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Hurricane Ike 2008 demonstrated that Size Matters when it comes to the impacts of hurricanes 
on offshore structures and coastal regions. The Saffir/Simpson Damage-Potential Scale is 
currently what is used to give an estimate of the potential for damage [See Table 1].  Based on 
wind, Ike was classified as a Category 2 hurricane on the Saffir/Simpson Scale.  However, the 
hurricane force winds extended out 110 nautical miles from Ike’s center, making it a very large 
hurricane and allowing the waves to increase significantly as Ike moved across the Gulf of 
Mexico.   

Table 1:  Saffir/Simpson Damage Potential Scale 
 
 
 
 
 
 
 
 
 
 
Ike formed in the eastern Atlantic and tracked across the central Atlantic before moving over 
Cuba as a Category 3 hurricane. Ike then moved into the Gulf of Mexico, grew in size and 
headed for the Upper Texas Coast, causing tides to rise the day before landfall. Hurricane Ike 
moved over Galveston Island, Texas in the early morning hours of September 13th. Ike caused 
fatalities in Haiti, the Dominican Republic, Cuba and across the United States. Storm surge from 
Ike destroyed parts of Galveston Island and the Bolivar Peninsula along the Upper Texas Coast. 
The remnants of Ike even produced wind gusts to hurricane force in the Ohio Valley.   
 
When comparing Ike to recent Gulf of Mexico hurricanes, the area of maximum sustained winds 
was one of the largest since Hurricane Gilbert 1988 [See Table 2].  The largest known hurricane 
to move through the Gulf of Mexico was Hurricane Carla in 1961, which had tropical storm 
force winds extending out 300 nautical miles from the center and hurricane force winds out 120 
nautical miles.  
 
 
 

Saffir/Simpson 

Sustained 
Winds 
Knots 

Pressure 
[mbs] 

Surge 
[ft] 

Category 1 64-81 989-976 4-5 
Category 2 83-95 975-964 6-8 
Category 3 96-113 963-947 9-12 
Category 4 114-135 946-922 13-18 
Category 5 >135 <922 >18 
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Table 2:  Recent Gulf of Mexico Hurricanes 

  Max Sustained 
Winds [Knots] 

Radius of 
Tropical Storm 
Winds [n. mi] 

Radius of 
Hurricane Winds 

[n. mi] 
2008 Ike  95 240 110 
2008 Gustav 130 150 60 
2005 Rita 150 180 75 
2005 Katrina 150 200 90 
2004 Ivan 140 225 90 
2002 Lili 125 170 45 
1998 Georges 95 130 80 
1992 Andrew 125 120 40 

 
Hurricane Ike was a very large storm which generated very high waves over the Gulf of Mexico 
oil and gas leases.  Weather Research Center [WRC] meteorologists used WRC’s Hurricane 
Wind and Wave Model in real time to forecast Hurricane Ike as it moved through the leases. 
During the 2008 hurricane season, WRC meteorologists noticed the significant difference in the 
hurricane wind field size between Hurricane Gustav and Hurricane Ike.   Using ARCGIS, WRC 
is able to graph the results for the hurricane wind and wave model.   
 
Figure 1 shows the comparison of the maximum sustained wind fields for Hurricane Gustav and 
Hurricane Ike. The yellow wind barbs indicate winds greater than 64 knots [Category 1 on the 
Saffir/Simpson Scale], the light orange wind barbs indicate winds greater than 83 knots 
[Category 2], and the dark orange wind barbs indicate winds greater than 96 knots [Category 3].  
The radius of hurricane force winds for Hurricane Gustav extended out to the right of the 
hurricane track 60 nautical miles compared with Hurricane Ike which had hurricane force winds 
extending out 110 nautical miles.    
 
WRC’s Hurricane Wind and Wave Model also computes the significant waves that are generated 
by the hurricane wind field.  WRC’s meteorologists were also able to plot the significant waves 
generated by Hurricane Ike using the ARCGIS software.  A composite plot of the regions with 
significant waves greater than 30 feet, 34 feet, 40 feet, etc. can be made using the software.  The 
GIS software also lets you overlay other fields such as the Gulf of Mexico offshore platforms 
and pipelines. Figure 2 is a plot of the different bands of significant waves generated by 
Hurricane Ike with the pipelines and offshore platforms.  The plot illustrates how many offshore 
properties were exposed to high waves during Hurricane Ike.  Significant waves 20 to 30 feet are 
represented by the green band, 30 to 35 feet by the yellow band, 34 to 40 feet by the orange band 
and greater than 40 feet by the red band.  
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Figure 1:  Hurricane Wind fields of Hurricane Gustav [right] and Hurricane Ike [left]. 
 

 
 

Figure 2:  Significant Wave Height Bands for Hurricane Ike 2008   
Blue triangles and circles indicate the damaged and destroyed offshore platforms. 
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Hurricane Ike was classified as a Category 2 hurricane on the Saffir/Simpson Scale which 
usually means the significant waves generated cause little damage offshore. However, the size of 
Ike allowed for a very long fetch for the hurricane force winds which in turn generated very high 
significant waves and storm surges for this hurricane intensity.  This led WRC meteorologists to 
review the different hurricanes that have influenced the Gulf of Mexico oil and leases to 
determine if an improved damage potential scale could be generated.  
 
In order to demonstrate that size matters and should be used to create a new Hurricane Damage 
Potential Scale, meteorologists at Weather Research Center used the center’s Hurricane Wind 
and Wave Model and plotted the results using GIS software. The winds and waves were 
computed not only for Hurricane Ike but also for Rita 2005, Katrina 2005, Ivan 2004, Lili 2002, 
Georges 1998, Andrew 1992, Camille 1969, Betsy 1965, Hilda 1964 and Carla 1961.    
 
WRC meteorologists then used the WRC Hurricane Wind and Wave Model to generate the wind 
fields and wind profiles from other notable past Gulf of Mexico Hurricanes.   Figure 3 is a GIS 
plot of the various hurricane winds fields from Hurricanes Audrey 1957, Carla 1961, Hilda 1964, 
Betsy 1965, Beulah 1967, Camille 1969, Celia 1970, Carmen 1974, Lili 2002, Ivan 2004, 
Katrina 2005, Rita 2005, Gustav 2008 and Ike 2008. Notice that hurricanes seem to come in all 
sizes.  The yellow wind barbs are Category 1, orange wind barbs are Category 2, dark orange 
wind barbs are Category 3, red wind barbs are Category 4 and the purple wind barbs are 
Category 5. There have been 19 known Category 5 hurricanes in the Gulf of Mexico.   
Remember when you look at the historical record, the Category usually is the landfall intensity 
of the hurricane.  For example, Hurricane Carla in 1961 was a Category 5 hurricane prior to 
landfall, but a Category 4 at landfall.  

 

 
Figure 3:   Hurricane Wind fields for past Gulf of Mexico Hurricanes. 
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Figure 4 is a graph of the cross sections for the maximum sustained winds for each hurricane.   
The graph shows how the wind fields of each storm were unique and different sizes. The bold 
black horizontal line in the graph indicates the sustained winds of 64 knots. The distance is along 
the bottom with the middle being the center of the storm. This graph tells you how many nautical 
miles to the right and left of the hurricane track the hurricane force and tropical storm force 
winds extended.  The graph also depicts how far from the center the maximum winds in the 
hurricane occurred.   
 
When you compare Hurricane Ike’s wind profile with Hurricane Andrew 1992, depicted in the 
brown line, you can see that the area exposed to hurricane force winds is much larger. 
 
 
 

 
Figure 4:  Past Gulf of Mexico Hurricane Wind Profiles.    

The orange line is Hurricane Ike 2008. 
 

 
Figure 5 is a cross section of the significant waves generated by the hurricane winds for the 
various hurricanes.  The bold black horizontal line on the graph indicates the significant waves of 
34 feet.   
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Figure 5:   Significant Wave Profiles from Past Gulf of Mexico Hurricanes.   
The orange line represents Hurricane Ike 2008. 

 
 
 
 
 
 
 
Figure 6 gives a summary of the radius of hurricane force winds of past Gulf of Mexico 
Hurricanes.  Other large storms were Carla 1961, Beulah 1967 and Gilbert 1988.  Hurricanes 
continually change along their track not only in intensity but also in size.  A good example of 
this was Hurricane Rita in 2005 which weakened from a Category 5 hurricane to a Category 3 
hurricane in the Gulf of Mexico.  Figure 7 shows the different size windfields of Hurricane Rita. 
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RADIUS OF HURRICANE FORCE WINDS [64 KTS]  IN NAUTICAL MILES
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Figure 6:  Radius of Hurricane Force Winds for Various Gulf of Mexico Hurricanes 

 
 

 
Figure 7:  Hurricane Rita at Two Different Sizes 
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Hurricanes Andrew 1992, Katrina 2005, Rita 2005 and Ike’s 2008 wind fields were hindcast and 
plotted with the offshore platforms using ARCGIS. WRC’s meteorologists plotted the bands of 
significant waves and compared the number of exposed offshore platforms during the hurricane 
event with the number of reported damaged or destroyed.  The significant wave height bands are 
plotted for Hurricane Andrew in Figure 8, Hurricane Katrina in Figure 9, Hurricane Rita in 
Figure 10 and Hurricane Ike in Figure 11. From these plots, the number of platforms exposed to 
significant waves greater than 34 feet were computed.     
 
The blue triangles represent the known offshore platforms damaged and the blue circles indicate 
the known offshore platforms destroyed. 
 

 
Figure 8:  Significant Wave Height Bands for Hurricane Andrew 1992 
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Figure 9:  Significant Wave Height Bands for Hurricane Katrina 2005 

 

 
Figure 10:  Significant Wave Height Bands for Hurricane Rita 2005 
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Figure 11:  Significant Wave Height Bands for Hurricane Ike 2008.   
Blue triangles and circles indicate the damaged and destroyed offshore platforms. 

 
 
Table 3 gives a summary of the exposed offshore platforms versus damaged and destroyed 
offshore platforms. Hurricane Ike 2008 and Hurricane Rita 2005 exposed the most offshore 
properties. 
 

Table 3:   Past Storms Exposure 
 

Past Storm Offshore platforms Exposed 
to >33 feet 

Actual Offshore Platforms 
Damaged or Destroyed 

Andrew 1992 970 87 
Katrina 2005 697 67 

Rita 2005 1055 98 
Ike 2008 1135 91 

 
Using the information from Figures 8-10 and Table 1, WRC developed the Freeman/Hasling  
Hurricane Damage Potential Scale. The Freeman HDP Scale is not only based on the maximum 
sustained winds in the storm but also the central pressure, storm speed, storm heading, radius of 
34 and 64 knots winds, the area of significant wave heights and the duration of the winds greater 
than 64 knots. Table 4 is the Freeman/Hasling Hurricane Damage Potential Scale.  
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The Freeman/Hasling HDP uses the Saffir/Simpson Scale and the radius of hurricane force 
winds to determine the Freeman/Hasling HDP number.  The Freeman/Hasling HDP number is 
then used to calculate the HDP Percent that can be used to estimate the number of exposed 
offshore platforms that could be damaged or destroyed.  
 
 

Table 4:  Freeman/Hasling Hurricane Damage Potential Scale 
 

Radius of 
Hurricane 

force Winds 
[R64] in 

nautical Miles 

<=30 >30 >=45 >=60 >=80 

Saffir/Simpson      
1 0 0 0 4 5 
2 0 0 0 5 5 
3 0 0 1 5 5 
4 0 1 2 5 5 
5 1 2 3 5 5 

 
Freeman/ 

Hasling HDP 
Scale 

1 2 3 4 5 

HDP Percent 2% 4% 6% 8% 10% 
 
 
 
 
Table 5 gives the Freeman/Hasling HDP number versus the Saffir/Simpson number for some 
past Gulf of Mexico Hurricanes. Due to size, there would have been eight hurricanes classified 
as a 5 on the Freeman/Hasling HDP Scale versus only four using the Saffir/Simpson Scale.  
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Table 5:  Comparison of the Freeman/Hasling HDP Number with the Saffir/Simpson 
Number for Past Hurricanes 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Past Storms 
Saffir/Simpson 

Scale 

Freeman 
Hurricane 
Damage 
Potential 

Scale 
Ike 2008 2 5 

Gustav 2008 3 1 
Dolly 2008 2 0 
Rita 2005 4 5 

Katrina 2005 5 5 
Ivan 2004 4 5 
Lili 2002 3 1 

Georges 1998 2 0 
Andrew 1992 4 5 
Frederic 1979 4 5 
Carmen 1974 4 2 
Camille 1969 5 1 
Betsy 1965 3 5 
Hilda 1964 5 3 
Carla 1961 5 5 

Audrey 1957 4 2 
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CONCLUSION: 
 
In summary, the impact of a hurricane cannot be forecast or measured by just one element such 
as the hurricane’s maximum sustained winds. The elements that shape the impact of a hurricane 
are: 
 
   Minimum Central Pressure 

- Difference of central pressure to the pressure in the surrounding    
               environment 
Maximum Sustained Winds 
Gusts 
Size of Wind field  

- Radius of 34 knot winds, 50 knot winds and 64 knot winds 
                                    Rmax - Distance of maximum winds from center of storm  

Hurricane Heading 
Hurricane Forward Speed 
Storm Surge 
Rainfall 
Waves 
Coastline Features - Water depth offshore - Barrier Island  
Location with respect to the track of the hurricane 
 

Keep in mind that when under the threat of a hurricane,  
 

The intensity of the storm is constantly changing 
The forward speed is constantly changing 
The track is constantly changing 
The eye wobbles along its track 
The size of the storm is constantly changing 
For each storm, the impact is different depending on the coast line 

                        Size Matters – the larger the storm, the higher the waves 
  A storm can intensify rapidly 
  A storm can weaken rapidly 
  A storm can change direction suddenly 
 
Different paths of the same hurricane can have very different impacts on an offshore property or 
coastal location. For example, Ike 2008 wobbled and went over the east end of Galveston instead 
of the west end of Galveston. This caused very high surges on the back side of Galveston Island 
and on the north facing coast of Galveston Bay due to the northerly winds. These are all small 
intricacies that are not forecast but can still be fatal. This demonstrates that if a hurricane 
threatens your region and you live in a low-lying community, you need to evacuate. This is a 
threat to you and your family. 
 
If a storm is moving toward the region where you live and you live in area where your elevation 
is less than 30 feet above mean sea level, you need to move to higher ground at least 30 to 48 
hours prior to landfall of the eye wall before your escape routes are cut off. 
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Hurricane Size Matters 
 
The Saffir/Simpson Damage-Potential Scale does not take into account size so tropical storm 
force winds and high waves can impact an area 24 to 30 hours prior to landfall. This is the main 
reason WRC has developed the Freeman Hurricane Damage Potential Scale. This scale uses the 
Saffir/Simpson Scale as input and takes into account the size of the hurricane wind field to 
determine the damage potential. The history of the Saffir/Simpson Damage-Potential Scale is 
given below.  
 
The Saffir/Simpson Damage-Potential Scale was developed in 1975 in order to describe the type 
of observed damage a storm produced on a particular coast.  It was then used to describe the type 
of damage a storm would cause to a coastal area if it were to strike a particular coast with its 
current parameters of size, winds, pressure and expected storm surge. The scale was derived by 
looking at past hurricanes and categorizing the damage into 5 groups. 
 
The Saffir/Simpson scale is currently being implemented just using the observed maximum 
sustained winds in a hurricane, which is only one of the parameters in the cyclone.  The scale 
does not take into account the size of the hurricane. The return of large storms to the Gulf of 
Mexico, similar to the storms of the 60’s, has demonstrated how devastating a large hurricane 
can be both offshore and onshore.   
 
 
 

 
 


