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ABSTRACT

The origins of a rainband of moderate intensity that occurred over the eastern Carolinas is investigated. It is
concluded that the band formed in the updraft portion of a thermodynamically direct vertical circulation about
an upper-level frontal zone in a region of conditional symmetrical instability (CSI). The release of CSI is
presumed to have been responsible for the dimensions of the band and its orientation relative to the shear
vector. An adiabatic mechanism for destabilization of the environment of the upper-level front to CSI was

explored but found to be insignificant in this case.

1. Introduction

Upper-level fronts! have been discussed since Reed
and Sanders (1953) and Reed ( 1955) documented their
existence. They have been shown to be associated
with synoptic-scale stratosphere-troposphere exchange
processes ( Danielson 1968), turbulent production of
potential vorticity (Shapiro 1976; Keyser and Rotunno
1990), and rapid cyclogenesis (Uccellini et al. 1985).
However, to our knowledge, it has not been shown
previously that upper-level fronts and upper-level
frontogenetic processes can produce precipitation
bands. In this paper we present documentation of such
a case. _

We begin by presenting observational evidence for
the existence of the upper-level front with which we
are concerned here and the synoptic setting in which
it developed. This will involve a discussion of upper-
level frontogenesis in terms of the Sawyer (1956)-
Eliassen (1962) diagnostic equation. Emphasis will be
placed upon the products of the forced frontal circu-
lation as they bear directly on the subsequent devel-
opment of the precipitation band. We then describe
some important characteristics of the precipitation
band. Finally, the mesoscale environment in which the
precipitation band developed is assessed to determine

! We use the term “upper-level front” to refer to a front generated
in the vicinity of the tropopause of the type discussed by Keyser and
Shapiro (1986). They should not be confused with “cold fronts aloft”
of the type discussed by Hobbs et al. (1990), which occur lower
down in the troposphere.
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whether or not a mesoscale instability associated with
the upper-level front produced the band.

2. Observations

A deep long-wave trough over the eastern two-thirds
of the United States was the major feature in the North
American 500-mb analysis at 1200 UTC 26 January
1986 (Fig. 1a). A rather broad region of synoptic-scale
lifting was present east of the trough axis, as indicated
by the IR satellite image for that time (Fig. 1b), and
the Nested Grid Model (NGM) 12-h forecast for 500-
mb vertical velocities valid at 1200 UTC 26 January
(Fig. 1¢). The trough had a large horizontal temper-
ature gradient along its entire eastern side. The position
of the baroclinic zone in northern Georgia and South
Carolina was located just downstream of a zone of
rather vigorous frontogenetic horizontal confluence
(Fig. 1d).

Within the region of widespread large-scale lifting,
various precipitating features were present at 1200 UTC
26 January. In Fig. 2, a manually digitized National
Weather Service (NWS) radar summary of these fea-
tures is overlayed on the surface frontal analysis for
1200 UTC. Some of the precipitation features are easily
identified with weather features (e.g., the surface front
in the Gulf of Mexico, the shallow coastal front along
the northeastern United States coast, and the weak low
pressure system that was developing along the coastal
front). However, the rainband located in extreme
northeastern South Carolina did not appear to be as-
sociated with any surface feature. Close examination
of the data taken by the triad of NWS radars located
at Cape Hatteras (HAT) and Wilmington (1ILM),
North Carolina, and Volens (VQN), Virginia, showed
that the precipitation cells in this rainband were moving
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