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Severe Thunderstorms

 Damaging winds of 58mph or higher

* Hail 1inch or larger
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What is needed for Severe Storms?

Lift
dlInstability
dMoisture

Severe thunderstorms need:

(JMORE Instability
JWind Shear
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Warm and Cold Fronts

Warm and Moist Air . Cold Air Displaces Warm Air
D
. / At The Surface
Cold Front s o s S Moves More Rapidly

Warm Front swi

Warm Air Displaces Cold Air
At The Surface Cold Air

Moves More Slowly A Warm Front /600 km

Cepartrnent of Atrmospheric Sciences
University of Minois at Urbana-Champaign
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Gust Front (other sources of lift)
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Outflow Boundary (other sources of lift)
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What is needed for Severe Storms?

ALift

dinstability
Moisture

Severe thunderstorms need:

(JMORE Instability
JWind Shear



Instability

General Summer Winter

40,000 ft

\Cool

how warm it is at the
surface versus how cold
it is aloft.

L{IBQ

* Ingeneral, the
atmosphere gets colder
as you go up.

100°F

100°F
329F

100°F
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320F

During the summer, it is
a lot hotter at the
surface, but it also
warm aloft

* Inthe winter itis colder

Warm Hot Cool at the surface, but it is
also colder in the upper

atmosphere, as well.

Surface

Temperature
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Instability

General Summer Winter

40,000 ft

\Cool

how warm it is at the
surface versus how cold
it is aloft.

L{IBQ

* Ingeneral, the
atmosphere gets colder
as you go up.

100°F

100°F
329F

100°F

320F
320F

During the summer, it is
a lot hotter at the
surface, but it also
warm aloft

* Inthe winter itis colder

Warm Hot Cool at the surface, but it is
also colder in the upper

atmosphere, as well.

Surface

* How is the instability

Temperature
P calculated?

Increasing
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Skew-T Diagram
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Instability

Hot Surface/Cold Aloft Hot Surface/Warm Aloft

Available
Potential
Energy

 Depending on
what type of
CAPE exists (tall,

[181{19 >

CAPE values CAPE values short, skinny, fat)
Greater than less than will determine
2000 J/Kg 1000 J/Kg the type and
amount of
thunderstorms
that are possible
Temperature > Temperature > (pOtentlal)'

Increasing Increasing
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What is needed for Severe Storms?

?ift
Instability

E(Moisture

Severe thunderstorms need: .

E(MORE Instability
JWind Shear



Increasing Height

Wind Shear

ways

Change in wind speed
with height

Change in wind
direction with height

Change in both speed
and direction with
height



The 3-Dimensional Atmosphere
Wind Shear

change in these is known
as Helicity or Storm
Relative Helicity.

Helicity is measured at
several height levels, and
that determines what
type of storm is likely to
form or what the mode
of convection will be.

0to 6 km (storm
motions)

Speed and _B 0 to 3 km (supercells,

Directional Shear! multicell, or ordinary
Curved Hodograph ceII?)

The COMET Frogram
0to 1 km (tornadoes?)
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Finding the Perfect Balance

Instability versus Wind Shear

Favorable
for storms

Unfavorable
for storms

Increasing Vertical Wind Shear
(strength)

Organized
Weak
up/downdraft

Unorganized
Weak
up/downdraft

Organized
Strong
up/downdraft

Unorganized
Strong
up/downdraft

perfect balance
between
instability and
wind shear
remains a
forecast
challenge.

All about the
favorable mode
of convection.
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Shear helps to organize storms

Overshooting top

Height Height |[ECILL £ Height
40,000 ft. / 12.2km

RGN 30,000 ft.

20,000 ft.

Wall Cloud
r— Rain and/or Hail

Tornado

Little to No Shear Lots of CAPE, Little Shear Lots of CAPE, Lots of Shear
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Case Study
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GPC DAY 1 CATEGORICAL OUTLOOK

ISSUED: 12092 0252452015
V VALID: 2413002-251 2002
Preliminary Subjective Verification

NOAANWS Storm Prediction Center, Norman, Oklahoma
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February 24, 2018 Tornadoes
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SPC Day 1 Outlook
6 AM 2/24/18




SPC Probabilistic Tornado Graphic
6 AM 2/24/18




Probabilistic Damaging Wind Graphic
6AM 2/24/18




Probabilistic Large Hail Graphic
6 AM 2/24/18
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Our Large Hail threat was low

Now, let’s look at why...
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500 mb Heights 6 PM 2/24/18
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Surface Analy3|s 6 AM
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iElDZEIIIEDEID SUURFACE 0OBS AND OR M:sLP

= 1 (
o AMARTAN S NG,
oy Tumax:luhlrmd threat
increasing. WA likely.
-] AW

SPC HCD #0091

Probability of Watch Issuance...B® percent

SUMMARY .. .Tornado threat will increase across northeast AR into
western KY/TN into the early evening hours. Tornado watch will
likely be issusd soon.

DISCUSSION...Surface low continues to track east-northeast across
northern AR along a slowly advancing warm front that currently is
draped from western KY into northern AR north of BVX. 28z sounding
from LZK exhibits a wvery moist and adequately buoyant sounding for
robust deep convection, with wvery strong shear, supportive of
supercells and ocrganized line segments. This environment is
gradually spreading northeast and supercell/tornado threat should
increase toward the conflusnce of the MS/0H River region over the
next sewveral hours. Tornado watch appears warranted for this
evolution and will likely be issued soon.
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Mesoscale Discussion 6:40 PM

The severe weather threat for Tornado Watch % continues.

SUMMARY .. .The risk for damaging wind gusts and isclated tornadoes is
expected to continue with thunderstorms overspreading western into
central Kentucky and Tennessee through 9-11 PM CDT. A new tornado
watch will probably be needed prior to the 837 scheduled expiration
of tornado watch 5.

DISCUSSION. . .kWhile the primary surface low development begins to
take shape across portions of the Upper Midwest, the southern esdge
of elongated deepening surface troughing extending to the south is
forecast to shift east of the Mississippi River into central
Kentucky and middle Tennessee between now and 83-85Z. This is where
large-scale forcing for ascent is maintaining vigorous convective
development, along and just south of & slow moving warm frontal
zone. In the presence of at least weak conditional instability, and
strong to extrems low-level shear near a 58-78 kt 5528 mb speed
100 . . . .
.uuﬂdEﬁﬂunnsuve lﬁaﬂm maximum, this may continue to support the evolution of low-level
mesocyclones within stronger convection, accompanied by locally

" region with
4 cunhnun¥£nskfnrd |nd fisolated
¥ ¥ -_ . madoes thro 3-0a7.
:gf s 500 HEHT / &850 TEMP # SFC PRESS and DHPT enhanced, damaging wind gusts and perhaps a couple of additional
: E’ by 165 g 11 1':'19' tornadoes.

SPC HCD #0095
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What is needed for Severe Storms?

Lift
dlInstability
dMoisture

Severe thunderstorms need:
ts of Bulk St
(JMORE Instability A

DWIrId Shear 0-1 km Storm Relative
Helicities of 600



Event Overview for Middle Tennessee
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February 24, 2018 Tornadoes
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Enjoy this class?

Also, come to KenTenn on Saturday, November 3™ in Hopkinsville, KY

- KeENTENN

Saturday, November 3¢

2018

A weather workshop for Kentucky and Tennessee residents
Hosted by the Paducah, Nashville, and Louisville National Weather Service Offices

UK Ag Extension Office
2850 Pembroke Road FREE for Everyone

Hopkinsville, KY 42240




Brittney.Whitehead@noaa.gov







