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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.
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A vertical cross section along A4’ in Fig. laisshown section from Monett, Missouri (UMN), to Oklahoma
in Fig. 1b. This cross section lies perpendicular to the City, Oklahoma (OKC), to Stephenville, Texas (SEP),
cold front over the Gulf of Mexico and was constructed to Midland, Texas (MAF), along the line BB’ in Fig.
using the Nested Grid Model (NGM) 12-h forecast 2a. Potential temperature and temperature are taken
dataset at 50-mb intervals in the vertical valid at 0000 from the sounding data; the IPV analysis is constructed
UTC 26 January. It shows that the vertical circulation using the NGM initialized data at 0000 UTC 26 Jan-
associated with the surface front was largely confined uary. These analyses demonstrate the thermodynamic
to the lower troposphere (below 700 mb) and a second and dynamic signatures characteristic of an upper-level
circulation associated with the upper trough lay to its  front.
northwest at lower pressures. Despite its apparent shal- Figure 3 superposes the 500-mb and surface isotherm
lowness, the NWS radar data at 0000 UTC (Fig. 1c), analyses taken from Figs. 1a and 2a. This diagram il-
and the IR satellite image at the same time (Fig. 1d), lustrates that the upper-level and surface fronts were
revealed that significant convective activity was present nearly perpendicular to one another at 0000 UTC 26
along this front. The signatures evident along the East January.

Coast in both the radar data and satellite image at this Differential thermal advection in a horizontal de-
time were associated with an intense coastal front formation field can lead to a thermally direct vertical
(Martin et al. 1990). circulation by increasing the magnitude of the hori-

The 500-mb analysis (Fig. 2a) for 0000 UTC 26 zontal temperature gradient and inducing accelerations
January clearly shows a vigorous upper-level frontal along the front. Hence, in the absence of significant
zone near the vorticity maximum over Oklahoma and momentum advection effects it is relatively simple to
Texas. The development of this front has been de- infer the location of vertical circulations and frontal
scribed in detail by Martin et al. (1992). As described  positions by locating regions where the horizontal flow
by Reed (1955), Reed and Sanders (1953), and many on isobaric surfaces acts to concentrate the horizontal
others since, a common by-product of the upper-level temperature gradient. The frontogenetic function
frontogenetic process is the downward protrusion of
tropopause and lower-stratospheric air into the mid-
troposphere (so-called tropopause folding). This oc- Fp = ﬂ |Vl = L [ 9 (6u86 + M)
curred on 26 January 1986. The isentropic potential dt Vol oxdx  dxdy
vorticity ’( IPY) can bq usc?d to QCﬁne a “dynamic tro- 50 [ dudl  ovan
popause,” since IPV is discontinuous across the tro- - = ( + )] , (1)
popause (Danielsen 1968). Figure 2b shows a cross dy \dyox  dydy
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FI1G. 2. (a) 500-mb analysis at 0000 UTC 26 January 1986. Solid lines are geopotential height (dam, contoured every 6 dam). Dashed
lines are isotherms ( °C, contoured every 4°C). Letter X marks the position of the 500-mb absolute vorticity maximum. A cross section
along line BB' is shown in (b). For each station the following data are shown: station identifier (to the lower-right corner), geopotential
height (dam, upper-right corner), and temperature (°C, upper-left corner). Wind speed indicated by: long barb, 10 m s™! and flag, 25
m s~ (b) Vertical cross section from Monett, Missouri (UMN), to Oklahoma City, Oklahoma (OKC), to Stephenville, Texas (SEP), to
Midland, Texas (MAF), along line BB’ in (a). Solid lines are potential isotherms (K, contoured every 2 K). Dashed lines are isotherms
(°C, contoured every 4°C). Shading indicates region with isentropic potential vorticity (IPV) > 1 PVU (=10 m?s™' K kg™!).
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F1G. 3. Solid lines are 500-mb isotherms (°C, contoured every
4°C) from Fig. 2a. Dashed lines are surface isotherms ( °C, contoured
every 4°C) from Fig. la. Frontal symbol indicates position of the
surface front.

represents the contribution to frontogenesis from the
horizontal deformation, where the total derivative is
d ¢
—=—=+V,:V,.
R
Here, Fp was calculated using the NGM total winds
and temperatures on an 80-km grid mesh. Although

(2)

FIG. 4. The frontogenetic function Fj, at 500 mb at 0000 26 January
1986. Shaded areas represent negative values of Fy,. Solid lines are
positive values of Fp, (only positive values are labeled, in units of
107" K m~' s7!, and contoured every 20 X 10 """ K m~! s7!). Cold-
frontal symbol shows the position of the surface cold front.
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F1G. 5. NGM 12-h forecast of 500-mb vertical velocity valid at
0000 UTC 26 January 1986. Solid lines are upward vertical velocities;
dashed lines are downward vertical velocities (cm s™!, contoured
every 2 cm s™').

this frontogenesis function does not include the im-
portant modifying effect of vertical velocities on the
strength of the horizontal temperature gradient, it does,
in general, make isolation of the regions and circum-
stances of vertical circulation forcing more obvious

"than the more complete 2D formulation (such as that

introduced by Miller 1948).
Figure 4 shows Fp at 500 mb and the surface frontal
position at 0000 UTC 26 January. It is evident that
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FIG. 6. As for Fig. 1a except for 1200 UTC 26 January 1986 and
sea level pressure is contoured every 2 mb.









