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10 DEADLIEST FLORIDA TORNADO OUTBREAKS

FEBRUARY 1998 42 DEA
FEBRUARY 2007 21 DEA
MARCH 1962 17 DEA
APRIL 1966 11 DEA
JUNE 1972 / DEAD HURRICANE AGNES
JANUARY 1936 / DEAD

SEPTEMBER 2004 6 DEAD HURRICANE IVAN
SEPTEMBER 1882 6 DEAD HURRICANE

APRIL 1925 5> DEA
OCTOBER 1992 4 DEA
MARCH 1939 4 DEA
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Un-Named Hybrid
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95 Cases in Recorded History (1882-2007)

Florida Tornadoes Associated With Tropical
and Sub-Tropical Cyclones 1882-2007
Case Date System Type | Tors Max Time (EST) Death |Injury| Location/Storm
F# Center Relative
1 19/49/82 Hurricane 5 + |2 eve-arm 10th o] 17 MWY-M Centralif
2 NoA1iaa t. storm 1 2 2355 | ] [&] alachualrr
3 EA0n918 hurricane 1 2 112 | ] | [ dade/f
4 28529 hutricane 4 2 aft-eve Io 16 SERE
5 1084433 hurricane 3 2 eve-am Sth Io K southeast/|f
5] EIIET t. storm 1 2 2100 o 10 st.johnsd if
7052041 t. storm 2 2 afternoon 1 1 n centrald if
g I0M5/44 hurricane 3 1 afternoon ] |0 wi centralf of
— |2/720/05 H. Rita | ] *  Infa J1125 EST | |0 Palim Beach/ER
a0 §1023 to 2405 IH. Wilina 10 2 AFT 23rd - AM24th [0 |o Keys - CentraldRF-F
91 |62 to 1305 JTS Alberto 7 W N Ahd 12th - AN 13th |0 |o Central - Morth/RF
92 |8/24 to 25/ 06 |TS Ermnesto 2 |0 AFT of 24 825 [ |0 EC and Morth/RF
93 |5/1.07 TS Barry 2 1 late Al - P o o keys & Dade/RF
g4 |92007 Pre TOHE0 2 1 Ewening |EI |III MCARF
95 121607 Fost-Olga 1 1 garly Ahd |EI |EI WWCIRF
489 1.34 33 729
Case Date System Type | Tors Max Time (EST) Death]Injury] Location/Storm
F# Center Relative

2007 — 3 Weak Tropical Systems — 5 Tornadoes



Tornadoes Have Occurred In 65 of 67 Counties

Tropical Cyclone
Tornadoes By
County
(1882-2007)

*Indicates additional
reported waterspouts

and funnel clouds not
included in totals. Total
of 494 tornadoes includes
five border crossers (489
total tornadoes).

Top 10 Counties

Brevard (29)
Hillsborough (25)
Palm Beach (24)
Dade (21)

Polk (20)

Monroe (20)
Volusia (19)
Duval (17)

St. Johns (16)
Okaloosa (16)
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dller Tornadoes and Deaths by Month

Feb Mar Apr May Jun Jul Aug Sep Oct

. _ : . 78 Florida Killer Tornadoes {1882-2007)
- _ . 205 Florida Tornado Deaths (1882-2007)



Tropical/Sub-Tropical Tomadoes 1882-2007

Jun  Jul Aug Sep ©Oct Nov Dec

B Tomadoes (489)




Types of Tornado-Producing Systems (1882-2007)

Tropical Disturbance

Tropical Storm 27

Sub-Tropical/Hybrid 10

Tropical Depression 8




What are Hybrid or Subtropical Cyclones ?

Low pressure systems that exhibit both tropical and
extratropical characteristics

Typically tropical-like at the surface with non-tropical
Influences aloft - often highly sheared.

Most likely in May, June, October and November - the
transition months between wet and dry seasons.

Hybrid Storms may not meet traditional criteria for naming -
such as the October 1992 storm that struck Tampa Bay area.

Many “Named” tropical cyclones have considerable hybrid
Influences - not purely tropical. It is estimated that over half of
the tornado cases had some hybrid characteristics.
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Extratropical Cyclone
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Subtropical or Hybrid Cyclone



Location of Tornadoes Relative to Cyclone Center
With Respect to Cyclone Motion (1882-2006)

_____



Tropical/Hybrid Cyclone Tornado Strength
Characteristics

46% of cases produce F2 or greater tornadoes
(a much higher percentage compared to non-tropical/hybrid

cyclones)

54% of cases produce weak tornadoes

66% of cases produce 4 or fewer tornadoes

TORNADO STRENGTH

i

FO 4CFBRIPT - shighedan

FA T3 2 BiPH - moderat

E2113-157 NIPED conside

H3158-206 WPH \Setere

Fa40 60 LPH - comyla

OPERATIONAL EF SCALE

EF

1 Second Gust

HURRICANE STRENGTH COMPARTSON

saffir-Simpson Scale

Number (mph)
0 65-85 Tropical Storm
1 86-110 CAT 1 (74-95 MPH) through CAT 2 {96-110 MPH)
2 111-135 CAT 3 (111-130 MPH) through CAT 4 (131-155 MPH)
3 136-163 CAT 5 >155 MPH
4 166-200
5 Over 200

F5 261 andigreater - corip——— —— ———cxs




Typical EFO Tornado Damage in Florida (New Smyrna
Beach). Damage primarily to structures attached to houses
such as screen rooms, car ports, awnings, and non-
anchored outbuildings and structures.
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Representative EF1 Tornado Damage in Florida (New
Smyrna Beach). Severe roof damage, windows, and doors
broken, trees down and cars flipped over, but integrity of
structure generally remains.







Representative EF3 Tornado Damage in Florida (New
Smyrna Beach). Two-story frame house severely damaged

with 2nd floor totally gone and first floor a total loss.




Representative EF4 Tornado Damage in Florida
(Kissimmee). New concrete block/stucco house totally
destoyed much of home swept off the foundation.

An EF5 would leave a bare concrete slab!

(There has never been an EF5 Tornado in Florida)




Focus on Significant Tornado Events

Any Tornado-Related Death

Five or More Tornadoes in 24-Hour Period with
At Least One Tornado of F2 or Greater Intensity
Any F3 Tornado

Twenty-One Cases Considered Significant

Eleven Hurricanes
Six Tropical Storms
Four Hybrid Cyclones



Significant Cases Consist of Early Season and
Peak to Late Season Cyclones

Significant Tropical/Hybrid Tornado Cases (1882-2006)

0 | | | |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




Track Segments of Significant Tropical/Hybrid
Cases During Florida Tornado Production Phase
1882-2007
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All Significant Tornado Cases Began Well Before Landfall



Historical Observations of the Nature of
Significant Tropical and Hybrid Cyclone
Tornado Events

21 Cases - Nearly Half have hybrid influences - Cyclone Central Pressure
and Organization is a Poor Predictor of Tornado Potential

20 of 21 in Gulf of Mexico at Time of Tornadoes

20 of 21 Produced Tornadoes in Outer Rainbands in the Right-Front
Quadrant with Respect to Storm Motion

19 of 21 Moving Between 360 and 60 Degrees
19 of 21 Recurving or Moving Northeast - Upper Low NW of Florida

In All Cases Tornadoes Began Before landfall
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Hurricane Georges - Most Extended

Tornado Threat In I_:Iorida H
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FO-F1 Tornado Outbreak 9/25/98

[G8 vis 07 cEoEgEs 03/25/98 19252 NEL Monterey code 7541 [
Bun elevation= 43 degrees e =

| Tornado Watches in
effect from 6 am 25th
to 6 am 26th - 7
tornadoes occur in a
few hours!



Weak Tornadoes reported in the Panhandle on the 27th
and 28th as Georges slows and weakens
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Fig. 8. KAMX 0.5-degree base eﬂectivity imag 07
UTC 2 Jun 2007; Everglades mesocyclone denoted
by white arrow.

Fig. 9. KAMX 0 5-degree base reflectivity image at 0145
UTC 2 Jun 2007; Card Sound (Cutler Ridge)
mesocyclone denoted by white (blue) arrow.
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EF 1 Tornado Damage at Eustis
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EF 1 Tornado Damage




Remnants of Tropical Storm Olga
16 December, 2007

SPC Storm Reports for 12/15/07

Map updated at 1208Z on 12/25/07
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EF1 Tornado - Pasco County Jail near Land O' Lakes, Fl.
16 December, 2007
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Courtesy NWS Tampa Bay rieure 6. Site C damage (Jailhouse parking lot and rear field).
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Hurricane lvan
3 Killer Tornadoes - 2 F2 and 1 F1 — 6 Dead




Dominant Outer Rainband Missed Peninsula!
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Four People Killed Near Blountstown (F2) 9/15/04 907PM



@, National Weather Servicep P
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Hurricane lvan - Blountstown/Marianna Tornado
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BULLETIN - EAS ACTIVATION REQUESTED
TORNADO WARNING

*AT 642 PM EDT...THE NATIONAL WEATHER SERVICE HAS ISSUED
A TORNADO WARNING FOR DESTRUCTIVE WINDS OVER 100 MPH
AND TORNADOES IN THE EYE WALL AND INNER RAIN BANDS OF
HURRICANE CHARLEY.

*THE LEADING EDGE OF HURRICANE CHARLEYS DESTRUCTIVE
WINDS IS EXPECTED TO MOVE INTO THE KISSIMMEE AND GREATER
ORLANDO AREA BY 715 PM.

Starting in 2007 Season: for
sustained 100 knot (115 mph) winds. Valid for up to two
hours.



The Eyewall and innermost rainbands of landfalling
hurricanes are extremely dangerous phenomena
that produce very localized devastation!




Hurricane Jeanne 25 SEP 2004




Figure 308. Mini-swirls in a hurricane

According to Professor Fujita, wind shear zones are set up within the eye wall, because different parts
of the rotate at different speeds. The wind shear gives rise 1o areas of rotation along a vertical
axis. If those areas of rotation coincide with an updraft, the mini-swirls spin up and move rapidly forward
with the intensity of a strong to (possibly) violent rornado. Drawing courtesy of Professor Ted Fujita.




BULLETIN - EAS ACTIVATION REQUESTED
TORNADO WARNING
NATIONAL WEATHER SERVICE MELBOURNE FL
858 PM EDT SAT SEP 25 2004
THE NATIONAL WEATHER SERVICE IN MELBOURNE HAS ISSUED A
* TORNADO WARNING FOR...
MARTIN COUNTY
ST. LUCIE COUNTY
IN EAST CENTRAL FLORIDA
*UNTIL 1000 PM EDT

*AT 855 PM EDT...THE NATIONAL WEATHER SERVICE HAS ISSUED A
TORNADO WARNING FOR MARTIN AND ST LUCIE COUNTIES MAINLY
FOR THE ONSET OF EXTREME HURRICANE WINDS AND EMBEDDED
TORNADOES ASSOCIATED WITH THE INNER CORE OF HURRICANE
JEANNE AS THE CENTER NEARS THE COAST. WINDS TO 100 MPH
WITH GUSTS TO 120 MPH ARE EXPECTED...ALONG WITH
TORNADOES.
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Survey results -Jeanne

One Lucky Row of Manufactured Homes — Near Barefoot Bay



Eyewall "Mini-swirls” or extreme wind swaths

And Some Not so Fortunate



Damage gradient extreme, destruction
localized — county scale.

Historic severe weather events where they
OCCUTr.

Hurricane Warnings may have been out
for 24 hours or more.



Power may be out and information lacking
just before the worst hits.

Citizens need final warning — last chance
to save lives ~ 1-2 Hours. Need EAS.

Not talking about track — but impact!
Extreme Wind Warning =Y\



Exercises:
Predict Tornado Locations and
Maximum Strength!

Case #1



Where Will Tornadoes Strike within the Next 24-36 Hours?

Q HURREVAC 2000 for Windows 95/98/NT/2000/XP
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Shade the Counties Where Tornadoes Will Strike
Within the Next 24-36 Hours and Estimate How Soon
After the Advisory They Will Begin?
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| & HURREVAC 2000 for Windows 95/98/NT/2000/XP
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Significant Tornado Outbreaks

Josephine




Josephine rolls across
Florida with rain, tornadoes

Octiober &, 1996
Web posted at: #:15 am. ED'T

=T MARKS, Flonda (CHI)-- Tropical storm Josephine, with 65

Edgewater,Florida (Courtesy WCPX)
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Where Will Tornadoes Strike within the Next 24-36 Hours?

& HURREVAC 2000 for Windows 95/98/NT/2000
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Shade the Counties
Where Tornadoes Will
Strike Within the Next

24-36 Hours and Estimate

How Soon After the

Advisory They Will Begin?
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CLUE - Category 1 Hurricane — No Strengthening Forecasted
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Tornado rips path across Key W est

Photos by Wendvy Tucker

Big Coppitt Key: sudden devastation, terror in darkness
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150 Homes Suffer -Hequy Damage In Agnes Spinoff -

3 Tornadoes Leave $12 Million Trail

BULLETIN

Alloto, Aldes Acquitted
TACOMA, Wash @ - A fe o
el Judge erdersd soguicial

Parlly elaudy

officlely on charpes

that they conspired 10 bride
e olficialr. i

‘Agnes Slows
After Hitting

Panhandle -

APALACHICOLA M — Hur
ricane Agnes smapcked (he Florida
Paahaadie with E0-mile-andour
wiads, heavy raing and raging seas
Monday, but its Mury started o
sudslde as |t churned Infand.

Al Jeast IX persoas were left
dead Ia the wake of-the 1972 Bur
ricane 3eaxa’s [Grst siorm,

“Pocecaners 333 mocs  deadly
tormadors -~ or— i —fioods —wers
possidle.

THE NATIONAL Hurricase Cen-

Bot forecasiers sald Agnes
threateaed to spawn more fore
nadoes 1o the east ns it mived
parth-northeast at 15 mp.h,

Siorm tides Mooded streets In
coastal towns akag o $mlle strip
from Apalachicola to St. Marks In
a popular fishing and touris| ares,

FIVE DEATHS, and [ajuries to
more 1han 10 perses is Florlda,
wore atiribeted (o tornadoes
spawned by Agnes as sde chomed
norihward [s the Gult of Maxico,
The atorm eardlec caused seven
deaths by drowabng is Cuba,

Coastal resldents crowded inlo
schools, armories agd other sane-
tuaries peepared by Gvil defense
234 Rod Cross workers,

RAGING WINDS from Agaes
raked cornfields mibes intand, and

APPLEUATE FAMILY SEARCHES RUINS: Mome hit at 4135

8. Low T8-T5,

Dretalls, A3

-main- .
‘B aftermoon showers and
thundershowers. Rain prob- -
ability 40 per ¢ent. High 5-
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Feamrt s farvse
APAEACHICOLA — Hurricane Agnes hurled deadly
tornades into infand Florida yestenky before smacking
inta the Floeids Panhandle at sidday with high tides
and howling winds hut its Tury started to subside as it
churned inland,
Al leadt 12 persons weee left dead = seven in Cuba,

.. ane in.LaBelle and tourin Ckeechabee Uity — an the

wake of the first bureieane of the 1972 season.

Forecasters said more Wrnados and fash Mootk
were passible and sruch of the Test of the Deep Sauth
was placed uniee WarRings as Agnes lost ils hurricane
statys and was down graded ta tropical storm ot dusk
‘when it wis centered near Cape San Blas.

[amage was mepasted heavy at Apalachicols on the
Gulf Coasl and Cedar Key, west of Gainesville. Cam-
belle, a fishing village east of Apalachieols, was cul ol
by flood tides. (ne man was reparted missing then:,
washed from his car by waler saging across a highway,

Tedes flooded sireels along the eoast in a S0mile
strip from Apalachicals o SL. Marks in Lhe pepular
fishing and tourist area.

Caastal residents crowded into schoals, armenes
and other sanctuaries prepared by Civil Defense ard
Tted Cross workers. They were urged 1o wait eut the
stalled storm, bul most residents wha had seaght
reluge relurnid Lo their homes as the winds subsided,

Turnto PANWANDLE, A4

Deadly Agnes Hits Panhandle, Fades
Okeechobee Twister Kills 4; 44 Hurt

By PAT CULLEN wnd DEAN JONES
P 354 e
OKEECHOEEE — Four persans were killed and 44
others were imjered, 23 serivusly, when a tornade

smashed through three mobile home parks near here |

vesterday.

-Abaut 100 traiters were destroyed anid at least
aialher 100 were domaged, " 4aid OkEcehabes*County
Sherltt's Chief Depily CLAT Lights,

Three deaths peeurred at Treasere I3land, 2 mehile
home park just off Taylor Creek Sevenly mobite
hores, many of theny in the $15.000 price range, were
deslroyed.

“We had just gone 1o bed " sald Mrs. Raber! Harris
af Treasure Island. *Then we heard it — that heesilie
sound. My husband and 1 made 2 dash Jor Lhe kids. Hat
We o made i, =

“WWe were running through the trafler, bt then the
next thing 1 remember. [ was in the canal,” said the
woman, wheselfered serious Jeg and ribinjeries.

1 just knew I was gaing la deown, Bt | grabbed
something, Maybe it was the edge of the trailer.
Anyway, | held on very ight.

“Hob, he's my busbond, he wound wp in o bast,
Don't ask me how , . . buk he was Mrown right inte a

o 5
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Hurricane Agnes June 1972
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Deadliest Tropical Cyclone Tornado Outbreak in Florida History...28 Tornadoes in
26 hours... (2 F3, 9F2, 11 F1, 6 F0O), including several tornado families and 7

reports of severe thunderstorms 2 tornadoes killed 7 and 10 tornadoes injured
140...

fa




Agnes produced the most tornadoes, the most F2 and
greater tornadoes, and the most death and injury
producing tornadoes (10) of any outbreak in Florida
history.

Agnes is the 5th deadliest tornado outbreak in Florida
history.

Agnes is the largest and deadliest TC tornado outbreak in
Florida history and, in fact, the third deadliest in U.S.
history since 1900, eclipsed only by Hilda in October 1964
(22 dead) and Carla in September 1961 (13 dead) - both
post-landfall outbreaks from Gulf of Mexico TC's.

Agnes stands alone as the deadliest pre-landfall TC
tornado outbreak in the recorded history of the U.S.



Significant Tornado Outbreaks




Mesoscale Modelina

acast, Katrina Initial Time:2005082512
Wind Speed in knots

Y
kS
S
N
T T
/_/" ——
ol ac 2] 2EN 2440 2u0/

The Future

Dataset: r38a RIP: reflect

Imit: 300G UTC Mon G2 Get 96

Fest: 7To.80 Velid: 0764 UTC Thu 06 Oct 96 (0PE4 CDT Thu 05 Jct 9F)

Relleotiritr at elgme = O0.8B8

dHZ

2
en

]

Hixdal Infed ¥a.4.0 Mo Comuilos Blaskader FEajamar 1

a6 IaTala, ]

Hurricane Opal (10/95) MM5 Radar Reflectivity Simulation



Concluding Thoughts

We Now Know a Lot About Tornadoes and Tropical
Cyclones...but Major Issues Remain.

There is no reason to believe that in the future, a TC
tornado outbreak could not kill more people than the
February 1998 Extratropical Outbreak (42).

Remembering Agnes Is useful as a

planning metric — The outer rainband tornado archetype
—to help realize what Is possible.



Forecast ability has improved significantly: Tornado
Watches are put up for most tropical cyclones. Tornado
Warnings must be taken seriously, but potential for false
alarms can be high in some cases. In other cases
tornadoes can spin up rapidly with little warning.

The ability to separate the typical TC tornado from the
truly dangerous outbreaks is not nearly so advanced.
High resolution models and continued research provide
our best chance for improvement.

Extended threat period with lengthy periods of inactivity
followed by brief periods of strong tornadoes — hard to
keep guard up that long - desensitizing risk is high.



Evacuation and Sheltering - Evacuate mobile homes in
threat area? -This could be 200 miles from landfall and

24 to 36 hours before landfall?

Safe Rooms in homes built for hurricanes will perform
well for about 99% of Florida Tornadoes.
Shelters in mobile home parks would be beneficial.

Shelters probably don’t exist in most cases. But there
are recent success stories:



Questions?

bart.hagemeyer@noaa.gov
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