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Double-moment warm-rain microphysics of Morrison and 
Grabowski (2007, 2008): 

- Prediction of concentrations and mass of cloud droplets 
and rain drops (4 variables); 

-  Prediction of in-cloud supersaturation and thus relating 
the concentration of activated cloud droplets to local value 
of the supersaturation; additional variable (concentration 
of activated CCN) needed;  

- Allows various mixing scenarios for subgrid-scale  mixing 
(from homogeneous to extremely inhomogeneous).  
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The Barbados Oceanographic and Meteorological Experiment 
(BOMEX) case (Holland and Rasmusson 1973) 



Simulations reported here use higher spatial resolution and the 
same number of grid points in horizontal (thus smaller domain): 

domain:      6.4 x 6.4 x 4 km3 

grid:           128 x 128 x 200 
gridlength: 50 x 50 x 20 m 

Four simulations: 100.HM, 100.EI,     1000.HM, 1000.EI 

                              aerosol                        SGS mixing 



Gerber et al. JMSJ 2008 

Arabas et al. GRL 2009 



How is it possible that the dilution of the cloud 
water content is NOT accompanied by the dilution 
of the droplet concentration?  



How is it possible that the dilution of the cloud 
water content is NOT accompanied by the dilution 
of the droplet concentration?  

In-cloud activation (i.e., activation 
above the cloud base)! 





Snapshot of 3D cloud water field (gray) and areas with 
significant activation of cloud droplets (black). BOMEX 
case. (Slawinska et al., in preparation). 





Brenguier and Grabowski (JAS  1993) 
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Brenguier and Grabowski (JAS  1993) 



traditional view 
 view suggested by 
model simulations 











Conclusions: 

Activation of cloud droplets above the cloud base is 
essential for realistic simulation of cloud microphysics. 
In simulations reported here, about 40% of cloud  
droplets is activated above the cloud base. Only with in-
cloud activation, key features of observed shallow 
cumuli can be simulated (e.g., constant mean 
concentration of cloud  droplets with height) 

Activation seems to mimic entrainment-related 
activation observed in higher-resolution cloud 
simulation. 


