Chapter 3
Convective Dynamics
Part VI. Supercell Storms

Photographs © Iaddlindley

(This part contains materials taken from UCAR MCStraining modu\e)

SUPERCELL STORMS

—= MO& & Storm Spotters Guide —
—= L. of Minoiz Cloud Catalog -—




I ntroduction

A supercel storm is defined as a thunderstorm with a deep rotating updraft.

Supercell thunderstorms are perhaps the most violent of all thunderstorm types, and
are capable of producing damaging winds, large hail, and weak-to-violent tornadoes.

They are most common during the spring across the central United States when
moderate-to-strong atmospheric wind fields, vertical wind shear and instability are
present.

The degree and vertical distribution of moisture, instability, lift, and especially wind
shear have a profound influence on convective storm type.

Once thunderstorms form, small/convective-scale interactions also influence storm
type and evolution. There are variations of supercells, including "classic,"
"miniature," "high precipitation (HP)," and "low precipitation (LP)" storms.

In general, however, the supercell class of storms is defined by a persistent rotating
updraft (i.e., mesocyclone) which promotes storm organization, maintenance, and
severity.

Supercell Characteristics

e The supercell stormisan unusually longlasting convective
event that tends to be self-perpetuating.

e Itischaracterized by

A single (or dominant) updraft that can be quasi-steady intime
A separate dowdraft
Propagate to the right of mean tropospheric wind

Well-defined updraft rotation about a vertical axis within the
updraft

A high tendency to produce tornadoes
A hook lie apprendage in the rain or reflectivity field




Structure of Classic Supercell Storm —
Horizontal cross-section

A horizontal, low-level cross-section of a
classic” supercel. CLASSIC SUPERCELL (a)

The storm is characterized by alarge

precipitation area on radar, and a pendant or

hook -shaped echo wrapping cyclonically

around the updraft area. Note the position of

the updraft and the gust front wave. The

intense updraft suspends precipitation

particles aboveit, with rain and hail Anvil Ed.

eventualy blown off of the updraft summit = e

and downwind by the strong winds a oft.

Updraft rotation resultsin the gust front wav  Flanking Line
pattern, with warm surface air supplying a
continual feed of moisture to the storm.

Structure of Classic Supercell Storm - Side view

A westward view of the classic supercell CLASSIC SUPERCELL (b)
reveals the wall cloud beneath the intense

updraft core and an inflow tail cloud on the ... Overshooting Top
rainy downdraft side of thewall cloud. Wall ;

clouds tend to devel op beneath the north side

of the supercell rain-free base, athough other

configurations occur.

Observethe nearly vertical, "vaulted”

appearance of the cloud boundary on the north Precipitation
side of the Ch and adjacent to the visible - (Possible Hall)
precipitation area. A sharp boundary between

downdraft and rotating updraft resultsin this

appearance.

A Wall Cloud
Little/No Precipitation

Note the anvil overhang on the upwind
(southwest) side of the storm and the
overshooting top, both visual clues asto the
intensity of the updraft.




Rotating Updrafts - Visual Clue

Thecircular mid-level cloud bands and the smooth, cylindrical Ch strongly hint of
updraft rotation. Above the mid-level cloud band, an extremely hard Cbtop is barely
visible (upper right) towering into the anvil.

Note the smooth, "laminar" flanking line on the extreme left. A strong, "capping”
temperature inversion in the low levels probably accounted for t he laminar appearance
of the flank.

Wall Clouds- alowering cloud base

Itisbelieved that wall clouds develop when some rain-cooled air is pulled upward, along with the
more buoyant air.

Therain-cooled air is very humid, and upon being lifted it quickly saturates to form the lowered
cloud base.

Thus, the wall cloud probably develop sometime after an intense storm begins to precipitate.




Basic structure

e Thedistinquishing feature of supercells isthat the updraft and downdraft remain
separated such that they feed on each other. Also the storm in highly three dimensional.
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Figure 3.3 Browning's concepiual model for a right-moving supercell (58], (a)
Wind plot illustrating bow- (L), middle- (M), and high- {Hi level winds refative 1o the
ground (solid arrows) and relative to the storm {dashed arrows), Motion of the SR
storm is shown with an open arrow. The motion and relative wind vectors for a
possible left-moving supercell (5L} are also shown. (b Airflow frajectories at
selected starting points at low (L) and middle levels (M) (from Klemp, 1967
adapted from Browning, 1964). (Courtesy of the American Meteornlogical Society)

Figure 3a.--Throo-dimensioeal interpretation of istersctisg esternsl s
internal sirflow sggocisted with individes] pereistent Grest Flains
cusulonimbus. The thin, melld inflewing and ssceading stcesalimes
repredeit the history of maist air origimetieg in low levele (Eerisce to
=750 mb). Tha beavy dsshed streinlizes Ermce the sobry and descent of
potmmtislly cold aml dey middla-lavel {100= to &00-8b) aie Tecding
dounrushing and diverging dowadraft. The sarfsce bowndury bstusan the
inflow and dswrdeaft is shown sp 3 barbed band. The internzl circelar
bareds signifly met spdraft rotagion. The shipe aad orientstion sf the
diwiding external bands represent Lypical vertical shesr and chafecler
of amhient relative hericontal airflov at middle (<300 sb} and wpper
[~225 mb) lewels. The sppreaimste pressuce-height relstionship is shous
on the left forvard carner of Ghe peripective box. The bresd [lat acrow
o the right repoesents disection =f travel [sfter Fankhswser, 1970).




Radar echo with
moder ate updr aft

In astorm with moder ate updr aft,
theradar echoisquasi-symmetric
and erect.

L RT

" T
\ 10 b

BOTINN

AT EnOEETERR

et

Figure 3.3 &) Sohematic chagram o @ thunderitorm having 2 suodvealn wpdrah
a5 seen on & radal PP duning & Wt sequence. Sold B ane Do el
romoers, Dashed fAine owdines dhe echo in escess of McBZ Seiived I
md-levnl scan. Miack dot | ihe kecabion of the mamsum echi top fom e
ani. bl Schamatec dugram of wertical tross socton [Beoegh lee Al in
I cight iradicatie (FHD tadar Sispkry of & Brendursiom with thi lowelevel
Inficay, & moderaie updral, and ouiliew kol Bl Bnes) supesispa e, Rada
reflec by [dashed lmes) with mellcowdtios groater (han 50 dUZ snppled (irom
Lusan, 1977

Radar echo with
strong updr aft

In the strong updraft of asupercell

storm, howver, precipiatation does not
have enough timeto form until air has

reached relatively high levels. On a
radar PPI (plan position indicator)

display thereisthereforea‘weak-echo’

region or “ valt” at low and middle
levels.
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Radar echo with
intense updr aft

When theupdraft isreally intense, the valt can ."., T
extend further to the higher level, forming a Y S
“bounded weak-each region (BWER)”. "
Precipitation particles may flow around the i
updr aft to produce a V-shapeto thereflectivity :[
pattern at the high levels.
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3D flow and Echo pattern in a supercell storm

Fis. 11}, Schematic ibree-dimensicaal view of a supercell sicam depicting relatig sirflow and reflsctivity. 1Afier Chisholm and Renick.
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Tornadic Supercell Storm Conceptual M odel
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| Light rain

Moderate - heavy rain
Samall hail

Large hai

Tornado

Figure 8.10 [dealized plan view of a supercell thunderstorm as it would appear in a satellite
picture and in the low-level precipitation pattern that would be detected by a horizontally stanning
radar. Cloud features seen by satellite include the flanking ling, the edge of the anvil cloud, and the
overshooting cloud tep. Positions of the gust front (given by frontal symbals) and tornado are also
shown, (Based on U.5, Nauonal Severe Storms Laboratory publications.)
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M esocyclone and
Hook Echo

Precipitation can beadvected away
from and around the precipitation
cor e by themesocycloneto form a
“hook” echo”.

Mesocycloneisasmall scale vortex with
positive vorticity associated with arotating
updraft in asupercell storm.
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Supercell Storm Dynamics

Environmental Conditions and Storm Types

Early Development of Rotation
Storm Splitting
Helicity

Tornadic Phase of Supercell Storms

Effect of Environment on Storm Types

CAPE and Vertical Environmental Wind Shear are the two most important
factorsin determining the storm types

Numerical models have been very effective tools to understand such effects
In general, single cell storms occur in environment with little vertical shear
Multicell storms occur in environment with moderate vertical shear

Supercell storms occur in environment with strong vertical shear
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Numerical T
Experiments of o
Weisman and £,
Klemp (1982)
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Results from u = 15m/s

and 35 m/s cases : =
Multicell case (left) with u =15 m/sand ety

super cell case (right) with u = 35m/s.

Onethesouthern half of the
computational domain isshown because
thefieldsaresymmetric about the
central E-W axis

Thesplitting of theinitial storm into two
(only the southern member isshown).

The storm splittingisaresult of
rotational storm dynamics (morelater).
The member that movesto theright of
vertical shear vector iscalled right
mover, and the other the left mover.
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14 Supercell case
e Strong updraft can survivein supercells 5
because of the support of pressure 18
perturbations associated with vertical i
rotation which initially comes from

horizontal vorcitity in the environment
viatilting.

Figare .19 Maximum weiticel velocily of model thunderstanms s a funstion of CAFE and
wind-sbear parameser », - Panels {al and (b} refes 1o maliicell coses; paned ich relen Lo supercel cases
(Eram Weisman and Klemp, 1982, Reprinted wilh perimsson feom the Amencan Mebeonological

Society. b

Generation of vertical
vorticity viatilting

Figure k33 Bulwerin diagrars dapecting how a tygical vome ke fitreardio of
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