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ABSTRACT

‘Satellite and synoptic data are used to establish the environments in which two comma cloud systems occurred
over the Pacific Ocean; serial rawinsonde, aircraft, and single- and dual-Doppler radar data provide information
on the mesoscale and microscale structures of the systems. _

The disturbances formed within polar air masses in regions of moderately strong cyclonic vorticity. A surface
low-pressure center was associated with the comma cloud, and a surface-pressure trough was situated under the
tail of the comma cloud. In both cases, there was a wind maximum near 850 mb, located on the southeast flank
of the comma cloud, just ahead of the short-wave trough.

Well-defined rainbands were present in both comma cloud systems. The average width of the rainbands was
~20 km and their average separation ~ 30 km. The rainbands were aligned along the direction of the mean
wind and perpendicular to the thermal wind over the depth of the rainbands. Precipitation cores, produced by
embedded convection, within the rainbands had an average spacing along the length of the rainbands of ~17
km. The precipitation cores contained updraft speeds of several meters per second and relatively high liquid
water contents; they retained their identities over periods of several hours. Wind shifts, lines of convergence
and associated updrafis occurred at low levels toward the rear of the rainbands. At higher levels, cloud particles
moved from the rear toward the front of the rainbands, where they fell out as precipitation through a low-level
flow of moist air. The precipitation was augmented by convective elements in an unstable layer near the top of
the rainband, which produced ice crystals that grew by riming and aggregation as they fell through the low-
level, moist inflow.

The spacing and orientation of the rainbands can be explained by the theory for mixed dynamic/convective
instability developed by Sun. The precipitation cores embedded in the rainbands may have been the result of
enhanced updrafts at the points where inflection-point instability rolls, oriented nearly perpendicular to the
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length of the rainbands, intersected the rainbands.

1. Introduction

Since the advent of the meteorological satellite im-
agery, it has become apparent that a profusion of cy-
clonic vortices occur in polar airmasses behind or
poleward of the polar front (Anderson et al., 1969;
World Meteorological Organization, 1973). These
vortices span a continuum of sizes, ranging from a few
hundred kilometers to >1000 km in diameter, and a
wide range of intensities, from light breezes to hurricane
force winds (Reed, 1979; Locatelli et al., 1982; May-
engon, 1983; Rasmussen, 1983; Forbes and Lottes,
1985).

Cyclonic vortices in polar airmasses have been sep-
arated into two broad categories, corresponding to two
perceived extremes in the spectrum of disturbances
(Rasmussen, 1981, 1983; Businger, 1985; Reed and
Blier, 1986a,b). At the smaller end of the spectrum is
the “polar low” (sometimes referred to as the “arctic
instability low”). Polar lows, which appear as spiral-
shaped cloud patterns on satellite images, form at high
latitudes, under closed, cold-core lows at 500 mb, dur-

‘ing outbreaks of arctic air (Rasmussen, 1979, 1981, -

1983, 1985; Wilhelmsen, 1981; Businger, 1985). At the
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larger end of the spectrum is the comma cloud system
(comma cloud, for short), which can range from a large
mesoscale to a small synoptic-scale feature that devel-
ops in regions of enhanced tropospheric baroclinicity,
often near preexisting frontal boundaries. The term
comma cloud is an abbreviation of “comma-shaped
cloud pattern”, and was introduced to denote a char-
acteristic cloud signature seen in cold airmasses. Reed
(1979) noted that a region of enhanced convection
precedes the formation of comma clouds. Conditions
associated with this enhancement include differential
positive-vorticity advection and conditionally unstable
lapse rates. Since a continuous spectrum of distur-
bances exist in polar airmasses, it is not always easy to
fit cyclonic vortices into polar lows or comma clouds.

The subsynoptic scale of cyclonic vortices, and their
rapid development, typically over data-sparse oceans,
has made it difficult to obtain good observational data,
It has also contributed to the challenge of synthesizing
coherent physical models to describe their dynamics
and growth, and to the difficulties in forecasting their
development and movement.

Only two previous studies have examined the me-
soscale structures of comma clouds. Harrold and






