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Why clouds?

Clouds of various colors, shapes, sizes

An essential link for the water cycle

Weather & climate change: direct and indirect effects

(1)Reflecting the short-wave solar radiation and trapping long-wave 

radiation energy from the surface

(2)Removing aerosols; Removing water vapor

(3)Clouds represent a source of significant uncertainty in numerical 

weather prediction and climate models.

Air pollution and global warming

A natural multi -scale problem

Thermodynamics, chemical and phase equilibrium, 
fluid dynamics é..



× Aerosols (before activation, interstitial aerosols): 10 nm to 1 mm

sea salt particles [NaCl] over ocean 

ammonium sulfate [(NH4)2SO4] over continental

× Activated aerosols (CCN):  ~ 100 nm to 10 mm

Pollutants reduce the effective interface area, alter intermolecular force & introduce 

surfactants.

×Condensational growth (diffusion theory): 

The Koehler theory: kinetic theory, thermodynamics & chemistry

Droplet activation and condensational growth ï1st and 2nd microphysical steps
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Kenneth V. Beard &Harry T. Ochs III, An overview é., J. Applied Meteor.32: 608-624 (1993).

F. Raes, Take a glass of water é., J. Phys. IV France 139: 63-80 (2006).
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Collision-coalescence: effects of small-scale turbulence

The 3rd microphysical step 

Growth of cloud droplets

How does air turbulence 
affect the collision rates 
and collision efficiency of 
cloud droplets?

What is the impact on 
warm rain initiation?
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×Formation of drizzles (>100  mm ) from cloud droplets: 15 ~ 30 minutes.
Hawaiian rainband clouds: Szumowski et al.(1997)

Florida cumulus (SCMS): Knight et al.(2002), Blyth et al.(2003)

×Different widths between predicted and measured size distributions

Rapid onset of precipitation in shallow cumulus clouds

?

Possible explanations

×Growth by giant and ultragiant particles

×Effects of air turbulence(on condensations and collision-coalescence)

×Entrainment-induced spectral broadening

×Effects of preexisting clouds

Arenberg 1939: Turbulence as a major factor in the growth of cloud droplets. Bull. 

Amer. Met. Soc. 20, 444-445. 

The size gap or bottleneck problem: 10 to 50  mm
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Warm rain initiation = ñcolloidalò instability = explosive growth

What causes formation of  droplets large enough for 

the explosive growth by coalescence?
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Numerical Modeling vs Numerical Simulations

×Global climate model or General circulation model (GCM): 

×Numerical weather prediction: 

×Cloud-resolving model / LES: 

×Direct numerical simulations of small-scale turbulence and collision-coalescence:

km 100 ~ 50=Dx

( )m710   toup O ( )mm 46 10~10 --O

km 10 ~ 1=Dx

m 50 ~ 1=Dx

mm 1=Dx

Multi -scale approach

Clouds and warm-rain microphysics: enormous range of length and time scales


