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ÅSignificant high winds from tropical 
cyclones occur regularly within 
inland locations
ÅReturn intervals of 2 ς6 years

ÅHurricane strength winds occur less 
often with return intervals in range 
of 11 years to 100 years

ÅThe most favored areas include 
Carolinas northeastward through 
Virginia and into New England.

Risk of Inland locations to 
Atlantic Tropical Cyclones 

Background ςHigh Winds

Return Interval for tropical storm winds greater than 34 kt  (top) Return 
interval for hurricane strength winds greater than 64 kt (bottom) (Kruk 
et al 2010)



ÅHurricane Floyd (1999)

ÅSpatial pattern of rain is highly 
variable for each storm
ÅDependent on size and speed 
of movement

ÅSpatial pattern and intensity of 
rainfall is also influenced by 
extratropical transition 

Risk of Inland locations to 
Atlantic Tropical Cyclones 

Background ςHeavy Precipitation

Rainfall Accumulations for Hurricane Floyd (1999) 
http://www.hpc.ncep.noaa.gov/tropical/rain



Background ςTornadoes 

ÅMost favorable region of a tropical 
cyclone for tornadoes is the northern to 
eastern quadrants.

ÅMany tornadoes are related to intense, 
persistent cells within the outer rain 
bands.  

ÅHurricane spawned tornadoes account 
for 10% of  all tropical cyclone fatalities

ÅHurricane Ivan (2004) 
ÅOver a 3 day period 119 hurricane 
spawned tornadoes occurring from 
Florida to West Virginia 

Risk of Southeast US to 
tornadoes associated with 
tropical cyclones

Hurricane spawned Tornadoes during Hurricane Ivan (2004)



Geographic distribution of tropical cyclones deaths during 1970-1999 
(Rappaport 2000)

ÅOf the total inland and coastal 
deaths, 63% occurred within inland 
counties.   

ÅStrong wind accounted for 
approximately 10% of inland deaths.

Å. Freshwater flood account for 79 % 
of inland deaths, mostly attributable 
to driving on flooded roads and child 
drowning. 

Societal Impacts from Tropical 
Cyclones canextend far Inland

Background - Impacts



Research Question

Where do damaging winds, tornadoes, and floods occur relative to the 
track of an inland moving tropical cyclone and what attributes of the 
tropical cyclone and itslarge scale environment control the 
occurrence and magnitude of this damage?

-Where do different types of damage occur relative to the 
tropical cyclone track and location?

-What attributes of the cyclone controlthe magnitude and 
nature of the damage inland?



Study Area

Tropical cyclones associated with any societal impacts in the inland portion of the region



Data

Åbh!!Ωǎ {ǘƻǊƳ 9ǾŜƴǘǎ 5ŀǘŀ

ÅUrban Newspaper Sources

ÅRaleigh-The News and Observer 01/01/1991--Present

ÅMaconτThe Macon Telegraph 07/01/1994τPresent

ÅColumbiaτThe State 12/01/1987--Present

ÅBirminghamτThe Birmingham News 04/27/1993τPresent

ÅHuntsvilleτHuntsville Times 11/02/1991--Present

ÅAtlantaτThe Atlanta Journal Constitution 01/01/1985--Present

ÅRichmondτThe Richmond Times Dispatch 08/19/1985--Present

ÅCharlotteτThe Charlotte Observer 01/01/1985--Present

ÅGreensboroτThe News & Record 01/01/1990--Present

ÅSpartanburgτThe Herald Journal 08/01/1998--Present

Sources of Data on Societal Impacts



Data - Categorization

Impact Categories

Å Deaths/Injuries

Å Direct: High Winds, Precipitation events, 
flooding

Å Indirect:Carbon Monoxide, Repair and 
Clean Up, Power outages, Other

Å Power outages

Å Infrastructure Damage

Å High Winds, Fire/Power outages, 
Flooding

Å Economic costs/lost

Å Economic benefits/gains

Å Cancellations of events

Å Environmental Damage

Å Agriculture Impacts

Å Crop Loses, Crop Gains, Timber lost



Methodology ςTropical Cyclone Tracks

25 inland tropical cyclones were 
selected from 1985 ς2006

landfall on the Atlantic Coast

landfall on the Gulf Coast

What percentage in each category were 
hurricanes at various cat levels?
Suggest making a table e.g.

Landfall   TS Cat 1 Cat 2 Cat 3 Cat 4
Gulf
Atlantic
Florida

I donôt see TS Jerry or Fran on the map?

25 tropicalcyclone tracks within study area

Landfall TS Cat 
1

Cat 
2

Cat 
3

Cat 
4

Cat 
5

Gulf 7 4 0 1 2 0

Atlantic 0 1 1 1 1 0

Florida 2 2 1 1 0 1



3.) Distance from Coastline to Impact

4.) Impact location relative to the cyclone 
at landfall

a.) Gulf or Atlantic coast
b.) Direction of movement  (radial angular 
measurements)

Impact 

Track

Distance 
measured

Hurricane Gaston (2004)

Methodology (continued)  

2.) Impact occurrence relative to cyclone track
a.) Right or Left of Track?
b.) Direct Distance from impact to track (km)

1.) Impact occurrence relative to the track at the time of occurrence
a.) Direction of movement (radial angular measurements)



Methodology (continued) 

5.) Size of cyclone
a.) Area inside outermost closed isobar -See 
Konrad et al (2001)

illustrations of Hugo for Strength ? Alberto for slow speed movement? - yes

Hurricane Floyd (1999)

6.) Cyclone Strength (maximum sustained 
winds)

a.) Strength at hour in which each damage 
report made 
b.) Strength at landfall


