


        Nickname  for a tropical 
cyclone, which is an intense tropical 
low pressure system with maximum  
sustained winds of 74 mph or higher. 
See also typhoon.  



Wind 
Heavy Rain/Floods 

Storm surge 



Category 
Max sustained wind speed 

mph knots damage 

1 74-95 64-82 
Tree damage, small 

boats torn from 
moorings, roads 

flooded 

2 96-110 83-95 
Roofing, windows, 
doors boats, piers, 

mobile homes 

3 111-130 96-113 
Some structural 

damage to buildings,  
flooding, wave damage 

4 131-155 114-135 
Lots of structural 
damage, major 

flooding, storm surge 

5 156+ 136+ Catastrophic, building 
failures 



Category 1+ 
Miami 2005 



The Great Galveston Hurricane 

1-8 September 1900 

New Orleans 
Galveston 

Cat 0 

Cat 3 

Cat 4 



Category 4 Damage: Galveston 1900 





 

“…more dreadful than is possible for me 
to find the words to express.”  
 
 

 

Sir George Rodney, on the Barbados    
hurricane of October, 1780 



Tropical Cyclones include: Hurricanes, Typhoons, and Cyclones . 
 



Oceans are getting warmer… 
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We are getting more strong hurricanes… 

Webster et al. ‘05 

Years 

Number of Category 5 Hurricanes 



Progress (?)  in forecasting hurricanes 
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Cat 2 

Cat 3 

Cat 5 

Cat 4 

Day 1 Day 2 Day 4 Day 3 Day 5 

Famous Rapidly Intensifing Storm 
Hurricane Opal (1995) 

Pressure drop 



Hurricane Katrina--seen from space 



Radar view of a hurricane 



The Collaborators 





NOAA P3 Aircraft 



Navy P3 Aircraft 



Survival Training 



The Right Stuff  





RAINEX aircraft instruments 













CONFERENCE CALL 

Boulder 

Tampa 

Miami 

Communications--the key to success 

INTERNET CHAT 





“Hi 
Grandad” 



NSF media graphic for RAINEX 



Positioning the aircraft to target the key storm features 



“Plan B” 

Positioning the aircraft to target the key storm features 



Where do Atlantic Hurricanes originate? 

Mid-August Storms 







Origin of Rita 

Suspicious area of clouds 



Important factors that make a hurricane develop 

Warm ocean--hurricanes get their energy from 
the ocean 

 
 
Humid atmosphere--need high humidity to get 

clouds to develop  
 
 
Weak “wind shear” --if wind is stronger at upper 

levels than lower levels, storm top separates 
from lower part of storm 

 
 



Map of ocean heat content 

Warm Ocean 



Satellite view of humidity 

Dry 

Dry air 

Moist air 

Clouds 



Map of wind shear 

Very low wind shear 



Map of steering winds 



Model forecasts of Rita’s storm track 



Rita-Day 1 



Rita-Day 1 



Rita-Day 1 



Rita-Day 2 



Secondary 
eyewall on 

radar! 

Rita-Day 2 



Flying around  
between and 
through the 
primary and 
secondary 
eyewalls  

Rita-Day 2 



Inside the eye of Rita 





Numerical Model Simulation of Rita 
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As oceans warm up--more hurricanes 
are reaching category 5 

Strong hurricanes--indescribably destructive by water and wind 

Hurricane track forecasting has improved--intensity 
forecasting has not 

Intensity changes depends on internal storm structure 

RECAP 



In Hurricane Rita--RAINEX observed the secondary eyewall and 
eyewall replacement 

Successfully targeted the internal features with Doppler radar and 
dropsondes 

RAINEX flew 3 planes in Katrina and Rita to address the intensity 
change problem  



When will we know the answers? 

6 Years! 







Hurricane forms when several mesoscale convective systems 
“organize” into a common storms 



A schematic of a mature hurricane 


