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ABSTRACT

Synoptic images of the global cloud pattern composited from six contemporaneous satellites provide an
unprecedented view of the global cloud field. Having horizontal resolution of about 0.5° and temporal resolution
of 3 h, the global cloud imagery (GCI ) resolves most of the variability of organized convection, including several
harmonics of the diurnal cycle. Although the GCI has these attractive features, the dense and three-dimensional
nature of that data make it a formidable volume of information to treat in a practical and efficient manner.

An interactive image analysis system (IAS) has been developed to investigate the space-time variability of
global cloud behavior. In the IAS, data, hardware, and software are integrated into a single system providing a
variety of space-time covariance analyses in menu-driven format. Owing to its customized architecture and
certain homogeneous properties of the GCI, the IAS calculates such quantities with exceptional performance.
Many covariance statistics are derived from three-dimensional data with interactive speed, allowing the user to
interrogate the archive iteratively in a single session. The three-dimensional nature of those analyses and the
speed with which they are performed distinguish the IAS from conventional image processing of two-dimensional
data and suggest the IAS as a prototype for dealing with large volumes of multidimensional data as will be
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produced by NASA’s Earth Observing System.

1. Introduction

Satellite measurements of outgoing longwave radia-
tion (OLR) have long provided a global view of the
earth’s cloud field. Equivalent blackbody temperatures
measured from space indicate the height of cloud tops
and, with certain restrictions, serve as a proxy for or-
ganized convection (e.g., Arkin and Ardunay 1989).
Although global measurements of OLR have been
around for some time, many basic properties of cloud
variability have yet to be quantified. Physical processes
depend critically on the space~time patterns of cloud
fluctuations. For instance, knowledge of the space and
time scales on which latent heating fluctuations operate
coherently and how latent heating fluctuations in one
region influence those in another is essential to under-
standing dynamical phenomena.

Investigating cloud behavior is made difficult by its
global nature and the wide range of scales involved.
These properties pose a serious challenge to observing
global cloud behavior from space. Conventional geo-
stationary and polar-orbiting measurements each have
limitations in capturing global cloud behavior [see
Salby (1989) for a review ]. These limitations stem from
insufficient information, as the earth is sampled in-
completely or too infrequently to properly describe the
global cloud field.
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A unique opportunity to overcome these historical
limitations has been provided by the International Sat-
ellite Cloud Climatology Project (ISCCP) (Schiffer and
Rossow 1983). Data from six satellites simultaneously
monitoring the earth afford an unprecedented view of
global cloud behavior. Tanaka et al. (1991) describe
in detail how those data have been composited into
synoptic images of the global cloud field. Having syn-
optic coverage of the entire earth, horizontal resolution
of about 0.5°, and temporal resolution of 3 h, the re-
sulting global cloud imagery (GCI) resolves most of
the variability of cloud behavior, including several har-
monics of the diurnal cycle.

However, one year of the GCI constitutes a huge
volume of information. Manipulating and processing
this archive in a practical and efficient manner is a
challenge, one that must be met if global cloud behavior
is to be investigated meaningfully. In particular, the
dense and three-dimensional nature of the GCI make
the calculation of covariance (space-time) quantities
computationally intensive.

This paper describes an image analysis system (IAS)
that has been developed to investigate the space-time
characteristics of global cloud activity using the GCI.
In the IAS, data, hardware, and software are integrated
into a single system providing a variety of covariance
space-time analyses in menu-driven format. Because
of its customized architecture and certain homoge-
neous properties of the GCI, the IAS performs such
analyses on three-dimensional data with exceptional
speed. The data structure of the GCI, on which the






