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Schematic of a growing storm cell (From Byers and Braham. 1949)

0°C

The cloud growth 
depends on the 
released amount of 
latent heat, which 
depends on the 
amount of lifted and 
frozen condensates*.
*Affected by aerosols



Schematic of a mature storm cell (From Byers and Braham. 1949)

0°C

The downdraft 
intensity depends on 
the precipitation load*

and amount of 
evaporative cooling, 
which depends 
primarily on 
precipitation size 
distribution*.
*Affected by aerosols



A dissipating storm cell (From Byers and Braham. 1949)

0°C

The amount of anvil 
(i.e., stratiform) 
precipitation depends 
on the amount of lifted 
condensates that did 
not precipitate from 
the convective 
updraft* and did not 
evaporate from the 
anvil*.
*Affected by aerosols
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The relation between re and depth cloud depth above its base (D) is 
uniquely related to CCN. 
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Conceptual model for aerosol effects
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Wind Shear

A severe storm is maintained by wind shear that prevents the 
precipitation from falling through the updraft and shut it off



Wind Shear

A severe storm is maintained by wind shear that prevents the 
precipitation from falling through the updraft and shut it off

Therefore, aerosols that delay the formation of precipitation in 
convective clouds can invigorate convective storms
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Not Polluted. 
Small Hail that melts to rain with more surface 
area that evaporates more strongly and causes 
more cooling. This causes stronger downdrafts 
that spread on the surface and undercut the 
updraft and outruns the storm, thereby disrupting 
the organization of the tornado.



Polluted. 
Large Hail and rain drops. 
Less evaporation and weaker cooling. 
Weaker downdrafts.



References
• Enhance risk for tornadoes

Lerach, D. G., B. J. Gaudet, and W. R. Cotton (2008), Idealized simulations of aerosol influences on 
tornadogenesis, Geophys. Res. Lett., 35, L23806, doi:10.1029/2008GL035617.

Rosenfeld, D., W. L. Woodley, A. Lerner, G. Kelman, and D. T. Lindsey (2008), Satellite detection of 
severe convective storms by their retrieved vertical profiles of cloud particle effective radius 
and thermodynamic phase, J. Geophys. Res., 113, D04208, doi:10.1029/2007JD008600.

Rosenfeld D., T.L. Bell, 2011: Why do tornados and hailstorms rest on weekends? Journal of 
Geophysical Research, Early online release.

Snook, N., M. Xue (2008), Effects of microphysical drop size distribution on tornadogenesis in 
supercell thunderstorms. Geophys. Res. Lett., 35, L24803, doi:10.1029/2008GL035866.

van den Heever, S. C., and W. R. Cotton (2004), The impact of hail size on simulated supercell 
storms, J. Atmos. Sci., 61, 1596–1609.



Effects of aerosols on microstructure 
and intensity of tropical cyclones 
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Summary
Aerosols, by creating larger numbers of 

smaller cloud drops in deep convection:
• Convert warm rain to mixed phase
• Enhance cloud electrification
• Expand cloud anvils and cirrus 
• Invigorate warm base convective clouds
• Causes larger hydrometeors and hail
• Enhance risk for tornadoes
• Weaken tropical cyclones


