
Unit 9 

Cloud microphysics  
Nicole Mölders 



1. Nucleation 

G0=Gv(e,T)m0  

 

THM: Curvature plays a role in droplet formation 

Work needed to build 
surface around droplet 

Exchange of energy 
by water molecules 
going into the droplet 

Kelvin eq. 

m0, G0, T, e 

 
 
                      G 

∆G 

THM: minimization of Gibbs free energy 
G=Gv(T,e)+Gw(Tw,e)mw+σA 
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Kelvin effect + Raoult effect = Köhler theory 
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curvature term         solution term 

Raoult’s law 

dissolved salt 



2. Diffusion 



http://www.its.caltech.edu/~atomic/snowcrystals/photos/photos.htm 

From: Holler and Laube 1988  



http://www.storyofsnow.com/media/blogs/a/magono%20lee%20titled.jpg 



Bergeron-Findeisen process 



3. Sedimentation 
 ρ· 4/3π · r3   ·  g = π · r2  · v·α 
v=4/3 ρ · g · r=v(r) 
  



Terminal velocity of ice-crystals 
depends on shape 

From: Heymsfield  1972 (JAS) 



4. Collection 

doubtful 

Size 1 

Size 2 

http://www.geog.ucsb.edu/~joel/g110_w08/lecture_notes/precip_processes/agburt07_04c.jpg 

 
collection kernel 



droplets initially at same size 

have collided  in ∆t 
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5. Breakup 

From: Scientific American 



6. Ice enhancement 

http://www.see.leeds.ac.uk/uploads/pics/phillips.jpg 

http://rogerjcheng.com/ICE%20FRAGMENTS.jpg 

http://rogerjcheng.com/3-WATER%20DROPS--THERMOELECTRIC%20EFFECT%20(2).jpg 



7. Melting 

Change by collection 

Diffusion of heat towards particle 
Gain/loss of heat by 
water vapor diffusion 

comet 



What a cloud model has to consider 
Plus mass conservation 

American Meteorological Society 
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