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ABSTRACT

Landsat Multispectral Scanner (MSS) and Thematic Mapper (TM ) data, with 80 and 30 m spatial resolution,
respectively, have been employed to study the spatial structure of boundary-layer and intertropical convergence
zone (ITCZ) clouds. The probability distributions of cloud areas and cloud perimeters are found to approximately
follow a power-law, with a different power (i.e., fractal dimension) for each cloud type. They are better ap-
proximated by a double power-law behavior, indicating a change in the fractal dimension at a characteristic
size which depends upon cloud type. The fractal dimension also changes with threshold. The more intense
cloud areas are found to have a higher perimeter fractal dimension, perhaps indicative of the increased turbulence
at cloud top. A detailed picture of the inhomogeneous spatial structure of various cloud types will contribute
to a better understanding of basic cloud processes, and also has implications for the remote sensing of clouds,
for their effects on remote sensing of other parameters, and for the parameterization of clouds in general circulation
models, all of which rely upon plane-parallel radiative transfer algorithms.

1. Introduction

This paper focuses on cloud spatial structure—how
it varies with a change in scale or resolution for various
cloud types. A number of theoretical studies have
shown the sensitivity of cloud radiative properties to
their spatial structure. (See for example, Aida 1977,
Davies 1978; McKee and Klehr 1978; Reynolds et al.
1978; Harshvardan and Weinman 1982; Joseph 1985).
To produce a tractable problem, such studies typically
restrict themselves to a lattice of bar clouds or cubic
clouds, having a small number of adjustabie length
scales. By contrast, actual cloud fields are typically ob-
served to be extremely irregular and/or fragmented at
all scales.

A useful notion for discussing such cloud structure
is that of a “scaling fractal” (Mandelbrot 1983 and
references therein), which is a set or object which is
extremely irregular on all scales, while at the same time
statistically invariant under certain transformations of
scale. The simplest examples are the statistically “self-
similar” fractals (Mandelbrot 1983, p. 350)—geo-
metrical patterns (other than Euclidean lines, planes
and surfaces) with no intrinsic scale, so that no matter
how closely you inspect them, they always look the
same, at least in a statistical sense. If one measures the
perimeter of a self-similar fractal at successively higher
resolution, with a ruler of decreasing length ¢, the result
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increases as ¢! "2, where the scaling exponent D may
be interpreted as a “fractal dimension”. (For a discus-
sion of various types of dimensions in the context of
chaotic attractors see Farmer et al. 1983.) While self-
similar fractals are statistically isotropic, the so-called
“self-affine” fractals scale differently in different direc-
tions (e.g., see Mandelbrot 1986). The most general
scaling fractals are the multidimensional fractals, or
“multifractals” (Hentschel and Procaccia 1983 and
Frisch and Parisi 1985) which exhibit a spectrum of
fractal dimensions.

Lovejoy (1982) has presented empirical evidence
that clouds are statistically self-similar in the horizontal
plane from 1000 km down to 1 km, with a fractal di-
mension of approximately ¥. If this were strictly true,
than a satellite image of a cloud field, taken over a
uniform dark ocean background with no evident geo-
graphical features, would be statistically indistinguish-
able from an image of any small portion of the scene
if it had the same number of pixels as the original,
Schertzer and Lovejoy (1986 ) have argued that clouds
are self-affine in a vertical plane, and have considered
multifractal cloud models (Schertzer and Lovejoy 1988
and references therein). These idealizations provide
important alternatives to the simple plane-parallel or
lattice cloud fields, and it is important to consider their
consequences and limitations.

Clearly horizontal self-similarity must break down
as we go to smaller scales, since the microscopic cloud
structure of cloud droplets differs from the macroscopic
structure of individual clouds observed by eye or by
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