Tornado outbreak Dec 10,
2021
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Basic Review of tornado
structure



SUPERCELLS



http://upload.wikimedia.org/wikipedia/commons/c/c8/Supercell02.jpg

What 1t looks like In real life
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To form tornadoes- A balance of these

ALifting mechanism for thunderstorm formation
ALowlevel moisture

AWNarm surface temperatures (most of the time)
AAtmospheric instability

AWVind shear-- Directional shear and speed shear
(Increasing with height)



The EF scale

The Enhanced Fujita (EF) Scale classifies tornadoes into the following categories:

EFO EF1 EF2 EF3 EF4 EF5
Weak Moderate Significant =< strong=Severe Extreme Catastrophic
65-85 mph 86-110 mph 111-135 mph 136-165 mph 166-200 mph 200+ mph
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Large winter tornado outbreaks

Largest Winter Tornado Qutbreaks in the United States (1950-2012)

Date(s) Qutbreak  Sequence Deaths Injuries Strongest Max Track (mi)
1/21-22/1999 129 131 g 162 4 39.0
215612008 86 86 57 425 4 121.8
1/7-8/2008 56 56 4 35 3 50.4
11-3/1999 46 47 1 35 3 10.0
2127-28/2011 45 45 1 7 3 233
12/123-251482 43 43 3 82 4 63.0
1/9-10/11975 41 41 11 331 4 96.0
12114151971 40 40 2 119 3 48.0
12/30/2010-1/1/2011 37 3 g 32 3 26.2
12/2-3/11982 34 41 4 Gy 3 34.0
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Jan 2122, 1999 Arkansas and other states

(129 tornadoes)



Feb 56, 2008 Southern USA 86 tornadoes,
57 fatalities, 425 injuries, Strongest EF4.
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December 10, 2024 88 fatalities 634+
Injuries
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GFC DAY 1 CATEGORICAL QUTLOOK

ISSIUED: 13032 1210520241
WALID: 13002 Fri12M10- 12002 Sat 12511
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SFC DAY 1 CATEGORICAL OUTLOOK
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SPC bay 1 Dutinok and Prelim. Reports \;faulid:
2000 UTC 12/10/2021 to 1200 UTC 12/11/2021
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Mayfield and the Kentucky tornado



Quad-State Supercell =~
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Near Mayfield, Kentucky
(photographer unknown)




Near Mayfield, Kentucky (photographer unknown)  Yikes!!!




Tim Marshall ,
Dawson,
Springs, KY
12/13/21




Dawson Springs, KY
12/13/21 by Tim Marshall




Tim Marshall at
Candle Factory,
12/12/21, Mayfield,
KY




Dawson Springs, KY
Dec 15, 2021 photo by
Tim Marshall




Photo by Tim
Marshall. Mayfield,
KY Dec 15, 2021




Photo by Tim
Marshall Dec
15, 2021
Mayfield, KY




Photo unknown,
probably Mayfield,
KY Dec 11, 2021




@ Preliminary Damage Rating: EF4
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The EF scale and deaths

AThe strength of the tornado often relates to the number who die and
are injured.

AStrong tornadoes usually move fast, 50 mph. Even with great
gFNYyAy3Ia | yR Y2 RSNy NI} RIF NJ LJS 2 LJ

ARural western Kentucky has poorly constructed houses.

ACKS 62NJISNE |0 UKS aléFAStRZE Y,
e2dz t24S €2dzNJ 220 a ®¢

AThis was rated an EF4 tornado because the damage was partly a
result of poor construction. The NWS had no other choice.

ALast EF5 in the USA was May20,2013 in Moore, Oklahoma.






Center for Disaster Philanthropy

Unseasonably warm and humid weather created the perfect weather conditions for
catastrophic thunderstorms. Climate change has moved the location of tornado
alley and s likely to have impacted the strength of the late-in-the-year storm.
Nighttime tornadoes are twice as deadly as daytime tornadoes because of people

sleeping through warnings; the twisters are also more difficult to see.

Final update - Jan. 13, 2022



Meteorologist Michael Mann of Penn State told USA Today: "The latest science

indicates that we can expect more of these huge (tornado) outbreaks hecause of

human-caused climate change.”

Meteorologists believe that the warm, spring-like temperatures may have helped

create the warm, moist conditions which form thunderstorms - leading to tornadoes.



John Allen, Associate Professor of Meteorology, Central Michigan University says in
an essay for The Conversation: “Projections suggest that stronger, tornado-producing
storms may be more likely as global temperatures rise, though strengthened less

than we might expect from the increase in available energy.

“In a recent study, colleagues and | found that the rate of increase in severe storm
environments will be greater in the Northern Hemisphere and that it increases more

at higher [atitudes.

Allen says he believes that warming temperatures will lead to more environments

that are favourable for the formation of tornadoes.



Ryan Vawelzer¢ WFPL reporter Louisville, KY

Kentucky doesn’t typically see severe thunderstorms in December.
Last Friday's weather pattern was driven by warm moist air from the
Gulf of Mexico meeting cold air from the north and high wind speeds
in the upper atmosphere.

The Gulf of Mexico is near-record hot right now, said Michael Mann,
professor of atmospheric science at Penn State University and author
of “The New Climate War.” Those warmer temperatures increase
evaporation, which adds more moisture to the atmosphere, which
fuels thunderstorms.

The United States is experiencing a warmer than typical winter with
the National Oceanic and Atmospheric Administration recording more

than 5,000 record high temperatures over the last 30 days.



Jeff says:

A The discussions above are focused on ONE variable, surface temperatures (and a little humidity). The
atmosphere is way more complex than surface temperatures.

A If climate change is increasing temperatures, then logically there must be some warming aloft. Climate
change is just a surfadmsed condition?????

A In some wa%/s warming surface temperatures would actually lead to a decrease in intense tornadoes because
warmer surface temperatures alone raise the bases of the storm, forcing a greater distance to stretch low

level vorticity. Warming over NM and northern Mexico actual!])( provides a stronger elevated warm layer or
cap, decreasing convection in west Texas and Oklahoma and the western Plains.

A Rich Thompson of the SPC disFIayed a recent study fromZ2AR that showed an increase in tornadoes
related to linear systems (squall lines) and a decrease in isolated supercell tornadoes.

AwAOK ¢K2YLJAZ2YyQa aiddzRé YIFeé& 06S AYLRZNILFY( -corpeRupdesS y 2 i
air lows in recent years. This explains why there has been a decrease in tornadoes/severe weather in
Oklahoma and TeXxas.

A Rich Thompson mentioned he did not know the reason for this decrease in-apgews but mentioned La
Nina and El Nino but this has not been studied.

AWSTF NBYAYR& SOSNE zgfé 0KIFId AYyONBIFaAy3a adz2NFI OS (S
directional shear, moisture, and instability. Surface temperatures are only a tiny part of the balance that is
needed to generate a tornado.



We think we know everything- LOL



Feb 17, 2019-- Tinian, New Mexicq Photo by AntonidChiquita Tornadoes can form at any time
of the year. This is REAL!!!! There are no absolute rules in meteorology.




February 17, 2022



Feb 17, 2022 Jackson, MS 1800 UTC
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Feb 17, 2022 Central Alabama 2100 UTC.. Temperatures (F)
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KEMX Birmingham, AL/Alabaster 22:56:00 UTC Thu 17 February 2022

NEX RAD Level || Base reflectivity: 0.5 degrees [ LMCAR hitp/rwweatherrap.ucar.edu/radarn’
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temperatures

ADec 10, 2021-- 121 tornadoes
AFeb 17, 2022-- 3 tornadoes

AMild/warm temperatures tell a fraction of the tornado story.
ADecember 10, 2021 had losigack tornadoes that rated EF4

AFebruary 17, 2022 had three confirmed tornadoes, one with EF1
rating incentral Alabama.

TN /



Conclusions

Al h[ XOPPEKSNBE NB y2 02y OfdzaArzyaXx
AWe have so much to learn about the atmosphere. It will tell us what
we need to learn.

AWe need to observe and learn from what the atmosphere tels

AFeb 17 and Dec 10 have similar environments but completely
different results. WH¥??7??






Bob Comments and slides
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Annual Count of US EF-5 Tornadoes
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F5/EF5 Tornado count is decreasing!
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1974 Xenia OH, Super Tornado Outbreak
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