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1. INTRODUCTION

The Storm Prediction Center (SPC) is
responsible for monitoring environments conducive to
severe thurderstorm development. This challenging
task isaided by the use of sounding-derived parameters
that can focus forecasters' attention on areas at risk
from severe thurderstorm hazads. Multi ple parameter
indices such as the Energy-Helicity Index (Hart and
Korotky 1990 have proven useful in identifying
environments suppartive of supercdl thunderstorms.
Buil ding on the benefits of suchindices, climatologicd
soundinginvestigations(e.g., Rasmussenand Blanchard
1998 heredter RB98; Edwards and Thompson 200Q
heredter ET00), as well as detailed examinations of
spedal field projed observations(e.g., Markowski et al.
1998 heredter M98) havehel ped refinetheimportance
of various moisture, instability, and verticd shea
parameters to the supercdl and tornado forecast
problems. The techniques discussd in this paper are
intended to provide guidance to forecasters in their
eff ortsto discriminate operationall y between supercell
and non-supercel environments, aswell asthepotential
for nontornadic and significant tornadic supercels.

2. SUPERCELL COMPOSITE PARAMETER
(SCP)

The supercdl composite parameter was
developed as part of the SPC mesoscde analysis web
page'. The SCP was designed to identify areas with
supercdl potential through a wmbination of several
related parameters. Spedficaly, the SCP incorporates
MUCAPE (CAPE based on the most unstable parcd in
lowest 300 mb), 0-3 km storm-relative helicity (SRH,
Davies-Joneset a. (1990), and the denominator of the
Bulk Richardson Number (BRN, Weisman and Klemp
(1982, Stensrud et al. (1997). Eadh component is
normalized to supercdl “threshold” values based on
these previous studies, as well as parameter
distributions derived from Thompson et a. (2002
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heredter T02), with the following formulation for the
SCP:

SCP = (MUCAPE / 1000Jkg™?) * (0-3km SRH / 1501s?)
* (BRN denominator / 40 m?s?)

A soundingwith 1000Jkg* MUCAPE, 150m?
s20-3km SRH, and 40 m*s? BRN shea term will result
inan SCPvalueof 1. This SCPformulation was applied
to the 458 supercdl proximity sounding data set of T02
and 75discrete nonsupercdl storms(Fig. 1). SCPvaues
commonly excealed 1 for supercdls, and values less
than 1 were common for discrete nonsupercel storms.
It isimportant to note that these statistics apply only to
cases with discrete storms, not other convedive modes.
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Figure 1. Box and whiskers plot of SCP for F2-F5 tornadic
supercells (sigtor), FO-F1 tornadic supercell s (weaktor), nontornadic
superells (nontor), and a sample of non-supercell discrete storms
(number of cases from TO2 in parentheses). The shaded boxes
represent the middle 50% of the distributions (“box”), and the tops
and hottoms of the bars are the 10" and 90" percentiles, respectively
(“whiskers’). The horizontal line through each shaded box is the
median value for each group of storms.

3.SIGNIFICANT TORNADO PARAMETER (STP)

Numerous gudieshaveidentified environmental
“ingredients’ that appea to favor supercdls with
significant tornadoes, and the goproach used toformulate
the SCP has been extended to include several such
variablesinthe STP. The components of the STP have
also been cdibrated to RUC-2 model analysis close
proximity soundings for 533 discrete storms (458
supercdls) colleded by TO2.



a. Supercdl comporents:

1._ 0-6 km AGL vedor shea magnitude.
Cloud model simulations by Weisman and Klemp
(1982, aswell asobservational studiesby M98, RB98
and Bunkers et a. (2000 all present strong evidence
that supercdls are most common within environments
charaderized by 0-6 km shea magnitudesin excessof
20ms?’. T02havefurther refined thisguideline shear
value for supercdls by comparing samples of
supercdls with non-supercdl storms. Within the
context of RUC-2 analyses (e.g., the SPC mesoscde
analysis web page), the vast majority of supercdls
occurred where 0-6 km shea magnitudeswere 15-20m
st or larger. A small sample of storms with marginal
supercdl charaderistics were dustered around 12-17
ms* 0-6 km shea, and non-supercdl s were asociated
with lessthan 12 m s* 0-6 km shea.

2. MLCAPE. Lowest 100 mb mean (mixed
layer, or aML° parcd CAPE, cdculated using the
virtual temperature arredion, is thought to be more
representative of boundary layer-based deep convedion
than singlelevel methodssuchasMUCAPE. Cravenet
al. (2002 show that 100mb mean parcdsmore closely
approximate late dternoon cumulus cloud base height
(i.e, lifting condensation level (LCL) height) than
surfacebased parcds. MLCAPE isless &nsitive than
surfacebased CAPE to both minor surfacetemperature
and dew point fluctuations, and to minor measurement
errors at the surface Therefore, MLCAPE is used as
the measure of instability in the STP.

b. Tornadocomporents:

3. 0-1 km SRH. M98, RB98, and ET0O0 all
reaognized low-level shear as a strong discriminator
between significant tornadic and nontornadic
supercdls. The authorshave expanded the preliminary
ETOO investigation to include 458 supercdls. A
majority of significant supercdl tornadoes occurred
with 0-1 km SRH in excessof 100 m?s?, while SRH
values were substantially lower for most nontornadic
supercdls. The SRH values are based on the storm
motion methoddogy described by Bunkers et a.
(2000.

4. ML LCL height. Detail edfield observations
during projed VORTEX, and subsequent field
operations, suggest that potential buoyancy within the
rea flank dowvndraft (RFD) is comparable to that of
ambient nea-surface storm inflow for significant
tornadoes, and CAPE isgrealy reduced with large CIN
in nontornadic RFDs (Markowski et a. 2000.
Boundary layer relative humidity has been propcsed as

acriticd fador inmodulating RFD CAPE, andthisidea
issupparted by climatologicd studies such asRB98and
T02 which show significantly lower LCL heights with
supercdlsthat produced F2-F5 tornadoes, as compared
to nontornadic supercdls. TO2found that only one of 56
supercdlsintheir sampleproduced asignificant tornado
with a ML LCL height greder than 1750 m, whil e the
majority of values ranged from 750-1250m.

5. MLCIN. ML CIN is used as a limiting
fador in a sewmndary formulation of the STP. The
rationale behind the inclusion of CIN is that the
probability of asupercdl formingor persistingbewmmes
small as CIN bemmes very large. The purpose of CIN
inthisformulationisto help narrow the spatial threa for
surfacebased supercdls. However, the primary version
of the STP, now being cdculated as part of the SPC
mesoscde analysis web page, displays the MLCIN and
STP as sparate wntour fields.

These five variables are combined in amanner
similar tothe SCP, with thefoll owingformulationfor the
STP:

STP = (MLCAPE / 1000Jkg™) * (0-6 km vedor shear / 20
ms?) * (0-1km SRH / 100m? s?) * ((2000- MLL CL) /1500
m) * ((150- MLCIN) / 125Jkg?)

This formulation produces a value of 1 when
MLCAPE = 1000Jkg?, 0-6 kmshear =20ms*, 0-1km
SRH =100m?s? MLLCL =500m, and MLCIN =25
kg®. As any of the CAPE or shea parameters
approaches zero, the STP approaches zero. The STP
also approaches zero as mean LCL height increases to
2000m, or CIN increasesto 150Jkg™. The experience
of the authors suggeststhat inclusion of MLCIN ismost
useful in diagnosing supercdl tornado potential prior to
storm initiation, whereas mature supercedls can persist
for several hours after movinginto regions of relatively
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Figure 2. Box and whiskers plot of STP (conventions the same as
Fig. 1). 3aML° denotes the 100 mb mean parcel, while %fc°
represents the surface parcel.



large MLCIN. Based on the latter, the aility of the
STP to discriminate between significant tornadic and
nontornadic supercdlsin the TO2 data set improved by
excluding MLCIN from the formulation. Also, the
spedfic STP components purposely vary from SCP to
reduce the chance of a particuar weg or
unrepresentative parameter value corrupting both
indices smultaneoudly.

Figure 2 shows the distribution of STP values
(without MLCIN) for the groups of 458 supercdlsin
the TO2 dataset. The STP distributionsfor significant
tornadic and nontornadic supercdls are offset by
roughly 2 quartil es, and an STPvalue of 1 appeasto be
a reasonable guideline to discriminate between
significant tornadic and nontornadic supercdls.

4. CASE EXAMPLES

The previous sedion examined STP point
values based on RUC-2 analysis soundings. However,
the spatial distribution of the STP values is just as
valuable to forecasters as single point values, since
supercdls do not always occur within the relative
maxima in the STP. The spatiad distribution is
espedally important in the vicinity of strong gradients,
where spedfic point values may be misealing. The
following examples document STP performance for
cases with and without significant tornadoes.

a. 16 Dec2000- Tuscaloosa, AL F4 tornado

Severa clusters of severe storms formed
during the late morning and afternoon hours aaoss
Missisgppi and Alabama. Within these dusters,
supercdls produced strong tornadoes from northern
Alabama to southesstern Alabama.  The most

significant tornado d the day (F4 damage) struck
Tuscdoosabetween 18and 19UTC, or nea thetime of
Fig 3. The badground environment of these storms
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Figure 3. RUC-2 model based objectiveanalysisof STP (heavy solid
lines), with MLCIN plotted separately (Jkg™?, shaded greater than 50
Jkg?) vaid 19 UTC 16 December 2000. Selected F-scde damage
ratings are for tornadoes from 18-20 UTC.

was charaderized by moderate instability (MLCAPE
nea 1500 Jkg!), and low LCL heights with strong
verticd wind shea throughout the troposphere. This
combination of parameters resulted in relatively large
STP values over a large portion of Misdssppi and
Alabama, which appeaed to be supportive of multiple
significant tornadoes.

b. 9 October 2001 - multiple F3 tornadaes in western
Oklahama andeastern Nebraska

Supercdlsdevel oped duringthe ealy afternoon
hours aaoss southwestern Oklahoma, and and during
the late afternoon aaoss Kansas and southeastern
Nebraska. Hourly objedive analyses derived from
RUC-2 model analysis sundings reveded an
environment of richlow-level moisture, large ML CAPE,
and substantial verticd wind shea. The STP parameter
(with CIN), as shown in Fig. 4 nea the beginning of the
tornado episode, corredly focused on a small area of
southwestern Oklahoma where two tornadoes produced
F3damage. A semndary relative maximumin Nebraska
corresponded to a small cluster of tornadoes, the
strongest of which produced F3 damage. Nontornadic
supercdls occurred in the relative minimum in STP
aaoss Kansas, where LCL heights and CIN were
somewhat greaer than in the tornado areas to the north
and south.

011008972200 Significant Tornado Parameter
Figure 4. RUC-2 model based objective analysis of STP (including
MLCIN) valid 22 UTC 9 October 2001 Selected F-scde damage
ratings are for tornadoes from 21-23 UTC.

c. 16 Feb 2001 - LousianadMisdssppi/Alabama
convedive mode “ failure’

The STP suggested the potential for significant
tornadoes in the area from southeastern Louisiana to
west central Alabama(Fig. 5). Inspiteof moderate STP
values, no tornadoes were reported acossMissisgppi,
Louisiana, or Alabama.

This case exposesalimitation of the STP - it is
predicated on the initiation and persistence of discrete
supercdls. The dominant convective mode on 16



February 2001 was linea as a damaging bow echo
raced acosscentral Misgssppi and northern Alabama.
A supercdl (3° in Fig. 5) formed in southern
Misdssippi by ealy afternoon, but only an hour after
initiation this gorm encountered the strong cold pod
trailing the bow edo, and failed to produce ayy
tornadoes.

0102181900 Significant Tornado Parameter and 100 mb CIN

Figure 5. Same as Fig. 3, except for 19 UTC 16 February 2001
The heavy solid curve marks the position of a bow echo, and the
a°isthe genesis location of a short-lived supercell.

€. 27 May 2001- Kansas/Oklahoma nortornadc case

A cluster of severe thurderstorms developed
aaoss southwestern Kansas duringthe dternoon of 27
May 2001 These stormsevolved into a southeastward
movingbow echo, with embedded supercell s. Although
damagingwindswere widespread alongthe path of this
bow edo from southwestern Kansas to southern
Oklahoma, no tornadoes were observed during the
afternoon or evening aaoss Kansas or northwestern
Oklahoma. An isolated nontornadic supercel did
persist for two hours nea Enid, OK, to the southeast of
the bow edho. STP values were generaly lessthan 1
aaossthe areaaffeded (Fig. 6), primarily asaresult of
only modest low-level shea and relatively high ML
LCL heights.

01052712300 Significant Tornado Parameter and 100 mb CIN

Figure 6. SameasFig. 5, except for 23UTC on 27 May 2001

5. CONCLUSIONS

Results from a statistica analysis of 458
discrete supercdl s show the supercdl composite (SCP)

and significant tornado (ST P) parametershavethe aility
to discriminate between supercdl and non-supercel
storms, and between significant tornadic and nontornadic
supercdls. However, ead parameter can mislead an
unwary forecaster in cases where linea convedive
modes dominate at the expense of discrete supercdls.
Given our limited understanding of convediveinitiation
and the fadors that control convective mode, limiting
false alarms will continue to hinge on our ability to
produce reliable and acarate forecasts of convedive
mode(s) and evolution.
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