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Foreword

I experienced my first hurricane at age nine on August 1, 1944, in Wilmington, North Carolina. It was a nameless Category 1 with 90-mile-per-hour winds, not really very much of a storm by the yardstick of severe hurricanes that have occurred over the last two decades, but it nevertheless served at once both to frighten and fascinate me. A continuing interest in weather eventually led to my obtaining a degree in meteorology in 1958, and then serving as a navy weather officer for the six years that followed. I spent my last three years on active duty forecasting hurricanes for the navy. This included working, and occasionally flying with, the Navy Hurricane Hunters, an aircraft weather reconnaissance squadron stationed in Puerto Rico for the purpose of monitoring tropical storm activity in the Atlantic basin. Military hurricane reconnaissance has since been reassigned to the Air Force.

After leaving the navy in 1964 I spent the next four years as a research associate on a hurricane research project with the University of Miami’s Rosenstiel School of Marine and Atmospheric Sciences. I spent a lot of time flying into a great many hurricanes with the National Oceanic and Atmospheric Administration (NOAA) Research Flight Facility as part of that project.

However, flying inside a hurricane in an airplane designed for that purpose and going through the same storm on the ground are vastly different experiences. Once the aircraft has completed its mission it can then leave the storm with its turbulent ride many miles behind and quickly retreat to a quiet location. But when the storm comes to you and you’re confined to a house, you have no choice but to hang on and hope that you will survive the long ordeal that lies ahead. I continue to find this prospect far more terrifying than bouncing around in an airplane for a few hours!

The purpose book is therefore twofold: (1) To provide some insight and understanding about how these monster storms work, and (2) to provide you with the knowledge that will help you make the necessary preparations to ensure the safety and survival of yourself and your family, as well as to reduce damage to your property as much as possible.

—Bob Stearns 
Miami, Florida
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CHAPTER 1

The Nature of the Beast

If you live within 100 miles of the Atlantic or Gulf of Mexico coast, you are very much at risk when a major hurricane comes ashore in your area. The closer to the coast, the greater the risk. But if you understand what hurricanes are, how the warning system works, and how to prepare for them, your odds of survival increase enormously. The same goes for your ability to protect your property.

Ever since modern man evolved on this planet, severe hurricanes have proved over and over again to be the single most catastrophic event nature has thus far sent our way. They are worse than tornadoes (which can be stronger but are far smaller and much more short-lived); even worse than tidal waves (tsunamis), earthquakes, or volcanic eruptions—at least those we have experienced since the beginning of recorded history. It doesn’t matter whether you call them hurricanes, typhoons, or tropical cyclones, over the course of history these huge, extremely violent windstorms have caused more human deaths and more widespread damage than almost all other natural disasters combined.

Some terrifying examples: As recently as November 13, 1970, an extremely severe tropical cyclone slammed into the lowlands of East Pakistan (now known as Bangladesh), killing at least 500,000 people. Some unverified estimates raise the number to almost one million. A storm on October 7, 1737, did the same in Bengal, India, causing more than 300,000 human deaths. And yet another 300,000 or more unfortunates were also killed in Hiapong, Vietnam, in 1881.
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Damage in Mississippi by Hurricane Katrina in 2005. FEMA photo by Marty Bahamonde.




Why did so many die in these storms? Lack of sufficient warning is undoubtedly the single most significant factor. In situations like these, geography can also be a major contributing feature: low-lying shorelines with an extremely high human population density (still true today around the Bay of Bengal) are exceedingly vulnerable to storm surges, which have been recorded even in modern times to exceed 20 feet and reach many, many miles inland. During and after a major hurricane, water (flooding and storm surge) kills far more people and causes far more damage than the strongest winds. Hurricane Katrina (2005) in New Orleans is a prime example of the terrible delayed flood damage that can follow a major hurricane.

Even in recent times there have been storms with fatalities totaling in the many thousands. Hurricane Mitch hit Honduras in October 1998, a Category 5 with 165 mph winds, officially leaving at least 9,086 dead in its wake. But the true total from that catastrophe, by some estimates more than 20,000, will likely never be known because of the remoteness of the region and lack of an accurate census.

In 2005, Hurricane Wilma, a Category 5 storm with maximum winds of 185 mph and a minimum central pressure of 882 millibars (a new record for Atlantic hurricanes), slammed into Mexico’s Yucatan Peninsula, almost a direct hit on the resort city of Cancun, before moving on to cross South Florida as a Category 3 with 125 mph winds several days later. The total damage in the United States was more than $20 billion, yet only 22 U.S. deaths were attributed to Wilma. Everyone knew it was coming almost a week before it arrived and had plenty of time to prepare.

I visited Cancun four months after Wilma, and even in that short time the area had made a surprising recovery. I observed a number of wrecked vessels of all sizes on nearby reefs—the most visible evidence of the storm—and some damaged buildings were still under repair. Thanks to advance warnings from both the U.S. and Mexican governments, fatalities were significantly reduced in that country and structural damage was not nearly as severe as it otherwise could have been.

Compare Hurricane Wilma’s fatalities to the worst hurricane ever to hit the United States in modern times, at least considering the human casualty total: the Great Galveston Hurricane, which smashed into that low-lying Texas coastal city on September 9, 1900, as a Category 4 with maximum winds of 145 mph. It killed an estimated 12,000, mostly by drowning. Lack of warning was the reason so many died; no one even realized such a massive hurricane was out there until it suddenly came ashore at daybreak.

Since that dreadful day, the number of human casualties in the United States, and to a significant extent in all the other developed nations around the Atlantic basin, has declined dramatically as the hurricane warning system has steadily improved. Another factor in human casualty reduction, and steady decrease in hurricane damage (relative to what would have happened otherwise) is a better understanding of what these storms are, and how to prepare for them. Improvement in building codes in most U.S. coastal counties, especially since the debacle of Hurricane Andrew in 1992, is also a contributing factor.
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Hurricane Andrew making landfall just south of Miami on August 24, 1992. NOAA photo.




Hurricane Andrew came ashore just south of Miami, Florida, during the predawn hours of August 24, 1992, with maximum sustained winds of 170 mph and gusts to at least 200. It was the first Category 5 storm to hit the United States since Camille struck Louisiana with 190 mph winds in 1969, and at that time Andrew was also the most destructive hurricane ever to strike the United States. It did a total of $31 billion damage to Florida and Louisiana, yet the core of its most destructive winds was only 20 miles wide, and it moved rapidly along an east-west track across the Florida peninsula right over the city of Homestead (20 miles south of Miami), which meant it came and went in just a few hours. Had Andrew come ashore directly into downtown Miami, both the damage and the human casualty figures would almost certainly have been higher.

One of the principle reasons for the high damage in southern Dade County was lenient building codes at that time. Miami had been lucky for 27 years; the last major hurricane to hit South Florida was Betsy in 1965, a Category 3 storm with maximum winds of 125 mph that came ashore on Key Largo 40 miles south of Miami. And only one year earlier, Hurricane Cleo actually scored a direct hit on downtown Miami as a Category 2 with 105 mph winds. But damage from neither Betsy nor Cleo was extreme in the Miami area, further contributing to a general sense of complacency.

And because of this extended lull in hurricane activity along the southeast Florida coast, local homebuilders had constantly lobbied for less rigid construction codes to save on rapidly rising costs. But the reality is that cheaper homes are weaker homes. And unfortunately, some of the construction was also downright shoddy, as evidenced by Andrew’s total destruction of many homes built during the 1980s.

When Hurricane Andrew arrived, I was living in a house a few miles south of Miami, right on the northern edge of the storm’s path of major destruction, but also far enough inland not to be at risk from storm surge. My house had been built in 1968, a concrete block structure with substantially reinforced wooden gables and shingle roof. At the time of its construction the Dade County building code was still strong, and in spite of winds gusting to 150 mph or higher in my neighborhood, my house suffered no damage. I had prepared for Andrew by covering all the windows with heavy sheets of plywood, which did exactly what they were supposed to do—keep the storm outside. Incidentally, most of the older homes in Andrew’s path that had been properly prepared came through with little or no damage, while a great many of those built between 1980 and 1992 literally blew apart.

Still, there were only 26 deaths attributed to Andrew in Florida and 54 in the entire United States, despite the fact that after bashing Florida it crossed the eastern Gulf of Mexico and went ashore two days later in central Louisiana as a Category 4 with 135 mph winds.
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Damage south of Miami by Hurricane Andrew (Category 5, 1992). FEMA photo by Bob Epstein.




The total damage caused by Andrew could have been even worse had it not been for a warning system that predicted its Florida landfall several days in advance. Still, the bottom line is that many residents, new to the area and having never faced a major hurricane, failed to take these warnings seriously. Some even attended so-called hurricane parties instead of getting ready. If everyone had done what they should have, damage would have been substantially less and likely even fewer lives would have been lost.

After Andrew, another 12 years passed before the Florida peninsula suffered any significant hurricane damage. Then came 2004, the start of a very active two-year period that began with Charley, a Category 4 storm with 145 mph winds that plowed into the southwest coast and moved straight up Charlotte Harbor, on August 14. Next came Frances, a Category 2 with 110 mph winds that struck the middle of the East Coast in early September, followed a few days later by Ivan coming ashore in the northern Gulf of Mexico as a Category 3 with 120 mph winds. Ivan continued northeastward into Virginia, then emerged from the East Coast where it looped southward to eventually come ashore in south Florida as a very annoying and still very wet tropical depression with 30 mph winds.

But Florida’s latest rash of hurricane troubles did not end with Hurricane Ivan. Hurricane Jeanne came ashore in the middle the peninsula’s East Coast on September 26 as a Category 2 storm packing 120 mph winds. Total damage from all these 2004 storms was in excess of $31 billion.

In 2005 major hurricanes Cindy, Dennis, Katrina, and Rita also battered the northern coast of the Gulf of Mexico repeatedly. Katrina was in its early stage of development when it hit South Florida with 90 mph winds before emerging into the Gulf of Mexico and headed north to destroy a major part of New Orleans and a large section of coastal Mississippi. Hurricane Wilma closed out that season when it came ashore in southwest Florida on October 24 as a Category 3. The total U.S. damage was in excess of $93 billion along the northern Gulf Coast alone, plus another $20 billion for Wilma in Florida, bringing the final total to more than $113 billion. The official death toll in the United States from Katrina was 1,833 (mostly in Louisiana and Mississippi), making it one of the deadliest in years. The 2005 Atlantic basin hurricane season was the most active in more than 100 years, with a total of 15 hurricanes and 13 tropical storms between June 8 and the end of the year.

Yet, in spite of long-range advance predictions of above-normal activity for both the 2006 and the 2007 hurricane seasons, they actually turned out to be below average with no major storms coming ashore anywhere in the United States. The bottom line? As of yet, making long-range predictions of hurricane activity before the beginning of a coming season is still very much a work in progress, so don’t take anything for granted until the season is officially over. After all, the 2005 hurricane season turned out to be far worse than the pre-season long-range predictions.


The Bottom Line

Hopefully some real lessons have been learned (or perhaps re-learned) from the many hurricane disasters of 2004 and 2005, and especially from killer Katrina: preparation is everything. Being properly prepared offers your best chance of survival, as well as the best way to protect your property—which in turn enhances your odds of survival. The two are interconnected.

And that is just what the rest of this book is all about.
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CHAPTER 2

How Hurricanes Form

Hurricanes are not at all like the familiar northern-latitudes winter storms (strong low-pressure systems) that bring cold fronts southward during the winter months. Those non-tropical tempests get their energy from an infusion of cold air, and are therefore known as cold-core systems.

Instead, hurricanes get their energy from warm, moist tropical air, which makes them warm-cored. This warm, moist air primarily comes from the ocean surface when it has been heated by the sun to temperatures of 78 degrees Fahrenheit or higher. The higher the sea surface temperature, the more energy is available for the development and intensification of the storm.

The mechanism works like this: An area of disturbed weather causes warm, moist air from the ocean surface to rise rapidly. As this heated air rises, it cools and its water vapor condenses to form rain clouds. This process of condensation releases heat energy called the latent heat of condensation, which warms the cooler air aloft and thus causes it to rise. This rising air is replaced by even more warm, humid air from just above the ocean below. And so the cycle continues, drawing more warm, moist air into a developing storm, which continues to get more and more heat from the sea surface below. The end result is a low-pressure system with a wind that circulates around it in a counterclockwise direction.

In the beginning the low is weak, with a minimum pressure not much different than the surrounding atmosphere. But soon the rain, and sometimes thunderstorm activity, begin to increase in intensity, and the area covered by this bad weather begins to enlarge.

In the northern hemisphere, the circular winds around low-pressure systems move in a counterclockwise direction, slowly spiraling inward toward the center. Because the central pressure of a developing tropical system at this early stage is only slightly lower than its surroundings, the winds are light. But as the low deepens (the central pressure decreases), the winds get progressively stronger. And as the wind field around the low strengthens, so does the rain activity around the center.

Once the wind flow around the low-pressure system has formed a complete circle, it is called a tropical depression and is assigned a number in the sequence for that year. If the low continues to deepen, the winds become progressively stronger; once they reach a maximum of 39 mph, the system is officially designated a tropical storm and gets the next available name on the alphabetical list for that hurricane season.

If the low still continues to deepen, when the maximum winds reach 74 mph it officially becomes a hurricane (for example, Tropical Storm Greta is renamed as Hurricane Greta).

Many years ago hurricanes were referred to in the official records by their date of landfall. By the middle of the twentieth century, they were designated by sequential numbers for that year; then from 1950 through 1952 by letters of the phonetic alphabet (i.e., Hurricane Able, Hurricane Baker, and so on). Finally, in 1953, women’s names were substituted, and in 1979 the World Meteorological Organization and the U.S. National Weather Service switched to a list of names that also included men’s names. The current list of names recycles every six years, unless the name of a particularly severe hurricane is retired. We will never see another Andrew, Katrina, or Wilma, even though those names may have been used several times in prior years for tropical storms or hurricanes that did not became “famous.”

As the storm or hurricane continues to grow, the rain activity intensifies to cover an expanding area. Strong thunderstorms can form within this band of heavy rain, but not all hurricanes are accompanied by significant thunderstorm activity. And some have less rain than others. A hurricane with less total rainfall than usual is called a “dry storm” by meteorologists, but there is always some significant rain activity within every tropical storm or hurricane.

Often, the wettest hurricanes are not the strongest in terms of wind. But if they are accompanied by extensive rain, and if they move slowly enough, the flooding potential escalates, as the slow forward motion provides longer exposure to the rain shield as it passes over a given location. The end result can be massive flooding in those areas most susceptible to water accumulation. Hurricane Irene, which came ashore on the southern tip of Florida in 1999 with 75 mph winds, was a prime example of a wet storm, although it was barely strong enough to be classified as a Category 1 and wind damage was slight. But it dumped up to 20 inches of rain in the Miami area in 24 hours, which caused extensive local flood damage—even though it was not accompanied by any significant storm surge.
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Infrared satellite image of Hurricane Katrina in the Gulf of Mexico, August 2005. Katrina was a Category 5 storm with 175 mph winds at this time, but fortunately had decreased to a Category 3 with 125 mph winds by the time it made landfall. NOAA photo.





The Making of a Hurricane

Even the most severe hurricane has modest beginnings, essentially as an area of disturbed, rainy weather somewhere over one of the tropical or subtropical oceans of the world. For the purposes of this book we will be talking about hurricanes that originate over the Atlantic Ocean north of the equator, as well as the Caribbean Sea and the Gulf of Mexico. This total area is generally known as the Atlantic basin.

An area of disturbed weather can develop from a non-tropical low-pressure system that drifts over warm, tropical water, or by the remnants of a cold front that does the same. Or it can begin as one of the many large rainstorms that generate over equatorial Africa and drift westward into the open Atlantic Ocean near the Cape Verde Islands as tropical waves. Eventually one of these disturbed areas will mature into a tropical depression with a low-pressure center and a weak counterclockwise wind circulation, and a hurricane is born.

Historically those disturbances that originate near the Cape Verde Islands have the greatest chance to grow into major hurricanes, primarily because they cross thousands of miles of warm, open Atlantic Ocean before making landfall. The trip can take a week or more, offering plenty of time for intensification. This typically takes place from late August through early October when atmospheric conditions are just right, and these monsters are often referred to as Cape Verde hurricanes.

As long as it remains over sufficiently warm water, and unless shearing upper level winds do not cause it to weaken, the hurricane always has a chance to grow. If the conditions are right, a weak hurricane can develop explosively into a real monster in 24 to 48 hours. Hurricane Katrina did this over exceptionally warm Gulf of Mexico waters in August of 2005, blossoming from an 85 mph Category 1 into a 165 mph Category 5 monster in 48 hours. Fortunately for those impacted along the north Gulf Coast, it had weakened to a 125 mph Category 3 by the time it came ashore, or the damage (bad enough as it was), could have been a lot worse.

Hurricanes vary not only in intensity, but also in size. The most intense are not always the biggest. Even though Hurricane Andrew, when it hit South Florida in August of 1995, was a Category 5 with almost 200 mph winds, it was a relatively small storm. Its satellite signature (visible associated cloud pattern) was perhaps only 200 miles in diameter, and the radius of hurricane force winds (74 mph or greater) was around 100 miles in diameter. By comparison, Hurricane Floyd, a Category 5 with 155 mph winds that trashed the Bahamas in 1999 (and fortunately was only a minimal Category 1 by the time it made landfall in North Carolina), had a satellite signature more than 700 miles in diameter at its peak.

Strong hurricanes may go through one or more strengthening/weakening/strengthening cycles, as did Katrina in 2005. It was a Category 5 for only 18 hours. Hurricane Wilma, also in 2005, was a Category 5 for just 24 hours, but a Category 4 with maximum winds of 135 to 150 mph for two days. After that it cycled between a Category 3 and 2 several times before it hit southwest Florida. At this stage in the development of hurricane forecasting, it is much easier to predict the movement of a storm for three or more days than it is even to guess what the intensity of that storm will be 12 hours later.

There are some weather scientists who suggest that because of the current trend in global warming the tropical sea surface temperatures are increasing as well. Some of these same scientists predict that because of sea surface warming we will see more hurricanes in years to come, and a greater percentage of these will become Category 3 or stronger.

However, not all meteorologists agree. Recently, another group has published findings that would seem to indicate just the opposite. They feel global warming is actually inhibiting hurricane formation by increasing unfavorable, shearing upper-air wind patterns. Let’s hope this theory is right.

We do know from years of experience that an El Niño (a disruption of the ocean-atmosphere system in the Tropical Pacific that increases sea surface temperatures along the equator with important consequences for weather and climate around the globe) inhibits hurricane formation in the Atlantic basin by creating upper level winds that cause strong shearing of the storm’s internal structure. Statistically, El Niño years produce fewer hurricanes in the Atlantic, but at the same time they cause more hurricanes in the eastern Pacific off Mexico through increased sea surface temperatures.

On the other hand, those same statistics also reveal that during La Niña years (cooler than normal equatorial surface water in the Pacific), there are more hurricanes in the Atlantic and fewer in the eastern Pacific. The El Niño/ La Niña patterns reverse themselves roughly every six or seven years, with some neutral years in between. These patterns are not precise, and the ability to forecast these changes, while improving, is still a work in progress.

Once a tropical depression, tropical storm, or hurricane has formed, its forward motion depends upon the atmospheric currents in which it is embedded, much like a chip of wood floating along on the surface of a river. I’ll explain more about forecasting in Chapter 4.




Where Hurricanes Form

Depending upon the time of year, there are defined areas where most hurricanes and tropical storms tend to form, and these areas shift around the Atlantic basin on a month-to-month basis throughout the June-through-November hurricane season.

During June the primary area of origin is the southern Gulf of Mexico and the northwestern Caribbean. From there these storms typically move toward the north, ranging from northwestward to northeastward, making landfall somewhere along the Gulf of Mexico shoreline from Mexico to Florida. Fortunately this month does not usually see the development of many storms.

By July the area of origin has expanded considerably as the sea surface begins to warm, and storms can form just about anywhere in the Gulf of Mexico, the western Caribbean, the Bahamas, or the western tropical Atlantic. Most commonly they make landfall around the western Caribbean, the Gulf of Mexico, or occasionally somewhere along the U.S. Atlantic coastline. Some also stay well offshore of the Atlantic coast and follow a curving track that takes them in the general direction of Bermuda. Usually there is a somewhat higher probably of storm formation in July than during June.

Historically, August begins the most active part of the hurricane season. Storms during this month form mostly throughout the western half of the tropical and subtropical Atlantic and occasionally the central Gulf of Mexico, threatening the entire Caribbean, the Gulf of Mexico, the U.S. East Coast, and the North Atlantic in general.

The hurricane season peaks sharply around the middle of September. This is the month during which the most storms and strongest storms form. This is also the month during which the greatest number of the real monsters of the hurricane world start somewhere just west of Africa and become the dreaded Cape Verde hurricanes. As mentioned earlier, they have lots of time to strengthen as they move westward over a tropical ocean that is at its yearly warmest. All of the Caribbean, Gulf of Mexico, and the entire U.S. East Coast is vulnerable to any storm that forms this month.

By middle to late October the number of storms is usually on the decrease, although the 2005 season (the most active on record with a total of 28 named tropical storms and hurricanes) made a strong departure from the norm by producing three hurricanes (including Wilma, a monster Category 5 with the lowest barometric pressure ever recorded in an Atlantic hurricane and maximum winds of 170 mph), and four tropical storms—the last of which was named Tropical Storm Alpha because there were no more human names available for that season. Most October storms form in the western Atlantic, the northwestern Caribbean, and the southern Gulf of Mexico. For this reason the area around Mexico’s Yucatan Peninsula is frequently called Hurricane Alley.
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Hurricane and tropical storm tracks for the 2005 season, the busiest on record. Courtesy National Hurricane Center.




Typically the end of November brings an end to the active Atlantic hurricane season, and in some years none form during the entire month. But now and then a strong storm or hurricane manages to develop in the Caribbean or the Bahamas to threaten the Yucatan, peninsular Florida, the Bahamas, or the islands that make up the northern perimeter of the Caribbean.

It is not uncommon for a tropical storm or even a hurricane to form during December, but these mostly develop in the central and far eastern Atlantic where they wander around aimlessly and inconvenience shipping without ever making landfall.
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