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Adiabatic LWC: 

LWC assuming entire volume that is 
occupied by the clouds is the liquid 
released using qSAT calculated from the 
temperature and pressure at the cloud 
base as compared to qSAT using T and p at 
each layer in the cloud.



Cloud Liquid Water Content and Entrainment 

Fig. 6.11 Fig. 6.12

Skip exercise 6.2
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Growth of Water Droplets and Formation of Rain (6.4)

Two possible mechanisms for liquid precipitation (rain) formation:

1) Growth by condensation (i.e., within a rising air mass)

2) Growth by collision and coalescence with other cloud droplets

We will learn: (1) is too slow, so (2) is the dominant mechanism



Condensation to form rain drops
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Condensation to form rain drops

Eq. 6.21

r: radius of the drop.
D: diffusion coefficient.

:water vapor. 
density of ambient air well 
removed from the droplet.

: liquid water density.
S: supersaturation of the 
ambient air (as a fraction)

ρv (∞)

ρl

KEY: growth rate is inversely proportional 
to size, i.e., as rain drop gets bigger, 
growth gets slower

Droplet growth rate equation

See section 6.4.1 for full derivation



Condensation vs. Collision and Coalescence



Collision and Coalescence to Form Rain Drops

General idea: a cloud droplet grows large enough to fall, then as it falls it 
accumulated mass by taking-on the cloud droplets that it runs into.



Collision and Coalescence to Form Rain Drops

g : gravity
wl : LWC  (kg m−3)
E : collection efficiency
η: viscosity of the air.
r1 :  radius of cloud droplet

See box 6.2 on page 
224 if you are 
curious about 
terminal velocity.
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Collision and Coalescence to Form Rain Drops

Skip section 6.4.3


