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1. INTRODUCTION
The evolution of fronts within an extratropicalfronta| surface (tracks shown in Fig. 1). The_ two positions
cyclone has been the focus of a considerable amoung{§ing the warm front were separated by a distance of ~130
research since the pioneering work by the Bergen Schb8]- The flight plans for the UK C-130 were designed such
in Norway. Understanding the structure and dynamics$@t dropsondes could be deployed along a path that was
these fronts is important since a majority of the cyclong®rallel to the Electra tracks.
precipitation is concentrated within these regions. Obser-
vational and numerical studies on cold fronts have dondi- VERTICAL STR_UCTURE )
nated the literature largely as a result of its well-defined A thermodynamic analysis of dropsonde data is
structure, often manifested as abrupt windshifts and teRiesented is shownin Fig. 2. Also plotted on the figure are
perature discontinuities, and its frequent association witglect mean dual-Dopplerwinds. Note the close agreement
severe convective weather. In comparison, there hfgfween the wind speed and direction between the drop-
been relatively few studies on warm fronts leading to a I€¥ande and Doppler derived winds in the figure.
complete conceptualization of its structure. The dearthof ~~ Thewarmfrontal zone aloftis well-defined by the
observational analyses on the warm front s, in part, owiMgering winds and by the sloping isopleths of virtual
to the weakness of the associated surface discontinuity RRéential temperatur@|) in Fig. 2. The intersection of the
general absence of severe convective activity. The walignt with the ocean surface, however, is more difficult to
front can often be difficult to locate on a surface map affgntify. While itis well known that the surface warm front
is of limited horizontal extent compared to the cold fronis Nominally weaker than the cold front, the increase in the
One of the first detailed kinematic studies of Htensity of the warm-frontal discontinuity at higher levels
warm front was presented by Heymsfield (1979). H& an important observation in the present case. Indeed
composited numerous dual-Doppler volume scans over a
three-hour period to produce vertical cross sections througiFebruary
a warm front over the Midwest. Only minimal sound E 3
data were shown for his case. Alandfallingwarm frontjw
examined by compositing information for nearly 24 hq
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radar sites. In addition, several soundings enditu
aircraft measurements during the period provided the

during the Fronts and Atlantic Storm Track Experi
(FASTEX). Y
An intense surface low moved into the FAS
domain on 5-6 February 1997 (Fig. 1). The low
associated with an intense warm front of limited horizg
extent. Based on the predicted movement and orien
of the warm front, flight tracks were created so that
DORA could fly through the precipitation shield at low_.
levels and execute perpendicular penetrations througr\:ﬁa .71.8
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Infrared satellite image at 00 UTC 6 February
urface analyses and Electraflight tracks are drawn.




2157:07 - 2256:00 UTC Front-Relative > February 1997 . kg 3. A region of enhanced

! NG ‘ W“‘“m ot S . o ; E radar reflectivity associated with
- :’ o e M « | wiu | i 1 theprecipitation shield within the
} e N e cold sector north of the front can
Lo NEa e S Do 1w 1 = | g1 beseeninFig.3a. The horizontal
P s e S >4 [«m! gradient 0B, in the direction per-
L :: N J—— B S :: | pendicular to the frontis shownin
R = DU S S R - -] | Fig. 3b. Although thresholds of
O Rt Y Tt S N = e > <] ] horizontal temperature gradients
E . e B! e S s to define frontal zones have been
: g :j : " >j il ;“ | somewnhat arbitrary, °6/100 km
FEE "7 43 | has been chosen in the present
— $ 5 \\]" § case.
[ :j ey 1;» My 2 The vertical structure of
a— D N Q the frontal zone has disparate di-
. R . B > 1 mensions in the horizontal (50-60
— iL , - N%NQMM:NW\%}"WN:“M km) and vertical (1-2 km). More
:'\". — ; : T g““l 04 importantly, the warm front aloft

— 100 K ey in Fig. 3b is associated with a
Fig. 2. Vertical cross section of dropsonde data from 2157:07 - 2256:00 UTC ¢@mperature gradient thatis nearly
5 February. Front-relative winds are superimposed onto the virtual potentidbur times greater than near the
temperature (gray lines). The black box is the primary dual-Doppler analysgurface. A zone of strong is
region. The dropsonde locations are shown by the vertical dashed lines. Theated in a region of intense ver-
Electra flight track and flight-level data are shown by the horizontal dashed lin¢ical shear of the front-parallel
ponent of the wind in Fig. 3c. The vorticity maximum

. C
Bluestein (1993) has proposed that a surface front ShOU? cated aloft and not at the surface in contrast to numer-

be defined as a front whose intensity is strongest near It%egstudies documenting the structure of cold fronts
ground. The present case appears to be an exception tothis 9 '

rule. FUTURE WORK

Future work includes calculating the terms in the
nesis equation. There have been previous at-
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The region which encompasses the Electra‘sflig%'t
track is enclosed by the black box in Fig. 2 and is enlarg{ed
rontoge
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Fig. 3. Mean vertical cross sections perpendicular to the warm front. a) Virtual potential temperature superimposed
onto radar-reflectivity. b) Horizontal gradient of virtual potential temperature. c) Vertical vorticity superimposed on
the component of flow parallel to the warm front.
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tempts to estimate the degree of geostrophic balance within Weather System®xford Press, New York, 594 pp.

cold fronts by quantifying the difference between thIgie msfield, G.M., 1979: Doppler study of a warm frontal
observed vertical wind shear and the geostrophic Shea'yregion:] A.tn;os Sc;'i36 2093-2107

based on thermal w_md balance. This difference, ref_errlf_edcatem, J.D., and P.V. Hobbs, 1987: The mesoscale and
to as the Thermal Wind Imbalance has not been previously . o
: microscale structure and organization of clouds and
applied to warm fronts T T )
precipitation in midlatitude cyclones. XIII: Structure

) : . of awarm frontJ. Atmos. Scj44, 2290-2309.
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