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A schematic of supercell
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1) Radar signature
Hook echo: lower level reflectivity minimum

0124 UTC 14 June 1998
(b) radial velocity
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2) Cloud features
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3) Flanking line
Located at right-rear flank relative to storm motion
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4) Downdraft
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5) Inflow lows
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CL: classic supercell
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7) mesocyclone
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8) effects

Supercells can produce hailstones averaging as large as
two inches (5.1 cm) in diameter, winds over 70 miles per
2 hour (110 km/h)lclariication needed] ' tornadoes of as strong as
- EF3 to EF5 intensity (if wind shear and atmospheric
tjakélggéerior === instability are able to support the development of stronger
B tornadoes), flooding, frequent-to-continuous lightning, and
S e TEEEE S very heavy rain. Many tornado outbreaks come from

VL e clusters of supercells. Large supercells may spawn
multiple long-tracked and deadly tornadoes, with notable
examples in the 2011 Super Outbreak.

Wisconsin

v ‘ . . MY S . .
Minnesole A gl ¥ s Severe events associated with a supercell almost always

_ .
This NOAA-15 pass captures the tornadic super-cell

SRt e _— J& 4 occur in the area of the updraft/downdraft interface. In
o & . ’ the Northern Hemisphere, this is most often the rear flank

(southwest side) of the precipitation area
in LP and classic supercells, but sometimes the leading
edge (southeast side) of HP supercells.


https://en.wikipedia.org/wiki/Wikipedia:Please_clarify
https://en.wikipedia.org/wiki/Tornado
https://en.wikipedia.org/wiki/Lightning
https://en.wikipedia.org/wiki/Tornado_outbreak
https://en.wikipedia.org/wiki/2011_Super_Outbreak
https://en.wikipedia.org/wiki/Northern_Hemisphere
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4.3.1 The ‘frozen-in’ property of vorticity

Let us first consider some simple topological properties of the vorticity field and its evolution.

We define a vortex line to be a line drawn through the fluid which is everywhere in the
direction of the local vorticity. This definition is analogous to that of a streamline, which is
everywhere in the direction of the local velocity. A vortex tube is formed by the collection
of vortex lines passing through a closed curve (Fig. 4.2. A material line is just a line that
connects material fluid elements. Suppose we draw a vortex line through the fluid; such

a line obviously connects fluid elements and therefore defines a coincident material line.

As the fluid moves the material line deforms, and the vortex line also evolves in a manner
determined by the equations of motion. A remarkable property of vorticity is that, for an

unforced and inviscid barotropic fluid, the flow evolution is such that a vortex line remains

coincident with the material line that it was initially associated with. Put another way, a
vortex line always contains the same material elements — the vorticity is ‘frozen’ or ‘glued’
to the material fluid.!
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Dt Fig. 4.3 Evolution of an infinitesimal material line 61 from time t to time t + &t. It can

be seen from the diagram that D61/Dt = év.
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Horizontal Vorticity



1) Tilting
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Tilting of horizontal vortex line

Klemp, 1987/The COMET Program
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(a) crosswise vorticity
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b. Streamwise vorticity: Storm relative wind 5 7K 3@ FE 1T
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(b) streamwise vorticity
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(a) straight hodograph

(all of the horizontal vorticity initially ingested is crosswise)

(b) semicircle hodograph

(most of the horizontal vorticity initially ingested is streamwise)

A
f = pa—a '\~\7’:\
".{'w,.'>.5m‘/s \
'Sf‘\:\i \ ’:' I / _
N X
0 6 km

Figure 8.31 \Vertical vorticity fields at z = 5 km at ¢ = 25 min in numerical simulations in which an isolated storm
is initiated using a warm bubble in an environment having (a) a straight hodograph and (b) a semicircular hodograph.
Vertical vorticity contours are drawn every 2.5x107> s~'. Solid (dashed) contours indicate positive (negative) values, and
the zero contour is suppressed. The thin black contour encloses the region where the vertical velocity exceeds 5m s~!. The
sounding had approximately 2500J kg~' of CAPE. The hodographs are shown in each of the two panels; the magenta square
indicates the mean updraft motion in the first 25 min of the simulations. In the straight-hodograph environment, the
horizontal vorticity ingested in the early stages of storm development is purely crosswise. Note that the updraft is straddled
by a couplet of cyclonic and anticyclonic vorticity of equal magnitude. In the semicircular hodograph environment, the

updraft acquires net cyclonic rotation and the anticyclonic vorticity is predominantly within a downdraft.
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Helical flow may suppress turbulence, which explains the
longevity of supercell.
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Storm relative helicity (SRH)
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Estimation on a hodograph

SRH = 2 GreenArea

o] F FHiiRkSupercell 59 0] 8& 1%

0-3 km SRH>150 m2s2 @Btk |
0-3 km SRH>400 m?s? REMBERLFRE
0-1 km SRH 1] FHF X 4 tornadic #lnontornadic supercells.




06-18 F I EE LS N ZESRHIN T 1o

Bai L, et al. Sci China Earth Sci 9

2 (b) Composite 0-3 km SRH
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Figure 8 Composite horizontal distributions of the (a) 0-1 km and (b) 0-3 km SRH around the TC eyes (blue stars). The solid gray circles represent the
locations of TC tornadoes in 2006-2018 relative to the eye of their parent TC. The X (V) axis is arranged in the TC eye relative longitude (latitude) for
convenience.
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