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With a detailed microphysical cloud parcel model we investigated the response of the
efficiency of precipitation formation in warm clouds to variations in the aerosol num-
ber concentration, solubility, organic content, and updraft velocity at the cloud base.
The efficiency is evaluated in terms of the growth rate of precipitation droplets and
the amount of precipitation water. It was found that the effect of increasing aerosol on
these two precipitation formation parameters and the dependence on updraft velocity
is highly non-linear. In relatively clean clouds (with a cloud drop number concentra-
tion below∼200 cm−3) both the size and the total water content of the precipitation
drops decrease with increasing aerosol abundance. In more polluted clouds (∼400
cm−3 and more) the precipitation drops also grow slower when the aerosol abundance
is larger, but now the amount of precipitation increases. This suggests that the pol-
lution level co-determines whether both responses augment or counteract their effect
on the cloud lifetime. Additionally, precipitation formation is found to depend in a
complex way on the updraft speed, especially in polluted clouds that are characterized
by a relatively dispersed drop size distribution. The dispersion of the cloud drop size
distribution, co-controlled by competition for condensable water between activating
accumulation and coarse mode particles, plays an important role in this. We will dis-
cuss the implications of this study for estimates of the aerosol second indirect effect
in global models.


