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1.  Overview of the 2004’s Atlantic hurricane Season 
 
The 2004 Atlantic hurricane season was among the most devastating on record. The year’s storms 
claimed over 3100 lives, the second largest toll (up through 2004) in three decades; 60 of these 
occurred in the United States. The United States suffered a record $45 billion in property damage, 
enduring landfalls from five hurricanes (Charley, Frances, Gaston, Ivan, and Jeanne) and the eyewall 
passage of a sixth (Alex) that avoided landfall on the North Carolina Outer Banks by less than 10 miles. 
In addition, Bonnie, Hermine, and Matthew made landfall in the United States as tropical storms. 
Florida, the “Sunshine State,” became known as the Plywood State after being battered by Charley, 
Frances, Ivan, and Jeanne. The islands of the Caribbean were also hard hit. Charley struck Cuba as a 
major hurricane [maximum 1-min winds of greater than 96 kt (1 kt = 0.5144 m s−1), corresponding to 
category 3 or higher on the Saffir–Simpson hurricane scale (Simpson 1974)]. Ivan was also a major 
hurricane in the Caribbean, causing extensive destruction on Grenada, Jamaica, and Grand Cayman, 
and Jeanne produced catastrophic flash floods in Haiti that killed thousands and left hundreds of 
thousands homeless. 
 
Fifteen named storms developed in 2004, including Nicole, a subtropical storm (Table 4.0.1; Figure 
4.0.1). Nine of the named systems became hurricanes, and of these, six became major hurricanes. 
One additional tropical depression did not reach storm strength. These totals are considerably above 
the long-term (1944–2003) means of 10.2 named storms, 6.0 hurricanes, and 2.6 major hurricanes. 
August alone saw the formation of eight tropical storms, a new record for that month. The season also 
featured intense and long-lived hurricanes. Ivan, a category 5 storm, twice reached a minimum 
pressure of 910 mb, a value surpassed by only five other previous tropical cyclones in the Atlantic basin 
historical record. In addition, Ivan was a major hurricane for a total of 10 days, a new record for a single 
storm since reliable records began in 1944. In terms of “accumulated cyclone energy” (ACE; the sum of 
the squares of the maximum wind speed at 6-h intervals for tropical storms and hurricanes), overall 
activity this year was 234% of the long-term (1944–2003) mean. Only two seasons since 1944 (1950 
and 1995) have had higher ACE values. The 2-month period of August–September 2004 registered the 
highest 2-month ACE accumulation on record. 
 
The above-normal levels of activity in 2004 continued a tendency that began in 1995 for greater 
numbers of storms. This appears to be due, in part, to sea surface temperatures (SSTs) over the North 
Atlantic Ocean that have been considerably warmer during the past 10 yr than during the preceding 
decade. In fact, 2004 was the second warmest year since 1948, as measured by SSTs between 10° 
and 20°N in the tropical Atlantic Ocean and Caribbean Sea during the peak months of the hurricane 
season. Nearly the entire tropical Atlantic during the peak of the hurricane season was warmer than 
normal, the exception being cool anomalies in the extreme western Atlantic that largely reflect 
up-welling from Frances and Jeanne. Particularly large anomalies were present in the eastern Atlantic 
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north of 15°N; these may have contributed to an unusually favorable thermodynamic environment for 
tropical waves. Large-scale steering patterns in 2004, however, differed significantly from those 
occurring over much of the past decade, which had been characterized by a midlevel trough near the 
eastern coast of the United States that took many storms out to sea before they could make landfall. In 
contrast, persistent high pressure over the eastern United States and the western Atlantic during 2004 
kept this year’s storms on more westerly tracks. The season also featured lower than normal vertical 
wind shear over the Caribbean Sea and western Atlantic; this combination allowed hurricanes 
approaching the Caribbean and North America to maintain much of their intensity.  
 
 
2.  Noteworthy 2004 Atlantic Hurricanes 
 
Hurricane Charley: 9–14 August - Hurricane Charley strengthened rapidly just before striking the 
southwestern coast of Florida as a category 4 hurricane. Charley was the strongest hurricane to hit the 
United States since Andrew in 1992 and, although small in size, caused catastrophic wind damage in 
Charlotte County, Florida. Serious damage occurred well inland over the Florida peninsula. 
 
Hurricane Frances: 25 August–8 September - Frances was a Cape Verde tropical cyclone that passed 
through the Bahamas as a major hurricane and struck the Florida east coast as a category 2 hurricane. 
Hurricane Ivan: 2–24 September - Ivan, one of the strongest tropical cyclones on record in the Atlantic 
basin, was a long-lived Cape Verde hurricane that reached category 5 strength on three occasions. 
Ivan carved a path of destruction through the Caribbean, striking Grenada, Jamaica, the Cayman 
Islands, and Cuba as a major hurricane. Ivan also made landfall as a major hurricane in the United 
States, causing over $14 billion in damage. 
 
Hurricane Jeanne: 13–28 September - Jeanne produced catastrophic flash floods in Haiti that killed 
over 3000 people, and later struck the east coast of Florida as a major hurricane. Jeanne was the 
fourth hurricane to hit the state of Florida in 2004, and the second to strike Florida’s Treasure Coast in a 
3-week span. 
 
 
3.  Overview of 2005’s Atlantic hurricane Season 
 
By almost all standards of measure, the 2005 Atlantic hurricane season was the most active of record.  
Twenty-eight storms – twenty-seven tropical and one subtropical – formed during the year (Table 4.0.2 
and Figure 4.0.2).  This broke the record of 21 set in 1933.  Fifteen of the storms became hurricanes, 
breaking the record of twelve set in 1969.  Seven hurricanes became major hurricanes corresponding 
to category 3 or higher on the Saffir-Simpson hurricane scale (Simpson 1974).  This was just short of 
the record of eight major hurricanes set in 1950 (Norton 1951).  Four hurricanes reached category 5 
strength [maximum 1-min winds greater than 135 kt], which was the first time this had been observed in 
one season.  In terms of “accumulated cyclone energy” (ACE: the sum of the squares of the maximum 
wind speed at 6-h intervals for named storms and hurricanes), overall activity this year was the highest 
of record, about 256% of the long-term (1944-2003) mean.  The previous record was about 249% of 
the long term mean set in 1950.  A record seven named storms formed before the end of July, 
including Hurricane Emily, the earliest category 5 hurricane on record in the basin.  The season also 
ran late, as Tropical Storm Zeta was the second latest developing storm of record and lasted into 
January 2006. 
 
Three of the category 5 hurricanes featured very low (by Atlantic basin standards) minimum central 
pressures.  The central pressure of Hurricane Wilma was estimated from aircraft data to be 882 mb.  
This is the lowest known central pressure in an Atlantic hurricane, eclipsing the pressure of 888 mb 
observed in Hurricane Gilbert in 1988 (Lawrence and Gross 1989).  Additionally, Hurricane Rita had 
an estimated minimum central pressure of 895 mb (the fourth lowest of record), while Hurricane Katrina 
had a minimum central pressure of 902 mb (the sixth lowest of record).  As might be expected, these 
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storms all underwent periods of rapid to explosive deepening.  The central pressure of Wilma fell 88 
mb in about 12 h, shattering most records for deepening rates of Atlantic tropical cyclones.  The 
central pressure of Rita fell 70 mb in about 24 h, while the central pressure of Katrina fell 46 mb in 
about 24 h.  On a shorter time-scale, the central pressure of Hurricane Dennis fell 11 mb in 1h 35 min. 
 
While a full explanation of the record level of activity will require considerable research, there are 
several likely contributing factors.  One was the warmth of the North Atlantic Ocean, as sea-surface 
temperatures (SSTs) during the hurricane season were the warmest ever observed in the Caribbean 
Sea and tropical Atlantic Ocean.  Much of the tropical Atlantic had above normal SSTs, with anomalies 
of up to 1oC in the western part of that area.  Above normal anomalies were also present through the 
Caribbean Sea and the Gulf of Mexico.  It should be noted that the lower-magnitude warm anomalies 
in the eastern Gulf of Mexico are likely due to cooling caused by repeated hurricane passages.  
 
A striking contrast between the 2004 and 2005 hurricane seasons was the amount of activity in the 
tropical Atlantic.  During the 2004 season (Franklin et al. 2006), this area saw the formation of three 
long-track major hurricanes (Frances, Ivan, and Karl) and several less intense systems.  Despite the 
great activity during 2005, only two hurricanes (Emily and Philippe - both category 1) occurred in this 
region.  This was not due to lack of chances, as five named storms and two depressions formed in the 
region, and two other named storms began over the eastern Caribbean Sea.   
 
A possible factor in the large number of landfalling cyclones during 2005 - particularly the record four 
major hurricanes to hit the United States - is stronger-than-average ridging in the middle troposphere 
that persisted over the eastern United States during in a fashion somewhat similar to that seen in 2004.  
This ridge was a little south and west of that seen in 2004 and likely helped steer hurricanes farther 
west and south into the Gulf of Mexico during 2005. 
 
The 2005 hurricane season was the deadliest in the Atlantic basin since 1998.  Katrina is believed to 
be directly responsible for 1500 deaths, while heavy rains associated with a large area of disturbed 
weather during Hurricane Stan produced flooding that cause 1000-2000 deaths.  The season caused 
over $100 billion dollars in property damage in the United States alone, making it the costliest season of 
record. 
 
 
4.  Noteworthy 2005 Atlantic Hurricanes 
 
Hurricane Dennis: 4-13 July - Hurricane Dennis was an unusually strong July major hurricane that left a 
trail of destruction from the Caribbean Sea to the northern coast of the Gulf of Mexico. 
 
Hurricane Emily:  11-21 July - Emily was briefly a category 5 hurricane in the Caribbean Sea that, at 
lesser intensities, struck Grenada, resort communities on Cozumel and the Yucatan Peninsula, and 
northeastern Mexico just south of the Texas border.  Emily is the earliest-forming category 5 hurricane 
on record in the Atlantic basin and the only known hurricane of that strength to occur during the month 
of July. 
 
Hurricane Katrina:  23-30 August - Katrina was an extraordinarily powerful hurricane that carved a 
wide swath of catastrophic damage and inflicted large loss of life.  It was the costliest and one of the 
five deadliest hurricanes to strike the United States.  Katrina first caused fatalities and damage in 
southern Florida as a category 1 hurricane.  After reaching category 5 intensity over the central Gulf of 
Mexico, Katrina weakened to category 3 before making landfall on the northern Gulf coast.  Even so, 
the damage and loss of life inflicted by this massive hurricane in Louisiana and Mississippi were 
staggering.  Also, significant effects extended into the Florida Panhandle, Georgia, and Alabama.  
Considering the scope of its impacts, Katrina was one of the most devastating natural disasters in 
United States history. 
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Hurricane Rita: 18-26 September - Rita was an intense hurricane that reached category 5 strength over 
the central Gulf of Mexico, where it had the fourth-lowest central pressure on record in the Atlantic 
basin.  Although it weakened before making landfall as a category 3 hurricane near the 
Texas/Louisiana border, Rita produced significant storm surge that devastated coastal communities in 
southwestern Louisiana, and its winds, rain, and tornadoes caused fatalities and a wide swath of 
damage from eastern Texas to Alabama.  Additionally, Rita caused storm surge flooding in portions of 
the Florida Keys. 
 
Hurricane Stan: 1-5 October - Stan was associated with disastrous inland flooding across portions of 
Central America and Mexico, and some estimates of the death toll are as high as 2000.  However, not 
all of these deaths can be directly attributed to Stan. 
 
Hurricane Wilma: 15-25 October - Wilma formed and became an extremely intense hurricane over the 
northwestern Caribbean Sea.  It had the all-time lowest central pressure for an Atlantic basin 
hurricane, and it devastated the northeastern Yucatan Peninsula.  Wilma also inflicted extensive 
damage over southern Florida. 
 
 
5.  Monitoring of Atlantic Tropical Cyclones in 2004 and 2005 
 
For storms east of 55oW longitude, or those not threatening land, the primary (and often sole) source of 
information is geostationary and polar-orbiting weather satellite imagery, interpreted using the Dvorak 
(1984) and Hebert-Poteat (1975) intensity estimation techniques.  These estimates (“classifications”) 
are provided by the Tropical Analysis and Forecast Branch (TAFB) of the Tropical Prediction Center 
(TPC), the Satellite Analysis Branch (SAB) in Washington, DC, and the Air Force Weather Agency 
(AFWA) in Omaha, NE.  For systems threatening land, in situ observations are also generally 
available from aircraft reconnaissance flights conducted by the 53rd Weather Reconnaissance 
Squadron (WRS, “Hurricane Hunters”) of the Air Force Reserve Command (AFRC), and by the 
National Oceanic and Atmospheric Administration (NOAA) Aircraft Operations Center (AOC).  During 
reconnaissance flights, minimum sea-level pressures are either measured by dropsondes released at 
the circulation center or extrapolated hydrostatically from flight-level.  Surface (or very near-surface) 
winds in the eyewall or maximum wind band can be measured directly using Global Positioning System 
(GPS) dropwindsondes (Hock and Franklin 1999), but more frequently are estimated from flight-level 
winds using empirical relationships derived from a three-year sample of GPS dropwindsonde data 
(Franklin et al. 2003).   During NOAA reconnaissance missions, surface winds can be estimated 
remotely using the Stepped-Frequency Microwave Radiometer (SFMR) instrument (Uhlhorn and Black 
2003).  When available, satellite and reconnaissance data are supplemented by conventional 
land-based surface and upper-air observations, ship and buoy reports, and weather radars, including 
the U. S. National Weather Service’s (NWSs) network of Doppler radars.  In key forecast situations, 
the kinematic and thermodynamic structure of the storm environment is obtained from dropwindsondes 
released during operational “synoptic surveillance” flights of NOAA’s Gulfstream IV jet aircraft (Aberson 
and Franklin 1999). 
 
Several satellite-based remote sensors play an important role in the analysis of tropical weather 
systems.  Foremost of these is multi-channel passive microwave imagery [e.g., from the Tropical 
Rainfall Measuring Mission (TRMM) satellite], which over the past decade has provided radar-like 
depictions of systems’ convective structure (Hawkins et al. 2001), and is of great help in assessing 
system location and organization.  The SeaWinds scatterometer onboard the QuikSCAT satellite (Tsai 
et al. 2000) provides surface winds over large oceanic swaths.  While the QuikSCAT generally does 
not have the horizontal resolution to determine a hurricane’s maximum winds, it can sometimes be 
used to estimate the intensity of weaker systems and to determine the extent of tropical storm force 
winds.  In addition, it can be helpful in determining whether an incipient tropical cyclone has acquired a 
closed surface circulation.  Finally, information on the thermal structure of cyclone cores is provided by 
the Advanced Microwave Sounder Unit (AMSU, Velden and Brueske 1999).  Intensity estimates 
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derived from such data can in some cases be superior to Dvorak classifications (Herndon and Velden 
2004).   
 
A number of organizations have developed web sites that are helpful for tropical cyclone forecasting 
and post-analysis.  These include the NRL Monterey Marine Meteorology Division Tropical Cyclone 
Page (http://www.nrlmry.navy.mil/tc_pages/tc_home.html), with its comprehensive suite of microwave 
products, the cyclone phase diagnostics page of Florida State University 
(http://moe.met.fsu.edu/cyclonephase/), which is frequently consulted to help categorize systems as 
tropical, subtropical, or non-tropical, and the tropical cyclone page of the University of 
Wisconsin/Cooperative Institute for Meteorological Satellite Studies 
(http://cimss.ssec.wisc.edu/tropic/tropic.html), which contains a variety of useful satellite-based 
synoptic analyses.   
 
In the cyclone summaries, U. S. damage estimates have been generally estimated by doubling the 
insured losses reported by the American Insurances Service Group (AISG) for events exceeding their 
minimum reporting threshold ($25 million).  However, the uncertainty in estimating meteorological 
parameters for tropical cyclones pales in comparison to the uncertainty in determining the cost of the 
damage they cause.   Descriptions of the type and scope of damage are taken from a variety of 
sources, including local government officials, media reports, and local NWS Weather Forecast Offices 
(WFOs) in the affected areas.  Official NHC Tropical Cyclone Reports can be obtained at:   
http://www.nhc.noaa.gov/pastall.shtml . 
 
 
REFERENCES 
 
Aberson, S. D., and J. L. Franklin, 1999:  Impact on hurricane track and intensity forecasts of GPS 
dropwindsonde observations from the first season flights of the NOAA Gulfstream-IV jet aircraft.  Bull. 
Amer. Meteor. Soc., 80, 421-427. 
 
Dvorak, V. E., 1984: Tropical cyclone intensity analysis using satellite data.  NOAA Tech. Rep. 
NESDIS 11, National Oceanic and Atmospheric Administration, Washington, DC, 47 pp. 
 
Franklin, J. L., M. L. Black and K. Valde, 2003: GPS dropwindsonde wind profiles in hurricanes and 
their operational implications.  Wea. Forecasting 18, 32-44. 
 
--------, R. J. Pasch, L. A. Avila, J. L. Beven II, M. B. Lawrence, S. R. Stewart, and E. S. Blake, 2006: 
Atlantic hurricane season of 2004.  Mon. Wea. Rev., 134, 981-1025. 
 
Hawkins, J. D., T. F. Lee, J. Turk, C. Sampson, F., J. Kent, and K. Richardson 2001: Real-time internet 
distribution of satellite products for tropical cyclone reconnaissance.  Bull. Amer. Meteor. Soc., 82, 
567-578. 
 
Hebert, P. J., and K. O. Poteat, 1975: A satellite classification technique for subtropical cyclones. NOAA 
Technical Memorandum NWS SR-83, U.S. Dept. of Commerce, National Weather Service, Ft. Worth 
TX, 25 pp. 
 
Herndon, D. C., and C. Velden, 2004:  Upgrades to the UW-CIMSS AMSU-based tropical cyclone 
intensity estimation algorithm. Preprints, 26th Conf. Hurr. Trop. Meteor., Miami, Amer. Meteor. Soc., 
118-119. 
 
Hock, T. F., and J. L. Franklin, 1999: The NCAR GPS dropwindsonde.  Bull. Amer. Meteor. Soc., 80, 
407-420. 
 
 



 

451 

Lawrence, M. B., and J. M. Gross: Atlantic Hurricane Season of 1988. Mon. Wea. Rev., 117, 
2248-2259. 
 
Norton, G., 1951: Hurricanes of the 1950 season. Mon. Wea. Rev., 79, 8-15. 
 
Simpson, R. H., 1974: The hurricane disaster potential scale. Weatherwise, 27, 169 & 186. 
 
Tsai, W.-Y., M. Spender, C. Wu, C. Winn and K. Kellogg, 2000:  SeaWinds of QuikSCAT: Sensor 
description and mission overview.  Proceedings, Geoscience and Remote Sensing Symposium 2000, 
IGARSS 2000, IEEE 2000 International, Vol 3., 1021-1023. 
 
Uhlhorn, E. W., and P. G. Black, 2003:  Verification of remotely sensed sea surface winds in hurricanes.  
J. Atmos. and Ocean. Tech., 20, 99-116. 
 
Velden, C. S., and K. F. Brueske, 1999: Tropical cyclone warm cores as observed from the NOAA polar 
orbiting satellite’s new Advanced Microwave Sounder Unit.  Preprints, 23rd Conf. Hurr. Trop. Meteor., 
Dallas, Amer. Meteor. Soc., 182-185. 
 



 

452 

 
TABLE 4.0.1. 2004 Atlantic hurricane season statistics.  
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Table 4.0.2. Atlantic Hurricanes, Tropical Storms, and Subtropical Storms of 2005. 

Name Classa Datesb 

Maximum 
1-min wind 
(kt) 

Minimum sea 
level pressure 
(mb) 

Direct 
deaths 

U. S. 
damages ($ 
million) 

Arlene T 8 - 13  Jun 60 989 1 Minorc 
Bret T 28 - 30 Jun 35 1002    1  
Cindy H 3 - 7 Jul 65 991 1 320 
Dennis H 4 - 13  Jul 130 930 42 2,230 
Emily H 11 - 21 Jul 140 929 6 Minorc 
Franklin T 21 - 29 Jul 60 997   
Gert T 23 - 25 Jul 40 1005   
Harvey T 2 - 8 Aug 55 994   
Irene H 4 - 18 Aug 90 970   
Jose T 22 - 23 Aug 50 998 6  
Katrina H 23 - 30 Aug 150 902 1500 81,000 
Lee T 28 Aug- 2 Sep 35 1006   
Maria H 1 - 10 Sep 100 962   
Nate H 5 - 10 Sep 80 979   
Ophelia H 6 - 17 Sep 75 976 1 70 
Philippe H 17 - 24 Sep 70 985   
Rita H 18 - 26 Sep 155 895 7 10,000 
Stan H 1 - 5 Oct 70 977 80  
Unnamed ST 4 - 5 Oct 45 997   
Tammy T 5 - 6 Oct 45 1001  Minorc 
Vince H 8 - 11 Oct 65 988   
Wilma H 15 - 25 Oct 160 882 23 20,600 
Alpha T 22 - 24 Oct 45 998 26  
Beta H 26 - 31 Oct 100 962   
Gamma T 14 - 21 Nov 45 1002 37  
Delta T 22 - 28 Nov 60 980   
Epsilon H 29 Nov-8 Dec 75 981   
Zeta T 30 Dec -6 Jan 55 994   
 

a T = tropical storm and ST = subtropical storm, wind speed 34-63 kt (17-32 m s-1); H = hurricane, wind 
speed 64 kt (33 m s-1) or higher. 
 
b Dates begin at 0000 UTC and include tropical and subtropical depression stages but exclude 
extratropical stage. 
 
c Only minor damage was reported, but the extent of the damage was not quantified.  
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Figure 4.0.1. Atlantic Hurricanes, Tropical Storms, and Subtropical Storms of 2004. 
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Figure 4.0.2. Atlantic Hurricanes, Tropical Storms, and Subtropical Storms of 2005. 
 
 
 
 
 
 
 
 
 
 
 
 


