Composite Parameters

1. Composite Indices

1.1 Untitled Slide
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1.2 Operational Severe Weather Diagnostic Parameters:

Composite Indices

Operational Severe Weather Diagnostic
Parameters:

Composite Indices

Notes:
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1.3 Operational Severe Weather Diagnostic Parameters: Composite

Indices

Operational Severe Weather Diagnostic
Parameters: Composite Indices

Welcome to the "Operational Severe Weather Diagnostic Parameters Composite
Indices training module. This module is a component in WDTD's Radar &
Applications Course (RAC).

To complete the module, view the content pages and complete a short quiz. The
quiz is included in the module. You may review parameters you are unfamiliar with
or need a refresher on and then take the quiz when you feel like you are ready.

1.4 Operational Severe Weather Diagnostic Parameters

Operational Severe Weather Diagnostic
Parameters

Goal

The goal of this lesson is to provide the learner a measure of knowledge on the
computations, strengths and limitations associated with some of the most
commonly used severe weather composite indice parameters in operational
forecasting today.

Learning Objective

.
Without references, identify uses of specified mesoscale diagnostic parameters in
diagnosing-severe weather threats.
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1.5 Composite Indices

Composite Indices

Supercell Composite
Right-moving (SCP)

Left-moving (LSCP)
Significant Tornado Parameter (STF)

Non-Supercell Tornado Parameter (NSTP)
Significant Hail Parameter (SHIP)

Large Hail Parameter (LHP)

Derecho Composite Parameter (DCP)
Craven/Brooks Significant Severe Parameter (SigSvr)
Bulk Richardson Number (BRN)

MCS Maintenance Probability (MMP)
Energy Helicity Index (EHI)

Vorticity Generation Paramter (VGP)
Wind Damage Parameter (WNDG)
Microburst Composite

Enhanced Stretching Potential (ESP)
Theta-E Index (TED}

Critical Angle
Modified SHERBE

Quiz

1.6 Right-Moving Supercell Composite (SCP)

Right-Moving Supercell Composite (SCP)

A = 5CPis a multiple ingredient,
Right-Moving SCP = (muCAPE / 1000 J kg™") * (ESRH /50 m? s composite indgx, eagch ingredient is
Supercell 3 * (EBWD /20 m 51 normalized to supercell threshold
Composite (SCP) walues, and larger values of SCP

denote greater overlap in the three

SUBAYTHR COmp e Fae et OB supercell ingredients. Only positive
Strengths / . values of SCP are displayed, which
Limitations correspond to environments
] v . favoring right-moving {cyclonic)

i " supercells.

Table o
Contents * The farmula for SCP is shown to the

upper left, where: ESHEAR = the
- effective bulk wind difference,
ESRH = the effective SRH and
MUCAPE = the CAPE value based on
= the "most unstable” parcel in the
lowest 300 mb.

supercells, see the figure to the left
—rr. for a distribution of values for
proximity soundings derived from
RUC mode| hourly analyses. For a
larger version of this image click
here.

r =

s = Values greater than 1 strongly favor
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1.7 Right-Moving Supercell Composite (SCP) Strengths / Limitations

Right-Moving Supercell Composite (SCP)
Strengths / Limitations

RightMoving  Gtrengths:

Supercell - : 2
Composite (scP)  * Is useful for a quick look at the combination of CAPE
and shear.
Strengths /
Limitations A T . s
- Is a good discriminator in determining supercell and
Table of non-supercell environments.
Contents
Limitation:

» CAPE, which is a part of the SCP calculation, is not a
strong indicator of storm type. There is a large
parameter space with SCP.

1.8 Left-Moving Supercell Composite (LSCP)

Left-Moving Supercell Composite (LSCP)

Left-Moving LSCP = (MUCAPE / 1000 J kg') * (ESRH /50 m? 52) *
Supercell Composite (EBWD /20 m 5-1)
(LSCP)

* Similar to the Supercell Composite (SCP), the LSCP can help
identify environments favorable to the development of left-
moving supercells.

Table of Contents

* In the formula to the right, EBWD is divided by 20 m s in
the range of 10-20 m 5. EBWD less than 10 m s is set to
zero, and EBWD greater than 20 m s is set to one.

* Only negative values of LSCP are displayed, which
correspond to environments favoring left-moving
(anticyclonic) supercells. The more negative the LSCP, the
more favorable the environment for left-moving supercells.

+ Additional information can be found here.
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1.9 Significant Tornado Parameter (STP)

Significant Tornado Parameter (STP)

Significant
Tornado
Parameter
(5TP)

Strengths
Limitations

Table of
Contents

STP = [(MLCAPE/1500 J kg™) * ((2000-MLLCL)/1500 m) * (ESRH/150 m? s
2* (ESHEAR/20 m ™) * ((200+MLCIN)]/150 J kg™)

* STPis a multi-parameter index developed by the SPC that
incorporates bulk shear, SRH, CAPE, CIN, and LCL height where
MLCAPE is the 100 mb mean parcel CAPE, MLLCL is the 100 mb mean
parcel LCL height, MLCIN is the 100 mb mean parcel CIN, ESRH is the
effective storm-relative helicity (SRH area confined to lifted parcels
that are buoyant with at least 100 J/kg of CAPE and not strongly
capped with more than -250 )/kg of CIN}, and ESHEAR (maximum
bulk shear from the most unstable parcel level upward to 40-60% of
the equilibrium height ). See SPC mesoanalysis web site for more
details.

When the MLLCL is less than 1000 m AGL, the MLLCL term is set to
one, and when the MLCIN is greater than -50 J kg™, the MLCIN term
is set to one. The ESHEAR term is capped at a value of 15, and set to
zero when FSHEAR is less than 125 m s

1.10 Significant Tornado Parameter (STP)

Strengths

Significant Tornado Parameter (STP)

Significant
Tornado
Parameter (STP]
Strengths

Limitations

Table of
Contents

Strengths

* The STP has been shown
operationally to
discriminate between
significantly tornadic and
nontornadic supercells. A

New STP with CIN and withost CIN

majority of significant 1 o

tornadoes (F2 or greater a0 e

damage) have been 5o}

associated with STP values *

greater than 1, while most b

non-tornadic supercells 207 5 z 4

have been associated with 20} -~ [ l "
values less than 1in a W l“‘ , ' ]
large sample of RUC T L 4 w |20 M.
analysis proximity i i T .Tu.

soundings (See Thompson
et. al, 2004). Whiskers piots o1 e neEw
nght. The 3 Casses
adic

o

pana ¢ 560 DIwES AENGIS e 7
Chismly, iy the madan marked n each box

* The newest version of STP
that incorporates CIN can
reduce areal false alarms
(see figure right).

(FO-F1). and nos
and 250 percentie
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1.11 Significant Tornado Parameter (STP)

Limitations

Significant Tornado Parameter (STP)

Limitations
Significant * This multi-parameter index inherits all the other limitations of its
Tornado constituents. It is used primarily for supercell forecasts of significant

Parameter (STP) tornadoes. There is considerable overlap in the sigtor (F2 and larger)
and weaktor (FO -F1) classes of storms.

Strengths
* STP, like many other parameters, is dependent on the quality of the
Limitations storm data.

Table of
Contents

1.12 Significant Hail Parameter (SHIP)

Significant Hail Parameter (SHIP)

Significant Hail SHIP = [(MUCAPE j/kg) * (Mixing Ratio of MU PARCEL g/kg) * (700-
Parameter (SHIP) 500mb LAPSE RATE ¢/km) *{-500mb TEMP C) * (0-6km Effective Shear
m/s) ] /44,000,000

Limitations

* The Significant Hail Parameter (SHIP) was developed using a large
Table of database of surface-modified, observed severe hail proximity
Contents soundings. It is based on 5 parameters, and is meant to delineate

between significant (>=2" diameter) and non-significant (<2"
diameter) hail environments.

Developed in the same vein as the STP and SCP parameters, values
of SHIP greater than 1.00 indicate a favorable environment for SI1G
hail_ Values greater than 4 are considered very high_ In practice,
maximum contour values of 1.5-2 0 or higher will typically be
present when SIG hail is going to be reported. See this box and
whiskers diagram for a graph showing ranges of SHIP.

=1 Significant Hail Possible

1.5-2 Significant Hail Likely

2-4  Significant Hail Probable

=4 Significant Hail Extremely Likely
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1.13 Large Hail Parameter (LHP)

Large Hail Parameter (LHP)

. +The LHP is a multiple ingredient composite index meant to discriminate between
Large Hail significant hail {>= 2 inch diameter) and smaller hail.
Parameter (LHP)
*The LHP includes three thermodynamic components [MUCAPE, 700-500 mb lapse rates,
LHP Page 2 the depth of the hail growth zone {-10 to -30 )], as well as three vertical shear
compeonents [surface to EL bulk shear, the direction difference between the ground-
relative winds at the EL and in the 3-6 km layer, and the direction difference between the

Strengths storm-relative winds in the 3-6 km and 0-1 km layers] and is formulated as follows:
Limitations LHP = (TERM A * TERM B) + 5

S ey e Where:

Table of TERM A = (((MUCAPE-2000)/1000) + ((3200-THK:sz)/500) + ((LR:5-6.5)/2))
Contents

where THKwzz is the depth of the hail growth zone (the -10 to -30° C layer), and LRss is the
700-500 mb temperature lapse rate.

TERM B = (((Shearz-25)/5) + ((GRWaizi+5)/20) + ((SRWainup-80)/10))
where Shearg is the magnitude of the vector wind difference between the surface wind
and the mean wind in the 1.5 km layer immediately below the EL height for the MU
parcel, GRWai is the directional difference between the ground-relative mean wind in
the 1.5 km layer below the EL and the mean wind in the 3-6 km layer AGL, and SRWaimp is

the directional difference betweem the mean storm-relative winds in the 3-6 km and 0-1
km layers.

1.14 Large Hail Parameter Page 2 (LHP)

Large Hail Parameter Page 2 (LHP)

If 0-6 km BWD < 14 m s -1 OR MUCAPE < 400 J kg-1, LHP = 0.

Large Hail
P ter (LHP) . o .
Arermelsr * LHP > 4 = Maximum hail size of at least 1.5-1.75" highly probable*
LHP P 2
298 * LHP > 8 = Maximum hail size of at least 2-3.25" highly probable*
Strengths * LHP = 14 = Maximum hail size of 3.5" or greater highly probable*
L *given a storm
Limitations Click here for a larger version of the figure below.
Table of Large Hall Parasmeter
Contents
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1.15 Large Hail Parameter (LHP) Strengths

Large Hail Parameter (LHP) Strengths

Large Hail * Discriminates between large, very large, and giant hail sizes better
Parameter (LHP) than other compaosite parameters
LHP Page 2 * Uses hail-growth-zone thickness which differentiates between large
hail sizes better than hail CAPE
Strengths
* Uses shear above 6km (and 0-10km), which differentiates between
Limitations large hail sizes better than the traditional 0-6km layer.
Table of
Contents

1.16 Large Hail Parameter (LHP)

Limitations

Large Hail Parameter (LHP)
Limitations

Large Hail * Does not differentiate between severe and non-severe hail
Parameter (LHP)

* Only valid if convection occurs
LHP Page 2

* Does not take into account duration of supercell mode or negative
Strengths impacts on maximum hail size caused by anvil seeding from upstream

convection.

Limitations

Table of
Contents
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1.17 Derecho Composite Parameter (DCP)

Derecho

Derecho Composite Parameter (DCP)

Composite
Parameter (DCP)

DCP Page 2

Table of

Contents

DCP = (DCAPE/980)*(MUCAPE/2000)*(0-6 km shear/20 kt)*(0-6 km
mean wind/16 kt)

This parameter is based on a data set of 113 derecho events compiled by
Evans and Doswell {2001). The DCP was developed to identify
environments considered favorable for cold pool "driven" wind events
through four primary mechanisms:

1. Cold pool production [DCAPE]

2. Ability to sustain strong storms along the leading edge of a gust front
[MUCAPE]

3. Organization potential for any ensuing convection [0-6 km shear]

4._Sufficient flow within the ambient environment to favor development
along downstream portion of the gust front [0-6 km mean wind]

1.18 Derecho Composite Parameter (DCP) Page 2

Derecho Composite Parameter (DCP) Page

2

DELChQ Normalized values were developed for
Composite_ each parameter using 51 observed
Parameter (DCP) proximity soundings near "Weak Forcing”
derechos, which were compared to values
DCP Page 2 from 31 proxy soundings from weakly
forced non-derecho MCSs. It was found
that DCAPE > 980 J/Kg and MUCAPE > 2000
Table of Kk ; i
g were common (25th percentile), while
Contents sfc-6 km shear > 20 kt and sfc-6 km mean
wind = 16 kt were uncommen (75th
Derecho Composite Parameter percentile) in the non-derecho dataset. For
1000 more information see this paper by Evans
R0 s and Doswell in Weather and Forecasting
e from 2001.
7.00
8.00 - The ability of the DCP to discriminate
o between non-derecho and derecho MCSs
400 —amn can be inferred from this figure (also
:g = 3': shown at left), which shows complete
by 3 separation of the interquartile ranges
1.00 =t v (25th — 75th percentiles) of the DCP
o between the non-derecho and derecho
WF derecho non derecho

MCS data sets.
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1.19 Craven-Brooks Significant Severe Parameter (SigSvr)

Craven-Brooks Significant Severe
Parameter (SigSvr)

Craven-Brooks This index is formulated as follows:

Sig-Svr

Farameier C = (MLCAPE J/kg) * (SHR6 m/s)

% + For example, a 0-6-km shear of 40 knots and CAPE of 3000 J/kg

results in a Craven SigSvr index of 60,000. Units are scaled to
the nearest 1000 on the web plot on the SPC mesoanalysis
page.

+» The simple product of 100mb MLCAPE and 0-6km magnitude of
the vector difference (m/s; often referred to as "deep layer
shear") accounts for the compensation between instability and
shear magnitude. Using a database of about 60,000 soundings,
the majority of significant severe events (2+ inch hail, 65+ knot
winds, F2+ tornadoes) occur when the product exceeds 20,000
m3/s*. (Source SPC Mesoanalyis help page)

1.20 Bulk Richardson Number (BRN)

Bulk Richardson Number (BRN)

Bulk Richardson * The Bulk Richardson Number (BRN) is the ratio of the buoyancy (as
Number (BRN) measured by the CAPE) to the vertical wind shear of the environment. Note
that updraft strength is directly related to CAPE, while the storm structure
(e.g. multi-cell, supercell, etc.) and movement are related to the vertical

Strengths hrisisied

Limitations = BRN is a rough measure of the buoyancy to shear ratio. The equation for
BRN is shown above where CAPE is the integrated positive area resulting

Table of from surface parcel ascent from the LFC to the EL, U is the bulk shear

Contents determined by subtracting the density-weighted mean wind vector in the

lowest half-kilometer layer from the density-weighted mean wind at 6 km.

= To see a figure from COMET's CD-ROM, " Anticipating Convective Storm
Structure and Evolution” (COMET, 1996) showing various values of BRN for
observed and model simulated storm types click here. Typical values are
shown in the table below.

=45 | CAPE much higher than SHEAR
(often pulse storms if CAPE is weak to
moderate)

<45 | Supercells possible
=10 | SHEAR much higher than CAPE
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1.21 Bulk Richardson Number (BRN) Strengths

Bulk Richardson Number (BRN) Strengths

Bulk Richardson * BRN can be used to provide an estimate of rotation potential in storms
Number (BRN) without considering storm motion. BRN indicates a higher likelihoed of
supercells when value is between 10 and 50.

Strengths = The BRN value is operationally displayable on both AWIPS observed and
model skew-t soundings and on BUFKIT model sounding programs.
Limitations
= The deneminator of the BRN equation, known as BRN shear, has been
Table of shown in some studies to have the ability to indicate the likelihood of a
Contents convective storm to develop low-level mesocyclones (see Stensrud et al.

(1997)).

= Based on mesoscale model data , Stensrud et al. (1997) found that BRN
shears of 40 - 100 m2/s2 indicated a likelihood for storms to develop low-
level mesos.

1.22 Bulk Richardson Number (BRN) Limitations

Bulk Richardson Number (BRN)
Limitations

Bulk Richardson + Operational day to day utility is limited due to sensitivity of CAPE value in
Number (BRN) the numerator of the BRN equation. For large values of CAPE greater than
4000 j/kg , Stensrud et al. (1997) and Thompson et al. (2003) found that

BRN was large regardless of the value of the denominator, which is known
strenqths as BRN shear.

Limitations + Another limitation of BRN is that it does not take into account the detailed
aspects of the low-level curvature, which has been shown to be significant

Table of in supercell dynamics (Weisman and Rotunno 1999). In low buocyancy

Contents environments, shear-induced pressure forces, which are related in part to

the shear from low-level curvature, can be the dominant factor in
controlling updraft strength. Conversely, when bulk shear is weak, the
verticle profile of buoyancy can be just as important as the total CAPE value
in determining updraft intensity low-level buoyancy (and lapse rates) can
dominate updraft rotation
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1.23 MCS Maintenance Probability (MMP)

MCS Maintenance Probability (MMP)

MCs
Maintenance
Probability
(MMP)

Table of
Contents

=348 warm-seasen MCS proximity soundings from a variety of MCS types were used
to develop this parameter. Through hypothesis testing and discriminant analysis on
hundreds of sounding parameters, the following four parameters were selected to
develop the probabilities:

1. Maximum bulk shear (m/s) in the 0-1 and 6-10 km layer
2. 3-8 km lapse rate {(degrees C/km)

3. Most unstable CAPE

4. 3-12 km mean wind speed (m/s)

= It has been found that it can provide useful guidance on the transition of an
organized MCS with a solid line of 50+ dbZ echoes to a more disorganized system
with unsteady changes in structure and propagation. In particular, the MMP
showed a noticeable decline for all MCS cases from the genesis to dissipation stages
in the Northern and Southern Plains region.

= Although the MMP was designed to discriminate between mature and dissipating
MCSs, the parameter may also be used on longer time scales with NAM output to
give a general idea of where mature MCSs may be favored on longer timescales
(assuming convection in the model doesn’t erroneously remove instability).

* MMP performance in the Eastern Region was markedly poorer, however, likely
because of the climatologically lower lapse rates during the summer months.

»More information can be found here.

1.24 Energy Helicity Index (EHI)

Energy Helicity Index (EHI)

Energy Helicity  EH| = (CAPE)(SRH)/1.65 x 10°

Index (EHI)

Strengths

Limitations

Table of
Contents

The EHI is a composite index designed to assess the rotational intensity
potential of supercells and is defined above where SRH is Storm-Relative
Helicity from 0 to 3 km, and CAPE is integrated from the LFC to the
Equilibrium Level (EL).

The EHI (Hart and Korotky, 1991), (Davies, 1993) is used operationally for
supercell and tornado forecasting.

Increasing values of EHI from 1.0 to 3.0 (and higher) indicate an increasing
probability of tornadic supercells.

EHI has also been computed using a 0-1 km SRH in response to results that
show 0-1 km SRH is a better tornadic discriminator than its deeper version.

Click here to see an example of EHI displayed in AWIPS
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1.25 Energy Helicity Index (EHI) Strengths

Energy Helicity Index (EHI) Strengths

Energy Helicity
Index (EHI)

Strengths
Limitations

Table of
Contents

= EHI has some value in discriminating between supercells that produce

tornadoes and those that do not.

= This figure from Rasmussen and Blanchard (1998), suggests that values of

EHI around 3.0 or greater indicate a higher likelihood for significant
tornadoes.

= Mean 0-1 km EHI values derived from mixed-layer (ML) parcels (MLEHI)

were found by Davies (2004) to be consistently large (near 2.0 and greater)
for F1-F4 tornado cases compared non-tornadic and FO cases.

= For an example showing the effective use of EHI, refer to the tornado

outbreak case of 09 Oct. 2001 in west central OK. The AWIPS graphic shows
a 12-hr forecast of EHI from the ETA valid 00 UTC 10 Oct. 2001. In this
event, the EHI accurately "bullseyed” the area of where tornadic
thunderstorms subsequently developed over west central Oklahoma and
eastern Nebraska.

= Note, the EHI forecasted fields for this event which also indicated a high

probability of tornadoes over portions of K5 (EHI values were predicted
from 1.0 to 3.0) but no tornadoes occurred in this region. Thus, forecasters
can expect a relatively high false alarm rate with this single parameter.

1.26 Energy Helicity Index (EHI) Limitations

Energy Helicity Index (EHI) Limitations

Energy Helicity -

Index (EHI)
Strengths
Limitations

Table of
Contents

There is some overlap in observed values of EHI between storm "classes”,
making standard EHI not always a good parameter for discriminating
between storms that produce tornadoes and those that do not.

= Also, as was observed in the representative example from 10 Oct. 2001 , EHI

values greater than 3.0 (as was forecast in KS) do not always correlate to
tornadic supercells. High CAPE can over inflate EHI and render it not as
effective. The CIN (or lack of surface-based CAPE) can also wreck the EHI
forecast.

= In low CAPE environments and high shear, EHI might underestimate

tornado potential. Since EHI is derived from CAPE and shear, it inherits the
same limitations and uncertainties from computations of those parameters
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1.27 Vorticity Generation Parameter (VGP)

Vorticity Generation Parameter (VGP)

Vorticity
Generation
Parameter (VGF) ,

Strengths
Limitations

Table of
Contents

VGP = [S(CAPE)]"?

VGP is meant to estimate the rate of tilting and stretching of horizontal
vorticity by a thunderstorm updraft.. The equation used by Rasmussen and
Blanchard (1998) is shown above.

= S is the mean shear (hodograph length divided by depth over which the

hodo was measured - 4 km in their study). Mean shear is assumed to be
proportional to the horizontal vorticity vector and CAPE 1/2 proportional to
the vertical component of velocity. In Rasmussen and Blanchard's study
(1998), the CAPE in VGP used a parcel with the virtual temperature
correction and a uniformly mixed theta-E in the lowest 100 m AGL.

1.28 Vorticity Generation Parameter (VGP)

Strengths

Vorticity Generation Parameter (VGP)

Vorticity -
Generation
Parameter (VGP)
Strengths

Limitations

Table of
Contents

Strengths

VGP has been shown to have discriminating ability between
supercells and nonsupercells (See figure 14 of Rasmussen and
Blanchard, 1998).

* This figure, also shown below, from Davies (2002) suggests some

usable thresholds in the parameter space of 0-3 km CAPE and

VGP.
0-2 kmVGP vs. 0-3 krn GAPE: F1-F5

RLICE profiles avsocated wilh 124 suercel Lridoes [F-FS)

o5 W B 5

oo 1E 150 75
(3 KNCARS il k)

M X0 215

Exn)
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1.29 Vorticity Generation Parameter (VGP)

Limitations

Vorticity Generation Parameter (VGP)

Limitations
Vorticity * V'GP is not as good by itself at discriminating between storms
Generation with significant tornadoes. See Rasmussen and Blanchard's (1998)
Parameter (VGP) figure 13.
Strengths * VGP may underestimate tornado potential in low CAPE
environments.

Limitations

» As with EHI, since VGP is derived from CAPE and shear, it inherits
Table of the same limitations and uncertainties from computations of
Contents those parameters.

1.30 Microburst Composite

Microburst Composite

* The Microburst Composite is a weighted sum of the following

Microburst individual parameters: SBCAPE, SBLI, lapse rates, vertical totals (850-

Composite 500 mb temperature difference), DCAPE, and precipitable water. The
specific terms and weights are listed below:

Table of

o - SBCAPE term : < 3100 set to 0; 3100-3999 set to 1; >= 4000 set to 2;

*SBLI term: > -B set to 0; <= -8 setto 1; <= -9setto 2; <= -10set to 3;

*0-3 km lapse rate term: <= 8.4 set to 0; > 8.4 set to 1;

+vertical totals term: < 27 set to 0; >= 27 set to 1; >= 28 set to 2; >= 29
set to 3;

* DCAPE term: < 900 set to 0; >= 900 set to 1; >= 1100 set to 2; >= 1300
setto 3;

* precipitable water term: <= 1.5 set to -5; > 1.5 set to 0.

= All six of the terms are summed to arrive at the final microburst composite value.
This value should be viewed as conditional upon the existence of a storm.

MC Value Chance of microburst

3-4 "Slight chance"
5-8 "Chance"
>=9 "Likely"
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1.31 Wind Damage Parameter (WNDG)

Wind Damage Parameter (WNDG)

pand Dama%® . WNDG = (MLCAPE / 2000 J kg™") * (0-3 km lapse
(WNDG) rate / 9 C km™) * (1000-3500 m AGL mean wind /

e 15m s™) * (50 + MLCIN) / 40 J kg™")

Contents
* The Wind Damage Parameter (WNDG) is a non-

dimensional composite parameter that identifies areas
where large CAPE, steep low-level lapse rates, enhanced
flow in the low-mid levels, and minimal convective
inhibition are co-located. The parameter is formulated as
shown above where 0-3 km lapse rate < 7 is set to zero,
and MLCIN < -50 J kg-1 is set to -50.

+ WNDG values > 1 favor an enhanced risk for scattered

damaging outflow gusts with multicell thunderstorm
clusters, primarily during the afternoon in the summer

1.32 Modified SHERBE

Modified SHERBE

The Maodified SHERBE is a composite parameter designed to highlight "low
CAPE/high shear” environments capable of producing significant severe storms.
MOSHE is formulated as follows:

(LLLR —4Kkm™ ')’ v (SISMG —8ms™!)

Modified AECESEEE 4KZkm™2 10ms~—!
SHERBE )
(ESHR — 8ms™!)

Wet Microburst =
Severity Index [0ms
reE L (MAXTEVV + 10K Pakm™'s™!)

X )
Table of 9K Pakm 's!

Contents : 1
upward motion at the top of each 2 km deep layer from the surface to 6 km,
incremented every 0.5 km. LLLR is the 0-3 km lapse rate, 515MG is the 0-1.5 km
shear vector magnitude, ESHR is the effective bulk shear vector magnitude.

This composite parameter indirectly includes some influence of buoyancy

through the effective bulk shear term, which requires at least 100 J kg-1 of CAPE
and no more than 250 J kg-1 of CIN
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1.33 Modified SHERBE Page 2

Modified
SHERBE

Modified
SHERBE Page 2

Table of
Contents

Modified SHERBE Page 2

Strengths:

- Overall MOSHE represents and improvement to the original SHERB parameters developed by Sherburn et
al. (2014) through the added MAXTEVV term which helps to reduce false alarm area by localizing and
maximizing the MOSHE parameter where there is strong synoptic ascent in the presence of potential
instability.

- Useful in identifying areas where synoptic forcing may lead to rapid local increases in CAPE in short order
- Mest skillful at separating significant* HSLC severe reports from non-severe HSLC storms using a threshold
o

- The MOSH parameters were designed to include all significant severe weather (winds and hail, in addition
to tornadoes). Even so, they do still hawve skill for HSLC tornadoes alone.

Weaknesses

- This parameter formulation is very sensitive to the magnitude of vertical veledity, and may not translate
well between differing modeling systems (e.g., the RAP model versus a convection-allowing model).

- Like many convective indices, the MOSH parameters do not forecast whether convection will occur.
Forecasters need to inspect other products to establish the probability of convection. But, the inclusion of
|arge scale forcing in the MOSH parameters makes them somewhat more robust than the original SHERB
parameters (which could become large in completely non-convective scenarios)

- Because of the weighting toward synoptic forcing, MOSH may miss events in weakly forced environments

- The MOSH parameters were specifically developed using an HSLC dataset. Although our tests reveal some
skill across all CAPE environments, we cannot recommend use of MOSH in higher CAPE situations.

1.34 Enhanced Stretching Potential (ESP)

Enhanced Stretching Potential (ESP)

Enhanced
Stretching
Potential (ESP)

Table of
Contents

+ ESP = (0-3 km MLCAPE / 50 J kg™) *
((0-3 km lapse rate - 7.0) / 1.0 Ckm™)

* The ESP identifies areas where low-level
buoyancy and steep low-level lapse rates are
co-located, which may favor low-level vortex
stretching and tornado potential. ESP is
formulated as shown above where ESP is set to
zero when the 0-3 km lapse rate is <7 Ckm™,
or when the total MLCAPE < 250 J kg™

* Increasing values of ESP are indicative of
increased tornado potential.
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1.35 Theta-E Index (TEI)

Theta-E Index
(TED

Table of
Contents

Theta-E Index (TEI)

«TEl is the difference between the surface theta-e and
the minimum theta-e value in the lowest 400 mb AGL.

* A high TEIl will be associated with rapid cooling and
drying with height which allows rising parcels to
remain warmer and more moist than their surrounding
environment. The result is elevated convection when
lifting occurs at the base of the layer.

*TEl values of less than 5 are not favorable for elevated
convection.

*Values of 5-9 indicate the potential for elevated
convection.

*Values of 9 or more indicate significant potential for
elevated convection.

1.36 Critical Angle

Critical Angle

Table of
Contents

Critical Angle

= Critical Angle is the angle between the storm-relative wind at the surface and
the 0-500m AGL shear vector (in knots). Critical angles near 90° infer
streamwise vorticity near the ground, favoring stronger cyclonic rotation
closer to the ground in a right-moving supercell.

= For more information click here (PDF, opens in a new window)

-Strength: Clear delineation between the critical angles of tornadic (near
90°) vs. non-tornadic (generally near 110°) storms

*Limitations: While available on the SPC meso-analysis page, the knowledge
of variations in low-level wind field is paramount in determining the critical
area. This is information that requires better sampling via observational
networks and not well forecast by operational models.

= Users should be extremely cautious in using critical angle in environments
where the direction of shear changes rapidly in the lowest 1 km of the
atmosphere.
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1.37 Non-Supercell Tornado Parameter (NSTP)

Non-Supercell Tornado Parameter (NSTP)

Non-Supercell  +The non-supercell tornado parameter (NSTP) is the normalized product of the
Tornado following terms

Parameter
/ - ( (V& _ ] < Y
(NSTP) ( LRo, | MLCAPE, ]' (225- MLCIN) ‘( 18— Shear, \( £, |
| - \
Strengths 9 A 100 JAl 200 A\ S JAN 8
Limitations where LRy, is the 0-1 km temperature lapse rate in °C km-1, MLCAPE; is the
convective available potential energy for a 0-1 km mixed-layer parcel lifted to 3
Table of km in J Kg', MLCIN is the convective inhibition for a 0-1 km mixed-layer parcel
Contents (positive for increasing CIN; J Kg™), Shears is the 0-6 km Bulk Shear (ms™) and Zis

the surface relative vorticity (1e%7).

This normalized parameter is meant to highlight areas where steep low-level
lapse rates correspond with low-level instability, little convective inhibition,
weak deep-layer vertical shear, and large cyclonic surface vorticity

“Values = 1suggest an enhanced potential for non-mesocyclone tornadoes. For
more information on this parameter see this paper by Baumgardt and Cook

1.38 Non-Supercell Tornado Parameter (NSTP) Strengths

Non-Supercell Tornado Parameter (NSTP)
Strengths

Non-Supercell  + It appears the NSTP has higher success rates with boundaries that are
Tornado somewhat more significant in their thermodynamics and wind fields
Parameter and also larger in scale. This favors stationary or slow-moving synoptic
(NSTP, frontal boundaries that are better resolved in model data.

Strengths

Limitations

Table of
Contents
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1.39 Non-Supercell Tornado Parameter (NSTP)

Limitations

Non-Supercell Tornado Parameter (NSTP)
Limitations

Non-Supercell ~ *The parameter is only a reflection of how well the model represents, or forecasts, the
Tornado true atmospheric conditions. Correct boundary location and thermodynamic knowledge
BE T in the modeling system is key to a representative NSTP forecast. Operational use of the

Parameter NSTP without considering the model’s accuracy in representing the atmosphere

NSTP. correctly is ill-advised.

¥

Strengths “With a more noticeable presence in the summer season (when more widespread 0-3 km
2trengthe CAPE is present) the NSTP does have a false alarm component. The false alarms appear

o . mainly in maxima of surface relative vorticity located both along, and away, from the
Limitations boundary presenting a threat for tornadogenesis.
Table of * False alarms in LAPS are prevalent owing to differences in model resolution. Those
Contents false alarm areas where the NSTP=1 away from the true threatening boundary do pose

a limitation to the parameter’s operational use. Some of these maxima are weak-
moderate, isolated cyclonic shear areas not associated with boundaries and only weakly
convergent with a lower probability of convective initiation.

*NSTP skill appears to decrease toward lower mesoscale boundaries such as outflow
boundaries associated with single-cell or pulse-type convective storms. Mainly, these
boundaries are not resolved well by 10 km horizontal resolution models and larger, and
thus the N5TP skill suffers.

1.40 Significant Hail Parameter (SHIP)

Limitations

Significant Hail Parameter (SHIP)
Limitations

Significant Hail * Since SHIP is based on the RAP depiction of MUCAPE,

Parameter (SHIP) unrepresentative MUCAPE "bullseyes" may cause a similar increase in
SHIP values. This typically occurs when bad surface observations get

Limitations into the RAP model.

Table of
Contents
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2. Composite

2.1 Which of these is NOT a limitation of the Large Hail Parameter (LHP)?

(Multiple Choice, 10 points, 1 attempt permitted)

Which of these is NOT a limitation of the Large Hail
Parameter (LHP)?

» Does not differentiate between severe and non-severe hail
+ It is only valid if convection occurs

It does not take into account duration of supercell mode or negative impacts
on maximum hail size caused by anvil seeding from upstream convection.

@ All of the answers are limitations of the LHP.

Correct Choice

Does not differentiate between severe and non-severe hail

It is only valid if convection occurs

It does not take into account duration of supercell mode or negative impacts on

maximum hail size caused by anvil seeding from upstream convection.

X All of the answers are limitations of the LHP.

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

Which of these is NOT a limitation of the Large Hail
Parameter (LHP)?

» Does not differentiate between severe and non-severe hail

LEagoap i

* Itis onp--

Correct ,
2 |mpacts

Itdoes n
ection.

onmaxil  That's rightl You selected the correct response.

@ All of the

| Continue

Incorrect (Slide Layer)

Which of these is NOT a limitation of the Large Hail
Parameter (LHP)?

+ Does not differentiate between severe and non-severe hail

* Itisonp-—t e s

Incorrect .
2 impacts

It does n
ection.

onmaxil  you did not select the correct response.

@ All of the

|  Continue

2.2 What value of SHIP indicates that, should a storm develop, significant
hail is extremely likely?

(Multiple Choice, 10 points, 1 attempt permitted)
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What value of SHIP indicates that, should a storm
develop, significant hail is extremely likely?

®) >4
>1
1.5-2
2-4
Correct Choice
X >4
>1
1.5-2
2-4

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

What value of SHIP indicates that, should a storm
develop, significant hail is extremely likely?

®) >4
>1
Correct
1.5-2
That's right! You selected the correct response.
2-4

| Continue

Incorrect (Slide Layer)

What value of SHIP indicates that, should a storm
develop, significant hail is extremely likely?

@) >4
>1
Incorrect
1.5-2
You did not select the correct response.
2-4

|  Continue

2.3 This normalized parameter is meant to highlight areas where steep

low-level lapse rates correspond with low-level instability, little convective
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inhibition, weak deep-layer vertical shear, and large cyclonic surface
vorticity.

(Multiple Choice, 10 points, 1 attempt permitted)

+ This normalized parameter is meant to highlight
areas where steep low-level lapse rates correspond
with low-level instability, little convective inhibition,
weak deep-layer vertical shear, and large cyclonic
surface vorticity.

Significant Tornado Parameter
Enhanced Helicity Index
@ Non-Supercell Tornado Paramter

Critical Angle

Correct Choice

Significant Tornado Parameter

Enhanced Helicity Index

X Non-Supercell Tornado Paramter

Critical Angle

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

+ This normalized parameter is meant to highlight
areas where steep low-level lapse rates correspond
with low-level instability, little convective inhibition,
weak deep-layer vertical shear, and large cyclonic

surface”
Correct
Significa
That's right! You selected the correct response.
Enhance
@) Non-5up ————
Continue
Critical Angre

Incorrect (Slide Layer)

+ This normalized parameter is meant to highlight
areas where steep low-level lapse rates correspond
with low-level instability, little convective inhibition,
weak deep-layer vertical shear, and large cyclonic

surface”
Incorrect
Significa
You did not select the correct response.
Enhance
@) Non-5up —
Continue
Critical Angre

2.4 Which of these parameters is most useful for a quick look at the

combination of CAPE and shear?

(Multiple Choice, 10 points, 1 attempt permitted)
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Which of these parameters is most useful for a quick look
at the combination of CAPE and shear?

Significant Tornado Parameter
@ Supercell Composite Parameter
Derecho Composite Parameter

Large Hail Parameter

Correct Choice

Significant Tornado Parameter

X Supercell Composite Parameter

Derecho Composite Parameter

Large Hail Parameter

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

Which of these parameters is most useful for a quick look
at the combination of CAPE and shear?

Significant Tornado Parameter

@) Supercell Cnmnnsite Parameter

Derecho Correct

That's right! You selected the correct response.
Large He

| Continue

Incorrect (Slide Layer)

Which of these parameters is most useful for a quick look
at the combination of CAPE and shear?

Significant Tornado Parameter

@) Supercell Comnasita Paramatar

Derecho Incorrect

You did not select the correct response.
Large Hz

|  Continue

2.5 A majority of significant tornadoes have been associated with

Significant Tornado Parameter values greater than __

(Multiple Choice, 10 points, 1 attempt permitted)
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A majority of significant tornadoes have been
associated with Significant Tornado Parameter values

greater than __
0
0.5
@)1
5
Correct Choice
0
0.5
X 1
5

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

A majority of significant tornadoes have been
associated with Significant Tornado Parameter values

greater than __
0
0.5 Correct
e That's right! You selected the correct response.

5

Continue

Incorrect (Slide Layer)

A majority of significant tornadoes have been
associated with Significant Tornado Parameter values

greater than __
0
0.5 Incorrect
91 You did not select the correct response.

Continue |
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2.6 The Derecho Composite Parameter (DCP) was developed to identify
environments considered favorable for cold pool "driven" wind events

through which four primary mechanisms?

(Multiple Choice, 10 points, 1 attempt permitted)

The Derecho Composite Parameter (DCP) was
developed to identify environments considered
favorable for cold pool "driven" wind events through
which four primary mechanisms?

DCAPE, SBCAPE, 0-6km shear, 0-6km mean wind
@ DCAPE, MUCAPE, 0-6km shear, 0-6km mean wind
DCAPE, MLCAPE, 0-6km shear, 0-6km mean wind

DCAPE, NCAPE, 0-6km shear, 0-6km mean wind

Correct Choice

DCAPE, SBCAPE, 0-6km shear, 0-6km mean wind

X DCAPE, MUCAPE, 0-6km shear, 0-6km mean wind

DCAPE, MLCAPE, 0-6km shear, 0-6km mean wind

DCAPE, NCAPE, 0-6km shear, 0-6km mean wind

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

The Derecho Composite Parameter (DCP) was
developed to identify environments considered

favorable for cold pool "driven" wind events through

which four primary mechanisms?
DCAPE S correct
®) DCAPE. D Thars right! You selected the correct response.

DCAPE, I

DCAPE, I Continue |

Incorrect (Slide Layer)

The Derecho Composite Parameter (DCP) was
developed to identify environments considered

favorable for cold pool "driven" wind events through

which four primary mechanisms?
DCAPES  Incorrect

®) DCAPE. ! you did not select the corract response.

DCAPE, I

DCAPE, I Continue |
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2.7 The is a composite index designed to assess the rotational

intensity potential of supercells.

(Multiple Choice, 10 points, 1 attempt permitted)

The is a composite index designed to assess
the rotational intensity potential of supercells.

Significant Tornado Parameter
Vorticity Generation Parameter
Enhanced Stretching Potential

@ Energy Helicity Index

Correct Choice

Significant Tornado Parameter

Vorticity Generation Parameter

Enhanced Stretching Potential

X Energy Helicity Index

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

The is a composite index designed to assess
the rotational intensity potential of supercells.

Significant Tornado Parameter

Vortigity === R e

Correct
Enhance

That's right! You selected the correct response.
@) Energy F

| Continue
Incorrect (Slide Layer)
The is a composite index designed to assess

the rotational intensity potential of supercells.

Significant Tornado Parameter

Vorticity & - Poem ot

Incorrect
Enhance

You did not select the correct response.
@) Energy b

|  Continue

2.8 What type of environment is the Modified SHERBE composite

parameter designed to highlight?

(Multiple Choice, 10 points, 1 attempt permitted)
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What type of environment is the Modified SHERBE
composite parameter designed to highlight?

Supercell tornadoes
High CAPE, low shear
@ low CAPE, high shear

microburst

Correct Choice

Supercell tornadoes

High CAPE, low shear

X low CAPE, high shear

microburst

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

What type of environment is the Modified SHERBE
composite parameter designed to highlight?

Supercell tornadoes

High CAP™ '==-bmmn
Correct
@) low CAPI
That's right! You selected the correct response.
microbu

Continue

Incorrect (Slide Layer)

What type of environment is the Modified SHERBE
composite parameter designed to highlight?

Supercell tornadoes

High CAP™ '~~~
Incorrect
@) low CAPI
You did not select the correct response.
microbu

Continue |
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2.9 What critical angle values infer streamwise vorticity near the ground,
favoring stronger cyclonic rotation closer to the ground in a right-moving

supercell?

(Multiple Choice, 10 points, 1 attempt permitted)

What critical angle values infer streamwise vorticity
near the ground, favoring stronger cyclonic rotation
closer to the ground in a right-moving supercell?

110 degrees
120 degrees
45 degrees

@) 90 degrees

Correct Choice

110 degrees

120 degrees

45 degrees

X 90 degrees

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

What critical angle values infer streamwise vorticity
near the ground, favoring stronger cyclonic rotation
closer to the ground in a right-moving supercell?

110 degrees
120degr  Correct

45 degre  That'srightl You selected the correct response.

@) 90 degre

Continue

Incorrect (Slide Layer)

What critical angle values infer streamwise vorticity
near the ground, favoring stronger cyclonic rotation
closer to the ground in a right-moving supercell?

110 degrees
120degr  Incorrect

45 degre  You did not select the correct response.

@) 90 degre

Continue
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2.10 What value of the microburst composite means that there is a slight

chance for a microburst given that a storm develops?

(Multiple Choice, 10 points, 1 attempt permitted)

What value of the microburst composite means that
there is a slight chance for a microburst given that a
storm develops?

1

®) 3
6
10
Correct Choice
1
X 3
6
10

Feedback when correct:
That's right! You selected the correct response.
Feedback when incorrect:

You did not select the correct response.
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Correct (Slide Layer)

What value of the microburst composite means that
there is a slight chance for a microburst given that a
storm develops?

1
@) 3 Correct

6 That's right! You selected the correct response.

10

Continue

Incorrect (Slide Layer)

What value of the microburst composite means that
there is a slight chance for a microburst given that a
storm develops?

1
®) 3 Incorrect

6 You did not select the correct response.

10

Continue |

2.11 Results Slide

(Results Slide, 0 points, 1 attempt permitted)
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Results for

2.1 Which of these is NOT a limitation of the Large Hail Parameter (LHP)?

2.2 What value of SHIP indicates that, should a storm develop, significant hail is extremely

likely?

2.3 This normalized parameter is meant to highlight areas where steep low-level lapse rates
correspond with low-level instability, little convective inhibition, weak deep-layer vertical shear,

and large cyclonic surface vorticity.

2.4 Which of these parameters is most useful for a quick look at the combination of CAPE and

shear?

2.5 A majority of significant tornadoes have been associated with Significant Tornado Parameter

values greater than

2.6 The Derecho Composite Parameter (DCP) was developed to identify environments
considered favorable for cold pool "driven" wind events through which four primary

mechanisms?
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2.7 The is a composite index designed to assess the rotational intensity potential of

supercells.

2.8 What type of environment is the Modified SHERBE composite parameter designed to
highlight?

2.9 What critical angle values infer streamwise vorticity near the ground, favoring stronger

cyclonic rotation closer to the ground in a right-moving supercell?

2.10 What value of the microburst composite means that there is a slight chance for a

microburst given that a storm develops?

Result slide properties

Passing 80%

Score

Notes:
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Success (Slide Layer)

Results

Y%Results.ScorePercent%%
YOU r SCO re: (%Results.ScorePoints% points)

- Y%Results.PassPercent%%
PaSSIHg Score: (3%Results.PassPointst points)

Result:

/ Congratulations, you passed.

Failure (Slide Layer)

Results

%Results.ScorePercent%%
Your Score: ({%Results.ScorePoints% points)

- Y%Results.PassPercentd%
Passmg Score: (%Results.PassPointst points)

Result:

X Youdid not pass.

Review Quiz
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