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ABSTRACT

A key process that must be parameterized in atmospheric models of various scales (from
large eddy simulation models to cloud-resolving models to global climate models) is the
autoconversion process whereby large cloud droplets collect small ones and become embryonic
raindrops. Accurate parameterization of this process is especially important for studies of the
second indirect aerosol effect. In terms of the representation of the threshold behavior of the
autoconversion process, existing parameterizations can be classified into either Kessler-type or
Sundqvist-type. Kessler-type parameterizations have been developed to explicitly account for
cloud droplet number concentration, relative dispersion, and liquid water content, whereas
Sundqvist-type parameterizations consider only the liquid water content.

In this work, we first put Sundqvist-type parameterizations on the same footing as Kessler-
type parameterization by generalizing Sundqvist-type parameterizations to explicitly account for
droplet number concentration, relative dispersion, as well as liquid water content. We then show
that the more commonly used Kessler-type parameterizations are in fact a special case of the
corresponding Sundqvist-type parameterizations, unifying the two types of parameterizations. A
new parameterization is further derived theoretically, and is compared to Kessler-type and
Sundqvist-type parameterizations.
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