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CHAPTER I I  

REGIONAL HAZARDS 
ANALYSIS  

 
A.  Hazards Identification and Risk 

Assessment  

 
The regional evacuation studies in Florida have traditionally focused specifically on the 
hurricane hazard. Considering the regionôs vulnerability to tropical storms and hurricanes as 
well as the complex nature of the evacuation and the emergency response and recovery, 
the priority of hurricane planning remains a necessity. However,  history has also 
demonstrated the need to address other significant hazards which have the potential for 
initiating major evacuations.  
 
The Statewide Regional Evacuation Study (SRES), utilizing the Statewide Hazard 
Mitigation Plan  (SHMP, 2009), identified the major hazards facing the state and further 
focused on those hazards which had the potential for initiating a multi -jurisdictional 
evacuation. A number of factors were considered in assessing the risk of each hazard event 
including the frequency of occurrence, the severity of the event and the areas vulnerab le to 
its impact. These factors were assigned numerical values in the assessment as follows:  
 

1.  Frequency of Occurrence  
a. Annual Event 
b. Every 5 years or less 
c. Every 6-10 years  
d. Every 11-30 years  
e. Greater than 30 years 

2.  Vulnerability Factors  
a. Low 
b. Moderate 
c. High 
d. Extreme 
e. Catastrophic 

  3.  Vulnerability Impact Areas  
a. Population  
b. Property 
c. Environment 
d. Operations 
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Twelve major hazards were identified including floods, coastal storms and hurricanes; 
severe storms and tornadoes; wildfire; drought and extreme heat; winter storms and 
freezes; erosion, sinkholes, landslides and seismic events; tsunamis; technological 
(hazardous materials, etc.); terrorism and mass migration.  

    
Table  II -1 

Hazards Identified in Florida 1  
 

Hazard  Methodology  of Identification  Significant Concerns  
Potential to Initiate 
a Regional  
Evacuation  

Floods 
(including 
related 
potential for 
dam failure) 

Å Review of past disaster 
declarations. 
Å Review of Federal Flood 
Insurance Rate Maps (FIRMs) 
Å Input from state floodplain 
manager. 
Å Identification of NFIP repetitive 
loss properties in the state. 
 

Å Florida is affected by flooding nearly 
every year. 
Å Floods have caused extensive damage 
and loss of life in the  state in the past.  
Å The most recent federally declared 
disaster event (Feb 8 2007) in Florida 
included flooding from severe storms. 
Å There are a number of dams in the 
state that could impact the  nearby 
population. 
 

Yes; although more 
difficult to determine 
which areas are 
vulnerable to a 
particular event.  

Coastal 
Storms & 
Hurricanes 

Å Review of past disaster 
declarations. 
Å Review of National Climatic 
Data Center (NCDC) Severe 
Storms Database. 
Å National Oceanographic and 
Atmospheric Administration 
(NOAA) climatology data 
Å Research including new media 
and the Internet  
 

Å Hurricanes and coastal storms affect 
Florida every year. 
Å Hurricanes have caused extensive 
damage and loss of life across the state 
for the last  50 years. 
Å 8 out of the last 10 federally declared 
disaster events in Florida were 
hurricanes. 
 

Yes; this hazard 
requires the evacuation 
of coastal areas and 
mobile home residents, 
even in minor tropical 
storm events. Major 
hurricanes can have 
catastrophic impacts.  

Severe Storms 
& Tornadoes  

Å Review of past disaster 
declarations. 
Å Review of National Climatic 
Data Center (NCDC) Severe 
Storms Database. 
Å National Weather Service input 
and data. 
Å Public input including newspapers 
and media. 
 

Å Florida experiences a tornado nearly 
every year. 
Å Tornadoes have caused extensive 
damage and loss of life to county 
residents. 
Å The two most recent federally 
declared disaster event in Florida (Feb 8 
and Feb 3 2007) were a severe storm 
with tornadoes. 
 

No; these events 
provide little to no 
warning and the 
specific areas cannot 
be determined prior to 
the event. Exceptions: 
Tornado warnings can 
send residents to safe 
rooms or mobile home 
parks community 
centers, etc. 

Wildfire 

Å Florida Division of Forestry 
statistics and input.  
Å USDA Forest Service Fire, Fuel, 
and WUI mapping. 
Å Input from FL DEM about wildfires 
and the EOC activations. 
Å Public input including newspapers 
and media. 
 

Å Florida experiences wildfires every 
year. 
Å Development in much of the state is 
occurring at the Wildland-Urban 
Interface (WUI).  
Å Cyclical drought patterns result in 
increases of brush and other  dry 
materials. This increases the overall risk 
for significant fires. 
Å Fires in 2007 were significant due to 
the number and magnitude including 
closures to the interstate system. 
 

Yes; while we can 
determine areas that 
may be more 
vulnerable and plan 
accordingly, it is 
difficult  to predict 
where a wildfire may 
ignite.  

                                                 
1 Statewide Hazard Mitigation Plan  (SHMP), 2009 
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Hazard  Methodology  of Identification  Significant Concerns  
Potential to Initiate 
a Regional  
Evacuation  

Drought & 
Extreme Heat 

Å National Weather Service data. 
Å National Oceanographic and 
Atmospheric Administration (NOAA) 
paleoclimatology data. 
Å The US Drought Monitor 
Å Keetch Byram Drought Index 
(KBDI) 
Å Agricultural community 
throughout the state.  
 

Å Significant drought trends during the 
last 10 years including moderate and 
severe drought index conditions in2007 
and 2008 for parts of the state.  
Å Drought has a severe economic 
impact on the state  due to the large 
amounts of citrus, agriculture and 
livestock. 
 

No; this event does not 
typically initiate an 
evacuation. 

Winter Storms 
and Freezes 

Å Review of past disaster 
declarations. 
Å Review of National Climatic 
Data Center (NCDC) Severe Storms 
Database. 
Å National Weather Service input 
and data. 
Å Public input including newspapers 
and media. 
 

Å Florida is affected by winter storms 
cyclically  
Å Significant freezes particularly during 
the 1980s that affected  the citrus 
industry 
Å 5 federally declared disasters since 
1971  
Å The population is unprepared for cold 
weather with many  having inadequate 
heating capabilities. 
 

No; this event does not 
typically initiate an 
evacuation, although 
cold weather shelters 
may be opened for 
homeless, special 
needs or those with no 
power.  

Erosion 

Å Coordination with the Florida 
Department of Environmental 
Protection ï Bureau of Beaches and 
Coastal systems. 
Å Statewide Hazard Mitigation 
Plan -  interview and input.  
Å Evaluation of Erosion Hazards, the 
report from the Heinz  Center that 
was presented to FEMA in April 
2000. 
Å Public input including newspapers 
and media. 
 

Å Due to the gradual, long -term 
erosion, as many as one in four houses 
along the coast, could fall into the 
ocean in the next 60 years 
Å Eighty to 90 percent of the nation's  
sandy beaches are facing erosion 
problems. 
Å Significant economic impact for the 
state due to property  damages, loss of 
actual beach front real estate and 
affects on tourism.  

No; this event does not 
typically initiate an 
evacuation, but  it may 
result in a retreat from 
the coast over long 
period of time or 
following a major 
coastal storm. 

Sinkholes, 
Landslides and 
Seismic Events 

Å Coordination with the Florida 
Geographical Survey 
Å The Florida Sinkhole Database 
Å Coordination with the Florida 
Department of Transportation  
Å Input from the Central United 
States Earthquake Consortium 
Å USGS Landslide Hazard maps. 
 

Å Sinkholes are a common feature of 
Florida's landscape. 
Å 2843 sinkholes have been reported in 
the state since the 1970s. 
Å Growing issues as development 
continues in high risk areas. 
Å Impact on the roads and physical 
infrastructure of the  state. 
Å Earthquake risk is considered 
extremely low.  
 

Earthquake is 
considered very low 
risk.  
Sinkholes, while 
prevalent, will not 
initiate an evacuation 
at a regional scale. 

Tsunamis 

Å Input from the  Center for  
Tsunami Research 
Å Coordination with the Florida 
Division of Emergency 
Management 
Å Input from the United States 
Geological Survey 
 

Å Tsunamis are common events that 
occur in large bodies of water. 
Å Almost all perimeters of Florida's 
boundaries are made up of large bodies 
of water . 
Å Recent Tsunamis from around the 
world have caused widespread 
destruction. 
Å Residential and commercial 
development along Floridaôs coastlines 
are at risk to the  effects of Tsunamis. 
 

This event has an 
extremely low 
probability of 
occurrence. If a 
Cumbre Vieja tsunamis 
event were to occur, it 
could have a 
catastrophic impact on 
the east coast of 
Florida. A maximum of 
6 hours would be 
available for 
evacuations. Typically, 
there is little  to no 
warning.  
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Hazard  Methodology  of Identification  Significant Concerns  
Potential to Initiate 
a Regional  
Evacuation  

Technological 

Å Coordination with the State 
Emergency Response Commission 
Å Interaction with the Local 
Emergency Planning Committees 
(LEPC) 
Å Coordination with the Nuclear 
Regulatory Commission (NRC) 
Å Communications with the FL 
Department of Environmental 
Protection 
 

Å Numerous accidental hazardous 
material releases occur every year 
Å Potential for human and 
environmental impacts 
Å Threat of radiation from a nuclear 
related incident 
 

Yes, these incidents 
may initiate 
evacuations, but it is 
impossible to predict 
precise location, extent 
and timing.  
Nuclear power plant 
evacuation planning 
conducted w/NRC. 

Terrorism 

Å Coordination with FEMA and 
Department of Homeland Security 
Å Coordination with the Florida  
Department of Law Enforcement 
(FDLE) 
Å Interaction with local law 
enforcement agencies 
 

Å National priority with federal  
government requirements 
Å Potential for devastating impacts to 
life and infrastructure 
Å Protection for the citizens of Florida 
and the USA 
 

Yes, these incidents 
may initiate 
evacuations, but it is 
impossible to predict 
precise location, extent 
and timing.  

Mass 
Migration 

Å Coordination with the US Citizens 
and Immigration  Service (USCIS) 
Å Data from local law enforcement 
 

Å Historic precedence for migration to 
Florida by boat 
Å Large amounts of unpatrolled 
coastlines 
 

No; evacuation is not 
the solution. 

 
For purposes of the SRES, the potential evacuation from (1) Coastal storms and Hurricanes, 
(2) Inland / Riverine floods (including related potential for dam failure) and (3) Wildfires and 
the Urban Interface will be analyzed in detail.  
 
As indicated above, any evacuation initiated by a tsunami, terrorist event or a hazardous 
material incident will have little or no warning. In addition, t he location, scope and extent of 
the evacuation response therefore, are difficult or impossible to predict or model before the 
incident. Planning for those eventsô however, is ongoing at the state, regional and local 
levels. The identification of key infrastructure and facilities, vulnerable areas, response 
capabilities and mitigation strategies will be discussed in the hazards profile of each of these 
potential hazards.  
 
The hazards analysis shall identify the potential hazards t o the region and shall include 
investigations of: 

 General Information about each hazard (Hazards Profile); 
 History of activity in the region;  
 A geo-spatial analysis of the potential effects of the hazard;  i.e., inundation areas, 

wind fields, dam locations, urban interface, etc. 
 
The vulnerability analysis will then identify the following:  

 Human and social impacts including the identification of the population -at-risk, 
potential shelter and mass care demand evacuee behavioral assumptions and the 
vulnerability of critical facilities.  

 The potential for m ultiple hazard impacts such as the release of hazardous materials 
in a wildfire or flooding event or security risks following a hurricane.  
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B.  Coastal Storms and Hurricanes  
 

1.  Coastal Storms / Hurricane Haz ard Profile  
 

A hurricane is defined as a weather system with a closed 
circulation developing around a low pressure center over 
tropical waters. The winds rotate counterclockwise in the 
Northern Hemisphere (clockwise in the Southern Hemisphere). 
Tropical storms and hurricanes act as safety valves that limit 
the build-up of heat and energy in the tropical regions by 
maintaining the atmospheric heat and moisture balance 
between the tropics and the pole -ward latitudes (Statewide 
Hazard Mitigation Plan , 2009 ). T ropical cyclones are  named when their winds 

reach tropical storm strength (sustained 39 miles per hour).  
 

 Tropical Depression : The formative stages of a tropical cyclone in which the 
maximum sustained (1-minute mean) surface wind is <39 mph.  

 Tropical Sto rm:  A warm core tropical cyclone in which the maximum sustained 
surface wind (1-minute mean) ranges from 39 to < 74 mph.  

 Hurricane:  A warm core tropical cyclone in which the maximum sustained surface 
wind (1 minute mean) is at least 74 mph.  
 

The table below displays the Saffir-Simpson Scale used to define and describe the 
intensity of hurricanes. The central pressure of the hurricanes is measured in millibars 
or inches. The wind speed is also a significant indicator in determining the category of 
the storm. The wind speed is tied to both wind damage and potential storm surge and 
resulting coastal flooding damages.  

 
It should be noted that the range of storm surge is highly dependent upon the 
configuration of the continental shelf (narrow or wide ) and the depth of the ocean 
bottom (bathymetry). A narrow shelf or one that drops steeply from the shoreline and 
subsequently produces deep water in close proximity to the shoreline tends to produce 
a lower surge but higher and more powerful storm waves. This is the  situation along 
the Atlantic Ocean side of the state. However, the Gulf Coast of Florida has a long 
gently sloping shelf and shallow water depths and can expect a higher surge but 
smaller waves. South Dade County is an exception to these general rules due to 
Biscayne Bay (wide shelf and shallow depth). In this instance, a hurricane has a larger 
area to ñpile upò water in advance of its landfall. Nowhere is the threat of storm surge 
more prevalent than in Apalachee Bay region. The Big Bend region of the state extends 
out into the Gulf of Mexico creating a naturally enclosed pocket. This area has some the 
highest computer projected storm surge heights in the entire nation.  
 
Hurricanes Dennis, Katrina and Ike also demonstrated that the size of the hurricane can 
significantly impact the potential storm surge. These storms which had particularly large 
radii of maximum winds produced storm surge comparable to much more intense 
categories of storm if measured using only wind speeds.  
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This storm characteristic will be modeled to determine its impact on the ultimate storm 
surge.  

 

Table II -2 
Saffir -Simpson Hurricane Wind Scale  

 
Category  Wind Speeds  Potential Damage  

Category 1 (Sustained winds 74-95 mph)   
Very dangerous winds will produce 

some damage 

Category 2 (Sustained winds 96-110 mph) 
Extremely dangerous winds will cause 

extensive damage 

Category 3 (Sustained winds 111-130 mph )  Devastating damage will occur 

Category 4 (Sustained winds 131-155 mph)  Catastrophic damage will occur 

Category 5 
(Sustained winds of 156 mph 
and above) 

Catastrophic damage will occur 
 

 
 

2. Hurricane Hazards  
 

The five major hazards produced by a 
hurricane are the storm surge, high 
winds, tornadoes and rainfall 
(freshwater flooding) and the 
potential for hazardous material 
incidents.  

 
The storm surge  is the abnormal 
rise in water level caused by the wind and pressure forces of a hurricane or tropical 
storm. Storm surge produces most of the flood damage and drownings associated with 
storms that make landfall or that closely approach the coastline. Of the hurricane 
hazards, the storm surge is considered to be the most dangerous as nine out of ten 
hurricane-related deaths are caused by drowning.   
 
The high winds  also can have a devastating effect on persons outside, in mobile 
homes, in unsound, substandard structures or in structures with unprotected wind ows 
or glass exposures. In an earlier study2 (TBRPC, 1986) concluded that while a fully -
engineered multi-story structure could withstand the storm surge of a major storm, 
without protec tion on the windows and other cladding, occupants within any structure 
would be at serious risk. This factor held true for all types of structures exposed to 
sustained winds in excess of 115 mph. The winds of Hurricane Andrew (1992) caused 
major destruction in South Florida throwing the  insurance industry into a tail spin. 
 

                                                 
2 Hurricane Shelter Alternative Study , TBRPC and USACOE, 1986 

   15 FT. SURGE

17 FT.  SURGE TIDE

2 FT.  NORMAL HIGH TIDE
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Rainfall associated with hurricanes varies with hurricane size, forward speed and other 
meteorological factors. The rainfall associated with a hurricane is from 6 -12 inches on 
average, with higher amounts common. Freshwater flooding  has not historically 
been considered a life-threatening hazard. Over the past 20 years, however, freshwater 
flooding had become the leading cause of death related to hurricanes. This is due in 
part to the successful evacuation planning efforts in the United States which had 
significantly reduced the number of deaths (in the U.S.) related to storm surge. 
Hurricane Katrina tragically illustrated the danger of storm surge flooding in both 
Louisiana and Mississippi. However, it is also recognized that many coastal and inland 
residents do not recognize the risk associated with freshwater flooding, especially when 
driving.  In response, a national program, ñTurn Around, Donôt Drownò was 
implemented in 2002. The freshwater flooding associated with a hurricane, may also 
inundate potential evacuation routes and prevent people from evacuating areas 
vulnerable to storm surge. Flooded roads and storm drains resulted in fatal accidents in 
the Bay Area in the 1982 No-Name Storm and in flooding in September 1988. 
Hillsborough County experienced excessive flooding in 1988 when I-4 near Plant City 
was cut off for several days and numerous residences were flooded. 

Hurricanes can also produce tornadoes  that add to the storm's destruc tive power. 
Tornadoes are most likely to occur in the right front quadrant  of the hurricane, but  they 
are also often found elsewhere embedded in the rain bands well away from the center 
of the hurricane. Some hurricanes seem to produce no tornadoes, while others develop 
multiple ones. Studies have shown that more than half of the landfalling hurricanes 
produce at least one tornado; Hurricane Buelah (1967) spawned 141 according to one 
study. According to the NOAA, Hurricane Ivan (2004) spawned 117 tornadoes.  

Like Murphyôs Law, sometimes one emergency event can trigger another. Facilities 
which generate or store quantities of potentially hazardous materials, propane storage 
facilities, natural gas pipeline terminals, fuel storage facilities and tank farms all pose 
additional potential threat s in a hurricane.   

 

3. Storm Surge : The SLOSH Model  
 

The principal tool utilized in this study for analyzing the expected hazards from 
potential hurricanes affecting the study area is the Sea, Lake and Overland Surges from 
Hurricane (SLOSH) numerical storm surge prediction model. The SLOSH computerized 
model predicts the storm surge heights that result from hypothetical hurricanes with 
selected various combinations of pressure, size, forward speed, track and winds. 
Originally developed for use by the National Hurricane Center (NHC) as a tool to give 
geographically specific warnings of expected surge heights during the approach of 
hurricanes, the SLOSH model is utilized in regional studies for several key hazard and 
vulnerability analyses. 
 
The SLOSH modeling system consists of the model source code and model basin or 
grid. SLOSH model grids must be developed for each specific geographic coastal area 
individually incorporating the unique local bay and river configuration, water  depths, 
bridges, roads and other physical features. In addition to open coastline heights, one of 
the most valuable outputs of the SLOSH model for evacuation planning is its predictions 
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of surge heights over land which predicts the degree of propagation o f the surge into 
inland areas.  
 
The Tampa Bay SLOSH model basin represented the first application of SLOSH storm 
surge dynamics to a major coastal area of the United States and was first completed in 
1979. The model was developed by the Techniques Development Lab of the National 
Oceanic and Atmospheric Administration (NOAA) under the direction of the late Dr. 
Chester P. Jelesnianski. In December 1990 the National Hurricane Center updated the 
SLOSH model for the Tampa Bay basin. A major improvement to the model was the 
incorporation of wind speed degradation overland as the simulated storms moved 
inland. This duplicated the pressure "filling" and increases in the radii of maximum 
winds (RMW) as the hurricanes weaken after making landfall. The model also included  
tropical storm scenarios. 
 
The newest generation of the SLOSH model basin incorporated in the 2010 Statewide 
Regional Evacuation Study reflects major improvements, including higher resolution 
basin data and grid configurations. Faster computer speeds allowed additional 
hypothetical storms to be run for creation of the MOMs (maximum potential storm 
surge) values for each category of storm. Storm t racks were run in ten different 
directions. And for each set of tracks in a specific direction storms were run at forward 
speeds of 5, 10, 15 and 25 mph. And, for each direction, at each speed, storms were 
run at two different sizes (20 statute mile radius of maximum winds and 35  statute 
miles radius of maximum winds.)  Finally, each scenario was run at both mean tide and 
high tide. Both tide levels are now referenced to North American Vertical Datum of 
1988 (NAVD88) as opposed to the National Geodetic Vertical Datum of 1929 (NGVD29).  
 
 

a. Hypothetical Storm Simulations  
 

Surge height depends strongly on the specifics of a given storm including, 
forward speed, angle of approach, intensity or maximum wind speed, storm 
size, storm shape, and landfall location,. The SLOSH model was used to 
develop data for various combinations of hurricane strength, wind speed, and 
direction of movement.  Stor m strength was modeled using the central 
pressure (defined as the difference between the ambient sea level pressure 
and the minimum value in the storm's center), the storm eye size and the 
radius of maximum winds using the five categories of hurricane intensity as 
depicted in the Saffir-Simpson Hurricane Wind Scale (see Table II -2) plus a 
hypothetical tropical storm intensity.   
 
The modeling for each tropical storm/hurricane category was conducted using 
the mid-range pressure difference (rp, millibars) for that category.  T he 
model also simulates the storm filling (weakening upon landfall) and radius of 
maximum winds (RMW) increase. 
                                                                                                                         
Nine storm track headings (W, WNW, NW, NNW, N, NNE, NE, E, ENE) were 
selected as being representative of storm behavior for the Cedar Key Basin in 
west central Florida, based on observations by forecasters at the National 
Hurricane Center. Additional inputs into the model included d epths of water 
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offshore (bathymetry) , and heights of the terrain and barriers onshore (all 
measurements were made relative to NAVD88).  A total of 16,242 runs 
(compared to the 1518 runs in 1996) were made consisting of the different 
parameters shown in Table II -3. 

 

Table II -3  
Cedar Key  Basin Hypothetical Storm Parameters  

 
Directions, speeds, (Saffir/Simpson) intensities, number of tracks and the number of runs.   

 
 
 
 
 
 

Direction  
Speeds  
(mph)  

Size (Radius of 
Maxim um winds)  Intensity  Tides  Tracks  Runs  

W 5,15,25  
mph  

20 statute miles; 
35 statute miles  

1 through 5  Mean/High  
23  1380  

WNW 5,15,25  
mph  

20 statute miles; 
35 statute miles  

1 through 5  Mean/High  
31  1860  

NW 5,15,25  
mph  

20 statute miles; 
35 statute miles  

1 through 5  Mean/High  
22  1320  

NNW 5,15,25  
mph  

20 statute miles; 
35 statute miles  

1 through 5  Mean/High  
22  1320  

N 5,15,25  
mph  

20 statute miles; 
35 statute miles  

Tropical Storm,    
1 through 5  

Mean/High  
24  1584  

NNE 5,15,25 
mph  

20 statute miles; 
35 statute  miles  

Tropical Storm,    
1 through 5  

Mean/High  
30  1980  

NE 5,15,25  
mph  

20 statute miles; 
35 statute miles  

Tropical Storm,    
1 through 5  

Mean/High  
36  2376  

ENE 5,15,25  
mph  

20 statute miles; 
35 statute miles  

Tropical Storm,    
1 through 5  

Mean/High  
36  23 76  

E 5,15,25  
mph  

20 statute miles; 
35 statute miles  

Tropical Storm,    
1 through 5  

Mean/High  
31  2046  

TOTAL 16,242  
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b. The Grid for the Withlacoochee Sea, Lake and Overland Surges from 
Hurricane  (SLOSH) Model  
 
Figure II -1 illustrates the area covered by 
the grid for the Withlacoochee Sea, Lake and 
Overland Surges from Hurricane Model.  To 
determine the surge values, the SLOSH 
model uses a telescoping elliptical grid as its 
unit of analysis with 157 arc lengths (1< I> 
157) and 169 radials (1< J> 169). Use of the 
grid configuration allows for individual 
calculations per grid square which is 
beneficial in two ways: (1) provides 
increased resolution of the storm surge at 
the coastline and inside the harbors, bays 
and rivers, while decreasing the resolution in 
the deep water where deta il is not as 
important; and (2) allows economy in 
computation.   
 
 
 
The grid size for the model varies 
from approximately 0.1 square miles 
(or 63 acres) closest to the pole (I = 
1), to the grids on the outer edges 
(Gulf of Mexico), where each grid is 
approximately 5 square miles. 

 
   
 
 
 
 
   
  c. Storm  Scenario  Determinations  
 

As indicated, the SLOSH model is the basis for the "hazard analysis" portion of 
coastal hurricane evacuation plans. Thousands of hypothetical hurricanes are 
simulated with various Saffir-Simpson Wind categories, forward speeds, landfall 
directions, and landfall locations. An envelope of high water containing the 
maximum value a grid cell attains is generated at the end of each model run. 
These envelopes are combined by the NHC into various composites which depict 
the possible flooding. One useful composite is the MEOW (Maximum Envelopes 
of Water) which incorporates all the envelopes for a particular  category, speed, 
and landfall direction. Once surge heights have been determined for the 
appropriate grids, the maximum surge heights are plotted by storm track and 
tropical storm/hurricane category. These plots of maximum surge heights for a 

Figure II -2:  
SLOSH Grid with surge values  

 

Figu re II -1:  
SLOSH Grid with surge values  
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given storm category and track are referred to as Maximum Envelopes of Water 
(MEOWs). The MEOWs or Reference Hurricanes can be used in evacuation 
decision making when and if sufficient forecast information is available to project 
storm track or type of storm (different landfalling, paralleling, or exiting storms).  
 
The MEOWs provide information to the emergency managers in evacuation 
decision making. However, in order to determine a scenario which may confront 
the county in a hurricane threat 24 -48 hours before a storm is expected, a 
further compositing of the MEOWs into Maximums of the Maximums (MOMs) is 
usually required.  
 
The MOM (Maximum of the MEOW's) combine all the MEOWs of a particular 
category. The MOMs represent the maximum surge expected to occur at any 
given location, regardless of the specific storm track/di rection of the hurricane. 
The only variable is the intensity of the hurricane represented by category 
strength (Category 1-5). 
 
The MOM surge heights, which were furnished by the National Hurricane Center, 
have 2 values, mean tide and high tide.   Mean tide has 0ô tide correction.  High 
tide has a 1ô tide correction added to it.  All elevations are now referenced to the 
NAVD88 datum. These surge heights were provided within the SLOSH grid 
system as illustrated on Figure II -2. The range of maximum surge heights (high 
and low) for each county in the region based upon the model is provided for 
each category of storm on Table II -4. It should be noted again that these surge 
heights represent the maximum surge height recorded in the county including 
inland and back bay areas where the surge can be magnified dependent upon 
storm parameters.  

Table II - 4  
  Potential Storm Tide  Height(S) ** By County  

(In Feet above NAVD88) 
 

 
*Storm 

Strength  

 
Citrus  

 
Hernando  

 
Levy  

 

Category 1 
4.8ï 10.8 6.4 ï 8.9 4.5 ï 10.8 

 
Category 2 12.4 ï 19.9 13.2 ï 16.5 10.2 ï 20.1 

 
Category 3 19 ï 25.1 19 - 23.8 16.8 ï 25.4 

 
Category 4 25.5 ï 32.3 24.1 ï 30.0 21.4 ï 31.4 

 
Category 5 30.1 ï 41.3 28.6 - 35.5 18.1 - 41.3 

 

* Based on the category of storm on the Saffir-Simpson Hurricane Wind Scale  
** Surge heights represent the maximum values from selected SLOSH MEOWs  

 
 
   d.  Determining Storm Surge Height and Flooding Depth  
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SLOSH and SLOSH related products reference storm surge heights relative to 
the model vertical datum, in this case NAVD88.  In order to determine the 
inundation depth of surge flooding at a particular location the ground elevation 
(relative to NAVD88) at that location must be subtracted from the potential 
surge height.  It is important to note that one must use a consistent ve rtical 
datum when post-processing SLOSH storm surge values 
 
Surge elevation, or water height, is the output of the SLOSH model. At each 
SLOSH grid point, the water height is the maximum value that was computed at 
that point. With the new SLOSH Model water height is calculated relative to 
NAV88.  

 
Within the SLOSH model an average elevation is assumed within each grid 
square. Height of water above terrain was not calculated using the SLOSH 
average grid elevation because terrain height may vary significantly within a 
SLOSH grid square. For example, the altitude of a 1-mile grid square may be 
assigned a value of 1.8 meters (6 feet), but this value represents an average of 
land heights that may include values ranging from 0.9 to 2.7 meters (3 to 9 
feet). In this case, a surge value of 2.5 meters (8 feet) in this square would 
imply a 0.7 meters (2 feet) average depth of water over the gridôs terrain. 
However, in reality within the grid area portion of the grid would be ñdryò and 
other parts could experience as much as 1.5 meters (5 feet) of inundation. 
Therefore, in order to determine the storm tide limits, the depth of surge 
flooding above terrain at a specific site in the grid square is the result of 
subtracting the terrain height determined by remote sensing from the model-
generated storm surge height in that grid square. 3 
 
As part of the Statewide Regional Evacuation Study, all coastal areas as well as 
areas surrounding Lake Okeechobee were mapped using remote-sensing laser 
terrain mapping (LIDAR4) providing the  most comprehensive, accurate and 
precise topographic data for this analysis. As a general rule, the vertical 
accuracy of the laser mapping is within a 15 centimeter tolerance.  However, it 
should be noted that the accuracy of these elevations is limited t o the precision 
and tolerance in which the horizontal accuracy for any given point is recorded.  
Other factors such as artifact removal algorithms (that remove buildings and 
trees) can affect the recorded elevation in a particular location.  For the 
purposes of this study, the horizontal accuracy cannot be assumed to be greater 
than that of a standard USGS 7 minute quadrangle map, or a scale of 1:24,000 .   
 
The Storm Tide Limits based on the SLOSH MOMs have been determined using 
the methodology described above, mapped and published in the Storm Tide 
Atlas .   
 
e. Variations to Consider  

                                                 
3 Note: This represents the regional post-processing procedure.  When users view SLOSH output 
within the SLOSH Display Program, the system still uses average grid cell height when subtracting 

land. 
4 Light Imaging Detection and Ranging 
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Variations between modeled versus actual measured storm surge elevations are 
typical of current technology in coastal storm surge mod eling. In interpreting 
the data emergency planners should recognize the uncertainties characteristic of 
mathematical models and severe weather systems such as hurricanes. The 
storm surge elevations developed for this study and presented in the Storm 
Tide Atlas  should be used as guideline information for planning purposes. 
 
   (1) . Storm Surge & Wave Height  
 

Regarding interpretation of the data, it is important to understand that the 
configuration and depth (bathymetry) of the Gulf bottom will have a 
bearing on surge and wave heights. A narrow shelf, or one that drops 
steeply from the shoreline and subsequently produces deep water in close 
proximity to the shoreline, tends to produce a lower surge but a higher and 
more powerful wave. Those regions, like the Withlacoochee Region, which 
have a gently sloping shelf and shallower normal water depths, can expect 
a higher surge but smaller waves. The reason this occurs is because a 
surge in deeper water can be dispersed down and out away from the 
hurricane. However, once that surge reaches a shallow gently sloping shelf 
it can no longer be dispersed away from the hurricane, consequently water 
Apiles up@ as it is driven ashore by the wind stresses of the hurricane. Wave 

height is NOT calculated by the SLOSH model and is not reflected within 
the storm tide del ineations.  

 
           (2) . Forward Speed  
 

Under actual storm conditions it may be expected that a hurricane moving 
at a slower speed could have higher coastal storm surges than those 
depicted from model results. At the same time, a fast moving hurricane 
would have less time to move storm surge water up river courses to more 
inland areas.  For  example, a minimal hurricane or a storm further off the 
coast such as Hurricane Elena (1985), which stalled 90 miles off the Tampa 
Bay coast for several tidal cycles, could cause extensive beach erosion and 
move large quantities of water into interior lowland areas.  In the newest 
version of the Withlacoochee SLOSH model, for each set of tracks in a 
specific direction, storms were run at forward speeds of 5, 15 and 25  mph.  

 
           (3) . Radius of Maximum Winds  
         

       As indicated previously, the size of the storm or radius of maximum winds 
(RMW) can have a significant impact on storm surge especially in bay areas 
and along the Gulf of Mexico. All of the hypothetical storms were run at two 
different sizes, 20 mile radius of maximum winds and 35 mile radius of 
maximum winds.  

 
         (4) .  Astronomical Tides  
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         Surge heights were provided for both mean tide and high tide. Both tide 
levels are referenced to North American Vertical Datum of 1988. The storm 
tide limits reflect high tide in the region.  

 
 

   f . Storm Tide  Atlas  
 

The surge inundation limits (MOM surge heights minus the ground elevations) 
are provided as GIS shape files and graphically displayed on maps in the 
Hurricane Storm Tide Atlas for the Withlacoochee Region. The Atlas was 
prepared by Withlacoochee Regional Planning Council under contract to the State 
of Florida, Division of Emergency Management, as part of this study effort. The  
maps prepared for the Atlas consist of base maps (1:24,000) including 
topographic, hydrographic and highway files (updated using 2008 county and 
state highway data). Detailed shoreline and storm tide limits for each category of 
storm were determined using the region's geographic information system (GIS). 
Figure II -3 presents a compilation of the Storm Tide Atlas for the region.  
 
g.  Factors Influencing Model Accuracy  
 
The purpose of the maps contained in this Atlas is to reflect a  @worst probable@ 
scenario of the hurricane storm surge inundation and to provide a basis for the 
hurricane evacuation zones and study analyses. While the storm tide delineations 
include the addition of an astronomical mean high tide and tidal an omaly, it 
should be noted that the d ata reflects only stillwater saltwater flooding. Local 
processes  such as waves , rainfall  and flooding from overflowing rivers , 
are usually included in observations of storm surge height, but are not 
surge and are not calculated by the SLOSH mo del . It is in cumbent upon 
local emergency management officials and planners to estimate the 
degree an d extent of freshwater flooding  as well as to determine the 
magnitude of the waves that will accompany the surge.  
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FIGURE II -3 
WITHLACOOCHEE  REGION STORM TIDE MAP  
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 4. Hurricane  Wind Analysis  

 
As discussed previously, hurricane winds are a devastating 
element of the hurricane hazard. Based on the Saffir-Simpson 
Hurricane Wind Scale (see Table II -2), hurricane force winds range 
from sustained winds of 74 mph to more than 155 mph.  

The intensity of a landfalling hurricane is expressed in terms of 
categories that relate wind speeds and potential damage. 
According to the Saffir-Simpson Hurricane Wind Scale, a Category 
1 hurricane has lighter winds compared to storms in higher 
categories. A Category 4 hurricane  would have winds between 
131 and 155 mph and, on average, would usually be expected to 
cause 100 times t he damage of the Category 1 storm.  Depending on 
circumstances, less intense storms may still be strong enough to produce damage, 
particularly in areas that have not prepared in advance.  

Tropical storm force winds are strong enough to be dangerous to those  caught in them. 
For this reason, emergency managers plan on having their evacuations complete and 
their personnel sheltered bef ore the onset of tropical storm force winds , not 
hurricane force winds. 

Hurricane force winds can easily destroy poorly constructed buildings and mobile 
homes. Debris such as signs, roofing material, and small items left outside become 
flying missiles in hurricanes. Extensive damage to trees, towers, water and 
underground utility lines (from uprooted trees), and fallen poles cause considerable 
disruption. 

High-rise buildings are also vulnerable to hurricane force winds, particularly at the 
higher levels since wind speed tends to increase with height. Recent research suggests 
you should stay below the tenth floor  but still above any floors at risk for flooding. It is 
not uncommon for high -rise buildings to suffer a great deal of damage due to windows 
being blown out. Consequently, the areas around these buildings can be very 
dangerous. 

The strongest winds usually occur in the right side of the eyewall of the hurricane. Wind 
speed usually decreases significantly within 12 hours after landfall. Nonetheless, winds 
can stay above hurricane strength well inland.  Hurricane Hugo (1989), for 
example, battered Charlotte, North Carolina (which is 175 miles inland) with gusts to 
nearly 100 mph. Tropical Storm Fay turned northeastward on August 19, 2008, making 
landfall early that day on the southwestern coast of the Florida  peninsula at Cape 
Romano with maximum winds of 60 mph. Even after moving inland, Fay strengthened, 
exhibiting what resembled a classical eye in radar and satellite imagery, and it reached 
its peak intensity of about 65 mph as it passed over the western sh ores of Lake 
Okeechobee. During August 20-23 however, Fay continued interaction with the 
landmass of northern Florida causing the cyclone to weaken slightly. Fayôs maximum 
winds remained 50-60 mph during most of that period.  
 
Several key factors should be remembered about wind speeds.  First, there is evidence 
that gusts rather than sustained winds cause the majority of damage associated with 

http://www.nhc.noaa.gov/HAW2/english/basics/saffir_simpson.shtml
http://www.nhc.noaa.gov/HAW2/english/wind/wind_decay.shtml
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severe weather.  The methodology described above does not specifically address wind 
gusts and does not address building codes/standards or construction practices.  

a. Wind Risk Assessment: Inland Wind Model  

The Inland High Wind Model  can be used by emergency managers to estimate 
how far inland strong winds extend. The inland wind estimates can only be made 
shortly before landfall when the windfield forecast errors are relatively small. This 
information is most useful in the decision  making process to decide which people 
might be most vulnerable t o high winds at inland locations. 

Onshore winds at the coast will decrease as the storm system moves across the 
land as a result of friction characteristics.  The National Hurricane Center has 
developed adjustment ratios to account for this effect.  In add ition, as the wind 
path continues around the storm, further reduction in wind speed occurs until 
equilibrium is reached or the wind path again crosses the coast to an open water 
area. The onshore and offshore winds are assumed to reach equilibrium after being 
over any underlying friction surface a distance of 10 nautical miles.  
 
There are four friction categories defined as follows:  
 

1. Open water 
2. Awash - normally dry ground with tree or shrub growth, hills or dunes (non -

inundated from storm surge)  
3. Land - relatively flat non -inundated terrain or buildings  
4. Rough terrain - major urban areas, dense forests, etc. 

The graph below (Figure II -4) shows how wind speed rapidly decreases once a 
tropical cyclone reaches land. Part of the reason for this is that the rough ness of 
the terrain increases friction, slowing the air. Another reason is that, once the 
storm is over land, it is usually cut off from the heat and moisture sources that 
sustain it. However, wind gusts (as opposed to the sustained winds shown in the 
graph) may actually increase because the greater turbulence over land mixes faster 
air to the surface in short bursts.  

The graph shows that the sustained 
winds in a hurricane will decrease at 
a relatively constant rate 
(approximately half the wind speed 
in the first 24 hours). Therefore, the 
faster the forward speed of a 
landfalling hurricane, the further the 
inland penetration of hurricane 
force winds. 

(Source:http://www.nhc.noaa.gov/HAW2/english/wind/wind_decay.shtml ) 

 

FIGURE II -4 
INLAND WIND DECAY  

 

http://www.nhc.noaa.gov/HAW2/english/wind/risk_areas.shtml
http://www.nhc.noaa.gov/HAW2/english/wind/risk_areas.shtml
http://www.nhc.noaa.gov/HAW2/english/wind/risk_areas.shtml
http://www.nhc.noaa.gov/HAW2/english/wind/wind_decay.shtml
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The inland wind model was developed by Mark DeMaria (NOAA/NWS/TPC) and John 
Kaplan (NOAA/AOML/HRD).5 The model applies a simple two parameter decay equation 
to the hurricane wind field at landfall to estimate the maximum sustained surface wind 
as a storm moves inland. This model can be used for operational forecasting of the 
maximum winds of landfalling tropical cyclones. It can also be used to es timate the 
maximum inland penetration of hurricane force winds (or any wind threshold) for a 
given initial storm intensity and forward storm motion.  
 

A model wind field, which illustrates the combined wind profiles from hurricanes striking 
the coast at different locations, has been developed for each category of hurricane and 
forward speed of the storm system. It demonstrates the potential wind speeds at 
different locations based upon a ñmaximum of windò analysis.6  Figures II-5 and II -6 
illustrate the Max imum Inland Extent of Winds for Hurricanes Approaching the 
Gulf and East Coasts, respectively, from any direction. Looking at the results 

down the table by hurricane category, the increase in winds is highlighted. 
By reviewing the results across the table,  the dramatic impact of the forward 

speed on the wind is apparent.   (Map   source:  
www.nhc.noaa.gov/aboutmeow.shtml  )   

 

 

 

                                                 
5 Kaplan, J., DeMaria, M., 1995: A Simple Empirical Model for Pr edicting the Decay of Tropical Cyclone 
Winds After Landfall.  J. App. Meteor., 34 , No. 11, 2499-2512. 

 

6 One storm alone will not produce the following inland winds. This is the combination  of multiple storm tracks 
and is for planning purposes. 

http://www.nhc.noaa.gov/aboutmeow.shtml
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Figure II -5: Maximum Inland Extent of Winds for Hurricanes Approaching the  Gulf Coast  

Forward Speed ï 8 kts.  Forward Speed ï 12 kts.  Forward Speed ï 24 kts.  
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Figure II -6: Maximum Inland Extent of Winds for Hurricanes Approaching the East Coast  

Forward Speed ï 8 kts.  Forward  Speed ï 12 kts  Forward Speed ï 24 kts.  
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b.  Wind Risk Assessment: Florida Building Code  
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b. Wind Risk Assessment : Florida Building Code  
 
In March of 2002 a Statewide Building Code was fully adopted and implemented in 
Florida. A critical element of that new building code was the adoption of stri cter building 
standards based on wind hazard associated with hurricanes. To establish variable 
building standards for locales throughout Florida, the American Society of Civil 
Engineerôs Standard 7 for the 1998 (ASCE 7-98) was adopted. The ASCE 7-98 provides 
wind risk assessments for areas throughout Florida along with associated building 
standards.  
 
Figure II -7 presents the ASCE 7-98 Wind Contour of the 100-year 3-minute wind.  

 
c. Wind Risk Assessment : Hazards US Multi -Hazard ( HAZUS-MH)  

 
HAZUS-MH also includes a vulnerability analysis incorporating other factors such as 
housing stock, vegetation and friction coefficients based on land cover.  Figure II -8 
provides a Level 1 wind risk assessment using this tool.  

 
 



Volume 1 -5 Withlacoochee                         Statewide Regional Evacuation Studies Program  

Page II -22                                          Regional Hazards Analysis  

 
Figure II -7 ASCE 7-98  Wind Zones  

 

 
 

 
 

 
Source:  

FBC: Florida Building Code 2001, Chapters 2, 16, 17, & 22 

ASCE 7-98: ñMinimum Design Loads for Buildings and Other Structuresò, by American Society of Civil 
Engineers. 
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5.  Tornadoes  

In general, tornadoes associated with hurricanes are less intense than those that occur 
in the Great Plains (see the Enhanced Fujita -Pearson Intensity Scale  below). 
Nonetheless, the effects of tornadoes, added to storm surge and inland flooding and 
the larger area of hurricane force winds, can produce substantial damage.  

Sixtyïnine percent of all tornadoes are weak tornadoes, EF0-EF2 sizes. Twenty-nine 
percent of all tornadoes are strong and can last 20 minutes or longer. Two percent of 
all tornadoes fall into the EF-4 and EF-5 categories.  The most powerful tornadoes are 
spawned by what are called supercell thunderstorms.  These are storms that, under the 
right conditions, are affected by horizontal wind  shears (winds moving in different 
directions at different altitudes.)  These wind shears cause horizontal columns of air to 
begin to rotate the storm.  This horizontal rotation can be tilted vertically by violent 
updrafts, and the rotation radius can shri nk, forming a vertical column of very quickly 
swirling air.  This rotating air can eventually reach the ground, forming a tornado.  We 
have no way at present to predict exactly which storms will spawn tornadoes or where 
they will touch down. The Doppler rad ar systems have greatly improved the forecaster's 
warning capability, but the technology usually provides lead times from only a few 
minutes up to about 30 minutes. Consequently, early warning systems and 
preparedness actions are critical.  

 
Table  II -5 

Enhanced Fujita -Pearson Tornado Intensity Scale  

The Enhanced F-scale is a set of wind estimates (not measurements) based on damage. Its uses 
three-second gusts estimated at the point of damage based on a judgment of 8 levels of damage 

(listed at www.spc.noaa.gov/faq/tornado/efscale.html .) These estimates vary with height and 

exposure. Important : The 3 second gust is not the same wind as in standard surface 
observations. Standard measurements are taken by weather stations in open exposures, using a 

directly measured, "one minute mile" speed.  

 EF0 Gale Tornado    65-85 mph 

Some damage to chimneys. Tree branches broken off. Shallow rooted trees uprooted.  

 EF1 Moderate Tornado   86-110 mph 

Peels surface off roofs. Mobile homes overturned. Moving autos pushed off roads.  

 EF2 Significant Tornado  111-135 mph 
Considerable damage. Roofs torn off frame houses. Large trees snapped or uprooted. Light-

object missiles generated.  

 EF3 Severe Tornado   136-165 mph 

Severe damage. Roofs and some walls torn off well constructed homes. Trains overturned. 

Most trees in forests uprooted. Heavy cars lifted off ground.  

 EF4 Devastating Tornado  166-200 mph 
Well-constructed houses leveled. Structures with weak foundations blown off some distance. 

Cars thrown and large missiles generated.  

 EF5 Incredible Tornado  Over 200 mph 

Strong frame houses lifted off foundations and disintegrated. Automobile -sized missiles fly 

through the air in excess of 100 mph. Trees debarked.  

http://www.spc.noaa.gov/faq/tornado/ef-scale.html
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6.  Hazardous Materials  

Like Murphyôs Law sometimes one emergency event can trigger another. Facilities which 
generate or store quantities of potentially hazardous materials, propane storage 
facilities, natural gas pipeline terminals, fuel storage facilities and  tank farms all pose an 
additional potential threat in a hurricane.  Identifying the location of these facilities is 
important to (1) provide additional information to facility managers to secure their 
operation and protect the employees, facility and inve ntory before the storm and (2) 
assist emergency responders in safe re-entry into areas after the storm has passed. It 
may also serve to identify where mitigation strategies should be implemented to reduce 
the risk to resident and the environment.  
 
The Hazard Materials Information System (HMIS) database was accessed to identify the 
current Extremely Hazardous Substances (EHS) facilities ï also known as Section 302 
facilities ï in the Withlacoochee Region. The geo-coded inventory of the Section 302 
facilities is included in the Critical Facility Inventory  Data Base . A regional Map 
which illustrates the vulnerability of all Section 302 facilities is included on Figure II - 18. 
The data base inventory and vulnerability assessments are considered For Official Use 
Only (FOUO) and are not available to the public for security reasons.   
 
Evacuation for Hazardous Material incidents will be discussed later in the chapter. 
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 7.  Freshwater Flooding and the Inundation of  Evacuation Routes  
 

Inland r iverine and freshwater fl ooding often becomes a significant factor as a result of 
tropical storms and hurricanes. Typically the rainfall associated with, and in advance of, 
a hurricane does not in itself necessitate the emergency evacuation of residents during 
the passage of a hurricane unlike storm surge.  Following a storm, however, the coastal 
flooding and rainfall ï particularly from slow moving storms - necessitates an evacuation 
of flooded inland residents days after as swollen rivers and streams breach their bank or 
levees.   
 
As noted previously, due to Tropical Storm Fayôs very slow motion, total storm rainfall 
amounts in some areas were staggering including a few locations in east-central Florida 
that received more than two feet of rain. Fay's rain  induced floods caused significant 
damage and were directly responsible for numerous deaths in the Dominican Republic, 
Haiti and Florida. (www.nhc.noaa.gov) 
 
Inland flooding will be discussed later in the chapter as a separate hazard.  For 
hurricane evacuation, however, rainfall may cause the early inundation of roadways 
used as evacuation routes by vehicles attempting to escape from areas vulnerable to the 
approaching storm surge. In addition, given Florida climatology and the normal summer 
weather, flooding may occur as a disassociated event prior to the hurricane, flooding 
evacuation routes and saturating the ground.  

 
Those roadways known historically to be vulnerable from freshwater flooding have been 
identified by the county and municipal emergency management/law enforcement/ 
emergency response personnel. These routes, including those which were inundated or 
forced to close during recent flooding events, are presented on maps in the following 
Appendices.  
 
Contingency plans including rerouting, sandbagging and pumping will be coordinated 
with local and state law enforcement and the State Department of Transportation. The 
impacts of road closures, rain and ambient conditions on evacuation times are 
addressed in the transportation analysis. An evacuation simulation of the closing of 
these major routes was modeled as part of the transportation analysis to determine the 
impact on clearance times. 
 
Rainwater inundation of evacuation routes must be addressed in an evacuation plan.  
The planning strategy to address this problem is to pl an for the passage of all vehicles 
over such roadways before substantial rainfall from the hurricane was expected to 
arrive. Hourly records of rainfall rates and accumulation for past hurricanes indicate that 
rates high enough to surpass drainage capabilities normally parallel in time the arri val of 
sustained tropical storm force winds.  Using this as an assumption of the timing of 
freshwater roadway inundation, the pre -landfall hazards time quantification for 
sustained tropical storm force winds will also compensate for early rainfall inundation of 
evacuation routes. 

 
 8.  Hist ory of Hurricanes in the Withlacoochee  Region  
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Hurricanes are a natural yet very dangerous phenomenon, one for which the 
Withlacoochee Region must always be prepared. Packing 74-200 mph winds and a 
storm surge which can exceed 35 feet, hurricanes represent a serious threat to the 
safety of residents and visitors and economic health of this region.   
 
Emergency management and atmospheric scientists agree that global weather patterns 
have moved back into a period of increased tropical storm activity and of increased 
frequency of major hurricanes, a category 3 or higher on the Saffir-Simpson Hurricane 
Wind Scale (See Table II -2), particularly in the state of Florida. An analysis of hurrica ne 
activity since the 1920's demonstrates that hurricane activity appears cyclical and that, 
after a period of relative inactivity since the early 1960's, the state of Florida is in a 
more active period. 

 
Until the 1840's Florida hurricanes were only experienced in the cities and ports along 
the east coast, the northwest panhandle and the Keys. But the new settlements along 
the southwest coast soon began to confront devastating hurricanes. In 1848, Tampa 
was hit by a major hurricane causing the tide in the bay to rise fifteen feet above 
normal. Two weeks later, another storm made landfall along the west coast. Its effects 
were felt from Cape San Blas to Tampa Bay. Fort Brooke again experienced 
approximately 10 feet of storm surge.  

 
Historians identify a flurry of major hurricane activity in the late 20's, the 1930's and 
1940's. In the 1920's, a time characterized by economic prosperity and growth in the 
resort areas of Florida, the Tampa Bay area experienced its worst hurricane in over 
seventy years in October of 1921. It produced a storm surge of 10.5 feet which was the 
highest recorded since the hurricanes of 1848. The unnamed hurricane of 1921 entered 
the southeast corner of Hernando County as a Category 3, and then left the region, 
passing over the southern half of Sumter County as a Category 1 hurricane.  

 
I t should be noted the 1920's were forever marked with tragedy. There was the 
devastating hurricane in 1926 that made landfall in Miami and the 1928 storm which 
caused the banks of Lake Okeechobee to rise 15 feet and drown 1,200 people. The 
September 1926 hurricane is the most costly hurricane in United States history. The 
San Felipe-Okeechobee hurricane of September 1928 remains Floridaôs ñsingle greatest 
tragedyò, with an official death toll of 2,500 (Barnes, 1998 and Blake, 2007). This 
unnamed storm made landfall near Palm Beach on the southeast coast of Florida as a 
Category 4 hurricane. It turned north -northwestward over the Florida Peninsula and 
entered eastern Sumter County as a Category 3, before turning north and passing 
straight through the middle of Marion County as a Category 2 hurricane.    
 
 
Florida and the Gulf coast states were hit hard in the 1930's by both the Great 
Depression and hurricanes. Many seniors still remember the horrifying sto rm of 1935 
that swept across the Florida Keys killing 400 people. 
 
In the 1940's, Florida was the target of seven major hurricanes, although none made a 
direct hit as a major storm in the Withlacoochee region. The October 18-19, 1944 
hurricane, later known as the Havana-Florida hurricane, tracked over the Dry Tortugas 




