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Chapter 3

Hurricanes and 
the Gulf Coast
How Hurricanes Form

A hurricane is the strongest form of a “tropical cyclone,” 
the term used to describe weather systems that develop 
over tropical or sub-tropical waters with organized thun-
derstorms and a well-defi ned central “eye.” 

Most Atlantic hurricanes begin as atmospheric waves that 
move westward from Africa across the tropical North 
Atlantic and Caribbean Sea. Th is stretch of ocean is known 
as the main development region. Here, warm sea-surface 
temperatures pass moisture into the atmosphere, increas-
ing humidity levels. Winds moving in from diff erent 
directions collide with the atmospheric waves and force air 
upwards. If there is low wind shear the air will continue 
to rise. Th e storm’s energy comes from the continuous 
exchange of heat between the ocean and the atmosphere, 
which is released through the formation of clouds concen-
trated in the center of the forming cyclone. 

Th e appearance of a high-pressure system provides the fi nal ingredient. Th e high-pressure 
system fl oats above the storm and draws the warm ocean air upward, pushing it outward 
from the top of the gathering storm in a continuous cycle.  At this point the Earth’s rotation 
gives the incoming air a counter-clockwise spin and, propelled by the warm wind currents, 
the storm moves toward the coast.1

Tracking and Predicting Hurricanes

Not all storms in the main development region become hurricanes. Oft en, preexisting 
winds will tear apart the storm as it forms. If conditions are favorable, however, scientists 
will reclassify these “tropical disturbances” into more severe storms as their sustained wind 
speed rises:

• At 23 miles per hour, the disturbance becomes a “tropical depression.”

• At 39 miles per hour, the depression becomes a “tropical storm” and gets a 
name.

• At 74 miles per hour, the tropical storm is classifi ed as a hurricane (in the 
Pacifi c, a typhoon).2

A hurricane needs a constant source of energy. In this case, from June to November, the 
warm, humid waters of the Atlantic fuel the storm as trade winds from the east and ocean 
currents direct its path.3 Th e storm weakens if it happens to move across cool water or land, 
losing its thermal energy source.4 

Th e National Hurricane Center (NHC) in Miami, Florida, determines the track, intensity, 
and landfall eff ects of a storm. Th e NHC issues 72-hour tropical cyclone track and intensity 
forecasts four times a day for all storms in the north Atlantic and northeastern Pacifi c.5

Scouting Katrina from above
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A hurricane watch is issued 36 hours before hurricane conditions are expected to aff ect 
coastal areas. A warning is issued 24 hours beforehand and may remain in eff ect even if 
wind speeds drop below hurricane force to account for the possibility of hurricane-level 
storm surge.

Storm surge is wind-driven water.6 As a hurricane churns in the atmosphere, its winds 
snowball the water below toward the shoreline. Combined with normal tides, this surge can 
increase the mean water level 15 feet and push up to 100 miles inland.7 Even if a hurricane 
has weakened by the time it has reached shore, it has been building up storm surge since a 
much earlier time, when it was much stronger. 

Th ough hurricanes are measured by their wind speeds, many scientists have come to believe 
that storm surge is far more deadly than wind, especially considering that the highly popu-
lated areas of the Atlantic seaboard and the Gulf Coast lie only 10 feet above mean sea level.8 
Hurricane Andrew (1992), which carried a 17-foot storm surge into Miami’s Biscayne Bay, 
illustrated the danger. Its storm surge shoved the Belzona Barge – a 215-foot, 350-ton barge 
that had been deliberately sunk 68 feet below the surface, with a thousand tons of concrete 
resting on deck, off  the coast of Florida to establish an artifi cial reef – 700 feet to the west 
along the ocean fl oor.9 “Th e greatest potential for loss of life related to a hurricane is from 
the storm surge,” according to an offi  cial with the National Oceanic and Atmospheric Ad-
ministration (NOAA).10

Signifi cant progress in hurricane forecasting has prevented major loss of life in areas prone to 
hurricanes.11 Th e National Weather Service (NWS) uses the Sea, Lake, and Overland Surges 
from Hurricanes (SLOSH) computer program to predict the storm surge of an inbound 
hurricane and to map the likely impact of hurricanes of diff erent sizes, speeds, strengths, and 
tracks. Th e SLOSH program uses a storm’s barometric pressure, overall size, forward speed, 
track, and wind speed, as well as prior hurricane information and other models.12

During Hurricane Andrew in 1992, alarmed by scenes in South Florida, approximately 1.2 
million people evacuated from the New Orleans metropolitan area. While the evacuation 
almost certainly saved lives, federal hurricane experts were alarmed that offi  cials in New 
Orleans expected 60 to 80 hours’ warning to complete an evacuation. During testimony 
before a Congressional committee in 1993, Robert Sheets, Ph.D., then the director of the 
NHC, warned that “We don’t have the skill meteorologically speaking to provide a suffi  cient 
warning for those long lead times. Th ere is no way I am going to have 70 hours of lead time 
for New Orleans to respond to a hurricane.”13

By 2005, advances in technology, such as refi nement of satellite capabilities and improve-
ment of pressure-measuring sensors in reconnaissance planes, had drastically increased 
the NHC’s lead times.14 By 2 p.m. ET Friday, August 26, 65 hours before Katrina made 
landfall, NHC Director Max Mayfi eld, Ph.D., was making calls to emergency offi  cials in 
the Gulf Coast alerting them that a rapidly strengthening storm was heading directly for 
New Orleans.15 

Hurricanes and the Gulf Coast

Th e same warm waters that give the Gulf Coast its marshy topography and humid climate 
make it a prime target for hurricanes, while demographic and economic trends have multi-
plied their potential impact.16 In earlier periods of our history, the physical impact of major 
hurricanes in the Gulf was soft ened by swamps, marshes, and barrier islands, while the 
societal impact was limited by its relatively small concentrations of buildings and people.

In more recent times, however, the population in the coastal counties from Texas to the 
Florida Keys has soared. Th e U.S. Census Bureau reports that 9.46 million people live along 
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the Gulf Coast – 3.5 times the number in 1950 – and their numbers are growing by nearly 7 
percent a year.17 From 1970 to 1994, the Gulf Coast averaged less than one hurricane land-
fall per season, and the East Coast averaged one hurricane landfall every fi ve years. Th is is 
in sharp contrast to the average of three U.S. hurricane landfalls during very active seasons. 
Unfortunately, decisions about land use, construction standards, etc. were based on an er-
roneous assumption, growing out of that period, that hurricanes would no longer aff ect the 
United States as frequently or as strongly as they had in earlier decades.18

Besides economic and population growth – including the swelling numbers of retirees 
drawn to warm-winter locales – engineering projects intended to prevent or reduce fl ood 
damage increased the appeal of the Gulf Coast. Here, as in the Southwest and the West 
Coast, “We are pushing toward the very areas where nature puts us most at risk from tropi-
cal storms, mudslides, and forest fi res,” Princeton University researcher Edward Tenner 
wrote in 1996. One of Tenner’s examples: “A big storm could leave 20 feet of water in 
downtown New Orleans and fl ood evacuation routes.”19 

Ten years before Hurricane Katrina struck New Orleans, NOAA saw signs that the Atlantic 
Ocean had entered a 10 to 40-year cycle of intense hurricanes that would present an espe-
cially serious threat to the Gulf Coast.20 From 1970 through 1994, the United States enjoyed 
what meteorologists viewed as “normal” Atlantic hurricane seasons, a period of relatively 
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mild activity that had produced few major hurricanes, Th at period averaged fi ve hurricanes 
annually and 1.5 major hurricanes.21 

Since 1995, however, hurricane seasons have averaged 7.6 hurricanes each year and 3.6 ma-
jor hurricanes, with reported increases in their destructive power.22 Historically, the number 
of major hurricanes and the number of Caribbean hurricanes tended to follow the multi-de-
cade cycle, according to a 2001 analysis by a team of hurricane experts, who said: “Th e late 
1920s to the 1960s were very active, while both the 1900s and the 1970s through the early 
1990s were quiescent.” 23

New Orleans was not the only major U.S. population center that was in greater danger of a 
catastrophic storm. Analysis of historical data showed that two regions of the United States 
– the East Coast from South Carolina to Maine and the Gulf Coast from Florida to Texas 
– faced a much greater risk of catastrophic hurricanes and storm surges. 

Marking the beginning of a new multi-decade period of hurricanes activity involves exten-
sive analysis of historical trends, conditions in the Atlantic and the atmosphere.24 Even so, 
there are no guarantees. Catastrophic hurricanes have occurred in years of normal or even 
below-normal hurricane activity. In 1972, Hurricane Agnes never got beyond Category 1 
strength, but still caused 122 deaths in the United States, with severe fl ooding in Virginia 
and the Carolinas.25 Hurricane Andrew, the most damaging hurricane in U.S. history before 
Katrina, formed during a season (and cycle, lasting until 1994) of below-normal activity.26

Between 1995 and 2000, however, the North Atlantic had the highest level of hurricanes 
on record, including several that threatened New Orleans.27 Among them was Hurricane 
Georges in 1998, a Category 3 storm that caused 602 deaths in the Caribbean, set a track for 
New Orleans, but turned toward Mississippi before making landfall. 28 By 2000, hurricane 
experts had concluded that the Atlantic was undergoing “multi-decadal conditions” that 
favored more major hurricanes. Scientists began calling for improvements in hurricane 
preparedness.29 Th e NWS was issuing annual Atlantic Hurricane Outlooks, long-range fore-
casts of hurricane activity and severity.30 Released each May before the June 1 start of the 
hurricane season, the Outlooks relied on a yardstick known as the Accumulated Cyclone 
Energy (ACE) Index.31

Th e agency’s 2003 Outlook predicted a 55 percent likelihood of above-normal hurricane 
activity, with an estimated range of two to four major hurricanes. However, the projected 
ACE value of the season had a staggering range: 110-180 percent of the median, which was 
much higher than 2002 and the 1971-1994 period.32 Two months later, the agency increased 
the probability for an above-normal hurricane season to 60 percent and projected that three 
to four major hurricanes would threaten the United States.33 Th e assessment was correct: By 
November, the Atlantic had spawned three major hurricanes, including Isabel, a storm that 
reached Category 5 strength before striking North Carolina as a Category 2.34

A year later, the Outlook for 2004 predicted a 50 percent chance of an above-normal hur-
ricane season, with two to four major hurricanes and an ACE index in the range of 100-160 
percent. Th at year, four major storms roared through the Gulf, including Hurricane Ivan. 
Th is Category 5 storm produced at least 34 tornadoes and was the most destructive hurri-
cane to strike the Florida Panhandle and Alabama coast in a hundred years.35

Th e NWS’s 2005 Outlook, issued in May, predicted yet another above-normal hurricane 
season with twice the usual number of major hurricanes.36 Th is time, the pre-season esti-
mate called for three to fi ve major storms and made it clear that the odds of a catastrophic 
storm were increasing. “Th e main uncertainly in this outlook is not whether the season will 
be above normal, but how much above normal it will be,” the report said.37 
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During the next 60 days, the Atlantic spawned seven tropical storms and two major hur-
ricanes, Dennis and Emily.38  On August 2, the NWS issued an update of its 2005 Outlook 
that predicted a “95% to 100% chance” of an above-normal hurricane season and increased 
its estimated range from three to fi ve, to fi ve to seven storms. 39

Twenty-one days later, on August 23, Tropical Depression 12 developed about 175 nautical 
miles southeast of Nassau, in the Bahamas. Th e following day, it was designated Tropical 
Storm Katrina.40 
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