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Objectives: 

1.  To understand cloud feedbacks in SCMs 

2.  To evaluate SCM cloud feedbacks using LES 

3.  To interpret GCM cloud feedbacks by using SCM results   
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The CGILS Study: CFMIP-GCSS Large Eddy and 

Single Column Model Study   
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Results from Control Simulations 
Under Steady Forcing  
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Cloud Amount (%) 
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Cloud Feedbacks Under Steady Forcing  
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5 models with positive feedback: CAM5, CCC, CSIRO, LMD, UKMO 
5 model with negative feedback: CAM4, ECMWF, GFDL, JMA, UWM 
1 with little feedback: ECHAM-MPI; ? 1 to equilibrate ECHAM-MPI 
3 models with different signs at the three locations: GISS, GSFC, RACMO 

? ? 



Cloud liquid water (10-2 g/kg) at S11, dashed for warmer climate 
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Cloud bottom: 

 Cloud top:

A reference case: well mixed boundary layer:  (non-local, 
counter-gradient) 

 changes little

Scaled by surface buoyancy flux or 
 bulk Richardson number

 increases with Ts

Cloud top liquid water 
increases with Ts: 

Negative cloud feedback  16 



Other factors: 

(1) explicit cloud top entrainment:
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 (2) Shallow convection:

1.  Mixing of air below and above cloud layer  
 Tend to be similar to well-mixed layer model (negative feedback) 

2. Mixing with extrainment and detrainment   
 Tend to be similar to cloud-top entrainment (positive feedback) 

 Tend to be similar to well mixed (negative feedback) 
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Results from Transient Forcing  
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Cloud Feedback (W/m2/K) at S11 

Blue: Steady forcing 
Red: Transient Forcing 



GFDL L48 Constant Forcing 
Cloud Liquid Water  

Control versus Warmer Climate 
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Mechanisims:

1. K diffusivity (negative feedback)
non-local
counter-gradient
local Ri, but coarse resolution, including TKE Level 2.5 or higher  

2. Explicit entrainment at top of PBL (toward positive feedback)

3. Shallow convection acts as the entrainment process, drawing dry and         
warm air down (toward either positive or negative)
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Summary 


