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ABSTRACT

A space-time statistical analysis of total outgoing infrared radiation (derived from the 10.5-12.5 pm
window measurements of the NOAA operational satellites) is used to determine the gross features of day-
to-day cloudiness fluctuations over the Pacific Ocean in summer and winter. Infrared fluctuations arise from
the passage of cloudiness systems through a grid box as well as the creation and destruction of cloudiness
in the box. Which process dominates depends upon the size of the box relative to the size, speed and
persistence time of a typical cloudiness system. In most regions the statistical analysis yields advection
speeds characteristic of 700 mb mean flow with spatial dependence resembling the 300 mb mean flow.
Spatial scales less than 2000 km predominate, smaller scales having less persistence. Characteristic time
scales are on the order of one or two days, even for a grid box spanning the entire North Pacific storm
track. This result is remarkable in view of the much Jonger time scales commonly associated with atmospheric
disturbances. Apparently many cloudiness systems are created and destroyed during the lifetime of a single

disturbance.

1. Introduction

Fluctuations in cloudiness provide an obvious man-
ifestation of atmospheric variability, both in small-
scale hourly changes seen from a point on the earth’s
surface and in large-scale longer period changes ev-
ident from space. Yet the treatment of cloudiness
remains the greatest source of uncertainty in models
of the atmosphere and its climate. Difficulties arise
for two reasons: First, cloudiness is produced by a
poorly understood interaction of small-scale turbu-
lent convective processes and large-scale flow. Sec-
ond, cloudiness produces large changes in absorbed
solar and outgoing infrared radiation, resulting in
changes in net radiation. Both problems affect esti-
mates of climate sensitivity, since one must know
how cloudiness changes under a given perturbation,
as well as whether the change produces a positive or
negative feedback.

Aside from their intrinsic climatological interest
we wish to study the space and time scales of
cloudiness for the following reasons:

1) These early crude estimates from the existing
operational satellite data will aid in the design of
future experiments having the space and time sam-
pling necessary to secure minimum coverage for cli-
mate monitoring purposes (King and Curran, 1980).

2) Knowing the space and time scales allows us
to determine the standard error associated with es-
timating climatic (ensemble mean) cloudiness in
some region by averaging cloudiness over a particular

area and time period (Leith, 1973). This is helpful
in deciding whether an anomaly in average cloudi-
ness is part of the natural variability of climate or
represents a change in climatic regime.

3) The large general circulation models (GCM’s)
have reached the point in their evolution that
cloudiness at various levels is being dynamically com-
puted and allowed to feedback on the system. Hence,
there is an urgent need for cloudiness statistics in
order to test and calibrate the models.

4) We wish to re-emphasize the last point by not-
ing that some recent theoretical considerations (Leith,
1975; Bell, 1980; North, et al., 1981) suggest that
the ability of a climate model to estimate time-lagged
statistics may be closely related to its ability to es-
timate climate sensitivity.

5) Finally, there always exists the hope that the
statistics will be so simple (such as white noise) that
we can take some advantage and construct climate
models simpler than GCM’s (North and Cahalan,
1981).

This paper examines the statistical features of day-
to-day fluctuations in total outgoing infrared radia-
tion (IR). The IR fluctuations are dominated by
cloudiness particularly where cloud tops are sub-
stantially higher than the boundary layer. {In low
cloudiness regions water vapor can be important (see,
for example, Roberts et al., 1976 and Coffey, 1977).]
We focus on the Pacific Ocean, where the diurnal
cycle is relatively small, and we determine charac-






