P9.1 AIRBORNE DOPPLER RADAR OBSERVATIONS OF A SHALLOW COLD FRONT
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1. INTRODUCTION
Aclassical example of frontogenesis presented 00 UTC a 26 January 1997
textbooks is one that is produced by a deformation fie y % \

(e.g., Holton 1992). Horizontal stretching deformatio
tends to advect the temperature field so that the isothel & / /
become concentrated along the axis of dilation, provid /
that the temperature field has a gradient along the axis
contraction. This type of frontogenesis has resulted ir
number of theoretical investigations (e.g., Davis and Mill
1988) but a surprising dearth of observational studies. 1
only detailed analysis known to the authors is by Ostdi | »
and Blumen (1995) using data collected during STORD
FEST. The primary data platforms used in their study we
a dense surface mesonet and upper-air data from rav
sondes and the NOAA demonstration profiler network.
On 26 January 1997, a front located within
horizontal deformation field was sampled by ELDOR/
(Electra Doppler Radar). High-resolution dual-Dopple
winds and detailed thermodynamic fields were used
recreate the horizontal and vertical structure of the fror

2. SURFACE ANALYSIS

A surface analysis of sea-level pressure and
tential temperature is shown in Fig. 1. The frontal positic
is supported by the gradient of the isentropes and stre:
lines shown in Figs. 1b and 2, respectively. Itis analyz
as a cold front owing to its movement of 5.9%frem 3053.
The Electra collected data near the col or saddle pc
defined by the two high and low pressure patterns showr
Figs. la and 2.

An objective analysis of the frontogenesis i
plotted in Fig. 2 and reveals weak positive valuesinthe a
sampled by the aircraft. Much stronger values ~30% 1
K/100 km/h are plotted to the south. A plot of frontoger
esis at 1800 UTC (not shown) revealed that the front h
undergone weak frontogenesis for the preceding 6 hot
A time series of the in situ winds at 600 m MSL in Fig.
reveals a sharp wind shift and significant cooling of ~6
in virtual potential temperaturé j.

An enlargement of th@, field at low levels '
combined with dual-Doppler and in situ winds is present&id- 1. @) Sea-level pressure analysis superimposed on

an infrared satellite image at 00 UTC 26 January 1997.

* Corresponding author address: Huaging Cali, UCL/Q) Isentropic analys_is syperimposed on the §ameimage.
Dept. of Atmospheric Sciences, Los Angeles, CA 9009&he short-dashed line in b) represents the flight track of
1565; e-mail: caihg@atmos.ucla.edu the Electra.
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Fig. 4. Plot of virtual potential temperature at 600 m AGL
combined with dual-Doppler and in situ winds at flight
level. The flight track of the Electra is shown by the dashed
line.

Fig. 2. Streamline analysis at 00 UTC 26 January 19feater than 10 dBZ atthe leading edge of the front (Fig. 5b)
superimposed on the frontogenesis calculations. TaRq the vertical velocities (not shown) are weak. Weak
black dot represents the location of the front that wassnds of echoes were resolved within the cold air with their
sampled by the Electra. axis aligned parallel to the orientation of the surface front.
Flight Level Data 26 January 1997 Two of these weak bands (reflectivities >5 dBZ) can be
J I | I - | seenin Fig. 5b. The maximum vertical vorticity exceeds 1
x 10° st but does not extend far behind the position of the
surface front.
The semigeostrophic model of frontogenesis is
300  the main theoretical framework in which frontal dynamics
205| is described (e.g., see Hoskins 1982). The front is treated
200 as a quasi-two-dimensional flow in which there is a close
.gs]  degree of geostrophic balance in the along-front direction.
1020|222 00000080005 K The degree of along-front thermal wind balance (TWI) is
Lo ” P related to the accuracy of the semigeostrophic model. TWI
’ does not need to be zero but it should be small and will be

" 20 . . .
v related to the cross-frontal ageostrophic circulation.
10 The analysis of TWIis shownin Fig. 5c. Negative

1026

0 o
mls values means that the actual wind is less than the geo-

MAVIVELLIVLLLT \“\\’////// strophic wind based on thermal wind balance across the

) 0345 0350 0355 0400 UTC 0465 front. This may indicate a region where the front is

undergoing active frontogenesis or there is diabatic forcing
Fig. 3. Time series of in situ data from 0340 - 0405 UTGresent.

in Fig. 4. The shift from strong southwesterly flow in thg SUMMARY

warm sector to northerly flow in the cold sector is apparent. The present case illustrates one of the rare oppor-
tunities to investigate the characteristics of a front posi-

3. VERTICAL CROSS SECTIONS ) ‘tioned within a horizontal deformation field. The frontwas

The vertical structure of the front is revealed ifefined by a distinct wind shift of almost 2&td a strong

cross sections oriented perpendicular to the frontal bouggperature gradient. Vertical cross sections revealed that

ary (Fig. 5). _The frontis r_ath_er shallow and is WeII-deflne_tq;ge cold front was well-defined but shallow. Active

by the packing and sloping isentropes as well as the wipdhiogenesis appeared to be concentrated at the surface

shift shown in Fig. 5a. Indeed, the cold pool is less thandsition of the front based on TWI which was also con-
km in depth at a distance of ~140 km to the west of theneqd by the synoptic scale analysis.
surface position of the front. Radar reflectivities are
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Fig. 5. Mean vertical cross sections of a) virtual potential temperature, b) vertical vorticity and radar reflectivity, and
c¢) thermal wind imbalance. Ground-relative dual-Doppler and in situ winds are also plotted. The flight track of the
Electra is shown by the dashed line.
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