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10 DEADLIEST FLORIDA TORNADO OUTBREAKS

FEBRUARY 1998 42 DEAD
FEBRUARY 2007    21 DEAD
MARCH 1962 17 DEAD
APRIL 1966 11 DEAD
JUNE 1972 7 DEAD   HURRICANE AGNES
JANUARY 1936 7 DEAD
SEPTEMBER 2004  6 DEAD   HURRICANE IVAN
SEPTEMBER 1882 6 DEAD   HURRICANE
APRIL 1925 5 DEAD
OCTOBER 1992 4 DEAD   Un-Named Hybrid
MARCH 1939 4 DEAD

Through 2007



2007 – 3 Weak Tropical Systems – 5 Tornadoes

95 Cases in Recorded History (1882-2007)



Tornadoes Have Occurred In 65 of 67 Counties

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)



Increasing Population - Increasing Tropical Cyclone
Activity - Greater Documentation - Greater Risk





Tornadoes By Month

First-ever 

December Event

Remnants of Olga



Types of Tornado-Producing Systems (1882-2007)



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.



Extratropical Cyclone



Tropical Cyclone



Subtropical or Hybrid Cyclone
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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

Updated through 2006



Typical EF0 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. 



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 EF2 Tornado Damage in Florida (New
Smyrna Beach). Typically roofs are gone or mostly gone

with most walls remaining standing. 



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

Twenty-One  Cases Considered Significant 



Significant Cases Consist of Early Season and
Peak to Late Season Cyclones
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None in 2007 Season



Track Segments of Significant Tropical/Hybrid
Cases During Florida Tornado Production Phase

1882-2007

Charley

Ivan

All Significant Tornado Cases Began Well Before Landfall

Frances and
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Events
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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

Historical Observations of the Nature of
Significant Tropical and Hybrid Cyclone

Tornado Events 



Ivan Pre-Landfall Jeanne Pre-Landfall

Differences in Gulf and Atlantic Pre-Storm Environment

Strong Shear Weak Shear



Significant Tornadoes - Focus on Outer Rainbands

Very Different Storms
 - Same Tornado

Result

OPAL

GORDON



Hurricane Opal 10/4/95 - F2 Tornado 1 Dead



Tropical Storm Gordon 11/15/94 - F2 Tornado 1 Dead





Hurricane Georges - Most Extended
Tornado Threat in Florida History

17 Tornado Reports 9/25/98 -9/30/98



F0-F1 Tornado Outbreak 9/25/98

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



Near Midnight on
9/29/98 -  After
Dissipation and in the
presence of sinificant
shear “Georges”
Produced the Strongest

Tornado 



Review of 2007 Season

Tropical Storm Barry
June 2007



Courtesy Andy Devanas, SOO NWS Key West





9/20/2007

Pre – TD #10
September 2007



9/20/2007

EF 1 Tornado Damage at Eustis



EF 1 Tornado Damage 



Remnants of Tropical Storm Olga
16 December, 2007

“Olga”
Remnants

Front

Olga



December 15th, 2007





EF1 Tornado - Pasco County Jail near Land O' Lakes, Fl.
16 December, 2007 

Courtesy NWS Tampa Bay



Ivan Images – Irv Watson WFO TLH

Record 2004 Hurricane Season



Hurricane Ivan

3 Killer Tornadoes - 2 F2 and 1 F1 – 6 Dead 



Dominant Outer Rainband Missed Peninsula!



Four People Killed Near Blountstown  (F2)  9/15/04 907PM



“Tornado on the 
ground”
Live video!

Jason C. Kelley
WJHG-TV



Irv Watson WFO TLH

Killer



20 hours of svr wx sigs



Ivan Tornadoes in TLH Warning Area



Hurricane Charley  8/13/04 – Late Morning



Primary

Outer Rainband

EyeWall



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:  Extreme Wind Warning 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!

Charley – Metro Orlando



Hurricane Jeanne 25 SEP 2004

Eyewall “Mini-Swirls”



Conceptual Model of Hurricane Eyewall “Mini-Swirls”



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.  



Jeanne







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 
occur. 

• 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  EWW



Exercises:
Predict Tornado Locations and 

Maximum Strength!

Case #1



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



Shade the Counties Where Tornadoes Will Strike 
Within the Next 24-36 Hours and Estimate How Soon 

After the Advisory They Will Begin?



Tornadoes Began
2 -3 Hours After This 

Advisory



Significant Tornado Outbreaks

Josephine





Case 2



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



Shade the Counties 
Where Tornadoes Will 
Strike Within the Next 

24-36 Hours and Estimate
How Soon After the 

Advisory They Will Begin?



CLUE - Category 1 Hurricane – No Strengthening Forecasted





Tornadoes Began 15 
minutes after Advisory







Hurricane Agnes June 1972

Deadliest Tropical Cyclone Tornado Outbreak in Florida History...28 Tornadoes in 
26 hours... (2 F3, 9F2, 11 F1, 6 F0), including several tornado families and 7 
reports of severe thunderstorms 2 tornadoes killed 7 and 10 tornadoes injured 
140...



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

Agnes



The Future
Mesoscale Modeling

Hurricane Opal (10/95) MM5 Radar Reflectivity Simulation



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 and Ivan is useful as a 

planning metric – The outer  rainband tornado archetype 

– to help realize what is possible.

Concluding Thoughts

We Now Know a Lot About Tornadoes and Tropical 

Cyclones...but Major Issues Remain.



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.

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.



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:  

Gulfstream Harbor Mobile Home Park – Orange Co.

FWIN (Florida Warning & Information Network) Grant

700 Weather Radios for all residents

Community Club House – Engineering Study - Hardened  -

Impact Screens



Questions?

bart.hagemeyer@noaa.gov




