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Figure 5 Two examples of 1000 particles with spatial positions in two dimensions
chosen randomly. Left panel: Statistically homogeneous Poisson process. Particle posi-
tions are uniformly and independently distributed random variables. This is the perfect
randomness standard for dilute systems of particles. Right panel: Statistically homo-
geneous but spatially correlated (not Poisson) random process. Particle positions are
uniformly distributed but not independent random variables.

Khain 1997a), and the propagation of electromagnetic radiation (e.g., Kostinski
2001, Marshak et al. 1998), are linked to the spatial and temporal distribution
of cloud droplets. Of course, this requires that we account for the apparent ran-
domness of the small-scale features of clouds. For example, the number of cloud
droplets in a volume can be considered a random but countable variable. Figure 5
is a cartoon illustrating this notion of randomness, both with and without spa-
tial correlations. The left panel represents perfect randomness for a collection of
droplets. It is referred to as perfect because particle positions are uniformly dis-
tributed and statistically independent (uncorrelated), and the process is statistically
homogeneous (e.g., Shaw et al. 2002b). These conditions define a Poisson pro-
cess, characterized by the Poisson distribution on any scale, so that the number of
particles N(V ) in a test volume V is distributed according to

p(N ) =

N̄ N exp (�N̄ )
N !

, (7)

where N̄ is themean number of particles inV. It is important to note that the validity
of the Poisson distribution on some spatial scale V does not imply the Poisson
process. For example, positive and negative deviations from the Poisson process
on smaller spatial scales can cancel each other and result in Poisson statistics on
longer scales (as was shown by Kostinski & Shaw 2001). The Poisson process, or
perfect randomness, implies the absence of correlations on all scales.
A statistically homogeneous but spatially correlated random process is illus-

trated in the right panel of Figure 5. This is not a Poisson random process because
particle positions are no longer statistically independent owing to the presence of
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