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The textbook explanation 
of rain formation in ice-
free clouds: gravitational 
collision-coalescence… 
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Time evolution of the droplet spectrum: the  Smoluchowski equation:: 

In a 3D cloud model: 
 
-droplet activation 
 
-growth by condensation of water vapor 
 
-transport in the physical space (advection + sedimentation) 



Bin warm-rain microphysics of  
Grabowski et al. (2011): 
 
- Prediction of the spectral shape of 
cloud droplets and drizzle/rain; 112 
bins; 
 
-  Prediction of the supersaturation 
and thus relating the concentration 
of activated cloud droplets to local 
value of the supersaturation; 
additional variable, concentration 
of activated CCN, needed. 

Cloud droplets 

Drizzle/rain drops 
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gravitational kernel: 



gravitational kernel: 

generalized kernel  (gravity plus 
turbulence): 

Saffman and Turner 
(JFM 1956) 
Wang et al.  
(JAS 2005) 
Grabowski and Wang 
(ARFM 2013) 



generalized kernel  (gravity plus 
turbulence): 

The kernel depends on two parameters describing small-
scale turbulence: 
-  eddy dissipation rate ε 
-  Taylor microscale Reynolds number Reλ 
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JAS 
2003 

The Barbados Oceanographic and Meteorological Experiment 
(BOMEX) case (Holland and Rasmusson 1973) 

Δx=Δy=50m; Δz=20m 



Turbulent enhancement in LES simulation: 

: 





droplet concentration (mg-1) 

 versus droplet concentration 

 240 mg-1  120 mg-1  60 mg-1  30 mg-1 

he
ig

ht
 (k

m
) 



N120 simulation; all cloudy points (q c> 0.1g/kg) with ε > 1cm2/s3; hours 3-6 



Domain-averaged cloud water mixing ratio (r < 25 µm) 
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Domain-averaged drizzle/rain water mixing ratio (r > 25 µm) 
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Cloud water 

Drizzle/rain 
water 
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Domain-averaged cloud water path (CWP, solid line) and precip water path (PWP, dashed line) 



Surface rain accumulation from the cloud field: 
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60 mg-1 – factor of ~10 

(m
m

) 



Summary: 
 
Small-scale turbulence appears has a significant 
effect on collisional growth of cloud droplets and 
development of warm rain in shallow cumuli.  
 
Not only rain tends to form earlier in a single cloud, 
but also turbulent clouds seem to rain more. This is a 
combination of microphysical and dynamical effects.  
 
The (perhaps surprising) magnitude of this effect 
calls for further observational and modeling studies 
to provide more support for these findings.  


