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Above: Doppler radar reflectivity and aftermath (http://twitpic.com/51ar69/full) of 5/22/2011 Joplin, MO tornado ;
reflectivity and aftermath (Ackerman and Knox, 3e) of 5/4/2007 Greensburg, KS EF-5 tornado



http://twitpic.com/51ar69/full

ind shear

» Causes of vertical wind shear:
— Lérge-scale “environmental” winds (jet streams)
— Small-scale flow around thunderstorm (downdraft
and outflow from storm, called the “cold pool”)
 Interaction of vertical wind shear with
thunderstorm can radically change the
character and life cycle of a thunderstorm



ary

o Xel
tornadoes
caused by

Close to 0%

|Airmass ~~ |[Small
~ b

Multicell Moderate About 20%

Supercell Large (especially | About 80%
directional shear) |(even higher for
violent tornadoes)




Klemp 1887 |/ The COMET Program




over shooting top

hL]ﬂ

.

mesocyrn: one

)

mid-level winds vy B -~ / forward flank |
! rear flank downdraft
; downdraft

30,000 ft —

tornado

http://www.nssl.noaa.gov/primer/
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gust front

e Low pressure caused by tilted-upward rotation

e Low “sucks in” more air, accelerating rotation and causing storm
to move to the right of upper-level winds (“right-movers”)

* In only 30% of supercells, tornado forms (beneath mesocyclone)



A few torne

PIE;I‘E ent of Tornado Eelated Deaths 1950-1994

Percent of All Tornadoes 1950-1994
by Fujita Scale Class

by Fujita Scale Class

[] Weak FO-F1*
/ -, B Sironz F2-F3
B Vicleni F4-F5 ! i B Violent F4-F5

[] Weak FO-F1*
B Strong F2-F3

Graphs from www.tornadoproject.com

* 1% of all tornadoes cause 2/3rds of all the deaths
* Nearly all of 1% are from supercell thunderstorms
* And so: focus mostly on tornadic supercells!



From Ackerman and Knokx,
Meteorology: Understanding the Atmosphere, 2" ediion (2e)




- Most violent winds on

vapor rising in low pressure;
dust, debris, too

e At worst, tornadoes can be
1-2 miles wide, last 1-2
hours, and travel over 100
miles (4/27/2011 outbreak pushed
these limits)

 Worst place on Earth for
tornadoes: central U.S. ll
ingredients for supercells exist there)

From Ackerman and Knox, 2e
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From Ackerman and Knox, 2e
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Calse ofi large, rapid change
>€ (“horizontal pressure gradient”)

* At center of funnel, pressure drops about 10% vs. outside
Of funnel Atlanta Tornado Observations

° Funnel IS NOT (14 March 2008 at CNN Center)
a vacuum!
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From Ackerman and Knox, 2e

Where forward
speed of storm,
funnel’'s winds
and suction
vortex winds all
add together,
winds can be
significantly
stronger than
just a few feet
away
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Jse our fun applet (updated) to learn about the EF scale:
http://profhorn.meteor.wisc.edu/wxwise/tornado/t.html



http://profhorn.meteor.wisc.edu/wxwise/tornado/t.html
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S EF-1 86-110
EF-2 111-135
EF-3 136-165
EF-4 166-200
EF-5 Over 200

http://www.spc.noaa.gov/efscale/ef-scale.html



http://www.spc.noaa.gov/efscale/ef-scale.html
http://www.spc.noaa.gov/efscale/ef-scale.html
http://www.spc.noaa.gov/efscale/ef-scale.html
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Killer tornad: ;ology for U.S.

(research b UGA P iley, Northern lllinois University)

y, Relative Frequencg of Killer Tornadoes

D e 1950-2004
Q: Why do
you think
many killer
tornadoes
occur more
frequently
outside of
the typical
“Tornado
Alley”?




B | Q: Do recent
outbreaks
(AL, MO) fit
this
climatology?
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From Ackerman and Knox, 2e



Georgia

Number of Tornadoes per County
1950-2009

climatology

_ " ST Y e (reorgia Population
A= - . PR 1990

one dot represants |0 pegple

Population
centers
(lots of
people
watching the
skies)

Harder to
explain
(bona fide
tornado
alley?)

http://www.srh.noaa.qgov/images/ffc/tornado.qgif

http://climate.engr.uga.edu/tornado/population.qif



http://www.srh.noaa.gov/images/ffc/tornado.gif
http://climate.engr.uga.edu/tornado/population.gif
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GEORGIA TORNADOES
1884 - 2008
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http://www.srh.noaa.gov/images/ffc/torntotall.PNG



http://www.srh.noaa.gov/images/ffc/torntotal1.PNG

Tomado Fr:gcuh-el::afy (by hour) Tomado Frequency (by hour)
October - February
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Springtime: late afternoon/ Fall/winter: late afternoon/
early evening max early evening max, but also

midnight and dawn, too (a
problem for getting warnings out to the public)



Schematic of Surface Conditions Common
with a Supercell Thunderstorm
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NEXRAD LEVEL-III

BASE REFLECTIVITY

KEOQ! FORT RUCKER, AL
03/ 5:34 GMT

ELEV:
/§| MODE/VCP: A /121

ELEV ANGLE: 0.50 ®
MAX: 64 dBZ

Legend: dBZ (Category)

75 (15)
70 (14)
65 (13)
60 (12)
55 (11)
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Q:
Where’s
the
tornado?
How do
you
know?
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J//lwww.noaanews.noaa.
ril 2011 tornado information.html

From htt

Compare to 1974
Superoutbreak
(148 tornadoes,
315 death

F5: 6
F4: 24
F3: 35
F2: 30
F1: 31
FO: 21

From http://www.rms.com/Publications/

1974SuperTornadoReport.pdf


http://www.srh.noaa.gov/srh/ssd/mapping/
http://www.noaanews.noaa.gov/april_2011_tornado_information.html
http://www.noaanews.noaa.gov/april_2011_tornado_information.html
http://www.noaanews.noaa.gov/april_2011_tornado_information.html
http://www.rms.com/Publications/1974SuperTornadoReport.pdf
http://www.rms.com/Publications/1974SuperTornadoReport.pdf
http://www.rms.com/Publications/1974SuperTornadoReport.pdf

Q: Can you find hook echo(es) in this radar reflectivity composite of
“The Supercell from Hell”? (traveled 380 miles in 7 hours 24 minutes)
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From http://www.srh.noaa.gov/bmx/?n=event 04272011tuscbirm

Q: Where's the hook echo? What is the highly reflective bulge at the
end of it called? Why does it exist? Where's the TVS?

Live coverage of Tuscaloosa tornado: http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-
caught-on-tape-wreaking-havoc/hsK7dFmIUKuSYIvte TFy6A.cspx



http://www.srh.noaa.gov/bmx/?n=event_04272011tuscbirm
http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
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http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
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http://www.cbs42.com/content/localnews/story/Tuscaloosa-tornado-caught-on-tape-wreaking-havoc/hsK7dFmlUku5YlvteTFy6A.cspx
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tellite imagery ...

ce temperature. |
Q: Why do you think

tornado damage
paths would be Er ot
warmer than the | %
surrounding area, as 3
seen in this satellite |
image? S T

From
http://cimss.ssec.wisc.edu/goes/blog _
http://profhorn.aos.wisc.edu/wxwise/Ack = '
ermanKnox/chap11/April 27 2011.htm

Satellite loop of entire storm found at: http://www.nasa.gov/topics/earth/features/severe-storms-20110429.html
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http://cimss.ssec.wisc.edu/goes/blog
http://profhorn.aos.wisc.edu/wxwise/AckermanKnox/chap11/April_27_2011.htm
http://profhorn.aos.wisc.edu/wxwise/AckermanKnox/chap11/April_27_2011.htm
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http://www.nasa.gov/topics/earth/features/severe-storms-20110429.html
http://www.nasa.gov/topics/earth/features/severe-storms-20110429.html
http://www.nasa.gov/topics/earth/features/severe-storms-20110429.html
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Catoosa EF4 Tornado
April 27, 2011 815 pm EDT

“ EF 4 damage jUSt N
Dad e_Wa|ker CO. | Dade - Walker EF3Torna:§4/’: K
tornado (right): 18
miles long in GA,
6/10™s mile wide, 2
fatalities

r EF0
B EF1!
B EF2
EF3 |

Ringgold/Catoosa
Co. tornado (left):
13 miles long, 1/3
mile wide, at least 7
fatalities (NWS)



http://www.srh.noaa.gov/ffc/?n=20110427_svrstorms

J First-aver forecasi: Varen 25, 1948

srposter.pdf

‘hado on 3/20/48

T
S

or Fawbush and Captain Miller
charged with creating forecast method

— They predict a tornado on 3/25/48

— Incredibly enough, another tornado hits
Tinker AFB on 3/25!

— Thus begins military tornado forecasting;
U.S. Weather Bureau starts in 1952

» [ornado forecast approach teday:
— Identify likely locations for supercell ey

) Cold, dry\
development (trigger, buoyancy, shear) /b
— More likely with more buoyancy + shear S/ |
Warm, humid
2 T n /[ . Severe weather mT air
— Mid-level “cap” (inversion) can create ikely

& 2007 Themson Higher Education

even stronger updraft if cap “broken” From Ackerman and Knox, 2e


http://www.nssl.noaa.gov/goldenanniversary/millerposter.pdf

outlooks identify areas that were
| hit by tornadoes on April 27?

J SPC Conyeciive Ouilooks
2diction Center.
Spc.noaa.qov/products/outlook/

— Issued day(s) ahead of event

— Risk categories:
“Slight/moderate/high”

— Upper right: Day 3 risk outlook;
moderate risk 3 days ahead!

0% chance of
tornado within 25 miles on
4/27/2011, Issued 11:29 am

CDT on the fateful day (10% =
moderate risk; 30% = high risk)

SPC Day 1 tornado outlook issued 11: 29 am CDT 4/27/2011


http://www.spc.noaa.gov/products/outlook/

s and warnings

Particularly Dangerous Situation (PDS) Tornado Watch 235

J TTornzelo Waich: iornzaco coyle
20021 SO0 Ofsozre

=

Natione Service
| 1 hours ahead of bad weather
— Watch box covers region (~ a state)

Particularly Dangerous
“ : : Q: Why would atornado watch be
Situation (a few times a year) issued for locations that weren't
currently experiencing storms?

— Top right: PDS watch for north
Alabama, issued at 1:45 pm
(Tuscaloosa hit at 4 pm, Birmingham at 5 pm)

 [ornado Warning: tornado Is
coming now, take action now

— Issued by NWS, for an hour or so “Warnings on April 27, 2011

— Warning area is local (~ a county) o S



http://upload.wikimedia.org/wikipedia/commons/e/ed/April_27%2C_2011_severe_weather_warnings.JPG
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o

om 1880-2 raiulis)
Parkersburg, IA 5/25/08 tornado

at tqp-rigﬁf: even basements not
safe from EF-5

— Small windowless room with
strong walls best (pipes Iin
bathrooms help); photo from
Birmingham area at right

— Put as many walls between you
and the tornado as possible

— Hide under a table
— Avoid head injuries

http://www.crh.noaa.gov/Image/dmx/Parkersburg
Tornado/IMG 2006.JPG



http://www.crh.noaa.gov/Image/dmx/ParkersburgTornado/IMG_2006.JPG
http://www.crh.noaa.gov/Image/dmx/ParkersburgTornado/IMG_2006.JPG

2 Sienool/enuren/workolzcs:

. OU -windovy,s. . iy
— Avoid glass
— Crouch, protect your head
— Buses: don’t outrun storm

— At right: F4 destroys metal
fabrication plant in Illinois in
2004, no deaths and no
Injuries thanks to planning;
150 employees evacuated
to shelters (yellow) in just
3 minutes

Figure 3. Overhead picture of the damage at the Parsons Company, looking southeast. The yellow circles
indicate the locations of the storm shelters. The center of the 0.4 KM wide tornado tracked

through the building in the lower left of the picture. Photo courtesy of the Peoria Journal-Star.

http://www.crh.noaa.gov/images/ilx/pdf/Miller Abstract.pdf

Also:

Video of 2006 tornado hitting MO school:
http://www.youtube.com/watch?v=UdSjzWVevI8

Video of 2011 tornado hitting STL airport:
http://www.washingtonpost.com/blogs/capital-weather-
gang/post/despite-warning-st-louis-tornado-caught-
airport-passengers-off-

guard/2011/05/13/AFYkhX2G blog.html



http://www.crh.noaa.gov/images/ilx/pdf/Miller_Abstract.pdf
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— DON’'T hide under an

overpass (channels
winds and makes

them stronger) oot
http://Awww.srh.noaa.qgov/ou  Vehicles pulverized in April 27, 2011

n/?n=safety-overpass Phil Campbell, AL EF-5 tornado

http://www.srh.noaa.gov/hun/?n=franklin-

— Don't sightsee, don't al_lawrence_limestone_madison_franklin-tn_counties

try to become a Asphalt pavement was scoured from the ground
NollTub . and landed 1/3 of a mile away in Phil Campbell.
oufube sensation, A Corvette sailed 641 feet through the air in

etc. nearby Oak Grove, AL!
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orced surround
and/or underground

— Tornadoes are NOT
attracted to mobile homes

— Instead, low-income people
In relatively poor “tornado
alleys” who can’t afford
frame homes are attracted
to mobile homes
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http://youtube.com/watch?v=7TT013NsSYc&feature=related

Tornado safety: We etting safer, because of
better warnings better safety precautions
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0oks/Cole, 2007. (Some
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2001.

o http://www.meted.ucar.edu (requires registration)

e http://www.spc.noaa.gov/fag/tornado/



http://www.meted.ucar.edu/
http://www.spc.noaa.gov/faq/tornado/




f IS a tornado

itly rotating column of low
Is from the lowered base (wall

« Tornado funnel caused by condensation of water
vapor in rising air and lower pressure; also by debris

* Not tornadoes (although there’s debate):
— Funnel cloud: not a tornado until it affects the ground

L — Waterspout: out of cumulus, not cumulonimbus; not as
" violent, not associated with mesocyclone

— Landspout: similar to waterspout, over land
— Gustnado: thunderstorm-outflow tornado
— Dust devil: caused by Sun’s heat, sunny day |
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