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Schematic of a growing storm cell (From Byers and Braham. 1949)
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The relation between r, and depth cloud depth above its base (D) is

uniquely related to CCN.
Rosenfeld and Woodley, CAIPEEX-2 Final report to 1ITM.



Conceptual model for aerosol effects

. - .
T Drop size > warm rain threshold y Low High ‘
Drop size = warm rain threshold ® CCN CCN

Drop size < warm rain threshold
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A severe storm is maintained by wind shear that prevents the
precipitation from falling through the updraft and.shut it off
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A severe storm is maintained by wind shear that prevents the
precipitation from falling through the updraft and.shut it off
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Therefore, aerosols that delay the formation of precipitation in
convective clouds can invigorate convective storms




References
e Causes larger hydrometeors and halil

Andreae, M. O., D. Rosenfeld, P. Artaxo, A. A. Costa, G. P. Frank, K. M. Longo, and M. A. F. Silva-
Dias, 2004: Smoking rain clouds over the Amazon. Science, 303, 1337-1342,

Khain, A., D. Rosenfeld, A. Pokrovsky , U. Blahak = and A. Ryzhkov , 2011: The role of CCN in
precipitation and hail in a mid-latitude storm as seen in simulations using a spectral (bin)
microphysics model in a 2D dynamic frame. Atmos. Res. 99, 129-146.

Rosenfeld D. and C. W. Ulbrich, 2003: Cloud microphysical properties, processes, and rainfall
estimation opportunities. Chapter 10 of " Radar and Atmospheric Science: A Collection of
Essays in Honor of David Atlas". Edited by Roger M. Wakimoto and Ramesh Srivastava.
Meteorological Monographs 52, 237-258, AMS.

Wang, J., S. C. van den Heever, J. S. Reid (2009), A conceptual model for the link between Central
American biomass burning aerosols and severe weather over the south central United States.
Environ. Res. Lett. 4, 015003, doi: 10.1088/1748-9326/4/1/015003.



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.
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Summary

Aerosols, by creating larger numbers of
smaller cloud drops in deep convection:

e Convert warm rain to mixed phase
 Enhance cloud electrification

 Expand cloud anvils and cirrus
 Invigorate warm base convective clouds
e Causes larger hydrometeors and halil
 Enhance risk for tornadoes

* \Weaken tropical cyclones



