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ABSTRACT

The NOAA P-3 aircraft was used to collect data in a genesis region for mesoscale comma clouds over the
Gulf of Alaska. Aircraft measurements in the genesis region showed that rainbands with spacings of 65-75 km
and orientations along the mean wind shear were present. Possible mechanisms for the formation of the rainbands,
including conditional symmetric instability (CSI) and modified wave-CISK were investigated, but the data did
not allow the formation of the rainbands to be conclusively ascribed to a particular mechanism. The existence
of low static stability in the genesis region was also documented and its role in mesoscale comma-cloud devel-

opment explored.

Careful analysis of images from NOAA polar orbiter and GOES satellites together with synoptic analyses
made it possible to trace the life cycles of several mesoscale comma clouds as the genesis region moved across
the Gulf of Alaska. As the genesis region approached a preexisting polar frontal cloud band, a wave cyclone
formed on the front and absorbed one of the comma clouds. The resulting cyclone central pressure dropped
25 mb in 12 hours. The intensity of this development was underestimated by operational forecast models.

1. Introduction

A flight was carried out on 12 March 1985 by the
NOAA P-3 aircraft to gather data in a genesis region
for mesoscale comma clouds (“genesis region™ for
short) over the Gulf of Alaska. The purpose of the flight
was to document the environment in which these sub-
synoptic scale features develop. Satellite imagery and
synoptic analyses were then used to document the for-
mation of four comma-cloud systems from the genesis
region and their interactions with a polar-front cloud
band during the following 24 hours. The purpose of
this research is twofold: (i) to examine in some detail
the thermodynamic and dynamic environment in
which the comma clouds formed, and (ii) to examine
their role in initiating synoptic-scale rapid cyclogenesis.
The term “comma cloud” (short for comma-shaped
cloud system) is used in this paper to refer to mesoscale
cyclonic disturbances that form in polar airmasses
north or poleward of the polar front. Comma clouds
typically have diameters of 500 to 1000 km as seen in
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the satellite imagery and are essentially nonfrontal in
nature (Reed 1979; Mullen 1979).

Previous observational studies of comma clouds over
the Eastern Pacific Ocean have shown that these dis-
turbances form in regions of enhanced tropospheric
baroclinicity, usually in the vicinity of preexisting
frontal boundaries and on the cyclonic shear side of
upper-tropospheric jet streams (Reed 1979; Mullen
1979; Reed and Blier 1986a,b). The distinctive comma-
shaped cloud pattern seen in satellite imagery is coin-
cident with a region of differential positive-vorticity
advection, and usually forms from a merging of con-
vective clouds during the incipient stage of develop-
ment. Mesoscale analyses of comma clouds show that
they contain rainbands often of a convective character
(Businger and Hobbs 1987). In stronger cases, comma
clouds may develop mesoscale advection and precip-
itation patterns commonly associated with fronts (Lo-
catelli et al. 1982).

In reviewing the literature on the interaction of
comma clouds with polar fronts it is evident that a
variety of interactions have been documented. When
comma clouds approach polar-front cloud bands rapid
cyclogenesis can occur (Anderson et al. 1969; Zillman
and Price 1972; Carleton 1985). In cases where the
proximity is not so close (greater than 7° latitude), a
wave may be excited on the polar front, and a typical
midlatitude cyclone may develop, and remain inde-






