meridional contrasts in cloud amount and  vertical structure (Bouniol et 
al. 2012) [Fig. 2] .

 They also indicate distinct cloud radiative signatures in the long-wave 
and short-wave budgets, leading to a well-defined jump of the maximum 
TOA net radiation associated with monsoon clouds, expected to favour 
convection (thermodynamic factor) [Fig. 3]. 

   This is qualitatively captured by models [Fig. 4]. The large differences 
(several 10's of W.m-2 in monthly mean) between simulated and 
observed clouds can only be partly attributed to departures in the 
location of the ITCZ. 

   Clouds affect the energetics of the simulated monsoon, together with 
other physical features of the models (notably surface albedo and 
aerosols). In most models, an unrealistic diurnal cycle of deep 
convection  (shifted in time and too strong) also  induces systematic 
major biases in the clouds  [Fig. 5].

   We are currently analysing how cloud biases are involved in integrated 
diagnostics such as the relationship between the precipitable water and 
the LW incoming flux at the surface , or the sensitivity of the cloud LW 
radiative impact to atmospheric water vapour [Fig. 6]. 
 
   Despite their well defined structure over West Africa, the simulation of 
clouds and cloud radiative forcing over this wide tropical land appears as 
a true challenge. Future joint analyses of AMMA ground-based and 
satellite data will allow to precise the role of clouds in the monsoon (e.g. 
monsoon onset,  interannual variability), to assess the simulated climate 
sensitivities  and how it evolves with improved parametrizations. 

FIGURE 3  ANNUAL CYCLE OF TOA RADIATIVE FLUXES 
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FIGURE 1   
TRANSECT & CMIP5 cfSites

yellow lines delineate the climatic transect
[10°W,10°E]
CMIP5 cfSites (red crosses) coincide with 
location where ground-data are available 
(AMMA, ARM Niamey)  

FIGURE 2   
Cloud fraction (CloudSat, CALIPSO)
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FIGURE 4  EVALUATION OF CMIP5 SIMULATIONS  
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FIGURE 6  DIAGNOSTICS  ( LW fluxes, water vapour and clouds)

An example of time-height series of local cloud fraction and diabatic heating (cfSites, time step resolution)
Almost every day during this month, the deep convection scheme is trigged in the middle of the day 
and generates deep clouds. This affect the cloud impact in the SW (which dominates over LW at the surface) 

FIGURE 5  DIURNAL CYCLE and DEEP CONVECTION ISSUES
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