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Tilting of horizontal vortex line
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Primary characteristic of supercell storms
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Storm relative helicity (SRH)

SRH = f(v—c) whdz—f ‘v—c‘w dz
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Estimation on a hodograph

SRH = 2 GreenArea
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Nonlinear Contribution to Dynamic
Pressure Perturbations

crosswise vorticity
(w” and " uncorrelated)

C,min
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Figure 8.36 Schematic horizontal cross-sections through the midlevel updraft (pink) of a supercell showing the locations
of vorticity centers and pressure minima for the cases of purely crosswise vorticity and purely streamwise vorticity. When
the vorticity ingested by the updraft is purely crosswise, the —%;'2 term in the diagnostic pressure equation leads to
an upward-directed dynamic vertical pressure gradient force on the storm flanks below the level of maximum |¢’| and
minimum p’. In the limit of purely streamwise vorticity being ingested by the updraft, the ¢’ and w’ fields are approximately
in phase; thus, the —%;’2 term cannot lead to a significant off-axis, upward-directed, dynamic vertical pressure gradient

force.
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b. Veering hodograph
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c. Backing hodograph p’ «s5-V,w’

1 N
B} / s
S T§ L— Left mover X &
Okm = 0 . right mover
R b i Tl - 7
S N EHMABRE

e /L 7 sz
N

AR N

g . . Cold
/—I — >L/ Veering wind Lt o

Backing wind &l  Low |eve'/' Warm

H * Xﬁ,ﬁ:ﬂﬁﬂjfﬁﬁfﬁ Upper level
/ N / REESRK




!
-10 40 m/s

—

Orange Arrow = 0-6 km shear vector
Green Arrow = Supercell motion
= 06 km mean wind

O - Mid-level mesocyclone
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Weisman and Klemp, Ray, Ed., 1986 / The COMET Program
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Figure 8.43 The Rasmussen and Blanchard (1998)
method for forecasting supercell motion predicts a motion
8.7m s~ ! orthogonal to the right of a location 60% of
the distance from the tail to the head of the shear vector
drawn between the 0-500m mean wind and the 4km
wind. In the hodograph, the magenta arrow indicates the
predicted supercell motion.
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Figure 15.15. ﬁpdra.ft, evolution in weak and strong wind shear conditions for unidirectional
and clockwise-curved wind shear profiles. Hodographs on the left define the wind shear type;
0, 2.5, and 5 km levels are indicated. Large and small circles represent relatively strong and
weak updrafts, respectively; the path of each updraft cell is indicated by a dotted line.
Updraft structure is depicted at the early and mature phasa of each storm; surface gust
fronts (barbed lines) are included at the mature phase. L is the approximate position of
significant middle-level mesolow features. The direction of the updraft rotation (if any) is
indicated by arrows.
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1) Case A (R=89, short-lived multicell)

High BRN , Low shear, 180° turning lowest 5 km
Warm bubble = updraft = Liquid water — Downdraft rain

— Cold pool = Gust front = FTE&TE By Z ] & p%
= Gust front REABEIXNREH, NRET.

(A) ; R =89 Gust

front
w =
[ 25 /"y
5 1 3
20
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- e

Figure 15.17. Hodograph and storm structures at 40, 80, and 120 min for cases A-F de-
scribed in text. Storm positions are relative to the ground; dashed lines represent updraft
cell path. Low-level (1.8 km) rainwater fields (similar to radar reflectivity) are contoured
at 2 g kg~! inervals. Regions in which the middle-level updraft (4.8 km) exceeds 5 m s™!
are shaded. Surface gust fronts are defined by the —1°C perturbation surface isotherm.
Numbers at the updrafl centers represent maximum vertical velocity (m s~1) at the time.
On hedographs, heights are labeled in km agl and arrows indicate the mean storm motion
between 80 and 120 min. R = bulk Richardson number as discussed in Sec. 15.5.1. Cases
A and B, multi-cell and supercell storms.




2) Case B (R=22 , supercell on the south side of a multicell line )
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Figure 15.17. Continued. Case C, splitting supercell storms.



4) Case D (R=14, Right-flank supercell )
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5) Case E (R=34, weaksquall line )
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6) Case F (R=20, squallline with bow echo )
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CAPE

Storm type as a function of vertical shear and CAPE

Shear

Table 3.2 Storm type as a function of vertical shear and CAPE

Vertical shear” Weak Moderate Strong
CAPE =15ms™! ~15-25 ms™! 225ms™!
Low Ordinary cell Ordinary : Ordinary
(500-1000 T kg™ ") cell/supercell cell/supercell
Moderate Ordinary cell Ordinary Supercell®
(~1000-2500 J kg™ ") cell/supercell®
High Ordinary cell” Ordinary Supercell?
(=2500 J kg™ cell® /supercell®

? Over lowest 6 km.

” Storms in which evere weather |is likely. Vertical shear is measured by the length of the hodograph of the
environmental windsfrom the surtace to 6 km AGL (small-scale curves and loops are not counted). Supercells
can occur even in environments of low CAPE if there is low CIN and if the environment is so moist that
entrainment of environmental air does not weaken the updraft significantly, Severe weather is likely in storms
produced in an environment of moderate-high CAPE regardless of storm type because the updrafts can be

strong

(based upon numerical simulations

y M. Weisman, NCAR).

Bluestein (1993)




Storm type as a function of Bulk Richardson Number (R).

354 WEISMAN and KLEMP
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Figure 15.18. Richardson number R as calculated for a series of documented storms. Model
results are summarized at the top of the figure. S1, S2,...,99 represent supercell storms; M1,
M2,...,M5 represent multicell storms; TR1, TR2,...,TR4 represent tropical cases. (Adapted
from Weisman and Klemp, 1982.)

Weisman and Klemp 1982




