The High-Shear, Low-CAPE SHERB
parameter and its evaluation

Keith D. Sherburn

Department of Marine, Earth, and Atmospheric Sciences
North Carolina State University

Presented by:
Seth Binau
CR Southeast SOO Group Meeting
August 31 2016

CIMMSE collaboration for improved Meteorology in the Mid-Atlantic and Southeast
Academic. operaionsl, and govemment partners working together fo improve mefeorology

NC STATE UNIVERSITY




Background

e “High” shear

= 0-6 km layer
= > 35 knots (18 m/s)
HSLC

. “LOW” CAPE C/
» Surface-based par

» < 500 J/kg



Background

High-shear, low-CAPE (HSLC) environments: second
“key subclass” of severe weather (Schneider et al.
2006)

Over half of significant or violent tornadoes (EF2+)
associated with HSLC

Relatively high number of missed events and false
alarms

Few operational or modeling studies



High-Shear, Low-CAPE (HSLC) Timeline

“Midget
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Modeling
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Early Literature (1990s)
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Increasing Awareness (early 2000s)

“Broken-S” signature
Introduced (McAvoy et al.
2000)

Rapid tornadogenesis
and other operational
considerations (Cope
2004)

Lightning rare in HSLC
events due to lack of
Instability in mixed phase
region (van den Broeke et
al. 2005)
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Paradigm Shift (Late 2000s)

Figure 4b
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Operational Challenges (2010s)

Shallow, transient
tornadic vortices - : :
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Background

SPC DAY1 CONY OUTLOOK
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Background
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Background

-~

Lo
S g f ;..
. ,\?@Wm (eh

tgn 98032772000 SECAFE (contour) and SBCIN (J/kg, shaded a3t 23 and 100)

Storm Prediction Center (SPC)

11



Background

Storm Prediction Center (SPC)
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Background

\ SPC Day 1 Outlook and Prelim. Reports Valid:
11200 UTC 01/29/2013 to 1200 UTC 01/30/2013
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Difficult to forecast

Often cool season or
nocturnal

Challenging warning

operations

Compressed TR
convection e 1A
ast storm motions i 'i.r: 1
Transient structures . =1 ::..;f?éf
Little to no lightning i

Guyer and Dean (2010)

Top: 2003-2009 tornadoes with MLCAPE < 500 J/kg
Bottom: Same, but EF2 and greater 14



Hourly percentages (%)
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Background

« Current forecasting tools inadequately
represent risk in low CAPE environments

Weak CAPE Significant Tornadoes
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Verification Data

All HSLC significant severe reports and nulls
across contiguous U.S. between 2006-2011

» 2517 HSLC Significant Severe Reports (21% of
all)

» 302 tornadoes, 1579 wind reports, 636 hail reports
» 1316 HSLC Nulls

Also SPC Mesoanalysis
Source of HSLC climatology
Includes development dataset



Verification Methods

« TSS again utilized
primarily
* Tested regionally

18



Environmental Climatology

e HSLC reports occur in nearly every  Total number of 2006-2011
HSLC significant severe

CWA —reports—2517

 Transition from tornado/wind threat
iIn SE/MS Valley to wind/hail threat
In Plains/Midwest
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Environmental Climatology
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Environmental Climatology
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Environmental Climatology

All Significant Reports
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New Forecasting Techniques

 \Why not use conventional composite
parameters?

= CAPE

 How to approach creation of new
parameters?

= Statistical, eyes wide open approach

* Focus on detecting favorable environments,
not forecasting convection



New Forecasting Techniques

* Product of low-
and mid-level
lapse rates and
wind/shear
magnitudes most
skillful

 Why lapse rates?

 Which wind/shear
magnitudes?
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New Forecasting Techniques

SEVERE HAZARDS IN ENVIRONMENTS
WITH REDUCED BUOYANCY PARAMETER

(0-3 KM SHEAR VERSION):

SHERBS3 = (0-3 km shear magnitude / 26 m s1) *
(0-3 km lapse rate / 5.2 K km?) *
(700-500 mb lapse rate / 5.6 K km)

(EFFECTIVE SHEAR VERSION):
SHERBE = (Effective shear magnitude / 27 m s1) *
(0-3 km lapse rate / 5.2 K km?) *

(700-500 mb lapse rate / 5.6 K km)



New Forecasting Techniques
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New Forecasting Techniques
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New Forecasting Techniques
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New Forecasting Techniques
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SHERBS3 Availability for Forecasters

* Real-time SHERB plots from NC State

Real-time RAP — http://storms.meas.ncsu.edu/users/mdparker/rap
Real-time NAM — http://storms.meas.ncsu.edu/users/mdparker/nam
Real-time GFS — http://storms.meas.ncsu.edu/users/mdparker/gfs

« SPC SHERB mesoscale analysis plots
Nationwide SHERBS3 — http://www.spc.noaa.gov/exper/mesoanalysis/s19/sherb3/sherb3.gif
Nationwide SHERBE — http://www.spc.noaa.gov/exper/mesoanalysis/s19/sherbe/sherbe.gif

« SHERB is expected to be added to Bufkit in an upcoming release



How not to use the SHERB

* To forecast convection
* Must be used with a confident forecast of convection
« All data points used to develop the SHERB were associated with either
severe or non-severe convection
 Therefore, cannot be used to forecast convection!

e Where convection Is not

expected
» Values potentially above guidance
threshold where convection will
not occur
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Summary

« HSLC significant severe reports can occur
In multiple regimes, and may occur at all
times of the year across nearly entire U.S.

« SHERBS3 and/or SHERBE improves the
forecasting skill in HSLC environments

« SHERBE Is best overall parameter,
regardless of environment, discriminating
between significant severe reports and
nulls



Primary Conclusions

« A product of lapse rates and shear Is
especially useful for identifying potentially
severe HSLC environments

« The SHERBE Is the best composite
parameter in Southern Region at
discriminating between significant severe
reports and nulls, regardless of
environment.

A

dditional Questions/Comments(:

kdsherbu@ncsu.edu
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Case — April 24 2015 (Sherb ~1.0)
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Oct 28 2015 NAM4km 850mb Winds (F21)

NAM-4km 850 hPa Wind (kt), Streamlines, MSLP Centers (hPa)
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Oct 28 2015 NCAR Ensemble 850mb
Winds (F21)

Init: Tue 2015-10-27 00 UTC

Valid: Wed 2015-10-28 89 UTC
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Oct 28 2015 NAM Fcst Sndg at KCMH

1042815 11002 Wednezday Oct 28 700 am <
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KM F1xXTuuu)
mb 200 _ _
CHPE total: ob8/kqg 1
CAPE+ only: /(a J/ kg / .
CAPE 0-3km: 0 J/kg T
CIN totals 0 J/ i 0
LI: 6.0 1 s
SE: 1.4/ i
250 31{:: 0.0 1
700+500 LR: —/5.‘1 °C/km 10—
CAPE./Hail: 0 J/kg =g
/ Hail:/ —— in |
HIP.hails ] T
WBZ Hgt: /11006 fr AGL m
300 £ ; 30
/°  FRZG Lvlt 11160 fT AGL 5 7
/' DCAPEE. 0¥n: 0 J/kg I
S Deyta/ePT: - °C +
/ BRN: 0 I
BRI Shear: 122.} m=/s* 8-
ShearV 6km: 195/52 kts = -
/ Storm0-6km: 224/51 kts I
400 S s-rH:/ €70 0-3km el
F=TH! 588 O—1km T —
EHI 0-1lkm: .0 i
sirH: 666 O-Z2km m
Water: 1.46 in E_ZD
WCD: 0.5 km &
Mean ERH: 95% I
500 Corfidi/Up: 88/6€ kts E_
Craven: ] =l
VGP 0-4km: 0.008 =
SWEATS 313.0 T
4—1s
Haings: Very Low I
FireDanger: 10.8 ER
600 Mixing Hgt: 200 £t AGL 4 —
Vent’ Index: 516 m*/= 1
TransportM: 167/16 kts 5
TransportP: 169714 kts =B
3 10
700 MPL Hgt: /1645 ft AGL E
LCL Hgtsy 1711 £t AGL 3
LFC Hge: 1460 ft AGE =N
1fcEL Hgt: 1533 £t BAGL . T
cclEL Hgt: —— ft/AGL €1 \/
800 CCL Hgt: 821 £f AGL = v/
Tc: 14.4.°C =
850 1
900 =
925
1000
1050 ./ ./
-30 -20 -18C -12€10 10 20 30 40 a0 °C AGL KNOTS




Jan 2012 —- SHERB >1

0-Ekm
kts

CAPE rotal:

CIN cotal:

TQ Index:

'?Du—soul_ﬂ;’;
CLPE. . Hail:

CAFE+ only:’

NCAPE:
CAPE O=5km:
S KL:
ST
i LI:
TT: .
SWELT:

0 J/%g
a d"’;}:g /s
31,3 ¢ 4
A
181y S
T
-
4%, 4 L
371.7 /
e
P e - T

=6, ¥ %/ lan

PREENES & i

1 FRIG Lwl: a‘égsé ft AGL |
VEZ Hot: /8059 ft AGL |
+ 4 Haily® /S —- in
SHEP.hailt /  --
1 FAY. 4
) DGAPEﬁ.Dég: 52 3/kg
A Delts}fePT: -— G
I i F s £
A wen: 2.0 ko F
r ater: O.93 in
3 y Cobgidi/Up: 13/20 kes Y
i Forfidi/Dn: 270757 krs
&

. No CAPE or CINH

/ can be calculated
: from this sounding
using MLCAPE.

A storml-ekm:

- Sheary Glans

ERN Shear:
a<rH:

E-rH:
Lraven:

/ ERMN:
EHI O-1km:
JVGE O-4km:
' STRA
Supercell:
LCL Hgo:
LFQ Hgt:
T

&

Mixing Hgu:
4 Haines:

FireDanger:/

/261/55 kts/

261/60 krg

Z46.6 w3/ s*
872 /0-3km

g437 O-1km

‘o
a /
S0
J0.01s ;
0.0
.2

1553 At AGL
1439 ft AGL
Tide °F

= ry
-- £t AGL,
‘Wery Low

4

15.7

< Transpor
T Transpor i

not really inverted

sothermal but

25
e
o

e}
—




;Lynchhurg.: . :
i .
)

" Hillsbpro

'M uwryslq:wn

KILN 1106 AM

.Lyn chburg

Mowrystowr TS e . Mowrystown




Evolution of OLCS Mesovortex

.Lynchhurg

)
|
|
)

. I
Mowrystown

Lynchburg

I Sl ¥ [ N i Hilishoro

/

- I T o --".l - !
Muwrystq'wn Ea g - Mowrysiown




“Sinking Spri

il T S o nNROT e ot

ik . | e
- > 1, o [ o

i '__':i;l"ill'lél.mro

i i T e Ji

“ Sinking Sprif _/ Sinking\Spri




H

: .H 'i'I-I"sﬂia oro

Sinking Spring

A

Sinking Spring

Sinking Spring




Evolution of OLCS Mesovortex
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Halloween 2013 — Analogs at F72
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Scary Trick or Treat Sounding
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Halloween 2013 — Storm Reports
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Results:
_Case Study 3: Severe Event

Jun. 23, 2016: 2am — 3am
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Results:

_Case Study 3: Severe Event
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Results:
_Case Study 3: Severe Event

Jun. 23, 2016: 2am — 3am
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Results:
_Case Study 3: Severe Event

Jun. 23, 2016: 2am — 3am
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