The Multiple Vortex Structure of a Tornado
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What to do when you fail to get dual-Doppler
and don’t have a high resolution 3-mm radar



DOW radars. 250 kW, 0.93° bw, 12.5 m sampling, 133 ns (20 m)
pulse, 30°-60°s* scanning, 5000 Hz (+stagger) PRF
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Deployment of
DOW and

Track of Core Flow
Region of Tornado

Very Large Diameter
Tornado Passes

Just Southeast of
Mulhall, Oklahoma

L arge Swath of
Damaging Winds
over 2-3km Wide
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MAY 3 1999
10:14:28PM

| mage from video shot by Herb Stein shows
~1 milewide (1.6 km) condensation funnel

Coreflow region was about 1.3 km diameter at surface



L ar ge scale images of
tornado during 1% and 2"
volume scans.

L arge and intense cor e flow
region passes just southeast
of town outline.

Hook echo haswrapped around
tornado.

Typical tornado couplet
multiple windfield maxima
solid body cor e flow
1/sgrt(r) decay outside

Atypical filled eye




L ar ge scale images of
tornado during 51" and 6t"
volume scans.

Hook featureismoreclearly
identifiable.
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Cross section through velocity field of tornado illustrating
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Spectral width data showing regions of high width associated with vortices
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Sometimes up to wavenumber ~10




Main Observed Properties of Multiple Vortices

Size ~200-300 m

Motion 0.5 - 1.0 x background flow

Peak velocitiesin vortices ~1.5 x background flow

L ocated near edge of core flow region, near updraft/downdraft boundary
Strongest velocity perturbations near ground

Sizeincreases with altitude

1/2 of shear across <= 50 m (limit of observability)
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Velocity xsectionsacrossvortex A 1/2 of shear over 50 m
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Winds and ring of debris

Embedded in broad area of upward motion
associated with parent tornado



