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The classification of storm types




i R ESRE SR (Mesoscale Convective Complex)#yEZ (Maddox 1980)

TABLE 9.1. Definition of mesoscale convective complex.

Stze: A—Cloud shield with continuously low infrared
(IR) temperature = —33°C; must have an area
= 10° km”

B—Interior cold cloud region with temperature
< —52° must have an area = 0.5 X 10° km~

Initiate: Size definitions A and B are first satisfied
Duration: Size definitions A and B must be met for a period
= 6h
Maximum Contiguous cold cloud shield (IR temperature
extent: < —33°) reaches maximum size
Shape: Eccentricity (minor axis/major axis) = (.7 at time

of maximum extent
Terminate: Size definitions A and B no longer satisfied




OVERSHOQTING TQP
_\/ ANVIL
~

/ e N .
- o —” S e S N e N S RS - v*:I"
— - o T -
—— — ~— -~ — /__/
~T '
BACK-SHEARED = /" 7~ f‘» _
ANVIL ’ i
——
MAMMATUS N ' —~ _- MAMMATUS
(r—
COLD AlIR "~
FLANKING LINE N TR 1 s TR—
7 = .

TOWERS TR .
e U e STRIATIONS
~ e
P g ; NFIFEEY

o HORIZON
T ey el ﬂ?‘. o i
S i L [/]9%, oS PRNEey /f (i NE
y s il ey
= QL ~10 KM

Sw ~N TORNADO
/058“'5 TAIL CLOUD LIGHT RAIN FORWARD-FLANK
PRECIPITATION CURTAIN LARGE HAIL GUST FRONT

(MOOK EECHO) SMaALL HalL
PRECIPITATION-FREE
CLOUO BASE

REAR-FLANK
GUST FRONT

HEAVY RAIN

WARM AIR Anvil edge ———a

{5 Light rain
[ITT] Moderate - heavy rain
EER sSmall hail
Bl Large hail

T Tornado

RN A R N R

(Cloud features of supercell)

MR ERPET B E =

(Precipitation features of Fanking |

line ]
supercell) N

Overshooting top



IREEE LA ERSNE (Tufte 1997)

3-D cloud feature of supercell)
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IR BEE SR A 7K SN e H/KSPEE (Wilhelmson et al. 1990)

Cloud/precipitation of simulated supercell
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Horizontal distribution of liquid water
content at 4.75 km
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Rotating cloud associated with the mesocyclone of a supercell storm
(Markowski and Richardson 2010)

:' .

gure 8.17 A midlevel mesocyclone is the defining visual characteristic of a supercell storm. Little imagination is needed
to sense the cyclonic vertical vorticity associated with the storm updraft. Photograph by Herb Stein (the Dopper On Wheels
radar is in the foreground).
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AR R LS AR B (Lemon and
Doswell 1979 and Davies-Jones 1986)

Surface feature of supercell
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A real sample of radar PPl scan showing signatures of supercells
(Markowski and Richardson 2010)

0124 UTC 14 June 1998
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Figure 8.18 A hook echo in reflectivity data and an inbound-outbound couplet in radial velocity data are the defining
radar characteristics of supercells in low-altitude radar scans. The images are (a) reflectivity and (b) radial velocity from the
Oklahoma City, OK, radar at 0124 UTC 14 June 1998. The inbound-outbound radial velocity couplet is oriented such that
the zero contour is approximately parallel to the radials, with inbound (outbound) velocities to the west (east), thereby
implying cyclonic vertical vorticity.
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Horizontal structure of radar reflectivity of
supercell at different heights
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Figure 8.21 Top, schematic of the reflectivity structure of a supercell, showing the relationship between the bounded
weak echo region (BWER), overshooting top, and hook echo. The green and yellow shading indicates weak, moderate, and
high radar reflectivity visible at low levels (top left) and in a vertical cross-section (top right). Bottom, actual quasi-vertical
cross-section of radar reflectivity factor in a supercell thunderstorm obtained from a helically scanning radar mounted in
the tail of an aircraft at 2306 UTC 16 May 1995 during the Verification of the Origin of Rotation in Tornadoes Experiment
(VORTEX).
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Terminal velocity of hail as a function of diameter
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BRI/ EE—HRER EFAMELEEREZNEE (Klemp 1987)

Vertical vorticity generated by the interaction between convective
cell and environmental vertical shear
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Houze (2014)

FIGURE 8.26 Schematic showing the vorticity of the air feeding into the
updraft of a right moving supercell cumulonimbus in the Northern Hemi-
sphere. The boundary-layer inflow has horizontal vorticity owing to shear
of the wind in the boundary layer. Gust fronts are as in Figure 8.11a. The
vorticity couplet aloft is due to tilting, as illustrated in Figures 8.23 and

8.24. The anticyclonic vortex is shown by a broken arrow to indicate
weakening.



TR AR A > 22 R BEENER (Wilhelmson et al. 1990)

Trajectory of air parcel inside supercell
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BRI B 2 B FESEE 43 (Wilhelmson and Klemp 1981)

Storm splitting seen from observations and simulations
Observed Reflectivity Simulated Reflectivity
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KB E e R R 2 FIIERZE (Maddox 1976)

Mean profile of winds associated with tornadic storms in the central US
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Directional shear favoring (disfavoring) the development of right (left)
moving storms (Klemp 1987)
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Figure 8.41 Plan views of cloud-model-produced, low-
level rainwater fields for two simulations using, respec-
tively, a straight hodograph (gray in lowest 2.5 km, blue
above; numerals along the hodograph indicate altitude in
km) and one with low-level clockwise hodograph curva-
ture (blue). The straight hodograph produces storms with
mirror-image symmetry, whereas the curved hodograph
enhances the right-moving storm. The left- and right-
moving storm motions are indicated on the hodographs
with magenta arrows and are labeled ‘LM’ and ‘RM’, respec-
tively. The dashed black contours enclose the regions of
significant midlevel updraft, and the numerals indicate
the location and magnitude of ‘he maximum vertical
velocity (m s™!). Gust fronts are also shown. The gray
dashed lines indicate storm motions. (Adapted from
Klemp [1987].)
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EERREVHENESEN B, SR ERERER VIR A ERFT
ELREESREBIMimERE (Klemp 1987)

Distribution of P’ generated by the interaction between a
convective cell and constant environmental vertical shear
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ERREV SRR, S iEE R R RV G ERRTE
S HVEERB M REE (Klemp 1987)

Distribution of P’ generated by the interaction between a convective
cell and directional vertical shear
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CAPE (m? s72)

Maximum vertical velocity of model

thunderstorms as a function of

CAPE and wind-shear parameter (u,)

(Weisman and Klemp 1982)

(a) For initial storm, strength of updraft
IS proportional to CAPE, but
inversely proportional to vertical
shear

(b) For secondary storm, nearly zero
shear or very strong shear is not
favorable for the development of strong
updrafts, regardless of CAPE; an
optimal vertical shear appears to exist
(RKW theory).

(c) For split storm, strongest updrafts
exist in regions with large CAPE and
vertical shear

These results imply that storm types
(or updraft characteristics) may be
classified by vertical shear and CAPE



LFC: Level of free convection

EL: Equilibrium level

_ CAPE
Bulk Richardson number Rib — 7 .
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Difference in mean winds between 500 m and
6 km (MSL)
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Storm type as a function of Bulk Richardson number
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— B E R (Single Cell) BB AR (Supercell) Z ZA LR

Comparison between single cell and supercell

%9(0.5-1 hour) short £ long
/#77 (buoyancy) SRBEBEE ] (PGF)
g5 (weak) 58 (strong)
MG (Weaker) 58 (stronger)

A steady (unsteady) guasi-steady

g5E Y] (weak shear) s&E Y]] (strong shear)
BABIZ (less severe) BIZ1 (severe)
{RESPEE (low or mid lat.) FEFEFEE (mid lat.)



FHABAR A AT H VSR BT R A G BB (Lilly 1979)

Line convection composed by supercells
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(Bt _ERrfaiEayigH , by P. Sinclair, 26 May 1973)

Photo showing a supercell-composed convective line




52 B B S AL 17 S PN U REGR 2 BR3P B fE B (Bluestein and Jain 1985)

Environmental hodograph associated with severe squall lines in Oklahoma
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High Shear

SR A% _EER R M BRI EE H A
VIHYtHREE (Parsons 1992)

Strength of frontal updrafts at
different environmental vertical
shear
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Frontal updrafts simulated
: with different environmental
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$EEAT DU/ N2 R URYAHRE (Parsons 1992)

Strength of frontal updrafts as a function of ambient vertical shear

UPDRAFT DEPENDENCE ON VERTICAL SHEAR
| | | | | | I
| = 4km

275 T275 > T
oy 275

2257 ~  Predicted
& Optimal

hi = ka_

20 f _ 175

Predicted
Optimal

Tw
L=
—
L
<
e
Q
a
=5
=
=
=
=
<
=

| 1 1 1
10 15 20 25 30 35

VERTICAL SHEAR [(m/s)/2.5km]




