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ABSTRACT

By defining a **bomb’’ as an extratropical surface cyclone whose central pressure fall averages at least
1 mb h™* for 24 h, we have studied this explosive cyclogenesis in the Northern Hemisphere during the
period September 1976—May 1979. This predominantly maritime, cold-season event is usually found
~400 n mi downstream from a mobile 500 mb trough, within or poleward of the maximum westerlies, and

within or ahead of the planetary-scale troughs.

A more detailed examination of bombs (using a 12 h development criterion) was performed during the
1978~79 season. A survey of sea surface temperatures (SST's) in and around the cyclone center indicates
explosive development occurs over a wide range of SST's, but, preferentially, near the strongest gradients.
A quasi-geostrophic diagnosis of a composite incipient bomb indicates instantaneous pressure falls far
short of observed rates. A test of current National Meteorological Center models shows these products
also fall far short in attempting to capture observed rapid deepening.

1. Introduction

Tor Bergeron is reputed to have characterized a
rapidly deepening extratropical low as one in which
the central pressure at sea level falls at the rate of
at least 1 mb h™! for 24 h. An extreme example of
the development of a storm of this type appears in
Fig. 1. The extraordinary deepening occurred during
an interval of unfortunately sparse coverage of ship
observations near the center, so that we know the
central intensity only at the initial and final times.
Note that nearly the strongest winds occur only
~60 n mi from the center, and that the radial profile
of wind near the center must resemble that of a
tropical cyclone. Note further that the storm de-
velops along the leading edge of an outbreak of
bitterly cold air over the western Atlantic, but that
the cold air does not penetrate to the center of
the low.

A Defense Meteorological Satellite view (Fig. 2),
about midway through the illustrated period, shows
a major ‘‘head cloud” mass of great meridional
extent, considered by Jalu (1973) and by Bottger
et al. (1975) to be characteristic of intense deepening
on a small scale. Note also the indication of deep
convection along the rear edge of the main cloud
mass, corresponding to the cold front, and the
eyelike circular clear area perhaps 40 n mi in
diameter near 43°N, 43°W, near the estimated
position of the surface center. These characteristics
also appear to be typical.

We are interested in this phenomenon because
of its great practical importance to shipping and
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to coastal regions. Even pleasure craft are en-
dangered by these storms; the tragic loss of life in
the 1979 Fastnet yacht race was attributable to a
rare summer example of the meteorological ‘‘bomb”’
(Rice, 1979). We are also interested in these storms
because (as will be shown later) deepening rates
predicted by current operational dynamical models
fall far short of the observed ones, implying that
some physical effect other than the commonly
understood large-scale baroclinic mechanism may
play an important role. Finally, the rapid deepening
process may be a necessary component in a realistic
model simulation of the general circulation. We have
tested the notion that most of the hemisphere’s
deepest cyclones (which usually track toward their
final resting places in the vicinity of the Icelandic
and Aleutian lows) have deepened explosively. Of
the 37 deep lows (960 mb or lower) found during
the 9-month period beginning 1 September 1978,
31 qualified as a bomb (using the criteria defined
in Section 4) during their development. Thus,
explosive deepening is a characteristic of the vast
majority of the deepest cyclones.

2. A three-year data sample

For three recent cold seasons we have studied
this class of explosively intensifying cyclones in
the Northern Hemisphere from longitude 130°E
castward to 10°E. As Bergeron’s characterization
probably referred to the latitude of Bergen (60°N), a
geostrophically equivalent rate was obtained for
arbitrary latitude ¢ by multiplying his rate by
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F1G. 1. Surface maps, with isobars of sea level pressure at 8 mb intervals. Selected ship ob-
servations are represented by a simplified plotting model. Pressures, not shown, agree closely

with isobars. Six-hour positions along the track of the center are shown as dots along the
dashed trajectory.






