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Most cloud radiation models and conventional data processing techniques assume that
the mean number of drops of a given radius is proportional to volume. The analysis
of microphysical data on liquid water drop sizes shows that, for sufficiently small vol-
umes, this proportionality breaks down; the number of cloud drops of a given radius
is instead proportional to the volume raised to a drop-size-dependent non-unit power.
The coefficient of proportionality, ageneralized drop concentration, is a function of
the drop size. For abundant small drops the power is unity as assumed in the con-
ventional approach. However, for rarer large drops, it falls increasingly below unity.
This empirical fact leads to drop clustering, with the larger drops exhibiting a greater
degree of clustering. The generalized drop concentration shows the mean number of
drops per cluster, while the power characterizes the occurrence frequency of clusters.
With a fixed total number of drops in a cloud, a decrease in frequency of clusters is
accompanied by a corresponding increase in the generalized concentration. This initi-
ates a competing process missed in the conventional models: an increase in the num-
ber of drops per cluster enhances the impact of rarer large drops on cloud radiation
while a decrease in the frequency suppresses it. Because of the non-linear relation-
ship between number of clustered drops and volume, these two opposite tendencies
do not necessarily compensate each other. The data analysis suggests that clustered
drops likely have a stronger radiative impact compared to their unclustered counter-
part; ignoring it results in underestimation of the contribution from large drops to
cloud horizontal optical path.


