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1. INTRODUCTION

Detailed aerial and ground surveys of
damage caused by tornadoeshave beeninstrumental
in advancing our understanding of tornadoes. One
of theintrigui n% discoveriesrevealedinearly dam%e
surveys was the nonlinear nature of some of the
tornado tracks. There have been well-documented
cases of tornadoes making unusual and large
deviations in their movements even though there
were no obvious changes in the parent storm’'s
overa_ll_propagatlon. he prevailing theory for
explaining the turns, bends and cusp-like tornado
Paths documented by post-storm surveysis that the
rochoidal track® isaresult of the tornado revolving

withinalarger-scalemesocyclonecircul ation. There
had been no data collected to date, however, to
confirm this possible mechanism.

2. THE KELLERVILLE TORNADO

A tornadic supercell formed over the Texas
Panhandle on 8 June 1995 and produced afamily of
tornadoes during VORTEX (Verification of the
Originsof Rotationin TornadoesExperiment). High-
resolutionairborne DonI er radar datawerecollected
on thisstorm by NCAR'SELDORA, 3-cm airborne
radar system, over anearly two-hour period. One of
the tornadoes near Kellefville, Texas was rated F5
and was extensively surveyed on the ground and

A
—\'TK‘“ T

Fig. 1. Part of the damagetrack for the Kellervilletornado. F-scale damage contours are shown.

An aerial photo of a cusp-like tornado path is also shown. The gray, d

ed line represents the

trochoid that best fits the damage track at that location.
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! Trochoid: the curve generated by a point on the
Ir_adi us of acircle asthe circle rolls along a straight
ine.

fromtheair usingasmall aircraft. Part of thedamage
track is shown in Fig. 1. The tornado exhibited
unusua nonlinear movementsinitstrack in at least
two locations. A prominent cusp-like pattern was
apparent in one section of the track.

3. DOPPLER RADAR SYNTHESES
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Féﬁl' 2. Storm-relative winds at 400 mAGL at 2336:17-2338:42 UTC superimposed onto a) radar
reflectivity, and b) vertical vorticity and velocity. Short dashed line denotes the FO isopleth of the
tornado track. The black dot, cross, and the letter “ T denote the location of the storm-relative
circulation center, the maximum vertical vorticity, and the tornado, respectively.

The dual-Doppler synthesis at low levels
(400 m AGL) for the first ﬁass b&/ the Kellerville
tornadoisshowninFig. 2. Thehook echo and weak-
echo gtye are apparent in Fig. 2a. The resolved
circulation shown in thefigure cannot beinterpreted
as the tornado owing to the characteristics of the
observations and the Imposed filtering routine but it
should be representative of the mesocyclone. The

(indicated by the10x103s* vorticity contour) isnearly
twice the diameter of the tornado.

A synthesisfor alater timewhen thetornado
had narrowed significantly and was located
approximately at the midpoint of thedamagetrack is

resented in Fig. 3. A dramatic deviation of the
ornadotrack occurredimmediately after thesynthesis
time. Thetrack had a cusp-like pattern (seé Fig. 1)

tor,nadoislargeatthisformativesta%e ~2kmwide) that wassimilar tothetrochoidthat i sproduced when
asindicated by the FO contours, and themesocyclone the rotation around a circulation is equal to the
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Fig. 3. Same asFig. 2 except for 0001:15 - 0003:09 UTC.



F-scale rating versus maximum
vertical vorticity in the mesocyclone
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Fig. 4. Estimated F-scale rating versus maximum
vertical vorticity inthelow-level mesocyclonefor the
Doppler wind syntheses.

tranglation speed of the circulation. Note that the
circulation center, tornado and maximuminvorticity
arein digparate locations in Fig. 3 in contrast to the
results shown in Fig. 2. Indeed, the storm-relative
circulation center is~3 km north of the tornado, and
the position of themaximuminvorticity isdisplaced
640 m from the tornado. The trochoidthat provides
the best fit to the Kellerville damage track is shown
by the dashed gray linedrawn on Fig. 1. The580 m
radius of thetrochoid isnearly the same asthe 640 m
distance betweenthetornado and vorticity maximum.

A plot of maximum vertical vorticity within
themesocycloneversusF-scaleratingfor all synthesis

2344:00 UTC
I

timesisshownin Fig. 4. Thisfigurerevealsthat the
maximum vorticity associated with the mesocyclone
atlow levelsisanunreliableindicator of thetornado’ s
intensity. Note that the F-scale dama?e rating
decreases between 2349-2351 and 2354-2356 even
though the maximum vorticity associated with
mesocyclone increases.

4. PHOTOGRAMMETRIC ANALYSIS

In using Doppler radar to define the airflow
near and within the tornado, it is important that the
visual characteristics of the tornado are known in
order to remove possible ambi g1l_J|t| esininterpretin
the Doppler velocity fields. The most importan
characteristics are "the tornado’s width and its
relationshiptotheradar beamwidth. Thediameter of
the tornado condensation funnel can be determined
using photogrammetric_techniques. The vertical
cross section shown in Fig. 5isthrough the center of
the tornado. Weak downdrafts along the rear-flank
are evident to the left of the tornado and the storm-
scale updraft/downdraft interface near the surfaceis
located at the center of thetornado. Therelationship
between the tornado and the mesocyclone is shown
by the superposition of the vertical vorticity field on
the photograﬂh. The mesocyclone was 3-4 times
larger than the visible funnél at this time. Also
apeﬁarent in the figure is the anticyclonic vorticity
behind the rear-flank gust front.
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Fig. 5. Vertical cross section through the Kellerville tornado at 2344:00 UTC superimposed onto a
photograph and vertical vorticity and the storm-relative winds. Photo taken by Bruce Haynie.



