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ABSTRACT

Interactions between an upper-level frontal system and an initially weak surface cold front resulted in the
production of a deep, precipitating frontal structure over the south Atlantic states on 26-27 January 1986.
Attendant with the intensification of the frontal circulation was the development of an intense marine cyclone
off the Delmarva peninsula. The increase in frontal-circulation strength is attributed to a favorable vertical
superposition of the surface frontal trough and the upper-level frontogenetic horizontal deformation field that
resulted in a deep column of divergence over the surface frontal trough. The surface cyclone developed partly,
and indirectly, in response to the increase in warm-air advection in the lower stratosphere, which was directly
related to an increase in the slope of the dynamic tropopause. The increase in the slope of the tropopause is
hypothesized to have been the result of the combined effect of adiabatic advection of low tropopause height in
the cold air of the upper trough and the latent heating associated with the onset of deep convection during the

frontal-development.

I. Introduction

The concept of fronts, which was introduced in the
Norwegian cyclone model, provided insights into the
relationship between the structure of extratropical cy-
clones and distribution of precipitation within these
systems. Precipitation was ascribed to the upward mo-
tion of air over frontal surfaces (Bjerknes 1919;
Bjerknes and Solberg 1921, 1922). Subsequently, the
emphasis on frontal surfaces and the kinematics as-
sociated with them gave way to descriptions of frontal
motions based on the dynamical processes that accom-
pany frontogenesis. This shift in emphasis was for-
malized by Sawyer (1956) and Eliassen (1962), who
viewed fronts as regions of continual frontogenesis
rather than static boundaries between different air
masses. In such regions, the vertical circulations com-
monly associated with fronts were shown to arise dy-
namically in response to accelerations along the fronts.
These accelerations can result from an increase in the
horizontal temperature gradient by differential hori-
zontal advection.

In this paper we use a case study from the east coast
of the United States to illustrate the evolution of a
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frontal circulation that eventually resulted in a deep
band of precipitation. Involved in this evolution were
a surface cold front and an upper-level front, originally
located west of the surface front, which migrated rap-
idly through a developing long-wave trough. The upper
front and upper-frontogenetic flow eventually caught
up to, and became vertically superposed on, the surface
front. The resulting enhanced vertical circulation rap-
idly transformed the whole system into a precipitation
producer. In addition, the vigorous convection had a
strong influence on the development of a surface cy-
clone through a combination of adiabatic and diabatic
processes related to the slope of the “dynamic tropo-
pause” [i.e., the tropopause defined in terms of poten-
tial vorticity—see Danielsen ( 1968)]. This work high-
lights the importance of upper-frontogenetic processes
in generating precipitation and offers an alternative
perspective from which to view the diabatic-dynamic
interactions that characterize cyclogenesis in the ex-
tratropics.

In the next section we describe the synoptic situation
and trace the history of the surface low pressure center,
its associated surface cold front, and the upper-level
front. Satellite and National Weather Service (NWS)
radar datasets are used to trace the transformation in
frontal precipitation that was produced by the super-
position of the upper-level and surface fronts. In sec-
tions 3 and 4 we propose and discuss a mechanism for
the development of the surface low pressure system.






