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CAM4 Negative feedbacks  
 

Stratocumulus clouds formed by surface-driven turbulence 
 
Deepened mixed layer in a warmer climate   
 
(Shallow convection free tropospheric air with the whole PBL) 
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JJA 

Lin, Zhang, Loeb (2009,JCL) 

Observations 



CAM4 Negative feedbacks  
 

Shallow cumulus clouds formed by convective transport and 
detrainment 
 
Larger transport and detrainment in a warmer climate   
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 CAM5:  
  
 
 PBL explicit cloud top entrainment: 

( , )e e rad evapw w F E=

Shallow convection: lateral mixing explicitly depends 
cloud liquid  
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CAM5: 
 

Stratocumulus clouds formed by surface-driven turbulence, but 
diluted by cloud top mixing 
 
The two effects compensate each other 
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CAM5   
 

Shallow cumulus clouds formed by convective transport and 
detrainment 
 
Larger transport and detrainment in a warmer climate   
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(Albrecht 1996) 



What’s Next 
 
 

1. Large-eddy simulations (LES) 
 

2. Hypothesis test of mechanisms in GCMs 
 

3. Test on observed seasonal variation of low clouds 
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SCM (16) 
 
CAM4 (Hannay, Zhang, Rasch) 
CAM5 (Hannay, Zhang, Rasch) 
CCC (Austin) 
CSIRO (Franklin) 
ECHAM-ETH (Siegenthaler-LeDrian, Isotta) 
ECHAM-MPI (Kumar, Stevens) 
ECMWF (Koehler) 
GFDL (Golaz, Zhao) 
GISS (Wolfe, Del Genio) 
GSFC (Molod, Bacmeister, Suarez) 
JMA (Kawai) 
LMD (Brient, Bony, Jean-Louis) 
RACMO (Neggers)  
SNU (Park, Kang) 
UKMO (Webb, Lock) 
UWM (Larson, Senkbeil) 
 
 
 

 

LES (5) 
 
DALES (de Roode, Siebesma) 
SAM (Blossey, Bretherton, 
Khairdinov) 
UCLA (Sandu, Stevens, Heus) 
UCLA/LaRC (Cheng, Xu) 
UKMO (Lock) 
WRF-BNL (Endo, Liu) 
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 CGILS:  
CFMIP-GCSS Intercomparison of Large Eddy Models and Single 

Column Models on Low Cloud Climate Feedbacks 
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(Blossey et al. 2011) 

Stratocumulus clouds in five LES models 
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LES Cloud Feedback 
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Summary 
 
1. CAM4, negative feedback; CAM5, positive feedback, for 

both stratocumulus and shallow cumulus 
 

2. In CAM4, both cloud types are driven by surface buoyancy 
flux. Warmer climate leads to deeper PBL, and more 
convective transport of moisture, more clouds. 
 

3. In CAM5, both are driven by surface buoyancy flux AND 
cloud-property dependent mixing of cloudy air with free 
tropospheric air. Warmer climate can lead to more dilution of 
clouds. 
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