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Abstract

Synoptic images of the global cloud field have been created from
infrared measurements taken aboard four geostationary and two
polar-orbiting platforms simultaneously observing the earth. A se-
ries of spatial and temporal interpolations together with data reliabil-
ity criteria are used to composite data from the individual satellites
into synoptic images of the global cloud pattern. The composite
Global Cloud Imagery (GCI) have a horizontal resolution of about
half a degree and a temporal resolution of 3 h, providing an unprece-
dented view of the earth’s cloud field. Each composite image repre-
sents a nearly instantaneous snapshot of the global cloud pattern.
Collectively, the composite imagery resolve, on a global basis, most
of the variability associated with organized convection, including
several harmonics of the diurnal cycle.

The dense and 3-dimensional nature of the GCl make them a
formidable volume of information to treat in a practical and efficient
manner. To facilitate analysis of global cloud behavior, the GCl has
been constructed with certain homogeneous properties. In addition
to synoptic coverage of the globe, data are spaced uniformly in
longitude, latitude,and time, and contain no data voids. An interac-
tive Image Analysis System (IAS) has been developed to investi-
gate the space-time behavior of global cloud activity. In the IAS,
data, hardware, and software are integrated into a single system
capable of providing a variety of space-time covariance analyses.
Because of its customized architecture and the homogeneous prop-
erties of the GCI, the 1AS can perform such analyses on the 3-di-
mensional data with interactive speed. Statistical properties of cloud
variability are presented along with other preliminary resuits derived
from the GCI.

1. Introduction

Clouds figure importantly in several aspects of cli-
mate. Because they are a major component of the
planetary albedo, clouds represent a key ingredient in
the earth’s radiation budget. Clouds also contribute to
infrared heating through radiative interactions (e.g.,
Ramanathan 1987). Relevant to atmospheric dynam-
ics, latent heat release in organized convection is one
of the primary mechanisms driving the global circula-
tion. Heating fluctuations associated with tropical
convection are important in a number of dynamical
phenomena, including tropical circulations, extratropi-
calteleconnection patterns, and equatorial waves and
tides that propagate into the upper atmosphere (see
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for example, Gill 1980; Andrews et al. 1987). Convec-
tively-forced circulations are involved in the exchange
of heat, momentum, and moisture between the atmos-
phere and tropical oceans and in the transfer of
moisture from low latitudes to the rest of the globe.

Satellite measurements of outgoing longwave ra-
diation (OLR) have long provided a global view of the
earth’s cloud field. Equivalent black body tempera-
tures measured from space indicate the height of
cloud tops and, with certain restrictions, serve as a
proxy for organized convective activity (e.g., Arkin and
Ardunay 1989). The importance of these space-borne
measurements is underscored by the paucity of
ground-based observations in the tropics and over the
oceans.

Although global measurements of OLR have been
around for some time, many basic properties of cloud
variability and its relationship to other physical proc-
esses have yet to be quantified. For instance, the
aforementioned phenomena depend sensitively on
the spectral makeup of cloud fluctuations. Properties
such as the space and time scales on which cloud fluc-
tuations operate coherently and how cloud fluctua-
tions in one region influence those in another are
essential to understanding those phenomena. As an
example, heating fluctuations coherent over small
dimensions and short periods favor the excitation of
gravity waves, but play only a minor role in large-scale
disturbances. Only that fraction of convective heating
operating coherently on large scales contributes to the
excitation of planetary waves. Similar considerations
apply to hydrological and radiative processes, e.g., to
the net transfer of moisture and radiative energy.

Investigating cloud behavior is made difficult by its
global nature and the wide range of scales involved.
For instance, the Inter-Tropical Convergence Zone
(ITCZ), which emerges in time-mean cloud cover with
fairly smooth characteristics, actually involves an ir-
regular and unsteady collection of convective com-
plexes. Mesoscale features with horizontal dimen-
sions of tens to a few hundred kilometers and periods
of hours are organized by the large-scale circulation
into regional centers over the western Pacific, South
America, and Africa.

The wide range of scales involvedposes a serious
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challenge to observing global cloud behavior from
space (see Salby 1989 for a review). Because they are
asynoptic, measurements taken from a polar-orbiting
platform resolve, on a global basis, periods of about 2
days and longer, and wavenumbers 6 and less (Salby
1982). Mesoscale and diurnal variability, which com-
prise a large fraction of cloud behavior, are under-
sampled in conventional measurements from a polar-
orbiting platform. Consequently, synoptic maps of the
instantaneous behavior, useful for studying cloud vari-
ability, cannot be derived reliably. Aliasing from under-
sampled behavior can contaminate even large-scale
and time-mean quantities, which would otherwise be
recovered faithfully.

Geostationary satellites circumvent some of the
limitations inherent to polar-orbiting data. Unlike po-
lar-orbiting measurements, observations from a geo-
stationary platform are synoptic, so they truly reflect
the instantaneous cloud pattern. However, geosta-
tionary satellites sample only part of the globe, limiting
the behavior that can be studied. Thus, relating fluc-
tuations in one convective region to those in anotheris
not possible.

The historical limitations of observing cloud behav-

The historical limitations of observing cloud behavior from
space stem from insufficient information. The earth is
sampled incompletely and too infrequently to properly
represent the global cloud field. A unique opportunity to
overcome these limitations has been provided by the
International Satellite Cloud Climatology Project (ISCCP).

ior from space stem from insufficient information. The
earth is sampled incompletely and too infrequently to
properly represent the global cloud field. A unique
opportunity to overcome these limitations has been
provided by the International Satellite Cloud Climatol-
ogy Project (ISCCP) (Schiffer and Rossow 1983).
Intercalibrated measurements from four geostation-
ary and two polar-orbiting platforms simultaneously
monitoring the earth afford a view of the global cloud
field with unprecedented spatial and temporal resolu-
tion.

This paper presents an overview of how those data
have been assimilated into synoptic images of the
global cloud field and how the resulting imagery is
being used to investigate, among other things, tropo-
spheric convection. Section 2 describes the assimila-
tion of data from the individual satellites into synoptic
images of the global cloud pattern. Having horizontal
resolution of about half a degree and temporal resolu-
tion of 3 h, the resulting Global Cloud Imagery (GCI)
capture most of the variability associated with organ-
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ized convection, including several harmonics of the
diurnal cycle. Section 3 describes an Image Analysis
System (IAS), which has been developed to investi-
gate the space-time behavior of cloud activity. Data,
hardware, and software are integrated in the IAS into
a single system, which can perform a variety of space-
time analyses on the 3-dimensional data with interac-
tive speed. Statistical properties of cloud activity and
other preliminary results derived from the Global Cloud
Imagery are presented in section 4, followed by a
prognosis for future work in section 5.

2. Assimilation

Infrared radiances from the ISCCP level B3 archive
(Schiffer and Rossow 1985) have been composited
into synoptic images of the global cloud field for the
period 1 July 1983-30 June 1984 (see Tanaka et al.
1991 for a detailed discussion). The source data for
the GCIl are 11-um infrared radiances measured
aboard the four geostationary platforms: GMS, GOES-
E, GOES-W, and METEOSAT, and the two polar-
orbiting platforms: NOAA-7 and NOAA-8. The GMS
platform is operated by the
Japanese Space Agency,
METEOSAT s operated by
the European Space
Agency, and the remaining
platforms are operated by
NOAA. After 30 June 1984,
GOES-E ceased operation
and data from only three
geostationary platforms are
available. Radiances measured aboard each of the
satellites have been intercalibrated and navigated by
ISCCP; see Schiffer and Rossow (1985) for details.
The ISCCP source data, shown in the cover figure
constitute a 3-dimensional (longitude-latitude-time)
sample of the earth’s instantaneous cloud field. Ob-
servations from the geostationary platforms appear
synchronously within the sample volume at discrete
synoptic times. Those observations form a lattice of
partial images which are densely populated between
60°S and 60°N. Meandering through this lattice is the
asynoptic data from the two polar-orbiting platforms.
Unlike the geostationary measurements, the polar-
orbiting data sample the observational volume con-
tinuously in time, but only over a restricted zone of
longitude at any instant. The geostationary measure-
ments provide good coverage at synoptic times (3-
hourly) over much of the globe, but are sparsely
populated at high latitudes. On the other hand, the
polar-orbiting data have complete global coverage,
but are available asynoptically (i.e., only at a particular
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latitude and over about 30° of longitude at any instant).
At high latitudes, where geostationary coverage is
limited, the collective sampling relies heavily on polar-
orbiting data. The reduced frequency of observations
in polar regions (e.g., 6-hourly vs. 3-hourly), poses
less of a problem there than it would in the tropics
because cloud variability at high latitudes is controlled
by synoptic disturbances (which operate on time scales
of a day or longer), whereas cloud variability in the
tropics is controlled by mesoscale convection (which
operates on much shorter time scales).

Although they represent a unique opportunity to
study global cloud behavior, the ISCCP data are not
without their limitations. One apparent in the cover
figure is the reduced coverage over the Indian sector,
where data from the Indian geostationary satellite (IN-
SAT) are not available. The absence of those data
leaves approximately 140° between the subsatellite
points of METEOSAT and GMS. However, because
the fields of view of geostationary satellites extend ap-
proximately 70° to either side of the nadir along the
equator, data from Meteosat and GMS overlap just
enough to provide complete coverage over most of the
globe.

Another limitation of the source data is the reduced
accuracy near the limb of the field of view of geosta-
tionary satellites. For satellite zenith angles greater
than about 85°, information on cloud tops is distorted
by the oblique viewing geometry. This property of the
geostationary data is most serious near 70°E, where
only observations from the limbs of METEOSAT and
GMS are available on a continuing basis. As will be
seen below, the overlap between GMS and Meteosat
is just adequate to preserve full global coverage, and
a polar-orbiter traverses that region about every 6 h.
Elsewhere, more viable geostationary data circum-
vents this limitation.

A series of operations are performed on data from
the individual satellites to produce the Global Cloud
Imagery. These operations are staged so as to com-
promise least the information content of the source
data in generating the synoptic global images. To
facilitate subsequent analyses, the Global Cloud
Imagery are constructed with certain homogeneous
properties. Data in GCI are spaced uniformly in longi-
tude, latitude, and time. Further, the GCI contain no
data voids, which would undermine the efficiency of

- diagnostic operations and render many impractical for
the volume of data involved. The assimilation begins
by defining a (512)? picture element (pixel) array,
which represents a longitude-latitude projection of the
globe. In this composite image, the Greenwich merid-
ian is located at the left and right edges and the North
and South Poles are at the top and bottom, respec-
tively. The (512) pixels, spaced uniformly in each
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direction, provide a nominal resolution of 0.7 degrees
in longitude and 0.35 degrees in latitude.

In the first phase of the assimilation, data are
extracted from all six satellites within + 90 min of 3-
hourly synoptic map times. Infrared radiances are
converted to equivalent black body temperatures
according to calibration tables which are provided with
each of the satellite images and which have been
intercalibrated to a single reference. Multiple source
data falling into one of the pixels in the composite
image are averaged,' with data weighted according to
their satellite zenith angles to reject observations near
the limb. As can be seen in Fig. 1, which shows the
composite image following this phase of the assimila-
tion, much of the globe between 60°S and 60°N is
covered by the geostationary imagery. However, in
general, the density of pixels is reduced near 70°E,
where data from INSAT are unavailable (cf., cover
figure). Although distracting to the eye, data voids ac-
tually occur only about every other pixel. Therefore,
most of the information is represented with only a
modest reduction in resolution, as will become appar-
ent below. The coverage of METEOSATand GMS di-
verge in polar regions, leaving a substantial gap at
high latitudes in the form of a “V” near 70°E. In fact, the
fields of view of all of the geostationary satellites
diverge at high latitudes, only sooner near 70°E be-
cause of the wider separation between METEOSAT
and GMS. At those synoptic times when a polar-
orbiter happens to traverse one of those gaps (e.g.,
the one near 70°E in Fig. 1), that data void is filled
partially or eliminated altogether. However, reduced
coverage over the polar caps is intrinsic to the geosta-
tionary viewing geometry and can be eliminated only
by incorporating asynoptic data from the polar-orbiting
platforms.

In the second phase of the assimilation, small data
voids are filled through a series of spatial interpola-
tions. Between 60°S and 60°N, a latitude-longitude
interpolation is applied to partially populated regions
satisfying certain distribution criteria. First, all vacant
pixels lying within one pixel of available observations
and circumscribed by such observations (see Tanaka
et al. 1991 for details) are filled by 3 x 3 interpolation.
This procedure is applied successively until all pixels
that can satisfy the criteria have been filled. At that
point, all vacant pixels lying within two pixels of avail-
able observations and circumscribed by such obser-
vations are filled by a series of 5 x 5 interpolations. By
staging these operations with the smallest interpola-
tions first, data voids in the composite image are

"This corresponds approximately to averaging cloud heights
since temperature varies nearly linearly with altitude in the tropo-
sphere.
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