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Tornadoes

e near-vertical funnel cloud
« rotates extremely rapidly
e rel. small and short-lived

e in violent thunderstorms

« initially white
« dark after fouchdown




Who’r Makes Tomodoes Des’rruc:’rlve8
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Tornadoes are very destructive due fo *

®EW S S sfrong winds in the funnel

3_-__"' s low pressure at the cenfer
oy =
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however: blown out windows due
to low pressure is an urban legend!

B

tornado rotation NOT controlled
by Coriolis Effect!




Tomodoes omd the (enhanced) Fujita Scale

. relahvely small/5-1500 m across
— -+ path of destruction 1 - 500km long
2 « fravel speed: 0-100km/h
“— . wind speeds: FO to F5 (> 420 km/h)
» estimated from damage

Fj ita damage scale Tab. 14.3

devastating

incredible

40 72 112 157 206 260 over 260
wind speed(mph)

» enhanced Fujita Scale to better estimate wind speeds
 higher at lower levels/lower at higher levels




Ijlqil and Thunderstorms
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# thunderstorms/year # hail storms 1955-67

.
Inc.

Number

ofmajor [[T]o-s5 [[2s-75 [ 150-300

hailstorms

1955-67 |__]5-25 [[_]75-150 [ 300+
Pautz, 1969

source: Abbott “Natural Disasters”

. mrosT thunderstorms don’t produce hall

« hail requires large tss/strong updraft




‘_V»Trnoes and Thunderstorms
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'Zg“w‘\'#g@' J source: Marshak “Earth: Portrait of a Planet”
Cestr s
Q AM‘ \ [' » most t-storms don’t spawn tornadoes

77 30) ) |/
, ' s * hail-producing f-storms may spawn fornadoes
- » need special condifions to spawn tornadoes
 often In supercell t-storms

et s Ezsrs [ 150000 « only 15% of these spawn fornadoes

hailstorms

195567 [__|5-25 [[]75-150 (Il 300+
Pautz, 1969




Formation of a Supercell Thunderstorm

Supercell ’rhundérs’rorm ové‘r éhopdrroul, NM

. . o . source: wikipedia
producing 2" diameter hail/widespread damage

Fig. 14.17

source: wikipedia

* need sfrong wind shear within T-storm
— *» Mesocyclone: strong, rotafing updraft
» only 15% of supercells produce tornadoes




Supercell Thunderstorm and Tornadoes

DE= 2 :
* strong tornadoes near right rear of thunderstorm

- * land-/waterspouts near front end

. choroc’rens’nc radar hook echo helps forecasting

Figs. 14.35/1 4 4é’ /{ i%

U: main updraft .
. 22 May 2011 Joplin, MO
FED: front flank downdraff MiNUTST gy

RFD: rear flank downdraft
H: hook echo




U.S. Tornadoes - Paths
3-4 April 1974 SupegOutb
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SUPERQOUTBREAK TORNADOES OF APRIL 3-4, 1974
148 TWISTERS IN 24 HOURS

Frem 1% FWAL £0 COLOR MAP by T Traassre Fuia, The Uniarsty ot Encass |




Figs. 14.30/14.37 Tornado Alley

TORNADO ACTIVITY IN THE UNITED STATES*

# EF3+ 1950-2006 I e et * Tornadoes:
~ ; »» Oklahoma, Texas

» Tornado deaths:
Texas, Mississippl,
Arkansas, Michigan

Number of Recorded
EF3, EF4, and EF5 Tomadoes
Per 2,470 Square Miles

Mami
5-10
1-15
15

I -

Kansas is not near the top

source: FEMA/wikimedia

Copyright © T}

* Based on NOAA, Storm Prediction Center Statistics
=%

Tornado Fatalities 1950-1994

source: Abbott “Natural Disasters”




Tornodo Alley

N trong wind shear
sisiel s o g ds ea e

-

P =
change in Wlnd direction \ » unstable atmosphere (cold above warm)
with alfitude may cause % e« infense thunderstorm (strong wind shear)
! « strong, rotating updraft (mesocyclone)

rotating Updrof’r e

supercell ThundersTorm : :
e = Tornado Alley

big excursion in polar jet stream

very cold polar air meets warm GoM air
strong cold front chases warm front




Tornado Alley - The Polar Jet Stream

n south winter

tornadoes most likely in
source: Marshak “Earth: Portrait of a Planet” in north summer

- - provides “favorable” conditions in Tornado Alley.

- early spring: large excursions southward ,
; Most dangerous:
- allows cold Polar air mass to travel far south

: . ; sprin
- warm tropical marine air from GoM REHY

- jet stream provides high-alfitude windshear
S

—




Tornado Alley through the Year ™™

Source: ' Mefeorology Todoy

GENERAL

» unstable atmosphere (cold above warm)

i * infense thunderstorm (strong wind shear)
M oot | _sTrong, rotating updraft (mesocyclone)

Jet stream

Upper-level jet ook =
/ TORNADO ALLEY:
@\“_//8000“ > TOP: jet stream (sfrong updraft)
500mb > cold polar air from Canada
B — » warm humid air from Gulf of Mexico
»/@a@“/’ WSO > BOTTOM: spring wave cyclone
- , 700 mb
L (/
/g;” B change in wind speed may cause rofating updraft
Low-level jet /\@'

850 mb

H in south winter
2:;'11,\/1 N e

tornadoes most likely in
( Surface >
in north

Tornadoes Warm ©
humid air

summer

FIGURE 15.36

Conditions leading to the formation of severe thunderstorms that
can spawn tornadoes.




Topic 1: 2025 St Louis Tornado
} )
student question: Is Tornado Alley moving easte
— Noft sure

994 : |
s oo o gy Fatal United States tornadoes in 2025

Approxirﬁate touchdown location of deadly tornadoes in 2025

source: Wikipedia




U.S. Tornadoes Throughout the Year

]

Fig. 14.39 2011 Sevre Wether

2011 tornadoes

123456 7 8 9101112

derechos |

* severe\weather (T-storms) Apr — Jul

« 62% wind, 31.5% hail, 6.5 % tornadoes

» but tornado fatalities early winter and
late spring |

1234567 8 9101112




Fig. 14.44 2011 Tornadoes

Study guide/ 25-28 April 2011 Super Outbreak
Case sfudies third-worst outbreak (1974; 1965)
Z— 300 tornadoes (15 EF4/EF5)
322 fatalities

=3

e f
s

ddmd%e in-Tuscaloosa, AL (source: wikipedia




Fig. 14.28 2011 Tornadoes

BEFORE
. . d

EF5 22 May 2011 Joplin, MO

160 fatalifies; 1/3 Joplin destroyed
* Irving Elementary School destroyed

BEFORE
APRIL 2008 8

Fig. 14.47




long-tracked (267 km)
EF 4

58 fatalities

unusually late
(Apr-Jun normal)

s

Source

: wikipedia



1Q—H Dec 2021 Kenfucky Tornado

* ine of severe thunderstorms

» unusually warm

* strong windshear

o different air from different directions
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| Wamings

Tornado emergency

Tornado warning

Severe thunderstorm waming

Radar data from the KLZK, KPAH,
KHPX, KLVX, and KILN NEXRAD sites

Source: wikipedia




1Q—H Dec 2021 Kenfucky Tornado

Across the nation and world
NATIONAL WEATHER SYSTEMS Forecast for noon today
-10s -0s Os 10s 20s 30s 40s 50s 60s 70s 80s 90s  100s 110s

* jet stream loops

« usually in spring

* allowed Arctic air
far south

Cold Warm  Stationary Showers T-storms  Rain Flurries Snow Ice

vvv aaa aya [N (00 (07074 fofete] Eeied foC-2-]
Forecasts and graphics provided by AccuWeather, Inc. ©2021

Warmth will surge in the East ahead of a strong cold front with showers and severe
thunderstorms today. As snow ends around the Great Lakes, winds will howl. Rain

and snow will begin in the Northwest.

Source: SD Union Tribune




U.S. Tornadoes Last Few Decades  rig. 14.40

Jan-Dec Total Number of Tornadoes
1976-2011

I Final Data

I Preliminary Data

I Area of Uncertainty

— - number of fornadoes increasing
X dueio:
* related to climate changeee¢e
* shift in jet siream 222
* El Nino/La Ninagzge

300 -
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source: NOAA/wikipedia




| U.S. Tornodoes Last 15 Years

United StateAnnuaI Counts of Tornado LSRs*

*Preliminary sightings/events from NWS Local Storm Reports (LSRs)
Annual Mean is based on Preliminary LSRs from 2010 to 2024

2,200 Year (Count through 18 October)
2025 (1,504)
2024 (1,719); YR: 1,910
2023 (1,350); YR: 1,423
2022 (1,095); YR: 1,331
2021 (1,091); YR: 1,377
2020 (1,186); YR: 1,248
2019 (1,534); YR: 1,677
2018 (976); YR: 1,169
2017 (1,435); YR: 1,522
2016 (977); YR: 1,060
1,600 2015 (1,018); YR: 1,259
2014 (996); YR: 1,055
2013 (772); YR: 943
1,400 2012 (1,021); YR: 1,117
2011 (2,154); YR: 2,240
2010 (1,314); YR: 1,557
Mean (1,242); YR: 1,392
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2025: 41h most tornadoes?e




U.S. Tornadoes Since 1975 Fig. 14.40

Jan-Dec Total Number of Tornadoes
1976-2011 Total # tornadoes in U.S.

I Final Data

I Preliminary Data

I Area of Uncertainty

# tornadoes

2010 2012 2014 2016 2018 2020 2022 2024
year

100
§ 0
1975 1980 1985 1990 1995 2000 2005

source: NOAA/wikipedia - -
Increase in tornadoes not clear-cut




U.S. Tornadoes Throughout Cenfury  fig. 14.40

Number of Strong (F3-F5) Tornadoes

March-August 1950-2003
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source: NOAA/wikipedia

number of STRONG fornadoes NOT increasing




U.S. Tornado Fo’rolmes Throughout Century

Fig. 14.40 Tob (145 } .S
B Tornado Fatalities by Decade
* top 10 deodlles’r U.S. fornadoes
were prior fo 1953
« 18 March 1925 deadliest (695 fatalities)
(Tri-State Tornado)
« tornado warning since 1950s
» tornado shelters had helped!

fatalities decrease
-> warning system
seems effective ... 1020% (0510t 03050° (oBORGIOR 1oB0° (o000 o982
FFoUIESN
.. ot improving! ... and then there was

2011 (614 tatalities)




055 Toqu

P 3 &
tornado fatalities \\
41% mobile homes :
30% permanent homes 3
10% vehicles

= = S = X
vehicles are not safel Seek shelters! &

£ s 2 -

oes and where People Die

source: wikipedia

SEVERE WeRh . :
SHELTER AREA | ... but are classical private
U A shelters a thing of the

k , / pasteee

« some shelters in public
buildings, e.g. ORD, DEN




Tornadoes in SoCdl
= &

_dang, I missed them!

Sep 22, 2007




| Tornadoes in SoCal

umber of tornadoes per year (per 26,000 sq. km, for a 27-year period) O n Iy in
: “The Day after Tomorrow?2”

on the order of 1/year in
Riverside

but one storm in N-Cal
spawned 5 tornadoes on 23 Oct 2012
(10/24/12 news clip)

12/12/2014 Pineapple Express brings
tornado to Los Angeles




How and Where Do Tornadoes Form? Fig.- 14.31

) = ¥
/ 3y

4 * strong tornadoes near right rear of thunderstorm

= land-/waterspouts near front end
Image: “Meteorology Today” B
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* mesocyclone (starts in middle, goes down)
(5-10 km across)

» air rushing toward low pressure accelerates

» mesocyclone stretches and narrows downward

Rt o, 2 1t

- \ *R

/

Mesocyclone ( P tias .

A

« spinning vortex forms in narrowed .c. (2-4 km)

,(,~--g§a;ng?z; « extends downward to clouql base (tornado cyclone)
F i P « funnel cloud: water vapor rises, expands, condenses
; A (tornado becomes visible)
». / « eventually touching down
& * low pressure; sucks in stuff at lower end

S ——— ~ - ~— i —————

Rainfree base ! 1

Inflow | Inflow = Of 1 ' \ \
/ \ Tornado e CROUC Hail

Heavy rain Light rain

Southwest




H'ow_‘ Do Tornadoes Form?

a funnel cloud touching down

looking for a good explanation on tornadoes?
don’t go to wikipedia/expert literature!




